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Abstract

a) Purpose of review: The prevalence of Alzheimer’s Disease and Related Dementias is
greater in women compared to men. We provide a review of female sex-specific risk factors across
the lifecourse for cognition in older adulthood, highlighting areas that need further study.

b) Recent findings: Pregnancy may affect late-life cognition, with adverse pregnancy
outcomes associated with an increased risk of cognitive decline, but parity providing a protective
effect. Cumulative estrogen exposure, influenced by age of menarche, menopause, and exogenous
estrogen use, may modify a woman’s risk for dementia. Menopause transition-associated
symptoms may impact cognitive health at the time of the symptoms, but long-term effects remain
unknown. As compared to natural menopause, surgical menopause seems to increase the risk for
cognitive impairment.

c) Summary: Studies that have assessed the association between women’s reproductive health
and cognition have produced conflicting results. Future studies that address these inconsistencies
among diverse populations are needed to better care for women throughout their lives.
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Introduction:

In 2019, people aged > 65 years comprised 9% of the global population, with a near
doubling expected by 2050 (1). With global population aging, more people will live with
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Alzheimer’s Disease and Related Dementias (ADRD). ADRD prevalence is greater in
women compared to men, and this difference increases with age, across global regions (2). It
is unclear whether this ADRD disparity relates to overall survival advantage, increased risk
of developing ADRD, or longer survival with ADRD in women compared to men (3-5).

In this review, we will summarize female sex-specific risk factors for cognition, with a focus
on human studies. We focus on knowledge gaps in [1] pregnancy history and long-term
cognitive outcomes, [2] the significance of reproductive span and type of menopause on
cognitive function, and [3] the impact of exogenous estrogen therapy on cognition. With
better understanding of these sex-specific risk factors comes the possibility of risk reduction,
with improved care and treatment for women throughout their lives.

Sex and Gender

Both sex and gender contribute to ADRD risk factors. In this review, sex refers to biological
and physiological differences resulting from differences in sex chromosomes and gonadal
hormones (3, 6). Sex-specific experiences across the female lifecourse include menarche,
pregnancy and childbirth, and menopause. By contrast, gender refers to differences in
environmental, social, and cultural influences (3, 6). These risk factors can occur in

both men and women but are more commonly associated with certain gender identities.
Examples of these differences include access to education and role as caregivers. Prior
reviews of ADRD risk have addressed gender differences (3, 7). This review focuses on the
rapidly expanding field of sex-specific women’s reproductive health exposures and cognitive
outcomes in older adulthood, incorporating a lifecourse approach (Table 1).

Adverse Pregnancy Outcomes

Pregnancy can be considered an acute physiologic stress test that may unmask underlying
propensities for, or that may contribute to, maternal vascular response (8). Adverse
pregnancy outcomes (APOs) may reflect the body’s inability to meet the demands of
pregnancy and include preeclampsia, gestational hypertension, fetal growth restriction,
stillbirth, preterm birth (birth < 37 weeks gestation), miscarriage, and gestational diabetes (9,
10). Women with a history of APOs are at greater risk for subsequent cardiovascular disease
compared to women without a history of APOs (9-11). Subsequent vascular outcomes are
hypothesized to be key mediators of the relationship between APOs and late-life cognition
(8,12, 13).

Studies have found mixed evidence for the relationship between APOs and subsequent
maternal ADRD outcomes. Some studies showed relationships between hypertensive
disorders of pregnancy (preeclampsia or gestational hypertension) and poor processing
speed in older adulthood and poor working memory and verbal learning 15 years after
pregnancy (14, 15). Other studies found no relationship between hypertensive disorders of
pregnhancy and cognition (8, 16). Women with a history of hypertensive pregnancy disorder
had greater brain atrophy and higher white matter lesion volume (14). A modest association
between APOs and ADRD onset in some studies appears to be related to vascular dementia
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(13, 17). Other studies found no relationships between hypertensive disorders of pregnancy
and dementia onset (12, 18).

