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Abstract

Chronic kidney disease (CKD) is a major global health burden associated with substantially increased
risks of morbidity and mortality. Cardiovascular disease remains the leading cause of death across
all stages of CKD. Over the past decades, several pharmacologic therapies—including renin—
angiotensin system inhibitors, sodium—glucose cotransporter-2 inhibitors, mineralocorticoid receptor
antagonists, glucagon-like peptide-1 receptor agonists, and lipid-lowering agents—have
demonstrated substantial cardio-nephroprotective benefits and are recommended in international
guidelines. However, real-world implementation of these therapies remains incomplete, and
emerging evidence highlights important sex-based disparities in prescribing patterns. Although CKD
is more prevalent in women worldwide, women with CKD are consistently less likely than men to
receive guideline-directed cardioprotective and nephroprotective medications. This treatment gap
spans both traditional therapies, such as angiotensin-converting enzyme inhibitors and statins, and
newer agents with proven outcome benefits. Women are less likely to initiate treatment, less likely to
receive high-intensity or target doses, and less likely to achieve recommended blood pressure and
lipid goals. Importantly, the presence of CKD attenuates the usual female survival advantage, and
the relative excess cardiovascular risk associated with CKD may be particularly pronounced in
women. The under-prescription of cardio-renal therapies in women with CKD reflects a complex
interplay of factors. These include older age at presentation, higher reported rates of adverse drug
reactions, concerns regarding tolerability and safety in advanced kidney disease, therapeutic inertia,
underestimation of cardiovascular risk, and persistent underrepresentation of women in clinical
trials. Biological differences in pharmacokinetics and pharmacodynamics, as well as structural and
system-level barriers, further contribute to inequities in care. Addressing these disparities requires
improved risk recognition, sex-informed prescribing practices, enhanced representation of women in
clinical research, and implementation strategies that incorporate sex-disaggregated performance
metrics. Reducing treatment gaps is essential to improving cardiovascular and renal outcomes and
to achieving equitable, precision-based care for women with CKD.
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1. Introduction

Chronic kidney disease (CKD) affects nearly 800 million people worldwide and is strongly
associated with premature mortality, largely driven by cardiovascular disease (CVD). Individuals
with CKD face a markedly elevated risk of heart failure, atherosclerotic events, and cardiovascular
death across all stages of kidney dysfunction. In recent years, several pharmacological therapies—
including renin-angiotensin system inhibitors, sodium-glucose cotransporter-2 inhibitors (SGLT2i),
nonsteroidal mineralocorticoid receptor antagonists, and glucagon-like peptide-1 receptor
agonists(GLP1RA)—have demonstrated substantial cardio-renal protective effects and are now
recommended in international guidelines [1]. However, real-world implementation of these therapies
remains incomplete [2].
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Sex disparities represent a critical but under-recognized dimension of CKD care. Although CKD
is more prevalent in women globally, women experience differences in disease recognition, risk
assessment, referral patterns, and therapeutic management [3]. Importantly, the cardiovascular risk
associated with CKD appears to attenuate the usual female survival advantage, and in some settings
women with CKD experience a relatively greater excess (compared to men) cardiovascular risk
compared with sex-matched individuals in the general population [4].

Emerging evidence consistently shows that women with CKD are less likely than men to receive
guideline-directed cardioprotective and nephroprotective medications across multiple drug classes
and clinical settings. These disparities likely reflect a complex interaction of biological factors, higher
reported adverse drug reactions, therapeutic inertia, concerns regarding tolerability and safety, older
age at presentation, and persistent gaps in sex-specific evidence from clinical trials. This review aims
to summarize current evidence on sex disparities in the prescription of cardioprotective and
nephroprotective therapies among women with and without CKD, explore the underlying
mechanisms contributing to underuse, and highlight clinical and research priorities to improve
equitable cardio-renal care and outcomes.

2. Sex Disparities in the Epidemiology of CVD

Cardiovascular disease is the leading cause of death for women globally, responsible for
approximately 30-35% of all female deaths —exceeding mortality for all cancers combined [5]. While
substantial advancements have been made in understanding and managing CVD, a growing body of
evidence indicates persistent and clinically significant disparities across sexes in its epidemiology,
diagnosis, and treatment. CVD mortality is rising specially in younger women (<55 years), with
women facing higher rates of death following a first heart attack than men [6]. These disparities are
not merely reflections of biological differences, but often stem from a complex interplay of
physiological, social, and systemic factors that result in unequal access to optimal care and
suboptimal outcomes for a significant portion of the population, particularly women.

Epidemiological data consistently highlights distinct patterns of CVD presentation between
sexes. For instance, ischemia with No Obstructive Coronary Arteries (INOCA) and Myocardial
Infarction with No Obstructive Coronary Arteries (MINOCA) are markedly more prevalent in
women, often leading to worse long-term outcomes, including increased risks of future cardiac
events and reduced quality of life [7,8]. Similarly, heart failure with preserved ejection fraction
presents a pronounced female prevalence, exhibiting a 2:1 female-to-male ratio [9].

Beyond epidemiological differences, significant disparities are observed in the diagnostic
pathways for CVD. Women frequently experience diagnostic delays due to atypical symptom
presentation and diagnostic criteria that have historically been normed on male cohorts [10]. For
example, while chest pain remains a primary symptom for both sexes during Acute Coronary
Syndrome, women are more likely to present with additional non-chest pain symptoms or without
chest pain entirely, often leading to delayed recognition and intervention [11]. Women are offered
fewer diagnostic tests, such as coronary angiography, and are less frequently referred for specialist
CVD care [12].

Moreover, disparities extend profoundly into the treatment and management of CVD. Studies
demonstrate that women are less likely to receive guideline-directed invasive management for Acute
Myocardial Infarction, like percutaneous coronary intervention [10]. These disparities contribute to
worse in-hospital outcomes for women, including higher rates of major adverse cardiovascular and
cerebrovascular events, all-cause mortality, and stroke, even after accounting for comorbidities.
Furthermore, post-diagnosis, women with established coronary heart disease often achieve fewer
secondary prevention targets for lipids and glucose compared to men, despite sometimes exhibiting
better blood pressure control [13]. These cumulative gaps in epidemiology, diagnosis, and treatment
highlight a systemic deficiency in current cardiovascular care, urge for sex-specific diagnostic
protocols and enhanced clinician vigilance to prevent misdiagnosis and improve timely intervention
[14].
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3. Sex and Prescription Patterns in Patients with CVD

Sex differences in the use of cardioprotective therapies are consistently observed across the CVD
care continuum, from primary prevention to long-term secondary prevention. Women receive fewer
guideline-recommended treatments than men, despite comparable or higher cardiovascular risk.
These differences reflect the combined influence of patient, clinician, and health system level factors
(Figure 1). Awareness of cardiovascular risk among women remains incomplete. Although it
increased from 30% in 1997 to 54% in 2009 [15], underestimation of personal risk limits engagement
with pharmacological prevention and prioritize non-evidence-based strategies such as fish oil or
vitamins. At the clinician level, women are more frequently classified as lower risk despite similar
absolute risk [16]. Contributing factors include limited training in sex-specific risk assessment, under
recognition of differences in disease presentation, implicit bias, and reliance on risk prediction tools
derived largely from male populations. System-level factors include suboptimal performance of
traditional risk models in younger women and the persistent underrepresentation of women in
cardiovascular clinical trials, which limits the sex-specific evidence base [17].
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Figure 1. Possible factors gog under-prescription of cardio-nephroprotective medications in women.

