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Abstract

INTRODUCTION: Reproductive health history may contribute to cognitive aging and

risk for Alzheimer’s disease, but this is understudied amongHispanic/Latina women.

METHODS: Participants included 2126 Hispanic/Latina postmenopausal women (44

to 75 years) from the Study of Latinos-Investigation of Neurocognitive Aging. Survey

linear regressions separately modeled the associations between reproductive health

measures (age at menarche, history of oral contraceptive use, number of pregnancies,

number of live births, age at menopause, female hormone use at Visit 1, and reproduc-

tive span) with cognitive outcomes at Visit 2 (performance, 7-year change, and mild

cognitive impairment [MCI] prevalence).

RESULTS: Younger age at menarche, oral contraceptive use, lower pregnancies, lower

live births, and older age at menopause were associated with better cognitive perfor-

mance. Older age at menarche was protective against cognitive change. Hormone use

was linked to lowerMCI prevalence.
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DISCUSSION: Several aspects of reproductive health appear to impact cognitive aging

amongHispanic/Latina women.
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1 BACKGROUND

At 45 years of age, estimated lifetime risk for Alzheimer’s disease

(AD) among men is 10% but is 20% among women.1 Aging is the

strongest risk factor for AD,2 and the longer average lifespan inwomen

versusmenmaypartially explain their higher lifetimedisease risk; how-

ever, evidence also suggests that sex-specific biological factors may

contribute to Alzheimer’s risk.3–5

Estrogen confers a wide range of neuroprotective effects, and

greater estrogen exposure is associated with decreased risk for AD.6

Various reproductive health factors, such as birth control use and

number of pregnancies, may modify estrogen exposure but are sel-

dom studied in the context of cognitive aging and Alzheimer’s risk.

For example, exposure to exogenous hormones (eg, estrogen, proges-

terone) used in some forms of birth control or hormonal therapies may

influence brain health and late-life cognitive performance, though find-

ings are mixed.7 Additionally, number of pregnancies and live births

may be connected to cognitive outcomes through changes to estrogen

levels and also improved immunoregulation during pregnancy.6,7 More

commonly, age at menarche and menopause are studied in relation to

cognitive aging and Alzheimer’s risk. For example, a study of women

enrolled with Kaiser Permanente linked higher risk of AD and related

dementias with several reproductive health factors, including late age

at menarche, shorter reproductive span (ie, years between menarche

andmenopause), earliermenopause age, and history of hysterectomy.8

Such relationships did not differ by racial or ethnic group, but these

sample sizes were relatively small. Hispanic/Latina women made up

less than 5% of the sample, and this subgroup may be unique in

that they were all insured unlike a significant proportion of the His-

panic/Latino community.9,10 In general, Latinos are at increased risk

forAlzheimer’s disease compared tonon-Hispanic/LatinoWhites,2 and

Hispanic/Latina women have a slightly higher incidence of Alzheimer’s

disease compared to their male counterparts in late old age.11 It is

unclear whether the latter is related to more severe declines in estro-

gen in old age or other sex-specific reproductive experiences among

Hispanic/Latina women relative to their male counterparts. Therefore,

it is important to examine the role of reproductive health on cognitive

aging amongHispanic/Latina women.

Mexican-heritage women reach menopause earlier than their non-

Hispanic/LatinaWhite counterparts on average.12 Despite having less

access to health care, theyoftenhave similar, if not slightly better, preg-

nancy outcomes (except gestational diabetes prevalence) compared

to non-Hispanic/Latina White individuals.13,14 These factors, com-

bined with longer lifespan among Hispanic/Latina women relative to

non-Hispanic/Latina White women,15 warrant investigations into the

connections between reproductive health and cognitive aging and

impairment among diverse Hispanic/Latina women. Notably, His-

panic/Latina women residing in the United States represent various

heritage groups (eg, Central American) and immigration histories,

which may influence access to resources (eg, educational, health)

and reproductive health and pregnancy outcomes.16,17 Therefore,

we examined how reproductive health factors relate to cognition,

cognitive change, and mild cognitive impairment (MCI) among diverse

postmenopausal Hispanic/Latina women using data from the multisite

Hispanic Community Health Study/Study of Latinos (HCHS/SOL) and

Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).

