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Differences in cardiovascular risk
factors associated with sex and
gender identity, but not gender
expression, in young, healthy
cisgender adults
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William Bostad®, Joshua M. Cherubini’, Martin J. Gibala’,
Ada Tang® and Maureen J. MacDonald™

*Vascular Dynamics Lab, Department of Kinesiology, McMaster University, Hamilton, ON, Canada,
2School of Rehabilitation Science, McMaster University, Hamilton, ON, Canada, *Human Performance
Lab, Department of Kinesiology, McMaster University, Hamilton, ON, Canada

Background: Sex differences exist in cardiovascular disease risk factors including
elevated blood pressure and arterial stiffness, and decreased endothelial
function in males compared to females. Feminine gender expression may be
associated with elevated risk of acute coronary syndrome. However, no study
has investigated the associations between sex, gender identity, and gender
expression and cardiovascular disease risk factors in young adults.

Methods: One hundred and thirty participants (22 + 3 years) underwent
assessments of hemodynamics, arterial stiffness [pulse wave velocity (PWV)],
and brachial artery endothelial function (flow-mediated dilation; %FMD).
Participants completed a questionnaire capturing sex category (50 male/80
female), gender identity category (49 men/79 women/2 non-binary), and
aspects of gender expression assessed by the Bem Sex Role Inventory-30 (39
androgynous/33 feminine/29 masculine/29 undifferentiated). Sex/gender
identity category groups were compared using unpaired t-tests and gender
expression groups compared using one-way ANOVAs.

Results: Resting systolic and mean arterial pressure (p < 0.01) were elevated in
males vs. females. Central PWV was elevated in males [median (interquartile
range): 6.4 (1.8) vs. 5.8 (2.2) m/s, p = 0.02]; however, leg and arm PWV were
not different between sexes. %FMD was elevated in males vs. females, after
accounting for a larger baseline artery diameter in males (8.8 + 3.3% vs. 7.2 +
3.1%, p=0.02); since the majority of participants were cisgender, the same
results were found examining gender identity (men vs. women). There were
no differences across gender expression groups (p > 0.05).

Conclusions: Sex/gender identity category, but not gender expression, influence
cardiovascular risk factors (blood pressure, arterial stiffness, endothelial function)
in cisgender adults; further research is needed in gender-diverse populations.

KEYWORDS

sex differences, sex and gender-based analysis, flow-mediated dilation, pulse wave
velocity, cardiovascular disease risk, arterial stiffness, endothelial function, blood pressure
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Introduction

Cardiovascular disease (CVD) is the leading cause of
death worldwide (1-3). There are known sex differences in its
pathophysiology and associated traditional and novel risk
factors (4-6). For example, CVD progression and mortality
are accelerated in males compared to females, and the first
myocardial infarction occurs on average approximately 9 years
earlier in males (7). Approximately 80% of this age-related
difference is attributed to a deleterious cardiovascular risk profile
in males earlier in life owing to factors such as smoking,
hypertension, and diabetes (7). However, women tend to have a
higher burden of disease and disability after the fifth decade of
life; this burden is partly associated with the menopause
transition (4, 6) and loss of the cardioprotective effects of the sex
hormone estrogen (8, 9). This burden may also be attributed to
social effects of aging, namely, increased stress associated with
role strain with work and home (e.g., caregiving) responsibilities
and stressful life events manifesting in mid-life (10).

Early risk factors for cardiovascular disease can predict future
CVD risk (11) and follow similar age- and sex-related patterns of
decline (9, 12, 13). Two important variables are endothelial
function, measured by brachial artery flow-mediated dilation
(FMD), and arterial stiffness, measured by pulse wave velocity
(PWYV). For example, a recent large multi-site trial identifying age
and sex differences in brachial artery FMD found that while
females have a higher relative FMD early in life compared to
males, females experience a more rapid decline in FMD across the
aging lifespan (12). This may be attributed to changes in hormone
levels across the menopause transition, namely, the influence of
17B-estradiol (12). This study also found that males have a larger
brachial artery diameter, regardless of age, which has been
suggested to mask the capacity for the artery to dilate, thereby
exacerbating the rapid decline observed in females (12). In
contrast, research from our lab in young, healthy participants (age:
22 £3 years) identified sex differences in brachial artery FMD,
such that FMD was elevated in males as compared to females
when the influence of larger artery diameter in males was
accounted for using allometric scaling (14). Accounting for sex
differences in resting brachial artery diameter may contribute to
the discrepant study results. However, other factors, such as
differences in resting blood pressure (BP) or cardiorespiratory
fitness, may also influence purposed sex differences in FMD (15, 16).

Arterial stiffness appears to be higher in males compared to
females early in life, until middle age when arterial stiffness
equalizes across sex. The effect is potentially associated with the
menopause transition and the role of 17B-estradiol (17) and/or
18), where
stiffness rapidly increases in females (19). Our laboratory has

differences in anatomical growth patterns (17,

found that local stiffness measured as carotid artery compliance
was elevated in young males compared to females (20). While
this study did not observe sex differences in central and
peripheral arterial stiffness, measured via PWV (20), other
studies have observed elevated central and peripheral arterial
stiffness levels in males compared to females (21, 22). However,
prior research examining the impact of sex on arterial stiffness
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and endothelial function did not consider other factors that
These
cardiorespiratory fitness, resting hemodynamics such as systolic

may be underlying these sex differences. include
blood pressure (SBP), and other intersections of identity, such as
gender identity and expression.

We recently found that less than 1% of cardiovascular exercise
physiology research has considered gender as a factor or variable
that may differentially impact responses and that published
studies only examined gender identity and not other constructs
such as gender expression or roles (23). In contrast to sex
categories, which mainly examines sex assigned at birth (i.e.,
male, female, intersex) and sex-related factors such as anatomy,
chromosomes, and sex hormones, gender considers the socially
constructed identity, expression, roles, and institutional structures
and policies (24, 25) that act independently and/or synergistically
to influence health (26, 27). Gender identity categories are
commonly used in biomedical and clinical research, characterizing
men, women, and gender-diverse individuals, including non-binary
individuals (25, 26). Gender expression refers to how an individual
portrays gendered personality traits, expressed on fluid continuums
of masculine and feminine gender traits (28). Importantly, an
individual’s gender expression may not be in alignment with the
stereotypically normative expression of their gender identity; for
example, an individual identifying as a woman may not express
high levels of feminine gender expression. As such, gender identity
category and expression are examined as independent gender-
related variables.

Gender expression, along with gender roles, may contribute to
stress-related impacts on the cardiovascular system, such as the
stress associated with caregiving, psychosocial stressors, and role
strain/balance between work and home life (29-32); however,
there are few studies that have examined gender identity category
and expression on cardiovascular risk factors. For example, one
study found that anger expression and control were associated
with impaired cardiovascular health indices (i.e., blood pressure,
blood lipids) in men, but not in women (33). Another study
found that feminine gender roles and expression may play a role
in the recurrence of acute coronary syndrome in young
individuals, suggesting that examining gender expression and
roles alongside sex and gender identity is of clinical importance
(34). Further emphasizing the lack of research on gender and
cardiovascular outcomes, a recent review by our group focused
on the intersections of aging and sex/gender influences on
cardiovascular indices also noted the lack of research examining
gender (35). Similarly, a recent narrative review by Seeland et al.
and the VascAgeNet Gender Expert Group points to the
importance of examining both sex- and gender-related factors in
vascular research and aging (36). We are not aware of any study
to date that has examined the influence of gender identity and
expression on early risk factors for CVD, including endothelial
function or arterial stiffness, in young adults.

