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Abstract

Background: Transgender and gender-diverse (TGD) individuals experience various challenges,
including mental health issues and barriers to healthcare access. In addition, TGD individuals also
report lower Quality of Life (QoL) levels compared to cisgender individuals. A common
intervention shown to have a positive effect on mental well-being and QoL of TGD individuals is
gender-affirming hormone therapy (GAHT). However, the short- and long-term effects of GAHT
are not fully understood. Therefore, this study aimed to establish a comprehensive database of
TGD individuals and to investigate QoL between patients receiving GAHT and controls for both
patients assigned male at birth (AMAB) and patients assigned female at birth (AFAB). In
addition, QoL between patients AMAB and patients AFAB was investigated. Furthermore, this
study aimed to investigate the relationship between sex hormone levels and QoL.

Method: This study consists of two parts: 1) the development of a transgender cohort and 2) the
original study. A Transgender Cohort at the Centre for Gender Identity (TraCK), Aalborg
University Hospital, was established in REDCap, which included self-reported questionnaires and
information from medical records. The original study used a cross-sectional study design, and
patients included in the study were recruited from the TraCK between February 14 and May 6,
2024. To measure QoL the WHOQOL-BREF questionnaire was used to investigate four QoL
domains. MANOVA and t-tests were performed to investigate QoL between patients receiving
GAHT and controls for both patients AMAB and patients AFAB, and QoL between assigned sex
at birth groups. Additionally, linear regression analyses were performed to investigate the
relationship between QoL and levels of oestradiol and testosterone for patients AMAB and
patients AFAB, respectively.

Results: 424 patients were included in the TraCK until May 6, 2024, however, only 372 patients
completed all questionnaires. In the original study, 360 patients were included (169 AMAB and
191 AFAB). A statistically significant difference in QoL was found between patients receiving
GAHT and controls for both patients AMAB (p = 0.005) and patients AFAB (p = 0.021). A
statistically significantly higher mean QoL score of the psychological domain (D2) was found for
both patients AMAB and patients AFAB (p = 0.003; p = 0.004, respectively). Between patients
AMAB and patients AFAB a statistically significant difference in QoL was found for both the
GAHT- and control group (p = 0.010; p = 0.042, respectively). However, only a significantly
higher mean QoL score of the social domain (D3) was found for patients AFAB compared to
patients AMAB in the GAHT group. No significant linear relationship was found between sex
hormone levels and QoL.

Conclusion: It was possible to establish a comprehensive database of TGD patients. This study
found that QoL for patients receiving GAHT was statistically significantly higher than for
controls, especially for the psychological domain. Also, a higher QoL was found for patients
AFAB compared to patients AMAB, specifically for the social domain. This study highlights the
advantages of offering GAHT to TGD individuals and differences between assigned sex at birth.
However, future longitudinal studies are crucial to investigate the short- and long-term effects of
GAHT.
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1. Introduction
Transgender and gender-diverse (TGD) individuals are terms used to describe people whose
gender identity does not align with their assigned sex at birth.! The prevalence of TGD

individuals is estimated to be 0.54-1.1% of the world’s population.?-®

TGD individuals often face a variety of challenges in their daily lives including mental health
problems, discrimination, prejudice, and minority stress.58 Several studies have found that TGD
individuals have a higher prevalence of psychiatric disorders including depression, anxiety as
well as eating disorders compared to the cisgender population.®°9 The high prevalence of
mental health problems among TGD individuals could be due to a combination of social
discrimination and self-criticism regarding body dissatisfaction and self-acceptance.!! To
increase their self-acceptance and to relieve gender incongruence TGD individuals often seek
gender-affirming hormone therapy (GAHT) either from healthcare providers or other
resources.'>1* A possible explanation for why TGD individuals seek GAHT from other
resources could be multiple barriers to healthcare including long waiting times, under-resourced
healthcare systems, lack of competent healthcare providers, and prejudgments from healthcare
providers.t>%6 This aligns with the findings from studies by Mepham et al. 2014 and Pop et al.
2022 where self-medication practices were found to be common among TGD individuals.**4
However, those who self-medicate may be less aware of possible side effects than those who
seek GAHT from healthcare providers.*** Altogether, these challenges illustrate that there is a
need for comprehensive treatment of all aspects of gender incongruence among TGD

individuals.

Gender-affirmative health care is often provided by a multidisciplinary team focusing on social,
psychological, behavioural, and medical aspects.t’-° The treatment regimen of TGD individuals
encompasses psychological support, gender-affirming voice training, laser hair removal, GAHT,
and gender-affirming surgery (GAS).2%-22 Of these treatment options, GAHT is the most
common medical treatment among TGD individuals to help the transitioning process and
consists of either feminizing or masculinizing GAHT.?>?* Feminizing GAHT often includes
natural oestrogen alongside testosterone-blocking treatment, whereas masculinizing GAHT only

requires testosterone supplementation.?5-2°



Overall, the purpose of GAHT is to achieve a reduction of endogenous sex hormone levels to
induce a decline in secondary sex characteristics, and to substitute exogenous sex hormones that
match the individual’s gender identity.>° The desired effects of feminizing GAHT occur by a
stimulation of secondary sex characteristics thereby inducing breast growth, fat redistribution at
the hips, softening of the skin, and a reduction in body hair growth.?83¢ Opposed to feminizing
GAHT, masculinizing GAHT aims to stimulate facial and body hair growth, deepen the voice,
increase muscle mass, and induce amenorrhea.®%3! Beyond these desired effects of GAHT, there
is a risk of side effects. Regarding feminizing GAHT side effects may include mood swings,
reduced libido, weight gain, cardiovascular diseases, and venous thrombosis.3>*3 Some of the
most common side effects of masculinizing GAHT encompasses acne, alopecia, erythrocytosis,
sleep apnoea, and hypertension.3%32 Nonetheless, a knowledge gap remains regarding the short-

