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Abstract

Background: Prior meta-analyses report a 2—4-fold increased risk of later cardiovascular disease
among women with a history of hypertensive disorders of pregnancy (HDP). Given HDP’s
vascular underpinnings, it is hypothesized to also be a risk factor for later dementia. We aim

to summarize the evidence for the impact of HDP on dementia, and consider unique associations
between HDP and dementia subtypes.

Methods: Observational studies on the relationship between HDP and dementia were identified
from online electronic databases, to July 1, 2021 (PROSPERO identifier: CRD42020185630).
We included observational studies published in English. Exposure among women was any HDP
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and HDP subtypes: gestational hypertension, preeclampsia/eclampsia, or other/unspecified HDP.
Outcome was any dementia and dementia subtypes: Alzheimer’s disease, vascular dementia, or
other/unspecified dementias.

RESULTS: For our primary analyses, we included 5 cohort studies with a total of 183,874
women with and 2,309,705 women without HDP. Pooled analysis found a 38% higher risk of
all-cause dementia among women with, versus without, any type of HDP (aHR, 1.38; 95% CI:
1.18 to 1.61; A<0.01). When examining association by HDP and dementia subtypes, we found
that women with, versus without, any type of HDP had over a three-fold higher risk of vascular
dementia (aHR: 3.14; 95% ClI: 2.32 to 4.24; P<0.01).

CONCLUSIONS: Our findings indicate that maternal history of HDP is an important risk factor
for later development of vascular and all-cause dementia. Further research among more racially/
ethnically diverse populations quantifying HDP’s effect on all-cause dementia, and specifically
vascular dementia, is warranted.

Keywords

hypertension; pregnancy-induced; pre-eclampsia; eclampsia; dementia; vascular; Alzheimer
disease; cognitive dysfunction; chronic disease; epidemiology; pregnancy; mediation analysis

INTRODUCTION

Hypertensive Disorders of Pregnancy (HDP), including preeclampsia, eclampsia, HELLP
(hemolysis, elevated liver enzymes, and low platelet count) syndrome, gestational
hypertension, and chronic hypertension represent a spectrum of pregnancy complications
that have no known cure other than delivery.1=> HDP affects up to 8% of all pregnancies,®
15% of parous women,’ and is a leading cause of maternal and perinatal morbidity and
mortality.8 An exaggerated inflammatory response leading to endothelial dysfunction is a
known pathophysiologic finding in clinically apparent HDP.? This underlying pathology
suggests the possibility that women with HDP may be predisposed to other conditions
characterized by chronic inflammation.19-14 Research over the last decade has demonstrated
that women who develop HDP are at increased risk for long-term cardiovascular

and metabolic disorders. Consequently, the American Heart Association and American
College of Obstetricians and Gynecologists now include HDP as a risk factor for future
cardiovascular disease.12 15

Recently, researchers have suggested that women with a history of HDP may also have
increased risk for later-life adverse neurologic conditions with a hypertensive vascular
etiology similar to cardiovascular disease, such as vascular demential®; or a shared etiology
with Alzheimer’s disease via proteinopathy.1” The relationship between underlying chronic
hypertension and future risk of brain injury and dementia has been well established,18: 19
even in younger adults <40 years.20 What is not well established is whether a poor
underlying vascular risk profile equally increases risk for both HDP and dementia or
whether an HDP pregnancy itself produces neurological damage that then predisposes a
woman to an augmented dementia risk. The “chicken or the egg” conundrum as reported in
relation to cardiovascular disease (does cardiovascular disease risk cause HDP or does HDP
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harm a previously healthy woman causing later cardiovascular disease, or both)?! is also
applicable to investigations assessing HDP and dementia. To date, the “chicken or the egg”
conundrum with respect to dementia 22 has not been resolved.

