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ABSTRACT
Introduction The use of gender- affirming oestrogen therapy 
(GAOT) is an integral part of the gender- affirming transition 
process for transgender women (assigned male at birth who 
identify as women) and gender- diverse individuals. However, its 
use may present significant cardiovascular implications, which 
may be influenced by systemic oestradiol levels. Therefore, 
we aim to establish the association between serum oestradiol 
levels and incidence of adverse cardiovascular events in 
individuals using GAOT.
Methods and analysis We will conduct a systematic review 
addressing the association between serum oestradiol levels 
and risk of adverse cardiovascular events in individuals using 
GAOT. Our primary outcome is the incidence of adverse 
cardiovascular events, our secondary outcome is the incidence 
of cardiovascular- related mortality and our tertiary outcome 
is cardiovascular- related risk factors. Electronic databases 
(Cochrane Central Register of Controlled Trials, Embase, 
MEDLINE and Web of Science) will be searched from inception 
until September 2022. Two investigators will independently 
complete screening to determine appropriateness of inclusion. 
Extracted data will include information on serum sex hormone 
levels (oestradiol and testosterone), participants, GAOT (route 
of administration, formulations, dosages and duration of 
exposure), incidence of cardiovascular outcomes, study quality 
and risk of bias. Inter- reviewer reliability will be calculated at 
both phases. Data will be presented both descriptively and 
meta- analysed using a random effects model, if appropriate. 
Heterogeneity will be explored and meta- regressed if noted.
Ethics and dissemination Ethics approval is not needed. We 
will disseminate findings through international conferences, 
distributions to transgender and gender- diverse support 
organisations, decision- makers and key stakeholders. The final 
systematic review will be published in a peer- reviewed journal.
Trial registration number CRD42021247717.

INTRODUCTION
Transgender individuals (whose gender iden-
tity does not align with sex assigned at birth) 
individuals represent 0.4%–0.6% of the popu-
lation worldwide1 yet bear a disproportionate 

cardiovascular burden including greater 
adverse cardiovascular events,2 3 mortality4 
and associated risks5 as compared with their 
cisgender counterparts. This increased 
cardiovascular risk is most pronounced in 
transgender women and gender- diverse indi-
viduals (TGD)3 and may be partially due 
to the use of gender- affirming oestrogen 
therapy (GAOT), a commonly used hormonal 
regimen as part of the feminisation transition 
process.6–8

GAOT can promote the development of 
desired secondary female sexual character-
istics independently or in conjunction with 
other gender- affirming hormone therapy 
(GAHT; e.g., antiandrogens) aimed to mini-
mise and even abolish undesired secondary 
male sexual characteristics.6 8 Specifically, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This qualitative systematic review will be conducted 
according to the Joanna Briggs Institute methodol-
ogy for systematic reviews of association and will 
follow the Preferred Reporting Items for Systematic 
Review and Meta- Analysis Protocols (PRISMA- P), 
ensuring high quality and rigour.

 ⇒ This review will enhance the understanding of the 
association between serum oestradiol concen-
tration and cardiovascular risk in the transgender 
and gender- diverse population who uses gender- 
affirming oestrogen therapy.

 ⇒ Heterogeneity in hormone therapy modalities (e.g., 
route of administration and dosages) as well as re-
search and person- level factors (e.g., time of mea-
surement, compliance and oestrogen dose titration) 
may limit generalisability.

 ⇒ Our results may be confounded by study- level data 
that contribute to cardiovascular risk, such as socio-
economic position or lifestyle habits (e.g., smoking).
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GAOT can increase serum oestradiol levels in TGD to 
those in the premenopausal cisgender woman range6–8 
through exogenous oral and non- oral formulations of 
bioidentical estrogens (e.g., 17-β oestradiol). However, 
factors associated with the use of GAOT, including the 
dosage, formulation, route of GAOT administration—
which may all influence serum oestradiol levels—can 
pose a significant risk to the cardiovascular system of TGD 
individuals.9