As the first study to investigate the associations between sex
and gender and early risk indicators for cardiovascular disease
in a young adult population, and aligned with recent calls for
sex- and gender-based analysis in research (4, 24, 25, 37, 38), the
following objectives and hypotheses were developed for this study:
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1. Primary objective: To determine the association of sex category,

gender identity category, and gender expression with

endothelial function (measured using brachial artery FMD)

and arterial stiffness (measured using PWV) in young,
healthy adults.

a. We hypothesized that males and men would have
elevated FMD when baseline arterial diameter is
considered, and this sex and gender difference may
be attributed to higher cardiorespiratory fitness levels
in males and men, compared to females and

women, respectively.

b. Similarly, we hypothesized that PWV would be higher in
males and men compared to females and women,
respectively (39).

c. We also hypothesized that there would be a blunted
cardiovascular profile (ie., lower FMD and higher
PWV) in individuals classified as feminine, aligned
with prior clinical research on acute coronary

syndrome in middle-aged adults (34).

2. Secondary objective: To investigate the relationships between

feminine and masculine gender

expression scores,

cardiorespiratory fitness, central PWV, and FMD.

a. We hypothesized that cardiorespiratory fitness would be
associated with increased FMD and decreased central
PWV (15, 16).

b. We also hypothesized that higher feminine scores would
be associated with decreased FMD and
central PWV.

elevated

Materials and methods
Participant recruitment and ethics

One hundred and thirty male and female participants between
the ages of 18 and 45 years were recruited from the McMaster
University and Hamilton communities through posters, online
advertisements, and word of mouth. Participants were recruited
from July 2021 to February 2023. A sample size calculation
estimated that 50 participants (25 males, 25 females) would
be needed to find sex differences in scaled %FMD, based on
previous work in our lab (14) (%FMD: male: 9.0 +2.6%, female:
6.5+2.1%, a <0.05, power: 95%; independent ¢-test in G*Power).
However, given that no study had previously examined gender
expression in a young, healthy cohort to base power calculations
on, and given that a 1% change in %FMD is clinically relevant
(11) and the robust change in clinical risk observed previously
(34), we considered a 2% scaled FMD difference between
gender expression groups (masculine, feminine, androgynous,
undifferentiated; A2% change between feminine and masculine
groups) to be meaningful. We determined that 120 participants
were required to detect a significant difference assuming an SD
of 2%, an alpha level of 0.05, and a power of 90% based on a
one-way analysis of variance (ANOVA) in G*Power. This study
was approved by the Hamilton Integrated Research Ethics Board
(#14884) and conforms to the standards set by the Declaration of
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Helsinki, apart from registration of this study in a database.
Participants completed a medical screening form to determine
eligibility and provided written informed consent before
participating in the study.

Participants were included if they were between the ages of 18
and 45 years, self-reported as healthy, non-smoking, and were
located near Hamilton, Ontario, Canada. Participants were
excluded if they reported cardiovascular or metabolic diseases,
were pregnant or within the last year, were taking vasoactive
medication (e.g., beta-blockers, ACE inhibitors, diuretics), or
were smokers. Participants who had previously participated in a
study in our laboratory within the last year and agreed to be
contacted for future studies were recruited (n=149), of which
130 agreed to participate. Potential participants who had been
recruited using existing trials were re-consented to have their
data this Most
participants (n=114) were recruited prospectively through five
that had embedded the
questionnaire into their study design and wused lab-wide
A small

number of participants (n=16) were recruited retrospectively

included for specific research question.

existing  studies demographic

standardized methods for the relevant outcomes.

after completion of a study and asked to complete the
questionnaire through a virtual medium (Zoom, San Jose,
CA, USA).

Study protocol

All study visits took place in the Vascular Dynamics Laboratory
at McMaster University in a temperature- (23.3°C) and humidity-
controlled (15%), quiet room. Prior to commencing the study,
participants attended a familiarization visit to become familiar
with the lab environment, assess eligibility, and complete consent
forms and medical screening forms. Following recruitment,
anthropometric information, including age, height, and weight to
assess body mass index (kg/mz), was collected during the
familiarization visit. Participants were also familiarized to the
FMD test as described below.

Following the familiarization visit, participants took part in a
vascular assessment session and a cardiorespiratory fitness
exercise test. The cardiorespiratory fitness test was completed in
close temporal proximity to the vascular assessment session,
either in the week prior to the vascular assessment visit during
the familiarization session (n=64), immediately after on the
same day (n=46), or within 3 days following the vascular
assessment visit (n=20). Prior to the vascular assessment
session, participants completed at least a 6 h overnight fast, 12 h
without alcohol or caffeine, 24 h without moderate to vigorous
physical activity, and 12h without the use of prescription or
non-prescription medications (i.e., anti-inflammatory and pain
medications). Participants were tested during the morning hours
to control for diurnal variation in endothelial function (40).

Demographic questionnaire

Participants were asked to complete a demographic questionnaire
asking for information about their sex category (i.e., sex assigned at
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birth), gender identity category and gender expression, ethnicity, and
race. Ethnicity and race were collected using questionnaires developed
by the Governments of Canada (Canadian Census) (41) and Ontario
(Ontario data standards for collection of race) (42), respectively. A
two-step sex and gender question asked about sex at birth (options:
female, male, intersex, prefer not to answer) and then about gender
identity (woman, man, gender diverse/gender fluid, two-spirit, non-
binary, prefer to self-describe, prefer not to answer), as a widely
used question in clinical research settings (43, 44). Cisgender
individuals were defined as those participants for whom their sex
category corresponded with their gender identity category (ie.,
female sex at birth, woman gender identity), while transgender
individuals were defined as those participants for whom their sex
category was different than their gender identity (i.e., female sex at
birth, man gender identity). While these terms have been used to
operationalize sex and gender identity categories in this study, we
recognize that sex/gender contexts are evolving, and new language
and research tools may better describe sex/gender categories in
future. Finally, gender expression was assessed using the Bem Sex
Role Inventory 30-item questionnaire (BSRI-30) that has been used
previously in a university population, with high scores of internal
consistency (or=0.78-0.86) and moderate-to-high scores of test-re-
test reliability across short (e.g., 4 weeks: r=0.76-0.94) or long-term
periods (e.g., 4 years: 0.56-0.+68) (28, 45-48). This version of the
BSRI asks participants to identify with 30 traits from the BSRI
according to a 7-point Likert-type scale from “1—Never or almost
never true” to “7—Almost Always true” (Supplementary Table S1).
Each trait was previously categorized as “masculine,” “feminine,” or
“neutral,” with 10 traits in each category. A mean score for
masculine (BSRI-masculine) and feminine (BSRI-feminine) was
calculated based on the average of the 10 traits in each category.
The median BSRI-masculine (4.40) and BSRI-feminine (5.20) scores
were determined from the overall study population (n=130), and
each participant was categorized according to the following criteria:

Feminine: High BSRI-Feminine (>5.20), Low BSRI-Masculine
(<4.40);

Masculine: High BSRI-Masculine (>4.40), Low BSRI-Feminine
(<5.20);

Androgynous: High BSRI-Masculine (>4.40) and BSRI-Feminine
(>5.20); and

Undifferentiated: Low BSRI-Masculine (<4.40) and BSRI-Feminine
(<5.20).

Use of internal population-defined medians was chosen over
the use of a 4.0 split or using Bem’s original reported medians to
reflect the gender expression unique to this population, such as
generational or geographical differences in gender expression,
supported by previous work (49, 50). The questionnaire was
completed correctly in 92% of cases, with only 11 participants
requiring follow-up if the questionnaire was incomplete (i.e., not
responding to 1 trait question/30 traits on the BSRI-30).

