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Abstract
Objective
To determine the association between hypertensive disorders of pregnancy (HDP) and cog-
nitive impairment 15 years after pregnancy, we measured cognitive performance in 115 women
with a history of HDP and in 481 women with a previous normotensive pregnancy.

Methods
This was a nested cohort study embedded in a population-based prospective cohort from early
pregnancy onwards. Cognitive function was assessed with cognitive tests 15 years after the
index pregnancy (median 14.7 years, 90% range [13.9–16.1]). Cognitive performance was
measured in different cognitive domains: executive function, processing speed, verbal memory,
motor function, and visuospatial ability. A global cognition factor (g-factor) was derived from
principal component analysis.

Results
Of the women with HDP, 80 (69.6%) had gestational hypertension (GH) and 35 (30.4%) had
preeclampsia. Women with HDP had a lower g-factor than women with a previous normo-
tensive pregnancy (mean −0.22, 90% range [−2.06−1.29]). HDPwas negatively associated with
the 15-word learning test: immediate recall (−0.25, 95%CI [−0.44 to −0.06]) and delayed recall
(−0.30, 95% CI [−0.50 to −0.10]). Women with GH perform significantly worse on their 15-
word learning test than women with a previous normotensive pregnancy.

Conclusion
A history of HDP is independently associated with poorer working memory and verbal learning
15 years after pregnancy. This association is mainly driven by women with GH. Clinicians and
women who experienced HDP should be aware of this risk.
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Cardiovascular disease (CVD) and cerebrovascular disease
including dementia, which share common risk factors, remain
among the leading causes of death and disability globally.1–3

Although women and men share many risk factors, there are
important sex differences in the effect of risk factors such as
hypertension on cerebrovascular disease.4,5 In addition, a
number of cardiovascular risk factors are specific to women.
Several of these factors are specifically related to pregnancy and
its complications, such as hypertensive disorders of pregnancy
(HDP).6,7 Women who have experienced HDP, in particular
gestational hypertension (GH) or preeclampsia, are advised to
make lifestyle changes to reduce their risk of later-life
disease.8–10 Recent studies show a possible association of pre-
eclampsia with cognitive impairment and even dementia,11,12

leading some to question whether cognitive impairment or
dementia should be included as a potentially preventable out-
come in CVD guidelines, rather than exclusively focusing on
CVD risk reduction in women with previous HDP.13

Previous studies have been limited by their retrospective design,
small study population, follow-up time, and focus specifically on
only women with a history of preeclampsia, with sometimes no
validation of this diagnosis.13–15 However, womenwithGH also
may be at risk for CVD later in life.16 In addition, earlier studies
are often limited by the use of well-validated and uniform
neurocognitive tests to assess cognitive domains.15

In this prospective study, we aimed to determine the associ-
ation of HDP, including preeclampsia and GH, with cognitive
impairment years after pregnancy, hypothesizing that women
with a history of HDP have impaired cognition years after
pregnancy. In addition, we examined this association in a
subgroup, including only women with GH.

Methods
Design and Study Population
This study was performed as a substudy (termed ORACLE),
embeddedwithin theGenerationRStudy, an ongoing population-
based prospective birth cohort study. In this study, all pregnant
women living in a defined region inRotterdamwith a delivery date
between April 2002 and January 2006 were invited to participate.
A total of 9,778 mothers were included from early pregnancy
onwards. The design of the ORACLE Study and Generation R
Study has recently been published.17 The ORACLE Study started
in 2017 as a dedicated research visit for the parents to conduct
extensive measures on brain health, including neuroimaging and
cognitive testing. An additional goal was to study HDP in relation
to brain health, as Generation R has extensive prenatal data. The

medical ethical committee (MEC) of the ErasmusMedical Center
in Rotterdam, the Netherlands, approved the study (MEC 2015-
749 NL55105.078.15). All participants signed a written informed
consent. For the present study, we included a total of 596 women:
481 women from a subgroup of the Generation R cohort already
participating with additional detailed testing from the beginning of
Generation in 2002 (the focus subcohort) as well as the entire
group of women with a history of HDP still participating in the
cohort 15 years after pregnancy (figure 1).17 Due to logistic rea-
sons and the MEC approval, women with HDP were invited to
the research center a little later than women with a previous
normotensive pregnancy. File 1 contains a Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement for the current study.