We hypothesized that later menarche, earlier menopause, and shorter

reproductive span would be associated with poorer cognitive perfor-

mance, greater adverse change in cognition across 7 years, and higher

prevalence of MCI. We also explored the relationships between oral

contraceptive use, number of pregnancies, number of live births, and

female hormone use with these same cognitive outcomes, with no a

priori hypotheses.

2 METHODS

2.1 Data

The HCHS/SOL is a multisite prospective cohort study of N = 16,415

self-identified diverse Hispanic/Latino adults (ages 18 to 74 at recruit-

ment). Participants were from four major US metropolitan areas:

Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA. An ancillary

study of HCHS/SOL, SOL-INCA, was conducted during the second

HCHS/SOL visit to examine neurocognition among HCHS/SOL par-

ticipants who were 45 years and older at the time of their initial

neurocognitive testing during Visit 1.18 At Visit 2 of HCHS/SOL,

N=6377out ofN=7420 eligible individuals completed the SOL-INCA

visit (henceforth Visit 2), approximately 7 years later. The HCHS/SOL

Coordinating Center generated complex study designs and sampling

procedures to obtain data of diverse Hispanic/Latino adults 50 years

and older. The detailed HCHS/SOL study designs and sampling meth-

ods have been published.19,20 Our procedures, from the data collection

(eg, population-based sampling, representation frommultiple heritage

groups [Central Americans, Cubans, Dominicans, Mexicans, Puerto

Ricans, South Americans], with testing in their preferred language)

to the data analysis (applying sampling weights, including sociode-

mographic covariates) and interpretation consider several aspects of

diversity, equity, and inclusion in order to address health disparities

in the Hispanic/Latino population. All participants gave informed
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consent, and Institutional Review Board approval was obtained at all

study sites. Research complied with the Helsinki Declaration and its

later amendments.

2.2 Outcomes

2.2.1 Average 7-year performance and change in
cognition

Neurocognitive measures of Brief-Spanish English Verbal Learning

Test Sum of Trials and Delayed Recall (B-SEVLT Sum and Recall; ver-

bal episodic learning and memory), word fluency (WF; verbal fluency

with letters F and A), and digit symbol substitution (DSS; processing

speed and executive functioning) were tested at Visits 1 and 2, an aver-

age of 7 years later. At Visit 2, two measures on processing speed

and executive functioning (Trails A and B) were additionally tested. All

tests were Z-scored [(X−mean)/standard deviation] to facilitate inter-

pretation of results across a common metric. We calculated a global

cognitive composite score by averaging the Z-scores of the repeated

tests (from Visits 1 and 2, excluding Trails A and B). To examine cog-

nitive change, we calculated a change index for the repeated cognitive

measures and the globalmeasure of cognition.21 Weused survey linear

regressionswhere the cognitive score at Visit 2wasmodeled as a func-

tion of the Visit 1 cognitive score, adjusting for time between cognitive

assessments. Test-specific standardizedmeasures of change and global

cognitive changewere calculated using (T2− T2pred)/RMSE, where T2 is

the respondent’s cognitive score atVisit 2,T2pred is the predicted score,

and RMSE is the root mean squared error. Detailed rationales on this

technique can be found elsewhere.22

2.2.2 MCI prevalence

MCI prevalencewas operationalized usingNational Institute onAging-

Alzheimer’s Association criteria as defined by the SOL-INCA study and

previously published.23

2.3 Exposures

Exposures includedmultiple reproductive health factors: self-reported

age at menarche, history of oral contraceptive use (no, yes), num-

ber of pregnancies, number of live births, age at menopause (we also

considered a categorical operationalization ≤45 years vs >45 years),

current female hormone use (no, yes), and reproductive span (years

with menses, calculated by subtracting age at menarche from age at

menopause). All exposure variables weremeasured at Visit 1.

2.4 Covariates

All covariates were measured at Visit 1 and included age (contin-

uous), education (less than high school degree/General Educational

Development [GED], high school or equivalent, greater than high

RESEARCH INCONTEXT

1. Systematic review:We reviewedpreviouspeer-reviewed

publications using traditional online search engines (eg,

PubMed). The review was largely focused on publica-

tions related to female reproductive health (eg, estrogen,

number of births, menarche, menopause) and cognitive

functioning in middle-aged and older adults. Relevant

articles are cited.