Resting hemodynamics (heart rate, blood
pressure)

Resting heart rate (HR) and BP [including SBP, diastolic blood
pressure (DBP), and mean arterial pressure (MAP)] were assessed
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using the average of the last two of three measurements collected
via an automated BP assessment device (GE Dinamap ProSeries,
Batesville, IN, USA). If the second and third systolic BP
measurements collected were not within 5mmHg of one
another, a fourth measurement was collected with the last
two averaged.

Arterial stiffness (pulse wave velocity)

PWYV (m/s) is a measure of regional arterial stiffness, where
higher values of PWYV are indicative of increased arterial
stiffening. PWV uses applanation tonometry to detect the
pressure waveform from the skin surface of an artery using
(SPT-301, Millar
Instruments), as previously reported by our lab (20). These

micromanometer-tipped  pressure probes
pressure waveforms are then band-pass filtered between 5 and
30 Hz to determine the foot of each pulse for the calculation of
the pulse transit time using LabChart (AD Instruments,
Colorado Springs, CO, USA). Distance between the measured
locations was assessed as the average of two measurements
using a measuring tape over the surface of the body. Tonometers
were placed on the carotid and femoral arterial sites for the
determination of central PWV, and calculated using the following
formula: central PWYV = (0.8 x carotid — femoral distance)/carotid
—femoral pulse transit time (51). Peripheral leg PWV was
calculated using waveforms at the femoral and dorsalis pedis
arteries according to the following formula: leg PWV = (femoral —
dorsalis pedis distance)/femoral — dorsalis pedis transit time (52,
53). Similarly, peripheral arm PWYV was calculated using
waveforms at the carotid and radial arteries according to the
following formula: arm PWYV =[radial — suprasternal notch
distance — (carotid — suprasternal notch distance)]/carotid — radial
pulse transit time (52, 53). Central PWV was collected in all
participants (n=130), but leg PWV was collected in 128
participants and arm PWV in only 82 participants, due to
different collection protocols for the studies included in this
project. Measurements were reported as the mean of two sets of
10 continuous heart cycles. If the PWV measurements between
the two sets were not within 0.5 m/s of one another, a third set of
10 heart cycles was collected and averaged. Given the dependent
of PWV on arterial blood pressure (54), measures of blood
pressure were included as a covariate in statistical analysis of
PWYV outcomes.

Endothelial function and blood velocity

Participants completed a brachial artery reactive hyperemia
FMD test to assess macrovascular endothelial function, where
higher values of FMD are indicative of improved endothelial
function. Tests were conducted in the left arm of 82 participants
and in the right arm of 48 participants, based on the initial study
in which participants were recruited from. Using a Doppler
ultrasound machine (Vivid Q, GE Medical Systems, Horten,
Norway) attached to a 12 MHz linear array probe in duplex
mode with an insonation angle of 68° (55), brachial artery
diameter and blood velocity was collected before cuff inflation
(baseline) for 30s. In line with current guidelines (56), a
pneumatic blood pressure cuff was placed around the forearm
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and was rapidly inflated to suprasystolic pressure (~200 mmHg)
for 5min to occlude blood flow to the distal artery. Arterial
diameters and blood velocity were measured again using the
same Doppler ultrasound machine following 4 min of cuff
inflation (occlusion: 30s) and in the 3 min immediately
following cuff deflation. During the test, heart rate was collected
using single-lead electrocardiogram into the Doppler ultrasound.
Images were stored in a Digital Imaging and Communications in
Medicine (DICOM) format, and end-diastolic frames were
extracted and compiled (Sante DICOM Editor, v. 3.1.20,
Santesoft, Athens, Greece, or an internally created extraction
program called Pancakes). DICOM files were then analyzed using
a semi-automated edge tracking software [Artery Measurement
System (AMS) II, version 1.141, Gothenburg, Sweden] (57).
Baseline diameter was determined as an average of the arterial
diameters during rest in the 30s prior to inflation, and peak
diameter was determined as the largest five-heart cycle average of
diameters in the 3 min following deflation. FMD was reported
as both an absolute change (AbsFMD) and percentage change
(%FMD) in diameter: FMD = peak diameter — baseline diameter;
%FMD = [(peak diameter — baseline diameter)/baseline
diameter] x 100%. Mean blood velocity (MBV) measures taken at
the same time as ultrasound assessments, extracted as AVI files,
and were analyzed using a pixel-based tracking software
(Measurements from Arterial Ultrasound Imaging; Hedgehog
Medical, Waterloo, ON, Canada). MBV was similarly averaged
into five-heart cycle average time bins and used to calculate shear
rate (SR=8x MBV/arterial diameter), as described previously
(58). The time to peak diameter and SR areas under the curve to
the time of peak diameter are reported.

Cardiorespiratory fitness test (VO,peak)

Participants completed an incremental exercise test to
exhaustion seated upright on a stationary cycle ergometer (Lode
Excalibur Sport V 2.0, Groningen, Netherlands, or Kettler Ergo
Race, Kettler, Virginia Beach, VA, USA) to determine the
VO,peak, in accordance with current guidelines (59). A
metabolic cart with an online gas collection system (Quark CPET
metabolic cart, COSMED, Italy) was used to determine oxygen
consumption and carbon dioxide production. HR was monitored
continuously with an HR monitor (Polar A3, Lake Success, NY,
USA). The VO,peak test began with a 3-min warm-up at 50 W
(or lower if the participant indicated this intensity was too
intense for a warm-up), after which the power was increased by
5 W every 10 s until volitional exhaustion or the point at which
pedal cadence fell below 60 rpm, as described previously (60).
After reaching this point, participants continued to cycle to cool
down for 2min at 50 W or less. VO,peak (ml/kg/min) was
defined as the highest oxygen consumption achieved over a 30 s
period. The VO,peak test was considered successful if at least of
two of the following four criteria were met: (1) perceived
exertion was >17 on a Borg scale of 6-20; (2) HR was within 10
beats per minute of age-predicted maximal HR (208-0.7 x age);
(3) their respiratory exchange ratio was >1.1; and (4) a plateau in
VO, was reached. If VO,peak was not achieved, the participant
returned another day to perform the test again.
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Statistical analysis

All statistical analyses were performed using SPSS (version 22,
IBM, Chicago, IL, USA) and R Statistical Software (v.4.1.0, R Core
Team, 2023, Vienna, Austria) for allometric scaling analysis. All
data were reported using descriptive statistics, including means and
standard deviations for normally distributed continuous variables,
(IQRs) for non-normally
distributed continuous variables, and frequencies (percentages) for

medians and interquartile ranges

categorical variables (ie., race, ethnicity, sex category, gender
identity category, gender expression). Statistical significance was set
as p <0.05.

Primary objective (association of sex, gender
identity, and gender expression with FMD
and PWV)

Data were first inspected for normality using the Shapiro-Wilk
test, histograms, and quantile-quantile (Q-Q) plots. If normally
distributed, data were first compared between sexes using an
independent t-test with equal variances assumed if Levene’s test
(p>0.05).
Independent t-tests that failed to meet the assumption for

for equality of variances was not significant
homogeneity of variances (p<0.05) used an independent t-test
with unequal variances assumed. If not normally distributed,
Wilcoxon Rank Sum tests were conducted. Similarly, independent
means for outcome data were compared between gender identities
using an independent t-test to compare men and women, with
outcomes from non-binary participants detailed but not included
in the analysis due to the small sample size (n =2), using the same
statistical analysis methods outlined for comparisons between
sexes. Some data (age, height, weight, BMI) for non-binary
participants are included in ranges to remove indirect participant
identifiers. The effect sizes for independent samples t-tests were
quantified using a Cohen’s d calculation, where a small effect is d
=0.2, medium effect is d=0.5, and large effect is d>0.8 (61). For
non-parametric Wilcoxon Rank sum tests, an r statistic was
computed (r = Z-statistic/ \/ n) (62).