The hypothesized adverse relationship between hypertensive pregnancies and later cognitive
functioning has also been demonstrated in human studies assessing memory and speed
processing. In a study of over 1200 women who participated in the Family Blood Pressure
Project Genetic Epidemiology Network of Arteriopathy study and completed a pregnancy
history questionnaire (2000-2004), women with histories of hypertensive pregnancies had
worse processing speeds and smaller brain volumes compared to those with normotensive
pregnancies.?3 In a pilot case-control study, authors found that after accounting for age,
parity, and education, women with previous HDP had significantly lower auditory-verbal
memory skills compared to those without previous HDP.24 And in a recent prospective
cohort study among 596 women participating in the Generation R Study, a history of HDP
(driven predominately by gestational hypertension) was associated with poorer working
memory and verbal learning 15 years after adjusting for ethnicity, education level, and
pre-pregnancy BMI.25

Prior epidemiologic research evaluating risk for dementia among women with, and without,
HDP has produced inconsistent findings with some studies showing an inverse 28 or

null association 2729 while others demonstrating a positive association.39-32 Inconsistent
findings may be attributed to multiple factors including varying study design, sample size,
case definitions for HDP (such as whether HDP includes women with chronic hypertension)
and dementia, and whether specific phenotypes were assessed, and confounding factor
adjustments.

OBJECTIVE

Our objective was to perform a systematic review and meta-analysis to determine an
evidence-based consensus as to whether a history of =1 HDP pregnancy increases a
woman’s risk for later all-cause dementia, and whether associations between specific HDP
subtypes (preeclampsia/eclampsia, gestational hypertension, or other/unspecified HDP) and
dementia subtypes (Alzheimer’s disease, vascular dementia, or other/unspecified dementia)
may vary.

METHODS

Search strategy

This systematic review was registered and accepted for inclusion in PROSPERO, the
International Prospective Register of Systematic Reviews (ID: CRD42020185630). The
systematic review was conducted according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. MEDLINE® and Embase® were
searched for studies investigating dementia outcomes of women with and without HDP
published between 2000 and 2021. Our study only used existing, de-identified data reported
in published manuscripts, and thus exempt from IRB approval.
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Study selection

Studies were included if they: 1) were original research with full-length article available; 2)
were published in English; 3) provided enough information to calculate risk estimates (odds
ratio, risk ratio or hazard ratio); and 4) were cohort (retrospective or prospective) or case-
control studies. Studies were excluded if they were conference abstracts, review articles,
case series, qualitative studies, or editorials. In studies using overlapping subjects,27:32 we
chose the most recent study with the larger sample.32 Secondary screening involved review
of full texts to assess for eligibility and potential duplication of patients. For completeness
after secondary screening was performed two authors (H.M. and K.S.) independently
reviewed and selected the articles in compliance with the inclusion/exclusion criteria in

a three-step fashion 1) title and abstract screening; 2) review of full texts of all selected
studies, and 3) a manual check of the references of studies included. At each stage,
disagreement was resolved by consensus or arbitration.

Exposure and Outcomes

The exposure was HDP and HDP subtypes: gestational hypertension, preeclampsia/
eclampsia, or other (i.e., HELLP)/unspecified HDP .2 3 We included 1) studies that clearly
excluded, or took measures to exclude, women with chronic hypertension at baseline;30: 31
2) studies that reported or adjusted for pre-pregnancy hypertension;2’- 32 and 3) studies that
did not address chronic hypertension at baseline (the two studies that relied on participant
recall of hypertensive pregnancies).25: 28 Qutcomes were all-cause dementia and dementia
subtypes: Alzheimer’s disease, vascular dementia, or other/unspecified dementia (e.g.,
frontotemporal dementia, Lewy body dementia). We included studies that only assessed
all-cause dementia,28: 29 only Alzheimer’s disease,25: 30 or both all-cause dementia and
dementia subtypes.27: 31. 32 Studies only assessing cognitive impairment were excluded.
Included studies were not explicitly clear how they handled mixed dementia pathology, but it
is assumed that both Alzheimer’s disease and vascular dementia could be the sole diagnosis
or potentially comorbid with another dementia subtype. Database search terms included a
combination of relevant keywords. Using Boolean operators, the search aimed to identify
papers that discussed both HDP and dementia. The search terms used in combination were
1) ‘preeclampsia’, ‘pre-eclampsia’, ‘hypertensive disorders of pregnancy’, ‘HELLP’, and
‘gestational hypertension’; and 2) ‘Alzheimers’, ‘dementia’, ‘vascular dementia’.

