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Study objectives: Transgender persons can use gender-affirming hormone therapy (GAHT) to align their
physical appearance with their identified gender. Many transgender persons report poor sleep, but the
effects of GAHT on sleep are unknown. This study examined the effects of a 12 months of GAHT use on
self-reported sleep quality and insomnia severity.
Methods: A sample of 262 transgender men (assigned female at birth, started masculinizing hormone
use) and 183 transgender women (assigned male at birth, started feminizing hormone use), completed
self-report questionnaires on insomnia (range 0e28), sleep quality (range 0e21) and sleep onset latency,
total sleep time and sleep efficiency before start of GAHT and after 3, 6, 9, and 12 months of GAHT.
Results: Reported sleep quality showed no clinically significant changes after GAHT. Insomnia showed
significant but small decreases after 3 and 9 months of GAHT in trans men (�1.11; 95%CI: -1.82; �0.40
and �0.97; 95%CI: -1.81; �0.13, respectively) but no changes in trans women. In trans men, reported
sleep efficiency decreased by 2.8% (95%CI: -5.5%; �0.2%) after 12 months of GAHT. In trans women, re-
ported sleep onset latency decreased by 9 min (95%CI: -15; �3) after 12 months of GAHT.
Conclusions: These findings show that 12 months of GAHT use did not result in clinically significant
changes in insomnia or sleep quality. Reported sleep onset latency and reported sleep efficiency showed
small to modest changes after 12 months of GAHT. Further studies should focus on underlying mecha-
nisms by which GAHT could affect sleep quality.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Many people experience poor sleep quality: they report trouble
falling asleep, staying asleep, or waking up early. Globally, between
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36% and 57% of people report poor sleep [1e3], although estimates
vary widely. If the burden of these symptoms significantly impairs
daily life it can be defined as insomnia disorder. Insomnia is the
second most common mental disorder in Europe [4], with an
estimated 30%e36% of the population reporting at least one
insomnia symptom [5]. The burden of insomnia is not distributed
equally over the population. In cisgender populations, women of
reproductive age are 1.5 times more likely to experience insomnia
[6] and they report worse sleep quality than men, as seen in longer
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sleep onset latencies, more sleep disturbances, and lower sleep
efficiency [7,8]. Although studies suggest that gender-specific fac-
tors, such as social expectations, care duties and a higher preva-
lence of mood disorders, contribute to more insomnia and worse
sleep quality in women [9e11], epidemiological studies also sug-
gest that biological factors, such as sex hormones, can also affect
sleep quality.

There are several indications of associations between sex hor-
mones and sleep quality throughout the lifespan. Firstly, the sex
difference in insomnia prevalence starts from puberty onwards,
with cisgender girls reporting more insomnia than cisgender boys
[12]. In this period the timing of onset of the first menstruation,
which is triggered by sex hormone changes, is specifically associ-
ated with an increase in insomnia risk [13]. Secondly, symptoms of
insomnia also increase during pregnancy [14] and perimenopause
[15], which are both life phases in which sex hormones strongly
fluctuate. Lastly, in cisgender men, who experience less marked sex
hormone fluctuations in their lifetime after puberty, there seems to
be a bidirectional relationship between testosterone and sleep.
Disturbed sleep seems to result in lower testosterone levels [16]
and vice versa, lower testosterone seems to be associated with
poorer sleep quality [17] and with shorter sleep duration [18].

Studies on the influence of sex hormone interventions on sleep
also show possible sex hormone-induced changes in sleep quality. In
cisgender women, an experimental suppression of sex hormone
production through administration of gonadotropin-releasing hor-
mone (GnRH) analogs, led to decreased sleep quality [19]. These ef-
fects were unrelated to the mood disturbance effects of the GnRH
intervention [19]. Studies also suggest that oral contraceptives,which
most commonly contain exogenous estrogens and progestogens and
suppress sex hormone endogenous fluctuations, can increase re-
ported insomnia symptoms [20,21]. On the other hand, the rein-
statement of stable sex hormone levels during perimenopause
through hormone replacement therapy (HRT), which is a regimen of
both estrogens and progestogens, seems to improve sleep quality
[22]. In cisgendermen, suppression of testosteroneproduction seems
to decrease sleep quality, since it increases sleep onset latency and
decreases deep sleep [23]. In hypogonadal cisgender men with poor
sleep, results still seem inconclusive: testosterone replacement
therapy seems to improve sleep quality [24] and shorten sleep
duration [25], but studies on testosterone use and sleep are still
scarce. One limitation of many studies on sex hormones and sleep is
that they have mainly included participants who are hypogonadal or
going through perimenopause, meaning their endogenous hormone
levels are already loworchangingand it isdifficult to generalize these
findings to the wider population [26]. Therefore, knowledge of the
effects of sex hormones on sleep so far has been limited.

