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Abstract
Background and Objectives
Studies of hypertensive disorders of pregnancy (HDP), including gestational or chronic hy-
pertension (GH/CH) and preeclampsia/eclampsia (PE/E), suggest associations with early-life
and mid-life cognition but have been limited by self-report or use of diagnostic codes, exclusion
of nulliparous women, and lack of measurement of cognition in later life. We examined the
effects of any HDP, GH/CH, PE/E, and nulliparity on cognition in later life.

Methods
Participants included 2,239 women (median age 73) enrolled in the Mayo Clinic Study of
Aging with medical record–abstracted pregnancy information. A cognitive battery of 9 tests was
conducted every 15 months. Global cognitive and domain-specific z scores (memory,
executive/attention, visuospatial, and language) were outcomes. Linear mixed-effect models
evaluated associations between pregnancy history (all normotensive, any HPD, HPD subtype
[GH/CH, PE/E], or nulliparous) and cognitive decline, adjusting for age and education.
Additional models adjusted for APOE, smoking, hypertension, dyslipidemia, body mass index
(BMI), diabetes, stroke, and heart disease. Interactions between pregnancy history and age or
education on cognitive performance were examined.

Results
Of the 2,239 women, 1,854 (82.8%) had at least 1 pregnancy (1,607 all normotensive, 100 GH/CH,
and 147 PE/E); 385 (17.2%) were nulliparous. Cognitive performance did not cross-sectionally
differ for women with a history of any HDP, GH/CH, or PE/E vs women with a history of all
normotensive pregnancies; women who were nulliparous had lower global and domain-specific
cognition (all p< 0.05) in age- and education-adjustedmodels. There was an interaction (p= 0.015)
between nulliparity and education such that the lower cognitive performance was most pro-
nounced among nulliparous women with ≤12 years of education (beta = −0.42, p < 0.001) vs
12 + years (b = −0.11, p = 0.049). Longitudinally, women with any HDP had greater declines in
global cognition and attention/executive z scores compared with women with all normotensive
pregnancies. When stratified by HDP type, only women with PE/E had greater declines in
global cognition (beta = −0.04, p < 0.001), language (beta = −0.03, p = 0.001), and attention
(beta = −0.04, p < 0.001) z scores. Adjustment for vascular risk factors, BMI, smoking, and
APOE did not attenuate results.

Discussion
Women with a history of HDP, especially PE/E, are at greater risk of cognitive decline in
later life.
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Hypertensive disorders of pregnancy (HDP) include pre-
eclampsia (PE)/eclampsia (E), gestational hypertension
(GH), chronic hypertension (CH), and PE/E superimposed
on chronic hypertension. When assessed on a per-women
basis, compared with per pregnancy, approximately 15.3% of
women have an HDP and 7.5% have PE during their life-
times.1 HDP have been consistently associated with cardio-
vascular and cerebrovascular disease,2 as well as renal disease
and multimorbidity.1,3,4 Although these outcomes have been
associated with dementia, few studies have directly assessed
the association between HDP and global and domain-specific
cognitive decline.

Studies that have examined the association between HDP and
cognition have reported conflicting results. Some studies have
suggested that PE is associated with mild cognitive impair-
ment,5 vascular dementia,6,7 Alzheimer disease,8 or all-cause
dementia,1 whereas other studies did not find associations.9,10

Some of the observed associations, however, were not sig-
nificant in models adjusted for cardiovascular risk factors.11

Studies of global and domain-specific cognitive decline have
also beenmixed, with some suggesting women with a history of
GH or PE perform worse in mid-life on measures of psycho-
motor speed,11,12 attention/executive function,11 or memory.13

Other studies, however, have not found associations with
psychomotor speed,13 attention/executive function,12,13 or
memory.11,12

Limitations of studies to date include small sample sizes, use
of self-report and diagnostic codes for HDP, lack of consid-
eration of both GH and PE (most studies focus on PE only),
and lack of examination of cognition in later life. For example,
most studies of HDP were cross-sectional and measured
cognition among women aged 50–65 years. Although it is
important to identify risk factors for mid-life cognitive im-
pairment, cognitive decline significantly increases after age 65
years, and it is also critical to understand the effects of HDP on
later-life cognition. It is not known whether any cognitive
effects of HDP will appear in later life such that a history of
HDP should still be obtained when calculating future risk in
this age group. Moreover, it is not clear which cognitive do-
mains are most affected. In addition, most studies have been
cross-sectional and have not examined cognitive trajectories
for women with a history of HDP. Finally, studies of HDP
have generally not examined risk of cognitive decline among
nulliparous women. Reasons for nulliparity include infertil-
ity, which has been associated with earlier mortality and

underlying health,14 and lifestyle choices based on multiple
social factors.