and long-term treatment effects of GAHT 3436

As it is widely recognized that sex hormones influence mental health factors such as fatigue,
behaviour, mood, and stress, it is conceivable that GAHT may have similar effects. 373 Sex
hormones play a crucial role in brain function by the modulation of neurotransmitters, thus
influencing mental factors.3”-3 Notably, a study has found that feminizing GAHT has negative
effects on these mental factors, whereas masculinizing GAHT has beneficial effects.®” As sex
hormones affect brain function and subsequently affect mental well-being, it implies a potential

relationship between sex hormone levels and the Quality of Life (QoL).3%4

QoL can be influenced by physical and psychological well-being, as well as social and
environmental factors.*? Physical well-being depends on factors such as energy, mobility, sleep,
pain, and the ability to perform daily activities. Psychological well-being covers for example
self-esteem, self-image, mentality, mental status, negative thoughts, and positive attitudes. Social
factors comprise social support and relationships. Environmental factors include safety, financial

resources, the general environment, and access to health and social services.*

Several studies indicate that TGD individuals have a lower QoL across various aspects compared
to cisgender individuals.***> Nonetheless, studies suggest that GAHT may improve the QoL of
TGD individuals.?®46-8 Possible reasons for this could be the GAHT-induced changes which
strengthen gender affirmation, boost self-esteem, and lead to an increased social acceptance, and

psychological well-being.?>4%-51 Thus, it is important to investigate the QoL of TGD individuals



in relation to GAHT and the potential relationship between sex hormone levels and QoL.
However, a systematic literature search performed by the authors revealed a knowledge gap
within this field with only limited research of low evidence regarding the relationship between
GAHT and QoL.

This illustrates that addressing their challenges and providing appropriate treatment for TGD
individuals is crucial. Nevertheless, there remains a lack of evidence regarding the short- and
long-term treatment effects, emphasizing the need for comprehensive, large-scale prospective
cohort studies. With an expanded understanding of the challenges and treatment effects,
healthcare professionals can offer evidence-based recommendations that may significantly
impact the QoL, mental well-being, as well as physical health, and social relationships of TGD

individuals.

Hence, to provide a systematic overview of TGD individuals regarding psychological and
physiological treatment effects, a comprehensive database on TGD individuals was developed.
This database is intended to form the foundation for future research. Thus, data from this

database were used to investigate the second aim of this study.

1.1 Aims
1. To develop a large transgender cohort using a web-based platform

2. Aims for the original study:

e To investigate the relationship between GAHT and QoL for both patients
assigned male at birth (AMAB) and patients assigned female at birth (AFAB)

e To investigate the difference in QoL between patients AMAB and patients AFAB

e To investigate the relationship between QoL and sex hormone levels of oestradiol
and testosterone of patients AMAB and patients AFAB, respectively

e To investigate whether time in GAHT, type of medication, age, and GAS affect
the relationship between GAHT and QoL



2. Methods

2.1 Development of a Database

A Transgender Cohort (TraCK; Transkohorte ved Center for Kgnsidentitet) was developed in a
multidisciplinary collaboration with the Centre for Gender Identity (CGl), Department of
Obstetrics and Gynaecology, Department of Endocrinology and the Psychiatric Research Unit at
Aalborg University Hospital, Denmark. The TraCK is a single-centre cohort with retro- and

prospective data.

2.1.1 Cohort Population
The cohort population encompasses TGD individuals referred to the CGl, for evaluation of

gender incongruence, during the period between 2017 and 2028. The patients are recruited by
invitation via the Danish authorities’ digital mailbox called e-Boks from February 14, 2024, until
July 31, 2028. To participate in the cohort patients must provide informed consent and complete
questionnaires at enrolment. A participation rate of 50% is expected, which will result in 1000

patients being enrolled in this cohort over five years.

2.1.2 Outcome Data
This cohort contains comprehensive data collected from both self-reported questionnaires and

medical records from psychologists, psychiatrists, gynaecologists, endocrinologists, and other
specialists if appropriate and relevant e.g. otorhinolaryngologists.

At baseline six self-reported questionnaires are included consisting of one self-developed
questionnaire and five validated questionnaires in Danish. The self-developed questionnaire
examines key factors such as demographics, gender identity, lifestyle, mental well-being, and
physical health. The five validated, self-reported questionnaires comprise the