The effects of sex hormone use can be studied in transgender
persons who use gender-affirming hormone therapy (GAHT). In
contrast to cisgender persons, transgender persons experience an
incongruence between their sex assigned at birth and their gender
identity. Many transgender persons seek treatment with GAHT in
order to align their physical features with their identified gender.
Generally, the use of GAHT is associated with improved body image
and quality of life [27]. Trans men, who were assigned female at
birth, can be prescribed masculinizing hormones, most commonly
a form of testosterone. Trans women, who were assigned male at
birth, can be prescribed feminizing hormones, often consisting of a
form of estrogen combined with anti-androgens. Sleep problems
are common in the transgender population: up to 80% of trans-
gender persons report that they experience poor sleep [28]. How-
ever, up till today the effect of GAHT on insomnia and sleep quality
has not yet been studied.

Therefore, this study will prospectively assess self-reported
insomnia symptoms and sleep quality during GAHT use in
317
transgender persons. This study firstly aims to study the trajectory
of insomnia symptoms and sleep quality during the first 12 months
of GAHT. Secondly, it aims to assess changes in sleep onset latency,
total sleep duration, and sleep efficiency after 12 months of GAHT.
Thirdly, as hot flashes are a common side effect of estrogens and
anti-androgens [29], we explore whether hot flashes play a
moderating role in the relation between GAHT and insomnia.

Based on differences in insomnia and sleep quality in the cis-
gender population, we hypothesize that after 12 months of GAHT,
trans men will report fewer insomnia symptoms and better sleep
quality, and trans womenwill reportmore insomnia symptoms and
worse sleep quality. We also hypothesize that participants who
experience hot flashes will report more insomnia symptoms.

2. Methods

2.1. Study participants

Transgender persons who participated in the endocrinological
part of the European Network for the Investigation of Gender
Incongruence (ENIGI) study were included. ENIGI is an ongoing
prospective cohort study that aims to investigate the clinical effects
and side effects of GAHT in Oslo (Oslo University Hospital), Ghent
(University Hospital Ghent), Tel Aviv (Souraski Hospital), Florence
(University Hospital Florence), and Amsterdam (Amsterdam Uni-
versity Medical Center) [30]. For the current analysis, data was
collected from the centers in Ghent, Tel Aviv, Florence, and
Amsterdam. Participants were included at the start of GAHT if they
were aged 17 or older (Ghent) or aged 18 years or older (Tel Aviv,
Florence, and Amsterdam), native in their national language
(Flemish, Hebrew, Italian, or Dutch) and had a confirmed diagnosis
of gender dysphoria according to the DSM-4 or DSM-5, depending
on when they were diagnosed. Ethics approval was granted by the
local medical ethical committees in Ghent, Tel Aviv, and Florence. In
Amsterdam, the medical ethical committee declared that the
Medical Research Involving Human Subjects Act (WMO) did not
apply to this the data collection of the ENIGI study. All participants
received written and oral information, after which they signed
informed consent according to the institutions’ guidelines. Partic-
ipants received GAHT in accordance with Standards of Care of the
World Professional Association for Transgender Health (WPATH),
edition 7 [31]. The sleep measures (the Insomnia Severity Index
(ISI) and Pittsburgh Sleep Quality Index (PSQI)) were collected from
July 2017 until October 2021. Prior to the start of analyses, the
analysis plan of this study was preregistered at the Open Science
Framework (OSF) under DOI 10.17605/OSF.IO/JSCPW [32]. For the
purposes of this study we grouped all users of masculinizing GAHT
under “trans men” and all users of feminizing GATH under “trans
women”. We acknowledge and recognize that these particular la-
bels may not represent the personal identities of all participants
involved.

2.2. Inclusion criteria and data cleaning

Fig. 1 displays the participant flowchart. Of all ENIGI partici-
pants, 467 participants filled out the sleep questionnaires. Partici-
pants were excluded if they had undergone gonadal surgery (n¼ 2),
had already used GAHTat the baselinemeasurement (n¼ 5), if their
baseline measurement was conducted more than a week after the
start of GAHT (n ¼ 3), or if they did not start using the prescribed
GAHT after the first GAHT appointment (n ¼ 5).

A small proportion of participating trans women did not use
estrogens (n ¼ 4) or did not use anti-androgens (n ¼ 3), these
participants were also excluded from the current analysis. This
resulted in a final sample size of 445 participants, of whom 262



Fig. 1. The number of unique participants (n) per center and group, before and after applying exclusion criteria. Total n reflects the number of unique participants contributing to
any measurement.
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trans men and 183 trans women. Due to the ongoing character of
the study and the fact that not all centers participated in all mea-
surement time points, the consecutive sample sizes at follow-up
measurements differ from the baseline sample size; the respec-
tive sample sizes at follow-up are also displayed in the results.

2.3. Gender-affirming hormone therapy

Masculinizing hormones used by trans men consisted of
testosterone gel (daily dose of 40.5 mg), intramuscular testosterone
esters (250 mg every 3 weeks), or intramuscular testosterone
undecanoate (1000 mg every 12 weeks). For participants who re-
ported persisting menstruation or intermittent menstrual blood
loss, continued use of hormonal contraceptives (i.e. injectable
medroxyprogesterone, subcutaneous implant containing etono-
gestrel, intra-uterine device containing levonorgestrel, or com-
bined oral contraceptives) or use of progestogens as menstruation
suppressants (lynestrenol, 5 mg per day) was recommended. Use of
menstruation suppressants and hormonal contraceptives in the
318
trans men was grouped under the term cycle-regulating medica-
tion. Feminizing hormones used by transgender women consisted
of the anti-androgen cyproterone acetate (CPA; daily dose of
10e50 mg), or GnRH analogs, i.e. either the short-acting form
(triptorelin 3.75 mg per 4 weeks) or the long-acting form (triptor-
elin 11.25 mg per 12 weeks), combined with estrogens, i.e. either
orally administered estradiol valerate (2 mg twice daily), estradiol
gel (0.06% 1.5 mg daily) or estradiol patches (100 mcg per 24 h
twice a week). All included trans women used both estrogens and
anti-androgens.