Data extraction

Data from included studies were extracted into a standardized form detailing the first author,
year of publication, country, study period, sample source (population- or hospital-based),
study design, exposures and outcomes assessed, sample size of exposed/non-exposed,
adjustments or matches made, and reported risk estimate (95% CI). For studies only
reporting two-way contingency tables, risk estimates and 95% CI were calculated and
converted to HRs.33 For cohort studies, total follow-up time was extracted. Two reviewers
(H.M and K.S.) independently extracted and evaluated the data for each included article.
Disagreements were resolved through discussion.
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Assessment of risk of bias

Two reviewers (H.M. and K.S.) independently assessed study quality using the Newcastle
Ottawa Scale (NOS).34 Different assessments were applied to case control versus cohort
studies. Cohort studies were evaluated by 1) representativeness of exposed cohort; 2)
selection of non-exposed cohort; 3) ascertainment of exposure; 4) demonstration that
outcome of interest was not present at start of study; 5) comparability of exposed and
unexposed cohorts on the basis of the design or analysis; 6) assessment of outcome; 7)
whether follow-up was long enough for outcomes to occur; and 8) adequacy of follow

up of cohorts. Case control studies were evaluated by 1) adequacy of case definition;

2) representativeness of the cases; 3) selection of controls (i.e,. community, hospital, no
description); 4) definition of controls (i.e. description of history of disease [endpoint]); 5)
comparability of cases and controls on the basis of the design or analysis; 6) exposure
assessment; 7) ascertainment methodology(ies) for cases and controls; and, 8) non-response
rate. As per NOS protocol,34 each item can be awarded a maximum of one star except
comparability which was allowed a maximum of two stars (number 5 for both cohort and
case control). Total score for each study was obtained by summing up stars for each item
with 1-3 stars indicating high risk, 4—6 stars medium risk, and 7-9 stars low risk of bias.
Disagreements were resolved through discussion. Primary analyses included studies with
low to medium risk of bias. A sensitivity analyses was conducted including all studies,
regardless of bias risk score.

Data synthesis and analysis

We used R versions 4.0.1 and Rstudio 1.2.1335 35 to conduct both fixed-effect and random-
effects models with the generic inverse-variance weight method to generate pooled adjusted
hazard ratios (HR). Random-effects meta-analysis was done to account for significant
heterogeneity between studies and avoid a situation in which our pooled estimate is
disproportionately influenced by only one study.36 We also conducted a “leave one out”
analysis to examine the influence of individual studies on the overall HRs by repeating the
meta-analysis after the exclusion of each included study.

Between-study heterogeneity was measured via Higgin’s & Thompson’s 12 and t2, and
assessed by Q'test. Restricted maximum-likelihood was used in estimating 2. The
publication bias was evaluated by both funnel plots and Egger test. A 2-tailed a < 0.05
was used as the threshold for statistical significance. Given that there were multiple
exposures and outcomes in the majority of studies, we implemented separate models to
examine the association between HDP and all-cause dementia and dementia subtypes
including Alzheimer’s disease, vascular dementia, and other/unspecified dementias. We
also evaluated whether all-cause dementia was associated with HDP subtypes including
gestational hypertension or preeclampsia/eclampsia. Limited counts preventing us from
evaluating all dementia subtypes by HDP subtypes.

For our main analyses, we used effect estimates that considered baseline sociodemographic
and reproductive history confounding factors including maternal age, education, marital
status, race/ethnicity, and parity. The majority of studies assessed time-fixed confounders
(e.g., maternal age at index pregnancy), but one study allowed the HDP exposure to vary
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over time and treated parity, maternal age, and residence (surrogate of socioeconomic status)
as time varying.3! The two studies relying on participant recall of pregnancy complications
adjusted for a minimal set of covariates: age and BMI at time of recall interview for

one;2% and age, BMI, smoking and education at the time of the recall interview for the
other.~28 Via variable adjustment, three studies additionally considered potential mediating
factors such as mid-life cardiovascular disease, stroke, chronic kidney disease, diabetes,

and hypertension.27: 31. 32 \While traditional adjustment for intermediary factors may induce
bias,3”: 38 to determine the influence of the mediating factor adjustment, we compared
pooled hazard ratios for these three studies adjusting for baseline factors versus adjusting for
both baseline confounders and mediating factors.

