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ABSTRACT
Introduction Cardiovascular diseases (CVDs) present 
differently in women and men, influenced by host- 
microbiome interactions. The roles of sex hormones in CVD 
outcomes and gut microbiome in modifying these effects 
are poorly understood. The XCVD study examines gut 
microbiome mediation of sex hormone effects on CVD risk 
markers by observing transgender participants undergoing 
gender- affirming hormone therapy (GAHT), with findings 
expected to extrapolate to cisgender populations.
Methods and analyses This observational, longitudinal 
cohort study includes baseline, 1- and 2- year follow- ups 
with transgender participants beginning GAHT. It involves 
comprehensive phenotyping and microbiome genotyping, 
integrating computational analyses of high- dimensional 
data. Microbial diversity will be assessed using gut, skin, 
and oral samples via 16S rRNA and shotgun metagenomic 
sequencing of gut samples. Blood measurements will 
include sex hormones, CVD risk markers, cardiometabolic 
parameters, cytokines, and immune cell counts. Hair 
samples will be analysed for cortisol. Participants will 
complete online questionnaires on physical activity, mental 
health, stress, quality of life, fatigue, sleep, pain, and 
gender dysphoria, tracking medication use and diet to 
control for confounders. Statistical analyses will integrate 
phenomic, lifestyle, and multi- omic data to model health 
effects, testing gut microbiome mediation of CVD risk as 
the endocrine environment shifts between that typical for 
cisgender men to women and vice versa.
Ethics and dissemination The study adheres to Good 
Clinical Practice and the Declaration of Helsinki. The 
protocol was approved by the Charité Ethical Committee 
(EA1/339/21). Signed informed consent will be obtained. 
Results will be published in peer- reviewed journals and 
conferences and shared as accessible summaries for 
participants, community groups, and the public, with 
participants able to view their data securely after public 
and patient involvement review for accessibility.
Trial registration number The XCVD study was 
registered on  ClinicalTrials. gov (NCT05334888) as ‘Sex- 
differential host- microbiome CVD risk — a longitudinal 
cohort approach (XCVD)" on 4 April 2022. Data set link 

can be found at https://classic.clinicaltrials.gov/ct2/show/ 
NCT05334888.

INTRODUCTION
Background and rationale
Cardiovascular diseases (CVDs) account 
for approximately 31% of global mortality, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Where most clinical studies cannot separate social, 
genetic, and endocrine drivers of sex and gender, and 
where animal studies only capture human biology par-
tially, our study design allows to investigate one such 
driver while keeping others constant.

 ⇒ By ensuring the involvement of members of the studied 
demographic at all stages of study design, execution, 
analysis, and interpretation, we showcase best prac-
tices for public and patient involvement and overcome 
obstacles otherwise faced in enrolling participants from 
marginalised groups.

 ⇒ By recruiting participants through the multiple private en-
docrinology clinics providing gender- affirming hormone 
therapy in Berlin while also leveraging two of Charité’s 
highly specialised Clinical Research Units (Neuroscience 
Clinical Research Center and Experimental and Clinical 
Research Center), we successfully recruit from mar-
ginalised care recipient populations while carrying out 
comprehensive deep phenotyping and multi- omics 
analysis.

 ⇒ The study is fully designed to take advantage of the 
tools for longitudinal confounder adjustment and medi-
ation testing that we have developed and benchmarked, 
enabling longitudinal effect disentangling in an observa-
tional context for treatment with wide- ranging effects.

 ⇒ The geographical uptake range (Germany, based onBer-
lin) limits population diversity (though somewhat miti-
gated through the many anticipated participants with 
migrant backgrounds), and the 2- year timeframe sim-
ilarly limits the scope of the observed effect, motivating 
subsequent further follow- up.
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according to the WHO,1 making them one of the leading 
causes of death worldwide.2 3 Despite improvements in 
preventive and therapeutic care for CVDs, including 
substantial technological and pharmaceutical develop-
ments, CVDs continue to burden healthcare systems 
substantially and incur exorbitant care costs.4 5

Pronounced differences between women and men 
exist in the epidemiology, pathophysiology, manifesta-
tion, progression and outcomes of CVDs.6–8 Consistently, 
there is a documented trend of lower rates of CVD in 
premenopausal women compared with men of the same 
age.9 10 However, following menopause, the incidence of 
CVD development and mortality in women is higher than 
that observed in men.9 Cardiometabolic diseases (CMDs) 
such as hypertension, insulin resistance, diabetes mellitus, 
dyslipidaemia, obesity and atherosclerosis,11 12 health- 
impairing behaviours like smoking, alcohol consumption, 
physical inactivity, poor sleep patterns and unhealthy 
dietary habits,13 as well as mental disorders,14 compound 
these risk factors of CVDs.15 These factors are also distrib-
uted differentially between women and men.16 Research 
into disease mechanisms, including our own and others, 
shows circulating serum metabolites,17 immune markers18 
and the gut microbiome19 to mediate some of both 
genetic and environmental risk factors.