2.4. Questionnaires

Self-reported symptoms of insomnia and sleep quality were
assessed using the ISI [33] and PSQI [34]. The ISI scores were
assessed at baseline and after 3-, 6-, 9- and 12months of GAHT, and
the PSQI was assessed at baseline and after 12 months of GAHT. The
ISI is a seven-item questionnaire that inquires about reported
symptoms of insomnia and the daily burden of insomnia in the
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previous two weeks. Each item ranges from 0 to 4, and items are
added together to form a sum score (range 0e28), where a higher
score means more severe insomnia symptoms. To estimate the
presence of insomnia, the ISI scores can be grouped using the
standardized cut-offs: a score of 7 or lower indicates the participant
experiences no insomnia, a score between 8 and 14 mild or sub-
clinical insomnia, a score between 15 and 21 moderate or clinical
insomnia, and a score over 22 severe clinical insomnia [33].
Although the ISI has not been validated in a cohort of transgender
persons, it has excellent internal validity (Cronbach's alpha ¼ 0.90
[35]) it is widely used in sleep research to indicate the severity of
insomnia symptoms [36]. The seven items directly correspond to
the symptoms of insomnia as defined by the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders [37].

The PSQI is a questionnaire that consists of 19 items, and each
item can be scored on a range from 0 to 3. It inquires about sub-
jectively reported sleep duration, sleep quality, sleep disturbances,
and daytime disturbances due to sleep problems over the past
month. It is scored into seven subscores, which are subjective sleep
quality, sleep latency, sleep duration, sleep efficiency, sleep dis-
turbances, use of sleep medication, and daytime dysfunction. Each
subscore is calculated from specific items of the questionnaire, and
the total sum of the seven components forms the total score of the
PSQI (scale 0e21), which can be used as a proxy of reported sleep
quality. The PSQI is used as a broadermeasure of sleep quality, since
it also inquiries about sleep- and wakeduration, and has the ability
to discriminate “good” from “poor” sleepers using a cutoff score of
5: a score of 5 or lower indicates good quality sleep, while a score of
higher than 5 indicates poor quality sleep [34]. Additionally, the
PSQI also asks about the time spent trying to fall asleep (i.e. the
sleep onset latency or SOL), the total number of hours of sleep per
night (total sleep time or TST), and the total time spent in bed,
which can be used to calculate sleep efficiency (or SE; i.e. the % of
time in bed that is actually spent sleeping).

2.5. Lifestyle and medication

Drug and alcohol use were either self-reported in question-
naires (Amsterdam) or asked by healthcare professionals and
recorded in medical files (Ghent, Tel Aviv, Florence). Body Mass
Index (BMI) was calculated using participants’ weight, which was
measured in light indoor clothing without shoes at clinical visits
using a digital floor scale, and their height, also recorded during
clinical visits. Medication use was recorded in medical files. Due to
the possible effects of psychotropic medications on sleep, for this
study the psychotropic medication use was grouped based on
WHO-defined ATC codes into the use of antidepressants (ATC code
N06A), stimulants (ATC code N06B), antipsychotics (ATC code
N05A), sedative medication use (ATC codes N05B and N02A), or
mood stabilizers (ATC code N05AN).

2.6. Moderation variables

In order to test the possible moderation effect of hot flashes on
insomnia, reported hot flashes were recorded using item 1 from the
menopause rating scale [38] (MRS). This item was dichotomized
into either no hot flashes (e.g. “None” or “Mild”) or hot flashes (e.g.
“Moderate”, “Severe”, “Very Severe”), and included in our models
as an interaction term with the duration of GAHT. In our preregis-
tration, we also proposed to analyze interaction effects of cycle
regulation use and having undergone mastectomy surgery. How-
ever, due to underpowered samples in cycle regulation analyses
and the high likelihood of selection bias in mastectomy surgeries,
the results of both analyses are only reported in the supplementary
materials.
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2.7. Statistical analyses

Statistical analyses were conducted using Rstudio (version
4.1.2), combined with the lme4 package [39] and the lmerTest
package [40]. We used descriptive statistics to describe the preva-
lence of insomnia and poor sleep at the start of GAHT in both trans
men and trans women, describing the number of participants
qualifying for scores indicating (subclinical) insomnia and poor
sleep quality using total numbers and percentages. To analyze the
changes in ISI and PSQI scores, we used linear mixed models with a
random intercept per participant and a random intercept per cen-
ter, to account for the repeated measures per participant and nes-
ted participants within the participating centers. Analyses were
conducted separately for trans men and trans women. Missing
values in the PSQI and ISI variables were deleted listwise per model
analysis, and results were interpreted using the fixed effect esti-
mates and 95% confidence intervals.