2. Interpretation: In a sample of over 2000 middle-aged

and older Hispanic/Latina postmenopausal women in the

United States, several reproductive health factors (eg,

age atmenarche, oral contraceptive use, pregnancies, live

births, and age at menopause) were associated with cog-

nition and, to a lesser extent, 7-year cognitive change and

mild cognitive impairment prevalence.

3. Futuredirections:Our findingswarrant investigation into

whether interventions (medical or public health) to pro-

mote specific reproductive health factors might be (1)

ethically and culturally appropriate and (2) beneficial to

maintaining cognitive functioning in middle age and older

adulthood, amongHispanic/Latina women.

school degree/GED), language of interview (Spanish, English), His-

panic/Latino heritage (Dominican, Central American, Cuban, Mexican,

Puerto Rican, South American), field center (Bronx, Chicago, Miami,

San Diego), income (<10,000, 10,001 to 20,000, 20,001 to 40,000,

40,001 to 75,000, >75,000, or not reported), marital status (mar-

ried/cohabitating, single, separated/divorced/widowed), insurance sta-

tus (uninsured, insured), nativity (born inU.S. 50 states/DC, born inU.S.

territory or foreign country), and bodymass index (BMI).

2.5 Statistical analyses

2.5.1 Analytic subpopulation

Out of the unweighted n = 6377 individuals that completed Visit 2,

n = 4110 were women. We focused on n = 2197 women who had

reached their menopause (either induced: hysterectomy with removal

of both ovaries before the natural menopause or natural: no history

of hysterectomy or hysterectomy after menopause) at 60 years or

younger. More specifically, in the primary analysis, we only included

women with a hysterectomy if they had (1) undergone hysterectomy

after menopause or (2) reported a bilateral oophorectomy. In the for-

mer instance, thewomenwere placed in the natural menopause group.

We excluded n=71women (less than 5%missing)who had anymissing

covariates for an analytic sample of unweighted n = 2126. For analy-

ses that examinedMCI as anoutcome, the unweighted sample included
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n=2092women after also excluding individualswith suspected severe

cognitive impairment (n= 34) (Figure S1).

2.5.2 Analytic approach

First, we reported descriptive statistics for the overall analytic sam-

ple as well as by menopause type (induced, natural). Distributional

differences by type of menopause were tested using survey adjusted

chi-squared tests for categorical variables and t tests for continuous

variables. The survey weighted estimates are presented in Table 1. All

analyses accounted for the complex survey design and survey weights.

Second, we examined the hypothesized associations between the

reproductive health exposures and our cognitive outcomes including

cognitive performance at Visit 2 (on average 7 years from Visit 1), cog-

nitive change, and MCI. We fit a series of survey linear and logistic

regression models sequentially adjusting for covariates: (1) crude, (2)

age and education adjusted, (3) full covariate adjustment (see covari-

ates in the earlier Section 2.4). The estimated beta coefficients and

their standard errors (SEs; for cognitive performance at Visit 2 and

cognitive change) or odds ratios and their 95% confidence intervals

(CIs) (for MCI) are presented in Tables 2 and 3, respectively. In post

hoc analyses, we calculated average marginal means and probabilities

for significant associations and plotted these with their 95% CIs to

facilitate interpretation (Figures 1 to 3).

We conducted three separate sets of supplemental analysis. First,

we estimated an additional model that expanded the primary anal-

ysis to include adjustments for cardiovascular risk as measured by

Framingham Cardiovascular Risk score24 and depressive symptoms

measured using theCenter for Epidemiologic StudiesDepression Scale

(CES-D-10).25 The results yielded by these models are included in

Tables S1 and S2. Second, we examined the associations between age

at hysterectomy with our outcomes of interest for the subsample of

women who had undergone hysterectomy before or after menopause

(unweighted n = 612; Figure S2). We followed the same sequence of

model adjustments as described previously. The estimated coefficients

and their SEs for our continuous cognitive outcomes (Visit 2 perfor-

mance and change) are presented in Table S3, and odds ratios and their

95% CIs for our categorical outcome (MCI) are presented in Table S4.

