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Abstract

The two-times higher prevalence of Alzheimer’s disease (AD) in females versus males is well-known; 

however, there are also sex/gender differences in clinical presentation and diagnostic accuracy that are 

less examined but equally important to understand in terms of improving early detection, intervention 

and disease tracking in each sex/gender. This review explores how these disparities in clinical 

presentation manifest across the AD continuum, with a focus on the earlier stages of preclinical AD and 

mild cognitive impairment (MCI). We summarize evidence indicating that female’s verbal memory 

advantage may mask early cognitive decline, leading to delayed MCI diagnosis and limiting 

opportunities for early intervention. Conversely, females demonstrate steeper cognitive decline at later 

disease stages compared to males. These patterns align with the cognitive reserve theory, suggesting 

female’s verbal memory strength may act as a domain-specific resilience factor. Lastly, this review 

emphasizes the need for sex-sensitive diagnostic tools to improve early detection accuracy and equity in 

clinical practice. 
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Introduction

Alzheimer’s disease (AD) and Alzheimer’s disease related dementias (ADRD) are multifactorial 

disorders and a global epidemic. With the rising rates of older adults due to increased longevity, the 

prevalence of ADRD is projected to reach 153 million cases globally by 2050, compared to roughly 57 

million in 2019 (Nichols et al., 2022). AD is the most prevalent form of dementia and ADRD, 

comprising 60 to 80% of dementia cases (Organization, 2023) and will encompass the focus of this 

review due to the extent literature and well-established findings of the influence of sex/gender in AD.  

AD progresses along a continuum that can be divided into three stages: preclinical, mild cognitive 

impairment (MCI) and AD dementia. Preclinical AD is defined by the international working group 

revision as requiring the absence of clinical signs and symptoms of AD but the presence of at least one 

biomarker of AD pathology, including the AD pathological hallmarks of amyloid-beta (Aβ) plaques and 

neurofibrillary tangles (Dubois et al., 2016). MCI is a prodromal stage of dementia, where individuals 

experience mild cognitive deficits but are able to maintain everyday responsibilities independently. MCI 

due to AD is typically characterized by mild episodic memory deficits and often referred to as the 

amnestic MCI subtype (aMCI), although early-stage AD can often include executive function and 

language deficits in addition to memory. 

As this paper focuses on sex/gender differences in AD, it is important to explain our terminology 

choices and the rationale behind these choices. Many disease aspects likely have both biological and 

sociocultural underpinnings that are difficult to disentangle. Thus, we often refer to the joint 

“sex/gender” term. As most of the findings discussed herein are believed to be more biological in nature, 

we often refer to “males/females” when detailing sex/gender comparisons; however, this does not 

discount the potential influence of sociocultural factors. We refer to “women/men” when discussing 

differences more clearly socioculturally-based (e.g., education and occupation). A limitation of these 
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classifications is its binary nature that fails to capture the fluidity and diversity that can occur for both 

sex and gender within and among individuals.

Biological and sociocultural contributions to sex/gender AD disparities

Sex/gender differences in AD serve as a window into disease etiology and suggest that 

sex/gender disparate factors are at play in AD. These sex/gender disparate factors likely include a mix of 

more sex-based, biological factors such as sex hormones and genetic factors associated with the X and Y 

chromosome as well as gender-based sociocultural factors such as fewer opportunities for women to 

obtain higher degrees or greater occupational attainment compared to men in older generations. Many of 

our well-established AD risk/protective factors (e.g., vascular dysfunction, apolipoprotein E 4 allele 

[APOE4], diet, exercise) show sex/gender disparities and differentially reflect sex- versus gender-based 

contributions. AD risk/protective factors can differentially affect risk by sex/gender by either having a 

stronger effect in females such as with the adverse effects of the APOE4 allele (Altmann et al., 2014; 

Farrer et al., 1997; Neu et al., 2017; Payami et al., 1994; Poirier et al., 1993) or having a higher 

prevalence in women such as lower access to education and occupational attainment (McDowell et al., 

2007; Pankratz et al., 2015; Teipel et al., 2009), or being restricted to female sex such as early or 

surgical menopause (Georgakis et al., 2019; Gervais et al., 2020; Phung et al., 2010; Rocca et al., 2011). 

