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Abstract
Objective
To investigate the effects of completed pregnancy with childbirth and incomplete pregnancy
without childbirth on the late-life cognition and the risk of Alzheimer disease (AD) in women.

Methods
Using the pooled data of 3,549 women provided by 2 population-based cohort studies, we
conducted logistic regression analyses to examine retrospectively the associations of completed
and incomplete pregnancy with the risks of mild cognitive impairment and AD. For women
without dementia, we also conducted analyses of covariance to examine the associations of
completed and incomplete pregnancy with Mini-Mental State Examination (MMSE) score.

Results
Grand multiparous women who experienced ≥5 completed pregnancies showed an ≈1.7-fold
higher risk of AD than those who experienced 1 to 4 completed pregnancies (odds ratio [OR]
1.68, 95% confidence interval [CI] 1.04–2.72), while those who had incomplete pregnancies
showed half the level of AD risk compared with those who never experienced an incomplete
pregnancy (OR 0.43, 95% CI 0.24–0.76 for 1 incomplete pregnancy; OR 0.56, 95% CI
0.34–0.92 for ≥2 incomplete pregnancies). In women without dementia, the grand multiparous
had worseMMSE scores than those with 1 to 4 completed pregnancies (p < 0.001), while those
who experienced ≥1 incomplete pregnancies had better MMSE scores than those who never
experienced an incomplete pregnancy (p = 0.008).

Conclusions
Grand multiparity was associated with high risk of AD, while incomplete pregnancy was
associated with low risk of AD in late life.
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Alzheimer disease (AD) ismore prevalent in women thanmen,1

and pregnancy is a distinctive experience of women. The
number of pregnancies or childbirths has been associated with
the risk of AD,2–4 and it may be attributable to various
pregnancy-associated factors such as hormones, health, em-
ployment, and lifestyle during or after pregnancy. In particular,
estrogen levels change considerably during pregnancy and can
be either neuroprotective or neurotoxic, according to the
concentration.5,6 Serum estradiol begins to increase from the
sixth to eighthweek, reaching in the third trimester up to 40-fold
higher than its peak level during natural menstrual cycles, and
then decreases to the average level during natural menstrual
cycles within just 4 days after delivery.7,8 Therefore, the effect of
pregnancy on the risk of AD may be different according to
whether pregnancy is completed with childbirth (CPREG) or
incomplete without childbirth (IPREG) because pregnancy is
mostly aborted within the first trimester.3,9–11 However, the
effect on AD risk associated with IPREG has been seldom in-
vestigated separately from that of CPREG. Furthermore, many
previous studies did not comprehensively adjust for the effects
of other reproductive experiences9–11 or psychosocial and
medical conditions, were limited in sample size,2,3,9–11 and had
participants with relatively low numbers of pregnancies.3,11

In this study, we investigated the differential association of
CPREG and IPREG with the risk of AD after controlling for
potential effects of other reproductive experiences and psy-
chosocial and medical conditions comprehensively in 2 large
community-based cohorts.

Methods
Study population
Two member studies of the Cohort Studies of Memory in an
International Consortium (COSMIC),12 the Korean Longitu-
dinal Study on Cognitive Aging and Dementia (KLOSCAD)13

and the Hellenic Longitudinal Investigation of Aging and Diet
(HELIAD),14 provided data for the current analysis. KLO-
SCAD and HELIAD are population-based prospective cohort
studies conducted independently in Korea and Greece, re-
spectively. In KLOSCAD, 30 villages or towns across Korea
were randomly sampled. From their residential rosters, 10% (in
urban areas) or 20% (in rural areas) of residents ≥60 years of
age were randomly selected from the each village or town. In all,
12,694 elderly individuals were sampled, and 6,818 (53.7%)
participated in the baseline assessment conducted between
November 2010 and September 2012. Among them, 3,574
were women, and 3,278 of these provided full data on