In the first unadjusted model, time of measurement was used as
the only fixed predictor in the unadjusted model. Secondly, the
variables age, BMI, alcohol use (categorized into 0 drinks per week,
1 to 7 drinks per week, or more than 7 drinks per week), and
psychotropic medication use (dichotomized in use and no use) at
each measurement point were incorporated as fixed factors in the
models to see if they improved model fits. This resulted in a final
adjusted model, which included alcohol use and psychotropic
medication use as confounder variables, also displayed belowas the
adjusted model (see Table 1). For post-hoc analyses, we tested the
aforementioned moderators as interaction terms together with the
time of measurement in separate models to see whether the
interaction term affected the association between sleep outcomes
and the duration of GAHT use. This resulted in the models as re-
ported in Table 1, analyzed in trans men and women separately.

3. Results

3.1. Demographic characteristics

As displayed in Table 2, the median age in trans men was 23.2
years (IQR ¼ 20.4; 29.5). The majority of trans men did not use
psychotropic medication (n¼ 230, 87.8%) or drugs (n ¼ 154, 85.1%).
At the start of GAHT use, long-acting intramuscular testosterone
undecanoate was the most common form of prescribed testos-
terone (n ¼ 176, 67.2%) in trans men. The median age of trans
women was 27.5 years old (IQR ¼ 22.8; 36.6), and most did not use
psychotropic medication (n¼ 156, 85.4%) or drugs (n¼ 154, 84.3%).
At the start of GAHT in the trans women, oral estradiol valerate was
the most common form of prescribed estrogens (n ¼ 132, 72.1%)
and CPA was the most common form of prescribed anti-androgens
(n ¼ 151, 82.5%). The resulting serum hormone values are also
displayed in the supplementary materials.

3.2. Insomnia

The ISI scores indicate that 55.9% of trans men report no
insomnia at baseline, 35.5% show mild insomnia, 8.0% show mod-
erate insomnia, and 0.5% show severe insomnia. ISI scores in trans
women at baseline indicate that 60.0% of trans women report no
insomnia, 31.4% show mild insomnia, 7.9% show moderate
insomnia, and 0.7% show severe insomnia. After 12 months of
GAHT, the insomnia scores in the trans men show that 55.1% report
no insomnia, 36.4% report mild insomnia, 7.5% report moderate
insomnia and no participant reports severe insomnia. After 12
months of GAHT in the trans women, ISI scores show that 63.8% of
participants report no insomnia, 30% reports mild insomnia, 6.3%
reports moderate insomnia and no participant reports severe



Table 1
Linear mixed models used for the statistical analysis.

Model Outcome

Unadjusted Sleep outcomea. ~ measurement time point þ (1|participant ID) þ (1|center)
Adjusted Sleep outcomea. ~ measurement time point þ alcohol use þ psychotropic medication use þ (1| participant ID) þ (1|center)
Moderator ISI scoreb. ~ measurement time point * moderator þ (1| participant ID) þ (1|center)

c. As displayed in results: reported hot flashes (yes/no), as displayed in supplementary materials: having undergone a mastectomy, using cycle regulation medication.
a The following outcomes were tested: ISI score, PSQI score, TST, SOL and SE.
b The moderator models were only tested on the ISI scores, since the PSQI scores were only available at baseline and 12 months after GAHT.

Table 2
Baseline demographic characteristics of the participants.

Trans men (n ¼ 262) Trans women (n ¼ 183)

Age (years; median (IQR)) 23.2 (20.4; 29.5) 27.5 (22.8; 36.6)
BMI (kg/m2; median (IQR)) 24.1 (20.8; 28.4) 22.4 (19.4; 26.8)
Alcohol (n, %)
Never drinker 100 (38.2%) 69 (37.7%)
1 to 7 drinks per week 112 (42.7%) 75 (41.0%)
7þ drinks per week 10 (3.8%) 8 (4.4%)
Missing 40 (15.3%) 31 (16.9%)
Drug use (n, %)
No drug use 223 (85.1%) 154 (84.1%)
Cannabis use 26 (9.9%) 15 (8.2%)
Hard drug use 0 (0%) 3 (1.6%)
Missing 13 (5.0%) 11 (6.0%)
Smoking (n, %)
Never 118 (45.0%) 87 (47.5%)
Previous 48 (18.3%) 34 (18.6%)
Current 63 (24.0%) 36 (19.7%)
Missing 32 (12.2%) 26 (14.2%)
Psychotropic medication use a. (n, %)
Antidepressants 27 (10.3%) 17 (9.3%)
Sedative medication 6 (2.3%) 7 (3.8%)
Stimulants 5 (1.9%) 6 (3.3%)
Antipsychotics 5 (1.9%) 2 (1.1%)
Mood stabilizers 0 (0%) 0 (0%)
Testosterone form prescribed at start GAHT (n, %) b

Testosterone gel 69 (26.3%) e

Testosterone esters 17 (6.5%) e

Testosterone undecanoate 176 (67.2%) e

Cycle regulation use at start GAHT (n, %)
Yes 28 (10.7%) e

Estrogen form prescribed at start GAHT (n, %) b

Estradiol valerate tablets e 132 (72.1%)
Estradiol gel e 18 (9.8%)
Estradiol patches e 33 (18.0%)
Antiandrogen form prescribed at start GAHT (n, %) b

