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Abstract
Background and Objectives
Sexual and gender minority (SGM) groups have been historically underrepresented in neu-
rologic research, and their brain health disparities are unknown. We aim to evaluate whether
SGM persons are at higher risk of adverse brain health outcomes compared with cisgender
straight (non-SGM) individuals.

Methods
We conducted a cross-sectional study in the All of Us Research Program, a US population-
based study, including all participants with information on gender identity and sexual orien-
tation. We used baseline questionnaires to identify sexual minority (lesbian, gay, bisexual,
diverse sexual orientation; nonstraight sexual orientation) and gender minority (gender diverse
and transgender; gender identity different from sex assigned at birth) participants. The primary
outcome was a composite of stroke, dementia, and late-life depression, assessed using electronic
health record data and self-report. Secondarily, we evaluated each disease separately. Fur-
thermore, we evaluated all subgroups of gender and sexual minorities stratified by sex assigned
at birth. We used multivariable logistic regression (adjusted for age, sex assigned at birth, race/
ethnicity, cardiovascular risk factors, other relevant comorbidities, and neighborhood depri-
vation index) to assess the relationship between SGM groups and the outcomes.

Results
Of 413,457 US adults enrolled between May 31, 2017, and June 30, 2022, we included 393,041
participants with available information on sexual orientation and gender identity (mean age 51
[SD 17] years), of whom 39,632 (10%) belonged to SGM groups. Of them, 38,528 (97%)
belonged to a sexual minority and 4,431 (11%) to a gender minority. Compared with non-
SGM, SGM persons had 15% higher odds of the brain health composite outcome (odds ratio
[OR] 1.15, 95% CI 1.08–1.22). In secondary analyses, these results persisted across sexual and
gender minorities separately (all 95% CIs > 1). Assessing individual diseases, all SGM groups
had higher odds of dementia (SGM vs non-SGM: OR 1.14, 95% CI 1.00–1.29) and late-life
depression (SGM vs non-SGM: OR 1.27, 95% CI 1.17–1.38) and transgender women had
higher odds of stroke (OR 1.68, 95% CI 1.04–2.70).

Discussion
In a large US population study, SGM persons had higher odds of adverse brain health out-
comes. Further research should explore structural causes of inequity to advance inclusive and
diverse neurologic care.
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Introduction
In a world that increasingly recognizes the crucial role of
equitable health care, it remains concerning how little is
known about the health disparities faced by sexual and gender
minority (SGM) groups. Compared with other minoritized
communities, this group has only gained attention in neuro-
logic research in recent years, and structured data on the
health care disparities of SGM persons remain scarce, in-
cluding in the realm of brain health.1,2

Driven by the concerns of an aging population, brain health
has become a critical focus across international and US health
organizations.3-5 The American Academy of Neurology
(AAN) defined brain health as “(…) the optimal neurologic
function that best supports one’s physical, mental, and social
well-being through every stage of life.”3 Key outcomes related
to brain health—such as stroke, dementia, and late-life
depression—are the leading cause of disability-adjusted life
years and second leading cause of death.6 However, the in-
tersection of brain health with the health care disparities
suffered by SGM persons is not well understood. Existing
evidence indicates that SGM persons with stroke may have
different risk factors, stroke mechanisms, and an increased
recurrent stroke risk compared with cisgender straight (non-
SGM) persons.7 Yet, in a survey led by the AAN, only a
minority of neurologists recognized the intersection of SGM
identity with neurologic health.8 This is unsurprising, given
that studies investigating SGM health often suffer small
sample sizes, lack of granular ascertainment of SGM status,
and overemphasis of certain topics such as HIV, hormone use,
substance use disorder, and mental health outcomes.9

To tackle this knowledge gap, we leveraged the recently in-
troduced All of Us Research Program. We hypothesize that
the risk of adverse brain health outcomes differs between
SGM persons, including SGM subgroups, and their non-SGM
peers.