In the present study, we assessed the effects of HDP and type
(GH vs PE/E) and nulliparity on global and domain-specific
cognitive decline among 2,239 women enrolled in the
population-based Mayo Clinic Study of Aging (MCSA). We
further assessed whether adjustments for cardiovascular risk
factors and conditions would attenuate any associations with
cognition. We hypothesized that a history of HPD, especially
PE/E, would be associated with greater global and domain-
specific cognitive decline.

Methods
Population
The MCSA is a community-based study of cognitive aging
among a representative sample of individuals aged 50 years
and older living in Olmsted County, Minnesota.15 Residents
were enumerated using the Rochester Epidemiology Project
(REP) medical record linkage system in a random sampling
design stratified by age and sex.16,17 The current analysis in-
cluded 2,239 women who were enrolled in the MCSA be-
tween December 2004 and December 2019.

Standard Protocol Approvals, Registrations,
and Patient Consents
Olmsted Medical Center and Mayo Clinic Institutional Re-
view Boards approved the study, and participants provided
written informed consent.

Study Design
MCSA participants completed study visits every 15 months.
These visits included a study coordinator interview, a physi-
cian examination, and cognitive testing.15 The study co-
ordinator interview included questions on medical history as
well as memory to both the participant and study partner. The
physician administered the Short Test of Mental Status and
conducted a medical history and neurologic examination.18

All participants had cognitive testing that included 9 tests cov-
ering 4 domains15: (1) memory (Auditory Verbal Learning Test
[AVLT] Delayed Recall, Wechsler Memory Scale–Revised
[WMS‐R] Logical Memory II & Visual Reproduction II), (2)
attention/executive function (Trail Making Test B, WAIS‐R
Digit Symbol), (3) language (Boston Naming Test, Category
Fluency), and (4) visuospatial (Wechsler Adult Intelligence
Scale–Revised [WAIS‐R] Picture Completion & Block Design).

Glossary
BMI = bodymass index;CU = cognitively unimpaired;DM = diabetes mellitus;GH/CH = gestational or chronic hypertension;
HDP = hypertensive disorders of pregnancy; HTN = hypertension;MCI = mild cognitive impairment;MCSA = Mayo Clinic
Study of Aging; PE/E = preeclampsia/eclampsia; PRES = posterior reversible encephalopathy syndrome; REP = Rochester
Epidemiology Project.
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Global z scores were an average of domain‐specific z scores and
referenced to 3,686 MCSA cognitively unimpaired (CU) par-
ticipants between 2004 and 2012, aged 50–89 years.

All results from study participants were discussed by a consensus
committee without knowledge of diagnoses at previous visits.
Mayo’s Older Americans Normative Studies age-adjusted scores
were used as comparisons for cognitive tests.19 A diagnosis of
MCI was based on previously published criteria.20 A dementia
diagnosis was based on Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition criteria.21

Ascertainment of Hypertensive
Pregnancy Disorders
The number of pregnancies lasting more than 20 weeks was
determined for each woman using a combination of REP
medical record abstraction and a questionnaire.

Medical Record Chart Abstraction
The REP uses a record linkage system to capture medical
records from all health care providers in Olmsted County,
Minnesota, from 1966 to present. This record linkage sys-
tem provides health information on virtually all Olmsted
County residents; 2% refuse access to medical records for
research. More specific details on the REP have been de-
scribed previously.16,17

For all women in the MCSA, 3 nurses abstracted the medical
records. Information including blood pressures, hypertensive
medication use, and dipstick protein available from the first
prenatal visit through 12 weeks postpartum was recorded,
dated, and entered directly into a database for analysis. Ab-
stracted laboratory values included 24-hour urinary protein,
platelet count, serum creatinine, and liver function tests. Only
pregnancies with at least 1 blood pressure measurement from
a prenatal visit and 1 measurement at or after admission for
delivery were considered sufficient to determine HDP status.

