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Introduction: Women with hypertensive disorders of pregnancy (HDP) have an

dementia has not been fully explored.

Methods: Using the Utah Population Database, we performed an 80-year retrospec-
tive cohort study of 59,668 parous women.

Results: Women with, versus without, HDP, had a 1.37 higher risk of all-cause demen-
tia (95% confidence interval [Cl]: 1.26, 1.50) after adjustment for maternal age at index
birth, birth year, and parity. HDP was associated with a 1.64 higher risk of vascular
dementia (95% Cl: 1.19, 2.26) and 1.49 higher risk of other dementia (95% Cl: 1.34,
1.65) but not Alzheimer’s disease dementia (adjusted hazard ratio = 1.04; 95% CI: 0.87,

1.24). Gestational hypertension and preeclampsia/eclampsia showed similar increased
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dementia risk. Nine mid-life cardiometabolic and mental health conditions explained

61% of HDP's effect on subsequent dementia risk.

Discussion: Improved HDP and mid-life care could reduce the risk of dementia.

1 | INTRODUCTION

The worldwide burden of late onset Alzheimer’s disease (AD) and
related dementias (ADRD) has been shown to disproportionately
affect women in several prior studies.! Findings from the Framingham
Heart Study reported that the lifetime risk of AD and ADRD after age
45was 1in 5 for women compared to 1in 10 for men.2 Women'’s longer
life span only partially explains this risk difference.> The search for
causes of AD must include this sex-based disparity. Life course expe-
riences uniqgue to women, such as pregnancy-related conditions, may
increase the risk of dementia.**®

Hypertensive disorders of pregnancy (HDP) include preeclamp-
sia; eclampsia; hemolysis, elevated liver enzymes, and low platelets
(HELLP) syndrome; and gestational hypertension. These disorders are
common, complicating 3% to 8%%” of all pregnancies with approxi-
mately 1in 7 women affected by HDP through her reproductive years.”
Moreover, the prevalence of HDP has increased over the last 5 years.8
HDP is the leading cause of maternal and perinatal morbidity and
mortality.”10

An exaggerated inflammatory response leading to endothelial dys-
function is a known pathophysiologic finding in clinically apparent HDP.
This suggests that this underlying mechanism may predispose preg-
nant women with HDP to other chronic conditions.!1-1> Research
over the last decade has found that women who develop HDP are
at increased risk for later cardiovascular and metabolic disorders.¢
Consequently, the American Heart Association now includes HDP as
arisk factor for future cardiovascular disease.'* Whether HDP is addi-
tionally linked to later-life adverse neurologic conditions, specifically
AD and vascular dementia, is beginning to be addressed.!”-24 Recent
laboratory investigations have demonstrated shared disruptions in
cell biological mechanisms including endoplasmic reticulum stress, the
unfolded protein response, and autophagy in preeclampsia and AD.%°
Furthermore, the preeclampsia gene STOX1 has been found to be abun-
dantly expressed in the brains of individuals diagnosed with late-onset
AD.26 Researchers are also exploring the role of chronic inflammation
and endothelial dysfunction as the underlying pathology of vascular
dementia.?’

Despite the compelling argument that HDP could increase dementia
risk, several studies have examined the effect of HDP on AD, vascular
dementia, and ADRD with conflicting findings.1”~2* Inconsistencies in
results among studies may arise from (1) failure to distinguish between
dementia and HDP subtypes and (2) small sample size with insufficient
power leading to potential type Il errors.”~20 Additionally, prior stud-
ies have addressed the impact of mid-life intervening factors through
simple adjustment.1?21.24 Adjustment for mediating factors has been
shown to lead to bias. Alternative methods that can quantify the direct

and indirect effects of mid-life mediating factors on the relationship
between HDP and ADRD are preferred. These methods are in line
with, not conflating, confounders and mediators. They can also inform
potential interventions that might thwart ADRD onset or progression
after HDP. To overcome weaknesses of prior work, we conducted a
large retrospective cohort study in which information about mid-life
conditions was available to estimate the risk of HDP on dementia
and dementia subtypes. We formally assessed the effects of HDP on
later life dementia risk, both directly and mediated through mid-life

cardiometabolic/mental health diseases.28-30

2 | METHODS

2.1 | Data sources
We used the Utah Population Database (UPDB) to identify a retro-
spective cohort of individuals who gave birth from 1939 through 2013.
We restricted our cohort to individuals living in Utah until age 45
to ensure sufficient follow-up time for observing fertility history.31:32
We followed individuals for dementia outcome assessments available
through 2019 from medical records and death certificates. Our dataset
includes sex but not information on gender identity, an inherent
limitation of our dataset.®®

