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Abstract: Patients with gender dysphoria are increasingly seeking
gender-affirming therapies, which can have adverse hematologic
effects. For example, estrogen can increase the risk for arterial
and venous thrombosis, whereas testosterone can cause eryth-
rocytosis. This article reviews the hematologic issues associated
with gender-affirming hormone therapies and discusses ways to
lessen and monitor the risks. Common consult scenarios are also

addressed.

Overview

Gender incongruence is dissonance between the gender assigned to
an individual at birth and that individual’s gender identity."! An esti-
mated 1 million people in the United States identify as transgender,
with a prevalence ranging from 0.5% to 8.4% of the population.?
Gender incongruence can lead to gender dysphoria, which can man-
ifest as (1) a strong dislike of one’s current primary and secondary sex
characteristics, (2) a strong desire to get rid of these characteristics,
(3) a strong desire to have the primary and secondary sex characteris-
tics of one’s experienced gender, and (4) a strong desire to be treated/
accepted as a person of one’s experienced gender.? Gender dysphoria
causes many people to seek gender-affirming hormone therapy and
surgery to align their physical appearance with their gender identity.
This approach has been shown to improve psychological outcomes.!

The consulting hematologist can be involved in gender-affirm-
ing therapy in several ways, with concerns ranging from the risk
for arterial and venous thrombosis to the risk for erythrocytosis.
This article reviews the thrombotic risks associated with hormonal
therapy—both feminizing and masculinizing—in cisgender individ-
uals (for whom data are more abundant) as well as in transgender
individuals. Guidance for reducing the risks of therapy is discussed,
as are issues of erythrocytosis and anemia. Finally, common consult
questions are reviewed.

Estrogen

The cornerstone of gender-affirming hormone therapy for transgen-
der women is estrogen (Table 1).* The feminizing effects of estrogen

516 Clinical Advances in Hematology & Oncology Volume 20, Issue 8 August 2022



HEMATOLOGIC CONCERNS IN TRANSGENDER PATIENTS

Table 1. Feminizing Hormone Regimens

Oral estrogen

Oral 17f-estradiol, 2-6 mg per day
Oral conjugated estrogens, 2.5-7.5 mg per day
(less preferred)

Parenteral estrogen

Estradiol valerate, 5-30 mg IM every 1-2 weeks
or
Estradiol cypionate, 2-10 mg per week IM

Transdermal estrogen

Estradiol patch, 0.1-0.4 mg 2 times per week
Estradiol gel, 1.5 mg 1-2 times per day

Antiandrogen

Spironolactone, 100-400 mg per day
Cyproterone acetate, 50-100 mg per day (Europe)
GnRH agonists

GnRH, gonadotropin-releasing hormone; IM, intramuscularly.

Sources: D’hoore L et al. J Intern Med. 2022;291(5):574-592;
Glintborg D et al. Eur ] Endocrinol. 2021;185(2):R49-R63% Gardner
IH et al. Curr Opin Endocrinol Diabetes Obes. 2013;20(6):553-558.

occur both directly and through negative feedback on the
hypothalamic-pituitary-testicular hormonal axis, leading
to a reduction in testosterone levels. Estrogen can be
given orally, intramuscularly, or transdermally. The use of
estrogen can result in the development of secondary sex-
ual characteristics, causing breast growth and the redistri-
bution of body fat. Estrogens are usually combined with
antiandrogen therapy for a full suppression of secondary
sex characteristics, such as body hair. Typical antian-
drogens are spironolactone, cyproterone acetate (outside
the United States), and gonadotropin-releasing hormone
(GnRH) agonists (Table 1). Hormone levels are routinely
followed to ensure suppression of testosterone and avoid
supraphysiologic levels of estrogen.

The prothrombotic effects of exogenous estrogen
are well-known from studies in cisgender women.’ Arte-
rial thrombosis is more frequent, with the incidence of
myocardial infarction increased 2-fold. The presence of
other arterial risk factors adds dramatically to the risk.
For example, smoking increases the risk for myocardial
infarction 14-fold and obesity increases the risk 6-fold in
the setting of estrogen therapy.” The low rates of stroke
in young women are increased when combined hormonal
contraception is used in the presence of well-established
risk factors for stroke: smoking (2- to 4-fold increase),
hypertension (7- to 8-fold increase), and adverse lipid
profile (10- to 11-fold increase).”® The absolute risk for
any event is very small, however, given the low frequency
of arterial thrombotic events in young women: approxi-
mately 1 or 2 in 10,000.

The increased risk for venous thrombosis has been
recognized since the first days of estrogen-containing oral
contraception. The current estimate is that oral contracep-
tion increases the risk for venous thrombosis on average
2- to 4-fold.” For young women, this increased risk rep-
resents an increase in the incidence of venous thrombosis
of 2 per 10,000. Postmenopausal hormone replacement
therapy also increases the risk for venous thrombosis
approximately 2-fold, but only when it is administered
orally.’