Then, all data were compared across gender expression
categories (i.e., feminine, masculine, androgynous, undifferentiated)
using a one-way ANOVA and Bonferroni-corrected post-hoc tests
for multiple comparisons, if applicable. We inspected for
homogeneity, as well as the distribution of standardized residuals.
Data with high residuals were examined for potential removal. If
assumptions were not met, a Kruskal-Wallis test was conducted. If
differences between the four gender expressions groups were
observed, a two-sample Wilcoxon Rank sum tests with Dunn-
Bonferroni post-hoc pairwise correction tests were subsequently
applied. Effect sizes were quantified using an eta-squared statistic
for a one-way ANOVA, and similar eta-squared statistic based on
the Kruskal-Wallis H-statistic, using the following equation:

n = [H — k groups(4) + 1]/(n — k)

A one-way analysis of covariance with Bonferroni post-hoc
pairwise correction tests, if applicable, was used to examine the
potential influences of a priori covariates on the main effects of
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sex, gender identity or gender expression: blood pressure (MAP)
for central PWV, leg PWV, and arm PWYV; cardiorespiratory
fitness for central PWV, leg PWV, arm PWV, and %FMD; and
shear rate area under the curve to peak dilation (SRAUC) for %
FMD. Allometric scaling of the FMD results was performed, as
supported by recent guidelines (56), if criteria were met (63, 64).
Using Rtery (Github) (65), the difference between the natural
logarithm of baseline artery diameter and national logarithm of
peak artery diameter was entered as a dependent variable into a
that
independent variable and the logarithm of baseline diameter as a

linear mixed-effects model included group as an
covariate. The back-transformed estimated marginal means and

standard deviations are reported for %FMDgyjeq.

Secondary objective (relationship between
feminine and masculine gender expression
scores with cardiorespiratory fitness, central PWV,
and FMD)

Analysis of the relationship between %FMD and Central PWV
(m/s) and BSRI-Feminine score, BSRI-Masculine score, and
cardiorespiratory fitness (VO,peak, ml/kg/min) were analyzed
using a Pearson correlation. Furthermore, an analysis of the

10.3389/fcvm.2024.1374765.

conducted using a Pearson correlation. To assess or internal
consistency of the BSRI within this population, Cronbach’s alpha
calculation was performed to examine the relationship between
the 10 questions within each BSRI subcategory (masculine,
feminine, neutral), with a score of 1 indicating perfect correlation
and 0 indicating no correlation between items; in general, a score
between 0.7 and 0.95 was indicative of acceptable scores for
internal consistency (66-68).

Results
Participant characteristics

Of the 130 participants recruited, 50 identified as male (38%)
while 80 identified as female (62%). Gender identity groups
included 49 men (38%), 79 women (61%), and 2 non-binary
participants (2%). The proportion of participants categorized into
gender expression groups is outlined in Figure 1. Ethnicity and
race of the participants are detailed in full in Supplementary
Table S2. Briefly, the ethnicity of the participants included in this
study is as follows: African Origins (n=>5; 4%), Asian Origins
(n=54; 42%), European Origins (n=38; 29%), Mixed Origins

relationship between baseline diameter and %FMD was (n=30; 23%), and North American Origins (n = 3; 2%). The race
Masculine 7 Androgynous
High Masculine = High Masculine
Low Feminine & High Feminine
7]
22% (n=29): o 30% (n=39):
22% Male (n=11) 26% Male (n=13)
23% Female (n=18) 33% Female (n=26)
BSRI-F: 4.5 + 0.6 BSRI-F: 5.8 +0.5
BSRI-M: 5.1 £ 0.4 BSRI-M: 48 +0.4
BSRI-M BSRI-F
0 Median:4.40 Median:5.20 BSRI-F ’
Undifferentiated Feminine
Low Masculine Low Masculine
Low Feminine High Feminine
22% (n=29): 25% (n=33):

30% Male (n=15)
18% Female (n=14)

BSRI-F: 44 £ 0.5
BSRI-M: 3.8 £ 0.4

FIGURE 1

are represented (mean + SD) in each gender expression category.

Gender expression groups. The BSRI creates gender scores for the feminine (BSRI-F) and masculine (BSRI-M) subscales that can be used to generate
median-split quadrants for masculine, androgynous, undifferentiated, and feminine gender expression groups. The proportion of the overall sample in
each category and the prevalence of males and females in each gender expression group are shown in detail. Mean scores for the BSRI-F and BSRI-M

22% Male (n=11)
28% Female (n=22)

BSRI-F: 59 + 0.5
BSRI-M: 3.8 £ 0.3
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of the participants included in this study is as follows: Asian
(n=48; 37%), Black or African American (n=2; 2%), Middle
Eastern or North African (n=10; 8%), Mixed (n=8; 6%), Prefer
to Self-Describe (n = 2; 2%), and White or Caucasian (1 = 60; 46%).

While the average age of the participants across sex and
gender identity category groups were not different, all other
characteristics measured were higher in males compared to
females, and men compared to women, including height, weight,
BMI, and VO,peak (all p<0.01; Table 1). There was no
difference across gender expression groups for any participant
characteristics (Table 2).

Bem Sex Role Inventory Scores

BSRI-Feminine scores were higher on average in females
compared to males [female: 5.4 +0.8, 95% confidence interval

10.3389/fcvm.2024.1374765.

(CI): 5.2-5.8; male: 5.0+ 0.9, 95% CI: 4.7-5.2; p<0.01, r=0.50],
and also higher in women compared to men (women: 5.4 0.8,
95% CI: 52-5.6; men: 5.0%+0.9, 95% CI. 4.7-5.2; p=0.01,
r=0.47; non-binary: 5.4 and 3.7). In contrast, there was no
difference for the BSRI-Masculine scores across sex categories
(female: 4.4+0.7, 95% CL 4.2-4.5; male: 44+0.7, 95% CL
4.2-45, p=0.85, r=0.03) or gender identity category groups
(women: 4.4+0.7, 95% CI: 4.2-4.5] men: 44+0.7, 95% CI:
4.2-4.6, p=0.93, r=0.02; non-binary: 4.4 and 3.8).
BSRI-Feminine scores were higher in feminine (5.9 +0.5) and
androgynous (5.8 £0.5) gender expression groups, compared to
(45+0.6) and undifferentiated (4.4+0.5) gender
expression groups (p<0.01 for all, n°=0.65), with no difference

masculine

between the feminine and androgynous (p=1.00) and the
masculine and undifferentiated (p =1.00) gender expression groups
(Figure 1). BSRI-Masculine scores were lower in the feminine
(3.8+0.3) and undifferentiated (3.8 £0.4) groups compared to the

TABLE 1 Participant characteristics, resting hemodynamics, and flow-mediated dilation test outcomes characterized by sex and gender identity

categories.