The UPDB has been previously described in detail,24-37 as has our
prior research on HDP and long-term mortality risk.1”3” The UPDB
contains detailed information on > 11 million individuals with linked
demographic and medical information (Figure S1 in supporting infor-
mation). Study approvals were obtained from the Resource for Genetic
and Epidemiologic Research, a special review panel authorizing access
to the UPDB and the University of Utah Institutional Review Board.

2.2 | Study cohort

Individuals were included if they both had at least one singleton live
birth in Utah (1939-2013) and also lived in Utah until at least 45 years
of age. Additionally, to capture dementia outcome data adequately, we
required that women in our study lived in Utah after 1996, died in Utah
after 1979, or linked to a Center for Medicare Services record. We
followed women for outcome assessments (Table 1) through 2019.

As has been done in prior studies on HDP and subsequent disease
risk within the UPDB, 1738 we chose a matched cohort design to ensure
an equal distribution among exposed and unexposed of the variables
we believed to be confounding factors.3? Prior research indicated
that matching in cohort studies introduces no bias, albeit may impact
efficiency.*® Women exposed to HDP were matched 1:2 to unexposed
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RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature using
PubMed and Embase. Of six prior studies examining
hypertensive disorders of pregnancy (HDP) and demen-
tia, three found HDP to increase dementia risk, one found
HDP to have a protective effect against dementia, and
two found no effect.

2. Interpretation: We found that women with a history
of HDP had a 1.4-fold higher risk of all-cause demen-
tia, 2- to 3-fold higher risk of vascular dementia, but
null association with Alzheimer’s disease. There was no
appreciable difference in risk among women with gesta-
tional hypertension versus preeclampsia/eclampsia. Nine
mid-life cardiometabolic and mental health conditions
explained 61% of HDP’s effect on dementia risk.

3. Future directions: Improved HDP and mid-life care could
reduce the risk of dementia. Future research should
consider controlling for young adult atherogenic pro-
file to better understand whether HDP independently
leads to later dementia or simply unmasks an underlying
predisposition to dementia.

women by 5-year age groups, year of childbirth, and parity at the time
of the index pregnancy. Women were excluded if they were missing
data on a key variable that would preclude matching. They were also
excluded if they died within 1 year of delivery, or were diagnosed with
any of the following comorbidities prior to the index child’s birth date:
myocardial infarction, ischemic heart disease, heart failure, stroke,
diabetes, or dementia. We did not exclude women with pre-existing
chronic hypertension at index pregnancy (n = 722 overall; n = 607
[3%)] of HDP exposed women and n = 115 [0.3%] of unexposed women)
so that we could compare estimates including and excluding pre-
pregnancy chronic hypertension as has been done in prior studies. The
final study cohort included 59,668 women (19,989 women exposed to
HDP and 39,679 women unexposed to HDP; Figure 1).

2.3 | Exposure: hypertensive disorders of
pregnancy

Using birth certificate data, we assigned a diagnosis of HDP (yes/no) to
each affected pregnancy. HDP diagnoses included gestational hyper-
tension, preeclampsia, HELLP syndrome, and eclampsia. Diagnoses
were listed on the birth certificate for the affected pregnancy in the fol-
lowing manner: 1939 to 1977, text string; 1978 to 1988: International
Classification of Diseases 9th revision codes; 1989 to present, check
boxes with additional text.1”-3* When available, inpatient records were
reviewed for exposed women (1996 to 2013).17 If there was a discrep-
ancy between hypertensive diagnoses listed in the inpatient records

compared to the birth certificate, the inpatient record diagnoses were

Disease Monitoring

used in place of the birth certificate diagnoses. Unexposed women had
pregnancies during the study period, but none were complicated by
HDP.Y”