Cyproterone acetate e 151 (82.5%)
GnRH analogs (short-acting) e 29 (15.8%)
GnRH analogs (long-acting) e 0 (0%)
Spironolactone 3 (1.6%)

IQR ¼ InterQuartile Range.
a A single participant could use more than one form of medication at the same

time and can therefore be counted multiple times.
b Participants could switch the administration form and dosage of GAHT during

the study period.
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insomnia.
Linear mixed models show that in the trans men, reported ISI

scores decrease after 3 and 9months of GAHTcompared to baseline
in both the unadjusted model (by �0.96 (95%CI -1.64; �0.29)
and �0.91 (95%CI -1.82; �0.40) points, respectively) as well as in
the adjusted model (by �1.11 (95%CI -1.82; �0.40) and �0.97 (95%
CI -1.81; �0.13) points, respectively) but they show no significant
changes after 12 months of GAHT compared to baseline. The trans
women report a decrease in ISI scores at 3 months after GAHT of
0.87 (95%CI -1.70; �0.04) points in the unadjusted model, although
this is no longer significant in the adjusted model (�0.54, 95%CI
-1.43; 0.35). Neither model shows indications of significant changes
in reported ISI scores after 6-, 9- or 12 months. Table 3 displays the
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ISI scores at start of GAHT and after 3, 6, 9, and 12 months of GAHT,
and Fig. 2 displays the course of ISI scores over the 12 months of
GAHT in both groups.

3.3. Sleep quality

PSQI scores indicate that at baseline, 57% of transmen and 48.7%
of trans women report poor sleep quality (PSQI >5) at the start of
GAHT. After 12 months of GAHT, 63.3% of the trans men report poor
sleep, and the PSQI score in this group is slightly increased in the
adjusted model by 0.78 points (95%CI 0.06; 1.50). 48.8% of trans
women report poor sleep after 12 months of GAHT, and neither the
unadjusted or adjusted models show significant changes in PSQI
scores. The PSQI score outcomes are also displayed in Table 3.

3.4. Sleep- and wake durations

In the trans men, the reported total sleep time (TST) and sleep
onset latency (SOL) do not show changes in either the adjusted or
unadjusted models after 12 months of GAHT. However, trans men's
reported sleep efficiency (SE) is estimated to decrease by 2.8% (95%
CI: -5.5; �0.2) in the unadjusted model and by 2.7% (95% CI: -5.7;
0.2) in the adjusted model. In the trans women, the reported TST
and SE do not show significant changes after 12 months of GAHT,
but their reported SOL is an estimated 9 min shorter (95% CI:
-15; �3) in the unadjusted model and 10 min shorter (95% CI:
-17; �3) in the adjusted model. Fig. 3 also displays the estimated
values and 95% confidence intervals of the TST, SOL, and SE per
measurement time point and group.

3.5. Post-hoc analyses: moderating factors for insomnia symptoms

Moderation analyses testing the role of hot flashes in trans men
show that reported hot flashes do not significantly affect ISI scores
at baseline or at follow-up measurements. In the trans women,
moderation analyses show significant interactions between hot
flashes and ISI scores. Trans women who reported hot flashes
report significantly higher ISI scores at the 6- and 9-month follow-
up visits compared to trans women who did not report hot flashes
(3.07 (95%CI 0.84; 5.29); 3.34 (95%CI 0.96; 5.71), respectively). At
the 12-month follow-up, when 27 trans women still experienced
hot flashes and 52 participants did not, there was no significant
interaction between hot flashes and ISI scores anymore. The mean
scores and 95% confidence intervals of trans women with and
without hot flashes are also displayed in Fig. 4, and full results of
the moderation analyses are reported in the supplementary
materials.

4. Discussion

This is the first study to prospectively examine changes in self-
reported insomnia and sleep quality during GAHT use in trans-
gender people. Our findings show that before starting GAHT,
transgender persons report more poor sleep than insomnia.



Table 3
Total results from the PSQI and ISI per group.

Trans men

Timepoint, months after start
GAHT (n)

Raw scores or durations (median,
IQR)

Unadjusted model
Estimated change from baseline (95% CI:
L; H)

Adjusted model
Estimated change from baseline (95% CI:
L; H)

ISI score (range 0-28) 0 (211) 7 (3e11) Reference Reference
3 (172) 6 (3e10) �0.96 (�1.64; �0.29) ** �1.11 (�1.82; �0.40) **
6 (120) 7 (3e11) �0.41 (�1.18; 0.36) �0.39 (�1.18; 0.39)
9 (93) 7 (3e10) �0.91 (�1.73; �0.08) * �0.97 (�1.81; �0.13) *
12 (107) 7 (3e11) �0.04 (�0.82; 0.73) 0.21 (�0.64; 1.06)

PSQI score (range 0-
21)

0 (200) 6 (4e8) Reference Reference
12 (90) 7 (4e10) 0.49 (�0.17; 1.17) 0.78 (0.06; 1.50) *

