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Abstract

INTRODUCTION: Chinese women experience higher dementia rates than men, yet

sex-specific risk factors are understudied. We examined how menopause age affects

cognitive function and decline in aging Chinese women.

METHODS: Data were from 7419 postmenopausal women 45–101 years of age at

baseline in the China Health and Retirement Longitudinal Study (CHARLS; 2011–

2018). Menopause age was categorized using clinical cutoffs (<40, 40–44, 45–49,

50–55, >55 years). Cognitive function was assessed with neuropsychological tests up

to four timesover7years, andassociationswereanalyzedusingmultivariable-adjusted

linear mixed-effects regression.

RESULTS: Compared to menopause at 50–55 years (3661/7419; 49.3%), premature

(<40; 235/7419; 3.2%), early (40–44; 623/7419; 8.4%), and late menopause (>55;

366/7419; 4.9%) were associated with lower baseline cognitive scores. Although the

rate of cognitive decline did not differ significantly across menopause age groups, late

menopause showed a trend toward faster decline.

DISCUSSION: Cognitive health interventions should consider extreme menopausal

age as a risk factor.
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Highlights

∙ Extreme menopausal ages—premature (<40), early (40–44), and late (>55)—are

linked to lower baseline cognition versus menopause ages 50–55, persisting over 7

years.

∙ Cognitive disadvantage for late menopause (>55) versus 50–55 tends to increase

over time.

∙ Health interventions should consider extreme menopause ages in women’s cogni-

tive health.

1 BACKGROUND

In China, ≈15 million people 60 years of age or older are living with

dementia, and 38.8 million are affected by mild cognitive impairment

(MCI), with women impacted disproportionately: dementia prevalence

is 3.5% in women versus 2.5% in men, and MCI prevalence is 9.0%

in women versus 6.5% in men.1 Since 1990, China’s dementia burden

(e.g., deaths, incidence, disability-adjusted life years) has grown, with

women at higher risk than men.2 In addition, Chinese women have

a lower life expectancy than women in many high-income countries3

as well as higher rates of young-onset dementia, with an incidence

of 1.87 cases per thousand person-years at ages 55–59.4,5 There is

thus a pressing need to examine risk factors for dementia among Chi-

nese women from younger ages than typically studied in Western and

high-income settings.

Multiple social and biological factors may contribute to sex/gender

differences in dementia burden, including women’s longer life

expectancy thanmen’s, lower education access thanmen, the stronger

impact of the apolipoprotein E (APOE) genotype and brain injuries

on women, and sex-specific risk factors such as pregnancy in women

and prostate cancer in men.6 Given the high and growing dementia

burden in women, recent studies increasingly explore estrogen and

related reproductive factors in women’s risk of dementia. Estrogen

may protect women against dementia by supporting neurotransmis-

sion, cerebral blood flow, and growth protein regulation.7 However,

menopause leads to a rapid estrogen decline, potentially disrupting

brain function and contributing to cognitive decline.8,9

Many studies across various global populations have found that

a younger age at menopause is associated with a higher risk of

dementia,10–16 as well as poorer cognitive function and acceler-

ated cognitive decline.17–21 However, a Swedish study found that

increased age at menopause was associated with a higher demen-

tia incidence after age 75.22 Other studies have also reported no

association between the timing of menopause and risks of demen-

tia, Alzheimer’s disease,17,23 vascular dementia,14 or overall cognitive

function.24 Inconsistency in this literature may be due to several fac-

tors. Age at menopause has been treated inconsistently, including as

a continuous variable18,23 or with cut points such as the mean age at

menopause within the study population.12 Premature menopause has

been categorized as occurring before age 4020 or early menopause

before age 45,19 or using various age thresholds.10,11 Furthermore,

the limited existing studies in low- andmiddle-income countriesmainly

use cross-sectional data,19,21 which cannot evaluate the relationship

between menopause and longitudinal changes in cognition over time.

Evidence on this topic is particularly limited for China,23,25,26 where

the age distribution of menopause differs from that in high-income

countries,27,28 and awareness and use of hormone therapy (HT) are

low.29,30 These differences may suggest that the cognitive health

effects of menopause in China may differ from those observed in

studies from high-income settings.

In this study, we examined in Chinese older women, the relationship

between age at menopause and cognitive function and rate of decline

from2011 to 2018 in a nationally representative cohort study of aging.