Hypertensive Disorders of Pregnancy
Women who experienced GH and preeclampsia in their index
pregnancy were classified as HDP. All diagnoses were cross-
validated retrospectively by obstetric records that were obtained
from midwife and hospital registries. The criteria for HDP were
defined by the criteria that applied at the time of study inclusion
of Generation R. This was according to the statement from the
International Society for the Study of Hypertension in Pregnancy
of 2001. Therefore, GH was defined as development of systolic
blood pressure (SBP) ≥140 mm Hg or diastolic blood pressure
(DBP) ≥90 mm Hg without proteinuria after 20 weeks of ges-
tation in previously normotensive women. Preeclampsia was
defined as a newonset of hypertensionwith SBP≥140mmHgor
DBP ≥90 mm Hg and proteinuria (≥300 mg/d) at or after 20
weeks of gestational age. SBP and DBP were measured multiple
times in pregnancy (median in early pregnancy 12.9 weeks of
gestation, 90% range [10.9–16.9 weeks]) using a validated
Omron 907 automated digital oscillometric sphygmomanometer
(Omron Healthcare Europe B.V., Hoofddorp, the Netherlands).

Cognitive Tests
We used validated cognitive tests. All participants were tested
individually and testing was conducted by trained examiners.
The cognitive test battery included 15-word learning test
(15WLT), Stroop task, letter-digit substitution task, verbal
fluency test, Purdue Pegboard, and design organization test.
Test demands of these cognitive tests and latent skills mea-
sured are presented in table 1. No difference in participation
rates for the 15WLT, Stroop task, letter digit substitution task,
and verbal fluency test were found between women with HDP
and a previous normotensive pregnancy. Due to logistic rea-
sons, the Purdue Pegboard test and design organization test
were started later in the ORACLE Study. Therefore, women
with HDP participated more often in the Purdue Pegboard
test and design organization test (table 2).

Glossary
15WLT = 15-word learning test; BMI = bodymass index;CVD = cardiovascular disease;DBP = diastolic blood pressure;GH =
gestational hypertension; g-factor = global cognition factor; HDP = hypertensive disorders of pregnancy; MEC = medical
ethical committee; SBP = systolic blood pressure; SDS = SD scores.

e710 Neurology | Volume 96, Number 5 | February 2, 2021 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Covariates
Information on ethnicity, level of education, and prepreg-
nancy body mass index (BMI) was obtained through ques-
tionnaires in pregnancy. We categorized ethnicity into
European and non-European ethnicity. Prepregnancy BMI
was highly correlated with BMI measured at study enrollment
(Pearson correlation coefficient 0.97 [p value <0.001]), and

therefore prepregnancy BMI was used in the analyses. All
women were invited to a standardized visit at the research
center 14 years after pregnancy (median 14.1 years, 90%
range [13.6–15.7 years]) where blood pressure was measured
with the validated automatic sphygmomanometer Datascope
Accutorr Plus (Paramus, NJ). The interval time between
blood pressure measurement and cognitive testing was

Figure 1 Flowchart Showing Inclusion and Exclusion Criteria17

Women were invited 3 times in pregnancy and returned to the research center with their children 5 years, 9 years, and 13 years after pregnancy. Currently,
participants will be invited 17 years after pregnancy. Additional detailedmeasurements of fetal and postnatal growth and development have been conducted
in a randomly selected subgroup of Dutch children (n = 1,232, known as the Focus cohort) and their parents at 32 weeks of gestational age and the postnatal
ages of 1.5, 6, 14, 24, 36, and 48 months.