In post hoc analyses, we calculated average marginal estimates and

probabilities for significant associations and plotted these with their

95% CIs to facilitate interpretation (Figures S3 and S4). Third, given

potential chronological agedifferences in theassociationsbetweenour

reproductive health exposures and cognitive outcomes, we tested for

modification by age split by the mean (<60 vs 60+ years) by adding an

interaction effect between age and the reproductive health exposures,

independently, to fully adjusted models in the primary analysis (Model

3 as specified earlier). See Tables S5 and S6. Note, we did not have

duration for female hormone use and so did not test age interactions

with this exposure. When the interaction effects were consistently

significant, we estimated stratified models whereby we refit Model

3 within each age group (<60 vs 60+ years) (Table S7 and Figures

S5 and S6).

3 RESULTS

3.1 Descriptive statistics

Thedescriptive characteristics for theoverall target female population,

as described above aswell as by the typeofmenopause (inducedvs nat-

ural), are shown in Table 1. The average age at Visit 1 was 59.5 years,

more than 40% had an education level of high school or above, and

90% conducted their interviews in Spanish. Nearly 20% had income of

less than $10,000, 45% eitherweremarried or cohabited, roughly 60%

had health insurance coverage, and 82%were born outside the United

States. The average BMI was 30.3. There was no significant difference

between induced and natural menopause groups in the distributions of

these characteristics.

For the reproductive health measures, 4% reported current female

hormone use at Visit 1. In the full sample, 55% indicated a history

of oral contraceptive use with 62% of those under 60 years report-

ing use versus 48% of those 60 years and older. The average age at

menarche was 12.7 years, and the number of pregnancies and live

births were 3.8 and 2.9, respectively. The average age at menopause

was 47.9 years, and 69% underwent menopause after 45 years of

age. The average reproductive span was 35.2 years. Individuals with

induced menopause were more likely to use female hormone and had

lower numbers of pregnancies and live births. The inducedmenopause

group had a lower average age at menopause, higher proportion of

women with early menopause (at or before 45-years old), and shorter

reproductive span.

In the full sample, 10.8% met criteria for MCI. When split by age,

9.9% of those under 60 years and 11.8% of those 60 years and older

met the criteria.

3.2 Primary analysis

The history of oral contraceptive use was associated with better

cognitive performance across all outcomes in crude and age- and

education-adjusted models. In fully adjusted models, oral contracep-

tive use maintained associations with global cognitive performance

(βGlobal = 0.124 [SE = 0.040], p < .01), learning (βB-SEVLT-Sum = 0.175

[SE= 0.059], p< .01), and processing speed (βDSS = 0.145 [SE= 0.049],

p < .01) at Visit 2. In fully adjusted models, older age at menar-

che was associated with worse Visit 2 performance in processing

speed (βDSS = −0.042 [SE = 0.012], p < .001 and βTrails A = 0.068

[SE = 0.020], p < .001). Higher number of pregnancies and live

births were each associated with slower processing speed on the DSS

(pregnancies: βDSS = −0.023 [SE = 0.011], p < .05 and live births:

βDSS = −0.044 [SE = 0.014], p < .01) in fully adjusted models. Older

age at menopause (continuous) was associated with better memory

(βB-SEVLT-Recall = 0.013 [SE = 0.006], p < .05), whereas categorical age

at menopause was not associated with cognitive outcomes at Visit 2.

Reproductive span and female hormone use were not associated with

Visit 2 performance on any cognitive outcomes.

In fully adjusted models, older age at menarche was protec-

tive against 7-year average adverse change in global cognition

(βGlobal = 0.036 [SE= 0.017], p< .05) and learning (βB-SEVLT-Sum = 0.040
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TABLE 1 Target population characteristics overall and by type of menopause in the Study of Latinos-Investigation of Neurocognitive Aging.

Inducedmenopause

n= 282

Natural menopause

n= 1844 Overall n= 2126 P

Covariates

Age in years (mean [SD]) 58.6 (8.1) 59.6 (7.8) 59.5 (7.8) .161

Education (% [SE])

<High school 33.3 (3.7) 41.2 (1.8) 40.1 (1.7) .063

High school 17.3 (2.8) 19.3 (1.4) 19.0 (1.3)

>High school 49.3 (4.3) 39.6 (1.7) 40.9 (1.6)

Language (% [SE])

Spanish 92.8 (2.6) 89.5 (1.0) 90.0 (0.9) .311

English 7.2 (2.6) 10.5 (1.0) 10.0 (0.9)

Center (% [SE])