Methods
Study Design, Setting, and Participants
We conducted a cross-sectional study nested within the All of
Us Research Program, a large population-based cohort that
aims to enroll 1 million Americans.10 Data collection was
performed between May 31, 2017, and June 30, 2022, for US
residents aged 18 years or older. On enrollment, baseline health
surveys, biospecimen collection, and physical measurements

were conducted and longitudinal health data were accessed
using electronic health record (EHR) data. All data sources
were harmonized using the standardized Observational Medi-
cal Outcomes Partnership Common Data Model version 5.3.1.
We included participants with available data on sexual orien-
tation and gender identity. Answers that were excluded were
“None,” “Skip,” and “Prefer Not to Answer.” The analytical
sample consisted of 393,041 participants.

Exposures
We categorized participants as SGM persons based on self-
identified sexual orientation and/or gender identity obtained
in baseline questionnaires (Figure 1 for an exhaustive list of
questionnaire responses per category). To examine the dif-
ferent risk profiles of subgroups within the larger SGM um-
brella, we divided SGM in smaller categorizations. The sexual
minority group was defined as anyone who identified as
nonstraight. We further divided the sexual minority group
into lesbian, gay, bisexual, and diverse sexual orientation
subgroups. The gender minority group was defined as anyone
who identified as a gender different from the sex assigned at
birth (non-cisgender). We further divided the gender mi-
nority group into transgender and gender-diverse subgroups
(Figure 1).

For the primary analysis, we compared SGMgroups with non-
SGM groups. Secondary analyses investigated outcomes
within SGM groups separately, comparing sexual minority
persons with straight persons and gender minority persons
with cisgender persons. In the interaction analysis, we then
investigated the subgroups of SGM groups stratified by sex
assigned at birth to compare with straight and cisgender
persons, respectively, of the same sex assigned at birth.

Outcomes
To cover the most prominent diseases from the neurologic,
cognitive, and psychiatric aspects of brain health, the primary
brain health outcome was a composite of stroke, dementia,
and late-life depression, whichever occurred first. This com-
posite outcome was chosen to capture a holistic view of brain
health, acknowledging that these conditions are interrelated
and share common risk factors. Late-life depression, defined
as depressive episode first diagnosed at or after the age of 60,11

often co-occurs with dementia and stroke, sharing modifiable
risk factors with these conditions.12 It is furthermore associ-
ated with cerebral small vessel disease, supporting the hy-
pothesis of a vascular contribution to late-life depression.13

The bidirectional relationship between late-life depression
and dementia, along with the well-described occurrences of

Glossary
AAN = American Academy of Neurology; AFAB = assigned female at birth; AMAB = assigned male at birth; EHR = electronic
health record; ICD-9 = International Classification of Diseases, Ninth Revision; ICD-10 = International Classification of Diseases,
10th Revision; non-SGM = cisgender straight;OR = odds ratio; SGM = sexual and gender minority; SNOMED = Systematized
Nomenclature of Medicine.
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poststroke depression and poststroke dementia, further
complicates distinguishing between these conditions.14 Thus,
including them under the umbrella of brain health reflects
their interconnected nature. By examining these conditions
together, we aim to provide a comprehensive assessment of
brain health disparities in SGM populations. In addition, by
using the outcome that occurs first, we exclude overlaps, en-
suring that each condition is analyzed as an independent
event. The secondary outcomes were each disease evaluated
independently from the others. Outcomes were assessed us-
ing a combination of EHR data and baseline questionnaires.
For EHR data, we used International Classification of Diseases,
Ninth Revision (ICD-9), International Classification of Diseases,
10th Revision (ICD-10), and Systematized Nomenclature of
Medicine (SNOMED) codes to define each outcome
(eTable 1).