More comprehensive reviews of sex/gender disparities in AD risk factors can be found elsewhere 

(Arenaza-Urquijo et al., 2024; Mielke et al., 2022; Nebel et al., 2018). 

Sex/gender differences in rates of AD 
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There are multiple aspects of AD that are known to differ by sex/gender but the most well-known 

sex/gender difference is the higher prevalence rate in females. In fact, female sex is the strongest risk 

factor for AD after age (Better, 2024; Farrer et al., 1997). Although the sex/gender disparity in the 

prevalence of AD dementia is clear, findings regarding sex/gender differences in age-specific AD 

incidence rates are inconsistent. Historically, it has been suggested that the longer average lifespan in 

females versus males is the reason for a higher risk of the disease. Multiple large-scale, epidemiological 

studies have found a higher age-specific incidence rate of AD in females versus males, particularly at 

older ages (Andersen et al., 1999; Chêne et al., 2015; Gao et al., 1998; Letenneur et al., 1999; Miech et 

al., 2002; Ott et al., 1998), suggesting that the higher prevalence of AD in females goes beyond their 

longevity. However, other studies in the US and globally have reported no sex/gender difference in AD 

incidence at any given age (Fiest et al., 2016; Hebert et al., 2001; Katz et al., 2012; Kawas et al., 2000; 

Mielke et al., 2014; Tom et al., 2015) or even a reverse sex/gender difference (higher AD risk in males 

versus females) (Matthews et al., 2016) making this view controversial and perhaps dependent on the 

age distribution of the sample, birthing cohort, and the geographic region of the study. 

Sex/gender differences in rates of MCI 

Although sex/gender differences in MCI/aMCI rates are less examined than AD dementia, 

evidence suggest a paradox whereby, multiple studies in older cohorts have reported a higher prevalence 

of amnestic MCI among males despite their lower rates of AD dementia (Brodaty et al., 2013; Koivisto 

et al., 1995; Nebel et al., 2018; Roberts et al., 2012).  It should be noted that there have been 

inconsistencies with some studies reporting no sex/gender differences in MCI/aMCI rates; however, to 

our knowledge, only one study in China reported higher rates of MCI in females versus males based 
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solely on the Mini Mental State Examination (MMSE) (Liu et al., 2022). One plausible explanation for 

the paradoxical higher MCI rates in males despite lower AD dementia rates is that more males die 

during the MCI stage due to higher mortality rates from factors like cardiovascular disease, and, 

therefore, more females survive to the dementia phase (Mooldijk et al., 2022; Vassilaki et al., 2015). 

However, evidence from studies discussed in this review suggest that mortality rates likely do not fully 

explain these differences. Rather, there are other possible contributors including sex/gender disparities in 

the sensitivity of our clinical diagnostic tools to detect MCI, which we will discuss in more detail. Of 

course, with the emergence of in vivo measures of AD-related pathology and other neurodegenerative 

diseases, it will be important to re-examine the incidence and prevalence of various MCI subtypes by 

sex/gender using new diagnostic criteria that incorporate these newer in vivo measures and allow for 

better discrimination among dementia types.  Additionally, with the new diagnostic criteria of limbic-

predominant age-related TDP-43 encephalopathy (LATE) (Wolk et al., 2025), where the main clinical 

feature is a dense amnestic profile, it will be important to disentangle amnestic profiles due to AD versus 

LATE.

Overview of sex/gender differences in AD clinical trajectory 

Sex/gender differences in the clinical trajectory of AD (i.e., preclinical AD versus MCI due to 

AD versus AD dementia) are less examined than AD dementia prevalence and incidence rates but 

equally important to understand in terms of improving early detection, intervention and disease tracking. 