Table 1 Cognitive Tests

Test Test demand Latent skills

15-word learning test

Immediate recall Immediate recall of 15 words directly after visual presentation (range 0–45) Verbal learning

Delayed recall Delayed recall of words 20 minutes after visual presentation (range 0–15) Retrieval from verbal memory

Recognition Correctly recognize words that were shown 20 minutes before (range 0–15) Recognition of verbal memory

Stroop task

Reading subtask Reading color names aloud (time taken) Speed of reading

Color naming subtask Naming colors (time taken) Speed of color naming

Interference subtask Naming colors of color names printed in incongruous ink color (time taken) Interference of automated
processing and attention

Letter digit substitution task Writing down numbers underneath corresponding letters (range 0–125) Processing speed, executive
function

Verbal fluency test Mentioning as many animals possible in 1 minute Efficiency of searching in long-
term memory

Purdue Pegboard Test Place asmany pins as possible in 30 seconds in parallel rows of holes using left and
right hand simultaneously (range 0–25)

Dexterity and fine motor skill

Design organization test Reproduce designs using a numerical code key (range 0–56) Visuospatial ability

Table adapted from Hoogendam et al.48
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median 0.5 years, 90% range 0.1−1.9 years. Blood pressure
was measured 2 times over a 60-second interval of which the
mean value was used for analyses. Depressive symptoms at the
time of cognitive testing were evaluated with the Center for
Epidemiologic Studies–Depression (CES-D) scale and a
cutoff of 16 was used to detect participants with clinically
relevant depressive symptoms.

Statistical Analyses
Differences in baseline characteristics between women with a
normotensive pregnancy and HDP were analyzed using Stu-
dent t test for normally distributed data, Mann-WhitneyU test
for continuous variables with a skewed distribution, and χ2

test for categorical data. Cognitive test results of women with
a previous normotensive pregnancy were compared to test

Table 2 Characteristics of Study Population (n = 596)

Normotensive pregnancy (n = 481) HDP (n = 115) p Value

Pregnancy

Age of mother, y 31.7 (4.2) 31.3 (4.8) 0.32

Non-European ethnicity 70 (14.6) 26 (22.6) 0.03

Educational level 0.004

Low 15 (3.1) 8 (7.0)

Average 173 (36.0) 55 (47.8)

High 293 (60.9) 52 (45.2)