Limitations in this literature include use of recalled APOs and dementia diagnosis from
medical registries (8, 12, 13, 16). Both strategies may misclassify respondents. As several
studies have included respondents that may have been too young to experience age-related
cognitive decline, longer follow-up as well as the linkage of prospectively collected APO
data to cognition data from older adulthood are warranted (8, 12, 13, 16-18).

Pregnancy history

Pregnancy may benefit the aging brain through hormones, including increased progesterone
and estrogen, the specific profile of estrogen, or immune function (19-22). Few studies
consider gravidity and subsequent ADRD outcomes. One notable exception found a benefit
in the number of first trimesters, but not third trimesters, on lower maternal ADRD risk.
These results suggest an immune function benefit, which is strongest early in pregnancy
(22). Another study further supported a protective effect of pregnancy, finding that the
number of incomplete pregnancies, independent of parity, was related to lower maternal
ADRD (23). A larger set of studies considers parity and ADRD outcomes. Some studies
show that parous women have better cognition compared to nulliparous women. Other
studies show that parity of 2 children is associated with higher cognition in older women,
compared to parity of 0-1 or = 3 children (12, 24-26). Overall, studies have not found

a relationship between parity and cognitive decline. One study found that parity of > 5
births is associated with reduced brain volume, but not Ap deposition, A positivity, or
white matter hyperintensities in older, non-demented women (27). Such results do not
fully support the hypotheses regarding hormonal and immunological pregnancy benefits.
Gravidity and parity may reflect influences of pregnancy as well as parenting on the aging
brain. Aspects of parenting related to older adult cognition, including frequency and the
nature of interactions with children may reflect gender as well as sex differences (24,

28). Studies that have examined the role of parity and age at first birth on cognition

in both men and women have found a similar relationship between parity for men and
women but a cognitive advantage for age at first birth only among mothers (24, 28). Future
studies including reasons for incomplete pregnancy and considering parity in both men and
women may further illuminate pregnancy versus parenting influences on ADRD outcomes in
women.

Estrogen Exposure:

Cumulative estrogen exposure has been proposed to modify a woman’s risk of dementia.
Estrogen exposure is primarily determined by the endogenous exposure of a woman’s
reproductive span, from menarche to menopause, but can be influenced by other aspects
of reproductive history and use of exogenous estrogen-containing therapies, including oral
contraceptive pills (OCPs) and hormone therapy (HT). As such, studies have considered
reproductive history as an indirect indicator of estrogen exposure.
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Endogenous Estrogen Exposure:

Age of Menarche:

Menarche is the first menstrual cycle, which, in US women, occurs between ages 12-13 on
average (29). The few studies that have assessed the association between age of menarche
and cognition have produced discrepant results. Women with older age of menarche may
have an increased risk of dementia or mild cognitive impairment (30-32). When specific
cognitive domains were assessed, visual memory and psychomotor speed were impaired
but not verbal memory or executive function (33, 34). Still other studies, in geographically
diverse groups of women, have found no association (19, 35-37). In the US, the average
age of menarche has declined over time, from 13.3 years in women born before 1920 to
12.4 years in women born in the 1980s, which has been attributed to improved nutrition and
increased weight (29, 38). Future studies are needed to determine whether the association
between age of menarche and late-life cognition is confounded by social determinants of
health, such as early-life nutrition, and whether the association is different in women in later
birth cohorts.

Age of Menopause:

Natural menopause is the cessation of menses for at least 12 months in the absence of

a medical or surgical cause, and occurs at an average age of 51 in women in the US

(39, 40). Studies of the association between age of menopause and cognition are mixed.

In one cohort, later age at natural menopause was associated with better verbal memory
but not processing speed (41). Earlier menopause has been associated with worse Mini
Mental Status Exam (MMSE) scores and an increased risk of dementia (30, 31, 37, 42).
However, in some of these studies, the effects on verbal memory and MMSE score were
small and of unclear clinical significance (41, 42). Others have found that later menopause
is associated with an increased risk of dementia after age 75 (19). Some studies have found
no association between age of menopause and cognitive function (32, 35, 36). Not all studies
have differentiated type of menopause or accounted for other sources of estrogen exposure.
Future studies that include these measures are warranted to help clarify the effect of age of
menopause on cognition.

