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Abstract
Objective
Women have >50% greater lifetime risk of dementia than men but the role of female-specific
endocrine milieu is not well-understood. This study evaluates associations between indicators
of estrogen exposure from women’s reproductive period and dementia risk in a large diverse
population.

Methods
We evaluated 15,754 female members (29.9% nonwhite) of Kaiser Permanente with clinical
examinations and health survey data from 1964 to 1973 and were members as of January 1,
1996. In midlife (mean age 51.1 years), women reported age at menarche and menopause and
hysterectomy status. Reproductive span was calculated as menopause age minus menarche age.
Dementia diagnoses were abstracted from January 1, 1996 to September 30, 2017 medical
records (mean age at start of dementia follow-up 76.5 years). Cox proportional hazard models
evaluated associations between aspects of reproductive span and dementia risk adjusting for
demographics and life course health indicators.

Results
Forty-two percent of women developed dementia. Compared to menarche at age 13.0 (mean
menarche age), menarche at ≥16 was associated with 23% greater dementia risk (adjusted
hazard ratio [HR] 1.23; 95% confidence interval [CI] 1.01–1.50) adjusting for demographics
and life course health indicators. Natural menopause at age <47.4 (mean menopause age) was
associated with 19% elevated dementia risk (HR 1.19; 95% CI 1.07–1.31). Reproductive spans
<34.4 years (mean duration) were associated with 20% elevated dementia risk (HR 1.20; 95%
CI 1.08–1.32). Hysterectomies were associated with 8% elevated dementia risk (HR 1.08; 95%
CI 1.01–1.16).

Conclusion
In this large prospective cohort study, endocrine events signaling less estradiol exposure
(i.e., later age at menarche, younger age at menopause, shorter reproductive span, and hys-
terectomies) were associated with elevated risk of dementia.
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The lifetime risk of developing dementia at age 65 is more than
55% greater for women compared to men (24.6% vs 15.5%).1

Though women have increased life expectancy, evidence is
accumulating that there are sex-specific biological under-
pinnings to this increased rate. Possible neuroprotective effects
of estrogens, depending on life course stage,2,3 spur researchers
to examine the association between reproductive factors and
dementia. Indicators of reproductive history include age at
menarche, age at menopause, menopause type (natural or
hysterectomy), and reproductive span (i.e., the number of years
between menarche and menopause). Findings to date show
heterogeneity in the association between reproductive indica-
tors and risk of dementia.4–7 For example, later age atmenarche
has been associated with elevated risk of Alzheimer disease
(AD)5 (the most common form of dementia) yet other studies
show no associated dementia risk.6,7 Similarly, earlier age at
menopause has been associated with greater dementia risk6 but
other studies show no association.7 Longer reproductive span
has been associated with a marginally lower risk of AD8 in some
studies but others show no association with dementia7 or AD.4

Inconsistencies in findings across these studies may be due to
differences in study design, length of follow-up, age at follow-
up, and differences in the adjustment of possible confounders.
Overall, data are sparse from large prospective evaluations in
cohorts with ethnic diversity.

In this study, we evaluate the prospective association between
indicators of reproductive history and dementia in a large
diverse sample of US women followed from midlife, also
testing for possible nonlinear associations between re-
productive factors and dementia. We hypothesized that
indicators of reproductive history that signal shorter exposure
to endogenous estrogen (later age at menarche, earlier age at
menopause, shorter reproductive span, hysterectomies) are
associated with elevated dementia risk.

Methods
Study population
This study follows female members of Kaiser Permanente
Northern California (KPNC). KPNC is an integrated health
care delivery system serving over 4 million members who are
representative of the general population in the geographic
catchment area, except for the extremes of the income dis-
tribution.9 From the 1960s–1990s, KPNC offered a series of
optional checkups to members called multiphasic health
checkups (MHC) that included health questionnaires and
clinical measurements obtaining information on a wide range
of health indicators and health-related behaviors. In general,

MHC participants were older10 and less likely to smoke11

than the overall KPNC membership.

Standard protocol approvals, registrations,
and patient consents
This study was approved by the KPNC internal review board
and patient informed consent was waived since analyses were
conducted on preexisting data.

Data availability
De-identified data are available to qualified investigators from
the KPNC IRB Institutional Data Access/Ethics Committee
for the purposes of replicating procedures and results.