Covariates
In our multivariable analysis, we used age at baseline, self-
identified race/ethnicity (Asian, Black or African American,
Hispanic or Latino, Other/Multiethnic, White), prevalent
cardiovascular comorbidities (atrial fibrillation, hyperlipid-
emia, hypertension, type 2 diabetes mellitus), smoking
(never, past smoker, current), substance use disorder, HIV
infection, and neighborhood deprivation index (continu-
ous). All comorbidities were used as binary variables (yes/
no). All variables were assessed at baseline through ques-
tionnaires, and for the comorbidities, ICD-9, ICD-10, and
SNOMED codes were used (eTable 1). The neighborhood
deprivation index is an aggregate variable derived from the
American Community Survey data15 that ascertains income,
vacant housing, economic poverty, high school education,
health insurance coverage, and assisted income by zip code
and is scored continuously between 0 (low) and 1 (high)
levels of deprivation.

Statistical Analysis
We present discrete variables as counts (percentages [%]) and
continuous variables as means (SD) or median (interquartile
range), as appropriate. We pursued exploratory, post hoc,
complete case analyses including study participants without
missing data for the data points of interest for each compar-
ison. To identify potential biases, we included a comparison of
baseline characteristics between the whole cohort and the
complete cases (eTable 2). In our primary analysis, we used
multivariable logistic regressions to assess the relationship
between SGM status and the composite brain health out-
come. We used 3 sequential models of adjustment: model 1
adjusted for age, sex assigned at birth, and race/ethnicity;
model 2 further adjusted for cardiovascular comorbidities that
are less prevalent in the SGM community (baseline Table 1
and eTable 2 for age-matched characteristics) and the
neighborhood deprivation index; and model 3 adjusted for all
covariates from models 1 + 2 and added comorbidities more
prevalent in the SGM community, namely smoking, sub-
stance use disorder, and HIV (Table 1).

In our sensitivity analysis, we assessed whether age was a main
confounder in the relationship between SGM status and adverse
brain health outcomes. We created an age-matched cohort to
control for the confounding effect of age across SGM and non-
SGM groups by exact matching. We evaluated the fractions of
persons with adverse brain health outcomes for both the un-
matched and the matched dataset. Furthermore, we calculated
the risk ratios to compare the likelihood of suffering from brain
health outcomes between SGM and non-SGM groups.

In our secondary analyses, we evaluated each SGM subgroup
and each brain health outcome separately using fully adjusted
model 3. We furthermore conducted an interaction analysis
using product terms and stratified analyses (multivariable

Figure 1 Participant Selection and Categorization Flowchart

This figure illustrates the participant se-
lection process from the total sample
size of the All of Us Research Program to
the respective subcategories of SGM.
The categories gender minority and
sexual minority are not mutually exclu-
sive because participants could be part
of both minority groups. As such, the
numbers will not add up to the total
number of all SGM persons. *Diverse
sexual orientation groups include queer,
polysexual, omnisexual, sapiosexual,
pansexual, asexual, two-spirit, have not
figured out or in the process, mostly
straight but sometimes attracted to
people of your own sex, do not use la-
bels, and something else (free text).
**Gender identities summarized as
gender diverse include genderqueer,
genderfluid, gender variant, two-spirit,
questioning, or unsure. Non-SGM = cis-
gender straight; SGM = sexual and gen-
der minority; SO = sexual orientation.
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logistic regression using model 3) to investigate the influence
of sex assigned at birth on the relationship between SGM
status and adverse brain health outcomes. We chose this ap-
proach to clearly differentiate the effects of sex assigned at
birth from the concept of gender identity. Thereby, we en-
sured that each minority group is compared with nonminority
persons of the same sex assigned at birth. This stratification

allows categorization of sexual minority groups into lesbian
(assigned female at birth [AFAB]), gay (assignedmale at birth
[AMAB]), bisexual (AFAB or AMAB), and diverse sexual
orientation groups (AFAB or AMAB). Furthermore, this
approach separates transgender persons into transgender
women (AMAB), transgender men (AFAB), and gender-
diverse persons (AFAB or AMAB). Intersex persons were
excluded from this stratified analysis because of low numbers
(n = 39). Statistical significance was defined as a 95% CI
excluding 1 for 2-tailed hypothesis testing. Statistical analyses
were performed in R version 4.2.2, and matching was per-
formed using the R package MatchIt version 4.5.5.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the All of Us Institutional Review
Board,16 and all participants or their legal guardians have
provided written informed consent.