We hypothesized that extreme ages at menopause (<45 years or >55

years) are associated with worse cognitive function and a steeper rate

of cognitive decline over time.

2 METHODS

2.1 Study sample

Weusedata from in-person interviews inChinaHealth andRetirement

Longitudinal Study (CHARLS), a nationally representative longitudinal

cohort study of community-living individuals 45 years of age or older

and their spouses in China.31 The baseline data, collected in 2011,

included 17,708 participants from10,257 households across 450 com-

munities in 150 counties, living in 28 provinces across China. CHARLS

has since conducted follow-up interviews every 2 to 3 years among the

original participants and recruited a refreshment sample of individuals

whowere between 39 and 45 years of age in 2011.31 For this study, we

used the harmonized longitudinal CHARLS 2011–2018 data VersionD

released in June 2021 by the Gateway to Global Aging Data.

CHARLS participants who were eligible for the present analyses

included 9833 postmenopausal women, 45 years of age or older, with

at least one wave of cognitive assessment data between 2011 and
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RESEARCH INCONTEXT

1. Systematic review: The authors conducted a litera-

ture search on age at menopause and cognition using

databases such as Google Scholar and PubMed. Cur-

rent findings are mixed, with studies showing either a

negative association between younger menopause age

and cognitive outcomes or no association. Most research

comes from high-income countries, with limited longitu-

dinal studies in China assessing cognitive changes over

time in relation to age at menopause.

2. Interpretation: The link between age at menopause and

cognitive function appears non-linear. Among Chinese

women, extreme menopause ages—premature (<40),

early (40–44), and late (>55)—are associatedwith poorer

cognitive outcomes in later life.

3. Futuredirections: Further research should exploremech-

anisms connectingmenopause age and cognitive health in

older ages, aiding in prevention and intervention strate-

gies for cognitive decline.

2018. We excluded 135 women with a history of ovarian, cervical,

or endometrial cancer to avoid confounding the natural timing of

menopause; 409 women with missing data on age at menopause; and

796 women with missing cognitive function measures. Of the remain-

ing 8493women, 1074were further excluded due tomissing covariate

data. The final analytic sample included 7419women, who contributed

a total of 18,724 observations from 2011 to 2018 (Figure 1).

2.2 Measures

2.2.1 Outcome: Cognitive function

Cognitive function was assessed as a composite score based on per-

formance in several neuropsychological tasks, adapted from those

administered in the University of Michigan US Health and Retirement

Study (HRS): serial 7’s, date naming, picture drawing, and immediate

and delayed word recall.32 In the serial 7’s test, participants serially

subtract 7 from 100 five times. The final score is the total number of

correct subtractions (range: 0–5). Date naming is scored as the sum of

correct responses when asked to name the current day of the month,

month, year, and day of the week (range: 0–4). The picture drawing

task asks participants to copy a picture of two overlapping pentagons

and is scored as correct or incorrect (range: 0–1). For immediate and

delayed word recall, the interviewer reads a list of 10 brief nouns

aloud, asking the participant to recall the words immediately and again

after a fewminutes. The recall scores reflect the number of words cor-

rectly remembered (range: 0–10 each for immediate recall and delayed

recall). The composite cognitive function score is the sum of the final

scores from each of the neuropsychological tasks listed.

All cognitive tests, except for word recall, were consistent in

form and administration across the four waves of data collection. In

2018, CHARLS harmonized their cognitive measures with other aging

surveysby changing theword list and thenumberof trials for the imme-

diate and delayed word recall task.33 To account for these changes, we

applied a weighted equipercentile equating method to adjust the word

recall scores in 2018basedon the percentile ranks observed in 2015.34

The composite cognitive score was calculated at each wave, with par-

ticipants having up to fourwaves of observations.We standardized the

baseline distribution to have a mean of 0 and standard deviation (SD)

of 1, with composite scores at all subsequent waves standardized to

the baseline distribution for comparability over time. The distribution

of the standardized composite cognitive scores by wave are shown in

Figure S1.