3.1. Primary Prevention

Effective primary prevention requires risk identification, treatment initiation, and timely
intensification. Sex differences are evident at each step. Women are less likely to receive statins for
primary prevention and, when treated, are less likely to receive high-intensity therapy or dose
escalation [18,19]. Observational studies show lower treatment rates despite similar or higher lipid
levels and a lower likelihood of achieving lipid targets [20]. These disparities persist in high-risk
populations, including individuals with diabetes [21].

Overall prescribing rates for antihypertensive therapy are generally similar between sexes.
However, women tend to receive lower defined daily doses and are treated more often with beta-
blockers and diuretics, whereas men more frequently receive renin-angiotensin system blockers or
calcium channel blockers [22,23]. The largest difference in primary prevention is observed for
antithrombotic therapy. Women are less likely to receive aspirin when eligible, and lower use persists
after adjustment for comorbidity and socioeconomic factors [24]. In atrial fibrillation, women are also
less likely to receive anticoagulation despite similar or higher stroke risk [25] (Table 1).
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Table 1. Sex differences in the prescription of major cardioprotective and nephroprotective drug classes in
cardiovascular disease and chronic kidney disease (CKD) populations. ACEi, angiotensin-converting enzyme
inhibitors; ARB, angiotensin receptor blockers; SGLT2i, sodium—glucose cotransporter-2 inhibitors; GLP-1RA,

glucagon-like peptide-1 receptor agonists; CKD, chronic kidney disease; CVD, cardiovascular disease.

A. Cardiovascular disease populations

Drug Class Clinical Setting Men Women Reference
Statllns (gu.ldehne Coron.ary artery 65.8% 61.6% 2%
intensity) disease
Secondar Non-Hispanic black Non-hispanic black
o enﬁoi 19% less likely than 25% less likely than 27
prev white men white men
.. Secondary 18.2% (events/total ~ 11.9 (events/total
Aspirin . . . 29
prevention participants) participants)
Multidrug
cardioprotective Secondar
regimen Ty 34% 22& 38
. . prevention
(antiplatelet + statin +f3-
blocker +ACEi/ARB)
SGLT2 inhibitors 1 oot failure 19.8% 11.2% 32
/Diabetes
Diabetes and CVD 58.1% 41.4% 34
Diabetes with o o
GLP-1RAs CVD risk 59.2% 40.3% 34
B. CKD populations
Drug Class Clinical Setting Men (%) Women (%) Reference
ACE inhibitors / ARBs CKD-REIN cohort 79 71 52
Primary care 67.9 56.5 54
SGLT2 inhibitors 1 1C'" | aulure with 529 34.1 50
severe CKD
CKD real-world 42% less likely than
57
database men
US Veterans CKD 41% less likely than 58
cohort men
GLP-1RAs Diabetic CKD 14.9 11.8 59
S CKD-REIN
Oral antidiabetics diabetic CKD 26 20 56
Statins Primary care Similar Similar 54

3.2. Secondary Prevention

Among patients with established CVD, women consistently receive less intensive guideline-
directed therapy and are less likely to achieve treatment targets. Women with coronary artery disease
are less likely to receive high-intensity statins and less likely to achieve LDL cholesterol goals [26].
National data demonstrate women disparities across racial and ethnic groups even after adjustment
for clinical and socioeconomic factors [27]. (Table 1).

Aspirin shows the largest sex disparity in secondary prevention. Women are less likely to receive
aspirin or other antiplatelet agents [28,29]. Global evidence shows mixed results, but overall patterns
favor men, and women are more often treated with clopidogrel rather than more potent P2Y12
inhibitors [30]. Moreover, in secondary prevention populations, women are less likely to receive beta-
blockers and ACE inhibitors and more likely to receive diuretics [22]. Similar patterns have been
observed internationally, with lower ACE-I/ARB use among women [31].

Sex differences extend to contemporary therapies. Women are less likely to receive SGLT2i [32],
mineralocorticoid receptor antagonists [33], and GLP1RAs [34] despite established cardiovascular
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benefit. As optimal secondary prevention requires combination therapy, these differences translate
into lower use of comprehensive multidrug regimens. In an Australian cohort, only 22% of women
versus 34% of men received a four-drug regimen (antiplatelet + statin + beta-blocker + ACE-I/ARB),
indicating women were 35% less likely to receive optimal treatment [35]. In contrast, EUROASPIRE
III showed similar prescription rates but poorer risk-factor control among women, suggesting
differences in treatment intensity rather than access [36]. Treatment intensity also differs after
initiation. Women are less likely to undergo dose escalation and more likely to remain above blood
pressure and lipid targets [36]. Following acute cardiovascular events, they are more likely to
discontinue therapy within the first year. Across studies, lower target attainment in women reflects
a combination of lower treatment intensity, therapeutic inertia, adverse effects, and adherence
challenges [21,26,28].

4. Sex Disparities in Epidemiology of CKD

Sex disparities in the epidemiology of CKD are consistent across regions and healthcare systems
and have important clinical and public health implications. In 2023, 788 million people aged 20 years
and older were estimated to have CKD, up from 378 million in 1990 [37] - more prevalent in women
than in men across most geographic areas and socio-demographic strata. In national surveys such as
the National Health and Nutrition Examination Survey, women account for approximately 56-59%
of individuals with CKD across all stages [38], a pattern that is also reflected in global estimates from
the Global Burden of Disease study [39]. This female predominance is observed particularly in earlier
CKD stages and in older age groups [39], particularly post menopause.