As with arterial thrombosis, many factors can aug-
ment the risk for venous thrombosis. Age is a major risk
factor; as previously noted, the absolute increase in the
incidence of venous thrombosis in women younger than
20 years using oral contraception is approximately 2 in
1000. Among women older than 50 years who are taking
hormone replacement therapy, the odds ratio for throm-
bosis is 6.5.° Timing is also important; the risk is highest
in the first 3 months of use, then decreases—but remains
elevated—until 3 months after the patient has stopped
using hormonal contraception or hormone replacement
therapy. Obesity is another synergistic risk factor for
thrombosis. In one study, the risk for venous thrombosis
was increased by the use of estrogen-containing oral con-
traception, with an odds ratio of 4.2. The odds ratio rose
to 24 in patients taking an estrogen-containing oral con-
traceptive who had a body mass index (BMI) higher than
30 kg/m?.'° In other studies, the odds ratio for thrombo-
sis ranged from 2.7 to 4.6 for women whose BMI was
higher than 30 kg/m? vs those whose BMI was 20 kg/m?
or lower.!"!? Obesity is becoming a more common risk
factor as its incidence continues to increase.

The route of administration can affect the degree
of risk, depending on the estrogen preparation used.
Among women using estrogen-containing contraception,
the increase in the risk for thrombosis is similar with all
routes—oral, transdermal, and vaginal.’® Among women
using hormone replacement therapy, the rate of throm-
bosis is much lower with the transdermal route than with
the oral route, and with the transdermal route, the risk
appears not to be increased in users vs the risk in non-us-
ers.”'* The rate of thrombosis in women who use intra-
uterine devices that release levonorgestrel is not increased
in comparison with the rate of thrombosis in non-users of
combined hormonal contraception.’!¢

The presence of a genetic thrombophilic state mark-
edly increases the risk for thrombosis when estrogen
is used. For example, the presence of a factor V Leiden
mutation can increase the risk for venous thrombosis
anywhere from 15- to 35-fold with the concomitant use
of estrogen.>”"” Again, the absolute risk for thrombosis
is low, especially in younger patients. For this reason,
screening for thrombophilia is not recommended before
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Table 2. Retrospective Studies Evaluating the Incidence of Thrombosis in Transgender Women

Study N Venous Thrombosis | Arterial Thrombosis | Estrogen

Wierckx (2013)> 214 5.1% 3.2% Various

Wierckx (2012)%° 50 6% 6% Various

De Cuypere (2005)” 23 0 4% Various; 72% taking oral estradiol

Ott (2010)%® 162 0 = Transdermal estradiol

Wilson (2009)% 30 0 - Oral conjugated equine estrogens, transdermal
estradiol

Wierckx (2014)%° 53 0 0 Age <40 years, 4 mg of oral estradiol valerate
Age >40 years, transdermal estradiol

Van Kerteren (1997)°! 816 5.5% 1% Age <40 years, 4 mg of oral estradiol valerate
Age >40 years, transdermal estradiol

Prior (1989)% 50 0 0 Oral conjugated estrogens

Dittrich (2005)% 60 1% 0 Oral estradiol valerate

Schlatterer (1998)% 46 0 0 Parenteral estrogen

Becerra Ferndndez 31 0 0 Parenteral estradiol enanthate

(1999)%

Getahun (2018)% 2842 | 5.5/1000 patient- 7.7/1000 patient- Oral estradiol “most common”

years years
Nota (2019)* 2517 | 7.3/1000 patient- 5.9/1000 patient- “Estrogen”
years years
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estrogen use unless other risk factors are present, such as a
family history of thrombophilia.

Among cisgender women in whom thrombosis
develops while they are on estrogen therapy, the risk for
recurrence is low—approximately 1 per 100 patient-years
if the estrogen is discontinued.” For women who must
continue estrogen, added anticoagulation is protective
against estrogen-induced thrombosis."” If estrogen is
restarted without the “cover” of anticoagulation, however,
the risk for recurrent thrombosis is high. For example,
in one study of women who discontinued estrogen after
estrogen-related thrombosis had developed, the recur-
rence rate was 27.3 per 1000 with any future use of estro-
gen.”’ During the time they actually were on estrogen,
this recurrence rate rose to 55 per 1000. In women with
non-estrogen-related thrombosis, the thrombosis rate
rose from 16.2 per 1000 to 35 per 1000 with estrogen
use. In the only randomized clinical trial, women with a
history of thrombosis were randomly assigned to either
hormone replacement therapy or placebo. This trial was
stopped because of the high rate of thrombosis of 8.5%
per year in the estrogen arm vs 1% per year in the placebo
arm.”!

The risk for arterial thrombosis with estrogen use
appears to be greater in transgender women than in cis-
gender women.”? Observational studies have tended to
show an increased risk for arterial disease* (Table 2). In

a large health maintenance organization (HMO) cohort
study in which 2842 transgender women were matched
with 48,775 cisgender women and 48,686 cisgender
men, the risk for myocardial infarction was higher in
transgender women than in cisgender women (hazard
ratio, 1.80) but was not higher in transgender women
than in cisgender men.” Another large cohort study, from
Amsterdam, of 2517 transgender women with a total of
22,300 years of follow-up, also showed an increased rate
of myocardial infarction in comparison with cisgender
women (standardized incidence ratio of 2.64), but no
difference in comparison with cisgender men.** These
results from large cohort studies are consistent in show-
ing an approximate doubling of the risk for myocardial
infarction in comparison with cisgender women.