reproductive history and completed diagnostic assessments. A
total of 2,737 womenwere included in the current analysis, after
the exclusion of 541 who took hormone replacement therapy
(HRT) at the time of assessment (n = 69) or had a history of
oophorectomy (n = 216) or hysterectomy (n = 435). In
HELIAD,≈6% of community-dwelling elderly individuals were
randomly selected from the residents of Larissa and Marousi,
Greece (n = 14,000), and 1,814 (13.0%) completed the base-
line assessment conducted between November 2009 and Oc-
tober 2015. Among them, 1,074 were women ≥60 years of age;
957 of these provided full data on reproductive history and
completed diagnostic assessments. A total of 812 women were
included in the current analysis after the exclusion of 145 who
took HRT at the time of assessment (n = 3) or had a history of
oophorectomy (n = 5) or hysterectomy (n = 141). Overall
3,549 women from both studies were included in the current
analysis.

Assessments
In both cohorts, research clinicians or nurses obtained
a comprehensive history of reproductive experiences that
included the numbers of pregnancies, childbirths, stillbirths,
and aborted pregnancies, including both spontaneous and
induced abortion; the ages at the first and last childbirths; and
the ages at menarche and menopause. History of breast-
feeding and previous HRT were evaluated in KLOSCAD
only. Geriatric psychiatrists or neurologists administered
a standardized diagnostic interview that included a detailed
medical history, physical and neurologic examinations, and
laboratory tests. Trained neuropsychologists or research
nurses conducted comprehensive neuropsychological assess-
ments, including the Mini-Mental State Examination
(MMSE) and the Geriatric Depression Scale Short Form.15

Both cohorts evaluated comorbid medical illnesses. However,
only KLOSCAD quantified the cumulative burden of
comorbid medical illnesses using the Cumulative Illness
Rating Scale (CIRS). Both studies conducted brain CT or
MRI in the patients who were diagnosed as having dementia.
Both studies diagnosed AD according to the National In-
stitute of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders
Association criteria,16 and mild cognitive impairment (MCI)
according to the consensus criteria from the International
Working Group on Mild Cognitive Impairment.17

Standard protocol approvals, registrations,
and patient consents
KLOSCAD was approved by the Institutional Ethics Review
Board of the Seoul National University Bundang Hospital,

Glossary
AD = Alzheimer disease; CIRS = Cumulative Illness Rating Scale; COSMIC = Cohort Studies of Memory in an International
Consortium;CPREG = completed pregnancy with childbirth;HELIAD = Hellenic Longitudinal Investigation of Aging and Diet;
HRT = hormone replacement therapy; IPREG = incomplete pregnancy without childbirth; KLOSCAD = Korean Longitudinal
Study on Cognitive Aging and Dementia; MCI = mild cognitive impairment; MMSE = Mini-Mental State Examination.
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and HELIADwas approved by the Institutional Ethics Review
Board of the University of Thessaly. Written informed con-
sent was obtained from the participants and/or their legal
guardians in both studies.

Statistical analysis
We processed, harmonized when necessary, and pooled the
data provided by KLOSCAD and HELIAD. We conducted
multinomial logistic regression analyses to investigate the
associations of CPREG and IPREG with the risks of MCI and
AD. In these analyses, we categorized CPREG into 3
strata—no CPREG (nullipara), 1 to 4 CPREGs, and ≥5
CPREGs (grand multipara)18—because both grand multi-
para and nullipara have been associated with an increased risk
of medical conditions such as diabetes mellitus and coronary
heart disease.19,20We also categorized IPREG into 3 strata: no
IPREG, 1 IPREG, and ≥2 IPREGs. As covariates, we con-
trolled for cohort (KLOSCAD and HELIAD), other re-
productive experiences that may influence sex hormone levels
(length of reproductive period and age at menopause), and
demographic and clinical characteristics that may influence
the risk of AD. Two regression models were constructed. In
model 1, we estimated the effects of the number of CPREGs
and IPREGs on the risks of MCI and AD after adjusting for
the aforementioned reproductive experiences and de-
mographic and clinical variables that were evaluated in both
cohorts (age; total years of education; socioeconomic status;
employment; history of diabetes mellitus, hypertension, and
hyperlipidemia; and Geriatric Depression Scale Short Form
score). In model 2, using data obtained in KLOSCAD only,
we also adjusted for the history of breastfeeding and history of
HRT and CIRS.