Age at menarche and menopause,
reproductive span, and hysterectomy
During MHC visits between 1964 and 1973, a series of
questions captured information related to menarche and
menopause. Age at menarche was captured by the open-
ended question “How old were you when monthly menstrual
periods began?” Responses were grouped into 5 categories
decided a priori: ≤10, 11–12, 13, 14–15, and 16–17 years. Age
at menopause was captured by the following question: “If you
are no longer having menstrual (monthly) periods: At what
age did you stop having periods?” Age at menopause was
categorized into 5-year age groups with the exception of ages
younger than 40, which were collapsed into ≤30 and 31–40 to
avoid small counts. The final categories for age at menopause
were as follows: ≤30, 31–40, 41–45, 46–50, and 51–55 years.
The number of reproductive years was calculated by sub-
tracting age at menarche from age at menopause and grouped
into quintiles. The bottom quintile group encompassed a very
large range (14–30 years), which was further divided into ≤20
years and 21–30 years. The final categories for reproductive
span were as follows: ≤20, 21–30, 31–34, 35–36, 37–38, and
39–44 years. In addition, binary variables were created for age
at menarche, age at menopause, and reproductive span using
the mean as the threshold.

Hysterectomies were identified through a series of questions
related to surgeries occurring at least 1 year before the MHC
visit. Women reporting yes to “uterus (womb) removal” were
coded as having undergone a hysterectomy and surgical
menopause. Women missing information regarding hyster-
ectomy status but reporting no surgeries were coded as not
having hysterectomy.

Dementia diagnosis
Dementia diagnoses occurring between January 1, 1996 and
September 30, 2017 were obtained from inpatient and

Glossary
AD = Alzheimer disease; BMI = body mass index; CI = confidence interval; HR = hazard ratio; ICD-9 = International
Classification of Diseases–9; ICD-10 = International Classification of Diseases–10; KPNC = Kaiser Permanente Northern
California; MHC = multiphasic health checkups.
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outpatient electronic medical records using the following ICD-
10 diagnosis codes: AD (ICD-9: 331.0; ICD-10: G30.x), vas-
cular dementia (ICD-9: 290.4x; ICD-10: F01.5x), and other/
nonspecific dementia (ICD-9: 290.0, 290.1x, 290.2x, 290.3,
294.1, 294.2x, and 294.8; ICD-10: F03.9x). This method of
dementia ascertainment is consistent with previous studies in
this population12–15 and with a previous study that had speci-
ficity of 95% and sensitivity of 77% for a similar set of ICD-9
codes compared with a consensus dementia diagnosis.16

Mortality
Information related to deaths was obtained through KPNC
electronic medical records, California StateMortality File, and
Social Security Death Records.

Covariates
Educational attainment and smoking status were captured in
the 1964–1973 MHC questionnaires. Educational attainment
was captured as the highest grade completed and was recoded
as completed high school education or less vs greater than
high school education. Self-reported smoking status was
coded as current, past, or never smoker. Clinical measures of
blood pressure, height, and weight were obtained during the
1964–1973 MHC visit. Midlife hypertension was defined as
systolic blood pressure ≥140 or diastolic blood pressure ≥90.
Height and weight were combined to calculate midlife body
mass index (BMI). Late-life stroke, diabetes, and heart failure
occurring between January 1, 1996 and January 1, 1997 were
identified in electronic medical records. KPNC records pro-
vided information on age and self-reported race and ethnicity,
which were recoded as white, black, Asian, Hispanic, or “other
racial/ethnic identity.” Missing indicator variables were cre-
ated identifying missing information on each of the following
covariates: education, midlife smoking, and midlife BMI.

Analytic cohort
A total of 37,226 women participated in the MHC during
1964–1973 between the ages of 45 and 55 years. Of these
women, 6,967 died and 12,357 ended membership before the
start of dementia follow-up in 1996. A total of 17,902 women
were 45–55 years old when they participated in at least one
MHC between 1964 and 1973 and were KPNC members as
of January 1, 1996. Of these women, 1,890 (11%) were ex-
cluded from our sample because they did not provide an age at
menarche and 146 women (<1%) were excluded because they
provided an age at menarche of 18 years or greater. An ad-
ditional 112 women (<1%) were excluded for not providing
information regarding hysterectomy status. The remaining
15,754 women were included in analyses examining the as-
sociation between hysterectomies and dementia risk. A total
of 9,617 women did not provide information regarding age at
menopause. Of the women who did not report age at men-
opause, 77.6% of themwere younger than 50 at the time of the
MHC visit. A total of 6,137 women provided information on
age at menarche, age at menopause, and hysterectomy status.
After excluding 2,090 women who reported a hysterectomy,
the remaining 4,047 women were included in analyses

examining timing of menarche and menopause and duration
of reproductive span.