TST (hours) 0 (200) 7 (6.5e8) Reference Reference
12 (90) 7 (6e8) �0.14 (�0.44; 0.16) �0.22 (6.88; 7.44)

SOL (minutes) 0 (200) 30 (15e45) Reference Reference
12 (90) 30 (15e45) 0.41 (�5.40; 6.20) �0.09 (�5.41; 6.20)

SE (%) 0 (200) 87.5% (77.8%e94.7%) Reference Reference
12 (90) 84.8% (71.0%e93.6%) �2.82 (�5.46; �0.23)* �2.75 (�5.72; 0.19)

Trans women
Timepoint, months after start
GAHT (n)

Raw scores or durations (median,
IQR)

Unadjusted model Adjusted model
B (95% CI: L, H) B (95% CI: L; H)

ISI score (range 0-28) 0 (140) 6 (3e10) Reference Reference
3 (129) 5 (2e9) �0.87 (�1.70; �0.04) * �0.54 (�1.43; 0.35)
6 (84) 5.5 (2e10) �0.73 (�1.70; 0.23) �0.36 (�1.36; 0.64)
9 (67) 5 (3e9) �0.10 (�1.12; 0.93) 0.24 (�0.82; 1.30)
12 (80) 5 (2e9) �0.61 (�1.60; 0.37) �0.31 (�1.37; 0.75)

PSQI score (range 0-
21)

0 (117) 5 (4e8) Reference Reference
12 (62) 5 (3e7) �0.78 (�1.65; 0.09) �0.61 (�1.66; 0.34)

TST (hours) 0 (117) 7 (6e8) Reference Reference
12 (62) 7 (6.5e8) 0.28 (�0.13; 0.69) 0.15 (�0.32; 0.62)

SOL (minutes) 0 (117) 25 (11.5e45) Reference Reference
12 (62) 20 (10e30) �8.91 (�14.94; �3.07) ** �9.61 (�16.56; �2.69) **

SE (%) 0 (117) 88.9% (77.5%e100%) Reference Reference
12 (62) 86.7% (75.0%e91.5%) �0.01 (�5.17; 2.80) �0.02 (�5.86; 2.92)

Total ISI score, total PSQI score, as well as reported Total sleep time (TST), Sleep Efficiency (SE%), Sleep onset latency (SOL) obtained from the PSQI in trans men and women,
reported per measurement time point. Both mean and IQRs as well as linear mixed model results (from unadjusted and adjusted models) are displayed. * ¼p <0.05,
** ¼ p < 0.025; IQR ¼ InterQuartile Range; 95% CI ¼ 95% Confidence Interval.

Fig. 2. Estimated mean Insomnia Severity Index (ISI) scores and 95% confidence intervals per participant group and measurement timepoint. Asterisks indicate significant changes
(p < 0.05) within the group after 12 months of GAHT. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Overall, the findings show no significant changes in sleep quality
and insomnia after 12 months of GAHT. There is a temporary small
improvement in symptoms of insomnia after starting GAHT in both
trans men and trans women, but the results show no difference in
insomnia symptoms and sleep quality after 12 months. Although
the subjectively reported total sleep time does not show significant
changes after 12 months of GAHT in both groups, trans men report
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falling asleep 9 min earlier and trans women report an estimated
2.8% decrease in sleep efficiency after 12 months of GAHT. Since a
SOL lower than 30min is seen as healthy [41], the 9-min decrease in
trans women could be considered clinically significant. The
decrease in SE in the transmen is small compared to thewide range
of SE that is considered healthy: An SE higher than 85% is regarded
as healthy sleep in adults, and higher than 75% is healthy sleep in



Fig. 3. Pittsburgh Sleep Quality Index (PSQI) outcomes per hormone user group and measurement timepoint, each panel displays the estimated group means and 95% confidence
intervals from the unadjusted models. Panel A displays reported total sleep time (TST), panel B displays reported sleep onset latency (SOL) and panel C displays reported sleep
efficiency (SE). Dotted lines and asterisks indicate significant changes (p < 0.05) within the group after 12 months of Gender-Affirming Hormone Therapy (GAHT); the SOL
significantly decreases in the trans women and the SE significantly decreases in the trans men. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 4. Mean Insomnia Severity Index (ISI) scores and corresponding 95% confidence intervals of trans womenwho either did or did not report hot flashes during Gender-Affirming
Hormone Therapy (GAHT). Asterisks indicate significant differences (p < 0.05) in ISI scores between participants who report hot flashes and participants who do not. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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young adults [41]. A decrease of 2.8% in SE, as seen in transmen, can
therefore not be deemed a clinically significant change in SE. Trans
women who report hot flashes also report more insomnia symp-
toms than trans women without hot flashes after 6- and 9 months
of GAHT, showing clinically significant but temporary associations
between hot flashes and insomnia.