Paradoxically, despite the higher overall prevalence in women, CKD progression appears to be
more rapid in men. Longitudinal cohort studies consistently demonstrate a steeper annual decline in
estimated glomerular filtration rate in males, especially among middle-aged and elderly individuals
[40,41]. Men are more likely to develop advanced albuminuria and to transition from moderate CKD
to kidney failure. In diabetic kidney disease, for example, males more frequently present with
moderate-to-severe albuminuria (A2/A3 categories) [42], and similar sex-related differences have
been described in hypertensive nephropathy and selected primary and systemic glomerular diseases
[43,44]. The sex dimorphism in CKD progression is mainly hormone-mediated, with androgens
exacerbating renal injury through pathways like RAAS activation and inflammation, while estrogens
provide protective effects by stabilizing RAAS, enhancing antioxidant capacity, and reducing fibrosis
[45]. Additionally, sex-specific genes on the X and Y chromosomes influence CKD susceptibility and
progression by modulating immune responses, oxidative stress, and fibrosis [45].

The divergence between prevalence and progression is clearly illustrated in kidney replacement
therapy (KRT) statistics. Although women constitute most patients with earlier stages of CKD, men
are more likely to reach kidney failure and initiate dialysis or undergo transplantation [46,47]. This
discrepancy likely reflects a combination of faster disease progression in men and potential gender-
related differences in referral patterns, access to specialized care, and treatment decisions. Both in the
overall population and across age groups, mortality and the age-standardized DALYs rate of CKD
was higher in males compared to females [39]. In some high-income countries, CKD ranks among the
leading causes of death in women [48], highlighting its growing public health relevance. However,
the relative excess risk compared with sex-matched individuals in the general population may be
greater in women, particularly in advanced CKD and during kidney replacement therapy [4]. For
instance, in Europe the expectancy remaining years of life for all age groups combined was
approximately 66% and 68% shorter for males and females on dialysis, and 46% and 49% shorter for
males and females living with a functioning kidney graft when compared to males and females in
the general population [49]. These complex and sometimes paradoxical patterns reflect the interplay
between biological sex, gender-related determinants, and healthcare system factors, and they
emphasize the need for sex-specific analyses in CKD research, prevention strategies, and policy
planning.
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5. Under—Prescription of CVD Medications in Women with CKD

While sex disparities in cardiovascular care are well documented in the general population, data
on prescribing patterns in patients with CKD remain limited and less well characterized. A
multicenter real-world registry of 914 patients with Heart Failure reduced Ejection Fraction found
that those with eGFR <30 mL/min/m? received significantly lower proportions of all guideline-
recommended medications compared to men: sacubitril-valsartan (30.5% vs. 59.2%), MRAs (31.7%
vs. 77.8%), and SGLT2i (34.1% vs. 52.9%) [50]. This disparity spans multiple drug classes—from
traditional RAS inhibitors to newer agents like SGLT2i and GLP-1Ras, occurs across diverse clinical
settings and represents a major therapeutic gap with profound clinical consequences, particularly in
a population where women with CKD face disproportionately higher cardiovascular risk than their
male counterparts [4]. In a retrospective cohort analysis with data extracted from TriNetX database
of 328,431 individuals, among individuals with CKD the female survival advantage shrinks by
approximately 38% compared to what is observed in non-CKD populations [51] (Table 1).

1. Renin-Angiotensin System (RAS) Inhibitors

RAS inhibitors remain fundamental to cardio- nephroprotective therapy across all CKD stages,
yet their prescription rates vary significantly by sex and stage of kidney disease, with women
consistently being prescribed these agents at lower rates. In the prospective CKD-REIN cohort of
3,011 patients with CKD (eGFR <60 mL/min/1.73m?), women were prescribed RAS inhibitors in 71%
of cases compared to 79% in men [52]. Furthermore, women demonstrated higher incidence rates of
adverse drug reactions (ADRs) compared to men in the same cohort, so this could be a possible
explanation of the lower prescription rates. Beyond that, the consequences of RAS inhibitor
discontinuation particularly affect women with advanced CKD. In a prospective analysis of 1,472
patients with eGFR <30 mL/min/1.73m?, discontinuation of RAS inhibitors was associated with a 2.13-
fold increased risk of major adverse cardiovascular events, with particularly pronounced effects in
women [53]. Similarly in a large Australian primary care cohort of over 140.000 patient with CKD,
women were 4% less likely to receive ACE or angiotensin receptor blocker, compared to men even
after adjustment for clinical and sociodemographic characteristics [54]. In Europe a Swedish
observational study of 227,847 patients with CKD demonstrated that women had lower odds of
receiving RAS inhibitors at inclusion, disparity that persisted across disease severity [55] .
2.  Glucose lowering treatments

Sex-based differences in glucose-lowering treatment efficacy and safety have important
implications for overall management of patients with type 2 diabetes and CKD. The CKD-REIN
prospective cohort study indicated that glycemic control, treatment response and hypoglycemic
symptoms exhibit sex-specific patterns [56]. Hypoglycemic symptoms were more frequent in women
and required closer monitoring with appropriate patient education, particularly in the female
population. While overall metformin use was similar between sexes in CKD stage 3, more women
than men used insulin at stages IV and V.

Robust evidence supports the use of SGLT2i in patients with CKD for their cardiorenal
protective effects including reductions in eGFR decline, albuminuria, and heart failure risk [1].
However, significant gender disparities persist in this population in real world. A retrospective study
in Japan, that included 358.134 patients with GFR <60ml/min with or without diabetes with or
without established CVD, stated that being a woman was an independent risk factor for lower
prescription rates [57] . Even following regulatory approval and guideline endorsement, prescription
rates have increased more slowly for women demonstrating a persistent gender gap. Similarly in the
US a study conducted among 172.443 Veterans with CKD, diabetes and CVD, women had
significantly lower odds to be prescribed with SGLT2 inhibitors compared to men [58].

GLP-1 RAs represent a transformative therapeutic class with compelling evidence for cardio-
renal protection in patients with type 2 diabetes and CKD. Yet these agents remain profoundly
underutilized globally, with particularly stark sex-based disparities in prescription patterns [34]. In
an Italian registry of 139,202 diabetic patients stratified by cardiorenal phenotype, women with

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

7 of 13

isolated CKD (without CVD) received GLP-1 RAs in 11.8% of cases compared to 14.9% of men [59].
In the same study GLP-1RA prescriptions were driven more strongly by body mass index and age
than CV or renal risk, potentially disadvantaging women wih high CV risk bit lower body mass
index.

3. Lipid lowering therapies:

Current KDIGO guidelines recommend a «fire and forget» primary prevention strategy with the
prescription of a high intensity statin in the setting of an initial pharmacological approach [1]. Despite
these recommendations, real world data are far from being aligned with these guidelines. In the
Australian primary care study, no significant difference was found in overall statin use rated between
men and women. However, women were less likely to achieve lipid control targets within 18% lower
likelihood of reaching LDL targets [54]. Similarly in a Swedish cohort, women with CKD had lower
probabilities of receiving guideline- recommended statin at inclusion [55].