The transgender women in the Amsterdam cohort
also had an increased risk for stroke in comparison with
cisgender women (standardized incidence ratio, 2.42)
and with cisgender men (standardized incidence ratio,
1.80).%* In the HMO study as well, the risk for stroke in
transgender women appeared to be higher than that in
cisgender women (hazard ratio, 1.9), but not higher than
that in cisgender men.?® Again, both large studies showed
a doubling of risk for transgender women vs cisgender
women—this time risk for stroke. A recent study of mor-
tality trends in transgender patients showed an increased
risk for cardiovascular death of 2.6 in transgender women
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in comparison with the general population.”” However,
this study did not account for the presence of additional
cardiovascular risk factors, such as smoking and psycho-
logical stress, that might have accounted in part for the
increased risk for death.

Studies have reliably shown an increased risk for
venous thrombosis with feminizing therapy (Table 2).
The large HMO cohort study previously discussed
showed a 2-fold increase in the rate of venous thrombosis
in transgender women in comparison with both cisgender
men and cisgender women.” This risk—unlike that in
cisgender women—increased with time.”” For example,
the difference in risk for venous thrombosis in transgen-
der women vs cisgender men was 4.1 per 1000 persons
at 2 years and was 16.7 per 1000 persons at 8 years. The
Amsterdam study showed a higher standardized incidence
ratio for venous thrombosis in transgender women than
in cisgender women (5.5) and in transgender women
than in cisgender men (4.55).** Several meta-analyses
have confirmed the higher risk for thrombosis.?**” A 2021
meta-analysis of 18 studies including 11,542 transgender
women showed an overall thrombosis rate of 2%, which
increased with the duration of therapy.”” As in cisgender
women, the risk increased with age and obesity.

One major confounding factor in interpreting all
these data on risk for thrombosis is that different forms
of estrogen are now used for gender-affirming hormone
therapy. Ethinyl estradiol (the estrogen used in the com-
bined oral contraceptive pill) carries the highest risk for
thrombosis and is no longer used in gender-affirming
therapy. The most common formulation used at present
is estradiol, with which the thrombosis rate appears to
be lower. Even lower rates are seen with transdermal
estradiol, which is recommended for patients older
than 40 years. Transdermal estradiol produces stable
estradiol levels without the estrone metabolites that
occur with oral estrogen.* It is thought that the lack of
first-pass effect may account in part for the lower rates of
thrombosis with this preparation. The thrombosis risk is
also low with oral estradiol valerate. As a result, current
thrombosis risks may be lower than those reported in
older studies, in which ethinyl estradiol was the estrogen
primarily used for feminization therapy. Because of this
confounder, using data from cisgender women to assess
risk in transgender women may not be reliable. One
caveat is that many patients may be obtaining hormonal
therapy without a prescription from a physician or other
qualified health care professional. This practice may
increase thrombosis risk, especially if ethinyl estradiol is
used.”

The management of patients on estrogen therapy
before gender-affirming surgery has been controversial.
Some have suggested halting estrogen at any time from

Table 3. Estrogen Risk Summary

Hematologic risks

Increase in arterial disease
Increase in venous thrombosis

Risk amelioration

Avoidance of ethinyl estradiol
Use of transdermal estrogen
* Older patients
* History of thrombosis
e Thrombophilia
Risk factor control
* Smoking cessation
* Monitoring of lipids and blood pressure

Table 4. Masculinizing Hormone Regimens

Parenteral testosterone

Testosterone enanthate or cypionate, 100-200 mg IM
every 2 weeks or 50% weekly
Testosterone undecanoate, 1000 mg every 12 weeks

Transdermal testosterone

Testosterone gel 1%, 2.5-10 g per day
Testosterone patch, 2.5-7.5 mg per day

Oral testosterone

Testosterone undecanoate, 160-240 mg per day

IM, intramuscularly.

Source: Hembree WC et al. / Clin Endocrinol Metab. 2009;94(9):3132-
3154_1»(;

1 to 6 weeks before the surgery, but no consensus has
been reached either on how long estrogen should be held
or on whether it should be held at all. However, given
that it can take months for the prothrombotic effects of
estrogen to decrease, in theory the time off medication
may need to be months. Estrogen holding can result in
undesirable effects of estrogen withdrawal. Symptoms
of estrogen withdrawal, which can start in a few days,
include depression, anxiety, and increased dysphoria.?*
In contrast, studies have shown that the risk for throm-
bosis with gender-affirming surgery is low, usually less
than 1%.%' For example, a large single-center chart review
of 1517 transgender women who underwent gender-af-
firming surgery revealed a low rate of thrombosis (0.1%),
with no difference seen between holding estrogen for 1
week or continuing estrogen through surgery.*> A 2018
review of 12 studies on estrogen showed an inconsistent
risk; most of the risk was with ethinyl estradiol, which is
rarely used now.”” A reasonable recommendation would
be to continue estrogens through surgery and use stan-
dard thrombosis prophylaxis when indicated by various
scoring systems, such as the Caprini score.
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Estrogen Therapy Risk Reduction

Patients receiving estrogen for gender affirmation need
to be advised of the small absolute risk for thrombosis,
especially with the use of newer products (Table 3).
Signs and symptoms of thrombosis should be reviewed.
Patients who have an inherited thrombophilia should
preferentially receive transdermal estradiol, which carries
the lowest rate of thrombosis. Patients with a prior history
of thrombosis who remain on anticoagulation can receive
any estrogen product, as data show that anticoagulation is
protective against new thrombosis. For patients who have
a history of provoked or distal thrombosis and are cur-
rently off anticoagulation, transdermal products should
be considered.