Because the distributions of CPREGs and IPREGs were dif-
ferent between KLOSCAD and HELIAD, we also analyzed
the associations of CPREGs and IPREGs with the risk of MCI
and AD using multinomial logistic regression analyses (model
1) separately in each cohort. In these analyses, we categorized
CPREGs into 4 strata in KLOSCAD (no, 1, 2–4, and ≥5
CPREGs), but with only 3 grand multiparous women, we did
not specify a ≥5 CPREGs strata in HELIAD (no, 1, and ≥2
CPREGs). We categorized IPREGs into 3 strata (no, 1, and
≥2 IPREGs) in both KLOSCAD and HELIAD.

We investigated the effects of CPREG and IPREG on
MMSE scores in the women without dementia using 2-way
analysis of covariance. In this analysis, we also constructed 2
models (models 1 and 2) that adjusted for the same cova-
riates as in the multinomial logistic regressions models 1
and 2, respectively. All data were analyzed with the Statis-
tical Package for Social Sciences, version 18 (SPSS Inc,
Chicago, IL).

Data availability
The datasets used and/or analyzed during the current study
available from the corresponding author on reasonable
request.

Results
The KLOSCAD participants were slightly younger and less
educated than the HELIAD participants (p < 0.001). Hy-
pertension and hyperlipidemia were more prevalent in
HELIAD than in KLOSCAD (p < 0.001), whereas diabetes
mellitus was more prevalent in KLOSCAD than in HELIAD
(p = 0.001). The KLOSCAD participants experienced more
CPREGs (p < 0.001) and IPREGs (p < 0.001) than the
HELIAD participants. The KLOSCAD participants experi-
enced their menarche and menopause later (p < 0.001) but
had a shorter mean reproductive period (p < 0.001) than the
HELIAD participants (table 1).

In the pooled KLOSCAD and HELIAD dataset, 896 and 118
participants were diagnosed as having MCI and AD, re-
spectively. The distributions of CPREGs and IPREGs in the
pooled dataset are summarized in table 2. Regression model 1
showed that CPREGs and IPREGs were associated with AD
risk in opposite directions (table 3). Specifically, grand mul-
tiparous women who experienced ≥5 CPREGs showed an
≈1.7-fold higher risk of AD than those who experienced 1 to 4
CPREGs, and women who experienced IPREGs showed half
the level of AD risk compared to those who never experienced
an IPREG. Regression model 2 revealed that ≥5 CPREGs and
IPREG remained differentially associated with AD risk after
controlling for CIRS, history of HRT, and breastfeeding. The
length of the reproductive period and age at menopause were
not associated with AD risk. The numbers of CPREGs and
IPREGs were not associated with the risk of MCI.

When we analyzed the KLOSCAD and HELIAD samples
separately (table 4), the effects of CPREGs and IPREGs on
the AD risk were in the same direction as the results of pooled
data. However, the effects on the AD risk were significant only
in the women who experienced 1 IPREG in KLOSCAD and
≥2 IPREGs in HELIAD. Although the effects were not sig-
nificant, nulliparous women (no CPREG) showed an ≈3-fold
higher risk of AD in KLOSCAD and an ≈5-fold higher risk of
AD in HELIAD compared to the primiparous women (1
CPREG). Compared to the primiparous women, multiparous
women also showed higher risk of AD in both cohorts.