Epidemiological data show that serum oestradiol levels 
are higher in men with coronary artery disease10 and in 
those who experience sudden cardiac arrest,11 suggesting 
that a hyperestrogenic state is associated with a greater 
cardiovascular risk for this population. However, reports 
on the cardiovascular effects of GAOT in TGD individuals 
are limited and conflicting. Studies have shown a detri-
mental association between GAOT use and cardiovas-
cular risk factor,12 13 although effects may differ by route 
of GAOT administration.14 While a lower prevalence 
of cardiovascular disease was observed in transgender 
women compared with age- matched and cisgender- 
matched counterparts,15 other studies have reported 
increased rates of venous thromboembolism (VTE),3 16 
myocardial infarction (MI)17 and cardiovascular- related 
mortality.4 Similarly, GAOT has shown conflicting effects 
on traditional cardiovascular disease risk factors. Previous 
reports have shown positive18 or insignificant19 changes 
in lipid profiles, increased body fat mass,18 and both 
improvements18 and undesirable20 changes in blood pres-
sure. However, the association between serum oestradiol 
levels resulting from GAOT use and cardiovascular risk is 
unknown, highlighting the importance of exploring this 
relationship.

The number of TGD individuals is increasing globally.21 
The high cardiovascular risk in this population may be 
due to the increased serum oestradiol levels resulting 
from GAOT use, with risks potentially differing by route 
of administration. Furthermore, the benefits and risks of 
targeting cisgender women oestradiol levels on cardio-
vascular health outcomes in TGD individuals are poorly 
understood. Furthermore, the paucity of the current 
literature surrounding GAOT use presents challenges 
regarding current methodology, lack of control for 
confounding factor and unclear underlying mechanisms. 
To date, no systematic review (published or in progress) 
has explored this association. Therefore, our study aims 
to characterise the association between serum oestradiol 
levels and risk of adverse cardiovascular events, which has 
the potential to inform the care of TGD individuals who 
use GAOT.

METHODS
Study design
To assess the association between serum oestradiol levels 
and risk of adverse cardiovascular events in TGD indi-
viduals using GAOT, we developed a systematic review 
protocol in accordance with the Preferred Preferred 

Reporting Items for Systematic Review and Meta- Analysis 
Protocols (PRISMA- P) guidelines22 (see online supple-
mental appendix 1: PRISMA- P checklist).23 The final 
study protocol was registered with PROSPERO.24

Patient and public involvement
Valuable feedback from patient partners with lived expe-
rience was received and implemented, specifically with 
respect to designing the research question. Patient part-
ners will be consulted to assist with the narrative of study 
results, and their feedback will be sought to appropriately 
summarise and disseminate findings to relevant patient 
and provider groups.

Review question
What is the association between serum oestradiol levels, 
resulting for GAOT use, and risk of adverse cardiovas-
cular events in TGD individuals?

Inclusion/exclusion criteria
Participants
The population, exposure of interest and outcomes 
(PEO)25 used to determine study eligibility are presented 
in table 1. Included studies for this systematic review will 
report on transgender women, transfeminine, gender- 
diverse and/or non- binary individuals. Studies reporting 
only cisgender individuals, transgender men and/or 
transmasculine individuals will be excluded.

Exposure of interest
This review will consider studies that report serum oestra-
diol levels resulting from GAOT use in transgender 
women, transfeminine, gender- diverse and/or non- 
binary individuals. Any route of administration, formula-
tions, dosages and duration of exposure of GAOT will be 
included.

Outcomes
This review will consider studies that include the following 
outcomes: 1°: incidence of adverse cardiovascular events 
(e.g., MI, stroke, cardiovascular disease and VTE), 2°: 

Table 1 PEO framework for systematic review search

PEO framework

Population Transgender women, transfeminine, gender- 
diverse and/or non- binary individuals

Exposure of 
Interest

Serum oestradiol levels resulting from GAOT 
use

Outcome 1°: incidence of adverse cardiovascular events 
(e.g., MI)

2°: incidence of cardiovascular- related 
mortality

3°: changes in cardiovascular risk factors (e.g., 
blood pressure)

GAOT, gender- affirming oestrogen therapy; MI, myocardial 
infarction ; PEO, population, exposure of interest, outcome.
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incidence of cardiovascular- related mortality and 3°: 
cardiovascular- related risk factors (e.g., blood pressure).