Given the increased risk for arterial disease, careful
attention should be paid to reducing cardiac risk fac-
tors.?*3 This would include monitoring lipids and blood
pressure and the essential step of smoking cessation.

Testosterone

The goal of gender-affirming therapy for transgender men
is to stop menses and induce masculinizing effects, such
as the redistribution of body fat and growth of body hair*
(Table 4). Serum testosterone levels are routinely moni-
tored to ensure that they are within the physiologic range
for cisgender men.

Unlike in the vast literature on estrogen, data con-
cerning testosterone and thrombosis in cisgender men are
sparse and less consistent. It does appear from more-recent
studies that the use of testosterone is not prothrombotic,
especially in patients who are hypogonadal.**** No con-
sistent risk for arterial disease has been found with testos-
terone, with some studies suggesting that its use may be
protective in patients with pre-existing cardiac disease.”

A key issue is whether testosterone increases car-
diovascular risks when used as gender-affirming therapy.
Multiple reviews show no increased risk for ischemic heart
disease in transgender men.???” The HMO study looked
at 853 transgender men and found no increased incidence
of myocardial infarction or stroke with testosterone.?
However, the Amsterdam study, which included 1358
transgender men, showed an increased risk for myocardial
infarction in comparison with cisgender women, but not
with cisgender men. In addition, the risk for stroke was
not increased.* One study did point to adverse changes
in cardiovascular risk factors such as lipid levels, with
low-density lipoprotein (LDL) levels increased by 8 mg/
dL.?23 In theory, this change would increase the risk for
cardiovascular events by approximately 6% over 30 years
in comparison with optimized risk factors.® To date,
however, this theoretical increased risk for arterial disease
has not been borne out.

An increased risk for venous thrombosis in transgen-
der men has not been seen in multiple studies, includ-
ing both the large HMO and Amsterdam studies.”?*%
Regarding surgery, a 2018 review showed no increase in
thrombosis risk with testosterone during gender-affirm-
ing surgery.”? Thus, patients receiving testosterone for
gender-aflirming therapy can be reassured that their risk
for venous thrombosis is not increased.

Erythrocytosis Risk Reduction

Exogenous testosterone increases the hematocrit, mainly
by making the red cell precursors more sensitive to
erythropoietin. It can also increase iron absorption by
decreasing serum levels of hepcidin, an iron absorption
inhibitor.”’ Studies have shown that the hematocrit rises
by 4% on average after the start of testosterone, with
most of the increase occurring in the first 3 months
(2.7%), but the red cell counts can continue to rise over
years.®%2 However, extreme erythrocytosis—in which
the hematocrit is above 54%—was seen in only 0.5%
of patients. When erythrocytosis develops, lowering or
spacing out the dose may decrease the hematocrit.** Some
experts recommend changing from testosterone esters to
undecanoate, or using the transdermal route.”# Guide-
lines recommend phlebotomy if the hematocrit is above
54%, although the true thrombotic risk with this form
of secondary erythrocytosis is unknown.” Interestingly,
the exact opposite occurs in transgender women who are
starting estrogen, in whom the hematocrit falls by 4% on
average.”! One issue that is often seen in clinical practice
is “pseudo-erythrocytosis,” in which gender-inappropriate
ranges for normal complete blood cell counts are used, so
that the patient is incorrectly labeled as having erythro-
cytosis.®

Iron Deficiency Risk Reduction

Although not as well studied as erythrocytosis, another
issue that often is seen clinically in transgender men is
iron deficiency. The incidence of iron deficiency and
iron deficiency anemia is very high in cisgender women
because of obligate menstrual losses. An additional cause
of iron store depletion in transgender men is iron mobili-
zation during testosterone therapy and increased red cell
production when testosterone is started. Even in patients
without anemia, low iron stores can cause fatigue (with a
ferritin level <50 ug/L), impair exercise ability, etc. Trans-
gender men should have their ferritin level checked before
starting testosterone, and the level should be reassessed if
symptoms consistent with iron deficiency occur, such as
fatigue, pica, and restless legs.

Cardiovascular Risk Reduction
Given the concern about cardiovascular disease, attention
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Table 5. Testosterone Risk Summary

Hematologic risk

Erythrocytosis
Iron deficiency
Adverse cardiovascular risk profile

Risk amelioration

Monitoring of red cell count
Dose reduction or phlebotomy for hematocrit >54%
Risk factor control

* Smoking cessation

* Monitoring lipids and blood pressure

needs to be paid to cardiovascular risk factors as closely
in transgender men as in transgender women (Table 5).
In addition, blood cell counts need to be routinely mon-
itored, given the increased risk for the development of
erythrocytosis over time.

