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Abstract

Background: The transgender population that uses gender-affirming hormone ther-
apy (GAHT) is rapidly growing. The (side) effects of GAHT are largely unknown. We
examined the effect of GAHT on coagulation parameters associated with venous
thromboembolism (VTE) risk.

Methods: Factor (F)II, FIX, FXI, protein (p)C and free pS, fibrinogen, hematocrit, sex
hormone-binding globulin, and normalized activated protein C ratio were measured
in 98 transwomen (male sex at birth, female gender identity) and 100 transmen (fe-
male sex at birth, male gender identity) before and after 12 months of GAHT (oral or
transdermal estradiol and anti-androgens in transwomen, transdermal or intramuscu-
lar testosterone in transmen). Mean paired differences in coagulation measurements
were estimated with 95% confidence intervals (95% Cl). Differences for route of ad-
ministration and age were assessed with linear regression.

Results: After GAHT, transwomen had more procoagulant profiles with a mean in-
crease in FIX: 9.6 IU/dL (95% Cl 3.1-16.0) and FXI: 13.5 IU/dL (95% Cl 9.5-17.5), and a
decrease in pC: -7.7 IU/dL (95% CI -10.1 to -5.2). Changes in measures of coagulation
were influenced by route of administration (oral vs. transdermal) and age. A higher
sex-hormone binding globulin level after 12 months was associated with a lower ac-
tivated protein C resistance. In transmen, changes were not procoagulant overall and
were influenced by age. Differences for route of administration (transdermal vs. intra-
muscular) were small.

Conclusions: GAHT in transmen was not associated with apparent procoagulant
changes, which provides some reassurance regarding VTE risk. In transwomen, GAHT
resulted in procoagulant changes, which likely contributes to the observed increased
VTE risk.
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1 | INTRODUCTION

Both in health and disease there are important differences between
women and men. This holds also true for the coagulation system,
especially in light of its pathophysiological side, concerning hyper-
coagulability and its subsequent disease, venous thromboembo-
lism (VTE). In VTE there are differences in risk factors, absolute
incidence, presenting location, optimal management strategies, and
prognosis between men and women.}*

In women, hormones such as oral contraceptives and hormone
therapy (HT) are important VTE risk factors.> Mechanistically, stud-
ies indicate that use of these hormones results in a procoagulant
shift, with a consequential increased risk of VTE. Use of oral con-
traceptives (dependent on the dose of estrogen and type of pro-
gestogen) results in procoagulant changes with reported increases
in factor (F) II, FVII, FVIII, FIX, FX, FXI, protein C, and fibrinogen;
decreases in levels of antithrombin and protein S; and an increased
resistance to activated protein C (APCr).6? Similar procoagulant
effects and subsequent increased VTE risk have been reported
in women using estrogen containing HT for relief of menopause
symptoms.m'14

Available data on hormone use in men, specifically testosterone,
and the risk of VTE is less extensive. In a large cohort study, tes-
tosterone use in men was associated with an increased risk of VTE
during the first 6 months of treatment (rate ratio:1.63, 95% confi-
dence interval [CI] 1.12-2.37).%° Studies on the effects of exogenous
testosterone on the coagulation profile of men are inconclusive
and there do not seem to be substantial procoagulant effects.'®!’
Moreover, testosterone is typically used in men who suffer from hy-
pogonadism in which the underlying pathology may influence coag-
ulation profiles.

A rapidly growing population in which estrogen or testoster-
one is frequently used concerns transgender persons who desire
gender-affirming hormone therapy (GAHT). Transmen (female sex
assigned at birth, male gender identity) typically receive testoster-
one, whereas transwomen (male sex assigned at birth, female gender
identity) often receive estrogens (estradiol in particular), frequently
combined with anti-androgens (often progestogenic cyproterone

acetate).'®

Whether GAHT has similar procoagulant effects and
subsequent risks is not yet extensively studied. Regarding the risk
of VTE in the transgender population, some evidence is available.”
Overall, transwomen using GAHT seem to be at an increased risk
of VTE compared to cismen, for whom estimates of its incidence
range from 41 to 167 per 10,000 person years in the literature, de-
pending on the specific population studied.?°?? Data on risk of VTE
in transmen using GAHT are limited. In a recent large cohort study,
the risk of VTE in transmen was not increased compared to women
of the same age.?? The effects of testosterone on the coagulation
system in transmen, and estrogen with anti-androgens in trans-
women is largely unknown. A previous study reported procoagulant
changes in transwomen using estradiol with cyproterone acetate,
and no procoagulant changes in transmen using testosterone; how-
ever, this study was limited by a small sample size.?® In addition, the