Algorithm to Determine HDP Status
We used a previously described and published electronic al-
gorithm that used REP data to diagnose HDP.22 It was
originally developed as a standardized means of diagnosing
HDP using retrospective data abstracted by nonphysicians.
The algorithm was validated by comparing obtained di-
agnoses to physician-made diagnoses, which was considered
the gold standard. The algorithm had significantly higher
sensitivity and specificity for the diagnosis of HDP compared
with the use of diagnostic codes.22 Briefly, the algorithm was
based on a strict definition of hypertension that required
sustained hypertension, defined as blood pressure elevations
in greater than 50% of readings, starting with the first blood
pressure greater than 140 mmHg systolic and/or greater than
90 mm Hg diastolic. The 50% rule was used because it was
found, in the development of the algorithm, that the use of 2
blood pressures greater than 140/90 mm Hg on 2 occasions,
at least 4 hours apart (i.e., part of the American College of
Obstetricians and Gynecologists definition of gestational

hypertension at the time of clinical disease), was not suitable
for making retrospective diagnoses for research purposes.

After medical record abstraction, we identified 6 women who
had a pregnancy with CH (hypertension diagnosis <20 weeks
gestation), 93 GH (development of hypertension at 20 weeks
or greater gestation), 1 with CH andGH pregnancies, 142 with
PE, 2 with PE superimposed on chronic hypertension, and 3
with eclampsia. Given the small numbers of several groups, we
combined diagnoses into the following groups: normotensive,
GH/CH (includes both GH and CH), PE or E (PE, E, and PE
superimposed on CH), and nulliparous (no pregnancies ≥20
weeks). Each woman was classified based on the most severe
form of HDP experienced. There were only 2 women with
more than 1 GH pregnancy (both had 2 GH pregnancies) and
only 14 women with more than 1 pregnancy with PE/E (13
with 2 and 1 with 3). Therefore, women were classified as
having any pregnancy with the disorder as opposed to counting
the number of pregnancies with the disorder.

Questionnaire Ascertainment of HDP Status and
Validation
A previously validated questionnaire23 was administered to all
women enrolled in the MCSA from 2018 onward to assess
number of pregnancies and HDP status. Some womenmoved
into Olmsted County after or during their reproductive pe-
riod such that all, or some, of their pregnancy medical records
were not available. There were 412 women who completed
the questionnaire and had abstracted pregnancy information
for all pregnancies. Among these women, there was 89.6%
agreement (369/412) on GH and 88.8% agreement (366/
412) on PE/E. Because of the high agreement, we classified a
woman as having an HDP if either the questionnaire or the
medical record abstraction identified the condition. Analyses
used the most severe HDP recorded for each woman.

Covariates
Age and education (years) were self-reported. Cardiovascular
risk factors or conditions were abstracted from the REP
medical records, as previously described.15 Risk factors or
conditions included hypertension (HTN), diabetes mellitus
(DM), dyslipidemia, coronary heart disease, and stroke. Body
mass index (BMI) was measured and calculated as the weight
in kilograms divided by the height in meters squared. Ever/
never smoking was obtained by self-report. From a blood
sample, APOE was genotyped.

Statistical Analyses
Data were summarized using medians (interquartile ranges)
for continuous data and frequencies (%) for categorical data.
Data distributions by inclusion were compared using chi-
square or Fisher exact tests (where appropriate) for categor-
ical data and Wilcoxon rank-sum tests for continuous data.
Similar methods were used to compare data distributions
across women who had a history of all normotensive preg-
nancies, GH/CH, PE/E, or were nulliparous (with Kruskal-
Wallis used instead of the Wilcoxon rank-sum test). Random

Neurology.org/N Neurology | Volume 100, Number 19 | May 9, 2023 e2019

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


effects models with a random intercept and slope were used to
examine the cross-sectional and longitudinal associations
between baseline HDP and type and cognitive trajectories in
models that adjusted for age and education.