Common Consultation Issues

Bleeding Disorders
Increasingly, hematologists are asked to see patients with
bleeding disorders who are considering gender-affirming
therapy. The changes in the hormonal milieu pose spe-
cial challenges for patients undergoing gender-affirming
surgery but also may have some advantages. Estrogens
are well-known to increase levels of factor VIII, as well
as those of von Willebrand factor.”” Fewer data exist for
testosterone, but it too may increase factor VIII levels.
Therefore, gender-affirming hormone therapy may reduce
bleeding, especially among patients taking estrogen.
Hemophilia occurs in approximately 1 in 10,000
men, with prophylactic factor administration in affected
men the current standard of care to prevent disabling
joint bleeds. Patients using estrogen as gender-affirming
therapy who have mild factor VIII deficiency will benefit
from the increase in their factor VIII levels. Regarding
gender-affirming surgery, procedures such as phalloplasty
and vaginoplasty carry a high risk for bleeding and the
potential for devastating outcomes with hematoma for-
mation. Therefore, factor VIII levels should be kept ele-
vated for 2 weeks after surgery. Factor VIII levels should
be kept elevated for 7 days after breast implant surgery.
Von Willebrand disease is the most common bleed-
ing disorder and can be the source of some diagnostic
confusion. Simplistically, in type 1 Von Willebrand dis-
ease, von Willebrand factor and factor VIII are normal
but levels are low; in type 2, these factor are dysfunctional;
and in type 3, no factors are present. As previously noted,
estrogen increases the levels of von Willebrand factor and
can reduce symptoms of bleeding in patients with mild
type 1 disease and some with type 2 disease. However, for

patients undergoing major surgical procedures, specific
von Willebrand factor concentrates, such as antihemo-
philic factor/von Willebrand factor complex (Humate-B,
CSL Behring) or recombinant von Willebrand factor,
should be used. Again, as in patients with hemophilia
undergoing complex procedures, one should aim for
levels of approximately 50% for 2 weeks, with careful
monitoring.

Cardiovascular Disease

When patients with a history of any type of arterial
disease (coronary artery disease, stroke, or peripheral
vascular disease) undergo any gender-affirming therapy,
scrupulous attention needs to be paid to the control of
vascular risk factors. Rates of smoking in transgender
patients are high, and smoking cessation is a key part of
preventing thrombotic complications of therapy.*® Lipid
levels need to be frequently monitored—especially for
patients on testosterone—with a goal LDL level of less
than 100 mg/dL. All patients with a history of any arterial
vascular disease should be taking aspirin. Given that rates
of obesity are also elevated in the transgender population,
weight loss can also be helpful

Venous Disease

As previously discussed, estrogen therapy is often a
source of concern in patients with a history of throm-
bosis because estrogen is a major risk factor for venous
thrombotic disease. Patients taking estrogen should not
be routinely screened for thrombophilia because 20,000
patients would need to be screened to prevent 1 death.® If
the patient has a strong family history of thrombosis (ie, 2
first-degree relatives), then screening can be considered. A
history of thrombosis without current anticoagulation is a
contraindication to any route of estrogen administration
except the transdermal route. For patients currently on
anticoagulation, however, any route of estrogen admin-
istration can be used. Patients who are known carriers of
thrombophilia, such as those with factor V Leiden muta-
tions, should be offered only transdermal therapy. Those
with antiphospholipid antibodies can receive any form of
estrogen as long as they are at low risk, with no history
of thrombosis or autoimmune disease, including mild or
inactive lupus.*

Sickle Cell Disease

Increasingly, patients with sickle cell disease are under-
going gender-affirming therapy.’' A theoretical concern
regarding feminizing therapy is the thrombotic risk of
estrogen. The data show that the use of estrogen-con-
taining contraceptives is not risky in patients with
sickle cell disease, but the preference should be for
transdermal preparations. With testosterone, accounts
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exist of increased vaso-occlusive episodes due to the rise
in the hematocrit. However, when testosterone is used
appropriately for hypogonadal patients with sickle cell
disease, the risk for complications does not appear to be
increased.” Patients with sickle cell disease who are con-
sidering gender-affirming therapy should be on maximal
medical therapy, including hydroxyurea and—for selected
patients—crizanlizumab (Adakveo, Novartis) or voxelotor
(Oxbryta, Global Blood Therapeutics). Patients for whom
even minor gender-affirming surgery is being considered
should undergo transfusion to a hematocrit above 30%,
as the TAPS study showed better surgical outcomes at this
level even with simple procedures, such as tonsillectomy.”
In this trial, the risk for serious complications, such as
acute chest crisis, in patients who did not receive a trans-
fusion was almost 4 times higher.

Summary

As the number of people secking treatment for gender
dysphoria increases, the need for gender-affirming hor-
monal and surgical therapy is expected to increase. Estro-
gens do raise the risk for thrombosis, but this risk will be
outweighed by the benefits of therapy in most cases. For
patients at risk for thrombotic complications, the use of
transdermal estrogen is an option. Testosterone does not
appear to carry an increased risk for thrombosis, but it
can cause secondary erythrocytosis. With both hormonal
therapies, conscientious attention needs to be paid to
reducing cardiac risk factors, especially smoking cessation.

Disclosure
Dr DeLoughery has no relevant disclosures.

References

1. D’hoore L, T’Sjoen G. Gender-affirming hormone therapy: an updated litera-
ture review with an eye on the future. / Intern Med. 2022;291(5):574-592.