Notably, gendered lifestyle factors and sexed properties 
of bodies may influence symptom presentation, disease 
risk and speed of progression, as well as response to 
pharmacological therapies in CVDs,20 21 thus altogether 
driving higher mortality in men or women in different 
cases.22 23 Here, we use sex to mean a context- dependent 
summary of bodily sex characteristics,24 usually assigned 
at birth as male or female, and gender to similarly 
summarise gender expression, identity and/or sociocul-
tural characteristics.25 The proposed factors underlying 
sex- differential CVD risks and presentations include 
different genetic and epigenetic mechanisms26 27 that act 
through inflammatory, metabolic and immunological 
processes.28–30 These processes are also shaped by the 
organising and activating influences of sex hormones, 
including variable expression and sensitivity of hormone 
receptors.31 32 While evidence remains inconclusive, the 
literature suggests that both higher and lower testos-
terone levels are linked to increased cardiovascular risk. 
Elevated testosterone presumably manifested by insulin 
resistance, higher visceral body fat and increased total 
homocysteine concentrations.33 34 Conversely, lower 
testosterone concentrations are also associated with 
heightened cardiovascular risk.35–37 Oestrogen, in both 
bioidentical forms and drug formulations (eg, estra-
diol valerate, conjugated equine oestrogen or esterified 
oestrogen), plays a critical role. It increases the risk of 
thromboembolic events through procoagulant shifts in 
the haemostatic system and is linked to the development 
of resistance to activated protein C,38 alongside immuno-
modulatory activity.

The gut microbiome as a bacterial landscape and inte-
grator of environmental risk factors over the life span 

has been increasingly recognised as a long- term indi-
cator of health, a source of variation of risk and health 
outcomes.39–41 Using integrated high- dimensional multi- 
omics analyses of biosamples from 2173 European resi-
dents in the MetaCardis cohort, we mined this dense 
data set for interlocking and dynamic impacts of CMD 
phenotype, risk factors, medication, gut microbiome and 
circulating metabolite levels,42 also highlighting potential 
gut microbiome- mediated disease improvement through 
medication.43 Bioactive metabolites are produced in 
large quantities by the gut microbiome, further metab-
olised by host enzymes, and enter the systemic circula-
tion alongside similarly metabolised xenobiotics and 
drugs.42 Furthermore, the gut microbiome can impact 
metabolism and regulation of sex hormones through 
various mechanisms.44–46 These metabolic processes can 
affect the cardiovascular system and the development of 
CVDs.47 48 Of note, changes in microbiome and metab-
olome characteristics are present before clinical onset/
manifestation of ischaemic heart disease and may have 
predictive value.49 There are also considerable sex differ-
ences in the host microbiome as a contributing factor 
to CVDs.48 While the microbiome of the gut has been 
most frequently linked to health,50 other body sites also 
host microbiome with such impacts as the skin and the 
mouth.50 51 Dysregulated skin microbiome composi-
tion has been correlated with increased risk for CVD by 
potentially affecting immune cell activation and cyto-
kine production,52 and may be strongly responsive to sex 
hormone changes. An imbalance in the oral microbiome 
can result in periodontal disease, which has been linked 
to an increased risk of CVD,50 53 for example, through its 
immune privileges and as a potential site for microbial 
translocation into the bloodstream. These ecosystems 
may interact with further potential implications for the 
host, including through increased risk of CVDs and other 
illnesses, and would also be expected to undergo parallel 
changes from changes in circulating sex hormone levels.

While endogenous hormone action likely under-
lies much of the observed sex phenotypes in cisgender 
persons, changes in these phenotypes in transgender 
persons undergoing gender- affirming hormone 
replacement therapy (GAHT) represent a largely unex-
plored approach to understanding the mechanisms 
and correlates of sex. Here, we present the protocol of 
the ongoing XCVD study, designed according to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology reporting guidelines.54 The study focuses 
on individuals administered exogenous sex hormones 
associated with the sex they were not assigned at birth to 
revert effects of endogenous puberty and instead induce 
pubertal development and subsequent maintenance 
of phenotype as typical of their target sex. We empha-
sise that while in this article we refer to such persons 
as transgender individuals undergoing GAHT, not all 
transgender persons seek this treatment. Transgender 
modality is defined simply as not identifying with the sex 
and gender assigned at birth.55 56 GAHT most commonly 
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consists of the administration of testosterone in trans-
gender men (or non- binary persons assigned female at 
birth) and oestrogens and antiandrogens in transgender 
women (or non- binary persons assigned male at birth).57 
Such GAHT is often standardised according to approved 
recommendations, routinely monitored and prescribed 
only to individuals without evidence of serious CMD.57 58

To date, no studies using high- throughput methods 
have examined the immune system, metabolism or gut 
microbiome in transgender persons undergoing GAHT. 
Although the role of circulating sex hormone levels in 
CVDs is increasingly understood, the extent to which the 
gut microbiome mediates or modulates this relationship 
remains unclear.

Aim
We will explore the gut microbiome’s potential role as a 
mediator of sex hormone effects on CVD risk markers. 
This study will focus on transgender participants under-
going GAHT, with the expectation that findings also 
largely may apply to cisgender populations.