World Health Organization Quality of Life Brief Version (WHOQOL-BREF),* Eating
Disorders Examination Questionnaire (EDE-Q),% Autism Spectrum Quotient (AQ),%
Transgender Congruence Scale (TCS),% and Gender Minority Stress and Resilience Measure
(GMSRM),% which are given once a year after baseline. These questionnaires are employed to
assess various aspects of TGD individuals’ well-being. The WHOQOL-BREF, for instance,
comprehensively evaluates QoL by examining physical health, psychological aspects, social
relationships, and environmental factors.5”*® The EDE-Q measures restraint, eating-, shape-, and

weight concerns.>® The AQ questionnaire is used to measure autistic traits by assessing five



domains including social skills, attention switching, attention to detail, communication, and
imagination.> The TCS is included to measure appearance congruence and gender identity
acceptance.®® Lastly, the GMSRM is used to investigate gender-related discrimination, gender-
related rejection, gender-related victimization, non affirmation of gender identity, internalized
transphobia, negative expectations for future events, nondisclosure, community connectedness,

and pride.5®

The psychologic or psychiatric records include information on sexual orientation, age at sexual
debut, past and current psychiatric diagnoses, previous psychological counselling, previous
trauma, gender dysphoria in childhood, puberty or adolescence, age at first signs related to
gender incongruence, puberty, awareness of the term “transgender”, self-awareness of own
transgenderism, reflection period concerning gender-affirming treatments and age at coming out.
The gynaecologic and endocrinologic records include information on previously and currently
prescribed GAHT, self-medication, anticonception, objective findings (height, weight, body
mass index (BMI), blood pressure), results from blood tests (follicle stimulating hormone (FSH),
luteinizing hormone (LH), thyroid stimulating hormone (TSH), haematocrit, creatinine, alanine
transaminase (ALAT), alkaline phosphatase, free and total testosterone, oestradiol, prolactin,
potassium, cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), sex
hormone-binding globulin (SHBG)), chronic diseases, additional medication, egg- and sperm
preservation and HPV vaccination.

Additionally, information from medical check-ups is included regarding the effects and possible
side effects of GAHT. Lastly, information regarding approval or denial related to GAHT,
mastectomy or breast construction, bottom-, laryngeal- and glottoplastic surgeries is included in

the cohort as well as reasons for treatment discontinuation and dropout.

2.1.3 Data Management
Data are collected and managed using Research Electronic Data Capture (REDCap), an

electronic data capture tool hosted at Aalborg University Hospital, Denmark.>%° REDCap is a
secure, web-based software platform designed to support data capture for research studies,
providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking data

manipulation and export procedures; 3) automated export procedures for seamless data



downloads to common statistical packages; and 4) procedures for data integration and
interoperability with external sources. Personal information is managed in compliance with the
General Data Protection Regulation (GDPR) and the Danish Data Protection Act. 560

2.1.4 Pilot Testing and Patient Involvement
Pilot testing was carried out by seven project staff members and six people unrelated to the CGl,

who filled in and commented on the questionnaires to evaluate content and face validity.
Subsequently, 16 patients from the CGI, Aalborg were involved in the development of the
questionnaires by testing and providing feedback regarding the relevance, wording, and
appropriateness of the questionnaires. They also assessed the burden and time required to
complete the questionnaires, and their sense of inclusion in the questions. All feedback was
considered in the further development of the questionnaires and resulted in changes related to

phrasing, layout, grammar, and typing errors.

2.1.5 Ethics and Dissemination
Potential risks associated with this cohort centre around data collection and privacy concerns. It

is acknowledged that the questionnaires contain personal and sensitive information which
potentially leads to negative, uncomfortable, or distressing emotions among some patients.
Hence, it is crucial to uphold the dignity, and autonomy of the patients. This is ensured by
patients providing informed consent and maintaining the right to withdraw at any time. However,
we consider that the benefits outweigh the minimal risks, as this cohort will generate new
knowledge and understanding related to psychological and physiological aspects of gender
identity and short- and long-term treatment effects. This comprehension is essential for
enhancing the evidence base regarding gender-affirming care, which is an unmet need for this
population. The cohort has been registered and approved by the North Jutland Region (no.
F2024-012). Patients involved in this cohort can gain insight into the latest research by

contacting the database administrator.



2.2 Original Study: Gender-affirming Hormone Therapy and Quality of Life
2.2.1 Study Participants

TGD patients from the TraCK were recruited for the original study between February 14 and
May 6, 2024. Inclusion criteria for this study included informed consent provided by the patients,
completion of the WHOQOL-BREF questionnaire,> and the ability to understand and read
Danish due to the language of the questionnaires. Additional inclusion criteria specifically for the
third research question were that patients must have undergone GAHT and received a blood test
measuring oestradiol level for those AMAB and testosterone level for those AFAB, within
approximately one month of completing the questionnaire. Another inclusion criterion was that
patients in the GAHT group must have received GAHT for at least three months, whereas those
in the control group must not have received any GAHT, either previously or within the last six

months. Data from 360 patients were collected for this study.

2.2.2 Study Design
This study used a cross-sectional study design. Patients were divided into four groups based on

their assigned sex at birth and whether they received GAHT. The four groups consisted of:
patients AMAB who received GAHT, patients AMAB not receiving GAHT (control group),
patients AFAB who received GAHT, and patients AFAB not receiving GAHT (control group).

2.2.3 Outcome Measures
Patients enrolled in this study completed the Danish version of the WHOQOL-BREF

questionnaire, and their blood test results were collected from the TraCK.5* The WHOQOL-
BREF is a validated questionnaire consisting of 26 questions distributed across four domains:
physical (D1), psychological (D2), social (D3), and environmental (D4) (with 7, 6, 3, and 8
questions, respectively).*252 The remaining two questions are related to general health, however,
these are not included in this study. Each item was scored from 1 to 5, and the total score of each
domain was transformed linearly to a 0-100 scale, where high scores indicate high QoL.2
Missing data for a single question was managed by utilizing the average score from the other
questions within the same domain to calculate the missing score.53

The Cronbach’s coefficient alpha was calculated to be 0.85, 0.83, 0.67, and 0.80 for physical,
psychological, social, and environmental factors, respectively.> The Spearman coefficient was



used to calculate the test-retest reliability for the Danish version of the WHOQOL-BREF with
0.86, 0.81, 0.84, and 0.84 for physical, psychological, social, and environmental factors,
respectively.> The blood test included P-oestradiol from patients AMAB, and P-testosterone
from patients AFAB and were utilized for subsequent analyses.