In advanced CKD, cardiovascular risk is particularly high, and suboptimal treatment is
associated with substantial excess morbidity. Older women with CKD represent a vulnerable
subgroup in whom cardio-renal therapies are frequently underutilized or insufficiently optimized.
The sex gap in cardiovascular prescribing in CKD is multifactorial. As kidney function declines,
therapeutic decisions become more complex, particularly in stages 3-5 CKD, where concerns
regarding hyperkalemia, hypotension, drug accumulation, and renal safety may limit initiation or
continuation of therapy. Women with CKD also tend to present at older ages than men with
comparable disease severity, and clinicians may adopt more conservative prescribing practices in
elderly populations. In addition, women are less likely to receive dose escalation to guideline-
recommended targets and report higher rates of adverse drug reactions across several cardiovascular
drug classes. Importantly, some of these differences may reflect not only clinical complexity but also
persistent sex bias in drug development and clinical research, which has limited the generation of
robust sex-specific efficacy and safety data.

4. Sexbias in drug trials

The biological reality that “every cell has a sex” is a fundamental principle often ignored in
modern drug development and biomedical research. For decades, scientific inquiry has leaned
heavily on an androcentric model, predominantly using male subjects to represent the entire human
population. This historical bias has created a significant “sex-gap” that stretches from early preclinical
animal studies to clinical trials and post-marketing drug surveillance, often resulting in suboptimal
therapy and increased health risks for women [60]. This prompted the National Institutes of Health
in the United States in 2016 to implement a policy requiring investigators to consider sex as a
biological variable [61]. A 10-year follow-up study of sex inclusion across interdisciplinary research
identified that there was a significant increase in the number of studies that included both sexes
across neuroscience, immunology, endocrinology, general biology, physiology and behavioral
physiology [62,63]. Nevertheless, in pharmacology, there was no change in the proportion of studies
that included data specifically analyzed by sex.

A primary driver of this disparity is the disproportionate use of male animals in preclinical
research. A survey of nearly 2,000 animal studies revealed a male bias in eight out of ten biological
disciplines, most notably in neuroscience (5.5 males to 1 female) and pharmacology (5 males to 1
female) [62]. This bias persists even though many diseases, such as anxiety, depression, and certain
thyroid disorders, are significantly more prevalent in women. Researchers have historically avoided
female animals due to the misconception that estrous cycles introduce excessive data variability [64].
By excluding females, researchers fail to identify sex-specific disease mechanisms, leading to animal
physiological and pharmacokinetic differences.

Sex-specific differences in pharmacokinetics and pharmacodynamics are well documented.
Variations in body composition [65], gastrointestinal physiology, [66], drug metabolism and
transporter expression affect absorption, distribution and clearance of medication in women [67,68]
- aspirin is a notable example of this [69]. The failure to account for these differences has been
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associated with a 50-75% higher rate of adverse drug reactions (ADRs) and hospitalizations in
women compared to men [70,71]. Many drugs are prescribed at the same dose for both sexes, despite
known differences in clearance rates. A hallmark example is the sedative zolpidem; for years, women
were prescribed the same dose as men, leading to high rates of next-day cognitive impairment until
the FDA eventually recommended halving the female dose [72]. Beyond baseline differences, female-
specific states—such as the menstrual cycle, pregnancy, and menopause further complicate drug
performance. Fluctuations in estradiol and progesterone can manipulate drug efficacy [73], yet
pregnant women are often excluded from trials, leaving healthcare providers to guess the risk-benefit
ratio of essential treatments.

Bridging the sex gap in therapeutics requires systematic adoption of sex-informed
methodologies across the research continuum. Funding bodies and journals should mandate
balanced sex inclusion and require sex-disaggregated analyses, including transparent reporting of
the sex of cell lines and preclinical models. Advanced tools such as physiologically based
pharmacokinetic modeling can help define sex-specific dosing strategies, while artificial intelligence
systems must be developed using adequately representative datasets to prevent algorithmic bias.
Emerging technologies, including individualized drug manufacturing platforms, may further
support tailored dosing approaches. Finally, regulatory agencies should require the submission of
sex-specific efficacy and safety data for all new drug applications to ensure equitable evidence
generation and therapeutic guidance.

6. Conclusions, and Future Directions

Women with CKD remain systematically undertreated with evidence-based cardioprotective
and nephroprotective therapies, including RAS inhibitors, SGLT2i, GLP-1 receptor agonists, and
optimized lipid-lowering treatment. This therapeutic gap occurs despite a substantial cardiovascular
burden, and the loss of the usual female survival advantage once advanced CKD is present. Under-
prescription is multifactorial, reflecting clinical complexity in advanced CKD, higher reported
adverse drug reactions, older age at presentation, conservative prescribing practices, and persistent
structural and knowledge gaps within healthcare systems. Failure to implement guideline-directed
therapy likely contributes to preventable cardiovascular events, faster kidney disease progression,
and excess mortality in this population.

Reducing sex disparities in CKD care requires coordinated action at multiple levels. Clinician
education and training should emphasize sex-specific cardiovascular risk, differences in
pharmacokinetics and tolerability, and the importance of treatment optimization rather than
therapeutic avoidance. Routine audit and feedback using sex-disaggregated prescribing and target-
achievement metrics may help identify gaps and improve accountability. Greater patient awareness
and shared decision-making are also essential to address concerns about adverse effects and improve
long-term adherence.

Future research priorities include ensuring adequate representation of women in clinical trials,
mandatory sex-specific efficacy and safety analyses, and investigation of optimal dosing strategies
tailored to biological differences. Implementation science approaches should evaluate system-level
interventions that improve equitable access to cardio-renal therapies across the CKD spectrum.
Integrating sex as a biological variable throughout research, guideline development, and clinical
practice is essential to advancing precision medicine and achieving equity in cardio-renal outcomes
for women with CKD.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Herrington, W.G.; Judge, P.K,; Grams, M.E.; Wanner, C. Chronic kidney disease. Lancet 2026, 407, 90-104,
doi:10.1016/S0140-6736(25)01942-7.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

9 of 13

2. Wanner, C.; Zhao, M.H.; Amin, A.N.; De Nicola, L.; Sauer, A.J.; Allum, A.M.; Aranda, U.; Nam, Y.S.; Butler,
J. Guideline-Recommended Disease-Modifying Therapies for Patients with Cardiorenal Disease: A Call-to-
Action Narrative Review. Adv Ther 2025, 42, 3141-3157, d0i:10.1007/s12325-025-03228-1.