Data Availability
This study used data from the All of Us Research Program’s
Controlled Tier Dataset C2022Q4R9 and Registered Tier
Dataset R2022Q4R9, available to authorized users on the
Researcher Workbench through allofus.nih.gov. All data ac-
cess and analyses were conducted within a secure informatic
workspace provided by the NIH.

Results
Of the 413,457 participants included in the All of Us Research
Program, 393,041 (95%) had full information on sexual orien-
tation and gender identity and were included in our analysis. Of
those, 39,632 participants were categorized as SGM (10%).
Within the SGM group, 38,528 participants (97%) were in-
cluded in the sexual minority group and 4,431 participants
(11%) in the gender minority group. Of note, these 2 groups
were not mutually exclusive, given that a participant could
identify in a way that was categorized as part of both SGM
groups. Within the sexual minority group, 5,086 participants
(13.2%) were categorized as lesbian, 9,328 (24.2%) as gay,
15,711 (40.8%) as bisexual, and 8,403 (21.8%) as diverse sexual
orientations (Figure 1 for a list of these). Within the gender
minority group, 2,212 participants (50%) were categorized as
gender diverse and 2,219 (50%) as transgender. Baseline char-
acteristics are listed in Table 1. The mean age at baseline was 52
years (SD 16.9) in the non-SGM group and 42.6 years (SD
16.3) for SGM persons. Across all cardiovascular risk factors,
prevalence was lower in SGM than in non-SGM persons. By
contrast, the prevalence of smoking, substance use disorder, and
HIV infection was higher in SGM than in non-SGM persons.
When evaluating baseline characteristics of complete cases of all
covariates (model 3) only, the distribution of exposures and
covariates did not change considerably (eTable 2).

Primary Analysis
The prevalence of the composite brain health outcome was
5.4% (n = 21,091), including 11,553 cases of late-life

Table 1 Baseline Characteristics

Non-SGM SGM

Total, n 353,409 39,632

Demographics

Age, y, mean (SD) 52.0 (16.9) 42.6 (16.3)

Sex assigned at birtha

Female 218,671 (61.9) 24,125 (60.9)

Intersex 0 (0) 39 (0.1)

Male 134,738 (38.1) 15,364 (38.8)

Race/ethnicity, n (%)

Asian 12,093 (3.4) 1,203 (3.0)

Black or African American 65,597 (18.6) 6,926 (17.5)

Hispanic or Latino 63,674 (18.0) 7,085 (17.9)

Other/multiethnic 16,739 (4.7) 2,573 (6.5)

White 195,306 (55.3) 21,845 (55.1)

Vascular risk factors

Atrial fibrillation, n (%) 11,880 (3.4) 616 (1.6)

Hyperlipidemia, n (%) 81,435 (23.0) 5,554 (14.0)

Hypertension, n (%) 87,354 (24.7) 6,406 (16.2)

Type 2 diabetes mellitus, n (%) 38,293 (10.8) 2,945 (7.4)

Smoking,a n (%)

Never 201,601 (60.4) 20,699 (56.1)

Past smoker 79,462 (23.8) 8,172 (22.2)

Current smoker 52,920 (15.8) 7,994 (21.7)

Relevant medical history

Substance use disorder, n (%) 18,384 (5.2) 2,876 (7.3)

HIV, n (%) 2,329 (0.7) 1,836 (4.6)

Social determinants of health

Deprivation index, mean (SD) 0.3 (0.1) 0.3 (0.1)