Among the 37,226 women who participated in the MHC
during 1964–1973 between the ages of 45 and 55 years, those
who were excluded from the study due to death, loss to
follow-up, or missing information on age at menarche and
hysterectomy status were older at their MHC visit (48.6 vs
48.2 years, p < 0.0001), less likely to be white (72% vs 70%, p
< 0.0001), and more likely to have greater than high school
education (57% vs 52%; p < 0.0001) than women included in
our hysterectomy analyses.

Method of analysis
We examined the distribution of age at menarche, age at
menopause, the length of reproductive span, hysterectomy,
demographics, and health indicators in mid- and late-life
among the 6,137 women who provided information on age at
menarche and menopause and hysterectomy status by de-
mentia status at end of follow-up.

A series of Cox proportional hazards models (age in years as the
timescale) separately estimated the associations between age at
menarche, age at menopause, and duration of reproductive span
and dementia risk among 4,047 women who provided in-
formation regarding age at menarche and age at menopause and
did not experience a hysterectomy. Exposures were operational-
ized as binary variables (below the mean vs the mean and above)
as well as categorical variables. To examine a possible U-shaped
relationship between age at menarche and dementia risk, the
mean age at menarche served as the reference group. To examine
possible nonlinear effects of age at menopause and reproductive
span, each menopause age category or duration of reproductive
span category was included in the regression with the highest
category serving as the reference group. Covariates were se-
quentially added in groups following the life course trajectory: (1)
demographics (age [as timescale], race/ethnicity, education); (2)
midlife health indicators (hypertension, BMI, smoking status);
and (3) late-life health indicators (stroke, diabetes, and heart
failure). Individualswere followed until dementia diagnosis, death,
the start of a membership gap lasting more than 90 days, or the
end of the study period on September 30, 2017.

The association between hysterectomy and dementia risk was
examined through a series of Cox proportional hazards
models estimated among the larger sample of 15,754 women
who provided information regarding hysterectomy status
(i.e., not excluding those without information on age at
menopause).

Some women in the sample may not have gone through
menopause at the time of their MHC visit since the median
age at natural menopause is not until ages 50 to 52 among
white women in industrialized countries.17 Therefore, we
replicated models related to menopause and reproductive
span among a subsample of women ages 50–55 at time of the
MHC (n = 3,191). Additional models examined the
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association between menopause before age 48.5 (mean men-
opause age for women between 50 and 55 at MHC), re-
productive span of less than 35.5 years (mean duration of
reproductive span for women between 50 and 55 at MHC),
and dementia risk. Cox proportional hazards models were also
implemented to examine the association between hysterecto-
mies and dementia risk among 6,240 women who were 50–55
years old at the time of MHC and provided information re-
garding age at menarche and hysterectomy status.

Possible differences in dementia risk associated with hysterec-
tomies and less than the mean of the exposure of interest
(i.e., menarche before age 13.0, menopause before age 47.4,
and reproductive spans shorter than 34.4 years) by race/
ethnicity were explored using interaction terms. In additional
analyses conducted within each racial/ethnic group, race- and
ethnicity-specific mean values for age at menarche, age at
menopause, and reproductive span were calculated for women
40–55 years of age. Cox proportional hazardsmodels estimated
within each racial/ethnic subgroup allowed for possible dif-
ferences in the association between these reproductive history
indicators, hysterectomy, and dementia risk.

Results
A total of 6,137women provided information on age atmenarche,
age atmenopause, and hysterectomy status. Among thesewomen,
themean age at theMHCvisit was 51.1 years and 76.5 years at the
beginning of dementia follow-up in 1996. The mean age at
menarche and menopause were 13.0 and 45.1 years, respectively,
and the mean duration of reproductive span was 32.2 years (table
1). A total of 2,090 women (34.1%) reported a hysterectomy.
Among womenwho did not report a hysterectomy, the mean age
at menarche was 13.0 years, the mean age at menopause was 47.4
years, and the mean duration of reproductive span was 34.4 years.
Compared to women without a dementia diagnosis by the end of
follow-up, women with a dementia diagnosis had an older average
age at menarche, an older average age at menopause, longer
reproductive period, and were less likely to have had a hysterec-
tomy. Women with a dementia diagnosis and women without
a dementia diagnosis did not significantly differ by education,
BMI, midlife hypertension, or late-life diabetes.

Women were followed for an average of 9.1 years (SD 6.3
years; range 0.003–21.7 years). By the end of follow-up, 2,577
(42.0%) women developed dementia, 2,191 (35.7%) women
died, 946 (15.4%) women were censored at the beginning of
membership gap greater than 90 days, and 423 were followed
until the end of the study period.