We hypothesise that the gut microbiome influences 
sex hormone- driven changes in CVD risk markers, 
specifically circulating NT- pro brain natriuretic peptide 
(BNP) and Hs- Troponin T. Secondary endpoints include 
concomitant variables including measurements of skin, 
and oral microbiome composition, immune system state, 
assessment of medication intake and questionnaire data 
of dietary habits and physical activity. Patient- centred 
outcomes will also be assessed, including mental health, 
perceived stress, quality of life, fatigue, sleep disturbance, 
pain, extent of gender dysphoria and risk of depression.

METHODS AND ANALYSES
Study design and setting
This is a longitudinal observational, non- interventional 
cohort study with baseline, 2- year follow- up study visits 
and an optional 1- year follow- up visit in between. The 
study takes place at the Neuroscience Clinical Research 
Center at Charité — Universitätsmedizin Berlin, 
Germany, and the Experimental Clinical Research Center 
(a cooperation between Charité —Universitätsmedizin 
Berlin and Max Delbrück Center for Molecular Medicine, 
Berlin, Germany). The study design is shown in figure 1. 

Measurements at baseline (1–4 weeks before starting 
GAHT), 1- year and 2- year visits after the start of GAHT 
are performed using the same standardised protocol for 
all participants (table 1). We plan to offer, where possible, 
an optional 1- year follow- up visit as part of the longitu-
dinal evaluation of the microbiome, including faeces, 
saliva and skin samples, as well as selected blood tests. 
Remote follow- up visits occur 6, 12 and 18 months after 
GAHT initiation.

Patient and public involvement statement
The associations in Berlin, such as Berufsverband Trans* 
and the AHA Berlin e.V., as well as the ViRo outpatient 
practice, were involved in the design of some study instru-
ments (e.g. questionnaires, interviews), investigations 
(e.g. measurements of sex hormones) and communica-
tion with transgender persons (e.g. terminology). They 
have read and commented on the study materials and 
will be contacted again for further changes. Every aspect 
of study design, execution and planned analysis also has 
been either initially proposed or reviewed by at least one 
member of the research team who has own lived trans 
experience (SKF, NA).

Participants
A total of 200 healthy transgender persons (50% under-
going feminising GAHT, 50% undergoing masculinising 
GAHT) who are planning to initiate but have not yet 
commenced such therapy will be recruited for this study. 
Accordingly, we recruit persons seeking GAHT and group 
them based on the direction of this treatment relative to 
baseline as transfeminine (binary trans women or non- 
binary persons assigned male at birth) or transmasculine 
(binary trans men or non- binary persons assigned female 
at birth).

Eligibility criteria
Individuals are eligible for inclusion if they plan to start 
GAHT treatment under the supervision and monitoring 
of their healthcare providers. The study is purely observa-
tional, and collaborating endocrinology practices solely 
mediate contact for enrollment. The study inclusion 
criteria are age from 18 to 50 years, imminent GAHT 
commencement (with no recent or long- term history 
of prior self- medicating) and without serious acute or 

Figure 1 XCVD study design with on- site study visits at BL, 1 and 2 years and online interview FUP at 6 months (1. FUP), 
12 months (2. FUP), and 18 months (3. FUP) after starting the GAHT as well as the final endpoint 24 months after starting the 
GAHT. BL, baseline; FUP, follow- up; GAHT, gender- affirming hormone therapy.
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chronic diseases requiring continuous medical care and/
or a risk of life- threatening exacerbation of the illness. The 
exclusion criteria are age ≥51 years (as CVD risk increases 
independently with age, a narrower range reduces vari-
ance resulting from this factor to more clearly reveal 
causal effects of GAHT), already having started GAHT 
or already having self- medicated equivalent to GAHT for 
an extended duration prior to the study, serious acute or 
chronic diseases requiring continuous medical care and/
or a risk of life- threatening exacerbation of the illness 
as well as cardiovascular events (CVEs) in the last 1 year 
(such as stroke or ST- elevation myocardial infarction).

Recruitment
The recruitment strategy is established in medical prac-
tices and clinics in Berlin, as well as associations such 
as AHA, Bundesverband Trans* and Schwulenberatung 
Berlin, either by physicians mentioning the study to 
eligible participants and/or by flyers provided in waiting 
rooms. Participants also are welcome to refer other inter-
ested eligible persons to apply, for example, through peer 
group networks, and the study flyer is visible online at 
the sponsoring institute’s web page. The volunteers are 
requested to contact the study team by phone or email. 
Potential participants receive study information before 
participation.

Outcome parameters and participant timeline
Endpoints
Primary endpoint
Change in the relative abundance of intestinal bacterial 
taxa from faeces samples compared with baseline and 
2 years after the initiation of GAHT (and at the 1- year 
follow- up time point, if applicable).

Secondary endpoints
Changes in microbiome parameters compared with base-
line, 1 year (optional) and 2 years after the initiation of 
GAHT:

 ► Relative species abundances from skin and saliva 
samples.

Changes in the blood- based parameters compared with 
baseline, 1 year (optional) and 2 years after the initiation 
of GAHT:

 ► Concentrations of markers for CVD risk such as 
NT- pro BNP and Hs- Troponin T (from sera).

 ► Sex hormones such as free androgen index, beta- 
cross laps, carboxy- terminal propeptide of procol-
lagen I, luteinising hormone, estradiol, progesterone, 
testosterone, free testosterone, dihydrotestosterone, 
estrone and free estriol (from sera), as well as sex 
hormone- binding globulin (from sera).