Nulliparous 294 (61.1) 85 (73.9) 0.01

Prepregnancy BMI, kg/m2 22.4 (18.9–30.7) 24.7 (19.4–38.6) <0.001

SBP early pregnancy, mm Hg 117.3 (12.5) 125.5 (13.5) <0.001

DBP early pregnancy, mm Hg 68.5 (9.3) 75.6 (10.9) <0.001

Gestational age at birth, wk 40.3 (37.2–42.3) 39.4 (34.8–42.0) <0.001

Birthweight of child, g 3,503 (531) 3,245 (714) <0.001

Male sex of child 255 (53.0) 55 (47.8) 0.32

Follow-up

Age mother, y 46.4 (4.2) 46.5 (4.7) 0.95

Interval time, y 14.6 (13.9–16.1) 15.4 (13.9–16.2) <0.001

Primigravid 23 (5.2) 14 (13.5) 0.003

BMI, kg/m2 24.4 (20.3–34.9) 27.2 (20.8–40.0) <0.001

SBP, mm Hg 115.9 (13.4) 125.3 (14.1) <0.001

DBP, mm Hg 69.4 (8.2) 74.9 (8.5) <0.001

Hypertensive 27 (5.6) 20 (17.4) <0.001

Antihypertensive medication 9 (1.9) 17 (14.8) <0.001

Clinically relevant depressive symptoms 30 (6.2) 23 (20.0) <0.001

15-word learning test 466 (96.9) 112 (97.4) 0.77

Stroop task 476 (99.0) 115 (100.0) 0.27

Letter digit substitution task 474 (98.5) 114 (99.1) 0.62

Verbal fluency test 444 (92.3) 104 (90.4) 0.51

Purdue Pegboard Test 206 (43.1) 92 (80.0) <0.001

Design organization test 218 (44.0) 99 (86.1) <0.001

Abbreviations: BMI = body mass index; DBP = diastolic blood pressure; HDP = hypertensive disorders of pregnancy; SBP = systolic blood pressure.
Values are valid percentages for categorical variables,means (SD) for continuous variables with a normal distribution, ormedians (90% range) for continuous
variables with a skewed distribution. Womenwith SBP ≥140mmHg or DBP ≥90mmHg 14 years after pregnancy are considered hypertensive. Womenwith a
Center for Epidemiologic Studies–Depression score ≥16 are considered as having clinically relevant depressive symptoms.
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results of women with HDP by a Mann-Whitney U test. Stroop
task scores were right-skewed and subsequently log-transformed
to obtain a normal distribution. To facilitate comparison of effect
sizes with other tests, all test scores were standardized by con-
verting them to SD scores (SDS) and Stroop task scores were
multiplied by −1. Because different studies often use different
cognitive test batteries, it is difficult to compare findings of
separate test scores across studies. In contrast, global cognition
factor (g-factor) scores of cognitive function tests derived from
different cognitive test batteries are often very similar and typi-
cally explain approximately 50% of all variance in the cognitive
tests. The g-factor is identified as the first unrotated component
of a principal component analysis that incorporates tasks from all
available cognitive function tests. Although Stroop and 15WLT
comprised several tasks, we only used data from the most
complicated task of each to prevent highly correlated tasks dis-
torting factor loadings in the principal component analysis.

Linear regression analyses were performed to investigate the as-
sociation ofHDPwith cognitive test scores. The crudemodel was
not adjusted for confounders. The confounder model adjusted
for ethnicity and educational level and pre-pregnancy BMI.

Because we wanted to examine the effect of GH besides pre-
eclampsia, we performed an additional sensitivity analysis ex-
cludingwomenwith preeclampsia. In this study, we had very little
missing data. Only 0.2% of women had missing information on
ethnicity, 1.8% on educational level, and 6.8% on blood pressure
15 years after pregnancy. Missing values of the covariates were
imputed through multiple imputation procedures. Data were
imputed according to the Markov Chain Monte Carlo method.
Data were analyzed in each set separately, and pooled estimates
from the 5 imputed datasets were used to report the effect esti-
mates and their 95% confidence intervals. For the multiple im-
putation procedure, we performed 10 iterations. In all analyses, a
p value < 0.05 was considered statistically significant. All analyses
were performed using the Statistical Package of Social Sciences
version 25.0 for Windows (SPSS Inc. Chicago, IL).

Standard Protocol Approvals, Registrations,
and Patient Consents
The study has been approved by the MEC of the Erasmus
Medical Centre in Rotterdam (MEC 198.782/2001/31, MEC-
2007-413, and MEC 2015-749). Written consent was obtained
from all participants. Consent for publication was not applicable.

Data Availability
Data requests can be made to the secretary office of Gener-
ation R (secretariaat.genr@erasmusmc.nl). To be able to
share data from the Generation R Study, a data transfer
agreement needs to be completed.

Results
We included 596 women: 481 women (80.7%) had a previous
normotensive pregnancy and 115 women (18.0%) had HDP.

Of the women with HDP, 80 (69.6%) had GH and 35 (30.4%)
had preeclampsia. Of the 35 women with preeclampsia, almost
all developed preeclampsia at term, n = 33 (94.3%), as defined
as an onset >34 weeks of gestation. Women with HDP were
more often of non-European descent and had a lower level of
education, a higher prepregnancy BMI, and higher SBP and
DBP at early pregnancy. Women were on average 46.4 (SD
4.3) years of age at time of cognitive testing and the
pregnancy–cognitive test interval time had a median of 14.7
years (90% range 13.9–16.1) (table 2). Approximately 0.5 years
(90% range 0.1−1.9 years) prior to the cognitive testing as-
sessment, 68 (11.4%) women were classified as hypertensive.
Of these 68 women, 47 were hypertensive and 26 used anti-
hypertensive medication at the research center. Women with a
history of HDP had a higher proportion of hypertension
(30.4%) than women with a previous normotensive pregnancy
(6.9%). At the time of cognitive testing, 20% of the womenwith
HDP had clinically depressive symptoms (table 2).

Table 3 shows that women with HDP had a lower g-factor
compared to women with a previous normotensive preg-
nancy. Women with HDP performed worse on the 15WLT
immediate recall subtask, 15WLT delayed recall subtask,
15WLT recognition subtask, Stroop color naming task, letter
digit substitution task, and design organization test than
women with a previous normotensive pregnancy.

Figure 2 shows the association between HDP and cognitive test
outcomes presented in SDS. Women with HDP performed
worse on the immediate recall and delayed recall subtask of the
15WLT compared to women with a previous normotensive
pregnancy. These associations remained significant after ad-
justment for confounders: immediate recall (−0.25, 95% CI
−0.44 to −0.06), delayed recall (−0.30, 95% CI −0.50 to −0.10).
HDP was negatively associated with the g-factor, recognition
subtask of the 15WLT, Stroop color naming subtask, letter digit
substitution task, verbal fluency test, Purdue Pegboard test, and
design organization test. These negative associations attenuated
to nonsignificant levels after adjustment for ethnicity, educa-
tional level and prepregnancy BMI.