2.4 | Outcome: dementia

Our primary outcome of interest was all-cause dementia cap-
tured via death certificates, inpatient hospital records, ambulatory
surgery records, or emergency department records. We defined all-
cause dementia as having had a diagnosis of any dementia code
(Table 1). We further classified dementia as AD, vascular demen-
tia, or other/unspecified dementia including frontotemporal dementia,
dementia with Lewy bodies, or all others. Our prior research indicates
that UPDB administrative health records from 1996 to 2008 have
71% sensitivity and 81% specificity for all-cause dementia diagnoses
compared to gold-standard research diagnoses.**

2.5 | Confounders

1 and

Potential confounders were informed by prior literature?
directed acyclic graphs.*? Our primary models adjusted for index
child’s birth year, birth order, and mother’s age at index childbirth. We
additionally considered maternal education and marital status at index

child’s birth, and race/ethnicity as potential confounders.

2.6 | Statistical analysis

We used Cox regression models to estimate unadjusted and adjusted
hazard ratios (HRs) and 95% confidence intervals (Cls) for all-cause
dementia comparing women with and without a history of HDP.
Additional models were run assessing dementia subtypes (vascular
dementia, AD, or other related dementia). The dementia subtype anal-
yses used dementia type based on first diagnosis. We also ran models
assessing risk of dementia by HDP subtypes (preeclampsia/eclampsia
or gestational hypertension compared to no HDP). Time from exposure
to outcome was based on years since index birth. Follow-up time was
either censored at the date of the last observation of the woman, date
of diagnosis of the dementia subtype, or death.

As has been done in prior research,??

we used the Fine and Gray
competing risk method*344 for analyzing associations with demen-
tia subtypes. Additionally, fixed-effect frailty models within the Cox
regression framework were estimated; these models are based on clus-
tering among siblings, obtained through birth record linkages, who
share common time-invariant genetic and early life environments. The
missing indicator method was used to address missing data bias. The e-
value method was used to quantify potential bias due to unmeasured
confounding.*®

Given the potentially long interval between pregnancies and sub-
sequent dementia, there were several mediating factors that we
considered. Using the inpatient discharge, ambulatory surgery, and
emergency department records, we identified the following condi-

tions (ever/never) among the total cohort that occurred after the
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ICD-9 and ICD-10 codes used for identifying Alzheimer’s disease and related dementia in administrative databases

TABLE 1

ICD-9 Definition

331.0 Alzheimer’s disease

ICD-9 Definition

290 Senile dementia, uncomplicated

290.0 Senile dementia, uncomplicated

290.1 Presenile dementia (brain syndrome w/presenile
dementia)

290.10 Presenile dementia, uncomplicated

290.11 Presenile dementia with delirium

290.12 Presenile dementia with delusional features

290.13 Presenile dementia with depressive features

290.2 Senile dementia with delusional features

290.20 Senile dementia with delusional features

290.21 Senile dementia with depressive features

290.3 Senile dementia with delirium

290.4 Vascular dementia, uncomplicated

290.40 Vascular dementia, uncomplicated

290.42 Vascular dementia, with delusions

290.43 Vascular dementia, with depressed mood

291.2 Alcohol-induced persisting dementia

292.82 Drug-induced persisting dementia

294.0 Amnestic syndrome

294.1 Dementia in conditions classified elsewhere w/out
behavioral disturbance

294.10 Dementia in conditions classified elsewhere

294.2 Dementia, unspecified, without behavioral disturbance

294.21 Dementia, unspecified, with behavioral disturbance

294.8 Other specified organ brain syndrome (chronic)

331 Other cerebral degeneration

331.2 Senile degeneration of the brain

331.82 Dementia with Lewy bodies

‘797 Senility without mention of psychosis

Abbreviation: ICD, International Classification of Diseases.

ICD-10
G30.0
G30.1
G30.9
ICD-10
G30.8
FO1
FO1.5

F01.50
FO1.51
FO2
F02.8
F02.80

F02.81

FO3
FO03.9
F03.90
F03.91
F10.27
F19.97

G10
G31.0
G31.01
G31.09

G31.83

Definition

Alzheimer’s disease with early onset
Alzheimer’s disease with late onset
Alzheimer’s disease, unspecified
Definition

Other Alzheimer’s disease

Vascular dementia

Vascular dementia

Vascular dementia without behavioral disturbance
Vascular dementia with behavioral disturbance
Dementia in other diseases classified elsewhere
Dementia in other diseases classified elsewhere