Historically, the clinical and biological markers and diagnostic tools used to detect and track AD were 

developed with a “one size fits all” mentality that failed to consider sex/gender disparities (Mielke, 

2020). Evidence suggests that, among those on the AD continuum, there are sex/gender differences in 

clinical presentation that depend on disease stage. Despite prominent AD risk factors being either more 
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prevalent (e.g., low educational/occupational attainment) or more harmful (APOE4 allele) in 

females/women or female-specific (e.g., early/surgical menopause), the extant literature suggest that in 

early stages of AD (preclinical to early MCI phase), females have a cognitive advantage over males 

(Caldwell et al., 2017; Caldwell et al., 2019; Sundermann et al., 2021; Sundermann et al., 2017; 

Sundermann, Biegon, et al., 2016; Sundermann, Maki, et al., 2016), especially in verbal memory, which 

is memory for any verbally presented information. This female cognitive advantage has also been found 

with global cognitive screening tasks (e.g., MMSE), which is commonly used in clinics to determine 

cognitive status (Sundermann, Maki, et al., 2020); however, it is unclear how much of this is driven by 

verbal memory components of the task. On the other hand, studies among individuals with MCI indicate 

more rapid decline in females versus males during and after the MCI phase (Fernández et al., 2024; 

Holland et al., 2013; Lin et al., 2015). This pattern suggests that females are better able to stave off 

higher levels of neuropathology and maintain normal cognitive function than males in early stages of 

AD. However, there is a tipping point in AD pathology burden whereby females can no longer 

compensate, resulting in a more rapid cognitive decline (Figure 1). 

The female advantage in verbal memory and its influence on AD clinical trajectory 

 When interpreting sex/gender differences in the AD clinical trajectory, it is important to consider 

how healthy females and males tend to differ in terms of their natural cognitive strengths and 

weaknesses. It is well-established that sex/gender differences in cognitive abilities exist across the 

lifespan. Mainly, females have advantages in tasks that involve verbal skills (language and memory), 

fine motor skills, and processing speed, while males are more adept in visuospatial abilities, 

mathematical skills and gross motor functions (Halari et al., 2005; Kramer et al., 1988; Mann et al., 

1990; Mous et al., 2017; Snow & Weinstock, 1990; Van der Elst et al., 2005). The female advantage in 
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verbal memory is relevant to AD given that memory is one of the earliest cognitive skills to show 

impairment in AD and verbal memory tests are typically a key component of MCI and AD diagnostic 

criteria (Weintraub et al., 2012). Most clinical tests of episodic memory are verbal memory tests. These 

often include a list learning task where individuals learn and immediately recall a random list of words 

over typically 3-5 trials and then are asked to remember that random list of words after about 20-30 

minutes (delayed recall) or paragraph recall tasks in which a one paragraph story is read to the 

individual and similarly are asked to remember the story as best they can immediately and after about a 

20-30 minute delay. Ironically, female’s superior performance on these verbal memory tasks may 

become a disadvantage in late life in terms of early-stage AD detection. Despite known sex/gender 

differences in verbal memory, most normative data for our clinical tests of verbal memory do not adjust 

for sex/gender differences, as they do for age and education, although this has been gradually changing 

in the last few years. Thus, female’s superior performance on verbal memory tasks may allow them to 

“mask” the cognitive effects of early-stage brain pathology by sustaining “normal” memory 

performance, as defined by our clinical cut-points. This would lead to a delayed diagnosis of MCI, 

thereby limiting opportunities to intervene at an early stage when our currently available interventions 

are more likely to alter disease course. 