As shown in the figure, the numbers of both CPREGs and
IPREGs were associated with MMSE scores for the women
without dementia (p < 0.001 for CPREGs and p = 0.008 for
IPREGs). The interaction between the numbers of IPREGs
and CPREGs was not significant (p = 0.29). Post hoc com-
parisons revealed that women with ≥5 CPREGs had lower
MMSE scores than those with either no CPREG (p < 0.001)
or 1 to 4 CPREGs (p < 0.001). MMSE scores were compa-
rable between the women with no CPREGs and those with 1
to 4 CPREGs. The women who never experienced an IPREG
had lower MMSE scores than those who experienced ≥1
IPREGs (p = 0.008). When CIRS, history of HRT, and
breastfeeding were additionally adjusted for, the effect of
CPREGs on MMSE scores remained statistically significant
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Table 1 Characteristics of the women who participated in KLOSCAD and HELIAD

Variable KLOSCAD HELIAD t or χ2a p Value

Age, mean ± SD, y 70.97 ± 7.08 72.17 ± 5.51 −5.07 <0.001

60–69 y, n (%) 1,287 (47.02) 285 (35.10)

70–79 y, n (%) 1,090 (39.82) 442 (54.43)

≥80 y, n (%) 360 (13.15) 85 (10.47)

Education, mean ± SD, y 6.13 ± 4.90 7.12 ± 4.56 −5.34 <0.001

0 y, n (%) 639 (23.35) 52 (6.40)

1–6 y, n (%) 1,128 (41.21) 494 (60.84)

≥7 y, n (%) 970 (35.44) 266 (32.76)

Socioeconomic status, n (%) 19.71 <0.001

Lower 1,182 (43.91) 426 (52.79)

Higher 1,510 (56.09) 381 (47.21)

Employment, n (%) 4.48 0.034

Never 1,045 (38.82) 280 (34.70)

Past or present 1,647 (61.18) 527 (65.30)

SGDS score, mean ± SD 5.18 ± 3.72 2.62 ± 3.61 17.56 <0.001

Diabetes mellitus, n (%) 507 (18.52) 110 (13.55) 10.80 0.001

Hypertension, n (%) 1,518 (55.46) 536 (66.01) 28.58 <0.001

Hyperlipidemia, n (%) 740 (27.04) 351 (43.23) 77.09 <0.001

CIRS score, mean ± SD 4.25 ± 2.69 NA

Reproductive factors

No. of CPREGs, mean ± SD 3.67 ± 1.69 2.03 ± 0.82 317.56 <0.001

0, n (%) 37 (1.35) 45 (5.54)

1, n (%) 109 (3.98) 83 (10.22)

2–4, n (%) 1,878 (68.62) 681 (83.87)

≥5, n (%) 713 (26.05) 3 (0.37)

No. of IPREGs, mean ± SD 1.68 ± 1.92 1.39 ± 2.13 46.21 <0.001

0, n (%) 826 (30.18) 348 (42.86)

1, n (%) 714 (26.09) 184 (22.66)

≥2, n (%) 1,197 (43.73) 280 (34.48)

Age at first childbirth, mean ± SD, y 24.14 ± 4.49 26.03 ± 5.40 −8.84 <0.001

Age at last childbirth, mean ± SD, y 31.95 ± 6.04 29.55 ± 5.04 10.05 <0.001

Age at menarche, mean ± SD, y 16.70 ± 1.87 13.13 ± 1.70 51.24 <0.001

Age at menopause, mean ± SD, y 50.11 ± 5.00 49.30 ± 5.27 3.91 <0.001

Reproductive years, mean ± SD, y 33.41 ± 5.43 36.17 ± 5.50 −12.66 <0.001

Previous HRT, n (%) 315 (11.51) NA

Breastfed, n (%) 2,515 (91.89) NA

Abbreviations: CIRS = Cumulative Illness Rating Scale; CPREG = completed pregnancy with childbirth; HELIAD = Hellenic Longitudinal Investigation of Aging
and Diet; HRT = hormone replacement therapy; IPREG = incomplete pregnancy without childbirth; KLOSCAD = Korean Longitudinal Study on Cognitive Aging
and Dementia; NA = not applicable; SGDS = Geriatric Depression Scale Short Form.
a Student t test for continuous variables and χ2 test for categorical variables.
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(p < 0.001), while that of IPREGs became marginally signif-
icant (p = 0.067).