Reproductive Span:

The reproductive span is the interval between age of menarche and menopause. As a

risk factor, it may relate to cognitive decline separate from those events individually, as
several studies have found differences in cognition associated with age of menarche or
menopause and reproductive span (34, 43). One prospective longitudinal study found that
longer reproductive span was associated with higher late-life global cognition, but did not
assess dementia directly (44). In a separate study, longer reproductive span was associated
with an increased risk of Alzheimer’s disease (AD) in people with at least one APOE4 allele
(45). While other studies have failed to replicate the association with APOE4, some also
found an increased risk of AD in women who had longer reproductive spans (19). Others
have found the opposite, with a shorter reproductive span being associated with an increased
risk of dementia (30, 31). Furthermore, not all studies have found an association between
reproductive span and dementia incidence (35). Studies variably include other factors that
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affect lifetime estrogen exposure beyond reproductive span. Including factors such as parity,
menopausal type, and exogenous estrogen use may help to clarify the effect of reproductive
span on cognition in future studies.

Exogenous Estrogen Exposure:

OCP Use:

First approved by the FDA as a contraceptive in 1960, OCPs are now one of the most
common forms of contraception, with more than 80% of women using them at some time
in their life (46). Most OCPs are a combined formulation of estrogen and a progestin,
with formulations differing in the type of hormones, the dose, and the amount of hormone
delivered across the cycle (47). OCP use may have a beneficial effect on cognition, though
studies are equivocal. Some studies have found a positive effect of OCP use on global
cognition or particular subdomains, including executive function, visuospatial ability, and
verbal memory (33, 37, 48, 49). Still others have found no association with cognitive
impairment (34, 42, 50, 51). Future studies that consider the type of OCP used, the timing
of initiation, and duration of use are needed to better understand the effect of OCP use on
cognition.

Hormone Therapy:

HT encompasses estrogen and estrogen-progestogen therapies and has four FDA approved
indications: [1] bothersome vasomotor symptoms (VMS), [2] prevention of bone loss, [3]
hypoestrogenism caused by hypogonadism castration or primary ovarian insufficiency, and
[4] genitourinary symptoms (52). Progestogen is prescribed in combination with estrogen in
women with uteruses to reduce the risk of endometrial cancer from unopposed estrogen. HT
varies in type of estrogen, type of progestogen, dose, and route of administration.

Observational studies prior to the early 2000s showed that HT use was associated with a
decreased risk of Alzheimer’s disease (53). The Women’s Health Initiative Memory Study
(WHIMS), a randomized control trial (RCT), found that women who were randomized to
receive estrogen and progestin had double the risk of all-cause dementia during a four
year follow-up and women who received estrogen alone had a trend towards increased
risk of dementia (54, 55). Although women in WHIMS were age 65 or older, prior to

this study, 85% of women in the US who used HT did so within one year of their final
period, at an average age of 52 (56, 57). As such, although this study led to changes in
prescribing practices, it was criticized as not being generalizable to perimenopausal and
younger postmenopausal women, the population which most frequently uses HT.

Studies since WHIMS have not found that same degree of risk. RCTs have found no
increased risk of cognitive impairment in women treated within three years of their

last period, when initiated between age 50-55, or whether initiated within six years of
menopause compared to ten years, and found no increased long-term risk of death from AD
(58-61). Two studies using national registry data have found an increased risk of AD among
HT users, though one found an increased risk with duration of use of less than five years and
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the other with more than ten years (62, 63). A third study found a reduced risk of death from
vascular dementia and AD among HTSs users treated for more than five years (64).

Among women who have undergone surgical menopause (uterus removal with one or both
ovaries conserved, or ovary removal with or without uterus conservation, before the onset

of natural menopause), HT use seems to have a positive effect on memory. Women who
receive estrogen therapy after oophorectomy perform comparable to premenopausal controls
on working memory tasks (65), and women treated with estrogen until at least age 50
following bilateral oophorectomy had no increased risk of cognitive impairment or dementia
(66). Additionally, it has been shown that women who initiate HT within five years of
surgical menopause and continue treatment for at least ten have less decline in cognition,
including episodic memory, semantic memaory, and visuospatial ability (67). Interestingly,

in this cohort there was no association between HT use and Alzheimer’s disease pathology,
suggesting that HT use may provide a protective effect independent of pathological changes
(67, 68). However, some imaging studies have found that HT users have more favorable
biomarker profiles, with higher FDG uptake on PET imaging, trends towards reduced tau,
and larger gray and white matter volume (69, 70). Future studies are needed to understand
how HT, including duration and type of therapy, affect biomarkers and neuropathological
changes.