Bronx 21.1 (3.3) 25.7 (2.0) 25.1 (1.9) .368

Chicago 8.8 (1.7) 10.8 (0.9) 10.6 (0.8)

Miami 45.8 (4.6) 42.5 (2.8) 43.0 (2.6)

San Diego 24.3 (3.8) 20.9 (1.8) 21.4 (1.7)

Income (% [SE])

<$10,000 17.1 (2.9) 20.3 (1.5) 19.8 (1.3) .647

$10,001 to $20,000 31.0 (3.7) 31.0 (1.5) 31.0 (1.4)

$20,001 to $40,000 30.7 (4.0) 24.9 (1.5) 25.7 (1.4)

$40,001 to $75,000 8.6 (2.1) 8.6 (0.9) 8.6 (0.8)

>$75,000 1.2 (0.7) 1.9 (0.4) 1.8 (0.3)

Not reported 11.4 (2.6) 13.3 (1.2) 13.0 (1.1)

Marital status (% [SE])

Married/cohabitating 47.1 (4.2) 44.5 (2.0) 44.9 (1.8) .819

Single 15.5 (2.6) 16.1 (1.2) 16.0 (1.1)

Separated/divorced/widowed 37.4 (3.9) 39.4 (1.8) 39.1 (1.7)

Insurance status (% [SE])

Uninsured 40.0 (4.2) 41.6 (1.8) 41.4 (1.7) .708

Insured/Medicaid 60.0 (4.2) 58.4 (1.8) 58.6 (1.7)

Nativity (% [SE])

Not born in US 83.0 (2.8) 81.6 (1.4) 81.8 (1.2) .655

Born in US 17.0 (2.8) 18.4 (1.4) 18.2 (1.2)

BMI (mean [SD]) 29.8 (6.0) 30.4 (6.1) 30.3 (6.1) .181

Exposures

Female hormone use (% [SE])

No 90.3 (2.3) 97.2 (0.6) 96.2 (0.6) <.001

Yes 9.7 (2.3) 2.8 (0.6) 3.8 (0.6)

History of oral contraceptive use (% [SE])

No 48.5 (4.3) 44.2 (1.9) 44.8 (1.7) .380

Yes 51.5 (4.3) 55.8 (1.9) 55.2 (1.7)

Age atmenarche (mean [SD]) 12.7 (1.9) 12.8 (1.9) 12.7 (1.9) .520

Number of live births (mean [SD]) 2.6 (1.8) 2.9 (2.0) 2.9 (2.0) .031

Number of pregnancies (mean [SD]) 3.4 (2.3) 3.9 (2.5) 3.8 (2.5) .012

Age atmenopause (mean [SD]) 42.1 (7.7) 48.9 (4.7) 47.9 (5.8) <.001

(Continues)
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TABLE 1 (Continued)

Inducedmenopause

n= 282

Natural menopause

n= 1844

Overall n= 2126 P

Menopause age (>45 years; % [SE])

≤45 years 67.4 (3.7) 25.5 (1.5) 31.3 (1.5) <.001

>45 years 32.6 (3.7) 74.5 (1.5) 68.7 (1.5)

Reproductive span (mean [SD]) 29.6 (7.8) 36.1 (4.9) 35.2 (5.9) <.001

Note: Sample size is unweighted; all other reported values are weighted to represent the target population.

Abbreviations: BMI, bodymass index; SD, standard deviation; SE, standard error.

F IGURE 1 Associations between reproductive history factors with cognitive performance (Z-scored) at Visit 2 in Study of
Latinos-Investigation of Neurocognitive Aging. Model 1 is crude;Model 2 is adjusted for age and education;Model 3 is additionally adjusted for
language preference, Hispanic/Latino heritage, field center, income, marital status, insurance status, place of birth, and bodymass index.
B-SEVLT=Brief-Spanish English Verbal Learning Test; DSS=Digit Symbol Substitution.

[SE = 0.019], p < .05). No other reproductive health factor was

linked to change in cognitive outcomes. Only female hormone use

was associated with lower odds of MCI prevalence (OR = 0.35 [95%

CI= 0.13;0.94], p< .05) (Tables 1–3).