 ► Fasting blood glucose (from sodium fluoride blood).
 ► Markers of liver health such as gamma- 

glutamyltransferase, aspartate aminotransferase, 
alanine aminotransferase and alkaline phosphatase 
(from sera).

 ► Kidney function markers such as creatinine, urea and 
uric acid (from sera).

 ► Immunological markers such as immune cell popu-
lations from peripheral blood mononuclear cells 
and cytokines (from whole blood, sera, and plasma 
samples).

 ► Cardiometabolic such as adipokines, total cholesterol, 
high- density lipoprotein cholesterol, low- density 
lipoprotein- cholesterol, lipoprotein (a) and triglycer-
ides, as well as inflammation marker such as C reactive 
protein (from sera).

Table 1 Overview of XCVD study assessments and study visits

Study visit Screening BL Start GAHT 1. FUP 2. FUP 3. FUP Endpoint

Time
−8 weeks to 
−4 weeks

−4 weeks to 
−1 weeks

0
week

+6
months

+12
months

+18
months

+24
months

Inclusion/exclusion criteria x             

Informed consent   x         

Faeces, saliva and skin biosamples   x   Optional   x

Blood samples   x   Optional   x

Hair samples   x       x

Medical history   x x x x x

Clinical examination   x   Optional   x

Standardised questionnaires   x x x x x

Sociodemographics   x       x

Lifestyle parameters   x       x

Dietary habits   x x x x x

GAHT and transition- relevant surgery     x x x x x

BL, baseline; FUP, follow- up; GAHT, gender- affirming hormone replacement therapy.;
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Changes in the blood- based parameters compared with 
baseline and 2 years after the initiation of GAHT:

 ► Steroid analysis from hair samples to assess the 
concentration of cortisol, progesterone, testosterone 
and dehydroepiandrosterone.

Changes in clinical data and health- related symptoms 
compared with baseline, 1 year (optional) and 2 years 
after the initiation of GAHT:

 ► Vital signs and anthropometric data such as body 
weight, height, waist and hip circumference.

 ► Framingham risk scores (FRS) and Systematic Coro-
nary Risk Evaluation (SCORE).

 ► Gender identity and gender dysphoria questionnaires.
 ► Standardised questionnaires on quality of life, phys-

ical activity, mental disorder symptoms, depressive 
symptoms and perceived stress.

 ► Dietary habits, special diet use and intake of dietary 
supplements, prebiotics and probiotics.

Further secondary parameters are evaluated at baseline 
and 2 years after the initiation of GAHT:

 ► Sociodemographics: family status, education level, 
current working status and living situation.

 ► Lifestyle parameters: smoking status, alcohol 
consumption and use of recreational drugs.

Medication documentation in a descriptive manner 
includes GAHT product, dosing, regimens, progress 
and any transition- relevant surgery or other physical 
interventions.

Assessments
The assessments and study visits are outlined in table 1.

Biosample collection
Each participant receives verbal and written instructions 
for the self- collection of faeces and hair samples at home. 
The faeces samples are collected in OMNIgene GUT 
(OM- 200, DNA Genotek, Ottawa, Ontario, Canada) and 
OMNImet GUT kits (ME- 200, DNA Genotek, Ottawa, 
Ontario, Canada) under standardised conditions, such 
as immediate collection after defaecation, requiring no 
more than 1 min of exposure to air and room tempera-
ture, followed by rapid homogenisation and stabilisa-
tion at point of collection at baseline, 1 and 2 years after 
starting the GAHT. We have previously shown that such 
stabiliser kits are effective at controlling sample quality 
and reproducibility under these conditions, as well as 
under prolonged room temperature exposure kit appli-
cation.59 The hair samples are taken from the occipital 
region at room temperature (3–4 strands) at baseline and 
2 years after starting the GAHT. These two self- collected 
biosamples are subsequently sent at room tempera-
ture using light- and temperature- protected envelopes 
via standard postal services and are supposed to arrive 
within 4–5 days after sampling at the study centre. The 
faeces samples are then stored at −80°C for microbiome 
shotgun sequencing as well as 16S rRNA gene sequencing 
for validation purposes. Accordingly, our protocol bene-
fits from multiple redundant safeguards against sample 

degradation (primarily through stabiliser kits, second-
arily through moderate cold chain maintenance) and 
against sequencing artefacts (complementary shotgun 
and 16S sequencing). The collected hair samples will be 
stored at room temperature until hair steroid analyses by 
liquid chromatography- mass spectrometry.