Essentials

e The effects of gender-affirming hormone therapy
(GAHT) on coagulation are largely unknown.

e Coagulation parameters were studied in 98 transwomen
and 100 transmen 12 months after GAHT.

e Start of GAHT in transmen was not associated with ap-
parent procoagulant changes.

e |n transwomen GAHT resulted in procoagulant changes

potentially associated with thrombotic risk.

route of administration of GAHT may also influence the effect on
the coagulation system. Previous studies found that both in women
and transwomen (especially highly dosed) oral preparations induced
more procoagulant changes and a higher VTE risk than transdermal
preparations. 12426

In this study our aim was threefold. First, to assess whether
GAHT has similar effects on the coagulation system as is observed
in women using estrogens and men using testosterone, and whether
these findings are in line with observations on VTE risk in the trans-
gender population. Second, to investigate whether these changes
are influenced by route of administration and age. Last, we explored
whether changes in sex-hormone-binding globulin levels (SHBG),
a previously described marker of procoagulant changes in women

27

using oral contraceptives,’ were similarly associated with changes

in the coagulation profiles in this transgender population.

2 | METHODS

2.1 | Study design and subjects
This study is part of the European Network for the Investigation
of Gender Incongruence (ENIGI), which is a collaboration among
the gender identity clinics of Amsterdam (the Netherlands), Ghent
(Belgium), Oslo (Norway), and Florence (Italy).?® All participants in
this study have been diagnosed with gender dysphoria by special-
ized psychologists. After the diagnostics, participants without a
history of sex hormone use entered the ENIGI study if they pro-
vided informed consent. Exclusion criteria were the presence of
a psychotic disorder, or not mastering the required language suf-
ficiently at the site of participation. Based on the availability of
blood samples, only participants who visited the gender clinic of the
Amsterdam University Medical Center, Location Vrije Universiteit,
the Netherlands have been included in the current study. This study
was approved by the medical ethics committee of the Amsterdam
University Medical Center, Location Vrije Universiteit in Amsterdam,
the Netherlands.

For this study, blood was drawn twice. First at baseline, before
participants commenced GAHT (estrogen and anti-androgens in
transwomen and testosterone in transmen). The second sample was



SCHERES ET AL.

obtained approximately 12 months after start of GAHT. All samples
were obtained between August 2012 and September 2015. Blood
was collected through venipuncture into vacutainers containing
0.105 M/0.109 M sodium citrate and subsequently centrifuged to
obtain plasma samples. The plasma samples were stored at -80°C
until analyses.

2.2 | Measures of coagulation

A total of eight measures of coagulation were investigated, which
were selected based on their previously described effects in women
(i.e., of estrogen use) and men (i.e.. of testosterone use).??73° These
included levels of coagulation FlI, FIX and FXI; fibrinogen and hema-
tocrit; the natural anticoagulants protein S and protein C; and the
APCr, which reflects a decreased sensitivity to the inhibition of APC
on thrombin generation during coagulation.

FIl, FIX, FXI, fibrinogen (Clauss method), protein C, and free
protein S concentrations were determined using the HemoslL kit
(Werfen Company). nAPCsr, based on the activated partial throm-
boplastin time (APTT), was measured with the chromogenix coatest
(Werfen Company) by dividing the APTT sample with exogenous
activated protein C by the APTT without exogenous activated pro-
tein C sample. All samples were measured with the Instrumentation
Laboratory ACL TOP 700 hemostasis testing system (Werfen
Company) and did not receive any pretreatment besides thawing.
Results of FlI, FIX, FXI, free protein S and protein C measurements
are expressed in IU/dL, while fibrinogen levels are expressed in
g/L. The APCr was deduced from the nAPCsr as obtained via the
Chromogenix coatest, with a lower ratio implying an increased APCr.
For FlI, FIX, FXI, free protein S, and protein C, re-measurement was
donein case of a value of 180% or higher, as values above 180% could
not be extrapolated and therefore become unreliable. Hematocrit at
both time points was available for 93 (47%) of the participants; all
other measurements were available for all participants at both time
points. Of note, none of the patients received phlebotomy during
the 12-month follow-up.