Evidence of sex/gender differences in AD clinical trajectory by disease stage

Evidence that sex/gender differences in the clinical presentation of AD varies by disease stage stems 

from a mix of cross-sectional studies examining sex differences in cognition at different diagnostic 

stages or pathology levels (mild, moderate and severe Aβ and/or tau pathology) and longitudinal studies 

of cognitive decline by diagnostic group. The cross-sectional studies have generally found that females 

show significantly better memory performance than males among those diagnosed as cognitively normal 
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or MCI or among those with mild to moderate AD pathology biomarkers (Caldwell et al., 2019; Digma 

et al., 2020; Sundermann et al., 2017; Sundermann, Biegon, et al., 2016; Sundermann, Maki, et al., 

2016). Studies specifically probing the preclinical AD stage, have found little to no difference in verbal 

memory performance between cognitively normal females who are biomarker negative versus 

biomarker positive (i.e., preclinical AD), whereas verbal memory performance was significantly worse 

in cognitively normal males who were biomarker positive versus biomarker negative (Caldwell et al., 

2017; Caldwell et al., 2019). These results suggest that, in the preclinical phase, females not only show 

better verbal memory performance than males, but their performance is more resilient to the adverse 

effects of early-stage AD pathogenesis, resulting in less decline at this stage. 

Among the cross-sectional studies showing the female memory advantage in early clinical or 

pathological AD stages, this sex difference was absent among patients with AD dementia or when 

biomarker burden was severe (Caldwell et al., 2019; Cieri et al., 2022; Digma et al., 2020; Sundermann 

et al., 2017; Sundermann, Biegon, et al., 2016; Sundermann, Maki, et al., 2020). This pattern of results 

has been found across multiple AD biomarkers including hippocampal volume (Sundermann, Biegon, et 

al., 2016), Aβ (Caldwell et al., 2019; Sundermann et al., 2017), tau (Caldwell et al., 2019; Digma et al., 

2020), and brain glucose metabolism (Caldwell et al., 2019; Sundermann et al., 2017; Sundermann, 

Maki, et al., 2016) and is suggestive of a steeper memory decline in females versus males when 

advancing from moderate to severe pathology burden. Longitudinal studies have supported the steeper 

decline in females at later disease stages as measured by clinical diagnosis or advancing pathology. 

Among 149 cognitively normal older adults from the University of California, San Francisco Memory 

and Aging Center, Lindbergh and colleagues found that, despite females showing better episodic 

memory performance than males at baseline (driven by verbal compared to visual memory 

performance), they demonstrated a steeper episodic memory decline as positron emission tomography 
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(PET)-measured amyloid burden increased over five years (Lindbergh et al., 2020). Among 398 

Alzheimer’s Disease Neuroimaging Initiative (ADNI) participants with MCI followed up to eight years, 

Lin and colleagues found two times faster decline in females versus males on the Alzheimer’s Disease 

Assessment Scale–Cognitive (ADAS-Cog) Subscale and the Clinical Dementia Rating-Sum of Boxes 

(CDR-SOB) (Lin et al., 2015). In 688 ADNI participants, Holland et al. (2013) compared sex/gender 

differences in cognitive and brain volume decline among cognitively normal, MCI and AD dementia 

groups. They found that, despite females showing steeper declines in hippocampus, entorhinal cortex 

and amygdala volumes in the cognitively normal group, steeper cognitive decline (ADAS-Cog and 

CDR-SOB performance) in females was only found in the MCI and AD dementia groups (Holland et al., 

2013). In line with evidence of a more adverse effect of the APOE4 allele on AD risk in females versus 

males, all longitudinal studies cited above found that the steeper cognitive decline in females versus 

males was stronger among APOE4 carriers (Holland et al., 2013; Lin et al., 2015; Lindbergh et al., 

2020). 

The steeper decline in females versus males in later stages of the AD trajectory is likely due to a 

combination of factors. For one, females have further to fall given their higher baseline performance. 