Blood samples are obtained in the morning after a 
12- hour overnight fast at the on- site study visit (baseline, 
1 and 2 years after starting the GAHT). Blood is collected 
in serum (3×5 mL) and sodium fluoride tubes (1×2 mL) 
for the measurements of sex hormones, cardiovascular 
risk markers, cardiometabolic markers, liver and kidney 
markers, and blood glucose using standard procedures 
and is untreated sent at room temperature to the internal 
lab (Labor Berlin — Charité Vivantes GmbH, Sylter Str. 
2, 13353 Berlin, Germany) for immediate analysis on the 
study day. Further blood is collected in serum (1×9 mL) 
and lithium- heparin tubes (1×9 mL) using standard 
procedures. While the serum tube is left to stand verti-
cally at room temperature for 30 min before centrifuga-
tion (10 min at 3000×g, 4°C), the lithium- heparin tube 
is centrifuged within 10 min after collection (10 min at 
3000×g, 4°C). This obtained plasma and sera are imme-
diately aliquoted in smaller tubes (sera: 3×1 mL; plasma: 
3×1 mL and 4×600 µL) and then stored at −80°C until 
later analysis of metabolomics, proteomics, as well as 
pro- and anti- inflammatory cytokines and stored in liquid 
nitrogen (long- term storage). Serum metabolomics will 
be undertaken using two primary platforms, OLINK 
analysis in- house and through Metabolon’s (North Caro-
lina, USA) global discovery metabolomics panel through 
subcontracting with strict care taken to ensure the safety 
and integrity of samples. These platforms were chosen to 
ensure good compatibility with important reference data 
sets from studies of CVD risk in cisgender study partic-
ipants we have access to.43 We also collect whole blood 
in lithium- heparin (1×9 mL) and EDTA tubes (4×10 mL) 
for later immune cell analysis; one part of this blood 
(4×500 µl from lithium- heparin and 4×500 µl from EDTA 
whole blood) is immediately incubated with Smart tube 
buffer (700 µl per each incubation) at room temperature 
for 12 min before being frozen at −80°C. Another part 
of the whole blood sample is immediately used to obtain 
peripheral blood mononuclear cells for later analyses of 
regulatory T- cells and stored in liquid nitrogen (long- 
term storage).

There is strong evidence supporting the roles of gut 
and oral microbiota in CVD risk. Additionally, variations 
in the skin microbiome have been noted in response to 
changing circulating hormone levels. Thus, these sites 
provide accessible, non- invasive and independent read-
outs of host- microbiome shifts under GAHT. We are also 
interested in exploring whether alterations in the micro-
biome at one location may drive changes at other sites, 
indicative of system- wide impact. The samples for analyses 
of the oral microbiome at baseline, 1 and 2 years after 
starting the GAHT are collected using the OMNIgene 
ORAL kits (OME- 505, DNA Genotek, Ottawa, Ontario, 

copyright.
 on January 20, 2025 at M

ax P
lanck Institut. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2024-087982 on 9 January 2025. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Franz K, et al. BMJ Open 2025;15:e087982. doi:10.1136/bmjopen-2024-087982

Open access 

Canada) at least 30 min apart from the last meal, chewing 
gum or drink. The saliva samples are stabilised by the pre- 
filled liquid in the kits at room temperature, and these 
kits are then incubated with a dry incubator (at 50°C, for 
2 hours). After incubation, the saliva liquid is aliquoted in 
a smaller tube (1×1.5 mL) and stored at −80°C. The skin 
swabs for analysing the skin microbiome are taken from 
the left subscapular region (5×5 cm square area) with the 
DNA/RNA Shield Collection tube (with Swab, R1107- E, 
Zymo Research Europe GmbH, Freiburg, Germany). The 
swabs with the skin samples are stabilised in a pre- filled 
kit vial of DNA/RNA Shield that preserves nucleic acids 
in samples at room temperature and stored at −80°C 
for later gene sequencing. The same safeguards against 
sample degradation as for the faeces samples thus apply 
to the saliva and skin samples. Both of these microbiomes 
differ from the gut in being a low bacterial cell mass envi-
ronment with high host contamination. Accordingly, 
here only 16S rRNA sequencing, which better maintains 
sensitivity under such conditions, will be employed.

Medical history and clinical examination
Medical history at baseline and during the entire study 
period is recorded and includes current concomitant 
diseases, the presence of first- degree relative(s) with any 
of the tracked CVDs and medication intake. Clinical vital 
signs such as systolic and diastolic blood pressure and 
heart rate are measured using a digital blood pressure 
monitor (OMRON Healthcare Europe B.V., Hoofddorp, 
the Netherlands).

Body weight (digital Seca 799) and body height (Seca 
206) are measured using a standardised procedure. Body 
mass index is calculated as the weight in kilograms divided 
by the square of height in metres. Waist circumference is 
evaluated with a measuring tape placed on the midpoint 
between the lowest rib and the iliac crest, at the level of 
the navel, and passed once around the entire waist. Hip 
circumference is measured at the largest circumference 
around the buttocks.

CVD risk is measured using two established scores, FRS60 
and SCORE,61 for the estimation of CVD risk calculated 
using both male and female reference values for each 
participant, with both resulting scores tracked separately.

Online standardised questionnaires
Participants are administered online self- reported stan-
dardised questionnaires via the RedCap database that 
include assessment of

 ► Gender identity (Transgender Congruence Scale62).
 ► Physical activity (International Physical Activity 

Questionnaire63).
 ► Mental disorder symptoms (Generalized Anxiety 

Disorder64).
 ► Depressive symptoms (Beck- Depressions- Inventory- II,65 

Patient Health Questionnaire- 966).
 ► Stress (Perceived Stress Questionnaire67).
 ► Quality of life (including items for physical function, 

anxiety, depression, fatigue, sleep disturbance, ability 

to participate in social roles and activities, pain inter-
ference, pain intensity and cognitive function in the 
past) (PROMIS 29+2 profile V.2.1, Clinical Trial Unit 
Charité68).