2. Zhang Q, Goodman M, Adams N, et al. Epidemiological considerations in
transgender health: a systematic review with focus on higher quality data. /nz J
Transgend Health. 2020;21(2):125-137.

3. Ehrensaft D, Tishelman AC. Take the T out, put the T in: gender-affirming
hormones in youth. Andrology. 2021;9(6):1698-1706.

4. Glintborg D, T’Sjoen G, Ravn P, Andersen MS. Management of endocrine
disease: optimal feminizing hormone treatment in transgender people. Eur J Endo-
crinol. 2021;185(2):R49-R63.

5. DeLoughery TG. Estrogen and thrombosis: controversies and common sense.
Rev Endocr Metab Disord. 2011;12(2):77-84.

6. Seibert C, Barbouche E, Fagan ], Myint E, Wetterneck T, Wittemyer M. Pre-
scribing oral contraceptives for women older than 35 years of age. Ann Intern Med.
2003;138(1):54-64.

7. Rosendaal FR, Van Hylckama Vlieg A, Tanis BC, Helmerhorst FM. Estrogens,
progestogens and thrombosis. J 7hromb Haemost. 2003;1(7):1371-1380.

8. Kemmeren JM, Tanis BC, van den Bosch MA, et al. Risk of Arterial Thrombosis
in Relation to Oral Contraceptives (RATIO) study: oral contraceptives and the
risk of ischemic stroke. Stroke. 2002;33(5):1202-1208.

9. Skeith L, Le Gal G, Rodger MA. Oral contraceptives and hormone replace-
ment therapy: how strong a risk factor for venous thromboembolism? 7hromb Res.

2021;202:134-138.

10. Pomp ER, le Cessie S, Rosendaal FR, Doggen CJ. Risk of venous thrombosis:
obesity and its joint effect with oral contraceptive use and prothrombotic muta-
tions. Br ] Haematol. 2007;139(2):289-296.

11. World Health Organization Collaborative Study of Cardiovascular Disease and
Steroid Hormone Contraception. Venous thromboembolic disease and combined
oral contraceptives: results of international multicentre case-control study. Lancer.
1995;346(8990):1575-1582.

12. Dinger JC, Heinemann LA, Kiihl-Habich D. The safety of a drospire-
none-containing oral contraceptive: final results from the European Active Surveil-
lance Study on oral contraceptives based on 142,475 women-years of observation.
Contraception. 2007;75(5):344-354.

13. Thrombotic risk of contraceptive transdermal patches and the contraceptive
vaginal ring. Prescrire Int. 2013;22(143):266, 268-269.

14. Rovinski D, Ramos RB, Fighera TM, Casanova GK, Spritzer PM. Risk of
venous thromboembolism events in postmenopausal women using oral versus
non-oral hormone therapy: a systematic review and meta-analysis. 7hromb Res.
2018;168:83-95.

15. van Hylckama Vlieg A, Helmerhorst FM, Rosendaal FR; van H. The risk of
deep venous thrombosis associated with injectable depot-medroxyprogesterone
acetate contraceptives or a levonorgestrel intrauterine device. Arterioscler Thromb
Vasc Biol. 2010;30(11):2297-2300.

16. Lidegaard @, Lokkegaard E, Svendsen AL, Agger C. Hormonal contraception
and risk of venous thromboembolism: national follow-up study [published online
August 13, 2009]. BMJ. doi:10.1136/bmj.b2890.

17. Vandenbroucke JP, Rosing J, Bloemenkamp KW, et al. Oral contraceptives and
the risk of venous thrombosis. N Engl ] Med. 2001;344(20):1527-1535.

18. Wiegers HMG, Knijp ], van Es N, et al. Risk of recurrence in women with
venous thromboembolism related to estrogen-containing contraceptives: system-
atic review and meta-analysis. / 7hromb Haemost. 2022;20(5):1158-1165.

19. Martinelli I, Lensing AW, Middeldorp S, et al. Recurrent venous thromboem-
bolism and abnormal uterine bleeding with anticoagulant and hormone therapy
use. Blood. 2016;127(11):1417-1425.

20. Christiansen SC, Cannegieter SC, Koster T, Vandenbroucke JP, Rosendaal FR.
Thrombophilia, clinical factors, and recurrent venous thrombotic events. JAMA.
2005;293(19):2352-2361.

21. Hoibraaten E, Qvigstad E, Arnesen H, Larsen S, Wickstrom E, Sandset PM.
Increased risk of recurrent venous thromboembolism during hormone replacement
therapy—results of the randomized, double-blind, placebo-controlled estrogen in
venous thromboembolism trial (EVTET). 7hromb Haemost. 2000;84(6):961-967.
22. Streed CG Jr, Harfouch O, Marvel E, Blumenthal RS, Martin SS, Mukherjee
M. Cardiovascular disecase among transgender adults receiving hormone therapy: a
narrative review. Ann Intern Med. 2017;167(4):256-267.

23. Getahun D, Nash R, Flanders WD, et al. Cross-sex hormones and acute
cardiovascular events in transgender persons: a cohort study. Ann Intern Med.
2018;169(4):205-213.