Dementia in other diseases classified elsewhere w/out
behavioral disturbance

Dementia in other diseases classified elsewhere with
behavioral disturbance

Unspecified dementia

Unspecified dementia

Unspecified dementia without behavioral disturbance
Unspecified dementia with behavioral disturbance

Alcohol dependence with alcohol-induced persisting dementia

Other psychoactive substance use, unspecified with persisting
dementia

Huntington’s dementia
Frontotemporal dementia
Pick’s disease

Other frontotemporal dementia

Dementia with Lewy bodies

index pregnancy during the follow-up period (1996-2019): myocar-
dial infarction, ischemic heart disease, heart failure, stroke, chronic
kidney disease, diabetes, hypertension (primary or secondary), and
depression/anxiety. A counterfactual approach to mediation analy-
sis was applied to estimate the adjusted HR for the natural direct
effect and natural indirect effect of HDP on future dementia medi-
ated through these nine cardiometabolic/mental health factors that we
assessed both one at a time and then combined (Figure S2 in supporting

information).2?-30 Mediation analyses were adjusted for maternal age,

birth year, and parity at time of index pregnancy. R statistical software

was used for all analyses (R Foundation for Statistical Computing).
2.7 | Sensitivity analyses
For comparison to prior research, several sensitivity analyses were

conducted. First, we stratified our dementia outcome by early onset

(diagnosed at <65 years) and late onset (diagnosed at >65 years).*647
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Original data pull

20,448 exposed mothers 40,896 unexposed mothers

Known birth dates

Known time residing in Utah

20,419 exposed mothers 40,862 unexposed mothers

20,366 exposed mothers 40,800 unexposed mothers

Reside in Utah after 1979

20,325 exposed mothers 40,745 unexposed mothers

Not diagnosed with MI/IHD/Heart Failure/Stroke prior to index births

20,320 exposed mothers 40,737 unexposed mothers

Not diagnosed with diabetes prior to index births

40,577 unexposed mothers

Not diagnosed with dementia prior to index births

19,993 exposed mothers 40,577 unexposed mothers

19,993 exposed mothers

Had matched cases/controls

19,989 exposed mothers 39,679 unexposed mothers

FIGURE 1 Flow chart of selecting study population. IHD, ischemic
heart disease; MI, myocardial infarction

Second, we stratified our data by pre-pregnancy chronic hypertension
status. Third, because of the importance of pre-pregnancy body mass
index (BMI) as a potential confounder, we conducted a sensitivity anal-
ysis that included BMI in our adjusted models. For this analysis, we
restricted the sample to women whose index birth occurred in or after
1989, the year that pre-pregnancy BMI began to be collected on birth
certificates. Finally, given that preterm preeclampsia is a more severe
phenotype and is more strongly associated with future cardiovascu-
lar disease risk, we stratified our data by preterm birth status. For this
analysis, we were restricted to 1945 to 1977 during which a thorough
review of birth certificates was conducted to identify preterm birth.

3 | RESULTS

3.1 | Cohort description

Among women with HDP, the majority were complicated with
(63.0%),
(33.5%), and eclampsia (3.5%). Among the total cohort, there were

preeclampsia followed by gestational hypertension
5.3% of women with any dementia diagnosis during follow-up.

Other/unspecified dementia made up the majority of cases (66.0%),

Disease Monitoring

followed by AD (25.3%), vascular dementia (7.6%), dementia with Lewy
bodies (1%), and frontotemporal dementia (0.2%).

The overall population of HDP-exposed and -unexposed women
comprised 9.4% Hispanic and 5.4% non-White women, with mean birth
year of 1982 and mean maternal age of 29 years. HDP-exposed women,
compared to non-exposed women, were slightly more likely to be non-
White, Hispanic, born in Utah, have lower education, and be overweight
or obese before pregnancy (Table 2). Women with a history of HDP
had on average 1.15 pregnancies affected by HDP (standard deviation
[SD]=0.43).

3.2 | Primary findings

Women with a history of HDP had a higher risk of all-cause dementia
(HR = 1.37,95% Cl: 1.26, 1.50) compared to women without a history
of HDP after adjustment for maternal age, year of childbirth, and par-
ity (Table 3). Looking at dementia subtypes, the hazard was higher for
vascular dementia (HR: 1.64,95% Cl: 1.19, 2.26) and other/unspecified
dementia (HR: 1.49, 95% Cl: 1.34, 1.65) but not for AD (HR: 1.04, 95%
Cl:0.87, 1.24). Further adjustment for maternal education, marital sta-
tus at index child’s birth, and race/ethnicity did not appreciably alter
the results.