3. Garcia, G.G,; Iyengar, A.; Kaze, F,; Kierans, C.; Padilla-Altamira, C.; Luyckx, V.A. Sex and gender
differences in chronic kidney disease and access to care around the globe. Semin Nephrol 2022, 42, 101-113,
doi:10.1016/j.semnephrol.2022.04.001.

4. Balafa, O.; Fernandez-Fernandez, B.; Ortiz, A.; Dounousi, E.; Ekart, R.; Ferro, C.J.; Mark, P.B.; Valdivielso,
J.M.; Del Vecchio, L.; Mallamaci, F. Sex disparities in mortality and cardiovascular outcomes in chronic
kidney disease. Clin Kidney ] 2024, 17, sfae044, doi:10.1093/ckj/sfae044.

5. Sun,]; Qiao, Y.; Zhao, M.; Magnussen, C.G.; Xi, B. Global, regional, and national burden of cardiovascular
diseases in youths and young adults aged 15-39 years in 204 countries/territories, 1990-2019: a systematic
analysis of Global Burden of Disease Study 2019. BMC Med 2023, 21, 222, doi:10.1186/512916-023-02925-4.

6.  Vervoort, D.; Wang, R.; Li, G; Filbey, L.; Maduka, O.; Brewer, L.C.; Mamas, M.A_; Bahit, M.C.; Ahmed, S.B,;
Van Spall, H.G.C. Addressing the Global Burden of Cardiovascular Disease in Women: JACC State-of-the-
Art Review. | Am Coll Cardiol 2024, 83, 2690-2707, d0i:10.1016/j.jacc.2024.04.028.

7.  Reynolds, H.R;; Diaz, A.; Cyr, D.D.; Shaw, L.J.; Mancini, G.B.]J.; Leipsic, J.; Budoff, M.].; Min, ].K.; Hague,
C.J.; Berman, D.S,; et al. Ischemia With Nonobstructive Coronary Arteries: Insights From the ISCHEMIA
Trial. JACC Cardiovasc Imaging 2023, 16, 63-74, doi:10.1016/j.jcmg.2022.06.015.

8.  Tognola, C.; Maloberti, A.; Varrenti, M.; Mazzone, P.; Giannattasio, C.; Guarracini, F. Myocardial Infarction
with Nonobstructive Coronary Arteries (MINOCA): Current Insights into Pathophysiology, Diagnosis, and
Management. Diagnostics (Basel) 2025, 15, d0i:10.3390/diagnostics15070942.

9. Lam, CS.P; Arnott, C.; Beale, A.L.; Chandramouli, C.; Hilfiker-Kleiner, D.; Kaye, D.M.; Ky, B.; Santema,
B.T.; Sliwa, K.; Voors, A.A. Sex differences in heart failure. Eur Heart | 2019, 40, 3859-3868c,
doi:10.1093/eurheartj/ehz835.

10. Matetic, A.; Shamkhani, W.; Rashid, M.; Volgman, A.S.; Van Spall, H.G.C.; Coutinho, T.; Mehta, L.S,;
Sharma, G.; Parwani, P.; Mohamed, M.O.; et al. Trends of Sex Differences in Clinical Outcomes After
Myocardial Infarction in the United States. CJC Open 2021, 3, S19-527, d0i:10.1016/j.cjco.2021.06.012.

11. Safdar, B.; D’Onofrio, G. Women and Chest Pain: Recognizing the Different Faces of Angina in the
Emergency Department. Yale | Biol Med 2016, 89, 227-238.

12. Al Hamid, A.; Beckett, R.; Wilson, M.; Jalal, Z.; Cheema, E.; Al-Jumeily Obe, D.; Coombs, T.; Ralebitso-
Senior, K.; Assi, S. Gender Bias in Diagnosis, Prevention, and Treatment of Cardiovascular Diseases: A
Systematic Review. Cureus 2024, 16, e54264, doi:10.7759/cureus.54264.

13.  Zhao, M,; Vaartjes, I.; Graham, I.; Grobbee, D.; Spiering, W.; Klipstein-Grobusch, K.; Woodward, M.; Peters,
S.A. Sex differences in risk factor management of coronary heart disease across three regions. Heart 2017,
103, 1587-1594, d0i:10.1136/heartjnl-2017-311429.

14. Krumbholz, HM. Women’s Cardiovascular Health: From Inclusion to Design. ] Am Coll Cardiol 2026, 87,
683-684, doi:10.1016/j.jacc.2026.01.003.

15. Mosca, L.; Mochari-Greenberger, H.; Dolor, R.J.; Newby, L.K.; Robb, K.J. Twelve-year follow-up of
American women’s awareness of cardiovascular disease risk and barriers to heart health. Circ Cardiovasc
Qual Outcomes 2010, 3, 120-127, doi:10.1161/CIRCOUTCOMES.109.915538.

16. Mosca, L.; Linfante, A.H.; Benjamin, E.J.; Berra, K.; Hayes, S.N.; Walsh, B.W.; Fabunmi, R.P.; Kwan, J.; Mills,
T.; Simpson, S.L. National study of physician awareness and adherence to cardiovascular disease
prevention guidelines. Circulation 2005, 111, 499-510, d0i:10.1161/01.CIR.0000154568.43333.82.

17.  Jin, X,; Chandramouli, C.; Allocco, B.; Gong, E.; Lam, C.S.P.; Yan, L.LL. Women’s Participation in
Cardiovascular Clinical Trials From 2010 to 2017. Circulation 2020, 141, 540-548,
doi:10.1161/CIRCULATIONAHA.119.043594.

18. Kiss, P.AJ,; Uijl, A,; Betancur, E.; de Boer, A.R.; Grobbee, D.E.; Hollander, M.; Onland-Moret, C.N,;
Sturkenboom, M.; Peters, S.A.E. Sex Differences in the Primary Prevention of Cardiovascular Diseases in a
Dutch Primary Care Setting. Glob Heart 2024, 19, 6, d0i:10.5334/gh.1284.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

10 of 13

19. Kiss, P.; Uijl, A.; Grobbee, D.E.; Hollander, M.; Smits, E.; Sturkenboom, M.; Peters, S.A.E. Uptitration of
statin therapy in women and men: a population-based cohort study. Eur Heart ] Qual Care Clin Outcomes
2025, 11, 1310-1318, doi:10.1093/ehjqcco/qcaf017.

20. LUNDHOLM, M.D. 253-OR: Statin Prescriptions for Prevention of Atherosclerotic Cardiovascular Disease
in Adults 40-75 Years Old with Type 1 Diabetes. Diabetes 2025, 74, doi:10.2337/db25-253-OR.