Additional sensitivity analyses were conducted. First, models
were rerun after additional adjustments for APOE and car-
diovascular risk factors and conditions (smoking, BMI, HTN,
dyslipidemia, DM, heart disease, and stroke). Second, the
results were rerun after excluding individuals with MCI at
baseline. Last, we assessed whether there were interactions be-
tween pregnancy status and either age or education (less than or
equal to 12 years vs greater than 12 years) for baseline cognition
and cognitive trajectories. SAS version 9.4 was used to perform
the analyses (SAS Institute Inc., Cary, NC). We considered a
two-sided p value < 0.05 to be statistically significant.

Data Availability
Deidentified data from the MCSA are available on reasonable
request.

Results
Of the 2,840 women enrolled in theMCSA, 2,825 women had
pregnancy information either through manual abstraction or
questionnaire. Of these 2,825, 54 had a clinical diagnosis other
than CU or MCI at baseline, and 532 were determined to be
parous but had insufficient medical records to determine GH/
CH or PE/E status and did not complete a questionnaire
(Figure 1). This left 2,239 women for the analyses. Compared
with the 2,239 women with complete pregnancy information,

the 601 women who did not were older (median 79 vs 73
years, p < 0.001), less educated (45% vs 33.6% ≤ 12 years, p <
0.001), and were more frequently diagnosed with DM, dys-
lipidemia, heart disease, and stroke (eTable 1, links.lww.com/
WNL/C660).

Of the 2,239 women with pregnancy information, 1,854
(82.8%) had at least 1 pregnancy (n = 6,260 total pregnan-
cies) and 385 (17.2%) were nulliparous. Of the 1,854 women
with at least 1 pregnancy, 1,607 (86.7%) had all normotensive
pregnancies, 100 (5.4%) had GH, and 147 (7.9%) had PE/E.
Table 1 shows the characteristics of women at the MCSA
baseline enrollment visit for those with all normotensive preg-
nancies, GH/CH, PE/E, or nulliparity. Women who were
nulliparous had more years of education, lower BMI, and a
lower frequency of many comorbidities compared with the
other 3 groups.Womenwith a history of GH/CHor PE/Ewere
more frequently diagnosed with DM, HTN, or myocardial in-
farction and had a greater number of overall comorbidities.

The cross-sectional and longitudinal associations between
HDP and cognitive z scores are shown in Table 2 and
Figure 2. Cross-sectionally, at the baseline visit (time 0), there
were no differences in any cognitive z score for women with a
history of any HDP compared with all normotensive preg-
nancies in unadjusted analyses (eTable 2, links.lww.com/
WNL/C660) or after adjustments for age and education
(Table 2). When stratified by HDP type, there were also no
differences. In contrast, women who were nulliparous had
worse performance compared with those with a history of
normotensive pregnancies on language (b = −0.14, p = 0.02)

Figure 1 Flowchart of the Study Sample

CU = cognitively unimpaired; GH = gestational hypertension;
MCSA = Mayo Clinic Study of Aging; MCI = mild cognitive
impairment; PE/E = preeclampsia or eclampsia.
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in unadjusted analyses (eTable 2, links.lww.com/WNL/
C660). After adjustments for age and education, nulliparous
women performed significantly worse globally (b = −0.20, p <
0.001) and in all cognitive domains: memory (b = −0.16, p =
0.004), language (b = −0.25, p < 0.001), attention/executive
function (b = −0.13, p = 0.02), and visuospatial (b = −0.14, p =
0.005) (Table 2).

Longitudinally, women with any HDP showed greater de-
clines in global cognition (b = −0.021, p = 0.02) and
attention/executive function (b = −0.022, p = 0.005) z scores
compared with women with all normotensive pregnancies
after adjusting for age and education. When stratified by HDP
type, women with GH/CH did not differ in global or domain-
specific cognitive decline compared with women with all nor-
motensive pregnancies. By contrast, women with PE/E had
greater declines in global cognition (b = −0.039, p < 0.001),
language (b = −0.032, p = 0.01), and attention/executive
function (b = −0.040, p < 0.001) z scores but not memory (b =
−0.019, p= 0.17) or visuospatial (b = −0.0099, p= 0.24) z scores
compared with women with all normotensive pregnancies.