Females
(n = 80)

Men
(n = 49)

Non-binary
(n=2)

p-values

Effect sizes

Age (years) 22 [4] 21 [4] 22 [4] 21 [4] Both 18-25 S:p=031 S: r=0.09
G:p=024 G: r=0.10

Height (cm) 178+7 164+ 7% 178+7 164 +7° 160-170 S: p<0.01 S:d=2.10
(176-180) (163-166) (176-180) (163-166) 175-185 G: p<0.01 G: d=2.08

Weight (kg) 81.4 [18.9] 60.8 [13.1]* 80.9 [18.3] 60.7 [12.0]b 95-100 S: p<0.01 S: r=0.60
90-95 G: p<0.01 G: r=0.62

BMI (kg/mz) 25.0 [5.9] 22.7 [41]* 25.0 [5.8] 224 [4.1]b 35-40 S: p<0.01 S: r=0.31
25-30 G: p<0.01 G:r=0.32

VO,peak (mL/kg/min) 442489 39.1+8.0° 444489 393+7.9° 275,324 S: p<0.01 S: d=0.60
(41.6-46.7) (37.4-40.9) (41.9-46.9) (37.5-41.1) G: p<0.01 G: d=0.62

SBP (mmHg) 117+8 106 + 7° 117+ 8 106 +7° 110, 138 S: p<0.01 S:d=1.58
(115-120) (104-107) (115-119) (104-107) G: p<0.01 G:d=157

DBP (mmHg) 63 [7] 63 [9] 62 [7] 63 [10] 57,72 S:p=0.54 S: r=0.05
G: p=0.71 G: r=0.03

MAP (mmHg) 84+6 79+ 6 84+6 79+6° 78, 97 S: p<0.01 S: d=0.87
(82-86) (77-80) (82-86) (77-81) G: p<0.01 G: d=0.83

HR (bpm) 64+ 10 6219 649 62+9 66, 92 S:p=0.20 S:d=0.23
(61-67) (60-64) (61-66) (60-64) G: p=0.32 G:d=0.18

Baseline diameter (mm) 4.03 [0.63] 3.19 [0.68]* 4.04 [0.67] 3.19 [().65]b 3.86, 3.94 S: p<0.01 S: r=0.63
G: p<0.01 G: r=0.63

Peak diameter (mm) 4.38 [0.61] 3.53 [0.61]° 4.38 [0.61] 3.53 [().61]b 4.04, 4.02 S: p<0.01 S: r=0.65
G: p<0.01 G: r=0.65

AbsFMD (mm) 0.27 £0.12 0.27 £0.11 0.27 £0.12 0.27 £0.11 0.18, 0.09 S:p=0.84 S: d=0.04
(0.24-0.30) (0.25-0.30) (0.24-031) (0.25-0.30) G: p=0.94 G: d=001

Baseline MBV (cm/s) 8.0 [5.9] 6.5 [3.0]* 8.0 [6.1] 6.5 [3.0]b 6.1, 7.1 S: p=0.01 S:r=022
G: p=0.02 G:r=022

Baseline SR (s 163.2 [138.7] 161.3 [70.9] 1633 [139.1] 1615 [72.4] 127.3, 144.0 S: p=091 S: r=0.01
G: p=092 G: r=001

SRAUC (><103 Sil) 1.68 [1.90] 2.03 [2.14] 1.64 [1.83] 2.10 [2.15] 7.1, 374 S:p=0.53 S: r=0.05
G: p=038 G: r=0.08

Time to peak diameter (s) 46 [21] 42 [19] 46 [20] 42 [19] 29, 57 S: p=0.46 S: r=0.06
G: p=061 G: r=0.04

S, sex; G, gender identity; BMI, body mass index; VOZpea.k, volume of oxygen at peak exercise capacity; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure;
HR, heart rate; AbsFMD, absolute flow-mediated dilation response; MBV, mean blood velocity; SR, shear rate; SRAUC, shear rate area under the curve to peak dilation; d, Cohen’s d value to
denote effect size for independent t-test; r, effect size for non-parametric Wilcoxon Rank Sum test.

Independent t-tests were performed comparing between sexes (male/female) and gender identity category groups (men/women). Non-binary participants were characterized detailing the
outcome values from each participant (n=2), but not included in statistical analysis due to low sample size, with age, height, weight, and BMI included as ranges to avoid indirect
participant identifiers. Significant main effects are bolded. Normally distributed outcomes are represented as mean + standard deviation (SD) (95% CI), while non-normally distributed
outcomes are represented as median [IQR].

“Significantly higher in males compared to females.

"Significantly higher in men compared to women.
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TABLE 2 Participant characteristics and resting hemodynamics characterized by gender expression.

Masculine Feminine Androgynous Undifferentiated p-values Effect sizes
(n=29) (n=33) (n =39) UR)

Age (years) 20 [4] 22 (4] 20 [3] 22 (6] 0.12 72, =0.02

Height (cm) 168 8 169 £12 1699 173+8 0.21 7*=0.04
(165-171) (165-174) (166-172) (170-176)

Weight (kg) 65.9 [17.8] 64.2 [24.2] 63.9 [21.4] 71.3 [25.5] 0.54 12 =0.01

BMI (kg/m?) 24.6 [5.3] 23.2 [3.5]) 23.5 [4.8] 23.7 [5.0] 0.70 12, =0.01

VO,peak (ml/kg/min) 413+8.1 39.6+8.0 415+86 42.0+10.1 0.72 7*=0.01
(38.2-44.40) (36.7-42.5) (38.7-44.3) (38.1-45.8)

SBP (mmHg) 112410 109+ 11 109+38 111410 0.36 7*=0.03
(109-116) (105-112) (107-112) (107-115)

DBP (mmHg) 62 [9] 62 [9] 63 [8] 63 [7] 0.66 % =0.01

MAP (mmHg) 81+6 81+8 80+6 8246 0.83 7°=0.01

(79-84) (78-84) (78-82) (79-84)
HR (bpm) 62+9 63+7 63+9 64+ 12 0.81 7% =001
(59-65) (60-65) (60-66) (60-69)

Baseline diameter (mm) 3.85 [1.26] 3.39 [0.84] 3.4 [0.90] 3.65 [0.67] 0.37 M <0.01

Peak diameter (mm) 4.09 [1.16] 3.61 [0.76] 3.77 [0.93] 3.91 [0.90] 0.40 1 <0.01

AbsFMD (mm) 0.27 +0.13 0.30 £0.11 0.27 £0.10 0.25+0.11 0.36 7*=0.03
(0.22-0.32) (0.26-0.34) (0.23-0.30) (0.21-0.29)

Baseline MBV (cm/s) 7.4 [5.3] 6.8 [2.9] 7.0 [5.9] 6.6 [3.5] 0.60 1% =0.01

Baseline SR (s7') 166.8 [134.1] 163.2 [70.6] 174.8 [146.6] 144.0 [78.4] 0.24 7 =0.01

SRAUC (x10°s7%) 2.24 [2.89] 2.10 [2.43) 1.82 [1.68] 1.73 [1.87) 0.56 7% =001

Time to peak diameter (s) 48 [22] 49 [19] 41 [18] 40 [21] 0.17 % =0.02

BMI, body mass index; VOzpea.k, volume of oxygen at peak exercise capacity; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate; AbsFMD,
absolute flow-mediated dilation response; MBV, mean blood velocity; SR, shear rate; SRAUC, shear rate area under the curve to peak dilation; 1%, eta-squared value to denote effect size for a
one-way ANOVA; 1;?,, eta-squared valued based on the H-statistic from the Kruskal-Wallis non-parametric test.