Menarche before age 13 years was not associated with ele-
vated risk of dementia in models adjusting for demographics
or in models further adjusting for life course health indicators.
In models adjusted for demographics and mid- and late-life
health indicators, women who experienced menarche at age
16 or 17 had 23% greater risk of dementia compared to

menarche at age 13 (hazard ratio [HR] 1.23; 95% confidence
interval [CI] 1.01–1.50).

In models adjusting for demographics and midlife and late-life
health indicators, women with natural menopause (i.e., without
hysterectomies) before age 47.4 years (mean age at menopause)
had 19% elevated dementia risk (HR 1.19; 95% CI 1.07–1.31)
(table 2) compared with womenwho experiencedmenopause at
age 47.4 years or older. Compared to menopause between 51
and 55 years of age, women with menopause between 41 and 45
years of age had 29% elevated dementia risk (HR 1.29; 95% CI
1.12–1.49) and menopause between ages 31 and 40 had a mar-
ginal association with elevated dementia risk (HR 1.20; 95% CI
0.98–1.45). There was no evidence of a difference in dementia
risk associated with menopause before age 30 years or between
46 and 50 years of age compared to 51–55 years.

Reproductive span was associated with increased dementia risk,
with those having the shortest span having the highest risk.
Reproductive spans of less than 34.4 years (the mean duration of
reproductive years) were associated with 20% increased de-
mentia risk compared to reproductive spans lasting at least 34.4
years, after adjusting for demographics and life course health
indicators (HR 1.20; 95% CI 1.08–1.32). Compared to the
longest reproductive span (39–44 years), reproductive spans of
14–20 years were associated with 55% elevated dementia risk
(HR 1.55; 95% CI 1.03–2.32), reproductive spans of 21–30
years were associated with 26% elevated risk (HR 1.26; 95% CI
1.08–1.49), and reproductive spans of 31–34 years were asso-
ciated with a 26% elevated risk (HR 1.26; 95% CI 1.09–1.47).

Among the 15,754 women ages 40 to 55 at MHC who provided
information on hysterectomy status and age at menarche, those
with a hysterectomy had an 8% increase in dementia risk com-
pared to thosewithout a hysterectomy adjusting for demographics
and life course health indicators (HR 1.08; 95% CI 1.01–1.16).

In analyses restricted to women aged 50–55 at MHC, the
mean age at natural menopause was 48.5 and the mean
duration of reproductive span was 35.5 years (table 3).
Experiencing menopause before age 48.5 was associated
with 15% elevated risk compared to experiencing meno-
pause at age 48.5 or older (HR 1.15; 95% CI 1.03–1.28)
adjusting for demographics and life course health indica-
tors. Compared to menopause between the ages of 51 and
55, menopause between 41 and 45 was associated with 42%
elevated risk of dementia (HR 1.42; 95% CI 1.21–1.67) and
menopause between 31 and 40 was marginally associated
with elevated dementia risk (HR 1.26; 95% CI 0.99–1.60)
adjusting for demographics and life course health indica-
tors. Reproductive span of less than 35.5 years was asso-
ciated with 18% elevated risk of dementia compared to
reproductive spans of at least 35.5 years (HR 1.18; 95% CI
1.06–1.31). Compared to reproductive span of 39–44
years, reproductive span of 21–30 years was associated with
41% greater dementia risk (HR 1.41; 95% CI 1.17–1.70) and
reproductive span of 31–34 years was associated with 31%
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greater dementia risk (HR 1.31; 95% CI 1.12–1.54) adjusting
for demographics and life course health indicators. Hysterec-
tomies had a marginal association with elevated dementia risk
(HR 1.08; 95% CI 0.99–1.18).

Findings were similar across racial/ethnic groups (table 4)
and interaction terms showed no evidence of effect modifi-
cation by race/ethnicity for age at menarche of 13.0 years
(joint test Wald χ2 p value = 0.58), age at menopause below

47.4 years (joint test Wald χ2 p value = 0.41), reproductive
span below 34.4 years (joint test Wald χ2 p value = 0.44), or
hysterectomies (joint test Wald χ2 p value = 0.70).