Sensitivity Analyses
Several sensitivity analyses were conducted. First, we addi-
tionally adjusted for APOE, BMI, smoking, and cardiovascular
risk factors and conditions, but the results did not change
(eTable 3, links.lww.com/WNL/C660). Second, we re-
stricted the analyses to individuals who were cognitively un-
impaired at baseline, but the results remained (data not
shown). Third, we examined interactions of HDP history with
age or education (≤12 years vs >12 years). Age did not modify
the associations between HDP history and cognitive out-
comes at baseline or longitudinally. However, we observed an
interaction between education and HDP history in relation to
baseline cognition (p < 0.05). This interaction with education
was driven by women who were nulliparous (Table 3).
Among women with ≤12 years of education, those who were
nulliparous had significantly lower baseline z scores, except for
visuospatial. Among women with >12 years of education,
women who were nulliparous had lower baseline global and
language z scores, but the decline was not as large as the
decline among women with ≤12 years education. Finally, in
additional analyses, we statistically assessed whether cognitive

Table 1 Characteristics of Women in the Study by Pregnancy History

Normotensive N = 1,607 GH/CH N = 100 PE/E N = 147 Nulliparous N = 385 Total N = 2,239

Characteristic Median (IQR), N (%) Median (IQR), N (%) Median (IQR), N (%) Median (IQR), N (%) Median (IQR), N (%) p Value

Demographics

Age 73.1 (65.3, 79.4) 71.9 (62.4, 77.4) 72.5 (65.1, 80.3) 73.1 (62.5, 82.1) 73.0 (64.7, 79.9) 0.49

Education, ≤12 y 601 (37.4%) 27 (27.0%) 53 (36.1%) 72 (18.7%) 753 (33.6%) <0.001

BMI, n = 2,189 27.2 (23.9, 31.3) 29.9 (26.7, 33.7) 28.2 (24.7, 32.2) 27.2 (23.5, 32.5) 27.4 (24.0, 31.7) <0.001

Smoking 600 (37.3%) 34 (34.0%) 55 (37.4%) 130 (33.8%) 819 (36.6%) 0.56

Any APOE ɛ4 allele 414/1,515 (27.3%) 20/95 (21.1%) 46/101 (33.6%) 86/299 (23.6%) 566/2,112 (26.8%) 0.07

MCI diagnosis 148/1,607 (9.2%) 6/100 (6.0%) 17/147 (11.6%) 44/385 (11.4%) 215/2024 (9.6%) 0.27

Comorbidities

Diabetes mellitus 220 (13.7%) 25 (25.0%) 29 (19.7%) 48 (12.5%) 322 (14.4%) 0.003

Hypertension 1,019 (63.4%) 89 (89.0%) 115 (78.2%) 229 (59.5%) 1,452 (64.9%) <0.001

Dyslipidemia 1,203 (74.9%) 83 (83.0%) 117 (79.6%) 280 (72.7%) 1,683 (75.2%) 0.11

Heart disease 401 (25.0%) 35 (35.0%) 49 (33.3%) 92 (23.9%) 577 (25.8%) 0.02

Stroke 46 (2.9%) 3 (3.0%) 5 (3.4%) 19 (4.9%) 73 (3.3%) 0.23

Baseline cognitive z score

Global, n = 2095 −0.04 (−0.86, 0.63) 0.07 (−0.52, 0.55) 0.02 (−1.11, 0.78) −0.06 (−0.94, 0.72) −0.04 (−0.91, 0.71) 0.79

Memory, n = 2,212 −0.10 (−0.91, 0.67) 0.07 (−0.66, 0.74) 0.02 (−1.10, 0.63) −0.07 (−1.10, 0.69) −0.06 (−0.99, 0.70) 0.54

Language, n = 2,168 −0.08 (−0.73, 0.59) 0.06 (−0.82, 0.70) −0.08 (−0.85, 0.70) −0.16 (−1.02, 0.61) −0.10 (−0.94, 0.67) 0.23

Attention, n = 2,159 −0.01 (−0.77, 0.64) 0.04 (−0.66, 0.64) −0.05 (−0.76, 0.61) −0.03 (−0.80, 0.63) −0.01 (−0.77, 0.62) 0.95

Visuospatial, n = 2,149 −0.08 (−0.79, 0.59) −0.13 (−0.70, 0.45) −0.02 (−0.84, 0.65) −0.14 (−0.86, 0.66) −0.08 (−0.81, 0.64) 0.99