 ► Chronotype (Munich Chronotype Questionnaire69).
 ► Self- administered food frequency questionnaire, 

established in the German Health Examination Survey for 
adults 18–79 years of age from the Robert Koch Insti-
tute, to evaluate the dietary habits and the amount 
of 53 food items consumed during the past 4 weeks.70

Online interview
Sociodemographic data include family status, education 
level, current working status and living situation. Evalu-
ated lifestyle parameters include habitual intake of dietary 
supplements, prebiotics and probiotics, smoking status 
(current and previous smoking in pack- years), alcohol 
consumption (in the last 3 months) as well as the use of 
recreational drugs. Further, the use of a special form of 
diet is asked (omnivore, vegetarian, vegan, fasting). More-
over, we ask for experience on gender dysphoria about 
stress and day- to- day impairment in interpersonal, social, 
occupational and other important areas of functioning.

Sample size and power calculation
To assess statistical power in examining sex differences 
in the gut microbiome during GAHT, we consider n=200 
(100 persons undergoing testosterone- based GAHT vs 
oestrogen- based GAHT, respectively) at baseline with 
those at follow- up in terms of the amount of Ntaxa (gut 
bacterial taxa). In a t- test, these values are compared in 
two groups, applying the Bonferroni correction for Ntaxa 
hypotheses, resulting in an adjusted alpha threshold of 
0.05/Ntaxa. We assume Ntaxa=50 core bacterial genera. 
Assuming a maximum of 20% of participants terminate 
the study early, a statistical power of 82% is achieved, 
which is usually considered an acceptable target.

Data management, oversight and monitoring
All data collection is conducted using the electronic 
RedCap database (www.project-redcap.org), running on 
a secure data platform fulfilling all criteria outlined by 
a data protection concept. Data are stored with a pseud-
onym. RedCap automatically checks for value range, 
format and one or two decimal values. Missing data are 
marked as ‘not asked’ or ‘answer unknown’. Pseudonyms 
are also used for labelling biosamples. Only the study 
team has access to data in RedCap and also to stored 
biosamples.

Our team, which is responsible for internal data 
management, routinely verifies data quality in the RedCap 
database to identify missing data. As a result, the risk of 
missing data is minimal, and there is no need for an extra 
data monitoring committee. We will submit modifications 
and updates on the study protocol to the institutional 
review board and study participants. The follow- ups are 
used to motivate the participants and stay in contact. The 
study ends after completion of the endpoint examination 
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(2 years after the start of GAHT) of the last participant 
included. Only the study team has access to consent form 
and final data set. After completion of the study and 
the final analyses, all data will be stored with a retention 
period of 10 years.

Data analysis
The subsequent analysis is done solely on fully pseud-
onymised RedCap data sets. All analyses will be done in 
the R statistical programming environment, primarily 
using previously published software packages (longDat 
and metadeconfoundR described in more detail below). 
Should additional exploratory analyses be called for once 
data have been curated, then unless already published 
and citable, any further statistical workflows will be freely 
provided alongside any publication of data or results from 
this study to ensure transparency and reproducibility. 
Descriptive methods will be used to analyse sociodemo-
graphic and clinical parameters with measures of 95% CIs 
and p- values relative to corresponding null hypotheses of 
no impact. Most measured traits (eg, microbiome, immu-
nome or metabolome measures) are not normally distrib-
uted and will be analysed using either non- parametric 
tests or tests employing error models adjusted for the type 
of data in question (eg, Poisson or zero- inflated models 
for count data). All these tests require rigorous correc-
tion for multiple tests, which we will consistently apply 
(defaulting to Benjamini- Hochberg correction). Missing 
data will be handled using best practices, that is, through 
multiple imputations for those tests that require complete 
data to be applied.

To statistically operationalise the study observations, 
GAHT treatment recipients are grouped as either trans-
feminine (binary trans women or nonbinary persons 
assigned male at birth) or transmasculine (binary trans 
men or nonbinary persons assigned female at birth) 
based on the type of GAHT they primarily receive. This is 
in all cases expected to be associated with pubertal devel-
opment of whichever sex the participant was not assigned 
at birth. These are operational categories to understand 
the roles of androgens versus oestrogens and are not 
intended nor expected to exhaustively describe the iden-
tity of all participants. In (rare) cases where a participant 
receives both androgen and oestrogen GAHT (eg, where 
a transfeminine participant is prescribed testosterone 
in micro dosage to achieve levels typical for cisgender 
women in case of complete suppression of its produc-
tion through anti- androgens or gender- confirming 
surgery), we operationalise the overall direction as that 
which opposes the endogenous puberty the participant 
has undergone, but we also track and test statistically 
for the separate GAHT treatment regimen components 
in detail. Taking a human systems biology approach, we 
seek to link participant demographics, risk factors and 
treatment effects with clinical outcomes and readouts 
and quantitative microbial and molecular data. Our study 
will investigate how different biological factors interact 
and influence the risk, prevalence and progression of 