Discussion
In this large diverse cohort of women followed prospectively
since the 1960s, we found evidence that indicators of

Table 1 Sample characteristics of women aged 40 to 55 years at multiphasic health checkup (MHC) visits who provided
information regarding age at menarche, age at menopause, and hysterectomy status by dementia status

Overall, n (%)
No dementia, n (%) or
mean (SD)

Dementia, n (%) or
mean (SD)

p Value for difference across
diagnostic group

N 6,137 (100) 3,560 (58.0) 2,577 (42.0)

Age at MHC, y 51.1 (3.6) 50.8 (3.8) 51.5 (3.3) <0.0001

Age in 1996, y 76.5 (4.8) 76.1 (4.9) 77.1 (4.5) <0.0001

Age at menarche, y 13.0 (1.5) 12.9 (1.5) 13.0 (1.5) 0.04

Age at menopause, y 45.1 (5.8) 44.9 (5.8) 45.4 (5.8) 0.003

Reproductive years 32.2 (6.0) 32.0 (6.0) 32.4 (6.0) 0.02

Hysterectomy 2,090 (34.1) 1,265 (35.5) 825 (32.0) 0.004

Race/ethnicity 0.002

White 4,299 (70.1) 2,561 (71.9) 1,738 (67.4)

Black 1,090 (17.8) 592 (16.6) 498 (19.3)

Asian 243 (4.0) 135 (3.8) 108 (4.2)

Hispanic 274 (4.5) 157 (4.4) 117 (4.5)

Other 230 (3.8) 114 (3.2) 116 (4.5)

Education

≤ High school 2,789 (45.4) 1,601 (45.0) 1,188 (46.1) 0.38

Missing 86 (1.4) 43 (1.2) 43 (1.7) 0.13

Midlife BMI, kg/m2 25.3 (4.6) 25.3 (4.6) 25.4 (4.7) 0.45

Missing 871 (14.2) 516 (14.5) 355 (13.8) 0.43

Midlife hypertension 2,259 (36.8) 1,288 (36.2) 971 (37.7) 0.23

Midlife smoking 0.0004

Never smoker 2,989 (48.7) 1,653 (46.4) 1,336 (51.8)

Past smoker 1,056 (17.2) 629 (17.7) 427 (16.6)

Current smoker 1,892 (30.8) 1,159 (32.6) 733 (28.4)

Missing 200 (3.3) 119 (3.3) 81 (3.1)

Late-life stroke 232 (3.8) 152 (4.3) 80 (3.1) 0.02

Late-life diabetes 646 (10.5) 374 (10.5) 272 (10.6) 0.10

Late-life heart failure 348 (5.7) 249 (7.0) 99 (3.8) <0.0001

Abbreviation: BMI = body mass index.
Percentages shown are column percent. p Values obtained from χ2 tests for categorical variables and t test for continuous variables.
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reproductive history, which signal length of exposure to en-
dogenous estrogen, are associated with dementia risk. Overall,
our results support the hypothesis that longer exposure to
estrogen lowers dementia risk. We found that both compo-
nents that could shorten a woman’s reproductive span
(i.e., later age at menarche or earlier age at menopause) as well

as the duration of a woman’s reproductive span were associ-
ated with increased dementia risk. Hysterectomies also were
associated with a moderately increased dementia risk. There
was no evidence that the associations between indicators of
reproductive history and dementia risk varied by race/
ethnicity.

Table 2 Adjusted hazard ratios (HR) for dementia associated with age at menarche, age at menopause, duration of
reproductive span, andhysterectomies fromCoxproportional hazardsmodels amongwomenaged 40–55 years
at multiphasic health checkups

N Demographics, HR (95% CI)

Demographics and
midlife health indicators,
HR (95% CI)

Demographics and
mid- and late-life health indicators,
HR (95% CI)

Menarche, ya 4,047

<13.0 (mean) 1,516 0.98 (0.89–1.08) 0.97 (0.88–1.07) 0.97 (0.88–1.07)

≥13.0 2,531 Ref Ref Ref

≤10 95 0.92 (0.65–1.30) 0.91 (0.64–1.28) 0.89 (0.63–1.26)

11–12 1,421 1.01 (0.90–1.14) 1.01 (0.89–1.13) 1.00 (0.89–1.13)

13 (average) 1,188 Ref Ref Ref

14–15 1,085 1.03 (0.91–1.17) 1.03 (0.91–1.17) 1.03 (0.91–1.17)

16–17 258 1.21 (0.99–1.47) 1.22 (1.00–1.49) 1.23 (1.01–1.50)

Menopause, y a 4,047

<47.4 (mean) 1,645 1.17 (1.06–1.29) 1.18 (1.06–1.30) 1.19 (1.07–1.31)

≥47.4 2,402 Ref Ref Ref

≤30 25 1.09 (0.58–2.04) 1.11 (0.59–2.08) 1.11 (0.59–2.09)

31–40 342 1.17 (0.97–1.41) 1.17 (0.97–1.41) 1.20 (0.98–1.45)

41–45 745 1.26 (1.10–1.46) 1.28 (1.11–1.47) 1.29 (1.12–1.49)