2.2.2 Exposure: Age at menopause

Self-reported age at menopause was collected through responses to

the interview question asked at each wave: “When did you begin

menopause?” The distribution of age at menopause is shown in Figure

S2. We categorized age at menopause into five groups: <40, 40–44,

45–49, 50–55, and >55. Menopause occurring before age 40 is classi-

fied as premature menopause, whereas menopause between the ages

of 40 and 44 is considered early menopause.28 We used ages 50–55 as

the reference group, as this age range encompassed the highest pro-

portion of women in our study who had experienced menopause. We

subsequently considered>55 years as late menopause.35

2.2.3 Covariates

We included potential confounders measured at baseline that are

known to be associated with both age at menopause and cogni-

tive function, including demographic characteristics: age (continuous),

quadratic function of age (continuous), and ethnicity (Han Chinese

vs others); socioeconomic characteristics: rural residence (yes or no,

defined by the National Bureau of Statistics of China, recorded based

on CHARLS sampling strategy at the community level), educational

attainment (lower secondary or less vs upper secondary or more),

educational attainment of the most highly educated parent of the par-

ticipant (lower secondaryor less vs upper secondaryormore), andmar-

ital status (married/partnered, widowed vs separated/divorced/single);

and reproductive characteristics: age at menarche (continuous), total

number of living biological children (continuous), and experiencing the

death of a biological child (yes or no).

2.2.4 Statistical analysis

Baseline characteristics of the sample were described as mean (SD)

for continuous variables and frequencies for categorical variables,

both overall and stratified by age at menopause. Given the longi-

tudinal nature of the data with repeated outcome measures, we
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F IGURE 1 Study flow chart.

applied amultivariable-adjustedmixed-effects linear regressionmodel

with random intercepts to estimate the associations between age at

menopause and cognitive function at baseline and rate of cognitive

change (slope) over time. Follow-up time (in years) was used as the

time scale. Random slope effects were excluded due to their minimal

variance. We developed four models by adding different categories of

covariates step by step, to assess the confounding impacts from each

of demographic characteristics, socioeconomic characteristics, age at

menarche, and biological children. To account for confounders influ-

encing the rate of cognitive change over time, we tested the statistical

significanceof interaction termsbetweenyears sincebaseline andeach

covariate, retaining those with p< 0.05.

To better understand whether the associations under study dif-

fered acrosswomenof varied sociodemographic groups, we conducted

a set of sensitivity analyses by performing the regression Model 4

stratified by the median age at menarche (16 years), rural residence,

education level,marital status, and themediannumberof years of post-

menopausal experience prior to the baseline interview (8 years). In

addition,weperformed further sensitivity analyses designed to further

assess the robustness of our results, including (1) excluding women

who experienced menopause before age 30 (n = 50; <1%), (2) exclud-

ing women <55 years of age at baseline (n = 3008), and (3) using

individual cognitive tests as the outcome variable (e.g., serial 7’s to rep-

resent executive function, and the composite immediate and delayed

recall score to represent episodic memory). The distribution of age at

menopause across sub-analysis samples is shown in Table S1.

3 RESULTS

Table 1 presents the baseline characteristics of postmenopausal

women in the study. The mean age of the sample at baseline was 58.5

years (SD: 9.0 years, range: 45–101). Overall, 235 women (3.2%) expe-

riencedprematuremenopause (before age40), 623 (8.4%) experienced

early menopause (between 40 and 44 years of age), and 366 (4.9%)

experienced late menopause (after age 55) (Table 1). Over 90% of the

women were Han Chinese, and the majority had lower secondary edu-

cation or less.More than 70%of thewomen resided in rural areas, with
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TABLE 1 Baseline characteristics, overall and by age at menopause, China Health and Retirement Longitudinal Study (CHARLS), China,
2011–2018.

<40,

premature 40–44, early 45–49 50–55 >55, late Total

Baseline characteristics (N= 235, 3.2%) (N= 623, 8.4%) (N= 2534, 34.2%) (N= 3661, 49.3%) (N= 366, 4.9%) (N= 7419)

Age in years, mean (SD) 60.3 (9.4) 61.0 (9.6) 57.4 (9.1) 58.2 (8.7) 62.5 (7.1) 58.5 (9.0)

Ethnicity

Other Chinese 7 (3.0%) 28 (4.5%) 128 (5.1%) 210 (5.7%) 35 (9.6%) 408 (5.5%)

Han Chinese 228 (97.0%) 595 (95.5%) 2406 (94.9%) 3451 (94.3%) 331 (90.4%) 7011 (94.5%)

Rural residence

Urban 45 (19.1%) 108 (17.3%) 485 (19.1%) 865 (23.6%) 77 (21.0%) 1580 (21.3%)