Abbreviations: non-SGM = cisgender straight; SGM = sexual and gender
minority.
This table summarizes the baseline characteristics of the cohort stratified by
SGM status. The categories gender minority and sexual minority are not
mutually exclusive because participants could be categorized as part of both
groups. As such, the numbers will not add up to the total number of all SGM
persons.
a The percentages are calculatedwith countingmissing values (n = 69 for sex
assigned at birth, n = 22,193 for smoking) and thus might not add up to
100%.
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depression (45.8%), 6,605 cases of stroke (31.3%), and 2,933
cases of dementia (13.9%). In evaluating the combined brain
health outcome with fully adjustedmodel 3, SGMparticipants
showed a 15% higher likelihood of experiencing an adverse
outcome (odds ratio [OR] 1.15, 95% CI 1.08–1.22). When
comparing results between models 1 and 3, the results for the
composite brain health outcome remained significant in all
models (all analyses with 95% CI >1, Table 2).

Matched Analysis
In our sensitivity analysis, we evaluated the percentage of
participants with prevalent adverse brain health outcomes,
comparing those from SGM and non-SGM groups before
and after matching by age. Before matching, the mean age of
non-SGM persons was 52.0 years (SD 16.9) and 42.6 years
(SD 16.3) for SGM persons. After matching, the mean age
was harmonized to 43.1 years (SD 16.4) and 43.7 years (SD
16.4), respectively. eTable 3 gives a complete overview of the
baseline characteristics of the matched cohort. Even after
matching, the prevalence of all cardiovascular comorbidities
was higher for non-SGM than for SGM persons, except
smoking, which was more common in SGM (21.67% current
smokers) than in non-SGM persons (16.71% current
smokers). After matching by age, the risk of adverse brain
health outcomes changed from 5.55% (95% CI 5.49–5.64)
to 3.75% (95% CI 3.68–3.82) for non-SGM participants and
from 3.55% (95% CI 3.37–3.73) to 4.71% (95% CI
4.46–5.00) for SGM participants. The higher risk of adverse
brain health outcomes in the SGM group after adjusting for
age suggests that age was a major confounder in the re-
lationship between adverse brain health outcomes and SGM
status.

Secondary Analyses
All results from the primary and secondary analyses are
summarized in Figure 2. For all SGM persons, the probability
of encountering dementia was increased by 14% (OR 1.14,
95% CI 1.00–1.29) and for late-life depression by 27% (OR
1.27, 95%CI 1.17–1.38). However, the odds of experiencing a
stroke were not significantly elevated (OR 0.97, 95% CI
0.87–1.07). These results remained unchanged across all 3
models (Table 2).

When investigating sexual minority groups and gender mi-
nority groups independently, we found that sexual minority
people compared with straight people had similar odds to
those observed in all SGM persons. When comparing gender
minority groups with cisgender people, the odds of all out-
comes except stroke were increased even more than for sexual
minority persons (gender minority persons vs cisgender
persons: composite brain health OR 1.48, 95% CI 1.22–1.81;
stroke OR 1.22, 95% CI 0.90–1.66; dementia OR 1.44, 95%
CI 1.00–2.07; late-life depression OR 1.55, 95%CI 1.17–2.04,
Figure 2).

Interaction With Sex at Birth and Stratified
Subgroup Analyses
A significant interaction was observed between SGM status
and sex assigned at birth (AMAB: OR 1.23, 95% CI
1.08–1.39), meaning that participants AMAB from SGM
communities are 23% more likely to suffer adverse brain
health outcomes than SGM persons AFAB.