CVDs. We aim to understand the variations in treatment 
responses to GAHT between individuals with oestrogen- 
dominant and testosterone- dominant sex hormone 
profiles. One of XCVD’s primary goals is to phenotype 
transgender individuals, focusing on cardiac parame-
ters. We will also employ multiomics technologies to gain 
insights into these parameters, taking into account the 
complex profiles of our participants. We plan to analyse a 
variety of sample types. This includes metagenomic anal-
ysis of faecal, skin and saliva samples and metabolomic, 
proteomic, epigenomic assessments of whole, blood, sera 
and plasma. These samples will be collected both before 
the initiation of GAHT and 2 years following the start 
of treatment (optional after 1 year). Finally, we will use 
computational methods to integrate all these data types. 
Our goal is to untangle the web of confounding factors 
and provide clear answers to the questions set forth by 
our study objectives. To distinguish direct from indirect 
influences and test for mediation, we have previously 
developed tools that can conservatively assess this using 
comparative mixed- effects modelling (‘metadeconfoundR’ 
R software package for case- control analyses, ‘longDat’ 
R software package for longitudinal analyses71) that we 
previously developed for multiomics data.72 73 Mediation 
analyses and assessment of direct and indirect effects are 
also performed within the framework of these tools, as 
well as descriptive statistics and data visualisation. Broadly 
speaking, they each implement multiple parallel tests 
for investigating association between a per- subject or 
time- course variable (such as GAHT status in the longitu-
dinal analysis enabled through longDat or type of GAHT 
planned in the cross- sectional status enabled through 
metadeconfoundR) and any of the measured clinical or 
-omics features, allowing untransformed or transformed 
variable representations. Each association achieving statis-
tical significance following multiple testing correction is 
then evaluated through multiple comparative pairwise 
mixed- effects linear modelling together with each tracked 
baseline (metadeconfoundR) or time course (longDat) 
covariate that also achieved such initial marginal signifi-
cance. Any initial association to a main variable of interest 
that fails to statistically improve model fit beyond what a 
model for each covariate affords is filtered out as likely 
either confounded or mediated by that other variable, to 
be determined based on more detailed descriptive anal-
ysis and domain knowledge. Both tools can likewise be 
used to generate covariate- filtered association networks 
and to test for variable interaction effects and differential 
slopes by expansion of proxy variables. For further details, 
please see the original publications of these tools as well as 
their online documentation in CRAN and BioConductor, 
respectively. All overall data processing, filtering, conver-
sion and visualisation are likewise done with R packages 
such as dplyr and ggplot2.

Observational matched cohorts
Data from the XCVD study will be combined with that 
from two other studies to harmonise evaluation methods 
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and results. The results will be combined and vali-
dated after the end of the three studies to increase the 
overall validity. For these observational matched cohorts 
approach, we will integrate data from

 ► The ongoing Hormones and Health Study (HHS, 
title ‘Investigation of the Effects of testosterone and 
estrogen on eating behavior, metabolism, energy 
balance, and cardiovascular system in transsexual 
patients undergoing cross- sex hormone therapy’, 
Leipzig University Hospital, Germany, NCT04838249).

 ► The ongoing observational cohort study in Denmark 
at the Body Identity Clinic (BIC cohort study, title 
‘Masculinizing testosterone treatment and effects on 
preclinical cardiovascular disease, muscle strength 
and power, aggression, physical fitness, and respira-
tory function in transgender men: protocol for a 
10- year, prospective, observational cohort study in 
Denmark at the Body Identity Clinic’, Odense Univer-
sity Hospital, Denmark, NCT04254354).

HHS cohort study
The study was approved by the ethics committee at the 
University of Leipzig and focuses on individuals under-
going GAHT with an ICD F64.1 diagnosis. This prospec-
tive case- control study aims to assess five interconnected 
physiological systems: glucose and lipid metabolism, 
energy homeostasis, eating behaviour and the cardiovas-
cular system. It plans to recruit 80 individuals aged 18 and 
older, analysing results longitudinally, comparing trans 
men, trans women and a cisgender control group not 
receiving GAHT. Participants will undergo a comprehen-
sive evaluation, including medical history, physical exams, 
fasting blood samples, body composition analysis, resting 
energy expenditure measurement and various cardiovas-
cular assessments. Food intake situations and taste tests 
will evaluate dietary preferences. Additional assessments 
will measure thermic perception, taste perception, smell 
and sex hormone deposition in hair and collection of gut 
and oral microbiome samples.

BIC cohort study
There is approval from the Regional Committee on 
Health Research Ethics for Southern Denmark, as well 
as the Danish Data Protection Agency (19/27572). The 
BIC cohort study recruits transgender men (n=200, aged 
18 years and older) to assess preclinical coronary disease 
by estimating non- calcified plaque volume and calcium 
score using coronary CT angiography.74 The study aims 
to investigate the short- term as well as long- term effects 
of masculinising testosterone- based GAHT on preclinical 
and clinical coronary disease, muscle strength and power, 
VO2 max, cardiac and respiratory function, and quality 
of life, including aggression in transgender men. Serum 
levels of testosterone, estradiol, cortisol and circulating 
markers of cardiovascular risk and inflammation will be 
collected. Furthermore, standardised questionnaires 
such as quality of life (SF- 36),75 Inventory of Interper-
sonal Problems, Gender Q (in development in progress), 

General Anxiety Disorder- 764 and Patient Health Ques-
tionnaire- 876 will be collected.