In addition, in part of the study population (n = 61, 31%) SHBG
(measured by immuno-assay) levels at baseline and at 12 months

after start of GAHT were available.

2.3 | Statistical analysis

Means and standard deviations (SD) were reported for normally
distributed data and medians with interquartile range (IQR) for
non-normally distributed data. Absolute and relative mean paired
differences with 95% confidence interval (Cl) between baseline
values and after 12 months of GAHT treatment were estimated for
the measurements of coagulation. Linear regression models were
performed to estimate absolute differences with 95% Cl of changes
in these measurements over the treatment period (change in meas-

ures between 12 months of treatment and baseline) by route of
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TABLE 1 Baseline characteristics of the study population

Clinical characteristics

Group Transwomen Transmen
Total persons, n 98 100
Age in years, mean (SD) 33.7 (12.9) 26.9 (9.7)
Body mass index kg/m?, 24.0 (4.6) 25.5(5.5)
mean (SD)
Height in cm, mean (SD) 180 (6.5) 167 (6.7)
Current smoker, n (%) 26 (26.5%) 37 (37.0%)
Alcohol user, n (%) 48 (49%) 49 (49.0%)
Hormone therapy
Estrogen, oral n (%) 47 (48%) NA
Estrogen, transdermal 46 (47%) NA
n (%)
Anti-androgen therapy 91 (93%) NA
combined with
estrogen, oral n (%)
Anti-androgen 5(5%) NA
monotherapy, oral
n (%)
Testosteron, transdermal NA 41 (41%)
n (%)
Testosteron, intramuscular ~ NA 59 (59%)
n (%)

Abbreviations: NA, not applicable; SD, standard deviation.

administration. Transdermal estrogen was compared to oral estro-
gen in transwomen, and transdermal testosterone was compared to
intramuscular testosterone in transmen. Next, we included age in
the linear regression model to investigate potential interaction be-
tween age and the change in values of the measurements of coagu-
lation. Last, similarly to with the measurements of coagulation, we
estimated mean differences in SHBG levels before and 12 months
after start of GAHT. In addition, to explore whether SHBG levels
were associated with the change in coagulation profiles, we used a
scatterplot and linear regression models to describe the association

between the change in SHBG levels and change in APCr.

3 | RESULTS

3.1 | Study population

A total of 198 transpersons were included in the analyses, with 98
transwomen and 100 transmen. The clinical characteristics of the
study participants are presented in Table 1. The mean age of the
transwomen was 33.7 (SD 12.9). They had a mean body mass index
(BMI) of 24.0 (SD 4.6), 26 (26.5%) were current smokers, and 48 (49%)
used alcohol. Forty-six (47%) out of the 98 transwomen were treated
with transdermal estradiol (Systen® 100 mg twice a week), while 47
(48%) were treated with oral estradiol valerate (Progynova® 2 mg
twice a day). In 91 transwomen, estradiol was combined with the
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oral anti-androgen, cyproterone acetate (Androcur® 50 mg daily).
Five (5%) received anti-androgen therapy only, and were excluded
from further analyses.

For the transmen, the mean age was 26.9 (SD 9.7). Their mean
BMI was 25.5 (SD 5.5), 37 (37.0%) were smokers, and 49 (49.0%)
used alcohol. Of the transmen, 59 (59%) out of 100 received intra-
muscular testosterone (Sustanon® 250 mg per 2 weeks or Nebido®
1000 mg per 2 weeks) and 41 (41%) received transdermal testoster-
one (Androgel® 50 mg per day). During the 12 months of follow-up
in the study, no thrombotic events were observed.