Secondly, female’s ability to delay onset of clinically-significant decline implies that the MCI stage in 

females occurs at a more advanced pathological state compared to males, leading to more intense and 

concentrated decline in the MCI to dementia progression. Lastly, multiple studies across tau biomarkers 

have reported greater levels of pathological tau in females versus males who are MCI, amyloid-positive, 

or APOE4 carriers (Altmann et al., 2014; Banks et al., 2021; Buckley et al., 2019; Hohman et al., 2018; 

Oveisgharan et al., 2018; Sundermann, Panizzon, et al., 2020). Given that tau is the hallmark AD 

pathology most closely tethered to cognitive change (Lowe et al., 2018; Ossenkoppele et al., 2016), the 

greater tau burden in females may also contribute to their steeper decline once accelerated decline 
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begins. Supportively, the association between tau and verbal memory performance has been found to be 

stronger in females versus males among those with MCI (Banks et al., 2021) or with neuroimaging 

evidence of more advanced pattern of AD-associated tau deposition (Buckley et al., 2020). Longitudinal 

studies that track males and females across the full AD spectrum and, ideally, even from mid-life, are 

essential to truly interrogate the influence of sex on temporal relationships between AD pathology and 

cognitive decline.

With the evidence of a cognitive advantage in females at early AD stages followed by steeper 

decline, it follows that a larger gap in memory performance has been found between healthy females and 

females with dementia versus healthy males and males with dementia despite similar scores in females 

and males with dementia on the dementia rating scale and MMSE (Chapman et al., 2011; Gale et al., 

2016). Chapman et al. even reported poorer verbal memory performance in females with AD dementia 

versus males with AD dementia despite female’s higher performance in the cognitively normal group 

suggesting that the female advantage in verbal memory not only disappears but reverses in the AD 

dementia stage (Chapman et al., 2011). Similarly, others have found poorer performance on verbal 

memory tests as well as global cognitive screeners (i.e., MMSE) in females versus males with AD 

dementia (Buckwalter et al., 1993; McPherson et al., 1999). 

Sex/gender differences in clinical trajectory aligns with the cognitive reserve theory

In 2023, the Collaboratory on Research Definitions for Reserve and Resilience in Cognitive 

Aging and Dementia developed a consensus on nomenclature of resilience, defined as a general term 

that subsumes any concept related to the capacity of the brain to maintain cognition and function with 

aging and disease (Stern et al., 2023). The three mechanisms that underlie resilience includes cognitive 

reserve, brain maintenance and brain reserve. Here, we will briefly describe cognitive reserve and its 
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relation to sex/gender differences. Cognitive reserve is defined as a “property of the brain (e.g., 

molecular, cellular, and network levels) that allows for cognitive performance that is better than 

expected given the degree of life-course related brain changes and brain injury or disease” (Stern et al., 

2023). The sex/gender differences that we have discussed thus far with respect to the AD clinical 

trajectory is reminiscent of the cognitive reserve theory. As part of this theory, people with higher 

reserve, due to multiple factors including education, intelligence quotient, physical activity, social 

support, and occupational attainment, typically show better memory performance compared to those 

with lower reserve at baseline (Subramaniapillai et al., 2021). On average, these individuals have a 

delayed onset of memory decline until a greater pathology burden emerges, after which the decline 

becomes more accelerated due to advancement of disease.  The limited educational opportunities and 

occupational attainment that women have historically endured has put them at a disadvantage for 

cognitive reserve. However, one’s cognitive reserve reflects a balancing act with various advantageous 

and disadvantageous factors weighing in. The female verbal memory advantage may represent one form 

of cognitive reserve that weighs in specifically to the verbal memory domain resulting in better 

maintenance of verbal memory performance in females versus males in early AD stages. In fact, the 

female verbal memory advantage likely weighs more heavily than educational and occupational 

attainment given that it persists despite the lower rates of educational and occupational attainment in 

women of the current older generation and the effect of sex on verbal memory performance is stronger 

than that of education (Van der Elst et al., 2005; van Hooren et al., 2007). 