Rural 190 (80.9%) 515 (82.7%) 2049 (80.9%) 2796 (76.4%) 289 (79.0%) 5839 (78.7%)

Education level of parents

Lower secondary or less 225 (95.7%) 602 (96.6%) 2423 (95.6%) 3506 (95.8%) 351 (95.9%) 7107 (95.8%)

Upper secondary or more 10 (4.3%) 21 (3.4%) 111 (4.4%) 155 (4.2%) 15 (4.1%) 312 (4.2%)

Education level

Lower secondary or less 226 (96.2%) 587 (94.2%) 2329 (91.9%) 3303 (90.2%) 343 (93.7%) 6788 (91.5%)

Upper secondary or more 9 (3.8%) 36 (5.8%) 205 (8.1%) 358 (9.8%) 23 (6.3%) 631 (8.5%)

Marital status

Married/partnered 190 (80.9%) 497 (79.8%) 2171 (85.7%) 3169 (86.6%) 288 (78.7%) 6315 (85.1%)

Widowed 41 (17.4%) 120 (19.3%) 335 (13.2%) 450 (12.3%) 74 (20.2%) 1020 (13.7%)

Separated/divorced/single 4 (1.7%) 6 (1.0%) 28 (1.1%) 42 (1.1%) 4 (1.1%) 84 (1.1%)

Age at menarche, mean (SD) 16.5 (2.8) 16.4 (2.7) 16.1 (2.2) 16.2 (2.4) 16.7 (2.2) 16.2 (2.4)

Number of biological

children alive, mean (SD)

3.3 (2.1) 3.5 (2.0) 3.0 (1.8) 3.1 (1.8) 3.5 (1.9) 3.1 (1.8)

Ever experienced the death of a biological child

No 225 (95.7%) 575 (92.3%) 2417 (95.4%) 3470 (94.8%) 346 (94.5%) 7033 (94.8%)

Yes 10 (4.3%) 48 (7.7%) 117 (4.6%) 191 (5.2%) 20 (5.5%) 386 (5.2%)

Years of follow-up, mean

(SD)

4.0 (2.5) 4.2 (2.5) 4.1 (2.5) 3.7 (2.6) 3.7 (2.6) 3.9 (2.6)

Abbreviation: SD, standard deviation.

the proportion of rural residents increasing among those who expe-

rienced menopause earlier. Approximately 4.5% of women across all

menopause age groups reported their parents having an upper sec-

ondary education or higher. Widowhood was more common among

women with premature or early menopause or late menopause, com-

pared to the overall average of 13.7%. The mean age at menarche was

16.2 years, with higher mean age at menarche among women with

premature menopause (16.5 years) and late menarche (16.7 years).

Women with late menopause had slightly more biological children

on average, and women with early menopause were more likely to

have experienced the death of a biological child (Table 1). On average,

women participants were followed for 3.9 years (SD: 2.6 years).

Table 2 presents the results from the multivariable-adjusted lin-

ear mixed-effects models estimating the associations between age at

menopause and cognitive function and rate of change over time. Pre-

mature, early, and late menopause were consistently linked to poorer

baseline cognitive performance across all models. Although cognitive

function declined over time, the rate of decline did not differ sig-

nificantly across menopause age categories. Compared to controlling

demographic characteristics alone (Model 1), including socioeconomic

status (Model 2) weakened the association between menopause age

and cognitive performance. Further adjustment for age at menar-

che (Model 3) slightly reduced these associations. However, adding

characteristics related to biological children slightly strengthened the

associations, except for attenuating the link between early menopause

and baseline cognitive scores (Table 2).

In the fully adjusted model (Model 4), womenwho experienced pre-

mature menopause (before age 40) had a cognitive score at baseline

that was, on average, 0.201 SD units lower (95% confidence inter-

val [CI]: −0.313 to −0.090) than those who had menopause at ages

50–55 (Table 2). Women with early menopause (ages 40–44) had

a baseline cognitive score that was 0.083 SD units lower (95% CI:

−0.155 to −0.011), representing 10.9% lower scores than those who

had menopause at ages 50–55 (Table 2). Late age at menopause (>55

years) was also associated with lower cognitive function at baseline

(−0.130 SD units; 95%CI:−0.222 to 0.038; Table 2), representing 17%
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TABLE 2 Multivariable-adjustedmixed-effects linear regression results for the association between age at menopause and standardized
composite cognitive function score, China Health and Retirement Longitudinal Study (CHARLS), China, 2011–2018.