21. Ramirez-Morros, A.; Franch-Nadal, J.; Real, J.; Miro-Catalina, Q.; Bundo, M.; Vlacho, B.; Mauricio, D.
Clinical characteristics and degree of cardiovascular risk factor control in patients with newly-diagnosed
type 2 diabetes in Catalonia. Front Endocrinol (Lausanne) 2024, 15, 1339879, d0i:10.3389/fend0.2024.1339879.

22.  Zhao, M.; Woodward, M.; Vaartjes, I.; Millett, E.R.C.; Klipstein-Grobusch, K.; Hyun, K.; Carcel, C.; Peters,
S.A.E. Sex Differences in Cardiovascular Medication Prescription in Primary Care: A Systematic Review
and Meta-Analysis. | Am Heart Assoc 2020, 9, e014742, d0i:10.1161/JAHA.119.014742.

23. Dal Canto, E.; Theunisse, S.L.; Bots, M.L.; Rutten, F.; Biermans, M.; Onland-Moret, N.C.; Spiering, W_; Kilic,
B.; den Ruijter, H.M.; Hollander, M. Sex differences in the prescription of antihypertensive medications in
primary care patients: an observational study. BJGP Open 2025, 9, doi:10.3399/BJGPO.2024.0116.

24. Dasa, O.; Jun, I; Sajdeya, R.; Taha, M.B.; Sajdeya, O.; Pearson, T.A. Abstract P078: Gender And Racial
Disparities In Aspirin Use For Primary Prevention: Temporal Trends From The National Health And
Nutrition =~ Examination Surveys, 2011-2018. Circulation 2021, 143,  AP078-AP078,
doi:doi:10.1161/circ.143.suppl_1.P078.

25. Sedighi, J.; Luedde, M.; Dinov, B.; Bengel, P.; Boettger, P.; Tanislav, C.; Sossalla, S.; Kostev, K. Sex
differences in the initiation of antithrombotic therapy in patients with atrial fibrillation in Germany. Clin
Res Cardiol 2025, 114, 1730-1738, doi:10.1007/s00392-025-02757-7.

26. Koczo, A; Zhu, J.; Thoma, F.; Mumtaz, M.; Reis, S.; Marroquin, O.; Berlacher, K.; Michos, E.D.; Mulukutla,
S.; Saeed, A. Sex differences in guideline-based statin utilization and recurrent events in patients with
known coronary artery disease. Am | Prev Cardiol 2025, 23, 101075, doi:10.1016/j.ajpc.2025.101075.

27. Frank, D.A; Johnson, A.E.; Hausmann, L.R.M.; Gellad, W.F.; Roberts, E.T.; Vajravelu, R.K. Disparities in
Guideline-Recommended Statin Use for Prevention of Atherosclerotic Cardiovascular Disease by Race,
Ethnicity, and Gender : A Nationally Representative Cross-Sectional Analysis of Adults in the United
States. Ann Intern Med 2023, 176, 1057-1066, doi:10.7326/M23-0720.

28. Alfredsson, ].; Green, ].B.; Stevens, S.R.; Reed, S.D.; Armstrong, P.W.; Angelyn Bethel, M.; Engel, S.S,;
McGuire, D.K.; Van de Werf, F.; Hramiak, L; et al. Sex differences in management and outcomes of patients
with type 2 diabetes and cardiovascular disease: A report from TECOS. Diabetes Obes Metab 2018, 20, 2379-
2388, d0i:10.1111/dom.13377.

29. Wang, Y,; Tian, A.; Wu, C,; Lu, J.; Chen, B.; Yang, Y.; Zhang, X.; Zhang, X.; Cui, J.; Xu, W,; et al. Influence of
Socioeconomic Gender Inequality on Sex Disparities in Prevention and Outcome of Cardiovascular
Disease: Data From a Nationwide Population Cohort in China. | Am Heart Assoc 2023, 12, 030203,
doi:10.1161/JAHA.123.030203.

30. Marza-Florensa, A.; Kiss, P.; Youssef, D.M,; Jalali-Farahani, S.; Lanas, F.; di Cesare, M.; Gonzalez Juanatey,
J.R.; Taylor, S.; Uijl, A.; Grobbee, D.E.; et al. Sex Differences in Acute Coronary Syndromes: A Scoping
Review Across the Care Continuum. Glob Heart 2025, 20, 26, doi:10.5334/gh.1410.

31. Keenan, I; Stanley, F.; Homeniuk, R.; Gallagher, J.; O’Callaghan, M.; Collins, C. Exploring sex-based
differences in patient outcomes: A secondary analysis of Heartwatch, an Irish cardiovascular secondary
prevention programme. Int | Cardiol Cardiovasc Risk Prev 2025, 24, 200376, doi:10.1016/j.ijcrp.2025.200376.

32. Hammer, A.; Hofer, F.; Kazem, N.; Koller, L.; Steinacher, E.; Baumer, U.; Wollmann, F.; Kautzky-Willer, A.;
Beitl, K.; Remer, F.; et al. Sex-Related Disparities in Prescription Patterns of Sodium-Glucose Cotransporter
2 Inhibitors in Patients with Type 2 Diabetes and Heart Failure. | Womens Health (Larchmt) 2023, 32, 1219-
1228, d0i:10.1089/jwh.2023.0059.

33. Packer, M. Obesity-Associated Heart Failure as a Theoretical Target for Treatment With Mineralocorticoid
Receptor Antagonists. JAMA Cardiol 2018, 3, 883-887, doi:10.1001/jamacardio.2018.2090.

34. Nanna, M.G,; Kolkailah, A.A.; Page, C.; Peterson, E.D.; Navar, A.M. Use of Sodium-Glucose Cotransporter
2 Inhibitors and Glucagonlike Peptide-1 Receptor Agonists in Patients With Diabetes and Cardiovascular
Disease in Community Practice. JAMA Cardiol 2023, 8, 89-95, doi:10.1001/jamacardio.2022.3839.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

11 of 13

35. Barrett, E.; Paige, E.; Welsh, J.; Korda, R.J.; Joshy, G.; Martin, M.; Banks, E. Differences between men and
women in the use of preventive medications following a major cardiovascular event: Australian prospective
cohort study. Prev Med Rep 2021, 22, 101342, d0i:10.1016/j.pmedr.2021.101342.

36. Dallongevillle, J.; De Bacquer, D.; Heidrich, J.; De Backer, G.; Prugger, C.; Kotseva, K.; Montaye, M,;
Amouyel, P.; Group, E.S. Gender differences in the implementation of cardiovascular prevention measures
after an acute coronary event. Heart 2010, 96, 1744-1749, d0i:10.1136/hrt.2010.196170.