46–50 1,891 0.98 (0.87–1.10) 0.98 (0.88–1.10) 0.99 (0.88–1.11)

51–55 1,044 Ref Ref Ref

Reproductive span, yb 4,047

<34.4 (mean) 1,702 1.18 (1.07–1.30) 1.19 (1.08–1.31) 1.20 (1.08–1.32)

≥34.4 2,345 Ref Ref Ref

≤20 52 1.52 (1.02–2.28) 1.52 (1.01–2.27) 1.55 (1.03–2.32)

21–30 687 1.24 (1.05–1.45) 1.24 (1.06–1.46) 1.26 (1.08–1.49)

31–34 963 1.24 (1.07–1.43) 1.25 (1.08–1.45) 1.26 (1.09–1.47)

35–36 784 1.01 (0.86–1.18) 1.01 (0.87–1.19) 1.02 (0.87–1.19)

37–38 822 1.16 (1.00–1.34) 1.16 (1.00–1.35) 1.16 (1.00–1.34)

39–44 739 Ref Ref Ref

Hysterectomyb 15,754

No 12,981 Ref Ref Ref

Yes 2,773 1.09 (1.02–1.17) 1.09 (1.02–1.16) 1.08 (1.01–1.16)

Abbreviation: CI = confidence interval.
a Among women who provided information on age at menarche and age at menopause and reported not having a hysterectomy.
b Among women who provided information on age at menarche and hysterectomy status.
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Prior literature
Our findings are consistent with a prior case–control study of
115 women with AD at least 55 years old and 1,041 non-
cognitively impaired controls that showed an increased odds
of AD for each additional year of age at menarche.5 Our
findings are inconsistent with 2 prior large epidemiologic
studies of age at menarche and dementia.6,7 The first included
3,601 female participants of the Rotterdam Study followed for
a median of 6.3 years.6 Information regarding age at menar-
che, age at menopause, and type of menopause was collected
during baseline home interviews when participants were at
least 55 years old. The study found no difference in dementia

risk associated with menarche at age 12 or younger compared
to menarche at ages above 14. A separate longitudinal retro-
spective study by Prince et al.7 examined 8,466 women ages
65+ from Latin America and China followed for a mean of 3.9
years. This study found no association between age at men-
arche, measured continuously, and dementia risk. Key dif-
ferences between our study and these 2 longitudinal studies
include younger baseline age and narrower range of baseline
ages. In both prior studies, women were at least 55 years old
when reporting age at menarche, with no upper limit on age at
enrollment. Our study also has a longer follow-up period than
either study (mean 9.1 vs 3.9 years7; median 8.0 vs 6.2 years6).

Table 3 Adjusted hazard ratios (HRs) for dementia associated with age at menopause, duration of reproductive span,
and hysterectomies from Cox proportional hazards models among women aged 50–55 years at multiphasic
health checkups

N Demographics, HR (95% CI)

Demographics and midlife
health indicators,
HR (95% CI)

Demographics and mid-
and late-life health indicators,
HR (95% CI)

Menopause, ya 3,191

<48.5 (mean) 1,239 1.15 (1.03–1.28) 1.15 (1.03–1.28) 1.15 (1.03–1.28)

≥48.5 1952 Ref Ref Ref

<47.4 926 1.27 (1.14–1.43) 1.27 (1.13–1.42) 1.27 (1.14–1.43)

≥47.4 2,265 Ref Ref Ref

≤30 13 1.52 (0.72–3.23) 1.51 (0.71–3.21) 1.55 (0.73–3.30)

31–40 165 1.27 (1.00–1.61) 1.24 (0.98–1.57) 1.26 (0.99–1.60)

41–45 436 1.41 (1.20–1.66) 1.41 (1.20–1.66) 1.42 (1.21–1.67)

46–50 1,533 1.00 (0.89–1.13) 1.01 (0.89–1.13) 1.01 (0.90–1.14)

51–55 1,044 Ref Ref Ref

Reproductive span, ya 3,191

<35.5 (mean) 1,298 1.17 (1.05–1.30) 1.17 (1.05–1.30) 1.18 (1.06–1.31)

≥35.5 1,893 Ref Ref Ref

<34.4 1,012 1.26 (1.13–1.41) 1.26 (1.13–1.41) 1.27 (1.13–1.42)

≥34.4 2,179 Ref Ref Ref

≤20 26 1.61 (0.97–2.70) 1.56 (0.94–2.60) 1.61 (0.97–2.67)

21–30 359 1.40 (1.17–1.69) 1.39 (1.16–1.67) 1.41 (1.17–1.70)