Women with preeclampsia/eclampsia at index pregnancy, compared
to women with no prior history of HDP, had a 1.38 (95% Cl: 1.26, 1.50)
higher risk of all-cause dementia, while women with gestational hyper-
tension had a 1.36 (95% Cl: 1.03, 1.79) higher risk (Table 4). Breaking
down by dementia subtypes, women with a history of preeclamp-
sia/eclampsia had a 1.58 (95% Cl: 1.11, 2.24) and 1.51 (95% Cl: 1.36,
1.68) higher risk of vascular dementia and other/unspecified demen-
tia, respectively, while women with gestational hypertension had a 2.75
(95% Cl: 0.90, 8.40) and 1.31 (95% Cl: 0.96, 1.80) higher risk, respec-
tively. HDP subtypes at index pregnancy were not associated with
AD.

For our mediation analyses, we found that after taking into account
maternal age, year of childbirth, parity, and individual mid-life car-
diometabolic/mental health factors, women with a history of HDP
had a total increased dementia risk between 39% and 88% (Table 5).
Mid-life stroke had the greatest indirect (mediating) effect, increas-
ing risk by 20%. Overall, we found that up to 61% of HDP’s effect
on subsequent dementia risk could be explained by the nine mid-life

cardiometabolic/mental health factors we considered.

3.3 | Sensitivity analyses

We found that women with, compared to without, a history HDP had
a higher risk of both early onset (adjusted HR [aHR] 1.87 95% Cl:
1.49, 2.35) and late-onset dementia (aHR 1.30, 95% Cl: 1.19, 1.43). We
found the magnitude of association for women with HDP exposure and
pre-pregnancy chronic hypertension was similar (aHR: 1.27, 95% Cl:
0.89, 1.80) compared to HDP-exposed women without pre-pregnancy
chronic hypertension (aHR: 1.38, 95% Cl: 1.27, 1.38). Finally, in our
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TABLE 2 Demographic characteristics at time of index birth

Total pregnancies with HDP
Birth year of index child
Male child

Birth order

Pregnancy complications at
index birth

Spontaneous pre-term birth
Gestational diabetes
Mother’s age

Maternal birth year (mean +
SD)

Race (White vs. non-White)
Yes
No
Unknown

Ethnicity (Hispanic vs.
non-Hispanic)

Yes
No
Unknown
Born in Utah
Yes
No
Unknown
Mother’s education
Less than HS
HS graduate
Some college
College graduate
Post college
Unknown

Mother’s residence at time of
index birth

Rural/frontier
Urban

Mother’s BMI at time of
index birth? (mean + SD)

Underweight
Healthy
Overweight
Obese
Unknown

Father’s age at time of index
birth (mean + SD)

No HDP exposure HDP exposure

n=239,679

NA
1981.5+15.7
20,533(51.7%)
24+19

594 (1.5%)
282(0.7%)
285+6.8
19530+ 14.7

37,581 (94.7%)
2084 (5.3%)
14 (0.0%)

3523(8.9%)
35,118 (88.5%)
1038 (2.6%)

11,720 (29.5%)
2421 (6.1%)
25,538 (64.4%)

2879 (7.3%)
10,166 (25.6%)
10,361 (26.1%)
5304 (13.4%)
2717 (6.8%)
8252 (20.8%)

5458 (13.7%)
34,221 (86.2%)
240+5.1

859 (2.2%)
8637 (21.8%)
2718 (6.8%)
1618 (4.1%)
25,847 (65.1%)
304+7.3

n=19,989
1.15+0.43
1981.5+15.8
10,387 (52.0%)
24+19

33(0.2%)
291(1.5%)
28.6+6.8
19528 +14.8

18,836 (94.2%)
1150 (5.8%)
3(0.0%)

1954 (9.8%)
17,601 (88.1%)
434 (2.2%)

6115 (30.6%)
1075 (5.4%)
12,799 (64.0%)

1601 (8.0%)
5654 (28.3%)
5166 (25.8%)
2226 (11.1%)
1175 (5.9%)
4167 (20.8%)