Type of studies
This review will consider experimental and quasiexper-
imental study designs including randomised controlled 
trials and non- randomised controlled trials. Additionally, 
analytical observational studies including retrospective 
and prospective cohort studies, case–control studies and 
cross- sectional studies will be considered. Reviews, edito-
rials, comments, opinions and conference proceedings 
will not be included.

Search methods
The purpose of this search is to identify published 
articles that assess the association between oestradiol 
levels and risk of adverse cardiovascular events in TGD 
individuals who use GAOT. An initial limited search of 
MEDLINE (PubMed) was undertaken to identify articles 
on the topic. Text words and index terms described in 
the articles were used to develop a full search strategy 
for Cochrane Central Register of Controlled Trials 
(CENTRAL), Embase, MEDLINE (Ovid) and Web of 
Science (see online supplemental appendix 2: MEDLINE 
search strategy). The search strategy, including all identi-
fied keywords and index terms, will be adapted for each 
included information source. The MEDLINE search will 
be peer reviewed.26 Reference lists from eligible articles, 
reviews and clinical guidelines will be searched by the 
two reviewers independently to ensure inclusion of all 
appropriate studies. Studies published in all languages 
will be included. Studies published from online databases 
including CENTRAL (1996–April 2022), Embase (1980–
April 2022), MEDLINE (1950–June 2021) and Web of 
Science (1997–April 2022) will be included. Unpublished 
studies will not be included.

Study selection
Following the search, all identified citations will be 
collated and uploaded into Covidence (Cochrane Tech-
nology, Melbourne, Victoria, Australia), and duplicates 
will be removed. A calibration exercise between the two 
reviewers will be completed on the first 100 abstracts 
returned from the search strategies. Independently, two 
reviewers will use the predetermined PEO framework 
and eligibility criteria to deem articles as either eligible, 
ineligible or of uncertain eligibility. After completing 
this exercise, a list of discrepant inclusion/exclusion 
results between the two reviewers will be constructed and 
discussed in depth to create an improved understanding 
of the interpretation of abstracts, the eligibility of articles 
and/or the classification of the study. This exercise may 
mitigate the level of discrepancy among the remaining 
abstracts. After completing this exercise, each reviewer 
will independently screen the remaining abstracts. 
Abstracts that are deemed eligible or have uncertain eligi-
bility, as per the above eligibility criteria, will be selected 
for a full- text review. Each full text will be independently 

reviewed by the same reviewers. Each reviewer’s eligi-
bility assessment of an article at both stages (abstract and 
full- text review) will be recorded and quantification of 
agreement between reviewers will be calculated using the 
kappa statistic. Reasons for exclusion of full- text studies 
will be recorded and reported in the systematic review. 
Any disagreement between reviewers will be resolved by 
consensus. If a consensus is not achieved, a third indepen-
dent reviewer will serve as a final adjudicator. The data will 
be managed through Excel V.16.16.2 (Microsoft Corpora-
tion, Redmond, Washington, USA) and Mendeley V1.19.8 
(Elsevier, Amsterdam, The Netherlands). The results 
of the search and study selection and inclusion process 
will be reported in full in the final systematic review and 
presented in a PRISMA flow diagram.22

Quality appraisal
Eligible studies will be critically appraised by both 
reviewers independently. Non- randomised studies will 
be assessed using the National Institute of Health Study 
Quality Assessment Tools,27 and randomised trials will be 
assessed using the Cochrane risk of bias tool.28 Authors 
of eligible articles will be contacted for missing data or 
clarification, where required. Any disagreement between 
reviewers will be resolved by consensus. If a consensus 
is not achieved, a third independent reviewer will serve 
as a final adjudicator. The results of this assessment will 
be reported in a table with accompanying narrative. All 
studies, regardless of the results of their methodological 
quality, will undergo independent data extraction from 
the two reviewers and synthesised (where possible).