31–34 627 1.30 (1.11–1.53) 1.31 (1.11–1.54) 1.31 (1.12–1.54)

35–36 656 1.03 (0.88–1.21) 1.04 (0.88–1.22) 1.04 (0.89–1.23)

37–38 785 1.16 (1.00–1.35) 1.16 (1.00–1.35) 1.16 (1.00–1.35)

39–44 738 Ref Ref Ref

Hysterectomyb 6,240

No 4,881 Ref Ref Ref

Yes 1,359 1.08 (0.98–1.18) 1.08 (0.99–1.18) 1.08 (0.99–1.18)

Abbreviation: CI = confidence interval.
a Among women who provided information on age at menarche and age at menopause and reported not having a hysterectomy.
b Among women who provided information on age at menarche and hysterectomy status.
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Consistent with our findings, a large meta-analysis of case-
control, cross-sectional, and longitudinal studies requiring at
least a 5-year difference between the oldest vs youngest men-
opause age groups showed women in the oldest age at meno-
pause group had lower risk of dementia than women in the
youngest menopause age group.4 On the other hand, among
women who participated in the Rotterdam study, older age at
natural menopause was associated with elevated dementia risk.6

Compared to menopause before age 48, menopause between
the ages of 50–52 or ages older than 52 were associated with
95% and 78% increased risk of dementia, respectively. There
was no evidence of an association between natural menopause
and dementia risk in the Latin American and China study7 or in
a US study of 1,884 women (91% white),18 both of which
examined age at menopause continuously. Possible reasons our
results may differ from those of other studies include a younger
and more narrow window of age at menopause assessment
(40–55 compared to at least 53 years6,7,18) reducing the likeli-
hood of recall bias, longer follow-up period than 2 of the prior
studies,6,7 and different operationalization of age at menopause.

Our study is consistent with a prior cross-sectional study
demonstrating a protective association between longer re-
productive span and cognitive impairment.19 However, find-
ings in other longitudinal studies7,18 have been inconsistent.
Prince et al.7 found no association between duration of

reproductive period, measured continuously, and dementia risk
among women in Latin American and China. On the other
hand, the Rotterdam study found longer reproductive periods
were associated with increased dementia risk among women
with at least one APOE e4 allele but there was no association
among noncarriers.6We do not haveAPOE information on our
cohort. However, it is unlikely that APOE status fully explains
the directional difference in the association between longer
reproductive span and dementia risk across the 2 studies
(protective vs harmful) given that no association was found
among noncarriers in the Rotterdam study.

Our study found that hysterectomies reported during
midlife were associated with 8% increased risk of dementia.
This is consistent with prior work that has demonstrated an
association between hysterectomies,20 as well as other
forms of surgical menopause (e.g., unilateral or bilateral
oophorectomy),20,21 and elevated risk of dementia or cogni-
tive impairment. Studies suggest that timing of surgical
menopause influences dementia risk, with younger age asso-
ciated with greater risk of dementia or cognitive
impairment20–22 and AD pathology.18

Possible biological pathways
Our epidemiologic findings support prior basic science work
suggesting neuroprotective effects of estrogen. Age at

Table 4 Subgroup analyses: adjusted hazard ratios (HR) for dementia associated with age at menarche, age at
menopause, duration of reproductive span, and hysterectomies from Cox proportional hazards models among
women aged 40–55 years at multiphasic health checkups adjusting for age and education by race/ethnicity

White Black Hispanic Asian Other

Menarche

Samplea 3,013 553 180 168 133

Mean age at menarche, y (SD)a 12.9 (1.4) 13.1 (1.5) 13.3 (1.5) 13.3 (1.5) 13.1 (1.6)

HR< mean vs ≥mean (95% CI) 0.98 (0.87–1.10) 0.80 (0.62–1.03) 1.27 (0.78–2.07) 0.99 (0.62–1.56) 0.89 (0.55–1.46)

Menopause

Samplea 3,013 553 180 168 133

Mean age at menopause, y (SD)a 47.9 (4.2) 45.7 (5.4) 45.9 (4.6) 47.9 (4.1) 46.2 (5.0)

HR< mean vs ≥mean (95% CI) 1.24 (1.10–1.39) 1.12 (0.87–1.44) 1.13 (0.70–1.82) 1.10 (0.62–1.95) 0.95 (0.56–1.57)

Reproductive span

Samplea 3,013 553 180 168 133

Mean reproductive span, y (SD)a 34.9 (4.4) 32.6 (5.5) 32.7 (4.9) 34.6 (4.6) 33.1 (5.1)