Model 1: demographic

controls only

Model 2:Model 1+
socioeconomic

characteristics

Model 3:Model 2+ age at

menarche

Model 4:Model 3+
biological children (births

and death)

Cognitive function score at
baseline: menopause at
50−55 years (reference
group; SD units)a

0.459 (−0.297, 1.214) 0.590 (−0.104, 1.283) 0.655 (−0.039, 1.349) 0.764* (0.074, 1.454)

Difference for with

menopause at<40 years

(premature)

−0.264*** (−0.387,−0.141) −0.199** (−0.312,−0.087) −0.196** (−0.308,−0.084) −0.201*** (−0.313,−0.090)

Difference for those with

menopause at 40−44 years
(early)

−0.152*** (−0.231,−0.072) −0.088* (−0.160,−0.015) −0.087* (−0.159,−0.015) −0.083* (−0.155,−0.011)

Difference for those with

menopause at 45−49 years
−0.035 (−0.083, 0.012) 0.007 (−0.037, 0.050) 0.006 (−0.037, 0.049) 0.006 (−0.037, 0.049)

Difference for those with

menopause at>55 years

(late)

−0.162** (−0.263,−0.060) −0.133** (−0.226,−0.040) −0.128** (−0.220,−0.035) −0.130** (−0.222,−0.038)

Rate of cognitive change over
time: menopause at 50−55
years (reference group; SD
units/year)

−0.100*** (−0.117,−0.083) −0.086*** (−0.105,−0.068) −0.038* (−0.069,−0.007) −0.037* (−0.068,−0.006)

Difference for those with

menopause at<40 years

(premature)

−0.002 (−0.024, 0.019) 0.001 (−0.021, 0.022) 0.001 (−0.020, 0.022) 0.002 (−0.020, 0.023)

Difference for those with

menopause at 40−44 years
(early)

0.005 (−0.009, 0.018) 0.006 (−0.008, 0.019) 0.007 (−0.007, 0.020) 0.007 (−0.007, 0.020)

Difference for those with

menopause at 45−49 years
−0.005 (−0.013, 0.004) −0.003 (−0.011, 0.006) −0.003 (−0.012, 0.005) −0.003 (−0.011, 0.005)

Difference for those with

menopause at 55 years

(late)

−0.017 (−0.035, 0.001) −0.014 (−0.033, 0.004) −0.013 (−0.031, 0.005) −0.013 (−0.031, 0.006)

aThe estimates for menopause age between 50 and 55 years represent a woman with a reference value for all covariates. 95% Confidence intervals are in

parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05. A random effect of the intercept was used for each model. Covariates include characteristics at baseline.

Model 1 includes age, quadratic function of age, HanChinese, and its interactionwith time.Model 2 includes all covariates inModel 1 plus rural residence and

its interaction with time, respondent education and its interaction with time, parental education, andmarital status. Model 3 includes all covariates inModel

2 plus age atmenarche and its interactionwith time.Model 4 includes all covariates inModel 3 plus total number of biological children, and ever experiencing

the death of a biological child.

lower scores than those who had menopause at ages 50–55 (Table 2).

Cognitive scores at baseline were similar for women who experienced

menopause at 50–55 years and 45–49 years. With respect to cogni-

tive decline, each additional year since baseline was associated with a

decline in cognitive score by0.037SDunits (95%CI:−0.068 to−0.006)
for those who had menopause at ages 50–55 (Table 2). The rate of

cognitive decline was not significantly different by age at menopause.

However, women with menopause after age 55 had a trend of faster

decline compared to women who experienced menopause at ages 50–

55 (−0.013 SD units, 95% CI: −0.031 to 0.006). Figure 2 visualizes the

rates of cognitive change over time by age at menopause estimated

fromModel 4. The rate of cognitive decline amongwomenwho experi-

enced late menopause (>55) surpassed that of womenwith premature

menopause (<40 years) after 4 years of follow-up, ultimately result-

ing in the lowest predicted cognitive scores among all menopause age

groups (Figure 2).

The association between age at menopause and cognitive func-

tion and decline appeared stronger among women who experienced

menarche after age 16, who lived in rural areas, who were married,

who had lower secondary education or less, or more than 8 years

of being postmenopausal prior to baseline interview (Tables S2–S6).