Study selection and characteristics

Out of 51 initial search results, 6 were eligible for inclusion in our quantitative synthesis/
meta-analysis (Figure 1).26: 28-32 Of the 6 included studies, 1 was a case-control study and
the other 5 were either retrospective or ambispective cohort studies. The included studies
were done in the following countries: Denmark, Sweden, the Netherlands, and the United
States. Further details of the included studies such as study design, demographics, sample
size, and specific exposure and outcome diagnosis are shown in Table 1.

Risk of bias of included studies

As per the Newcastle-Ottawa Quality Assessment Scale, the one case control study had a
high risk of bias26 whereas the remaining five cohort studies had a low risk of bias.28-32
(Table 2). The case control study26 had thoroughly vetted cases, via cerebral MRI scans
reviewed by experienced an neuroradiologist, but had several weaknesses including poor
selection of controls (partners of male Alzheimer’s disease patients who did not receive the
same screening as cases) and ascertainment of exposure (relying on recall of HDP exposure
among dementia cases and non-dementia controls). The 5 cohort studies ascertained HDP
exposure from secure medical records or structured interviews.28-32 Additionally, the 5
cohort studies selected the non-exposed cohort from the same community as the exposed
cohort, and adjusted for =1 factor to improve comparability of the exposed and non-exposed
cohort. The majority of studies used medical or birth registries to identify HDP and/or
dementia;25: 28-32 however 2 studies relied on self-report of HDP,26: 28 while another 2
studies relied on expert assessment for dementia assessment.26: 29

Our primary analysis included data from the five low-bias-risk cohort studies (183,874
women with HDP and 2,309,705 without). We conducted a sensitivity analysis that included
data from the five low-bias-risk cohort studies in addition to the one high-bias-risk case
control study (183,978 with and 2,493,812 without HDP).

Egger’s regression test of intercept did not indicate the presence of funnel plot asymmetry,
suggesting no evidence of substantial publication bias (primary analysis: (intercept, 1.092;
95% CI, —0.57 to —2.75; P=0.29) sensitivity analysis: intercept, —0.063; 95% CI, —2.89 to
-2.76; P=0.97) (Figure S1 and S2).
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Pooled analyses of HDP and dementia

For our primary analysis of the 5 cohort studies, women with, versus without, HDP had a
38% increased risk of all-cause dementia in the random effects model (adjusted hazard ratio
[aHR], 1.38; 95% confidence interval [95% Cl]: 1.18 to 1.61) after accounting for socio-
demographic and reproductive history confounding factors (Figure 2). There was modest
between-study heterogeneity (12 = 31%, p=0.21). In our “leave-one-out” sensitivity analysis,
we found that removing the study Andolff 2020 reduced study heterogeneity to 21% and
resulted in a near 50% increase of all-cause dementia in women with HDP (aHR:1.49, 95%
Cl: 1.26 to 1.77) (Figure S3).

Subgroup analysis

Dementia subtype: For our primary analysis of the 5 cohort studies, women with HDP
versus without HDP had a 40% increased risk of Alzheimer’s disease in the random effects
model (adjusted hazard ratio [aHR], 1.40; 95% confidence interval [95% CI]: 1.14 to

1.74) (Figure 3). Between-study heterogeneity was low (1% = 14%, p=0.31). Pooled analyses
demonstrated a three-fold higher risk of vascular dementia among women with versus
without exposure to HDP (aHR: 3.14; 95% CI: 2.32 to 4.24, I* = 0%) (Figure 3). There was
a modest association between HDP and other dementia from the two eligible studies with
appropriate other dementia outcomes (aHR, 1.22; 95% CI, 0.98 to 1.53; 1> = 51%) (Figure
3).

HDP subtype: Modeling separately according to different HDP subtypes revealed little
difference in estimates between preeclampsia/eclampsia (aHR, 1.47; 95% ClI, 0.99 to 2.20;

1? = 78%, p<0.01) or gestational hypertension (aHR, 1.25; 95% CI: 1.08 to 1.45; 1% = 0%,
p=0.79) and all-cause dementia (Figure 4).