For the subgroups within the sexual minority group, we found
that lesbian (OR 1.17, 95% CI 1.00–1.36) and gay (OR 1.17,
95% CI 1.04–1.32) persons had increased odds of the com-
posite brain health outcome (Figure 3). The odds of dementia
were increased in lesbian (OR 1.46, 95% CI 1.08–1.96) and
bisexual (OR 1.34, 95% CI 1.04–1.74) persons AFAB. The
odds of late-life depression were increased in gay persons (OR
1.55, 95% CI 1.33–1.81), bisexual persons (OR 1.35, 95% CI
1.05–1.74), and persons of diverse sexual orientation (OR
1.33, 95% CI 1.00–1.75) AMAB.

For the subgroups within the gender minority group, the odds
of the composite brain health outcome were increased for
groups AMAB, including transgender women (OR 1.75, 95%
CI 1.25–2.46) and some gender-diverse participants (OR
1.76, 95% CI 1.06–2.98, Figure 4). The odds of dementia
were increased for gender-diverse persons (AFAB: OR 1.94,
95% CI 1.06–3.56, AMAB: OR 2.57, 95% CI 1.25–5.30). The
odds of late-life depression were increased for transgender
women (AMAB: OR 2.19, 95% CI 1.40–3.44). Finally, the
odds of stroke were only increased for transgender women
(AMAB: OR 1.68, 95% CI 1.04–2.70).

Table 2 Odds of Prevalent Brain Health Outcomes for Sexual and Gender Minority Participants in 3 Different Models

Analysis Outcome
Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Primary Brain health outcome 1.15 (1.09–1.22) 1.24 (1.17–1.32) 1.15 (1.08–1.23)

Secondary Late-life depression 1.26 (1.17–1.36) 1.36 (1.26–1.48) 1.27 (1.17–1.38)

Dementia 1.22 (1.09–1.37) 1.28 (1.14–1.44) 1.14 (1.00–1.29)

Stroke 0.97 (0.88–1.07) 1.03 (0.94–1.14) 0.97 (0.87–1.07)

Abbreviations: non-SGM = cisgender straight; OR = odds ratio; SGM = sexual and gender minority.
This table shows the results of the stepwise-adjustedmodels for SGM comparedwith non-SGM participants and brain health outcomes. Model 1 adjusted for
age and race/ethnicity; model 2 further adjusted for cardiovascular comorbidities and neighborhood deprivation index; and model 3 further adjusted for
smoking, substance use disorder, and HIV.
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Discussion
This cross-sectional study showed that SGM persons are at an
increased risk of adverse brain health outcomes, both when
compared with the non-SGM groups and when investigating
several subgroups. We, therefore, address a crucial lack of
research about brain health disparities in the SGM commu-
nity, which to date have not been sufficiently described. A
recent review of 348 studies on SGM health in neurology has
disclosed the lacking quality of available evidence (58.9% case
reports or series), a limited breadth of neurologic pathology
(70.9% focused on HIV and its neurologic sequelae), and
inclusion of only a portion of the overall SGM community
(72.4% including sexual minority cisgender men).17 A recent
cross-sectional study from population-based data indicates
that sexual minority individuals have distinct cardiovascular
risk profiles compared with straight adults.15,18 The trans-
lation of these findings into concrete implications for brain
health, including stroke risk and vascular contribution to
cognitive decline, requires further investigation. We, there-
fore, elucidated risk profiles within distinct subgroups of the
SGM community for 3 major diseases impairing brain health.

Our findings indicate elevated risks of late-life depression in
all SGM persons and SGM groups separately. Specifically, we
have found that sexual minority persons AMAB and trans-
gender women are particularly vulnerable for late-life de-
pression. It is well documented that SGM populations have
higher rates of anxiety and depression compared with non-

SGM populations.19-21 However, late-life depression, which is
a known surrogate for brain health in the elderly with distinct
neuroanatomical, cognitive, clinical, and genetic profiles,22 has
not been studied in SGM persons yet.