HR< mean vs ≥mean (95% CI) 1.25 (1.11–1.40) 1.05 (0.81–1.34) 1.14 (0.70–1.83) 1.00 (0.58–1.76) 0.98 (0.59–1.63)

Hysterectomy

Sampleb 10,999 2,472 751 933 594

HRYes vs no (95% CI) 1.08 (0.99–1.18) 1.06 (0.93–1.21) 1.17 (0.86–1.58) 1.20 (0.87–1.66) 1.28 (0.96–1.71)

Abbreviation: CI = confidence interval.
a Among women who provided information on age at menarche and age at menopause and reported not having a hysterectomy.
b Among women who provided information on age at menarche and hysterectomy status.
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menarche, age at menopause, and reproductive years may
serve as proxies of cumulative exposure to estrogen across
the life course. Estradiol is a form of estrogen produced by the
developing ovarian follicle and levels fluctuate throughout the
menstrual cycle.23 Estradiol has been shown to promote
neuronal resilience and repair.2,3 For example, studies have
shown that estradiol reduces inflammation, apoptosis, and tau
hyperphosphorylation.2,3 Our findings do not directly exam-
ine possible benefits of hormone therapy on dementia risk.
However, our findings that longer duration of reproductive
span is protective against dementia risk tangentially support
evidence that hormones near the time of menopause, as op-
posed to late in life, may reduce dementia risk.24–26 Another
possible pathway is progesterone, which is also produced
cyclically in menstruating women and has neuroprotective
features.27

Strengths and limitations
This study includes several measures of reproductive history
that may serve as proxies to estrogen exposure at different
points in the life course as well as an indicator of cumulative
exposure. Other strengths of this study include a large diverse
sample, equal access to an integrated health care delivery
system, and prospectively collected data on a wide range of
health indicators frommidlife into late life. Another important
strength of the study is the long dementia follow-up period
ranging up to 21 years. However, we are unable to account for
other factors that would affect lifetime estrogen exposure,
such as number of pregnancies, hormone replacement use, or
use of hormonal forms of birth control. Furthermore, the
study does not include direct measures of circulating estro-
gens and therefore we are unable to directly examine the
association between different forms of estrogen and dementia
risk. We are unable to assess the accuracy of self-reported age
at menopause and age at menarche. However, prior work has
shown moderate to high levels of correlations between re-
peated measures of self-reported age at menarche (correlation
coefficient: 0.6628–0.8629) and age at menopause (correlation
coefficient: 0.7029–0.8830). Random measurement error in
age at menarche or age at menopause would bias our esti-
mates of the association between these exposures and de-
mentia towards the null. Although there is some evidence that
the reliability of age at menopause decreases with time,29,31

women were, on average, 51.1 years old when they provided
information regarding age at menopause. It is unclear if these
results are generalizable to other populations. We also did not
have information regarding APOE status, which has pre-
viously been shown to modify the relationship between re-
productive span and dementia risk.6 We did not have
information regarding the timing of hysterectomy; earlier age
at hysterectomy has previously been associated with greater
cognitive decline.18 We likely underestimate the association
between premenopausal hysterectomies and dementia risk.
Nor did we have information related to possible oophorec-
tomy or hormone replacement therapy in conjunction with
hysterectomies, both of which affect women’s estrogen ex-
posure. A prior study reported that 25% of hysterectomies

performed in 1965 also included bilateral oophorectomy.32

Some women may not have gone through menopause at the
time of their MHC interview when they were between the
ages of 40 and 55. However, analyses restricted to women ages
50 to 50 at MHC continued to find elevated risk of dementia
among women who experienced menopause between ages 41
and 45 compared to those who experienced menopause be-
tween ages 51 and 55.

Our results suggest that endocrine events that signal less ex-
posure to estradiol, such as shorter reproductive span, youn-
ger age at menopause, and hysterectomy, increase dementia
risk. While these risk factors are not modifiable, timing of
these events may signal how and when women could most
benefit from preventative efforts or points of intervention.
Additional large prospective studies including diverse pop-
ulations are needed to reflect the increasing diversity of the
aging population in the United States. Furthermore, studies
with very long follow-up periods are needed to examine the
individual and interacting roles of endogenous and exogenous
estrogens and other hormones across the life span modulating
dementia risk. Future work examining the associations be-
tween aspects of reproductive history and dementia risk
should also incorporate data regarding early-onset dementia
and leverage information from imaging and neuropathology.
Understanding biological pathways through which re-
productive history may modulate dementia risk could identify
potential points of intervention. Continuing to examine sex-
specific risk factors for dementia in women is critical given the
large, disproportionate burden of dementia experienced by
women.
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