37. Collaborators, G.B.D.C.K.D. Global, regional, and national burden of chronic kidney disease in adults,
1990-2023, and its attributable risk factors: a systematic analysis for the Global Burden of Disease Study
2023. Lancet 2025, 406, 2461-2482, doi:10.1016/S0140-6736(25)01853-7.

38. Florea, A.; Jacobs, E.T.; Harris, R.B.; Klimentidis, Y.C.; Thajudeen, B.; Kohler, L.N. Chronic kidney disease
unawareness and determinants using 1999-2014 National Health and Nutrition Examination Survey Data.
J Public Health (Oxf) 2022, 44, 532-540, doi:10.1093/pubmed/fdab112.

39. Deng, L.;;Guo, S,; Liu, Y,; Zhou, Y.; Liu, Y.; Zheng, X.; Yu, X,; Shuai, P. Global, regional, and national burden
of chronic kidney disease and its underlying etiologies from 1990 to 2021: a systematic analysis for the
Global Burden of Disease Study 2021. BMC Public Health 2025, 25, 636, doi:10.1186/512889-025-21851-z.

40. Melsom, T.; Norvik, J.V.; Enoksen, I.T.; Stefansson, V.; Mathisen, U.D.; Fuskevag, O.M.; Jenssen, T.G.; Solbu,
M.D.; Eriksen, B.O. Sex Differences in Age-Related Loss of Kidney Function. ] Am Soc Nephrol 2022, 33,
1891-1902, doi:10.1681/ASN.2022030323.

41. Ricardo, A.C; Yang, W.; Sha, D.; Appel, L.]J.; Chen, J.; Krousel-Wood, M.; Manoharan, A.; Steigerwalt, S.;
Wright, J.; Rahman, M.; et al. Sex-Related Disparities in CKD Progression. | Am Soc Nephrol 2019, 30, 137-
146, doi:10.1681/ASN.2018030296.

42. Yu, MK, Lyles, C.R.; Bent-Shaw, L.A.; Young, B.A.; Pathways, A. Risk factor, age and sex differences in
chronic kidney disease prevalence in a diabetic cohort: the pathways study. Am | Nephrol 2012, 36, 245-251,
doi:10.1159/000342210.

43. Beckwith, H.; Lightstone, L.; McAdoo, S. Sex and Gender in Glomerular Disease. Semin Nephrol 2022, 42,
185-196, d0i:10.1016/j.semnephrol.2022.04.008.

44. Satoh, M.; Hirose, T.; Nakayama, S.; Murakami, T.; Takabatake, K.; Asayama, K.; Imai, Y.; Ohkubo, T.; Mori,
T.; Metoki, H. Blood Pressure and Chronic Kidney Disease Stratified by Gender and the Use of
Antihypertensive Drugs. | Am Heart Assoc 2020, 9, €015592, doi:10.1161/JAHA.119.015592.

45. Li, G; Xu, Z,; Yang, H.; Zhang, D.; Liu, B.; Song, Y.; Li, Q.; Zhang, Y.; Zhou, H.; Wang, Y. Sex-specific
mechanisms in the pathogenesis and progression of chronic kidney disease. Autoimmun Rev 2026, 25,
103938, doi:10.1016/j.autrev.2025.103938.

46. Hecking, M.; Tu, C.; Zee, ].; Bieber, B.; Hodlmoser, S.; Reichel, H.; Sesso, R.; Port, F.K.; Robinson, B.M.;
Carrero, ].J.; et al. Sex-Specific Differences in Mortality and Incident Dialysis in the Chronic Kidney Disease
Outcomes and Practice Patterns Study. Kidney Int Rep 2022, 7, 410-423, doi:10.1016/j.ekir.2021.11.018.

47. Salas, M.A.P.; Chua, E.; Rossi, A.; Shah, S.; Katz-Greenberg, G.; Coscia, L.; Sawinski, D.; Adey, D. Sex and
gender disparity in kidney transplantation: Historical and future perspectives. Clin Transplant 2022, 36,
el4814, doi:10.1111/ctr.14814.

48. Heron, M. Deaths: Leading Causes for 2019. Natl Vital Stat Rep 2021, 70, 1-114.

49. Stel, V.S, Ortiz, A.; Kramer, A. ERA Registry Figure of the month Expected remaining years of life for
dialysis and kidney transplant patients. Clin Kidney ] 2025, 18, sfaf091, doi:10.1093/ckj/sfaf091.

50. Recio Mayoral, A.; Anguita Gamez, M.; Gonzalez Manzanares, R.; Muniz Garcia, J.; Elola Somoza, F.J.;
Bonilla Palomas, J.L.; Cequier Fillat, A.; Romero Rodriguez, N.; Rodriguez Padial, L.; Anguita Sanchez, M.;
et al. Differences in the optimization of pharmacological treatment in patients with heart failure and
reduced ejection fraction and advanced chronic kidney disease. European Heart Journal 2024, 45,
doi:10.1093/eurheartj/ehae666.829.

51. Tian, Z.; Hillebrand, U.C.; Casper, ]J.; Schmidt-Ott, K.M.; Melk, A.; Schmidt, B.M.W. Chronic kidney disease
confers increased excess risks of mortality and cardiovascular events in women compared to men. Nephrol
Dial Transplant 2025, 10.1093/ndt/gfaf217, doi:10.1093/ndt/gfaf217.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

12 of 13

52. Laville, S.M.; Mouheb, A.; Massy, Z.A.; Jacquelinet, C.; Laville, M.; Stengel, B.; Alencar de Pinho, N;
Liabeuf, S.; collaborators, C.-R.s. Male and female drug prescription patterns and adverse drug reactions
in chronic kidney disease. Nephrol Dial Transplant 2025, 40, 2379-2389, doi:10.1093/ndt/gfaf125.

53. Valentin, M.; Margaux, C.-A.; Sophie, L.; Solene, L.M.; Ziad, M.; Benedicte, S.; De Pinho Natalia, A.
CARDIOVASCULAR IMPACT OF DISCONTINUATION OF RENIN-ANGIOTENSIN SYSTEM
INHIBITORS IN ADVANCED CHRONIC KIDNEY DISEASE. Journal of Hypertension 2024, 42, el57,
d0i:10.1097/01.hjh.0001020936.76632.49.

54. Wallace, H.; Buizen, L.; Badve, S.V.; Ha, ].T.; Ketema, D.B.; Ronksley, P.; Sasaki, T.; Siriwardana, A.; Harris,
K.; Henry, A,; et al. Sex differences in patterns of chronic kidney disease care in Australian primary care: A
retrospective cohort study of a national general practice dataset. Diabetes Obes Metab 2026, 28, 2329-2338,
doi:10.1111/dom.70428.