3.3 Supplemental analysis

Additional adjustments for cardiovascular disease risk and depressive

symptoms to the primary analysis did not have any quantitative or
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F IGURE 2 Associations between age at menarche with 7-year
cognitive change in Study of Latinos-Investigation of Neurocognitive
Aging. Model 1 is crude;Model 2 is adjusted for age and education;
Model 3 is additionally adjusted for language preference,
Hispanic/Latino heritage, field center, income, marital status,
insurance status, place of birth, and bodymass index.Δ= change;
B-SEVLT=Brief-Spanish English Verbal Learning Test.

qualitative effects on the main results reported above (Tables S1 and

S2).

Older age at hysterectomy was associated with better (aver-

age) 7-year cognitive performance in executive functioning

(βTrails B = −0.011 [SE = 0.005], p < .05). In terms of cognitive

change, older age at hysterectomy was linked to adverse change in

learning (βB-SEVLT-Sum = −0.011 [SE = 0.005], p < .05) and memory

(βB-SEVLT-Recall = −0.012 [SE = 0.006], p < .05), yet it was associated

with maintenance/improvement in verbal fluency (βWF = 0.015

[SE = 0.006], p < .01). Age at hysterectomy was not associated with

MCI prevalence (Tables S3 and S4 and Figures S3 and S4).

Our tests of age interactions indicated that the associations

between binary age at menopause (≤45, >45 years) and reproduc-

tive span were significant with respect to global cognitive function,
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TABLE 3 Associations between each reproductive history factor withMCI (n= 2092) in Study of Latinos-Investigation of Neurocognitive
Aging.

Model 1 Model 2 Model 3

OR [95%CI] OR [95%CI] OR [95%CI]

Female hormone use

No Ref Ref Ref

Yes 0.29* [0.11;0.76] 0.34* [0.13;0.91] 0.35* [0.13;0.94]

Contraceptive use

No Ref Ref Ref

Yes 0.77 [0.52;1.12] 0.85 [0.57;1.25] 0.81 [0.53;1.23]

Age atmenarche 1.01 [0.91;1.11] 0.98 [0.89;1.08] 0.99 [0.90;1.09]

Number of live births 1.08 [0.99;1.19] 1.02 [0.92;1.12] 1.00 [0.91;1.11]

Number of pregnancies 1.04 [0.97;1.12] 1.01 [0.94;1.08] 0.99 [0.92;1.07]

Age atmenopause 1.00 [0.96;1.03] 0.99 [0.96;1.03] 1.00 [0.97;1.03]

Menopause age (>45 years)

≤45 years Ref Ref Ref

>45 years 1.19 [0.81;1.75] 1.24 [0.85;1.83] 1.29 [0.87;1.91]

Reproductive span 0.99 [0.96;1.03] 0.99 [0.96;1.03] 1.00 [0.96;1.03]

Note: Sample size is unweighted; all other reported values are weighted to represent the target population.

Each reproductive history factor was entered separately into model. Model 1 was crude, Model 2 was adjusted for age and education, Model 3 was adjusted

forModel 2+ language, Hispanic/Latino heritage, field center, income, marital status, insurance status, nativity, and bodymass index.

Abbreviations: CI, confidence interval; M#, model; MCI, mild cognitive impairment; OR, odds ratio.

*p< .05.

F IGURE 3 Association between female hormone use at Visit 1
with prevalentMCI at Visit 2. Model 1 is crude;Model 2 is adjusted for
age and education;Model 3 is additionally adjusted for language
preference, Hispanic/Latino heritage, field center, income, marital
status, insurance status, place of birth, and bodymass index.
MCI=mild cognitive impairment.

learning, and delayed recall. Specifically, women over the age of 60

years with later menopause (>45 years) had better learning and mem-

ory performance compared to their counterparts who underwent

menopause earlier in life, whereas age at menopause did not result

in cognitive differences for women under 60 years of age. Similarly,

later age of menopause was also protective against adverse change in

learning and global cognition among olderwomenbutwas unrelated to

cognitive change in younger women. Additionally, longer reproductive

span was associated with better memory only among women over 60

years of age (Tables S5 and S7 and Figures S5 and S6).

4 DISCUSSION

In a population-based cohort of 2126Hispanic/Latina postmenopausal

women, aspects of reproductivehealth (ie, oral contraceptiveuse, num-

ber of pregnancies, number of live births, age at menarche, and age

at menopause) were associated with cognitive performance and/or

change in cognition over an average 7-year period. Additionally, hor-

mone use at Visit 1 was linked to lower prevalence of MCI, suggesting

it may be a protective factor against cognitive impairment. Our results

inform our understanding of cognitive aging among Hispanic/Latina

women, a population with a wide range of educational backgrounds,

immigrationhistories, ancestral backgrounds, and lower rates of access

to insurance.