There are two main hypotheses proposed to explain the difference in the effect of HT in
observational studies and more recent RCTs, as compared to WHIMS. The critical window
hypothesis suggests that the effects of HT depend on the timing of initiation of treatment
with respect to age of menopause, with beneficial effects seen when started soon after
menopause (57). The healthy cell hypothesis proposes that estrogen is beneficial if neurons
are healthy at the time of exposure, but can be detrimental and exacerbate decline if they are
not healthy (71).

A limitation to the RCTs is that women who participated were not required to have
indications for HT use, and thus the effect of HT on cognition in women with significant
VMS remains unknown. Although it appears that short term use of HT in younger women
has no detrimental effect on women, the risk of long term use remains uncertain (56). A
RCT in younger peri- and postmenopausal women with indications for HT with long-term
follow-up is needed to answer this question. Future observational studies must be mindful of
the age of initiation of treatment, duration, and formulation of HT used.

Selective Estrogen Receptor Modulators:

Selective estrogen receptor modulators (SERMSs) act as either estrogen receptor agonists or
antagonists, depending on the targeted tissue, and can be used to treat breast cancer and
osteoporosis. Studies of the effects of SERMSs on cognition are mixed. While one RCT
found that postmenopausal women taking raloxifene had a reduced risk of developing MCI
but not AD, a recent retrospective study of women with breast cancer found no association
with dementia risk (72, 73). A pilot RCT found no cognitive effect of raloxifene in women
with AD (74). Tibolone, available in Asia and Europe but not the US, may increase the
risk of dementia, though this is not a consistent finding (63, 75). The effect of SERMs on
cognition may depend on the type of SERM used.
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Menopausal Symptoms:

The majority of women in the United States experience menopause transition-associated
symptoms (76). Common symptoms include VMS (hot flashes and night sweats), sleep
disturbance, mood changes, and cognitive disturbances (76). Symptoms often begin in
perimenopause, when hormone levels fluctuate (76). Menopausal women are thought

to have a narrowed thermoneutral zone, with slight increases in core body temperature
triggering peripheral vasodilation and sweating (76, 77).

In addition to having a negative impact on quality of life, symptoms seem to impact
cognitive health as well. The frequency and severity of hot flashes are associated with
subjective cognitive complaints during menopause (78). This may extend to objective
deficits in verbal memory and processing speed, but studies are inconsistent (79-82). A
subset of studies have found a consistent association between physiological hot flashes
measured via skin conductance, but not subjective hot flashes, and impaired verbal memory
(83, 84). This may be because physiologically measured hot flashes are not subject to factors
that influence perception and recall (85).

Although much work has been done focusing on VMS, other menopausal symptoms may
also be associated with cognition. Depression and anxiety during menopause predict worse
verbal memory, executive function, and processing speed (80, 81, 86). While there may be
a relationship between sleep and cognitive deficits, not all studies have found an association
(81, 83).

The cascade hypothesis posits that VMS lead to sleep disturbances, which in turn lead to
memory decline (83, 87). However, hot flashes remain a significant predictor of cognitive
impairment after adjusting for sleep parameters (83). The cognitive changes in women
with VMS could be the result of cerebrovascular injury, as VMS are also associated

with cardiovascular disease risk factors and clinical events (88, 89). More physiologically-
measured hot flashes during sleep are associated with greater white matter hyperintensity
burden among midlife women without clinical cardiovascular disease (90). Additionally,
peri- and postmenopausal women with greater waking after sleep onset had greater white
matter disease burden, adjusting for cardiovascular risk factors and hot flashes (91). Thus,
white matter disease could serve as a marker for risk of cognitive decline and dementia.
Whether VMS are associated with changes in AD biomarkers needs to be studied.