2.2.4 Data Analysis
Before conducting the statistical analysis, a statistical analysis plan (SAP) was developed to

ensure the transparency and reproducibility of this study. Data was analysed using R (V.
2023.12.1+402). Based on the distribution, data were presented with means (£SD). To test for
normality and homoscedasticity of the dependent variables Skewness and Kurtosis test and
Levene’s test were performed, respectively. Multivariate analysis of variance (MANOVA) tests
were conducted to investigate the difference in the four QoL domains between patients AMAB
receiving GAHT and controls, and patients AFAB receiving GAHT and controls. To investigate
the difference in QoL domains between patients AMAB and patients AFAB receiving GAHT
and controls MANOVA tests were performed. Two-sided t-tests were performed to investigate
the difference in QoL for each domain both between treatment and control groups and between
assigned sex at birth groups.

Furthermore, linear regression analyses were performed to investigate the relationship between
hormone levels of P-oestradiol (pmol/L) (continuous) and P-testosterone (nmol/L) (continuous),
and the four QoL domains (continuous) for patients AMAB and patients AFAB, respectively.
Skewness and Kurtosis tests were used to test the normality of the residuals, and log
transformation of the independent variables was performed. For each regression analysis, R was
calculated to investigate the amount of variation in the dependent variable that can be explained
by the independent variable. Furthermore, regression coefficients and CI were calculated for
each regression analysis.

To adjust for potential confounders (time in GAHT, age, GAS, and type of medication) a
multivariable linear regression analysis for each QoL domain was performed. Time in GAHT
was defined as time in months since the beginning of GAHT (continuous). GAS was defined as
any gender-affirming surgery (yes/no). The type of medication was defined as either oral,
transdermal patch, gel, or spray for patients AMAB, and injection and transdermal gel for

patients AFAB (categorical).



3. Results

3.1 Results of the TraCK

1349 patients referred to the CGI received an invitation to participate in the TraCK. 490 patients
(36%) answered the invitation and gave informed consent. However, one patient withdrew their
consent, and 65 duplicates were identified in the database. Therefore, by May 6, 2024, 424
unique patients were included in the TraCK. Of these 424 patients, 52 patients (12%) did not
complete all the questionnaires, leaving a total of 372 patients having completed all
questionnaires. The distribution of assigned sex at birth and age, and whether they received
GAHT can be seen in Table 1.

AMAB AFAB
Total n (%) 207 (100) 217 (100)
Age (Mean (SD)) 32 (13) 27 (8)
GAHT n (%) Yes 176 (85) 162 (75)
No 31 (15) 55 (25)

Table 1. Overview of the 424 patients included in the TraCK. The number of patients assigned male at birth (AMAB) and patients
assigned female at birth (AFAB) are illustrated, as well as age and whether they received gender-affirming hormone therapy
(GAHT). SD: standard deviation. Percentages represent the portion of patients for each assigned sex at birth group.

3.2 Results of the Original Study

Data from 424 patients were collected for this study. Sixty-four patients were excluded from this
study because they did not fulfil the inclusion criteria (45 patients due to incomplete responses to
the WHOQOL-BREF questionnaire, 16 patients from the GAHT group due to receiving GAHT
less than three months, and three patients from the control group due to receiving GAHT within

the last six months), thus leaving 360 patients for further data analysis.

3.2.1 Demographics
Of the 360 patients, 169 patients were AMAB (143 receiving GAHT and 26 controls), and 191

patients were AFAB (141 receiving GAHT and 50 controls). Demographics regarding age,

gender identity, education, ethnicity, and occupation are shown in Table 2.



AMAB AFAB

Group GAHT Control GAHT Control
Total (n) 143 26 141 50
Age (Mean(SD)) 33 (14) 28 (10) 28 (8) 25 (7)
n (%) n (%) n (%) n (%)
Gender Identity*
Man 0 (0) 0 (0) 98 (70) 28 (56)
Woman 125 (87) 19 (73) 0 (0) 0 (0)
Predominantly man 1(0.7) 0 (0) 33 (23) 10 (20)
Predominantly woman 24 (17) 3(12) 0(0) 0 (0)
Non-binary 19 (13) 6 (23) 35 (25) 17 (34)
Queer 16 (11) 5(19) 28 (20) 6 (12)
Other gender identity? 15 (10) 9 (35) 25 (18) 10 (20)
Education
Lower secondary school 14 (10) 3(12) 15 (11) 6 (12)
10" grade 8 (6) 5(19) 24 (17) 13 (26)
Vocational education 17 (12) 2 (8) 12 (9) 2 (4)
High school 46 (32) 9 (35) 42 (30) 19 (38)
Short-cycle higher education 9 (6) 1(4) 7 (5) 2 (4)
Medium-cycle higher education 24 (17) 4 (15) 25 (18) 3 (6)
Long-cycle higher education 19 (13) 2(8) 13 (9) 2(4)
Other® 6 (4) 0 (0) 32 3(6)
Ethnicity
Danish 123 (86) 20 (77) 112 (79) 39 (78)
Other® 20 (14) 6 (23) 29 (21) 11 (22)
Occupation
Employed 47 (33) 6 (23) 43 (30) 7 (14)
Unemployed 6 (4) 2 (8) 8 (6) 1(2)
Enrolled in education 33 (23) 11 (42) 41 (29) 22 (44)
Financial assistance 20 (14) 1(4) 23 (16) 7 (14)
Early retirement pension 14 (10) 1(4) 9 (6) 4 (8)
Otherd 23 (16) 5(19) 17 (12) 8 (16)