3.2 | Difference in measurements of coagulation
after 12 months of hormone therapy

The absolute and relative paired mean differences in measures of
coagulation after 12 months of GAHT are shown in Table 2. In trans-
women, notable procoagulant changes were a mean increase in FIX
of 9.6 1U/dL (95% Cl 3.1-16.0) and 13.5 IU/dL (95% CI 9.5-17.5) in
FXI. Protein C decreased on average by -7.7 IU/dL (95% Cl -10.1
to -5.2). Fibrinogen increased with 0.10 g/L (95% Cl -0.04-0.24).
Changes in the anticoagulant direction were an increase in APC ratio
of 0.15 (95% Cl -0.01-0.31), a decrease in haematocrit of -0.03 L/L
(95% CI -0.04 to -0.02), and increase in free protein S of 2.5 1U/
dL (95% CI -0.7-5.7). There were no apparent changes in Fll levels.
The relative differences, including the procoagulant or anticoagulant

direction of these changes, are shown in Figure 1A.

In transmen, procoagulant changes were a mean increase in
FIX of 7.9 IU/dL (95% Cl 2.2-13.6) and an increase in hematocrit of
0.06 L/L (95% CI 0.05-0.07). Anticoagulant changes were a mean
increase in APC ratio of 0.48 (95% Cl 0.34-0.61), decrease in Fll of
-5.7 IU/dL (95% CI -9.9 to -1.5) and decrease in FXI of -7.7 1U/dL
(95% ClI -11.8 to -3.7). Protein S increased on average with 7.6 1U/dL
(95% Cl 1.6-13.6). Fibrinogen and protein C levels did not apparently

change. The relative differences are shown in Figure 1B.

3.3 | Differences by route of administration
The results of the linear regression model for differences in meas-
urements of coagulation by route of administration are shown in
Table 3. The mean change after 12 months of treatment was higher
for fibrinogen levels, 0.22 g/L (95% Cl -0.06-0.51) and free protein
S levels: 6.5 IU/dL (95% Cl 0.3-12.8) in the group receiving oral es-
tradiol than in the group receiving transdermal estrogen. Mean dif-
ferences in FIX were lower in the oral estradiol group, -11.6 1U/dL
(95% Cl -24.4-1.2) than in the group receiving transdermal estradiol.
There were no apparent differences in the other measurements. The
relative differences in the measurements of coagulation are shown
separately for transwomen receiving transdermal (Figure 1C) and
oral estradiol (Figure 1E).

In transmen, mean differences in fibrinogen and protein C lev-
els were lower in the group receiving intramuscular testosterone,
-0.27 g/L (95% Cl -0.65-0.10) and -7.7 1U/dL (-15.2 to -0.2),

TABLE 2 Absolute and relative paired

Mean. (SD)at  Mean (SD) at A'bsolute mean paired Relative mean differences in levels of coagulation

- baseline 12 months difference (95% Cl) change markers 12 months after commencing
Transwomen (n = 93) hormone therapy compared to baseline

APCr ratio 3.06 (0.51) 3.21(0.67) 0.15 (-0.01 to 0.31) +4.9% levels

Factor Il (1U/dL) 100.8 (14.8) 100.8(18.9) 0.0(-3.0to0 3.0) 0%

Factor IX (IU/dL) 122.2(35.1) 131.7 (24.4) 9.6 (3.1to 16.0) +7.8%

Factor XI (IU/dL) 117.4 (26.2) 131.0(22.6) 13.5(9.5to0 17.5) +11.6%

Fibrinogen (g/L) 3.06(0.87) 3.17 (0.69) 0.10 (-0.04 to 0.24) +3.6%

Hematocrit (L/L) 0.45 (0.03) 0.42 (0.02) -0.03 (-0.04 to -0.02) -6.7%

Protein S, free 106.1(17.7) 108.6 (20.8) 2.5(-0.7to 5.7) +2.4%

(1U/dL)

Protein C (IU/dL) 108.2 (22.5) 100.6 (20.5) -7.7 (-10.1 to -5.2) -7.1%
Transmen (n = 100)