Table 4 shows the results of a sensitivity analysis excluding
women with preeclampsia (n = 35) from our analyses.
Women with GH performed worse on all 3 subtasks of the
15WLT compared to women with a previous normotensive
pregnancy. These associations remained significant after ad-
justment for confounders.

Discussion
With this prospective-cohort study of relatively young women
15 years after pregnancy, we show that women with a history
of HDP have reduced objective cognitive function. This as-
sociation is mainly driven by women with GH. Women with a
history of HDP have more problems in working memory and
verbal learning than women with a previous normotensive
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pregnancy. This impairment is independent of ethnicity, ed-
ucational level, and prepregnancy BMI.

The hypothesis of this study is partly based on the possible
association between HDP and dementia.11,18 Dementia may
result from vascular injury by 2 mechanisms.19 The first is

dementia as a result of a “strategic infarct” due to a clinically
diagnosed stroke. The second mechanism is through micro-
vascular brain injury due to cerebral small vessel disease,
identified by characteristic radiographic findings (such as
white matter hyperintensities, silent lacunar infarcts, and
microhemorrhages) in a patient with cognitive impairment

Table 3 Cognitive Test Results in Women With Hypertensive Disorders of Pregnancy (HDP) Compared to Women With a
Previous Normotensive Pregnancy (n = 596)

Cognitive tests Normotensive pregnancy (n = 481) HDP (n = 115) p Value

Global cognition factor 0.07 (−1.60−1.72) −0.22 (−2.06−1.29) 0.004

15-word learning test

Immediate recall, number of correct answers in 3 trials 28.0 (17.0−36.0) 25.0 (14.7−35.0) <0.001

Delayed recall, number of correct answers 9.0 (4.0−13.0) 8.0 (3.0−13.0) <0.001

Recognition, number of correct answers 15.0 (12.0−15.0) 15.0 (12.0−15.0) 0.01

Stroop task

Reading subtask, s 15.0 (12.0−21.0) 16.0 (12.8−24.2) 0.20

Color naming subtask, s 21.0 (16.0−29.0) 22.0 (17.0−32.0) 0.01

Interference subtask, s 34.0 (25.0−51.2) 34.0 (25.8−54.8) 0.33

Letter digit substitution task, number of correct digits 38.0 (28.0−48.0) 36.0 (26.5−46.0) 0.01

Verbal fluency test, number of animals 28.5 (19.0−40.0) 28.0 (17.0−38.5) 0.05

Purdue Pegboard Test, number of pins placed 12.0 (9.4−14.7) 12.0 (9.0−14.0) 0.06

Design organization test, number of corrects 38.0 (22.0−55.1) 34.0 (17.0−49.0) 0.03

Values are presented asmedians (90% range). Differences in global cognition factor are tested through Student t test; differences in individual cognitive tests
are tested through Mann-Whitney U test.

Figure 2 Associations of Women With Hypertensive Disorders of Pregnancy Compared to Women With a Previous Nor-
motensive Pregnancy (n = 596)

Cognitive test results are converted to SD scores. Values are regression coefficients reflecting the difference in cognitive test result with 95% confidence
interval (CI) derived from multiple linear regression analyses. Crude value is unadjusted. The confounder model is adjusted for ethnicity, educational level,
and prepregnacy body mass index. 15WLT = 15-word learning test; G-factor = global cognition factor.
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but without a clinical history of stroke.20,21 Radiographic
changes associated with cerebral small vessel disease have
been seen in women up to 15 years after experiencing
preeclampsia.22,23 However, the cognitive problems that
are found in patients with vascular dementia are the
greatest in speed, praxis, executive function, and visual
memory, and are less prominent in verbal learning.24 This
is different from our results because we show a difference in
working memory and verbal learning. Problems in verbal
learning are more in agreement with impairment seen in
patients with Alzheimer disease.25 However, because vas-
cular dementia is a heterogeneous syndrome, a cognitive
profile overlapping vascular dementia and Alzheimer dis-
ease should be considered.