Follow-up, years 5.3 (1.5, 8.2) 5.6 (1.7, 8.6) 5.6 (2.6, 8.5) 4.4 (1.5, 7.8) 5.2 (1.6, 8.1) 0.16

BMI = body mass index; GH/CH = gestational or chronic hypertension; IQR = interquartile range; PE/E = preeclampsia/eclampsia.
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Table 2 Associations of Pregnancy History With Baseline and Longitudinal Global and Domain-Specific Cognitive Z Scores Among 2,129 Womena

Global z score Memory z score Language z score Attention z score Visuospatial z score

Beta estimate
(95% CI) p Value

Beta estimate
(95% CI) p Value

Beta estimate
(95% CI) p Value

Beta estimate
(95% CI) pValue

Beta estimate
(95% CI) p Value

Any HDP pregnancy

Normotensive Ref Ref Ref Ref Ref

Nulliparous −0.20 (−0.31, −0.10) <0.001 −0.16 (−0.27, −0.05) 0.004 −0.25 (−0.36, −0.15) <0.001 −0.13 (−0.24, −0.03) 0.01 −0.14 (−0.25, −0.04) 0.005

Any HDP
pregnancy

−0.047 (−0.170, 0.075) 0.45 0.025 (−0.106, 0.157) 0.70 −0.029 (−0.156, 0.099) 0.66 −0.10 (−0.22, 0.03) 0.13 −0.08 (−0.20, 0.04) 0.20

Time −0.037 (−0.044, −0.031) <0.001 −0.0086 (−0.0165, −0.0006) 0.03 −0.048 (−0.056, −0.041) <0.001 −0.06 (−0.07, −0.06) <0.001 −0.011 (−0.016, −0.006) <0.001

Normotensivea

time
Ref Ref Ref Ref Ref

Nulliparousa time 0.012 (−0.004, 0.027) 0.14 0.014 (−0.004, 0.033) 0.13 0.015 (−0.002, 0.033) 0.09 0.0041 (−0.0112, 0.0193) 0.60 0.012 (−0.001, 0.024) 0.06

Any HDP
pregnancya time

−0.022 (−0.040, −0.004) 0.02 −0.0064 (−0.0278, 0.0149) 0.56 −0.018 (−0.038, 0.002) 0.07 −0.025 (−0.042, −0.007) 0.005 −0.0061 (−0.0194, 0.0072) 0.37

Type of HDP

Normotensive Ref Ref Ref Ref Ref

GH/CH −0.09 (−0.28, 0.09) 0.34 −0.0064 (−0.2044, 0.1917) 0.95 −0.10 (−0.30, 0.09) 0.29 −0.15 (−0.34, 0.04) 0.12 −0.11 (−0.29, 0.07) 0.24

PE/E −0.017 (−0.172, 0.137) 0.82 0.048 (−0.118, 0.214) 0.57 0.023 (−0.137, 0.184) 0.78 −0.06 (−0.22, 0.09) 0.43 −0.06 (−0.21, 0.09) 0.45

Nulliparous −0.20 (−0.31, −0.10) <0.001 −0.16 (−0.27, −0.05) 0.004 −0.25 (−0.36, −0.15) <0.001 −0.13 (−0.24, −0.03) 0.01 −0.14 (−0.25, −0.04) 0.005

Time −0.037 (−0.044, −0.031) <0.001 −0.0085 (−0.0165, −0.0006) 0.03 −0.048 (−0.056, −0.041) <0.001 −0.07 (−0.07, −0.06) <0.001 −0.011 (−0.016, −0.006) <0.001

Normotensivea

time
Ref Ref Ref Ref Ref

GH/CHa time 0.0046 (−0.0228, 0.0320) 0.74 0.012 (−0.020, 0.045) 0.46 0.0033 (−0.0273, 0.0339) 0.83 −0.0011 (−0.0274, 0.0253) 0.94 −0.0003 (−0.0205, 0.0199) 0.98

PE/Ea time −0.039 (−0.061, −0.017) <0.001 −0.019 (−0.046, 0.008) 0.17 −0.032 (−0.057, −0.007) 0.01 −0.040 (−0.061, −0.018) <0.001 −0.0099 (−0.0265, 0.0067) 0.24