APC ratio 2.84(0.42) 3.32(0.70) 0.48 (0.34 to 0.61) +16.9%

Factor Il (1U/dL) 102.4 (19.4) 96.7 (20.7) -5.7 (-9.9 to -1.5) -5.6%

Factor IX (IU/dL) 119.6 (27.4) 127.6 (29.9) 7.9 (2.2 to 13.6) +6.6%

Factor XI (1U/dL) 125.5(21.5) 117.8 (19.9) -7.7 (-11.8 to -3.7) -6.2%

Fibrinogen (g/L) 3.20(0.92) 3.18(0.88) -0.02 (-0.20 to 0.17) -0.6%

Hematocrit (L/L) 0.41 (0.03) 0.47 (0.03) 0.06 (0.05 to 0.07) +14.6%

Protein S, free 104.5 (28.9) 112.1 (25.4) 7.6 (1.6 to 13.6) +7.3%

(IU/dL)
Protein C (IU/dL) 105.5 (26.5) 103.7 (19.9) -1.9 (-5.6 to 1.9) -1.8%

Abbrevations: APCr; activated protein C resistance; Cl; confidence interval; SD; standard deviation.
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FIGURE 1 Relative change in the measures of coagulation for transwomen and transmen by routes of administration. This figure depicts
the relative change (%) in the measures of coagulation for transwomen and transmen and for the routes of administration, separately. A

red circle indicates a procoagulant direction of the effect of the change in measurement, where a green square indicates an anticoagulant
direction of the effect. Anchored lines indicate 95% confidence intervals. Shown for the total group of transwomen (A) and transmen (B),
seperate for transwomen which used oral estradiol (C) or transdermal estradiol (E) and seperate for transmen which used intramuscular
testosterone (D) and transdermal testosterone (F).
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TABLE 3 Linear regression coefficients with 95% confidence intervals for the absolute difference between measurements after
12 months of treatment and baseline measurements

APCr ratio

Factor Il (IU/dL)

Administration route
Adjusted for age
Administration route

Adjusted for age

Transwomen (n = 93), transdermal vs. oral
estradiol; transdermal as reference

0.1(-0.2t00.5)
0.1(-0.3t00.4)
3.4(-2.5t09.3)
1.7 (-4.6 to0 8.0)

Factor IX (IU/dL) Administration route -11.6 (-24.4t0 1.2)
-12.6 (-26.3t0 1.2)
-3.0(-11.1to 5.0)

-3.8(-12.4 t0 4.8)

Adjusted for age
Factor XI (1U/dL) Administration route
Adjusted for age
Fibrinogen (g/L) Administration route
Adjusted for age
Hematocrit (L/L) Administration route
Adjusted for age

Protein S, free (IU/ Administration route

dL)

6.5(0.3t0 12.8)

6.7 (-0.1to0 13.4)
-1.0(-6.0 to 3.9)
-3.1(-8.2t0 2.1)

Adjusted for age
Protein C (IU/dL) Administration route

Adjusted for age

Abbreviation: APCr, activated protein C resistance.

respectively, than in the group receiving transdermal testosterone.
There were no apparent differences in the other measurements.
The relative differences in measurements of coagulation are shown
separately for the transdermal group (Figure 1D) and intramuscular
group (Figure 1F).

3.4 | Interaction with age

For both transwomen and transmen, there seemed to be an interac-
tion with age to some extent for most measurements (Table 3). This
was most profound for measurements of Fll, FXI, and protein C. This
indicates that the magnitude of change after 12 months of treatment

is influenced by age.

3.5 | Sex-hormone-binding globulin levels and
activated protein C resistance

In 23 (25%) of the transwomen and 38 (38%) of the transmen,
a SHBG measurement was available both at baseline and after
12 months of follow-up. In both transmen and transwomen, the
SHBG level was lower at 12 months follow-up with a mean paired
difference of -5.4 mmol/L (95% Cl -11.0-0.1) in the transwomen,
and -20.9 (95% Cl -35.8 to -5.9) in the transmen (Table S1). In trans-
women, the change in SHBG levels after commencing hormone
treatment seemed to be associated to some extent with the change
in APCr (Figure S1). In the linear regression model, an increase in

0.22 (-0.06 to 0.51)
0.27 (-0.04 to 0.57)
0.004 (-0.019 to 0.026)
0.005 (-0.019 to 0.028)