Most studies have sought to determine the effect of VMS on cognition in cross-sectional
designs, with a focus on the period of the menopausal transition, when the overall risk for
dementia is low. As such, studies typically examine cognitive subdomains. An exception
found that women with the most severe overall symptomatology experienced global
cognitive deficits, reflected in worse MMSE scores (79). Although one study found that
perimenopausal cognitive deficits resolve post-menopause, more longitudinal studies with
sufficiently long follow-up are needed to understand the long-term cognitive trajectories of
women with a high burden of menopausal symptoms (92).
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Surgical Menopause:

Although a distinction between uterus removal with one or both ovaries conserved

versus ovary removal with or without uterus conservation is not always made, the

hormonal changes are distinct (40, 93). Women who undergo natural menopause

experience fluctuations and a gradual decline in hormone levels (40). In contrast, bilateral
oophorectomies lead to an abrupt drop in estrogen and progesterone levels. Hysterectomies
are also thought to affect hormone levels, when performed in isolation, by causing decreased
blood supply to the ovaries, thereby leading to hormonal dysregulation (94, 95).

Surgical menopause is associated with long-term health risks, including cardiovascular
disease, poor bone health, and mood disturbances (96, 97). This seems to extend to increased
risk of cognitive decline and dementia as well. Most studies, though not all, have found that
surgical menopause has a negative impact on cognition (41, 42, 98, 99). Women who have
undergone surgical menopause have been shown to have worse semantic, verbal, visual,

and working memory, as well as faster decline in global cognition, episodic memory, and
semantic memory (65, 67, 100). Women who have undergone oophorectomy have a nearly
doubled risk of cognitive impairment or dementia, and the risk is increased with younger age
of surgery (66). Hysterectomies have been associated with an increased risk of early-onset
dementia, and this risk was increased in younger women and women who also had an
oophorectomy (101). Others have found an increased risk of dementia in women who had
undergone hysterectomy prior to natural menopause, regardless of age at surgery (31). In

a study that did not differentiate between type of surgery, women with an earlier age at
surgical menopause had faster cognitive decline and increased AD neuropathology (67).

The underlying cause for this increased risk of impaired cognition remains unclear. Evidence
of a benefit of HT immediately following surgery suggests that the abrupt reduction in
estrogen may mediate this association, but this remains a controversial topic (see HT
section). Although reduction in estrogen following surgical menopause may play a role, this
would not fully account for the effect seen in women who have undergone hysterectomies
alone or unilateral oophorectomies. Women seem to have an increased risk of cognitive
decline, regardless of etiology, when menopause occurs before age 40 (102). However,
surgical menopause cannot solely be considered as a proxy for reproductive span, as women
with the same reproductive span who had gone through natural menopause do not have an
increased risk of AD related pathology (67).

Few studies consider the underlying pathology causing these changes. Imaging studies have
found that women who have undergone bilateral oophorectomy have medial temporal lobe
atrophy on imaging, while women who have had a hysterectomy showed no difference in
gray or white matter volume, but reduced FDG-PET uptake (70, 103). Surgical menopause
is associated with increased AD-related pathology, and this finding seems to be driven

by women who were younger at time of surgery (67, 68). Given the association between
surgical menopause and cardiovascular disease, it is also possible that cognitive changes are
due to vascular pathways. Studies to determine whether surgical menopause is associated
with other types of neuropathologies are warranted. Future studies would benefit from
distinguishing type of surgical menopause, to account for the distinct hormonal changes
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associated with each, and longer follow-up, to avoid participants that are too young to
experience age-related cognitive decline.