Furthermore, we showed that the risk of dementia is elevated
in all SGM persons, with sexual minority persons AFAB and
gender-diverse persons being particularly vulnerable. In the
existing evidence, some studies suggest a higher susceptibility
of SGM persons to subjective cognitive impairment23 while
the disparities in objective cognitive measures and risk of
dementia remain underexplored.24 First data reveal that
transgender and nonbinary adults might be at increased risk of
developing Alzheimer disease.25 While we could not confirm
these findings for transgender persons, we did find the same
increase in risk of dementia in gender-diverse persons. The
health disparities unique to this group that cause increased
risk of dementia remain to be explored.

Finally, our results show that the risk of stroke is only in-
creased in transgender women. Although existing literature on
stroke risk specific to the transgender community is scarce,
some studies suggest that increased stroke risk in transgender
women might relate to gender-affirming hormone therapy
with estrogens while transgender men receiving testosterone
lack consistent evidence for increased cerebrovascular dis-
ease.26 These findings are consistent with known stroke risk
for oral contraceptives containing estrogens and post-
menopausal hormone therapy with estrogens.27 However,

Figure 2 SGM Groups and Brain Health Outcomes

This figure summarizes the results investigating the relationship between different SGM groups and brain health outcomes. Results are plotted as OR and
95% CI on a logarithmic scale. The reference group for all SGM groups is non-SGM, the reference group for sexual minority groups is straight individuals, and
the reference group for gender minority groups is cisgender individuals. Non-SGM = cisgender straight; OR = odds ratio; SGM = sexual and gender minority.
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studies investigating other potential mechanisms of stroke risk
in transgender women, such as the effect of psychosocial
stress, are currently lacking.

Our study contributes to a better understanding of the crucial
area of SGM health focused on overall brain health. The rea-
sons for the observed disparities could be due to a variety of
contributions from physical (e.g., gender-affirming hormone
therapy26 and violence28), psychosocial (e.g., discrimination,29

stigma,30 stress,31 and depression32), and systemic (e.g., policy
and legal protection33-35 and health care access36-38) factors.
These factors can impair brain health in various ways. For
instance, chronic stress and trauma from discrimination,
stigma, and violence can lead to neuroinflammation and affect
brain health.39,40 Gender-affirming hormone therapy may
have complex effects on brain structure and function,

including influences on cerebral volume and vasculature.41,42

Inadequate health care access and discrimination by health
care practitioners can impair primary prevention and delay or
prevent treatment of brain health conditions, leading to
prolonged burden of associated diseases.43 Systemic factors,
including insufficient policy and legal protections, can exac-
erbate these issues by creating barriers to adequate care and
support.

Furthermore, it is important to recognize the distinct chal-
lenges and risk profiles each group encounters, given the
scarcity of studies providing a more detailed picture of all
SGM groups.17 For example, stigmatization of bisexual people
is often different from that against lesbian or gay people.44

Moreover, evidence suggests that transgender and gender-
diverse persons not only have increased incidence of mental

Figure 3 Sexual Minority Groups Stratified by Sex Assigned at Birth

This figure illustrates the relationship between different sexual minority groups and brain health outcomes stratified by sex assigned at birth. Lesbian
persons are reflected in the group lesbian/gay and of female sex assigned at birth. Gay persons are reflected in the group lesbian/gay and of male sex
assigned at birth. Results are plotted as OR and 95% CI on a logarithmic scale. The reference group for all comparisons is straight individuals (non–sexual
minority). OR = odds ratio.
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health conditions, but their challenges are more likely not
recognized and addressed appropriately by their health care
providers.45 This unmet need can lead to chronic manifesta-
tions of psychological distress and psychiatric diseases, which
are substantial risk factors of dementia. Despite common
obstacles, some studies suggest that gender-diverse persons
report worse health outcomes than binary transgender per-
sons, potentially evoked by a phobic culture toward crossing
gender binary norms.46

Notably, our study found a reduced prevalence of cardiovas-
cular comorbidities among SGM individuals, even after
adjusting for age, despite an increased prevalence of smoking
and substance use disorder. While smoking and substance use
may serve as coping mechanisms for managing everyday mi-
nority stress, the observed lower cardiovascular risk profile
concerning comorbidities in SGM individuals warrants fur-
ther investigation. This paradox might be influenced by un-
measured confounders such as socioeconomic status or
physical activity levels. The investigation of underlying pro-
tective factors can shape interventions in communities with

higher cardiovascular risk. By understanding the brain health
disparities suffered by members of the SGM community and
its smaller subgroups, even independently from known risk
factors, we highlight a crucial need for further research about
the causal mechanisms behind our observations.