Table 2. Demographics of the 360 patients included in the original study. a: both man and woman, neither man nor woman,
agender, gender-fluid, don’t know, unsure, b: not completed lower secondary school, specially planned youth education (STU),
c: Faroese, Polish, Indian, half Greek, Icelander, Slovaks, Greenlander, German, half Moroccan, Norwegian, South African,
English, French, Venezuelan, American, Roman, Italian, Spanish, Thai, half Iranian, Russian, Singaporean, Swiss, Korean, half
Turkish, Finnish, Bosnian, Chinese, Australian, Kurdish, Dutch, no answer, d: Flex job, state pension, sickness benefits, living of
own savings, supported by a partner, supported by family, supported by a friend. SD: standard deviation. Percentages represent
the portion of patients in each group. *n may exceed the total number of patients in each group as it is possible to have multiple
gender identities.
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3.2.2 Relationship between GAHT and QoL

A statistically significant difference in mean QoL scores between the GAHT- and the control
group for patients AMAB was found (p = 0.005) (Figure 1a). Furthermore, a statistically
significantly higher mean QoL score of D2 for the GAHT group (51.4) compared to the control
group (36.9) was found for patients AMAB (p = 0.003). However, no statistically significant
difference in mean QoL scores for D1, D3, and D4 between the GAHT- and the control group
was found for patients AMAB (p = 0.699; p = 0.552; p = 0.063, respectively) (Appendix 7.1).
For patients AFAB a statistically significant difference in mean QoL scores between the GAHT-
and the control group was also found (p = 0.021) (Figure 1b). A statistically significantly higher
mean score of D2 for the GAHT group (53.9) compared to the control group (44.3) was also
found for patients AFAB (p = 0.004). No statistically significant difference in mean QoL scores
of D1, D3 and D4 was found for patients AFAB (p = 0.065, p = 0.949; p = 0.099, respectively)
(Appendix 7.1).

3.2.3 Relationship between Assigned Sex at Birth and QoL
There was a significant difference in mean QoL scores between patients AMAB and patients

AFAB in the GAHT group (p = 0.010) (Figure 1c). Furthermore, the mean QoL score of D3 for
those receiving GAHT was significantly higher for patients AFAB (65.4) than patients AMAB
(57.5) (p = 0.001). However, there was no significant difference in mean QoL scores of D1, D2,
and D4 for those receiving GAHT between patients AFAB and patients AMAB (p = 0.126; p =
0.310; p = 0.053, respectively) (Appendix 7.2). For patients in the control group, a significant
difference in mean QoL scores between patients AMAB and patients AFAB was found (p =
0.042) (Figure 1d). Nevertheless, no significant difference was found in the control group
regarding all four QoL domain scores between patients AFAB and patients AMAB, (p =0.779; p
=0.146; p = 0.059; p = 0.125, respectively) (Appendix 7.2).

11



a) QoL Scores for Patients AMAB b) QoL Scores for Patients AFAB
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Figure 1. Bar charts illustrating mean Quality of Life (QoL) scores on the y-axis for each QoL domain (D1: physical; D2:
psychological; D3: social; D4: environmental) on the x-axis. a) QoL mean scores for gender-affirming hormone therapy (GAHT)
and control groups for patients assigned male at birth (AMAB) (n = 143; n = 26, respectively). b) QoL mean scores for GAHT
and control groups for patients assigned female at birth (AFAB) (n = 141; n = 50, respectively). c) QoL mean scores for patients
AMAB and patients AFAB in the GAHT group (n = 143; n = 141, respectively). d) QoL mean scores for patients AMAB and
patients AFAB in the control group (n = 26; n = 50, respectively). Standard deviations are illustrated as error bars. Significant
differences in each domain are marked with ** indicating a significance level of less than 0.01.
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3.2.4 Relationship between Oestradiol Levels and QoL
71 patients AMAB were included in this analysis. Regression coefficients, Cl, and R?-values are
shown in Table 3. Figure 2 illustrates the linear regression plot representing the relationship

between oestradiol levels and the four QoL domain scores.

QoL Domain o B Lower CI Upper ClI R2

D1 59.35 0.10 -10.88 11.09 -0.014
D2 51.10 0.49 -13.50 14.47 -0.014
D3 65.66 -2.45 -15.57 10.68 -0.012
D4 60.02 0.45 -12.48 13.38 -0.014

Table 3. Relationship between oestradiol levels and quality of life (QoL) domain scores for patients assigned male at birth.