The factors behind the sex/gender differences in the AD clinical trajectory are unclear but likely 

multi-factorial. Besides the psychometric reason of a greater drop in verbal memory performance needed 

to detect impairment in females, there may be biological mechanisms that support the female cognitive 

advantage in earlier disease stages and contribute to the steeper decline thereafter. For instance, greater 
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brain metabolism in females versus males that is sustained at early, but not later, AD stages, could 

potentially provide greater resilience against early AD related brain changes ‐ (Andreason et al., 1994; 

Araque Caballero et al., 2015; Goyal et al., 2019; Hu et al., 2013; Perneczky et al., 2007; Sundermann, 

Maki, et al., 2020) and sex/gender differences in the use of compensatory strategies in the face of early 

cognitive decline (Dixon et al., 2001). 

Implications for the ability to capture females early in disease trajectory

As the female advantage in verbal memory may obscure early decline, it may put females at a 

disadvantage in terms of detecting and intervening upon AD in its earliest stage. Accordingly, evidence 

suggests that females are more advanced in the disease when they are diagnosed with MCI compared to 

males. Based on linear regression models from cross-sectional data in ADNI, Sundermann and 

colleagues found that, at the cut-score for impairment on the Rey Auditory Verbal Learning Test - 

Delayed Recall, females demonstrated more advanced AD pathology on average (i.e., smaller 

hippocampal volume, lower brain glucose metabolism and greater amyloid plaque burden) compared to 

males (Sundermann et al., 2017; Sundermann, Biegon, et al., 2016; Sundermann, Maki, et al., 2016). In 

a hospital-based clinical sample of 349 older adults diagnosed with MCI, Karstens et al. found that 

females showed worse performance in non-memory domains (language and executive 

functioning/information processing speed) compared to males despite their comparable performance on 

global cognitive screening tasks and meeting clinical thresholds for MCI diagnosis (Karstens et al., 

2023). In the Baltimore Longitudinal Study of Aging, Joynes et al. found that the time between 

estimated onset of amyloid positivity to MCI or dementia diagnosis was longer in females 

(median=15.95 years; IQR: 8.35, 21.1) versus males (median=14.85 years; IQR: 6.78, 20.17) suggestive 

of more time for advancing disease in females prior to MCI diagnosis (Joynes et al., 2024). The clinical 
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implications of a delayed MCI diagnosis due to imprecise evaluation of memory impairment in females 

are weighty as it limits the opportunity for early diagnosis and intervention when our currently available 

pharmaceutical and non-pharmaceutical interventions have the greatest potential of altering the disease 

course and advanced care planning is better communicated and implemented. In the phase three clinical 

trial of an anti-amyloid therapy, lecanemab, inclusion criteria included age 50-90, Aβ positivity and a 

diagnosis of MCI or mild AD dementia with objective memory impairment defined as ≥1 standard 

deviation below the age-adjusted mean in the verbal memory test, the Wechsler Memory Scale IV–

Logical Memory II. It is indeed telling that results demonstrated, on average, beneficial effects of the 

drug in slowing cognitive decline in males but not females (van Dyck et al., 2023). As pharmaceutical 

drugs such as lecanemab are likely more effective when administered early in the course of disease, it is 

possible that females were less responsive to the drug because the non-sex-adjusted diagnostic criteria 

may have identified female participants further along in the disease process compared to male 

participants. 

Our typical methods of detecting early cognitive change may not be serving females as well as they 

are serving males. Research is warranted into potential strategies that may improve our ability of 

detecting early cognitive change in females. Related to the emerging focus on precision medicine 

approaches, it is possible that different tests are more sensitive to early-stage AD in males versus 

females. One potential strategy is to identify cognitive tests that may be more sensitive to early cognitive 

change in females. For example, although verbal memory tests are more commonly used clinically, it is 

possible that performance on visual memory tests, that have less of a sex/gender bias (Brunet et al., 

2020), may be more sensitive to early brain changes in females. Intriguingly, Bonner-Jackson and 

colleagues found that, among individuals with MCI from a memory clinic (57% female), bilateral 

hippocampal volume more strongly related to visual (Brief Visuospatial Memory Test-Revised) versus 
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verbal memory (Hopkins Verbal Learning Test-Revised), although sex-stratified analyses were not 

conducted (Bonner-Jackson et al., 2015). 