However, the reduced sample sizes of subgroups used in these anal-

yses limit the statistical power of these analyses, and the results

should be interpretedwith caution (Table S1). Results of the sensitivity

analyses excluding women with menopause before age 30, excluding

women younger than age 55, and restricting the outcome to individ-

ual cognitive test items were similar to the results of the main analysis

(Tables S7–S10).
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F IGURE 2 Predicted standardized cognitive score by age at menopause during follow-up years. Values are estimated based on the
multivariable-adjustedmixed-effects linear regression presented in Table 2. A random effect of the intercept was used. Covariates include
characteristics at baseline: age, quadratic function of age, Han Chinese, and its interaction with time, rural residence and its interaction with time,
respondent education, and its interaction with time, parental education, marital status, age at menarche and its interaction with time, the total
number of biological children, and ever experiencing the death of a biological child.

4 DISCUSSION

Using nationally representative longitudinal data fromChina,we found

a non-linear relationship between menopause age and cognitive func-

tion among middle-aged and older women. Premature, early, and late

menopause were all linked to lower cognitive function, indicating that

extreme ages of menopause may be a salient risk factor for later-

life cognitive health in this study setting. In addition, premature and

early menopause affected just over 1 in 10 Chinese women in this

study, slightly higher than that observed in high-income countries,

highlighting the disproportionate cognitive risks associated with ear-

lier menopause faced by Chinese women.28 Late age at menopause

was additionally marginally associated with a faster rate of cognitive

decline over time, with a magnitude that was equivalent to 0.35 years

of chronological aging. Future studies should confirm and replicate our

findings in this and other populations with longer follow-up periods

to better understand the association of extreme menopause ages with

later-life cognitive outcomes.

Research on the relationship between age at menopause and cog-

nitive aging in China is limited. A longitudinal cohort study based on

≈1000 older women in China found no linear association between

menopause age and dementia incidence within 5 years.23 Similarly, a

cross-sectional study in Hebei province (1760 participants) observed

no association between age atmenopause and cognitive impairment.36

In contrast, a more recent cross-sectional study of 4275 women ≥65

years of age in northern China found later menopause associated

with better cognition and reduced risk of cognitive impairment.25

Our study adds to this research by identifying a non-linear relation-

ship between menopause age and cognitive outcomes in a younger,

nationally representative sample. Given that dementia, particularly

Alzheimer’s disease, includes a prodromal phase that may extend up

to 10 years, there is a need for longer follow-up to fully capture the

long-term relationship betweenmenopause age and cognitive health.

Our findings align with studies conducted in regions near China,

such as Singapore,26 India,19 Indonesia,21 and Korea.11 These stud-

ies consistently show that earlier menopause is linked to higher risks

of cognitive impairment or dementia. Our findings are also consistent

withmost studies fromhigh-incomeWestern countries,which find that

earlier menopause is associated with a higher risk of dementia.10,12–16

In the 1946 British Birth Cohort, increasing age at natural menopause

was positively linearly associated with verbal memory performance

among women 43 to 69 years of age.18 In our study, the associations

between age at menopause with cognitive function and decline was

more nuanced, despite the similar age range of the study sample. The

1946 British Birth Cohort study18 accounted for childhood cognitive

ability, a previously identified risk factor for earlier menopause,37–39

which is not available in our data. In addition, a French study found that

prematuremenopausewas linked topoorer cognitive performanceand

faster cognitive decline later in life.20 In contrast, our study did not find

significant differences in cognitive decline across women of different

age at menopause categories. However, women with late menopause

had much faster cognitive decline, although this association was not

statistically significant.

Several mechanisms have been proposed to explain why younger

age at menopause is associated with worse later-life cognitive out-

comes. Gonadal steroids, such as estradiol, play a critical role in brain

function by promoting the growth of nerve cells and facilitating the

formation of new neural connections, which enhance memory and

thinking; and estradiol may also protect against the loss of key neu-

rotransmitters, helping to preserve cognitive performance.8,17 Earlier

menopause shortens the lifetime duration of exposure to estrogen,

which could impair cognitive functions like verbal memory and exec-

utive function, as they are particularly sensitive to changes in estrogen

levels.8,9 Indeed, an urban Indian cohort study found that menopause

before age 45 was associated with reduced total gray matter vol-

ume, particularly in the left middle and superior frontal regions.10,19
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In addition, younger age at menopause has been associated with

increased white matter hyperintensity, a marker linked to cognitive

decline and dementia risk in older adults.10 Thesemechanisms provide

a possible explanation for our findings, particularly given that verbal

memory and executive function were key components of the cognitive

measures used in our study.