Regression coefficients, lower and upper confidence intervals (Cl), and R? for each QoL domain (D1: physical; D2:
psychological; D3: social; D4: environmental) are illustrated. n = 71.
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Figure 2. Relationship between oestradiol levels and the four quality of life (QoL) domain scores for patients assigned male at
birth, @) D1: physical, b) D2: psychological, ¢) D3: social, d) D4: environmental. The y-axes represent the QoL domain scores
and the x-axes represent log(Oestradiol; P) in pmol/L. Confidence intervals are illustrated with a light blue colour. n = 71.
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3.2.5 Relationship between Testosterone Levels and QoL
69 patients AFAB were included in this analysis. Regression coefficients, Cl, and R2-values are

illustrated in Table 4. Figure 3 illustrates the linear regression plot representing the relationship

between testosterone levels and the four QoL domain scores.

QoL Domain Lower ClI Upper ClI

D1 4956 9.93 -10.76 30.62 -0.001
D2 45.85 7.03 -15.50 29.57 -0.009
D3 56.41 7.73 -13.25 28.71 -0.007
D4 56.83 8.71 -9.89 27.32 -0.002

Table 4. Relationship between testosterone levels and quality of life (QoL) domain scores for patients assigned female at birth.

Regression coefficients, lower and upper confidence intervals (CI), and R? for each QoL domain (D1: physical; D2:
psychological; D3: social; D4: environmental) are illustrated. n = 69.
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Figure 3. Relationship between testosterone levels and the four quality of life (QoL) domain scores for patients assigned female
at birth, a) D1: physical, b) D2: psychological, ¢) D3: social, d) D4: environmental. The y-axes represent the QoL domain scores

and the x-axes represent log(Testosterone; P) in nmol/L. Confidence intervals are illustrated with a light blue colour. n = 69.
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3.2.6 Confounder adjusted Relationship between GAHT and QoL
The relationship between GAHT and QoL for patients AMAB and patients AFAB in unadjusted

and adjusted analyses are presented in Table 5 and Table 6, respectively.

QoL Unadjusted Lower Upper Adjusted Lower Upper
Domain coefficients Cl Cl coefficients Cl Cl

D1 GAHT 1.13 -6.22 8.47 21.97 -274.89 318.83
D2 GAHT 14.53 5.63 23.43 19.68 -318.34 357.69
D3 GAHT 3.05 -5.90 12.00 18.86 -330.72 368.44
D4 GAHT 7.25 -0.38 14.88 35.30 -269.94 340.54

Table 5. Relationship between gender-affirming hormone therapy (GAHT) and the four quality of life (QoL) domains (D1:
physical; D2: psychological; D3: social; D4: environmental) for patients assigned male at birth. The adjusted model is adjusted
for time in GAHT, age, gender-affirming surgery, and type of medication. Cl: confidence interval.

QoL Unadjusted Lower Upper Adjusted Lower Upper
Domain coefficients Cl (o] coefficients Cl Cl

D1 GAHT 6.46 0.56 12.36 -91.50 -224.81 41.80
D2 GAHT 10.19 3.60 16.79 -74.96 -222.16 72.25
D3 GAHT 0.40 -5.75 6.55 -112.94 -252.67 26.79
D4 GAHT 5.10 -0.35 10.55 5.87 -119.01 130.74

Table 6. Relationship between gender-affirming hormone therapy (GAHT) and the four quality of life (QoL) domains (D1:
physical; D2: psychological; D3: social; D4: environmental) for patients assigned female at birth. The adjusted model is
adjusted for time in GAHT, age, gender-affirming surgery, and type of medication. Cl: confidence interval.
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4. Discussion
4.1 The Development of the TraCK
It was possible to develop a comprehensive database using a web-based platform for TGD

individuals with a fair response rate of 36%.

4.1.1 Strengths and Limitations of the Development of the TraCK
The TraCK provides a systematic overview of TGD individuals and establishes a foundation for

future research. With the TraCK, it is possible to monitor short- and long-term treatment effects
on physical and mental health, as it enables follow-up of patients. The TraCK is a comprehensive
database, which includes diverse questionnaires that examine different aspects of TGD
individuals’ well-being, alongside information extracted from psychological, psychiatric,
gynaecological, and endocrinological records. Furthermore, the TraCK was developed in a
multidisciplinary collaboration, providing diverse perspectives on its content and structure. The
questionnaires included in the TraCK have been validated by project staff members, people
unrelated to the CGI, and patients from the CGl, hence evaluating face and content validity.
Nevertheless, there is a risk of selection bias in the TraCK, as only patients referred to the CGI
are included, and patients decide whether they want to participate. Additionally, some TGD
individuals seeking treatment may be hesitant to provide personal information because of fear of
rejection. As many TGD individuals face a variety of mental health problems and other
challenges in their daily lives, it can be discussed if only those with surplus energy have

answered the questionnaires and if the cohort is representative of the TGD population.

4.2 The Original Study

Overall, our study found a statistically significant difference in QoL between patients receiving
GAHT and controls for both patients AMAB and patients AFAB. Specifically, statistically
significantly higher scores in D2 were observed for the GAHT group for both patient groups.
Furthermore, a statistically significant difference between patients AMAB and patients AFAB in
the GAHT group was found, with patients AFAB showing higher scores in D3. Our study found
no statistically significant relationship between levels of oestrogen and testosterone and QoL

domain scores for patients AMAB and patients AFAB, respectively.
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4.2.1 GAHT and QoL
The findings from our study are consistent with the overall findings from a systematic review by