Nulliparousa time 0.012 (−0.004, 0.027) 0.14 0.014 (−0.004, 0.033) 0.13 0.015 (−0.002, 0.033) 0.09 0.0041 (−0.0112, 0.0193) 0.60 0.012 (−0.001, 0.024) 0.06

Abbreviations: HDP = hypertensive disorders of pregnancy; GH/CH = gestational or chronic hypertension; PE/E = preeclampsia/eclampsia.
a Models adjusted for age and education.
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decline for the PE/E group differed from the GH/CH group.
The PE/E group had significantly greater cognitive decline than
the GH/CH group for global cognitive (b = −0.044, p = 0.01)
and attention (b = −0.039, p = 0.02) z scores, and there was a
trend for language (b = −0.036, p = 0.07).

Discussion
In this large, population-based study, we examined associa-
tions between HDP and type with global and domain-specific
cognitive decline in women with a mean age of 73 years at

Figure 2 Cross-sectional and Longitudinal Associations Between Pregnancy History and Global and Domain-Specific
Cognitive Decline

Models are adjusted for age and education. GH/CH = gestational or chronic hypertension; HDP =hypertensive disorders of pregnancy; PE/E = preeclampsia or
eclampsia.

Table 3 Interaction Between Education and Parity in Relation to Baseline Cognition

Outcome

≤12 y >12 y Interaction

Mean beta estimate (95% CI) p Value Mean beta estimate (95% CI) p Value p Value

Global z score

Parous Ref — Ref —

Nulliparous −0.42 (−0.65, −0.19) <0.001 −0.11 (−0.22, −0.00) 0.049 0.015

Memory z score

Parous Ref — Ref —

Nulliparous −0.31 (−0.54, −0.07) 0.01 −0.10 (−0.22, 0.03) 0.12 0.112

Language z score

Parous Ref — Ref —

Nulliparous −0.50 (−0.75, −0.26) <0.001 −0.18 (−0.30, −0.06) 0.003 0.016

Attention z score

Parous Ref — Ref —

Nulliparous −0.29 (−0.54, −0.04) 0.02 −0.04 (−0.15, 0.06) 0.42 0.094

Visuospatial z score

Parous Ref — Ref —

Nulliparous −0.18 (−0.41, 0.05) 0.13 −0.10 (−0.21, 0.02) 0.09 0.583
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baseline. We report several novel findings. First, although
there was no difference in age- and education-adjusted cog-
nitive performance at baseline for women with a history of any
HDP vs a history of all normotensive pregnancies, women
with a history of any HDP had faster declines in global cog-
nition and attention/executive function. Second, when we
examined HDP type, these findings were only observed for
women with a history of PE/E and not among women with a
history of GH/CH. Third, adjusting for cardiovascular risk
factors and conditions did not attenuate any of the results.
Last, there was an interaction between nulliparity and edu-
cation at baseline such that nulliparous women with an edu-
cation of high school or less had worse cognition at baseline.

Our findings of an association between PE and cognitive decline
are consistent with other studies that reported that PE was a risk
factor for mild cognitive impairment,5 vascular dementia,6,7

Alzheimer disease,8 or all-cause dementia.1 Two studies that did
not find associations between PE and cognition used self-
reported exposures, which are less accurate.9,10 Most studies
examining HDP and cognition have focused either on any HDP
or PE only and have not assessed whether there are differences in
risk for those with GH vs PE. Using the Swedish medical birth
record and diagnostic codes for both exposure and outcome,
One study6 reported that a history of GH or PE PE was asso-
ciated with vascular dementia but not other dementia types.
Notably, PE was a stronger risk factor for vascular dementia
comparedwithGH. In contrast, another study reported that GH,
and not PE, drove the association betweenHDP and cognition.13

In the present study, women with a history of PE/E, but not
GH/CH, had greater global and domain-specific cognitive de-
cline. There may be several reasons for these observed differ-
ences. First, PE/E is a systemic disease with pronounced
endothelial dysfunction and systemic inflammation, which affects
cerebral circulation andmay result in long-term vascular damage.
Second, PE/E has been associated with posterior reversible en-
cephalopathy syndrome (PRES), a diagnosis that encompasses
both clinical and radiologic findings. It presents as a complex of
neurologic symptoms, including headache, visual changes, leth-
argy, and seizures.24 Up to 20% of the affected women may
demonstrate abnormal neuroradiologic findings 6–8 weeks
postpartum,25 presumably caused by gliosis in response to in-
farction, which can manifest later in life as cognitive decline.