We also found that late menopause was associated with worse cog-

nitive performance at baseline and had a trend toward a faster rate of

cognitive decline over time. This is a new finding compared to exist-

ing studies. One study based on women in the UK found that age at

natural menopause after 55, compared to ages 46–50, was associated

with a lower risk of dementia, whereas surgical menopause after age

55 was linked to a higher risk of dementia.14 Our study may include

women who experience surgical menopause after age 55. However,

due to data limitations, wewere unable to differentiate between surgi-

cal and natural menopause. To mitigate this issue, we excluded women

with a history of ovarian, cervical, or endometrial cancer as a precau-

tionarymeasure tominimize the likelihoodof including individualswho

underwent surgicalmenopause. Another study based onwomen in Sin-

gapore did not find a significant association of menopause at age 54 or

older with cognition, although there was a trend of increased risk of

cognitive impairment among women with menopause ≥54.26 The cur-

rent body of research is still investigating the potential explanations

for the role of late menopause in later-life cognition. One plausible

theory is the “healthy cell bias” hypothesis, which suggests that the

beneficial effects of estrogen depend on the health of neurons and the

timing of exposure; estrogen exposure is thought to be beneficial only

when neurons are healthy, but it may become detrimental when neu-

rons are compromised.22,40 At older ages, neurons are more likely to

be compromised, somaintaining premenopausal estrogen levels as one

ages beyond the typical age atmenopause could negatively affect brain

health. In addition, women experiencing menopause at older ages may

be more vulnerable due to immune system changes that occur during

menopause, potentially contributing to accelerated cognitive decline.8

Further research is needed to explore these mechanisms in more

detail.

This study has limitations. We attempted to distinguish between

natural and surgical menopause by excluding women with a his-

tory of ovarian, cervical, or endometrial cancer, as these women are

more likely to have experienced surgical menopause. However, this

methodmaystill result inmisclassification,meaningour findings reflect

age at menopause in general rather than exclusively age at natural

menopause. We relied on self-reported age at menopause, which may

introduce recall bias. However, the existing literature suggests that

self-reported age at menopause is generally reliable,41 and misclassifi-

cation bias may bemore likely among womenwith natural menopause,

older ages,42,43 or less education.43 We adjusted for those factors in

our analyses. Furthermore, the CHARLS questionnaire does not pro-

vide a clear definition ofmenopause. Typically,menopause is defined as

the absence of menstrual periods for at least 12 consecutive months,

excluding non-natural causes such as surgical removal of the uterus,

pregnancy, or breastfeeding.28 Without this definition, participants

may misreport their age at menopause, particularly younger women

whose last menstrual period may have occurred less than 12 months

ago. To help address this, we adjusted for baseline age and its quadratic

form in our regression analyses, although some measurement errors

may still be present. Due to data limitations, we could not adjust our

analysis for certain variables that are known to influence both the tim-

ing of menopause and cognitive function in later life, such as APOE

genotype20,24 and childhood cognitive ability.18 We also did not have

data on HT use, which can alter estrogen levels and potentially affect

cognitive aging trajectories.20 However, the influence of HT is likely

limited in our sample given its low awareness and use among Chinese

women.30

Strengths of this study include its large, nationally representative

sample of middle-aged and older women in China. The sample includes

Chinese women living in rural areas and with low early-life access

to education, which expands representation in the evidence base on

menopause and cognitive aging to these rapidly aging yet under-

represented global population groups. We had longitudinal data over

a 7-year follow-up period to help establish the temporality and validity

of the associations under study, with repeatedmeasures of an in-depth

neuropsychological assessment harmonized with that used in the HRS

and several of its international partner studies around the world.

In conclusion, this study identified a non-linear relationship

between women’s age at menopause and cognitive function and

decline over time among middle-aged and older Chinese women.

Extreme ages at menopause were associated with lower cognitive

function, and late age at menopause may be associated with a faster

rate of cognitive decline over time. Future health interventions should

consider extreme ages at menopause as an important risk factor for

women’s later-life cognitive health in this population. Future studies

should replicate these findings in other global populations and settings

and with longer follow-up periods to better understand the complex

relationship betweenwomen’s menopause and cognitive aging.
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