Themechanism behind the association of HDPwith cognitive
dysfunction remains unclear, because the pathophysiology of
HDP is largely unknown. One hypothesis proposes that
preeclampsia, CVD, and dementia have a shared cause and
that pregnancy may be a stress test that reveals women with a
poor phenotype for being at risk of developing CVD later in
life.8 Women with preeclampsia have a higher incidence of
hypertension, antihypertensive medication use, a greater ac-
cumulation of calcium in the coronary arteries, and thicker
carotid intima–media thickness compared to previously nor-
motensive women, all associated with CVD later in life.26–28 A
second hypothesis proposes that women with preeclampsia
develop vascular damage in pregnancy, which progresses into
clinical vascular damage later in life.6,8 This hypothesis is

Table 4 Sensitivity Analysis of Women With Gestational Hypertension, Excluding Women With Previous Preeclampsia
(n = 561)

Model
Normotensive
pregnancy (n = 481)

Gestational
hypertension (n = 80) p Value

Global cognition factor Crude Ref −0.37 (−0.65 to −0.09) 0.01

Confounder Ref −0.28 (−0.56 to 0.00) 0.05

15-word learning test

Immediate recall Crude Ref −0.36 (−0.59 to −0.14) 0.001

Confounder Ref −0.25 (−0.47 to −0.02) 0.03

Delayed recall Crude Ref −0.42 (−0.65 to −0.19) <0.001

Confounder Ref −0.35 (−0.59 to −0.11) 0.004

Recognition Crude Ref −0.32 (−0.56 to −0.08) 0.01

Confounder Ref −0.32 (−0.57 to −0.07) 0.01

Stroop task

Reading subtask Crude Ref −0.05 (−0.28 to 0.18) 0.66

Confounder Ref 0.04 (−0.19 to 0.26) 0.75

Color naming subtask Crude Ref −0.23 (−0.46 to −0.00) 0.048

Confounder Ref −0.15 (−0.37 to 0.07) 0.19

Interference subtask Crude Ref −0.12 (−0.35 to 0.11) 0.30

Confounder Ref 0.05 (−0.16 to 0.27) 0.62

Letter digit substitution task Crude Ref −0.27 (−0.49 to −0.05) 0.02

Confounder Ref −0.18 (−0.40 to 0.04) 0.10

Verbal fluency test Crude Ref −0.18 (−0.38 to 0.01) 0.06

Confounder Ref −0.16 (−0.35 to 0.03) 0.09

Purdue Pegboard test Crude Ref −0.25 (−0.53 to 0.03) 0.08

Confounder Ref −0.22 (−0.52 to 0.08) 0.15

Design organization test Crude Ref −0.21 (−0.45 to 0.04) 0.10

Confounder Ref −0.10 (−0.33 to 0.14) 0.43

Abbreviations: Ref = Reference.
Cognitive test results are converted to SD scores. Values are regression coefficients reflecting the difference in cognitive test result with 95% confidence
interval derived frommultiple linear regression analyses. Crude value is unadjusted. The confounder model is adjusted for ethnicity, educational level, and
prepregnancy body mass index.
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supported by animal studies and small clinical studies showing
neurovascular unit dysfunction in preeclampsia including
neurovascular unit dysfunction and autoregulatory dysfunc-
tion, and the association of preeclampsia with altered central
hemodynamics.13,29–32 Changes in the structure of central
elastic arteries may manifest as increased arterial stiffness or
elevated central blood pressure, even prior to clinically de-
tectable hypertension by brachial blood pressure.13,33 In ad-
dition, increases in central blood pressure may be more
influential than brachial blood pressure when evaluating the
hemodynamic stress on organs.13,34 Therefore, even in the
absence of a diagnosis of hypertension, it is possible that
women with a history of hypertensive disorders of pregnancy
could develop increased central blood pressure and sub-
clinical arterial stiffness, contributing to the risk of vascular
brain injury.13

Our results are in agreement with previous studies that show
poorer learning capacity and more memory problems in
women with a history of severe preeclampsia 3–8 months
postpartum and more problems in working memory 6–18
months postpartum than in women with a previous normo-
tensive pregnancy.35,36 Our results are also in agreement with
a previous study of Postma et al.37 showing no difference in
sustained attention or executive functioning in women with a
history of eclampsia and preeclampsia 9 years after the index
pregnancy compared to age-matched women with previous
normotensive pregnancies.