Transmen (n = 100), transdermal vs.
intramuscular testosterone; transdermal as
reference
0.12 (-0.14 t0 0.39)
0.16 (-0.11 to 0.44)
-4.8 (-13.4t0 3.7)
-6.3(-15.0to 2.4)
-7.0(-18.6 to 4.5)
-7.6 (-19.5 to 4.4)
-0.4(-8.7 t0 7.8)
-1.0(-9.5to0 7.5)
-0.27 (-0.65 to 0.10)
-0.27 (-0.66 t0 0.12)
-0.008 (-0.028 to 0.012)
-0.005 (-0.026 to 0.016)
-0.2(-12.4 t0 12.0)
-1.7 (-14.3 to 11.0)
-7.7 (-15.2 to -0.2)
-8.2(-16.0 to -0.5)

SHBG levels in transwomen was associated with a mean decrease
in APCr, p -0.10 (95% Cl -0.23 to -0.02). In transmen there was no
association between change in SHBG levels and change in APCr, B
0.00 (95% CI -0.01-0.00).

4 | DISCUSSION

In this study, we investigated the effect of 12 months of GAHT
on measurements of coagulation in transwomen and transmen. In
transwomen, the changes were overall procoagulant with a substan-
tial increase in FIX, FXI, and fibrinogen, and a decrease in protein
C levels. In transmen, there was no apparent procoagulant shift.
Interestingly, in both transmen and transwomen the APCr increased,
typically indicating an overall lower procoagulant tendency. In trans-
women, this might be explained by the decrease in protein C and
increase in protein S, which may have influenced the measurement
result.3%32 Regarding the route of administration, in transwomen
receiving oral estradiol, the change in fibrinogen and free protein
S levels was larger and in FIX levels smaller, than in those receiving
transdermal estradiol. The differences for type of administration of
testosterone in transmen were small and most notably concerned
decrease of fibrinogen levels and protein C for the intramuscular
compared to the transdermal route. For both transwomen and trans-
men there was a mostly modest interaction between age and the
observed difference in most of the measurements of coagulation.
Both in transwomen and transmen the mean SHBG level was lower

after commencing GAHT. In transwomen, a higher SHBG level after
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12 months was associated with a lower APCr after 12 months than
at baseline.

One of the most remarkable changes observed between the two
groups was that of FXI levels, which clearly increased in transwomen
and decreased in transmen after start of GAHT. Of interest, at base-
line levels were higher in transmen than in the transwomen, mean
125.5 IU/dL (SD £21.5) and mean 117.4 1U/dL (SD +26.2), respec-
tively. It seems that GAHT for transwomen approximates FXI levels
of women (and vice versa for GAHT in transmen, which approxi-
mates FXI levels of men). Higher FXI levels are associated with both
increased risk of first and recurrent VTE and the increase observed
in transwomen after commencing GAHT may contribute to the ob-
served increased VTE risk as described in the literature. 20223334

Overall, use of estrogens (and anti-androgens) in transwomen re-
sulted in an overall more procoagulant profile after 12 months, in line
with observations in women who have an increase in estrogen and
progestogen levels through oral contraceptive use, postmenopausal
HT, or during pregnancy.?33 Thus, exogenous estradiol (with
cyproterone acetate) seems to exert procoagulant effects in both
persons with female and male sex assigned at birth. In transmen the
introduction of testosterone did not result in a more procoagulant
profile. From an evolutionary perspective these observations are
plausible. As for the underlying mechanism, a more procoagulant
coagulation profile due to increasing estrogen (and progestogen)
levels during pregnancy is beneficial as it could reduce blood loss
during labor.3¢ For testosterone, the evolutionary benefit of a sim-
ilar procoagulant change is less evident. As procoagulant changes
are associated with VTE risk, the results of our study are of clinical
relevance. In transmen, in line with a previous study,*’ the only po-
tential procoagulant change seemed to be an increase in hematocrit
after initiating testosterone therapy. However, the causal role of
hematocrit in VTE is currently debated.®® In addition, overall, there
were only small differences in effect between the intramuscular and
transdermal route. Thus, these findings appear reassuring regarding
the risk of VTE in transmen using testosterone, although no definite
conclusions can be drawn.