One-way ANOVAs were performed comparing across gender expression groups. Normally distributed outcomes are represented as mean # standard deviation (SD) (95% CI), while non-

normally distributed outcomes are represented as median [IQR].

masculine (5.1 £0.4) and androgynous (4.8 +0.4) gender expression
groups (p <0.01 for all, 172: 0.71), with no difference between the
feminine and undifferentiated groups (p = 1.00; Figure 1). However,
BSRI-Masculine was also higher in the masculine compared to the
androgynous gender expression group (p = 0.03; Figure 1).

To assess the internal consistency of each subscale (feminine,
masculine, neutral) of the BSRI, Cronbach’s alphas were
computed: BSRI-Feminine o = 0.87, BSRI-Masculine o =0.75, and
BSRI-Neutral o =0.40; BSRI-Feminine and BSRI-Masculine are
within acceptable scores for internal consistency (66-68).

Association of sex and gender with resting
hemodynamics

Resting SBP and MAP were higher on average in males
compared to females (d=1.58 and 0.87 respectively; both p <0.01;
Table 1) and higher in men compared to women (d=1.57 and
0.83 respectively; both p<0.01; Table 1). There were no sex or
gender identity category differences for DBP or HR (Table 1).
There were no differences across gender expression groups for any
hemodynamic measure (SBP, DBP, MAP, and HR; Table 2).

Primary objective: association of sex and
gender with arterial stiffness (PWV)

Central PWV was higher on average in males compared to
females [6.4 (1.8) vs. 5.8 (2.2) m/s, p=0.02; r=0.20; Figure 2A],

Frontiers in Cardiovascular Medicine

and higher in men compared to women [6.4 (1.9) vs. 5.8
(2.1) m/s, p=0.02; 2D]. There
differences in peripheral leg PWV (Figures 2B,E) or peripheral

r=0.20; Figure were no
arm PWYV (Figures 2C,F) between sex or gender identity category
groups. Similarly, there were no differences across gender
expression groups for any PWV measures (Figures 2G-I). None
of these findings were altered when the independent association
of MAP or VO,peak was added as covariates.

Primary objective: association of sex and
gender with endothelial function (FMD)

Baseline brachial artery diameter and peak brachial artery
diameter were both larger on average in males compared to
females (p <0.01 both; r=0.63 and 0.65 respectively; Table 1) and
men compared to women (p<0.01 both; r=0.63 and 0.65
respectively; Table 1). AbsFMD was not different between sex or
gender identity category groups (Table 1). %FMD was initially
higher on average in females compared to males (8.5+3.7 vs.
6.9 £3.5%; p=0.01, d=0.45; Figure 3A) and in women compared
to men (8.6 + 3.7 vs. 7.0 + 3.5%; p =0.02, d = 0.44; Figure 3C); this
result remained significant when VO,peak or SRAUC were added
as covariates in the model (both p=0.02). After allometric scaling
to consider differences in artery size, %FMDjeq Was higher on
average in males compared to females (8.8 +3.3 vs. 7.2+£3.1%, p=
0.03, r=0.42; Figure 3B) and in men compared to women (8.9 +
3.3 vs. 7.2£3.1, p=0.02, r=0.47; Figure 3D).
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FIGURE 2
Arterial stiffness (central, peripheral leg, peripheral arm) across sex, gender identity, and gender expression groups. Data are illustrated in (A—C) for sex,
(D—F) for gender identity groups (non-binary data are illustrated on the graphs but not included in the statistical analysis), and (G-I) for gender
expression groups. Box-and-whisker plots represent the median: the box represents the interquartile range, with the minimum and maximum
points represented by the whiskers. Independent t-tests were performed between males and females and men and women. A one-way ANOVA
was performed to examine %FMD across gender expression groups. *Females have lower central PWV compared to males (p = 0.02). AWomen
have lower central PWV compared to men (p = 0.02). There were no differences between sexes or gender identity category groups for peripheral
leg PWV or peripheral arm PWV, or across gender expression groups for any PWV outcome.

Baseline MBV was higher on average in males compared to
females (p=0.01, r=0.22; Table 1) and men compared to women
(p=0.02, r=0.22; Table 1). There were no sex or gender identity
category group differences for baseline SR, SRAUC, or time to peak
diameter (Table 1). There was no difference in any endothelial
function or blood velocity outcome across gender expression
groups (Table 2; Figure 3E); this result remained non-significant
when %FMD was allometrically scaled (p=0.39; Figure 3F) or
when VO,peak or SRAUC was considered as a covariate.

Non-binary participant outcomes

Due to a low sample size for gender-diverse participants, non-
binary participants were qualitatively, instead of statistically,
examined. Compared to men and women, non-binary
participants may have higher BMI (25-30 and 35-40 kg/m?) and
cardiorespiratory fitness (27.5 and 32.4 ml/kg/min;
Table 1). Non-binary participants also may have elevated blood
pressure (SBP: 110 and 138, MAP: 78 and 97 mmHg; Table 1)

and resting heart rate (66 and 92 bpm; Table 1) compared to

lower
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women, impaired endothelial function (AbsFMD: 0.18 and
0.09 mm; %FMD: 4.69% and 2.16%, Table 1 and Figures 3C,D),
including after differences in artery size were considered using
allometric scaling (%FMDycyeq: 4.7 2.8%). However, non-binary
participants had lower central (4.2 and 5.3 m/s) and peripheral
arm PWV (4.8 and 4.5) but elevated peripheral leg PWV (9.2
and 9.3 m/s).

Secondary objective: relationship between
gender expression, cardiorespiratory fithess
and endothelial function, central PWV

There was no significant relationship between gender
(BSRI-Feminine, BSRI-Masculine)
endothelial function or central PWV (Supplementary Figures
S1A-D). there
cardiorespiratory fitness and endothelial function (Supplementary
Figure S1E) or central PWV (Supplementary Figure S1F). Finally,
there was a negative relationship between baseline diameter and
%FMD (r=—0.55, p <0.001; Supplementary Figure S1G).

expression  scores and

Similarly, was no relationship between
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FIGURE 3

FMD across sex (A,B), gender identity (C,D), and gender expression (E,F) groups. Left-side graphs are all %FMD, unscaled for baseline diameter (A,C,E);
right-side graphs are all %FMD allometrically scaled to baseline diameter (B,D,F). Graphs for %FMD (unscaled) show mean + SD with individual data
points, while %FMD (scaled) show no data points. Independent t-tests were performed between males and females and men and women. A one-
way ANOVA was performed to examine %FMD across gender expression groups. *Females have higher %FMD (without controlling for baseline
diameter differences) compared to males (p = 0.01). **Females have lower %FMD when controlling for baseline diameter using allometric scaling
(p =0.03). AWomen have higher %FMD (without controlling for baseline diameter differences compared to men (p = 0.02). AAWomen have lower
%FMD when controlling for baseline diameter using allometric scaling (p = 0.03).

Discussion

This is the first study to investigate the associations between
sex, gender identity, and gender expression and novel and
traditional risk factors for CVD in a young, healthy population.
We found that males had higher blood pressure (SBP, MAP;
large effect) and central arterial stiffness (central PWV; small
effect) compared to females in both unadjusted and adjusted
models. However, males had a greater %FMD compared to
females (medium effect), when larger artery diameters in males
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were considered using allometric scaling. Given most of the
participants (~99%) were cisgender, the results comparing
gender identity categories (men/women) were not different for
most sex categories, and therefore potential differences between
sex and gender identity categories cannot be fully elucidated.
However, there were no differences across gender expression
groups (i.e., feminine, masculine, androgynous, undifferentiated)
for any outcome. Finally, there was no relationship between
(BSRI-F  and  BSRI-M)
cardiorespiratory fitness and either central PWV or %FMD.

gender expression scores or
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These results suggest that in healthy, young cisgender adults, sex
and gender identity category influence several cardiovascular risk
factors, but gender expression does not appear to influence these
outcomes. Due to the small population of gender-diverse
participants, examination of non-binary, transgender, and other
gender-diverse groups was not possible in this study and
warrants further investigation in future studies with great sample
sizes of gender-diverse individuals.