Besides the 15WLT, HDP was not associated with other
objective cognitive test measures. In a previous study, women
with preeclampsia subjectively experienced more cognitive
problems in daily life situations.38 An explanation for our
findings may be the quiet and structured test setting in which
the actual cognitive problems in complex daily life situations
cannot be reproduced22,39,40 or the high variability in the test
outcomes in both groups (women with a previous normo-
tensive pregnancy and women with an HDP). Cognitive
impairment in women with preeclampsia may also be subtle
and may therefore only appear in complex tasks, that is, tasks
that require more cognitive processes at the same time.36

Another explanation may be that the cognitive tests were
assessed at a relatively young age (mean age of 46.4 years). At
this age, there is a high compensational capacity of the
brain.22,41 As these women age, the compensational capacity
of the brain may deteriorate and they may experience more
cognitive problems,41 which may result in a higher risk of
cognitive impairment and dementia later in life.11

A strength of our study is that it is based on a large population-
based prospective cohort study, enabling us to examine many
women 15 years after their pregnancy. Other strengths in-
clude the long follow-up time and the focus on GH, whereas
most studies focus on preeclampsia only. In addition, we ex-
amined a broad range of cognitive domains. Our study un-
derlines the importance of GH, because GH was a large
contributor in our HDP group. A total of 70% of all HDP

women in our study experienced GH, and we found the same
results after exclusion of women with preeclampsia. Our re-
sults suggest that a history of GH should be incorporated in
guidelines for follow-up of women after pregnancy.13

Consistent with previous literature, our results showed that
women with a history of HDP have more hypertension 14
years after pregnancy than women with a previous normo-
tensive pregnancy. Development of chronic hypertension
may potentially mediate the relationship between HDP and
cognitive impairment. Therefore we underline the impor-
tance of blood pressure monitoring after an HDP, because
hypertension is a major risk factor for cardiovascular and ce-
rebrovascular disease later in life.42,43

It is known that depressive symptoms are associated with CVD
and with poor cognitive function and cognitive decline.44,45

Moreover, women with a history of preeclampsia more fre-
quently report depressive symptoms and physical and mental
complaints.40,46 We did not measure these psychosocial factors
prior to pregnancy or early in pregnancy. It may therefore be
possible that the association ofHDPwith cognitive impairment
is mediated by depressive symptoms. Nevertheless, it is striking
that 20% of the women with HDP had clinically depressive
symptoms at the time of cognitive testing. Although it is not
within the scope of this study, clinicians and women with HDP
should be aware of their high risk of developing clinically de-
pressive symptoms, even up to 15 years after pregnancy. These
women should be monitored closely, because depressive
symptoms are associated with HDP and CVD in previous
studies and it is a risk factor that may be treatable.47

There are several limitations of our study. We performed no
cognitive tests prior to pregnancy or during pregnancy.
Therefore, we could not investigate the effect of a pregnancy
complicated by HDP on the cognitive function within one
woman. Second, it was not possible to test the women in their
daily life environment, which may better reflect the cognitive
problems they subjectively report.39 There may be a response
and selection bias, because women with HDP may refuse to
participate 15 years after pregnancy due to fear of reliving the
traumatic experience or due to the risk of confirmation of poor
performance.12,22 HDP was defined according to the criteria
that were in effect at inclusion of this study. It is possible that
with the new International Society for the Study of Hyper-
tension in Pregnancy and American College of Cardiology/
American Heart Association criteria for HDP, more women
would have been defined as having HDP, affecting our results.
Lastly, MRI scans are not available. Future studies should in-
clude imaging to confirm the vascular statement.

A history of HDP is associated with impairment in working
memory and verbal learning 15 years after index pregnancy.
Not only women with a history of preeclampsia, but also those
with GH should be monitored closely after their pregnancy.
Whether early treatment of hypertension prevents cognitive
decline in women with a history of HDP should be
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investigated in clinical trials. Both clinicians and women with a
history of HDP should be aware of these patients’ risk of
cognitive impairment later in life.
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