Future Directions:

Moving forward, to better understand the role of sex-specific risk factors for ADRD, we
must consider what groups of women are being studied (Table 2). Over the 20™ century,
there have been changes in OCP and HT use, as well as gravidity and parity. Social
determinants of health (SDOH) across the life course have influenced women’s reproductive
health and cognitive aging (104, 105). Given these shifts, findings from studies of women
born in the early 1900s may not be applicable to baby boomers and later birth cohorts,

and these younger populations of women should be studied as they age. There is also a

need to study sex-differences in underrepresented populations. Some transgender individuals
use gender-affirming hormone therapy (GAHT). While there is evidence that GAHT can
improve quality of life and mental health, there is no data on the long-term effects of GAHT
on late-life cognition, and findings from studies of HT in cisgender women cannot be easily
extrapolated to transgender women (106). Most research on sex risk factors has been done
in primarily non-Hispanic white samples, and few studies have examined whether there

are racial or ethnic differences (107). One notable exception found no effect on cognition
with respect to race and age of menarche, menopause, reproductive span, or hysterectomy
(31), but more studies are needed. Compared to whites, Hispanics and Blacks are more
likely to have ADRD and are among the fastest growing racial/ethnic groups aged > 65

in the US (4). These changes underscore the need to understand the role of SDOH across
the life course with respect to ADRD outcomes (104). Although there are studies that

show independent associations between SDOH, women’s reproductive health, and late-life
cognition, it remains to be seen whether SDOH diminish or intensify the relationship
between women’s health and cognition.

Conclusions:

This review highlights what is known about female sex-specific risk factors for ADRD,

and the ongoing need to characterize risk factors across the lifecourse. Adverse pregnancy
outcomes may increase the risk of cognitive decline, while parity may provide a protective
effect. Estrogen exposure over the lifecourse, influenced by endogenous and exogenous
estrogen, may affect cognition, as well as type of menopause and menopause transition-
associated symptoms. We note that, across various aspects of reproductive history, there are
conflicting studies. The inconsistencies in these findings may be due to differences in other
aspects of reproductive history across populations, adjustments for potential confounders,
and study design, including length of follow-up. A better understanding of these sex-specific
risk factors across the lifecourse among diverse populations offers the possibility of new
treatment targets, and, ultimately, improved care.
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Table 1

Lifecourse reproductive health relationships with ADRD risk

Women’s Reproductive Health Events ADRD Risk
Menarche
Later Age of Menarche
Gilsanz et al. 2019%! (Kaiser Permanente Northern California health care data) 0

Prince et al. 20183 (10/66 population-based study of women in Latin America and China <>

Pregnancy

Hypertensive Disorders of Pregnancy

Adank et al. 20215 (ORACLE Substudy of Generation R Study) 1
Basit et al. 201813 (Danish population register data) 1
Dayan et al. 20188 (Coronary Artery Risk Development in Young Adults Study) *
Parity
Read and Grundy 20172* (English Longitudinal Study of Ageing) U
Menopause

Later Age At Menopause
Gilsanz et al. 2019%! (Kaiser Permanente Northern California Health care data) v

Longer Reproductive Span

Matyi et al. 2019 (Cache County Study on Memory in Aging) {
Surgical Menopause

Rocca et al. 200756 (Mayo Clinic Cohort Study of Oophorectomy and Aging) *

Bove et al. 201457 (Religious Orders Study and Rush Memory and Aging Project) 1
Hormone Therapy:

Schumaker et al. 2003% (Women’s Health Initiative Memory Study) 1

Espeland et al. 201350 (Women’s Health Initiative Memory Study of Younger Women) -«

Gleason et al. 2015% (Kronos Early Estrogen Prevention Study) <

Henderson et al. 201662 (Early vs Late Intervention Trial with Estradiol <

*
Summary of key findings

Legend: 1 increased risk; | decreased risk; <> no association; U 0-1 child and 3+ children associated with poor cognition
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Table 2:

Key Knowledge Gaps in Sex-Specific Risk Factors for ADRDs

« How parity and adverse pregnancy outcomes influence late-life cognition, and the mechanisms by which they do so

* The effect of long-term use of hormone therapy in perimenopausal women with indications for hormone therapy treatment
« The long-term effects of menopause transition-associated symptoms on cognitive health

» The impact of women’s reproductive history on ADRD biomarkers and neuropathology

« The extent to which birth cohort influences the relationship between women’s health and cognition

« The effects of gender affirming hormone therapy on late-life cognition

« The effects of social determinants of health on the relationship between women’s health and cognition
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