Association of sex with hemodynamics and
arterial stiffness

The present study found that males had elevated blood
pressure (SBP and MAP) compared to females, with no
DBP HR. Using
(sexdifference.org) to estimate the overlap between the normal

difference in or an electronic tool
distributions in males and females, we also observed that the
overlap between sexes was ~46% for SBP and ~68% for MAP
(69). Taken alongside the large effect sizes for SBP (d=1.58) and
MAP (d=0.87), sex differences in BP are evident. These findings
are in line with most previous research on sex differences in
hemodynamics, finding higher SBP, MAP, and occasionally DBP
in males compared to females (20, 21, 36, 70-74). Research by
Harris et al. found that males had higher SBP compared to
females (70). Similarly, research in our lab also found elevated
SBP and MAP of

premenopausal females: natural cycling and combined oral

in males compared to two groups
contraceptive pill users (20) Finally, a recent narrative review
discussed that resting blood pressure is elevated in males
compared to females and that this may be a critical factor in the
increased risk for CVD in males earlier in life than females (36).
The mechanisms underlying elevated BP in males compared to
females include sex hormones that may involve testosterone
increasing blood pressure and 17B-estradiol decreasing blood
pressure (and the ratio of testosterone/estradiol) (75-78), and
anatomical differences in height resulting in increased pulse wave
propagation that must be accompanied by a heightened SBP in
males (18). While sex hormones were not measured in this
study, males were taller than females, which could be in part
responsible for these differences in blood pressure. In addition,
sex and gender factors are challenging to separate, and gender-
related lifestyle factors [ie., smoking, alcohol consumption,
sodium intake, sleep (79)] may also play a role influencing
observed sex differences in blood pressure. However, the finding
that BP is higher in males compared to females is not always
true; BP is reported to be the same or elevated in females
compared to males in populations with elevated CVD risk
factors, including elevated BMI and low fitness levels (22, 80).
Therefore, it is plausible that the “female advantage” observed
with blood pressure previously may be outweighed by the
influence of additional risk factors for CVD, such as obesity and
low fitness.

In the present study, males had elevated central PWV, but not
peripheral arm or leg PWV compared to females, which was not
explained by controlling for blood pressure elevations in males.
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Again, using an electronic tool detailed above (69), the overlap
between sexes for central PWV was ~86% with a small effect size
(r=0.20), suggesting that while sex differences in central PWV
were significant, the magnitude of difference was more subtle than
BP. This is in line with some (20-22, 36, 71), but not all (73),
studies that have observed sex differences in local (carotid artery)
and/or systemic arterial stiffness. For example, research by Baldo
et al. found that central PWV was higher in males compared to
females, across the aging lifespan (21). The same was true in a
population of patients to stage 1
hypertension, with males having higher central PWV than females,
despite females having a higher SBP compared to males (22).

with  pre-hypertension

Marlatt et al. identified that sex differences in carotid artery
compliance became present in early adulthood (~late 30s), but not
in childhood (71). This study, alongside previous research, points
to the role of sex hormones like 17B-estradiol to play a role in
these apparent sex differences and/or the influence of sex
differences in growth patterns between males and females (17).

Similarly, recent work found that B-stiffness of the carotid
artery was higher in males compared to females who were
naturally cycling or used oral contraceptive pills (20). Despite
finding a sex difference in local arterial stiffness in the carotid
artery, no differences were observed in central PWYV, although it
is possible that they were underpowered to detect a sex difference
in central PWV (20). Our study, with 130 participants found a
significant sex difference in central PWV between males and
females (p =0.02), but arguably the ~0.6 m/s difference may not
be clinically significant. Prior research has determined that a
1 m/s increase in arterial stiffness is associated with a 15% (95%
CL: 9%-21%) increased risk for CVD mortality (81). While a
0.6 m/s difference in central PWV may still increase the risk for
CVD marginally, it is unlikely to be solely responsible for
differential rates in CVD in males and females. Furthermore, the
small effect size and substantial overlap in normal distribution
curves between sexes suggests that sex differences in central
PWYV are subtle.

Association of sex and endothelial function

We found that unscaled %FMD was elevated in female
compared to male participants but %FMD may have been
artificially inflated given that baseline brachial artery diameter
was also smaller in females. After performing allometric scaling
analysis to account for differences in baseline artery diameter, we
found that scaled %FMD was elevated in males compared to
females. Using an electronic tool detailed above (69), the overlap
between sexes for %FMDj .q Was ~80% with a medium effect
%
FMDy,eq Were significant the magnitude of difference between

size (d=0.45), suggesting that while sex differences in

sexes was only moderately pronounced. These findings are
aligned with most prior %FMD (unscaled) research finding
greater %FMD in females (12, 14, 70, 82, 83), and prior research
from our lab finding %FMD (scaled) is greater in males (14).
The present study also aligns with a consistent finding that
male arteries are, on average, larger than female arteries (12, 70,
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80, 82-84). Early research identified sex differences in reductions in
%FMD with aging, alongside sex differences in %FMD and in
artery diameter (85). Furthermore, this study reported a negative
relationship between %FMD and resting arterial diameter, which
has
populations (12, 83, 85). Recent research by Holder et al

been extensively replicated in healthy and clinical
observed marked sex differences in %FMD (higher in females),
developing reference ranges in a large population of both healthy
and clinical participants (12), following FMD guidelines (12, 56).
We observed similar %FMD values compared to the reference
intervals (12): present study data in the ~50th percentile of
reported references: male baseline diameter: 4.09 + 0.49 mm; male
%EMD: 6.86 +3.50%; female baseline diameter: 3.30 + 0.46 mm,
female %FMD: 8.51 + 3.70%.

Age and sex differences in %FMD relate to differences in
baseline diameter and further allude to structural influences on
artery function between sexes (12). One evident reason for sex
differences in artery diameter is a positive relationship between
baseline diameter and height. Recent work by this same group
also found that a “...10 cm increase in height is associated with a
0.16 mm increase in baseline diameter and a 0.28% decrease in
FMD...”

study, there was a 14 +7 cm difference in height between males

and this finding was independent of sex (12). In our

and females, which would have been attributed to an ~0.23 mm
increase in baseline diameter and an ~0.39% decrease in %FMD.
While sex differences in height do not fully explain the sex
differences in baseline diameter and %FMD in the present study,
artery size differences cannot be ignored in examining sex
differences in endothelial function through allometric scaling
of %FMD to baseline diameter. Overall, while unscaled %FMD
may initially suggest that females have improved endothelial

function compared to males, accounting for artery size
differences result in males having elevated %FMD (scaled)
compared to females. Researchers should consider using

allometric scaling when comparing between sexes to consider
baseline differences in artery size and ensure valid interpretation
of sex difference findings.