Discussion
In this study, the association between pregnancy and AD risk
differed between CPREG and IPREG. Grand multiparous
women (≥5 CPREGs) showed an ≈1.7-fold higher AD risk in
late life compared to women with 1 to 4 CPREGs. In contrast,
women who had experienced IPREGs showed about half the
level of AD risk in late life compared to those with no IPREGs.
Consistent with these findings, among women without de-
mentia, those with a greater number of CPREGs showed
lower MMSE scores in late life, although this effect was offset
to some degree by having also experienced IPREGs.

Because pregnancy induces considerable changes in various
hormones other than estrogen, the differential association of
CPREGs and IPREGs with AD risk might not be explained
simply by pregnancy-induced estrogen changes. However,
compared to other hormones, estrogen shows a greater change
in levels during pregnancy,8 and its effects on cognition and the
risk of AD have been more extensively investigated.21 Although
progesterone was found to be neuroprotective in spinal cord
injury, stroke, and amyotrophic lateral sclerosis,22 its effect on
AD risk has seldom been studied, and how it interacts with

estrogen in modulating AD risk is unclear. Although human
chorionic gonadotropin was associated with β-amyloid levels in
the rat brain,23 associations between either IPREGs or CPREGs
and risk of AD are unlikely to be mediated by pregnancy-
induced human chorionic gonadotropin. The reason is that
human chorionic gonadotropin is upregulatedmostly in the first
trimester of pregnancy in humans and thus should have similar
effects on the risk of AD associated with IPREGs and CPREGs,
which this study found to be in opposite directions.

Because pregnancy and childbirth may induce considerable
changes in lifestyle and health, the differential association of
CPREGs and IPREGs with AD risk might not be explained
simply by the hormonal changes during pregnancy. One study
reported that women who breastfed had lower risk of AD than
women who did not.9 Women with ≥5 live births reportedly
had high risk of chronic medical illnesses such as hyperten-
sion,24 coronary heart disease,19 and diabetes mellitus,20,24

which are associated with AD risk. Lower socioeconomic
status has been associated with both higher parity and AD
risk.25 However, associations of CPREGs and IPREGs with
AD risk were statistically significant even after controlling
these potential confounders in the current study.

In separate analyses of KLOSCAD and HELIAD, we sub-
divided the participants according to the number of CPREGs.
Although the associations of CPREG with AD risk became
nonsignificant, ≥2 CPREGs increased AD risk compared to 1
CPREG in both KLOSCAD and HELIAD, and the AD risk of
≥5 CPREGs was higher than that of 2 to 4 CPREGs in
KLOSCAD. These results also support our hypothesis that
multiple CPREGs may increase AD risk.

Multiple CPREGs may increase AD risk in several ways. First,
in rats, estrogen upregulated neurogenesis and facilitated
cognitive function at optimal levels but was ineffective at low
levels and even harmful at high levels.5,6 Also in rats, estradiol
was found to be harmful to cognitive function when serum
levels increased to >4 times the peak level reached during the
menstrual cycle.26 Serum estradiol levels are maintained at
>10 times peak menstrual cycle levels for 7 months in preg-
nant women,27 and multiple CPREGs may thus have
a harmful effect on late-life cognition by inducing repeated
extreme upregulation of estradiol. Second, there are reports of
estrogen withdrawal after a hormone-simulated pregnancy
suppressing hippocampal cell proliferation21,28 and gluco-
corticoid upregulation inducing neuronal loss in the
hippocampus.21,29 Because delivery induces an abrupt post-
partum withdrawal of estrogen and upregulation of cortisol,
multiple CPREGs may have compounding effects that de-
crease brain and cognitive reserves in women. Finally, com-
pared to nulliparous women, women having given childbirth
within the past 3 years were found to have 22% lower levels of
a urinary estradiol metabolite that is correlated with levels of
serum estradiol.30,31 In addition, postmenopausal serum free
estradiol decreases as the number of childbirths increases.32