24. Nota NM, Wiepjes CM, de Blok CJM, Gooren LJG, Kreukels BPC, den
Heijer M. Occurrence of acute cardiovascular events in transgender individuals
receiving hormone therapy. Circulation. 2019;139(11):1461-1462.

25. de Blok CJ, Wiepjes CM, van Velzen DM, et al. Mortality trends over five
decades in adult transgender people receiving hormone treatment: a report
from the Amsterdam cohort of gender dysphoria. Lancet Diabetes Endocrinol.
2021;9(10):663-670.

26. Khan J, Schmidt RL, Spittal MJ, Goldstein Z, Smock KJ, Greene DN. Venous
thrombotic risk in transgender women undergoing estrogen therapy: a systematic
review and metaanalysis. Clin Chem. 2019;65(1):57-66.

27. Totaro M, Palazzi S, Castellini C, et al. Risk of venous thromboembolism
in transgender people undergoing hormone feminizing therapy: a preva-
lence meta-analysis and meta-regression study. Front Endocrinol (Lausanne).
2021;12:741866.

28. Rotondi NK, Bauer GR, Scanlon K, Kaay M, Travers R, Travers A. Non-
prescribed hormone use and self-performed surgeries: “do-it-yourself” tran-
sitions in transgender communities in Ontario, Canada. Am ]| Public Health.
2013;103(10):1830-1836.

29. Boskey ER, Taghinia AH, Ganor O. Association of surgical risk with exog-
enous hormone use in transgender patients: a systematic review. JAMA Surg.
2019;154(2):159-169.

30. Hochberg Z, Pacak K, Chrousos GP. Endocrine withdrawal syndromes. Endocr
Rev. 2003;24(4):523-538.

31. Haveles CS, Wang MM, Arjun A, Zaila KE, Lee JC. Effect of cross-sex hor-
mone therapy on venous thromboembolism risk in male-to-female gender-affirm-
ing surgery. Ann Plast Surg. 2021;86(1):109-114.

522 Clinical Advances in Hematology & Oncology Volume 20, Issue 8 August 2022



HEMATOLOGIC CONCERNS IN TRANSGENDER PATIENTS

32. Kozato A, Fox GWC, Yong PC, et al. No venous thromboembolism increase
among transgender female patients remaining on estrogen for gender-affirming
surgery. / Clin Endocrinol Metab. 2021;106(4):¢1586-¢1590.

33. Connors JM, Middeldorp S. Transgender patients and the role of the coagula-
tion clinician. / Thromb Haemost. 2019;17(11):1790-1797.

34. Dimakopoulou A, Millar OD, Moschonas D, Jayasena CN. The role of andro-
gens in transgender medicine [published online January 21, 2022]. Best Pract Res
Clin Endocrinol Metab. doi:10.1016/j.beem.2022.101617.

35. Shores MM, Walsh TJ, Korpak A, et al. Association between testosterone
treatment and risk of incident cardiovascular events among US male veterans
with low testosterone levels and multiple medical comorbidities. / Am Heart Assoc.
2021;10(17):¢020562.

36. Houghton DE, Alsawas M, Barrioneuvo P, et al. Testosterone therapy and
venous thromboembolism: A systematic review and meta-analysis. 7hromb Res.
2018;172:94-103.

37. Connelly PJ, Marie Freel E, Perry C, et al. Gender-affirming hormone therapy,
vascular health and cardiovascular disease in transgender adults. Hypertension.
2019;74(6):1266-1274.

38. Cocchetti C, Castellini G, Tacuaniello D, et al. Does gender-affirming hor-
monal treatment affect 30-year cardiovascular risk in transgender persons? A two-
year prospective European study (ENIGI). J Sex Med. 2021;18(4):821-829.

39. Bachman E, Travison TG, Basaria S, et al. Testosterone induces erythrocytosis
via increased erythropoietin and suppressed hepcidin: evidence for a new erythro-
poietin/hemoglobin set point. / Gerontol A Biol Sci Med Sci. 2014;69(6):725-735.
40. Defreyne J, Vantomme B, Van Caenegem E, et al. Prospective evaluation of
hematocrit in gender-affirming hormone treatment: results from European Net-
work for the Investigation of Gender Incongruence. Andrology. 2018;6(3):446-454.
41. Antun A, Zhang Q, Bhasin S, et al. Longitudinal changes in hematologic
parameters among transgender people receiving hormone therapy. / Endocr Soc.
2020;4(11):bvaal19.

42. Madsen MC, van Dijk D, Wiepjes CM, Conemans EB, Thijs A, den Heijer
M. Erythrocytosis in a large cohort of trans men using testosterone: a long-term
follow-up study on prevalence, determinants, and exposure years. J Clin Endocrinol
Metab. 2021;106(6):1710-1717.

43. Oakes M, Arastu A, Kato C, et al. Erythrocytosis and thromboembolic events
in transgender individuals recciving gender-affirming testosterone. 7hromb Res.
2021;207:96-98.

44. Nolan BJ, Leemaqz SY, Ooi O, et al. Prevalence of polycythaemia with differ-
ent formulations of testosterone therapy in transmasculine individuals. fntern Med
. 2021;51(6):873-878.

45. Cheung AS, Lim HY, Cook T, et al. Approach to interpreting common
laboratory pathology tests in transgender individuals. / Clin Endocrinol Metab.
2021;106(3):893-901.