Another strategy that could be applied to the conventional verbal memory tests is the development 

and use of sex-adjusted normative data. Sundermann and colleagues developed sex-specific normative 

data for certain verbal memory tests from which sex-specific cut-scores for impairment were derived and 

incorporated into aMCI diagnostic criteria in ADNI and The Rush University Memory and Aging 

Project. They found that when re-diagnosing participants using sex-specific versus conventional criteria, 

about 10% of females changed from a cognitively unimpaired to aMCI classification (labelled as “false 

negative” cases), and about 10% of males changed from aMCI to a cognitively normal classification 

(labelled as “false positive” cases) (Sundermann et al., 2021; Sundermann et al., 2019). The comparison 

of AD biomarkers and rates of progression to dementia in these false negative and positive cases to true 

positive and negative cases suggested that the new diagnostic classifications derived from sex-specific 

norms are more accurate. Overall, findings were illuminating by suggesting that sex-specific norms 

benefitted both females and males in terms of aMCI diagnostic accuracy and avoids diagnostic errors in 

about 20% overall. Specifically, sex-specific or sex-adjusted norms can help to identify early aMCI 

cases in females while also avoiding false aMCI diagnoses and the resulting undue stress and unneeded 

medications in a subset of males. Findings were also illuminating in terms of the paradoxical higher 

rates of aMCI in males versus females.  Consistent with other studies (Brodaty et al., 2013; Ganguli et 

al., 2004; Koivisto et al., 1995; Roberts et al., 2012), the prevalence of aMCI was higher in males versus 

females when using the conventional MCI diagnostic criteria, but this difference was either eliminated 

or reversed when using sex-specific diagnostic criteria (Sundermann et al., 2021; Sundermann et al., 

2019). These results suggest that prior reports of higher MCI rates in males versus females may be an 

artifact of the use of non-sex-adjusted norms in MCI criteria. 

15



Research into the harmful consequences of non-sex-adjusted norms has begun to motivate change in 

normative data development. For example, in addition to established age and education norms, the third 

version of the California Verbal Learning Test (CVLT-3) released in 2017 added a normative 

adjustment for sex (Delis et al., 2017). The Mayo’s Older Americans Normative Studies (MOANS) 

recently revised their norms for the commonly-used Rey Auditory Verbal Learning Test (RAVLT) by 

including sex adjustment. Similar to Sundermann et al. (2019, 2021), when they compared diagnoses 

resulting from age-adjusted only versus the new age- and sex-adjusted norms, they found that the age- 

and sex-adjusted criteria resulted in more impaired cases in females and less impaired cases in males 

(Stricker et al., 2021). Researchers from the Mayo Clinic also recently updated age-, sex- and education-

adjusted RAVLT norms from the Mayo Normative Studies by limiting the normative sample to 

cognitively healthy adults without elevated amyloid or neurodegeneration. They found that these new 

norms with a more conservative approach to identifying a cognitively healthy normative sample show 

some benefits in diagnostic accuracy over conventional norms, especially for females (Stricker et al., 

2024). 