Van Leerdam et al. 2023 which found that GAHT improves the QoL of TGD individuals, even
though the results were mixed.®* However, a systematic review by Doyle et al. in 2023 revealed
inconclusive evidence concerning QoL following GAHT for both transgender women (TW) and
transgender men (TM), though there were indications of potential improvements in psychosocial
functioning.?* It is important to consider that most studies included in the review by Van
Leerdam et al. provide low to moderate levels of evidence, and the risk of bias was highly
variable in the studies included in the review by Doyle et al.?*#%* Notably, studies reporting no
difference or a decline in QoL after GAHT included individuals who used GAHT without a
medical prescription, potentially leading to uncontrolled usage, which is in contrast to our
study.?4%* This may suggest that barriers to healthcare and discrimination still persist among

TGD individuals in certain countries, which may affect their QoL.%

Consistent with our study, studies by Gomez-Gil et al. and Manieri et al. reported improvements
in QoL assessed by the WHOQOL-BREF and WHOQOL-100 following GAHT,
respectively.?>¢ The study by Gémez-Gill et al. found a significant improvement in the
psychological and social QoL domains for transgender individuals following GAHT compared to
those who did not receive GAHT, which is consistent with the findings from the psychological
domain in our study.% Compared to our study, the prospective cohort study by Manieri et al.,
found a significant improvement in the general QoL only among TW and not for TM after
initiating GAHT.%® This could be due to the difference in study design, and because they
included a smaller number of participants. Further, the study by Manieri et al. had a smaller
sample size for TM than for TW (TM: n=27; TW: n=56), which could be a reason why they only

found an improvement in general QoL for TW.56

Comparable to the study by Gémez-Gill et al., a study by Gorin-Lazard et al. in 2012 also found
a significant improvement in the social and psychological QoL dimension for individuals AMAB
and individuals AFAB receiving GAHT, however, they did not find a difference in QoL between
individuals AMAB and AFAB following GAHT.®" This finding is in contrast to our study, where
a significantly higher QoL score in D3 was found for patients AFAB compared to patients

AMAB receiving GAHT. An explanation for this could be the larger sample size of our study
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compared to the sample size of Gorin-Lazard et al. (AMAB: n=31; AFAB: n=30).%" The
significant difference found in our study could be explained by the faster onset of physical
changes following masculinizing GAHT compared to feminizing GAHT. For example, patients
AFAB experience a change in voice three months after initiating GAHT, whereas a change in
voice is not possible for patients AMAB if GAHT is initiated after puberty, which can impact
social relations.®® In addition, patients AFAB get faster access to top surgery, min. 6 months after
initiating GAHT, compared to 12 to 24 months for patients AMAB.% Altogether, these factors
can influence body image which may affect the way individuals AMAB and individuals AFAB
respond to social settings. Moreover, the difference in the psychological domain between
individuals receiving GAHT and those who do not, found in our study, as well as in the studies
by Gomez-Gill et al. and Gorin-Lazard et al., might be due to the physical changes contributing

to enhanced self-esteem and reduced levels of anxiety and depression. 56567

Nevertheless, some studies did not find a relationship between QoL and GAHT.347071 A study by
Simbar et al. found no difference in QoL following GAHT for both individuals AMAB and
individuals AFAB. In contrast to our study, the study by Simbar et al. only assessed an overall
score for the WHOQOL-BREF, possibly leading to the oversight of any potential differences in
specific domain scores, which could have influenced the results.” Compared to Simbar et al.
studies by Foster Skewis et al. and Filipov et al. used QoL scores for each domain.3470.71
However, the study by Filipov et al. still did not find a difference in QoL following GAHT for
individuals AFAB compared to those who did not receive GAHT which could be due to the
small sample size of this study.’* In addition, the study by Foster Skewis et al. did not find a
difference in QoL for individuals AMAB after initiating GAHT.3* Notably, the study by Foster
Skewis et al. differs from our study and the other two studies in terms of study design and the
QoL assessment tool utilized, as the study by Foster Skewis et al. is a prospective cohort study
and uses the RAND SF-36 questionnaire,3470.71
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4.2.2 Sex Hormone Levels and QoL
Our study did not find a linear relationship between oestradiol levels and QoL, which could be

due to multiple effects of oestradiol. On the one hand, feminizing GAHT facilitates the
transitioning process by inducing physical changes, which may enhance certain aspects of QoL.??
On the other hand, the negative effects of oestradiol on the mental well-being of TGD
individuals could also influence the QoL of patients AMAB.3” Although there is a lack of
knowledge regarding the effects of oestradiol on QoL and mental health of individuals AMAB,
the effect of hormonal contraceptives is widely investigated in cisgender women.’>73 Multiple
studies have found an association between the use of hormonal contraceptives and
depression.”>® A systematic review has also found that hormonal contraceptives can lead to
structural and functional changes in brain areas involved in affective and cognitive processing,
which could be an explanation for why depression is common among women using hormonal

contraceptives.’

Even though, our study did not find a relationship between testosterone and QoL, other studies
found an improvement in mental well-being after the administration of testosterone.®”.">76 A
study by Giltay et al., demonstrated that masculinizing GAHT had a beneficial impact on
different mental factors.®” Similarly, these findings correspond with research on cisgender
women, indicating that administering low doses of testosterone to cisgender women, as opposed
to a placebo, leads to an improvement in depression and anxiety symptoms.”>’® However,
another study by Rohr et al. reported that high testosterone levels in women can have the
opposite effect, thus administrating too much testosterone can negatively affect mood and lead to
major depression disorders.”” This could be a part of the explanation for why we did not find a

significant linear relationship between testosterone levels and QoL.