Generally, existing literature suggests that higher levels of estrogen

exposure are protective to cognition,26 and we found mixed evidence

to support this across reproductive health measures. Reproductive
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health factors had relatively distinct associations with cognitive out-

comes. For example, consistent with existing studies, history of oral

contraceptive use was associated with better cognitive outcomes (ie,

learning, processing speed/executive functioning [DSS], and global

cognition).27–30 Null findings have been reported elsewhere and may

be due to small sample size, low prevalence of oral contraceptive use,

and/or variability in the specific cognitive domains assessed.6,31–33

Importantly, the prevalence of history of oral contraceptive in this

Hispanic/Latina sample (57%) lags behind theUS average (82%),34 sug-

gesting many more Hispanic/Latina women may stand to benefit from

oral contraception, but thorough investigation is needed to confirm.

Several factors impact oral contraception use in this population, includ-

ing but not limited to medical mistrust (particularly in light of forced

sterilizations of Hispanic/Latina women in the United States),35,36 cul-

tural and religious beliefs surrounding conception,37 and limited access

to health care.9,10

Higher numbers of pregnancies and live births were each associ-

ated with slower processing speed. Fox and colleagues38 found that

the number of first trimesters rather than third trimesters in preg-

nancywas protective against AD. Thismight suggest that the improved

immunoregulation that occurs early in pregnancy is driving the protec-

tive effect more than the increase in estrogen levels in later stages of

pregnancy, which then decreases drastically following the birth with

the delivery of the placenta.39–41 Complicating this further, estrogen

levels tend to stay lower in the postpartum period for individuals who

breastfeed,42 nulliparouswomenmay have higher estrogen levels than

parous individuals,43 and those with four or more births may have par-

ticularly low estrogen levels after menopause.44 Alternatively, births

may capture the influence of parenting on cognition.45,46 Birthing has

been associated with declines in frontal and temporal volumes for

up to 2 years among new mothers but not among fathers,47 yet at

older ages mothers and fathers seem to show reduced brain aging rel-

ative to non-parents,46 suggesting a long-term benefit of parenting.

Although, we did not detect associations between number of pregnan-

cies or births with cognitive change or MCI, number of full-term births

has been connected to risk for cognitive impairment/AD.7 However,

the specific number of births that confer risk varies widely, with some

investigations finding that zero births increases risk,48 others stating

that zero births decreases risk,31 and still others finding that several

births increases risk.29,30,49 This variation may be indicative of cohort

differences in thepsychosocial changes that accompanypregnancy and

raising children.

Older age at menarche was associated with cognitive advantages

and disadvantages. Similar to a study of French women,32 we found

that older age at menarche was associated with slower processing

speed on both the DSS and Trails A, yet it was associated with bet-

ter 7-year maintenance of learning and global cognition. Differences

in outcomes may reflect age at menarche serving as an indicator of

various early-life exposures that are independently associated with

cognitive outcomes. Certain early-life exposures may lower menar-

che age (eg, high childhood body mass50 and cardiovascular disease

risk,51 childhood sexual abuse52), whereas others may raise menarche

age (eg, early-life nutritional deprivation, financial hardships). Adverse

early life exposuresmay bemore prevalent among theHispanic/Latino

community relative to the non-LatinoWhite population.53

The associations between age at menarche with change in learning

suggest that younger age at menarche could be a risk factor for AD.

Later age atmenarchewas associatedwith lower levels ofADbiomark-

ers (amyloid beta and tau) among postmenopausal Swedish women.54

However, we did not detect associations between age at menarche

with MCI, possibly due to our small proportion of participants with

MCI. The existing literature primarily focuses on dementia status,

and results range from null findings6,49,55,56 to older age at menar-

che being associated with increased risk for dementia.8,57 Of note,

Prince and colleagues’49 population-based study, which included over

7000 women in Latin America, did not find differential risk for demen-

tia by age at menarche, whereas Gilsanz and colleagues8 conducted a

smaller study that included 274 US Hispanic/Latina women (<5% of

the sample) and found that older age at menarche (16 to 17 years) was

associated with increased risk for dementia. Our largely foreign-born

cohort may be more similar to individuals still living in Latin Amer-

ica, or discrepancies with Gilsanz et al.8 may be related to differences

in study design (ie, medical record review of individuals enrolled at

Kaiser Permanente in Northern California vs multistate population-

based cohort), which may sample groups that differ in socioeconomic

background on the whole.