ETHICS AND DISSEMINATION
Recruitment was started on 1 August 2022 ( Clinical-
Trials. gov identifier: NCT05334888). The XCVD study is 
conducted following the ethical principles of the Inter-
national Conference on Harmonization of Good Clin-
ical Practice, the Declaration of Helsinki, applicable 
German laws and regulations of the general data protec-
tion, approved by the Ethical Committee of the Charité 
(EA1/339/21). All study participants must give their 
written consent before participating. The study results 
will be made available to the participants in summarised 
form following consultation for accessibility by our PPI 
affiliates. Results will be published in peer- reviewed jour-
nals and presented at scientific conferences in an anony-
mised form that will rule out the possibility of drawing 
any conclusions on individuals. The publications will 
follow the International Committee of Medical Journal 
Editors recommendations. Here, fully anonymised data 
can be made available after having undergone a peer 
review process and after having been published in public 
repositories to allow for the possibility of reproducing the 
results by scientists who have not been working within 
the framework of this project, following the FAIR- Data 
Principles (Open Data Approach). Specific participant- 
informed study consent supports this. In addition to anal-
ysis for the main purposes of the XCVD study, the data 
will be provided securely through a research platform and 
used for future projects involving the gut microbiome, 
immune system and CVD (additional informed consent 
was received for this by the participants). We collect addi-
tional declarations from the participants to consent to 
possible further contact to inform them about follow- up 
studies that may build on or extend the current research.

DISCUSSION
The XCVD study explores sex- differential host- 
microbiome interplay, seeking to trace the gut 
microbiome- mediated impact of sex hormones on CVD 
risk. Observation of transgender individuals undergoing 
GAHT offers a unique opportunity to test these associa-
tions in the human setting while further advancing knowl-
edge of transgender health.

The administration of exogenous sex hormones, 
although with unverifiable accounts from antiquity, has 
a long history. In modern medicine, it has been used to 
enhance the quality of life for transgender individuals77 
and has largely been shown to be safe and efficacious for 
these purposes.58 Like other marginalised or minority 
populations, transgender persons have been reported 
to be at slightly elevated cardiovascular risk compared 
with the cisgender average, though there is little to no 
evidence that GAHT plays a part in this risk elevation. 
Several studies have investigated persons undergoing 
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GAHT cardiovascular research.58 78 While several studies 
have sought to assess the cardiovascular health risk impact 
of GAHT regimens in both transgender and cisgender 
populations using different approaches, results have been 
inconsistent. Adverse events associated with exogenous sex 
hormones have been reported, but conclusive evidence 
regarding whether the administration of GAHT increases 
subsequent risk of CVEs or death in transgender individ-
uals is lacking.78 Adverse events reported include negative 
impacts on lipid profiles and CVEs such as venous throm-
boembolism, stroke and myocardial infarction.57 78 A recent 
literature review, including meta- analyses and cohort 
studies, suggests that oestrogen administration may elevate 
the risk of CVE in transgender women.79 The evidence 
regarding androgen administration and CVE risk in trans-
gender men is inconclusive.79 Not least, this is because of 
the heterogeneous regimens of GAHT used in these trials, 
as well as because of the relatively short- term follow- up 
times in trials so far assessing cardiovascular mortality 
and morbidity, as any effects on cardiovascular mortality/
morbidity may need long- term observation to manifest.58 78

However, to our knowledge, this is the first study 
performing a comprehensive collection of phenotype, 
health, lifestyle and multi- omics data, including immune 
phenotyping and microbiome quantification, and the 
first defined explicitly for use with the kind of systematic 
large- scale confounding and mediation testing frame-
work we previously have described. This unique investi-
gation enables unprecedented possibilities to investigate 
the effects of sex hormones in humans in vivo while 
keeping many relevant factors, such as genetics, relatively 
constant, so far only possible in specialised animal models. 
It will help contextualise findings from preclinical systems 
in the human complex frame and/or generate further 
hypotheses on mechanistic underpinnings that could be 
explored in preclinical work.

One limitation should be noted, namely the 2- year dura-
tion. In a future follow- up study, we aim to extend duration 
(reflecting power calculations for a longer- term study) up 
to a full decade, thereby enabling in- depth exploration 
of CVD risk profile evolution over an even longer period. 
This long- term investigation aims to explore interactions 
between the ageing process, effects of received treatment, 
individual CVD baseline susceptibility and the dynamics 
of complex within- body adaptive systems such as the gut 
microbiome and immune repertoires.

We aim to assess whether patterns observed in these 
populations can be attributed to the influence of circu-
lating sex hormones, potentially mediated by gut micro-
biome alterations induced by GAHT. We will also evaluate 
whether the strength of these associations varies predict-
ably among individuals. These findings could provide a 
foundation for personalised medicine. In doing so, we 
aim to adapt cardiovascular gender medicine guidelines 
for transgender populations in a non- reductive, respectful 
and evidence- based approach.

Trial status
The article reflects the amended XCVD study protocol 
version V.4 of 7 September 2023. Recruitment started 
on 29 August 2022 and is expected to continue until 
December 2027.
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