55. Swartling, O.; Yang, Y.; Clase, C.M.; Fu, E.L.; Hecking, M.; Hodlmoser, S.; Trolle-Lagerros, Y.; Evans, M.;
Carrero, J.J. Sex Differences in the Recognition, Monitoring, and Management of CKD in Health Care: An
Observational Cohort Study. ] Am Soc Nephrol 2022, 33, 1903-1914, doi:10.1681/ASN.2022030373.

56. Balkau, B.; Metzger, M.; Andreelli, F.; Frimat, L.; Speyer, E.; Combe, C.; Laville, M.; Jacquelinet, C,;
Briancon, S.; Ayav, C.; et al. Impact of sex and glucose-lowering treatments on hypoglycaemic symptoms
in people with type 2 diabetes and chronic kidney disease. The French Chronic Kidney Disease - Renal
Epidemiology and Information Network (CKD-REIN) Study. Diabetes Metab 2019, 45, 175-183,
doi:10.1016/j.diabet.2018.03.007.

57. Azegami, T.; Kaneko, H.; Okada, A.; Suzuki, Y.; Aoyama, K.; Nakayama, T.; Fujiu, K.; Takeda, N.; Morita,
H.; Yokoo, T.; et al. Gender differences in the prescription of SGLT2 inhibitors in chronic kidney disease: A
real-world database study. Diabetes Obes Metab 2025, 27, 6294-6303, doi:10.1111/dom.70020.

58. Gregg, L.P.; Ramsey, D.J.; Akeroyd, ].M.; Jafry, S.A.; Matheny, M.E.; Virani, S.S.; Navaneethan, S.D.
Predictors, Disparities, and Facility-Level Variation: SGLT2 Inhibitor Prescription Among US Veterans With
CKD. Am ] Kidney Dis 2023, 82, 53-62 e51, doi:10.1053/j.ajkd.2022.11.017.

59. Tuccinardi, D.; Zilich, R.; Ponzani, P.; Musacchio, N.; Manicardi, V.; Rocca, A.; Pontremoli, R.; Fioretto, P.;
Muscara, A.; Di Cianni, G.; et al. Real-world prescriptions of GLP-1RAs and SGLT2is in type 2 diabetes
prioritise BMI and age over cardiorenal risk: a machine learning-based large cohort analysis. Cardiovasc
Diabetol Endocrinol Rep 2025, 11, 38, doi:10.1186/s40842-025-00251-7.

60. Madla, C.M.; Gavins, F.K.H.; Merchant, H.A.; Orlu, M.; Murdan, S.; Basit, A.W. Let’s talk about sex:
Differences in drug therapy in males and females. Adv Drug Deliv Rev 2021, 175, 113804,
doi:10.1016/j.addr.2021.05.014.

61. Clayton, J.A.; Collins, F.S. Policy: NIH to balance sex in cell and animal studies. Nature 2014, 509, 282-283,
doi:10.1038/509282a.

62. Beery, AK,; Zucker, I. Sex bias in neuroscience and biomedical research. Neurosci Biobehav Rev 2011, 35,
565-572, doi:10.1016/j.neubiorev.2010.07.002.

63. Woitowich, N.C.; Beery, A.; Woodruff, T. A 10-year follow-up study of sex inclusion in the biological
sciences. Elife 2020, 9, doi:10.7554/eLife.56344.

64. Meziane, H.; Ouagazzal, A.M.; Aubert, L.; Wietrzych, M.; Krezel, W. Estrous cycle effects on behavior of
C57BL/6] and BALB/cBy] female mice: implications for phenotyping strategies. Genes Brain Behav 2007, 6,
192-200, do0i:10.1111/j.1601-183X.2006.00249.x.

65. Blaak, E. Gender differences in fat metabolism. Curr Opin Clin Nutr Metab Care 2001, 4, 499-502,
doi:10.1097/00075197-200111000-00006.

66. Freire, A.C,; Basit, A.W.; Choudhary, R.; Piong, C.W.; Merchant, H.A. Does sex matter? The influence of
gender on gastrointestinal physiology and drug delivery. Int ] Pharm 2011, 415, 15-28,
doi:10.1016/j.ijpharm.2011.04.069.

67. Aarons, L.; Hopkins, K.; Rowland, M.; Brossel, S.; Thiercelin, J.F. Route of administration and sex
differences in the pharmacokinetics of aspirin, administered as its lysine salt. Pharm Res 1989, 6, 660-666,
d0i:10.1023/a:1015978104017.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2026 d0i:10.20944/preprints202603.0884.v1

13 of 13

68. Frohlich, M.; Albermann, N.; Sauer, A.; Walter-Sack, I.; Haefeli, W.E.; Weiss, J. In vitro and ex vivo evidence
for modulation of P-glycoprotein activity by progestins. Biochem Pharmacol 2004, 68, 2409-2416,
doi:10.1016/j.bcp.2004.08.026.

69. Luzier, A.B.; Killian, A.; Wilton, J.H.; Wilson, M.E.; Forrest, A.; Kazierad, D.J. Gender-related effects on
metoprolol pharmacokinetics and pharmacodynamics in healthy volunteers. Clin Pharmacol Ther 1999, 66,
594-601, doi:10.1053/cp.1999.v66.103400001.

70. Cacabelos, R.; Naidoo, V. Corzo, L.; Cacabelos, N.; Carril, ]J.C. Genophenotypic Factors and
Pharmacogenomics in Adverse Drug Reactions. Int | Mol Sci 2021, 22, d0i:10.3390/ijms222413302.

71. Hendriksen, L.C.; van der Linden, P.D.; Lagro-Janssen, A.L.M.; van den Bemt, P.; Siiskonen, S.J.; Teichert,
M.; Kuiper, J.G.; Herings, RM.C.; Stricker, B.H.; Visser, L.E. Sex differences associated with adverse drug
reactions resulting in hospital admissions. Biol Sex Differ 2021, 12, 34, doi:10.1186/s13293-021-00377-0.

72.  Norman, ].L.; Fixen, D.R; Saseen, ].].; Saba, L.M.; Linnebur, S.A. Zolpidem prescribing practices before and
after Food and Drug Administration required product labeling changes. SAGE Open Med 2017, 5,
2050312117707687, doi:10.1177/2050312117707687.

73. Damoiseaux, V.A.; Proost, ].H.; Jiawan, V.C.; Melgert, B.N. Sex differences in the pharmacokinetics of
antidepressants: influence of female sex hormones and oral contraceptives. Clin Pharmacokinet 2014, 53, 509-
519, d0i:10.1007/s40262-014-0145-2..:

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0884.v1
http://creativecommons.org/licenses/by/4.0/