Association of gender and CVD risk factors

While there is evidence of alterations in CVD and CVD risk
factors associated with gender and gender-related factors, the
present study did not observe any variation in novel and
traditional CVD risk factors across gender expression groups.
Prior research has observed the association between gender or
gender-related factors and CVD; for example, research by
Pelletier et al. found that recurrent acute coronary syndrome was
associated with “femininity” as a composite score of gender roles
and expression (assessed by the BSRI) in middle-aged (aged
~48 years) individuals, after adjusting for sex (34). Similarly,
previous research has found that gender-related roles including
caregiver burden (29), role strain (e.g., workplace-home life role
stress), and other psychosocial stressors are predominant in
women compared to men and attributed to increased risk factors
and development of CVD (30-32). The present study did not see
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impaired cardiovascular health (i.e., blunted %FMD or increased
PWV) in young individuals (aged ~22 vyears) with higher
femininity (gender expression) scores; however, it is possible that
gender expression and other gender-related factors such as
gender roles may not manifest until later in life. For example,
caregiving burden may not be present until middle- and older-
adulthood where parenting roles and care for aging relatives
commonly occurs (86); therefore, any influence of these gender-
related factors may not have yet progressed to the stage of
negative remodeling in the vasculature. These factors may also
intersect with known increases in CVD risk associated with age
(9), though further research is necessary. It is also possible that
gender roles have a stronger relationship with CVD health
outcomes and that gender expression is less associated; further
research investigating these constructs is needed in young adults.
In addition, given the limitations of the BSRI in only examining
gender expression, further examining of gender roles in
professional and home life, along with exposure to gendered
expression and roles in family and friend circles, may have added
further depth to this analysis. A newly developed questionnaire
by Nielsen et al., examining seven gender-related variables across
domains of gender norms, gender-related traits (gender
expression), and gender relations in American undergraduate
students and younger adults, may be useful in extending
this research (87).

In examining gender identity category groups, we observed the
same sex differences detailed above in gender identity groups of
men and women. The finding that ~99% of participant sex
aligned with their gender identity (male = man, female = woman)
substantiates this overlap. Considering that sex and gender
identity category are highly interrelated, the same conclusions
detailed for sex may also be attributed to gender identity
differences; furthermore, there may be gender identity influences
on seemingly sex differences. As a result, separating categorical
sex assigned at birth and biological factors from gender identity
and sociocultural factors is not possible given this overlap in this
study. However, while sex differences and gender identity
differences aligned in this study, these are two different identity
constructs and should be represented separately, especially to
allow for the representation of gender-diverse participants.

In this study, we recruited a small number of gender-diverse
individuals (n=2 non-binary; comprising ~1.5% of the total
study population). While this is not representative of the diverse
groups of gender queer participants that could have been
recruited (ie., transgender, genderqueer, two-spirit, etc.), this
number of participants is proportionally representative of the
number of gender-diverse individuals on average. For example, in
Canada, 0.13% of the population report being non-binary (88),
though this may be an underestimation. When considering
gender-diverse individuals in analyzing for differences in
cardiovascular outcomes across gender identity groups, we
removed non-binary individuals from the analysis due to this
low sample size and instead reported the data qualitatively in
hopes of stimulating further needed research in this population.
Qualitatively, it appears that the two non-binary participants in
this study may have some elevated risk factors for CVD,
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including elevated blood pressure (above 90th percentile for SBP in
the present study), impaired endothelial function (below 15th
percentile for %FMD in the present study), and elevated leg
PWYV (above 75th percentile in the present study), though lower
central and arm PWV. This could be in part due to higher BMI
and lower cardiorespiratory fitness in these participants. While
these findings are limited and must be explored further with a
larger sample size, they do align with current literature indicating
increased CVD risk factors in gender-diverse populations (89,
90), in part attributed to gender minority stress (89, 91) and
increased allostatic load, or the accumulation of stress and life
events, in some gender and sexual minority groups (92).

Opverall, while gender expression differences were not observed
in this study, this does not mean that differences do not exist or
should not be studied by researchers. On the contrary, given that
this study was in a young, healthy population, we may have yet
to observe CVD risk factor elevations or disease manifestation
later in the time course of CVD development. Similarly, it is
possible that cardiovascular risk may only be apparent during
periods in which gender expression or roles are challenged. For
example, research by Kramer et al. found that men presented
with low masculinity feedback experienced an exaggerated vagal
withdrawal response during a speech task compared to those
who received higher feedback (93). Overall, it is critical for
researchers to continue to examine gender identity, expression,
and gender-related factors, alongside sex and sex-related factors,
and how they influence novel and traditional CVD risk factors.

Limitations

While this study had several strengths, including its inclusion
of several novel and traditional CVD risk factor outcomes,
recruitment of participants with a wide range of cardiorespiratory
fitness levels, compilation of outcomes collected using the same
standardized methodologies, and a reasonably large sample size,
there are some limitations to consider. First, the findings of this
study are only generalizable to young, healthy adults who were
primarily university students, and where the majority had
alignment between their sex and gender identity. As a result,
further research is necessary, particularly in middle-aged and
older adults when gender expression changes alongside critical
gender milestones and other contextual factors (94-96). Similarly,
though representative of the proportions of gender-diverse
populations in Canada, the number of non-binary participants
was too low to make conclusions; further research is needed in
this population adequately powered to draw conclusions about
CV health. Second, the gender assessment in this study was
limited to gender identity and expression, measured by the BSRI.
While other gender assessment tools exist (48, 87), their utility in
a university population is challenged as many questions ask
about gender-related roles in familial structures, financial status
in a family or income, caregiver strain, workplace role and
environment, among others, many of which are less applicable in
a university student context. The BSRI, in contrast, was created
using data from a university population and has applicability in
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this context (45), albeit a limited assessment of gender
expression. However, the BSRI also may use some outdated
gender stereotypical traits to explore gender expression, as it was
constructed in the 1970s and gender norms have shifted since
(28, 97-99); though at the time of the study’s design, it was the
only validated and widely used gender scoring system available
recommended by experts (25). Further research is necessary to
create additional relevant gender assessment methods in young
adults. Another limitation of the questionnaire was that a small
number of participants (n=11) required follow-up prompting to
complete one question on the BSRI-30; this is unlikely to alter
the results of the study given the lower number of participants
(~8%) requiring follow-up and the high internal consistency
scores of the BSRI-30 questionnaire. Finally, the type of
contraceptive or hormonal cycle phase was not controlled for in
this study. Previous research has found conflicting results on the
of contraceptives the cycle
endothelial function and arterial stiffness (14, 52, 70, 100-103).
However, recent work from our lab and others have observed no

influence and hormonal on

impact of contraceptives, contraceptive cycle or menstrual cycle
on arterial stiffness (20), and a small influence of the menstrual
cycle on endothelial function (104). Therefore, any effects of
contraceptive type or hormonal cycle phase are unlikely to have
changed the findings from the current study.

Perspectives and significance

The present study found that sex and gender identity category,
but not gender expression groups, influenced novel and traditional
risk factors for CVD in a young, healthy cisgender population.
Specifically, blood pressure (SBP, MAP) and central PWV were
elevated in males compared to females, but %FMD, once larger
artery diameter in males was controlled for, was improved in
males compared to females. While young otherwise healthy males
appear to have elevated measures of central stiffness, this may be
compensated by elevated vasodilatory capacity of a major conduit
artery (brachial artery). Given that this study is only generalizable
to a young, healthy population of primarily university students of
Asian and European/Caucasian racial and ethnic origins, further
research is necessary to examine sex and gender considerations in
other more ethnically diverse and representative groups of young
adults, older adults, and those with CVD. Similarly, further
research on populations of gender-diverse adults, including non-
binary and transgender populations is warranted. Finally, further
research is also needed examining participants in conditions where
gender expression is challenged (ie., masculinity stressors) or in
populations that may experience gender-related stress (i.e., non-
binary and transgender participants) and their influence on novel
and traditional risk factors for CVD.
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package used for allometric scaling of flow-mediated dilation can
be found here: https://github.com/jcherubini/Rtery.
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