4.2.3 Strengths and Limitations of the Original Study
Our study utilized a combination of subjective and objective data from the TraCK, which

included self-reported responses from the WHOQOL-BREF questionnaire and blood tests of
oestradiol and testosterone. This comprehensive approach ensured that the study had access to
high-quality data from a diverse cohort of TGD patients encompassing individuals with diverse

gender identities and undergoing various gender-affirming treatments.
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By investigating the difference in QoL between TGD patients receiving GAHT and controls, our
study contributes new insights into the knowledge gap of existing evidence within this field.
Additionally, our study also compared QoL between patients AMAB and patients AFAB, which
contributes to an understanding of gender-specific differences in QoL. Furthermore, this study is
the first to explore the relationship between sex hormone levels and QoL among TGD
individuals, thus providing valuable insights into the relationship between physiological
measurements and QoL. To measure QoL four domain scores were calculated and analysed
instead of a total QoL score, which provided a more comprehensive understanding of different
aspects of QoL. As various factors can influence QoL, possible confounders such as time in
GAHT, age, GAS, and type of medication were included in the analysis, however, the
confounder-adjusted analyses yielded comparable results to the unadjusted analysis, except for
the association between GAHT and QoL D1-3 for patients AFAB.

However, our study also has some limitations. We used a cross-sectional study design dividing
the relatively large sample of 360 TGD patients into four smaller subgroups. These small
subgroups set a limitation for the numbers of sub- and confounder-adjusted analyses. Because
the WHOQOL-BREF relies on subjective interpretation of the questions, the internal validity of
the questionnaire might have been affected, as patients could have interpreted certain questions
differently. Furthermore, this study has not taken previous or current psychiatric diagnoses e.g.
depression and anxiety into account, which would have been a major advantage as it is known
that mental factors can influence QoL and thereby the results of our study. Another limitation
was the presence of missing data in questionnaire items for some patients. However, this was
handled in the analysis by imputation. Regarding the blood tests of sex hormones, a limitation
was the inability to obtain these samples precisely at the same time as the completion of the
questionnaire responses. Consequently, there was a maximum time difference of one month
between the two measurements. In addition, both the time of day for blood sampling and the time
between administering GAHT and the blood sampling could be a limitation of this study, as
levels of sex hormones can change throughout the day and rise significantly after the
administration of GAHT.
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4.3 Future Perspectives

For future studies, it would be beneficial to follow TGD individuals initiating GAHT over time
and investigate their QoL through prospective cohort studies that consider interpersonal
variations. This will be possible using data from the TraCK in the future when follow-up data
become available. It would be interesting to investigate sex hormone levels and QoL both
measured on the same day and to include a larger sample size. This study found a difference in
QoL between assigned sex at birth groups, highlighting the importance of distinguishing between
individuals AMAB and individuals AFAB in future studies to gain a more comprehensive
understanding of the well-being of TGD individuals. This difference between assigned sex at

birth groups is also an essential aspect for healthcare providers to recognize.
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5. Conclusion

In conclusion, it was possible to establish a comprehensive database of TGD patients. In
addition, this study found that QoL for patients receiving GAHT was statistically significantly
higher compared to controls for both patients AMAB and patients AFAB. A statistically
significantly higher QoL score was only found for the psychological domain for patients
receiving GAHT compared to controls for both patient groups. Additionally, a statistically
significantly higher QoL was found for patients AFAB compared to patients AMAB. However,
only a statistically significantly higher QoL score was found in the social domain for patients
AFAB compared to patients AMAB receiving GAHT. Furthermore, no linear relationship was
found between sex hormone levels and QoL. With these findings, this study provides insights
into how GAHT impacts the QoL of TGD individuals, highlighting the advantages of offering
GAHT to this population. All of this contributes new knowledge and can thereby create more
attention for evidence-based treatment of TGD individuals, which can significantly improve their

well-being and healthcare outcomes.
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7. Appendix
7.1 QoL Scores for Patients Receiving GAHT and Controls for Assigned Sex at Birth Groups

AMAB AFAB
GAHT Control GAHT Control

n (%) 143 26 141 50

QoL p-values p-values
D1 59.8 58.4 0.699 63.0 57.1 0.065
D2 51.4 36.9 0.003** 53.9 44.3 0.004**
D3 575 54.5 0.552 65.4 65.2 0.949
D4 62.6 55.4 0.063 66.6 61.9 0.099

Figure 4. Mean Quality of Life (QoL) Scores for each domain (D1: physical; D2: psychological; D3: social; D4: environmental)
for patients receiving gender-affirming hormone therapy (GAHT) and controls for both patients assigned male at birth (AMAB)
and patients assigned female at birth (AFAB). ** Indicates a significance level <0.01.

7.2 QoL Scores for Patients AMAB and AFAB in the GAHT and Control Group

GAHT Group Control Group
AMAB AFAB AMAB AFAB

n (%) 143 141 26 50

QoL p-values p-values
D1 59.8 63.0 0.126 58.4 57.1 0.779
D2 51.4 53.9 0.310 36.9 44.3 0.146
D3 57.5 65.4 0.001** 54.5 65.2 0.059
D4 62.6 66.6 0.053 55.4 61.9 0.125

Figure 5. Mean Quality of Life (QoL) Scores for each domain (D1: physical; D2: psychological; D3: social; D4: environmental)
for patients assigned male at birth (AMAB) and patients assigned female at birth (AFAB) in the gender-affirming hormone
therapy (GAHT) group and the control group. ** Indicates a significance level <0.01.
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