2655 (13.3%)
17,334 (86.7%)
275+ 6.7

170 (0.9%)
2869 (14.4%)
1761 (8.8%)
2120(10.6%)
13,069 (65.4%)
30.4+7.3

(Continues)

TABLE 2 (Continued)

No HDP exposure HDP exposure

n=239,679 n=19,989
Father’s education at time of
index birth®

Less than HS 1905 (4.8%) 1143 (5.7%)
HS graduate 8052 (20.3%) 4629 (23.2%)
Some college 9039 (22.8%) 4578 (22.9%)
College graduate 5584 (14.1%) 2412 (12.1%)
Post college 5236 (13.2%) 2088 (10.4%)
Unknown

Note: n (%) unless otherwise specified.

Abbreviations: BMI, body mass index; HDP, hypertensive disorder of preg-
nancy; HS, high school; NA, not applicable; SD, standard deviation.
aAvailable > 1989.

bAvailable > 1968.

subset analysis among women for whom we had pre-pregnancy BMI
information for index pregnancy (n = 20,752; 35% of the entire sam-
ple), we found that risk for all-cause dementia increased to 2.31 (95%
Cl: 1.24, 4.32) among the HDP exposed after adjusting for maternal
age, birth year, parity, and pre-pregnancy BMI category (underweight,
normal weight, overweight, obese; Table S1 in supporting information).
Finally, compared to women with no HDP exposure, women with HDP
and preterm birth had a 1.84 aHR (95% CI: 0.60, 5.60) while women
with HDP and without preterm birth had a 1.37 aHR (95% Cl: 1.26,
1.49).

Regarding unmeasured confounding, the observed HR of 1.37 for
all-cause dementia and 1.64 for vascular dementia could be explained
away by an unmeasured confounder that was associated with both
the exposure and the outcome by an HR of 2.08-fold and 2.66-fold,
respectively, above and beyond the measured confounders, but weaker
confounding could not do so. The Cl could be moved to include the null
by an unmeasured confounder that was associated with both the expo-
sure and the outcome by a HR of 1.83-fold and 2.08-fold, respectively,
above and beyond the measured confounders, but weaker confounding

could not do so.

4 | DISCUSSION

4.1 | Main findings

In this cohort of nearly 60,000 parous women followed retrospectively
for up to 80 years, a history of HDP was associated with a 50% to
60% higher risk of vascular and other related dementias, but not AD.
Findings were similar between women with a history of preeclamp-
sia/eclampsia and gestational hypertension. In our mediation analyses,
we found that mid-life cardiometabolic and mental health factors (i.e.,
depression and anxiety) may explain > 60% of the association between
HDP and subsequent dementia.
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TABLE 3 Adjusted® hazard ratios for all-cause dementia and dementia subtypes by history of hypertensive disorders of pregnancy

History of

HDP
Overall Exposed

Unexposed

Attained age by end of follow-up

<65 years Exposed
Unexposed

>65years Exposed
Unexposed

Abbreviations: Cl, confidence interval; HDP, hypertensive disorder of pregnancy; HR, hazard ratio.
aAdjusted for maternal age, birth year, and parity (1, 2, 3, 4, >5) at the time of the index pregnancy.

All-cause dementia

Vascular dementia

Alzheimer’s disease

Other/unspecified dementia

n
827
1591

100
107
727
1484

HR (95% Cl) n
1.37(1.26,1.50) 55
1 [Reference] 97

1.87(1.49,2.34) 9

1 [Reference] 5
1.30(1.19,1.43) 46
1 [Reference] 92

HR (95% ClI) n
1.64(1.19,2.26) 178
1 [Reference] 401

2.70(1.01,7.17) 12

1 [Reference] 9
1.41(0.98,2.04) 166
1 [Reference] 389

HR (95% CI) n
1.04(0.87,1.24) 5%4
1[Reference] 1098
2.01(0.99,4.08) 79

1 [Reference] 93
0.99(0.83,1.19) 515

1 [Reference] 1003

HR (95% Cl)
1.49(1.34, 1.65)

1 [Reference]

1.77(1.38,2.26)
1 [Reference]
1.44(1.28,1.61)

1 [Reference]

TABLE 4 Adjusted® hazard ratios for all-cause dementia and dementia subtypes by history of hypertensive disorders of pregnancy subtypes

History of
HDP
Preeclampsia/ Exposed
eclampsia Unexposed
Gestational Exposed
hypertension Unexposed

Abbreviations: Cl, confidence interval; HDP, hypertensive disorder of pregnancy; HR, hazard ratio.