In trans women we expected an increase in reported insomnia
symptoms and worse sleep quality after feminizing GAHT, in line
with insomnia prevalence in cisgender women. Although we found
no overall changes in sleep quality or insomnia in trans women, this
group did show a shorter SOL after 12 months. The decrease in SOL
may be related to the use of CPA as anti-androgen, since 85% of
participating trans women used this at the start of GAHT. CPA is a
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progestogenwith strong anti-androgenic properties, but it can also
potently affect both progesterone receptors and glucocorticoid re-
ceptors [42]. Previous studies found that administration of pro-
gesterone in cisgender men resulted in feelings of fatigue [43],
indicating a possible sedative effect of progestogens in a group who
naturally have very low progesterone. However, these findings
could not be confirmed with objective sleep measures by using
sleep electroencephalogram (EEG) measurements in another study
[44]. Future research comparing CPA use with, for example, the use
of GnRH analogs in a large sample could providemore clarity on the
effects of various anti-androgens and SOL duration.

Our findings also showed that trans women who experienced
hot flashes reported more severe insomnia symptoms than trans
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womenwho did not experience hot flashes after 6 and 9 months of
GAHT use. This is in concordance with studies in cisgender women
going through the menopausal transition, which also show that
women who experience hot flashes are more likely to report
insomnia [45,46]. Hot flashes seem to be associated with low es-
trogen levels [47], and supplementing estrogen offers symptom
relief in postmenopausal women [48]. A similar pattern is also
found in persons with prostate cancer who undergo androgen
deprivation therapy, for whom hot flashes are a common complaint
[49]. In this group, the use of CPA or estrogen supplementationwas
suggested to reduce the frequency of hot flashes [50,51]. Clinicians
working with trans women who report hot flashes could consider
monitoring the levels of estrogen to ensure that the estradiol levels
are not undersupplied, and they could consider switching the form
of anti-androgens to see whether that offers symptom relief from
the hot flashes to improve sleep quality.

Although this study in transgender persons on GAHT offers the
opportunity to study prospectively the influences of sex hormones
on sleep, there are also several limitations. Firstly, many trans-
gender persons describe starting the use of GAHT as a big life event.
GAHT comes with physical and mental changes and, for many, it
reduces experienced gender dysphoria or depression [52] and im-
proves quality of life [53]. Alleviation of gender dysphoria and
depression after GAHT could also affect changes in sleep. Previous
research found that transgender people assigned female at birth
reported that they experienced sleep disturbances due to the
presence of their breasts, which increased gender dysphoria at
night [54]. We conducted a post-hoc interaction analysis to see
whether trans men who had undergone mastectomy surgery re-
ported more or less insomnia symptoms than trans men who had
not and found no differences between the two groups (full results
are reported in the supplementary materials). However, it is
possible that trans men who experienced more dysphoria because
of their chest were more likely to undergo a mastectomy surgery
earlier in their transition, so this analysis could likely be biased and
was therefore not included in the main results. Secondly, the
prevalence of mood disorders in transgender persons who seek
gender-affirming care is known to be relatively high: 38% of
transgender persons suffer from depressive and anxiety disorders
at the time they seek gender-affirming care and almost 70% report a
current or lifetime diagnosis of affective disorders [55]. This high
prevalence has also been linked to transgender people experi-
encing gender minority stress [56], which encapsulates the idea
that there are specific stressors (such as discrimination and social
rejection) and protective factors (such as community support) in
transgender people, which can affect their mental health [57]. Since
depressive- and anxiety disorders, as well as stress, are strongly
associated with insomnia and poor sleep, our participants’ mental
health could also have affected their sleep. Altogether, in inter-
preting our study results one should keep in mind that starting
GAHT for many transgender people comes with psychological,
physical, and social effects (Van Leerdam et al., 2022; Cocchetti
et al., 2021) and that many transgender persons suffer from
depressive- or anxiety disorders which also affect sleep. Changes
after GAHT are most likely multifactorial, such that any changes in
sleep could be due to biological as well as social or psychological
factors.

Another possible limitation is that we only used self-reported
symptoms of insomnia and sleep quality. We did not use objec-
tively measured sleep data (e.g. actigraphy or sleep EEG). Although
one could argue that subjective sleep reports are more meaningful
than objective measures, since the diagnosis of insomnia is solely
based on subjective symptoms, but the subjectively reported sleep-
andwake durations, such as the SOL, TST, and SE aremost likely less
reliable and can be affected by recall bias. Reported sleep durations
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and durations of wakefulness during the night have been known to
often be under- or overestimated when compared to objective
sleep durations [58,59]. In cisgender research participants, many
studies show that cisgender women show better sleep using
objective measurement methods (e.g. longer sleep duration and
more deep sleep) compared to cisgender men [60], whereas cis-
gender women are alsomore likely to experience insomnia [8]. One
small study using sleep EEG measurements in seven trans women
found prolonged duration of light sleep after feminizing GAHT use
[61]. Further studies using sleep EEG measurements could more
accurately study changes in sleep duration, and they could also
provide novel insights into possible changes in sleep architecture
after GAHT.

At baseline, participating trans men and women show relatively
good self-reported sleep: they report a median sleep duration of
7 h, a SOL of 20e30 min, a sleep efficiency above 85% and most
participants do not meet the cutoff value for clinically significant
symptoms of insomnia. This is remarkable, since transgender
people seeking gender-affirming care tend to show high rates of
mental health problems [55] and insomnia is an important trans-
diagnostic symptom of many psychiatric disorders [62]. This might
also point to a selection bias in our sample. It is possible that the
current study has a selection of relatively healthy participants,
especially since our sample also shows low rates of psychotropic
medication use. Therefore, these baseline results should be inter-
preted with caution since it is not clear whether the baseline study
sample can be generalized to all transgender persons seeking
gender-affirming healthcare.