When examining cognitive domains in the current study, we
found that women with a history of PE/E had greater declines in
global cognition, language, and attention/executive function z
scores compared with women with normotensive pregnancies.
However, PE/E was not associated with memory or visuospatial
decline. The results suggest an underlying vascular pathology and
microvascular contribution, which is generally consistent with the
literature. In contrast to these findings, another study13 reported
associations between HPD and memory but not executive dys-
function. It is difficult to fully compare the 2 studies, though,
because different cognitive tests were used and the mean age of
the women differed (47 years in the previous study vs 73 years in
the current study).

HDP are recognized as risk factors for cardiovascular and cere-
brovascular diseases.2 It is therefore possible that the relationship
between HDP and cognition could be mediated solely by these
vascular factors and conditions and when these factors are ad-
justed for the results would be fully attenuated. HDP may alter-
natively contribute to risk of cognitive decline independent of the
effects of other vascular risk factors or conditions. In the present
study, adjustment for vascular factors and conditions did not at-
tenuate the relationships between HDP and cognitive decline.
These results suggest that HDP, especially PE/E, is an in-
dependent risk factor for cognitive decline. This finding is con-
sistentwith another study inwhich the associations betweenHDP
and cognition remained after adjustments for demographic and
vascular factors.6,12 By contrast, 2 other studies have reported
attenuated results after adjustment for demographic, metabolic,
and vascular factors.11,13 Notably, the latter 2 studies had much
smaller sample sizes and were of younger cohorts (mean ages of
women in their 40s compared with 70s), which may have
resulted in differences. It is possible, for example, that preexisting
vascular damage due to PE/E is further exacerbated or unmasked
by other sex-specific factors, such as menopause.

Few studies have addressed nulliparity when examining the
relationship between HDP and cognition, but our results
highlight the importance of including all women in such anal-
yses. In the current study, women who were nulliparous had
worse baseline cognition compared with women with normo-
tensive pregnancies. Nulliparous women represent a mixture of
those who might have had normotensive or PE/E pregnancies
if they had gotten pregnant. It is possible that women predis-
posed to both PE/E and cognitive decline are overrepresented
in this group, which could explain the poorer cognitive per-
formance. Alternatively, if a woman’s nulliparous status was
caused by infertility, several underlying conditions associated
with impaired cognition (e.g., DM, early menopause, and
polycystic ovary syndrome) could have contributed. As such,
uncomplicated pregnancies, during which a woman responded
with normal blood pressure, may be viewed as a physiologic
stress that identifies those with healthy metabolic and vascular
profiles. In further examination of the relationship between
nulliparity and cognition, we found that the association was
primarily among women with 12 years of education or less.
This observation further highlights the complicated sociocul-
tural factors for women deciding whether to become pregnant,
as well as the need to go beyond examining parity and cognitive
outcomes without consideration of socioeconomic and other
factors.

There are multiple study strengths including the large sample
size, well-defined HDP status compared with the use of codes,
and the comprehensive cognitive battery. However, there are
also limitations that warrant acknowledgment. First, the
women in the study were predominantly White, so the results
may not be generalizable to more diverse populations. African
American women, for example, have higher rates of HDP than
White women and are at greater risk of cardiovascular disease
and cognitive decline.26 Second, HDP have been associated
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with an increased risk of cardiovascular and cerebrovascular
disease and mortality.2 Thus, women with the most severe
HDPmay have died before the study or not participated in the
MCSA, which would have led to more conservative results. In
addition, it is possible that women with HDP at earlier ages
were also less likely to participate in the MCSA if they had
comorbidities sooner. Third, reasons for nulliparity were not
known and only 3% of pregnancies were multiple births.
Therefore, we were not able to assess the effect of infertility,
miscarriages, or multiple births on cognitive decline. Last, we
did not have information on whether hypertension as a risk
factor was controlled or uncontrolled.
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