Because the neuroprotective effect of estrogen was inverted U

Table 2 Distribution of CPREGs and IPREGs

Cohort CPREGs, n

IPREGs, n

Total, n0 1 ≥2

KLOSCAD 0 25 5 7 37

1 49 28 32 109

2–4 471 488 919 1,878

≥5 281 193 239 713

Total 826 714 1,197 2,737

HELIAD 0 33 6 6 45

1 35 17 31 83

2–4 279 161 241 681

≥5 1 0 2 3

Total 348 184 280 812

Pooled data 0 58 11 13 82

1 84 45 63 192

2–4 750 649 1,160 2,559

≥5 282 193 241 716

Total 1,174 898 1,477 3,549

Abbreviations: CPREG = completed pregnancy with childbirth; HELIAD =
Hellenic Longitudinal Investigation of Aging and Diet; IPREG = incomplete
pregnancy without childbirth; KLOSCAD = Korean Longitudinal Study on
Cognitive Aging and Dementia.
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shaped5,6 and low serum bioavailable estradiol was associated
with the risk of cognitive impairment,33 multiple CPREGs
may be harmful to cognition in late life by exposing women to
reduced serum estrogen for life.

We did not evaluate the trimester in which pregnancy was
aborted in the present study, although we assume that
IPREGs exposed our participants to only modestly upregu-
lated estrogen because >80% of spontaneous abortions and
>90% of induced abortions occur within the first trimester.8

Serum estrogen levels remain within the range of the normal
menstrual cycle until the fifth week of pregnancy and become
modestly upregulated to ≈2-fold compared to peak levels of

the normal menstrual cycle at the eighth week.27 If this
modestly upregulated level of estrogen is within the optimal
range for neurogenesis and cognition, IPREGs may directly
reduce AD risk. This may also be why IPREGs offset the AD
risk associated with CPREGs. Only 1 previous study has
considered the separate effect of IPREG from CPREG, and it
found no association between IPREG and AD risk.3 However,
compared to our study, their numbers of IPREGs (0.3 ± 0.7)
and pregnancies (2.0 ± 1.3) were relatively low.3

In recent clinical trials, HRT in postmenopausal women ≥65
years of age did not reduce the risk of MCI and increased the
risk of dementia.34 However estradiol-based oral contraceptives

Table 3 Effects of CPREGs and IPREGs on risk of MCI and AD in late lifea

Variables

Model 1b Model 2c

MCI AD MCI AD

OR (95% CI) pValue OR (95% CI) pValue OR (95% CI) pValue OR (95% CI) pValue

No. of CPREGs

0 1.31 (0.73–2.35) 0.368 2.22 (0.80–6.14) 0.124 1.71 (0.76–3.80) 0.193 1.78 (0.31–10.31) 0.522

1–4 1.00 1.00 1.00 1.00

≥5 1.07 (0.86–1.33) 0.524 1.68 (1.04–2.72) 0.036 1.11 (0.89–1.38) 0.358 1.72 (1.05–2.81) 0.032

No. of IPREGs

0 1.00 1.00 1.00 1.00

1 0.97 (0.78–1.21) 0.804 0.43 (0.24–0.76) 0.004 1.01 (0.80–1.28) 0.933 0.46 (0.24–0.86) 0.014

≥2 0.98 (0.81–1.20) 0.877 0.56 (0.34–0.92) 0.022 0.99 (0.80–1.23) 0.928 0.69 (0.40–1.18) 0.177

Cohort: KLOSCAD (vs. HELIAD) 0.29 (0.21–0.40) <0.001 1.20 (0.57–2.54) 0.634

Age, y 1.05 (1.03–1.06) <0.001 1.18 (1.14–1.22) <0.001 1.04 (1.03–1.06) <0.001 1.18 (1.13–1.22) <0.001