The use of female hormones at Visit 1 was the only reproduc-

tive health factor associated with MCI, specifically lower prevalence.

Notably, only 4% of the overall sample indicated female hormone

use at Visit 1. There may be a critical period to capture the ben-

efits of hormone therapy on cognition (eg, closer to menopause or

before 65 years), but findings are not definitive.26,58–60 While we

foundnoassociations between female hormoneusewith cognitive per-

formance or cognitive change, female hormone use may nonetheless

impact subjective cognitive decline – another component of our MCI

measure.23

Longer reproductive span was associated with better memory per-

formance only among women over 60 years old, suggesting a potential

delayed protection in older adulthood. Nonetheless, we did not find

evidence of reproductive span-related protection in 7-year cogni-

tive change or MCI for older women. In a recent study, Najar and

colleagues56 observed that longer reproductive period was associated

with increased incidence of AD, especially among individuals 75 years

and older, but not dementia with cerebrovascular disease. Given this

distinction between dementia etiologies, relationships between repro-

ductive span and cognitive status may be more difficult to detect in

populations with higher risk for cerebrovascular disease pathology,

such as Hispanic/Latino adults.61 Importantly, in the present study,

results remained significant when controlling for a variety of sociode-

mographic factors, depressive symptoms, and cardiovascular disease

risk, suggesting robust influences of reproductive health factors on

cognitive aging amongHispanic/Latina women.

Among Hispanic/Latina women who had undergone hysterectomy,

age at hysterectomy had cognitive domain-specific associations. The

majority of existing studies link younger age of hysterectomy with

poorer cognitive outcomes,62 yet we observed better maintenance of
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learning and memory performance over time. Despite this, younger

age at hysterectomy appeared to be disadvantageous to executive

functioning, specifically worse cross-sectional performance on Trails

B and greater negative change in phonemic fluency over an aver-

age 7-year period. Younger age at hysterectomy has been associated

with increased presence of neuritic plaques63 and increased risk for

dementia,62 but we did not detect associations withMCI.Womenwho

undergo hysterectomies often have medical comorbidities that con-

tribute to the decision to undergo the procedure.64 Disentangling the

role of these contributing factors on brain and cognitive health from

that of the hysterectomy alone should be further examined amongHis-

panic/Latina women, particularly because of the difficulties accessing

health care that are unique to this population.9

Our findings should be interpretedwithin the context of limitations.

First, we used retrospective, self-report data to ascertain reproductive

health information, though this has been shown to be reliable.65 Sec-

ond, regarding oral contraceptives, we did not examine other forms of

contraception (eg, injectable contraceptives), specific hormonal com-

ponents (exogenous estrogen and progestin may provide the most

neuroprotection),66,67 or duration of use. Some have found that use

for ≤5 years is associated with lower risk of cognitive impairment,30

whereas others have found better cognitive performance with longer

use.27,28 Third, we lacked information on onset of hormone use

and previous use. Initiating hormone use more than 5 years after

menopause may be associated with greater cognitive declines and

higher tau deposition.68,69 Fourth, we had a small number of women

who reached menopause before 40 years of age (n = 81), indicating

premature menopause. Future studies should examine differences in

cognitive decline between premature menopause, early menopause

(ages 40 to 45 years), and menopause after 45 years. Fifth, we do not

have information on transgender/non-binary experiences. Individuals

who are transgender/non-binary often have complicated reproductive

health histories and report more subjective cognitive decline than cis-

gender individuals.70,71 Finally, other reproductive factors (eg, age at

first child),72 potential confounds (eg, parenthood),45 and sociocultural

factors73 may be critical in the context of reproductive health and

cognitive aging.

5 CONCLUSION

Hispanic/Latina women’s reproductive health throughout the life

coursewas linked to various aspects of later life cognition, 7-year aver-

age change in cognition, and MCI. Our findings underscore the need

to investigate sex-/gender-specific factors in relation to cognitive aging

among underserved populations.
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