Conclusions

There are sex/gender differences not only in the rates of AD but also in diagnostic accuracy and the 

clinical trajectory of the disease, which has critical implications for our ability to target our interventions 

to males and females who are at high risk of AD dementia and to do so as early as possible. The 

sex/gender differences in clinical presentation depends on disease stage. In the preclinical phase, studies 

suggest that females have a cognitive advantage over males, particularly in the domain of verbal 

memory; however, in the MCI stage, females show more rapid decline than males.  This pattern 

underscores the importance of accounting for disease stage when examining sex/gender differences in 

AD, particularly in cross-sectional studies, in which sex/gender difference findings may be masked when 
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examined across preclinical, MCI and AD dementia stages. The reasons for the sex/gender differences in 

clinical trajectory are likely multi-factorial but one critical factor is the life-long female advantage in 

verbal memory given that verbal memory is one of the earliest and most prominent cognitive deficits 

observed in AD and, therefore, a key component of MCI and AD diagnostic criteria.  Our diagnostic 

approaches often do not account for this sex difference, which can lead to missed MCI diagnoses in 

females as mild declines in verbal memory performance can still fall in the cognitively normal range. 

Diagnostic approaches that account for the baseline sex difference in verbal memory suggest an 

improvement in MCI diagnostic accuracy in 20% across sexes. Considering and accounting for 

sex/gender differences in the AD clinical trajectory can have both research and clinical benefits. If our 

clinical trials for AD drugs have false MCI cases and are missing a subset of females with MCI, then we 

are not able to effectively test our treatments. By reducing sex-related heterogeneity in cohort studies, 

we may advance our understanding of AD etiology, improve power for more cost-effective clinical trials 

and develop treatments that serve both sexes. 

Future Directions

There is still much to learn about the influence of sex/gender on our ability to detect and intervene 

upon early AD cases. Longitudinal studies with more sophisticated statistical techniques such as testing 

non-linear effects or change point or spine modeling are needed to model the change in sex/gender 

differences across the AD continuum and identify sex-specific pathological tipping points. The 

incorporation of sex-adjusted normative data for clinical verbal memory tests, such as with the MOANS 

or CVLT-3 data, needs to become more widespread. Additionally, research is needed to address 

cognitive assessments that may be more sensitive to early cognitive change in females and, thus, 

improve our ability of detecting early AD risk in females. For example, subjective cognitive decline is 
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known to be a prognostic indicator of MCI or dementia risk; however, subjective cognitive decline may 

have different clinical meanings in females versus males in terms of the prognosis of AD. Females likely 

perceive a decline in their own verbal memory performance before a clinical test captures this 

impairment, and thus, clinicians may want to weigh subjective cognitive decline, alongside objective 

testing, more heavily in females. Indeed, some research suggests that subjective memory decline is more 

strongly associated with objective memory performance among females versus males with amnestic 

MCI (Sundermann et al., 2018) and with incident dementia among non demented older ‐ females versus 

males followed over 15 years (Pérès et al., 2011); however, far more work is needed in this space. 

Further, this information also needs to be considered in the context of other medical conditions that can 

impact thinking and cognition and, thus, obfuscate the clinical picture, like menopause transition or 

conditions that become more common in females in the post-menopause such as new-onset obstructive 

sleep apnea.  Along these lines, we also need to improve our understanding of the biological 

mechanisms underlying sex differences in cognitive reserve and how these might change throughout the 

AD trajectory. Relatedly, our knowledge about how combinations of multiple pathologies influence sex 

differences in the AD trajectory is nominal but critical given that AD pathology typically does not occur 

alone but alongside other types of ADRD neuropathologies. Lastly, the majority of the studies 

referenced in this review are from cohorts of mostly white and well-educated adults, which is a major 

limitation. It is imperative to ask all these questions in more diverse samples that better reflect the U.S. 

population and understand how social determinants of health influence sex/gender differences in AD. 
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Figure Captions

Figure 1. Visual depiction of hypothesized sex/gender differences in the clinical trajectory of 

Alzheimer’s disease. Evidence suggests that females are better able than males to sustain normal 

cognitive performance, particularly verbal memory, in the presence of early-stage Alzheimer’s disease 

pathogenesis. However, once pathology burden reaches a tipping point at moderate stages, females can 

no longer compensate and their cognitive function begins to decline more rapidly compared to males 

until the dementia stage.
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