Education, y 0.97 (0.95–0.99) 0.004 0.97 (0.92–1.03) 0.387 0.97 (0.95–0.99) 0.010 0.99 (0.92–1.06) 0.756

Lower socioeconomic status 1.09 (0.92–1.30) 0.326 1.04 (0.67–1.60) 0.867 1.13 (0.93–1.37) 0.213 1.27 (0.79–2.05) 0.319

Never employed 1.03 (0.87–1.22) 0.720 1.19 (0.78–1.80) 0.419 1.07 (0.89–1.28) 0.481 1.29 (0.82–2.04) 0.276

Diabetes mellitus 1.27 (1.03–1.57) 0.025 1.42 (0.86–2.36) 0.174 1.16 (0.91–1.48) 0.220 1.70 (0.95–3.05) 0.076

Hypertension 1.01 (0.85–1.20) 0.887 0.85 (0.55–1.31) 0.453 0.97 (0.80–1.18) 0.769 0.91 (0.54–1.53) 0.711

Hyperlipidemia 0.93 (0.77–1.13) 0.466 0.43 (0.22–0.84) 0.013 0.86 (0.70–1.07) 0.180 0.32 (0.13–0.79) 0.013

SGDS score 1.09 (1.07–1.11) <0.001 1.23 (1.17–1.30) <0.001 1.09 (1.06–1.12) <0.001 1.24 (1.16–1.31) <0.001

Age at menopause 0.99 (0.95–1.04) 0.812 1.05 (0.92–1.19) 0.487 1.00 (0.95–1.05) 0.962 1.09 (0.94–1.25) 0.259

Length of reproductive
period

0.99 (0.95–1.04) 0.712 0.97 (0.86–1.09) 0.597 0.99 (0.94–1.03) 0.548 0.94 (0.84–1.08) 0.381

Breastfed 0.93 (0.66–1.33) 0.705 0.83 (0.30–2.32) 0.720

Previous HRT 1.36 (1.02–1.82) 0.037 0.81 (0.18–3.65) 0.786

CIRS score 1.03 (0.99–1.07) 0.150 0.97 (0.88–1.07) 0.566

Abbreviations: AD = Alzheimer disease; CI = confidence interval; CIRS = Cumulative Illness Rating Scale; CPREG = completed pregnancy with childbirth;
HELIAD = Hellenic Longitudinal Investigation of Aging and Diet; HRT = hormone replacement therapy; IPREG = incomplete pregnancy without childbirth;
KLOSCAD=Korean Longitudinal Study onCognitive Aging andDementia;MCI =mild cognitive impairment; OR = odds ratio; SGDS =Geriatric Depression Scale
Short Form.
a Multinomial logistic regression analyses.
b Using the pooled data provided by KLOSCAD and HELIAD, −2 log likelihood = 4,284.23, df = 30, p < 0.001.
c Using only KLOSCAD data because additional covariates were collected only in KLOSCAD, −2 log likelihood = 3,647.16, df = 34, p < 0.001.
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appear beneficial to the cognitive function of women in their
premenopausal and postmenopausal periods,35 and HRT re-
duced AD risk by ≈30% when provided within 5 years of
menopause.36 The results from previous studies thus seem to
suggest that premenopausal or perimenopausal exposures to
a modest increase in estrogen may reduce AD risk in women.
Mean estradiol levels obtained during conventional HRT in
postmenopausal women are reportedly not raised to even the
lowest levels associated with normal menstrual cycles.37 It
would be worth exploring whether modifying HRT to induce
serum estrogen levels to somewhere between the peak and 2
times the peak level of the normal menstrual cycle makes it
more effective in reducing AD risk than conventional HRT.

Merely several months of HRT modified as such may be suf-
ficient for this effect.