Data extraction
Data from included studies will be extracted by two 
reviewers independently using a pregenerated data 
extraction form within the Covidence platform. Extracted 
data will include specific details about study identifiers 
(authors, location of publication and year of publica-
tion), study design characteristics (sample size, inclusion 
and exclusion criteria, type, dose, route and frequency of 
and duration of time on GAOT administration), serum 
hormone levels (oestradiol and testosterone), partici-
pant characteristics (age, comorbidities, other GAHT 
used and additional medications), cardiovascular- based 
outcome data (incidence of adverse cardiovascular events 
(e.g., MI), incidence of cardiovascular- related mortality 
and cardiovascular risk factors (e.g., blood pressure)). 
Any disagreements between reviewers will be resolved by 
consensus. If consensus is not achieved, a third indepen-
dent reviewer will serve as a final adjudicator.

Data synthesis
Data extracted from eligible studies will be summarised 
using descriptive statistics. Outcome measures, where 
possible, will be meta- analysed using DerSimonian Laird 
random effects model,29 and separate analyses will be 
completed for controlled trials, cohort and observational 
studies. Reported average serum oestradiol levels will be 
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used to stratify and categorise articles into subphysiolog-
ical, physiological and supraphysiological serum oestra-
diol reference ranges using target serum oestradiol levels 
of premenopausal cisgender women as the referent.30 
Measures of association for dichotomous variables will be 
reported as risk ratios, and measures of effect for contin-
uous outcomes will be reported using weighted or stan-
dardised mean differences when common or different 
measurement instruments are used, respectively. If 
three or more studies reporting on the same outcome 
are included in the analysis, measures of heterogeneity 
(Cochrane Q and I2 statistics) will be assessed to deter-
mine whether pooled analyses are appropriate to report. 
If significant heterogeneity is noted, stratified analysis 
will be employed to determine the effect of the following 
variables on the cardiovascular risk estimates: (1) popu-
lation statistics (age, pre- existing comorbidities); (2) 
GAOT- related (route of administration, dose, duration 
and concomitant GAHT use); and (3) sample- size related 
(small- study effects). Planned sensitivity analyses include 
determining if the associations between serum oestradiol 
levels and risk of adverse cardiovascular events differ by 
high and low risk of bias, route of GAOT administra-
tion (ie, oral vs non- oral), with or without a concomitant 
antiandrogen, timing of initiation (ie, <15 years or ≥15 
years of age), age of study participants (i.e., <18 years or 
≥18 years old) and within those <18 years old, a sensitivity 
analysis of with or without concomitant puberty blocker 
use. Where statistical pooling is not possible, the findings 
will be presented in narrative form including tables and 
figures to aid in data presentation, where appropriate. A 
funnel plot will be generated in STATA (V.16.1, StataCorp 
LLC) to visually assess publication bias if there are ≥10 
studies included in the meta- analysis. Statistical tests for 
publication bias will be assessed using Beggs test.

Confidence in the synthesised findings of the review
The Grading of Recommendations Assessment, Develop-
ment and Evaluation approach for grading the certainty 
of evidence will be followed.31 The quality of evidence will 
be classified into four grades: high, moderate, low or very 
low.

ETHICS AND DISSEMINATION
Ethical approval is not required for this protocol nor 
the systematic review. After completion of the systematic 
review, findings will be shared through presentations at 
national and international conferences and will be avail-
able and distributed to organisations, foundations, deci-
sion makers and key stakeholders. The final systematic 
review will be submitted and published in a peer- reviewed 
journal. Plain language summaries will be provided to 
relevant patient and provider groups.
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APPENDIX I: PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: 

recommended items to address in a systematic review protocol*  

Section and topic Item No Checklist item Line # 

ADMINISTRATIVE INFORMATION  

Title:    

 Identification 1a Identify the report as a protocol of a systematic review Page 1: L1-3 

 Update 1b If the protocol is for an update of a previous systematic review, identify as such N/A 

Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number Page 2: L56 

Authors:    

 Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing 

address of corresponding author 

Page 1: L5-21 

 Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review Page 13: L346-351 

Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such 

and list changes; otherwise, state plan for documenting important protocol amendments 

N/A 

Support:    

 Sources 5a Indicate sources of financial or other support for the review Page 13: L354 

 Sponsor 5b Provide name for the review funder and/or sponsor N/A 

 Role of sponsor 

or funder 

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol N/A 

INTRODUCTION  

Rationale 6 Describe the rationale for the review in the context of what is already known Page 3-4: L69-112 

Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, 

interventions, comparators, and outcomes (PICO) 

Page 5: L127-129, 

Table 1 

METHODS  

Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report 

characteristics (such as years considered, language, publication status) to be used as criteria for eligibility 

for the review 

Page 5-6: L130-

155, Table 1 

Information sources 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial 

registers or other grey literature sources) with planned dates of coverage 

Page 6: L158-169 

Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including planned limits, 

such that it could be repeated 

Appendix II 
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Study records:    

 Data 

management 

11a Describe the mechanism(s) that will be used to manage records and data throughout the review Page 6-7:  L173-

174, L189-193  

 Selection process 11b State the process that will be used for selecting studies (such as two independent reviewers) through each 

phase of the review (that is, screening, eligibility and inclusion in meta-analysis) 

Page 6-7: L173-188 

 Data collection 

process 

11c Describe planned method of extracting data from reports (such as piloting forms, done independently, in 

duplicate), any processes for obtaining and confirming data from investigators 

Page 6-7: L173-188 

Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any 

pre-planned data assumptions and simplifications 

Page 8: L208-218 

Outcomes and 

prioritization 

13 List and define all outcomes for which data will be sought, including prioritization of main and additional 

outcomes, with rationale 

Page 2: 40-44, Page 

8: L208-218 

Risk of bias in 

individual studies 

14 Describe anticipated methods for assessing risk of bias of individual studies, including whether this will 

be done at the outcome or study level, or both; state how this information will be used in data synthesis 

Page 7: L195-206 

Data synthesis 15a Describe criteria under which study data will be quantitatively synthesised Page 8-9: L228-241 

15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of 

handling data and methods of combining data from studies, including any planned exploration of 

consistency (such as I2, Kendall’s τ) 

Page 8-9: L228-241 

15c Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) Page 8: L234-239 

15d If quantitative synthesis is not appropriate, describe the type of summary planned Page 9: L239-241 

Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective 

reporting within studies) 

Page 9: L241-243 

Confidence in 

cumulative evidence 

17 Describe how the strength of the body of evidence will be assessed (such as GRADE) Page 9: L245-248 

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for 

important clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) 

is held by the PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0.  
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review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647. 
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Database(s): Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed 
Citations and Daily 1946 to September 29, 2022 
Search Strategy: 

# Searches Results 

1 exp Transgender Persons/ 5775 

2 

(transgender or transfem* or intersex or tran#sex* or transwom?n or trans wom?n or cross-gender or 

inter?sex or male-to-female or MTF or non?binary or gender-affirming or gender change or gender 

nonconforming or gender reassignment or sex reassignment or sex change).kf,tw. 

149663 

3 1 or 2 150299 

4 exp Estrogen Replacement Therapy/ 15511 

5 exp Estrogens/ 167711 

6 exp Estradiol/ 86560 

7 
(estrogen* or oestrogen* or estradiol* or oestradiol* or hormone* or HRT or cross-sex therap* or 

CSHT).kf,tw. 
695749 

8 4 or 5 or 6 or 7 736795 

9 exp Cardiovascular Diseases/ 2651970 

10 exp Blood Pressure/ 305898 

11 exp Hypertension/ 310349 

12 exp Triglycerides/ 82558 

13 exp Lipids/ 1253980 

14 exp Body Mass Index/ 145380 

15 exp Obesity/ 249717 

16 exp Stroke/ 163917 

17 exp Thrombosis/ 140590 

18 exp Diabetes Mellitus/ 488817 

19 

(cardiovascular or cvd or blood pressure or lipid* or cholesterol* or triglyceride* or atherosclerosis or 

carotid or CVA or body mass index or BMI or myocardial infarction or MI or stroke* or arrhythmia* or 

hypertens* or obesity or systolic or diastolic or arterial or heart or vascular or h#emodynamic or 

cardiac or atrial or atrium or ventric* or sinus node* or cardio#electrophys* or endothelia* or thrombo* 

or insulin resistan* or pre#diabet* or diabet*).kf,tw. 

5016778 

20 9 or 10 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 6641848 

21 3 and 8 and 20 2888 
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