We observed a more procoagulant profile in transwomen after
12 months of HT. These results are in line with the limited available
literature, in which the incidence of VTE appears higher in trans-
women than in men of the same age‘mo'22 In transwomen receiv-
ing oral preparations the difference in fibrinogen and free protein
S was larger and the change in FIX was smaller than in those re-
ceiving transdermal preparations. Overall, these findings suggest a
more procoagulant change with the oral preparations compared to
the transdermal form, although relatively small. The differences be-
tween these routes of administration, in terms of change in coagula-
tion profiles, do not appear as substantial in the reports concerning
high-dosed oral estrogen in which substantial differences in proco-
agulant changes and VTE risk were observed for oral formulations
compared to transdermal preparations.'®?#%> |t should be men-
tioned that although various measurements of coagulation are asso-
ciated with VTE risk,%? studies that assess the absolute incidence of
objectively confirmed symptomatic VTE remain the gold standard.
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To draw definite conclusions on risk of VTE in transwomen and
transmen, adequately sized robust (cohort) studies with appropriate
control groups (cismen for transwomen and ciswomen for transmen)
are needed. Ideally, as a next step risk assessment models are then
developed to inform transpersons and their physicians on the ab-
solute risk of VTE with use of (different types of) HT, in this way
aiding informed decision making.40 In this context, in transwomen,
the change in SHBG levels after commencing GAHT may be an im-
portant predictor of a procoagulant change. In line with studies on
ciswomen commencing oral contraceptives, increased SHBG levels
seem to reflect a more “estrogenic” and procoagulant state, which is
associated with an observed increased risk of VTE. Further studies
are needed to assess whether the change in SHBG in transwomen is
a predictor of VTE events.

This study has several important strengths. We were able to in-
vestigate a broad scope of the coagulation system in a large group of
both transwomen and transmen. Moreover, the design of the study
allowed pairwise estimation of the effects (i.e., every person is their
own control), eliminating the potential effects of fixed confounders
(e.g., genetics, body height, age, etc,).

When interpreting the results, it must be noted that we only
investigated a selection of parameters of coagulation, on which
changes have been described in women after commencing oral
contraceptives. Hence, we did not measure other procoagulant or
anticoagulant changes that may have taken place in vivo. In ad-
dition, although we observed procoagulant changes in some pa-
rameters, and anticoagulant changes in others, it is unknown how
these can be placed in context with each other and whether they
actually sum up to a more procoagulant or anticoagulant state.
However, the findings of our study are in line with a recent, albeit
smaller, study on the effect of estrogen use in transgender women
(n = 26) on more global coagulation assays (i.e., thromboelastog-
raphy, thrombin generation, and plasma fibrin generation). In this
study, more global procoagulant profiles were observed in the
transgender women using estrogens compared to men (n = 55).4
In addition, all measurements are subject to both biological and
analytical variation, which may have influenced the results. This
variation is reflected in the 95% CIl of the effect estimates, and
could even have led to an underestimation of the results. Last,
given the existing evidence on hormone use and changes in coag-
ulation parameters, the changes we observed are likely an effect
of the hormone therapy. However, we cannot exclude the possi-
bility that other influences related to the transition trajectory (e.g.,
changes in BMI or smoking habits) have affected the measured
parameters of coagulation.42 In addition, several other limitations
of the study should be kept in mind when interpreting its results.
First, our study was aimed at providing mechanistic insight and
therefore we investigated a broad range of measurements of co-
agulation; however, as mentioned, procoagulant changes do not
necessarily cause VTE. In addition, we did not investigate the
type of intramuscular testosterone (Sustanon® or Nebido®) sep-
arately due to a small number of Nebido® users. Last, nearly all
transwomen received both estradiol and cyproterone acetate,
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therefore we have observed the average effect on coagulation
of both. Combined with estradiol for use as contraceptive pill in
women, cyproterone acetate is associated with a higher risk of
VTE compared to other hormonal contraceptive preparations.43 A
small study reported the most profound procoagulant changes in
transwomen using estradiol with cyproterone acetate compared
to transwomen who used cyproterone acetate only.?® Further
studies are needed to investigate the effects of estradiol and cy-
proterone acetate separately.

In conclusion, coagulation profiles in transwomen and trans-
men were influenced by 12 months of GAHT use and affected
by route of administration and age to some extent. Testosterone
use in transmen did not result in apparent procoagulant changes
which, in context of the available literature, provides some reas-
surance regarding the risk of VTE. In transwomen use of estradiol
and anti-androgens resulted in overall more procoagulant profiles,
which likely contributes to the observed increased risk of VTE in
this population.
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