Our study has several limitations. First, it was subject to recall
biases because we evaluated reproductive experiences retro-
spectively by self-reports. Although pregnancy and childbirth
are life events not easily forgotten, the participants with MCI
or AD may be subject to recall biases for these events.
However, any effects of recall bias associated with MCI or AD
are likely to be minimal because the differential associations of
CPREG and IPREG with the risk of AD were supported by
similar differential associations of CPREG and IPREG with
MMSE score in the cognitively normal participants. Second,
the numbers of IPREGs may have been underestimated, ei-
ther deliberately underreported because induced abortion
may be associated with shame in some cultures or because
spontaneous IPREGsmay not have always been recognized as
such. Third, we did not evaluate the exact time and cause of
incomplete pregnancy. Fourth, we did not measure post-
menopausal serum estrogen levels at the time of diagnosis.
Fifth, we did not adjust for the influence of APOE genotype
because it was assessed in only some of the participants. Sixth,
changes in lifestyle and behaviors that may be induced by
CPREGs or IPREGs could be associated with the risk of AD
and may have affected the results of the current study despite
our efforts to control the influence of such factors.

We found that grand multiparity was associated with high risk
of AD, while incomplete pregnancy was associated with low
risk of AD in late life. Replicating our results in other pop-
ulations may lead to the development of hormone-based

Table 4 Risk of MCI and AD according to number of
CPREGs and IRPEGs estimated in KLOSCAD and
HELIAD separately

Variables

MCI AD

OR (95% CI)a p Value OR (95% CI)a p Value

KLOSCAD

No. of
CPREGs

0 1.74 (0.76–4.01) 0.193 3.09 (0.47–20.37) 0.241

1 1.00 1.00

2–4 0.96 (0.62–1.49) 0.864 1.54 (0.42–5.64) 0.511

≥5 1.07 (0.67–1.69) 0.791 2.54 (0.70–9.26) 0.157

No. of
IPREGs

0 1.00 1.00

1 1.02 (0.81–1.29) 0.845 0.45 (0.24–0.84) 0.012

≥2 1.02 (0.83–1.26) 0.848 0.68 (0.39–1.16) 0.154

HELIAD

No. of
CPREGs

0 1.74 (0.76–4.03) 0.192 5.02 (0.38–66.07) 0.220

1 1.00 1.00

≥2 0.99 (0.64–1.53) 0.963 2.58 (0.28–23.73) 0.403

No. of
IPREGs

0 1.00 1.00

1 1.02 (0.81–1.29) 0.846 0.27 (0.05–1.39) 0.118

≥2 1.02 (0.82–1.26) 0.884 0.18 (0.04–0.86) 0.032

Abbreviations: AD = Alzheimer disease; CI = confidence interval; CPREG =
completed pregnancy with childbirth; HELIAD = Hellenic Longitudinal In-
vestigation of Aging and Diet; IPREG = incomplete pregnancy without
childbirth; KLOSCAD = Korean Longitudinal Study on Cognitive Aging and
Dementia; MCI = mild cognitive impairment; OR = odds ratio.
a Age; total years of education; socioeconomic status; employment; history
of diabetes mellitus, hypertension, and hyperlipidemia; Geriatric De-
pression Scale Short Form score; age at menopause; and length of re-
productive period were adjusted.

Figure Effects of completed and incomplete pregnancies
on MMSE scores of women without dementia in
late life

Analysis of variance with the Tukey post hoc comparisons adjusted for co-
hort; age; level of education; socioeconomic status; employment; history of
diabetes mellitus, hypertension, and hyperlipidemia; Geriatric Depression
Scale Short Form score; years of reproductive period; and age at meno-
pause. Error bars indicate standard error. MMSE = Mini-Mental State
Examination.
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preventive strategies aimed at reducing AD risk in women,
particularly those who are grand multipara. This could be of
great relevance for the >20% of women ≥60 years of age in
Asia who have experienced ≥5 childbirths38 and younger
generations in sub-Saharan Africa who currently experience
>5 childbirths on average.39
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