46. DeLoughery TG. Iron Deficiency Anemia. Med Clin North Am.
2017;101(2):319-332.

47. Middeldorp S, Meijers JC, van den Ende AE, et al. Effects on coagulation of
levonorgestrel- and desogestrel-containing low dose oral contraceptives: a cross-
over study. Thromb Haemost. 2000;84(1):4-8.

48. Streed CG Jr, Beach LB, Caceres BA, et al; American Heart Association
Council on Peripheral Vascular Disease; Council on Arteriosclerosis, Thrombosis
and Vascular Biology; Council on Cardiovascular and Stroke Nursing; Council
on Cardiovascular Radiology and Intervention; Council on Hypertension; and
Stroke Council. Assessing and addressing cardiovascular health in people who are
transgender and gender diverse: a scientific statement from the American Heart

Association. Circulation. 2021;144(6):e136-¢148.

49. Vandenbroucke JB, van der Meer FJM, Helmerhorst FM, Rosendaal FR. Factor
V Leiden: should we screen oral contraceptive users and pregnant women? BMJ.
1996;313(7065):1127-1130.

50. Andreoli L, Bertsias GK, Agmon-Levin N, et al. EULAR recommendations
for women’s health and the management of family planning, assisted reproduction,
pregnancy and menopause in patients with systemic lupus erythematosus and/or
antiphospholipid syndrome. Ann Rheum Dis. 2017;76(3):476-485.

51. Ronda J, Nord A, Arrington-Sanders R, et al. Challenges in the man-
agement of the transgender patient with sickle cell disease. Am ] Hematol.
2018;93(11):E360-E362.

52. Morrison BE Madden W, Clato-Day S, Gabay L. Testosterone replacement
therapy in adolescents with sickle cell disease reverses hypogonadism without pro-
moting priapism: a case report. Urol Case Rep. 2015;3(6):179-180.

53. Howard J, Malfroy M, Llewelyn C, et al. The Transfusion Alternatives Preoper-
atively in Sickle Cell Disease (TAPS) study: a randomised, controlled, multicentre
clinical trial. Lancet. 2013;381(9870):930-938.

54. Gardner TH, Safer JD. Progress on the road to better medical care for transgen-
der patients. Curr Opin Endocrinol Diabetes Obes. 2013;20(6):553-558.

55. Wierckx K, Elaut E, Declercq E, et al. Prevalence of cardiovascular disease
and cancer during cross-sex hormone therapy in a large cohort of trans persons: a
case-control study. Eur | Endocrinol. 2013;169(4):471-478.

56. Wierckx K, Mueller S, Weyers S, et al. Long-term evaluation of cross-sex hor-
mone treatment in transsexual persons. J Sex Med. 2012;9(10):2641-2651.

57. De Cuypere G, T’Sjoen G, Beerten R, et al. Sexual and physical health after sex
reassignment surgery. Arch Sex Behav. 2005;34(6):679-690.

58. Ott J, Kaufmann U, Bentz EK, Huber JC, Tempfer CB. Incidence of throm-
bophilia and venous thrombosis in transsexuals under cross-sex hormone therapy.
Fertil Steril. 2010;93(4):1267-1272.

59. Wilson R, Spiers A, Ewan J, Johnson P, Jenkins C, Carr S. Effects of high
dose oestrogen therapy on circulating inflammatory markers. Maturitas.
2009;62(3):281-286.

60. Wierckx K, Van Caenegem E, Schreiner T, et al. Cross-sex hormone ther-
apy in trans persons is safe and effective at short-time follow-up: results from
the European network for the investigation of gender incongruence. J Sex Med.
2014;11(8):1999-2011.

61. van Kesteren PJM, Asscheman H, Megens JAJ, Gooren LJG. Mortality and
morbidity in transsexual subjects treated with cross-sex hormones. Clin Endocrinol
(Oxf). 1997;47(3):337-342.

62. Prior JC, Vigna YM, Watson D. Spironolactone with physiological female
steroids for presurgical therapy of male-to-female transsexualism. Arch Sex Behav.
1989;18(1):49-57.

63. Dittrich R, Binder H, Cupisti S, Hoffmann I, Beckmann MW, Mueller A.
Endocrine treatment of male-to-female transsexuals using gonadotropin-releasing
hormone agonist. Exp Clin Endocrinol Diabetes. 2005;113(10):586-592.

64. Schlatterer K, Yassouridis A, von Werder K, Poland D, Kemper J, Stalla GK.
A follow-up study for estimating the effectiveness of a cross-gender hormone sub-
stitution therapy on transsexual patients. Arch Sex Behav. 1998;27(5):475-492.
65. Becerra Ferndndez A, de Luis Romén DA, Piédrola Maroto G. [Morbidity in
transsexual patients with cross-gender hormone self-treatment]. Med Clin (Barc).
1999;113(13):484-487.

66. Hembree WC, Cohen-Kettenis P, Delemarre-van de Waal HA, et al; Endocrine
Society. Endocrine treatment of transsexual persons: an Endocrine Society clinical
practice guideline. / Clin Endocrinol Metab. 2009;94(9):3132-3154.

Clinical Advances in Hematology & Oncology Volume 20, Issue 8 August 2022 523