Sensitivity analysis including one case control study—Inclusion of the one high-
bias-risk case control study that examined HDP and Alzheimer’s disease resulted in an
attenuation of the estimate for all-cause dementia (aHR, 1.26; 95% CI: 0.84 to 1.90;

*=71%, p<0.01) and Alzheimer’s disease subtype (aHR, 1.22; 95% CI: 0.65 to 2.26;
1% = 78%, p<0.01)with a notable increase in study heterogeneity (Figures S4-S7).

Baseline confounder and mediator adjusted models—Among the studies that
adjusted for both baseline and cardio-metabolic mediating factors,31: 32 the pooled analysis
showed a hazard ratio of 1.16 (95% Cl: 1.02, 1.32; 1> = 5%) for all-cause dementia, 1.30
(95% Cl: 1.05, 1.62; 1* = 0%) for Alzheimer’s disease, and 2.17 (95% Cl: 1.60, 2.93;

1% = 0%) for vascular dementia. A null association was found for other dementia (aHR: 1.02,
95% CI: 0.88, 1.18, I = 0%).
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COMMENT

Principal findings
In this systematic review and meta-analysis of 6 studies of nearly 2.5 million women,
we found that while there was a modest 20-40% increased risk of Alzheimer’s disease
or other/unspecified dementia among women with a history of HDP, the risk increased to
over 200% for vascular dementia. This increased association was found after adjusting for
important sociodemographic confounding factors including maternal age at delivery of index
pregnancy, parity, education, race/ethnicity, and marital status. Among the two studies 31 32
that took into account baseline chronic hypertension and further adjusted for intermediary
cardio-metabolic disorders, results remained robust for all-cause dementia, Alzheimer’s
disease, and vascular dementia. Given the known association between a woman’s history of
HDP and cerebral white matter lesions,6 future prospective studies using formal mediation
analyses versus simple adjustment for intermediary factors are warranted to help determine
direct and indirect effects of HDP on later dementia risk.3?

While prior meta-analyses have shown HDP to be associated with adverse cardiovascular
events,*0: 41 especially within the first ten years after a preeclamptic pregnancy,*? we are
unique in this first systematic review and meta-analysis of HDP and dementia to quantify
the 3-fold increased risk of vascular dementia 20-40 years or more after the preeclamptic or
other HDP pregnancy after accounting for important baseline confounders.

Comparison with Existing Literature and Potential Mechanisms:

Our findings of a 3-fold increased risk of vascular dementia among women with a history
of HDP is in line with what prior systematic reviews and meta-analyses have reported for
HDP and cardiovascular disease.*0-42 Specifically, women with a history of preeclampsia
have been found to have a 4-fold increase risk of incident heart failure and a 2-fold increased
risk in coronary heart disease, stroke and death after accounting (either through adjustment
or exclusion) for sociodemographic factors and baseline cardio-metabolic health including
history of diabetes mellitus or gestational diabetes mellitus and smoking. 42 Given the
strong evidence for the effect of HDP on cardiovascular disease mortality, selection bias
due to differential enrollment?? is a concern for those studies for which baseline enrollment
occurred decades after exposure.2%: 28 The majority of studies included in this review were
retrospective cohort studies?%-32 of administrative health databases beginning follow-up at
first pregnancy, thereby limiting selection bias due to differential enrollment. Additionally,
while selection bias due to differential survival of included women may be problematic

for some of the studies that did not address it, competing risk analyses were appropriately
conducted 22 for the two largest included studies, further mitigating this potential bias.

The association between HDP and cardiovascular disease is not surprising given shared risk
factors including obesity and unfavorable levels of total cholesterol, low-density lipoprotein,
and triglycerides.13: 43 Also not surprising is the link between HDP and vascular dementia,
given findings from several longitudinal epidemiologic studies showing increased risk of
dementia with these same cardiovascular disease risk factors,10: 44-48
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Whether these underlying shared risk factors of HDP and cardiovascular disease and
vascular dementia largely explain the associations found, or whether HDP is an independent
risk factor due to endothelial changes, which directly harms the mother’s circulatory system
during pregnancy, making her vulnerable to vascular disease later in life, is unknown.
However, it is likely a combination of these two scenarios.?!