Our results do not support the hypothesis that the gender
disparity in insomnia and poor sleep as seen in cisgender pop-
ulations can be explained by sex hormones. However, in this
context, it is important to note that there is a difference between
endogenous and exogenous hormones. There are two important
factors in this context: firstly, whether circulating hormones are
within the physiological eugonadal range, and secondly, whether
wide fluctuations in hormone levels occur.

Most previous studies on sleep and hormones that have been
conducted in hypogonadal or perimenopausal persons indicate that
strongly fluctuating or clinically low sex hormone levels are asso-
ciated with insomnia [19,63]. Reinstatement or suppletion of sex
hormones in these groups seems to reduce insomnia symptoms
[22,24]. This supports the hypothesis that insomnia during hor-
mone changes is mainly caused by hormone levels outside of the
physiological healthy range. In our cohort, the protocol of GAHT
ensures that GAHT users are not exposed to hormone levels outside
of the healthy physiological range: the endogenous sex hormone
levels in hormone users are either supplemented (in the case of
trans men, by additional testosterone) or replaced by other exog-
enous sex hormones (in case of trans women, by replacing testos-
terone by estrogens). The full serum testosterone and estradiol
levels are also reported in the supplementary materials. The fact
that our participants do not show clinically significant increases in
insomnia after GAHT therefore supports the hypothesis that
hormone-related insomnia symptoms are mainly associated with
hypogonadal hormone levels. Furthermore, this indicates that
reinstatement of hormone levels also prevents insomnia, even
when giving back estrogen instead of testosterone as is done in
trans women. Altogether, the fact that the participating GAHT users
are not exposed to induced hypogonadism could explain why
neither groups experience increases in insomnia severity.

A second explanation for our findingsmight also be based on the
differences in the dynamics of cisgender persons’ hormonal levels
as compared to the hormone dynamics of GAHT users. In cisgender
women, levels of estrogen and progesterone fluctuate throughout
their menstrual cycle, which has been found to affect subjective
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sleep quality during certain menstrual phases [59]. In comparison,
in trans women the level of estrogen supplementation and
androgen suppression is largely constant, although this can still
differ based on the administration method of estrogen (e.g. patches
or oral administration). This means that trans women likely expe-
rience fewer fluctuations in sex hormone levels compared with
cisgender women of reproductive age. In cisgender men, testos-
terone fluctuates daily, whereas in trans men, testosterone levels
depend on the administration method of the androgen that is used;
the use of daily testosterone gel induces a relatively stable daily
testosterone level, but the use of testosterone injections induces 3-
week cycle (in the case of testosterone esters) or 12-week cycle (in
the case of testosterone undecanoate) of low and high testosterone
levels. This means that in testosterone injection users, the level of
testosterone fluctuates on a different timescale and in a different
manner compared with cisgender men. Based on previous findings
that indicate that strong fluctuations in sex hormones are associ-
ated with increased insomnia, one could also hypothesize that the
amplitude of hormone fluctuations over time irrespective of the
type of hormonemay be an important determinant of sleep quality.
This possible association between hormone fluctuations, irre-
spective of hormone type, and sleep, might also explain why this
study found temporary effects of GAHT on insomnia, but no lasting
effects after 12 months of GAHT. It is common for transgender
hormone users to change the dosages and forms of GAHT admin-
istration (e.g. transdermal, oral or intramuscular) after starting
GAHT in order to find a form that is easiest to use and produces
minimal side effects, so future research could further examine
whether different forms of GAHT have different effects on sleep.

There are a number of demographic factors we did not further
explore in this study. Previous research has shown that subjective
sleep quality and insomnia symptoms differ across age groups and
with groups with lower or higher BMIs [64,65]. In our study we
included mainly (young) adults, hence further research should
investigate effects of GAHTon sleep in transgender adolescents and
older transgender people to study whether these groups show
different outcomes, either because of different forms of GAHT, as
seen in adolescents using puberty suppressants, or because of
longer endogenous hormone exposure and the effect of ageing, as
seen in older GAHT users. However, as Participants’ BMI also
showed no confounding effects in our sample on the main out-
comes variables. However, as the use of GAHT can increase BMI
[66], future research should address whether participants who
show strong changes in BMI after GAHT use are more at risk for
poor sleep quality or sleep disorders such as insomnia or sleep
apnea.

In summary, this study shows that transgender persons report
poor sleep quality before GAHT, and that no clinically significant
changes in insomnia or sleep quality occur after starting gender-
affirming hormone use. However, there was a moderate reduction
in sleep onset latency in transwomen andmarginal reduction sleep
efficiency in transmen. Furthermore, we see that transwomenwho
experience hot flashes report more insomnia symptoms than those
who do not. Future studies on different hormone protocols, such as
differences between CPA and GnRH analogs in trans women, could
provide more insight into the underlying hormonal mechanisms
affecting sleep quality. Considering the possible changes in sleep-
wake duration after GAHT use, further studies should focus on
the objective measurement of sleep during GAHT and on possible
underlying mechanisms.
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