Our study sets an example for the enormous potential of the
All of Us Research Program, one of the most ambitious and
expansive research endeavors in US history that lists diversity
as one of its core values.47 By combining multidimensional
data sources, this program unveils unprecedented insights
into SGM and other health disparities.48 All of Us has a unique
data structure encompassing large-scale information on eth-
nic49 and nonethnic minority groups50 and social determi-
nants of health. Moreover, it incorporates an extensive array
of EHR data, physical measurements, biospecimen collection,
digital health technology, and genotyping.10 Therefore, All of
Us will offer new avenues for minority research using these
multimodal large-scale data to deepen our understanding of
health disparities. Our study addresses the current scarcity of
publications using All of Us data for SGM research,51,52

Figure 4 Gender Minority Groups Stratified by Sex Assigned at Birth

This figure illustrates the relationship between different gender minority groups and brain health outcomes stratified by sex assigned at birth. Results are
plotted as OR and 95% CI on a logarithmic scale. Transgender women are transgender persons AMAB identifying as woman, and transgender men are
transgender persons AFAB identifying as man. The reference group for all comparisons is cisgender individuals (non–gender minority). AFAB = assigned
female at birth; AMAB = assigned male at birth; OR = odds ratio.
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thereby contributing a pivotal perspective to the relatively
underexplored area of brain health.

While providing valuable insights into the brain health status
of SGM persons, our study has limitations. First, although we
included neighborhood deprivation and race/ethnicity as
covariates in our models, our analysis was focused specifically
on SGM groups without exploring the specific interactions
with these and other social determinants of health.38 The
SGM community encompasses people who experience mar-
ginalization due to other experiences (i.e., intersectionality),
which we did not fully encapsulate here. Another limitation is
the potential presence of unmeasured confounders. Our
purely descriptive analysis does not unravel the complex web
of causes and mechanisms underpinning the inequities faced
by SGM persons, suggesting caution in interpreting these
findings. For example, we did not assess gender-affirming
hormone therapy in transgender persons, which would have
been informative in investigating causes of the increased
stroke risks in transgender women. Furthermore, the strati-
fication of lesbian people under AFAB and gay people under
AMAB differs from most community definitions that use
gender rather than sex assigned at birth. Although methodo-
logically necessary for this investigation and unlikely to affect
the overall results, this approach can lead to misclassification
of gender minority groups, particularly transgender individ-
uals, and should be acknowledged. Of note, because of low
numbers of participants assigned intersex at birth, we could
not explore the risks specific to this group in our stratified
analysis. Moreover, the All of Us Research Program, from
which our data are sourced, purposefully oversamples
minoritized groups. While this enhances the representation of
SGM persons, it might introduce a sampling bias, potentially
skewing the health status of participants relative to the general
US population. Despite these limitations, the study leverages
data from the All of Us Research Program, the largest cohort
of its kind, specifically designed to address disparities in
medical research.

In our cross-sectional study, SGMpersons had an increased risk
of adverse brain health outcomes. Our findings underscore the
need for further research focusing on the health care disparities
affecting the SGMcommunity. Future research should not only
explore further neurologic outcomes but also investigate pos-
sible causal factors of disparities. Generating this knowledge
will be crucial before implementing interventions and policies
to address these issues. Our results highlight the importance of
continued investigation into these disparities to ultimately in-
form future policy decisions toward more inclusive and equi-
table neurologic health care.
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