Strengths and Limitations

The strength of our study is the relatively large sample size with nearly 2.5 million women
included, all completed within the past six years. Additionally, given time lag between
pregnancies and subsequent dementia, the majority of the studies were relatively well-
conducted ambi/retrospective cohort studies,2%-32 using data from large population-based
medical/vital record registries and accounting for multiple baseline confounding factors.

Nevertheless, our study had its limitations. First, the small number of studies available
resulted in modest heterogeneity, potentially due to variation in study period and geography
- this may have impacted exposure and outcome assessments. Improvements over the

last decade in capturing previously undetected dementia within administrative healthcare
records.*% Additionally, Scandinavian compared to US health care systems may better
capture EHR dementia diagnoses given universal access to care. Studies may have differed
in how HDP exposure was defined, especially given the time range for capture, which dated
back to 1939. While the two largest studies to date report efforts to validate their HDP
diagnoses with inpatient records3? and/or self-report,3! we still cannot rule out potential
misclassification bias in these or the other studies.

Second, several of the studies lacked follow-up of older women, including the largest
study among 1.2 million at-risk women for which only 10% of women were over 64
years of age,3! and thus the outcome is biased towards early-onset dementia, which is
patho-physiologically distinct from late-onset dementia*®

Finally, generalizability of our study is restricted largely to non-Hispanic, white women
from Scandinavia or the United States. Of the two US studies,29-30 only one study took into
account maternal race/ethnicity (n=21,781 [12%] Hispanic and n=1189 [1%] black women)
in their adjusted models.3 Future research among underrepresented minorities, especially
among black women, who are disproportionally affected by HDP and also experience higher
rates of dementia, °0-52 is critically needed for improved generalizability.

Conclusions and implications

Over 183,000 women with HDP were included in this meta-analysis of 5 cohort studies. We
found that HDP was associated with a 1.2 to 1.4-fold increased risk of Alzheimer’s disease
and other dementia and a 3-fold increased risk of future vascular dementia. Our findings

are in line with current recommendations for patient education and regular monitoring of
cardiovascular risk factors in women with a history of HDP. However, limitations of existing
studies, including inability to exclude women with chronic hypertension in the majority

of the studies, prevent us from knowing whether there is a direct causal pathway between
HDP and dementia, notably vascular dementia, or whether an inherent, underlying poor
cardiovascular risk profile is the true culprit.

Hypertension. Author manuscript; available in PMC 2024 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

SCHLIEP et al. Page 10

Of the five studies included in our primary meta-analysis model, the majority controlled

for key sociodemographic factors such as maternal age, parity, race/ethnicity, education, and
marital status, with one additionally accounting for pre-pregnancy BMI and smoking status.
Future epidemiologic research should focus on controlling for additional confounders known
to impact risk of HDP and dementia including maternal age, subfertility and prior pregnancy
complications, BMI, hypertension (both before and after pregnancy), hypercholesterolemia,
diabetes mellitus, family health history, lifestyle factors such as smoking, heavy alcohol use,
and physical inactivity; as well as psychological factors including depression and anxiety.
More studies like Basit et al,3! that treat history of HDP, as well as related confounders,

as time dependent variables, such that women can contribute person time in more than

one exposure category are needed to better understand the relationship between HDP and
future dementia risk. Additionally, while several studies adjusted for mid-life cardiovascular
disease and diabetes, a formal mediation analysis3® quantifying the degree to which these
mid-life factors, in addition to mid-life depression and anxiety,8 factor into the relationship
between HDP and dementia has yet to be done. Until we better understand the causal
pathway between underlying risk profiles, pregnancy complications, mid-life health, and
subsequent dementia, optimal targeted care for prevention will remain elusive, even if this
is of high importance to women worldwide. Finally, given evidence for the association
between other related pregnancy complications (including gestational diabetes, preterm
birth, and fetal growth restriction) and future cardiovascular disease, further research on
how these complications, individually or in combination with HDP impact future dementia
risk, is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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