Other/unspecified
All-cause dementia Vascular dementia Alzheimer’s disease dementia
n HR (95% Cl) n HR (95% CI) n HR (95% CI) n HR (95% Cl)
827 1.38(1.26,1.50) 55 1.58(1.11,2.24) 178 1.04(0.87,1.24) 594 1.51(1.36,1.68)
1596  1[Reference] 97 1[Reference] 401 1 [Reference] 1098  1[Reference]
75 1.36(1.03,1.79) 7 2.75(0.90,8.40) 16 1.18(0.52,2.68) 51 1.31(0.96, 1.80)
132 1 [Reference] 8 1 [Reference] 28 1 [Reference] 97 1 [Reference]

2Adjusted for maternal age, birth year, and parity (1, 2, 3, 4, >5) at the time of the index pregnancy.

TABLES

assessed individually one at a time and then combined

Myocardial infarction
Ischemic heart disease
Heart failure

Stroke

Chronic kidney disease
Diabetes
Hypertension

Anxiety

Depression

Overall

Natural direct
effect
HR (95% Cl)

1.40(1.37,1.43)
1.40(1.37, 1.44)
1.38(1.35,1.42)
1.27(1.25,1.29)
1.35(1.32,1.38)
2.82(0.83,3.93)
1.21(1.19,1.24)
1.38(1.35,1.41)
1.49(1.40,1.57)
1.12(1.09, 1.15)

Natural indirect
effect
HR (95% ClI)

1.09(1.06,1.12)
1.08 (1.06, 1.11)
1.07(1.03, 1.10)
1.20(1.18,1.23)
1.14(1.11,1.17)
0.67(0.43,1.84)
1.14(1.12,1.17)
1.10(1.08, 1.13)
1.02(0.96, 1.08)
1.19(1.16,1.22)

Total effect
HR (95% Cl)

1.53(1.52,1.54)
1.52(1.51,1.53)
1.47(1.46,1.48)
1.52(1.52,1.53)
1.53(1.52,1.54)
1.88(1.51,2.02)
1.39(1.38.1.40)
1.52(1.51,1.53)
1.51(1.50, 1.52)
1.33(1.32,1.34)

Note: Adjusted for maternal age, birth year, and parity (1, 2, 3, 4, >5) at the time of the index pregnancy.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

4.2 |

Our findings are in line with the largest study to date, conducted in
Denmark, which found that women with a history of HDP had a 1.53
higher HR (95% ClI: 1.26, 1.85) for all-cause dementia compared to

Comparison to prior research

Effect of hypertensive disorders of pregnancy and all-cause dementia taking into account potential mid-life mediating factors

Proportion
mediated

22%
19%
17%
43%
30%
NA

41%
23%
4%

61%

women without HDP after adjusting for maternal birth year, parity, and

region in which child was delivered.?! The strongest association, simi-

lar to what we found, was between HDP and vascular dementia (aHR
3.46, 95% Cl: 1.97, 6.10). Also similar to our findings, there was no

appreciable change in estimates after excluding women with chronic
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hypertension; and both of our studies found increased risk of HDP with
early- and late-onset dementia. While both their and our study were
adequately powered, comparison between studies is difficult given the
differences in study time frame. Their study comprised predominately
younger women with only 10% of women age >65 years at the end of
the follow-up. Consequently, the majority (71%) of their total demen-
tia diagnoses (n = 1728, 0.1% of total sample) occurred among women
< 65 years. In contrast, the majority (91%) of our total dementia diag-
noses (n = 2418, 4.1% of total sample) occurred among women >65
years, as one would expect in a population-based cohort followed long
enough.

Our findings also align with another large population-based study
that was conducted in Sweden (1973-2013).2% This study, similar to
our study, investigated not only differences by dementia subtype, but
also difference by HDP subtype (i.e., preeclampsia/eclampsia versus
gestational hypertension). Overall, women with a history of HDP com-
pared to those without had a 1.26 higher HR (95% Cl: 1.07, 1.48) for
all-cause dementia. The association was strongest for vascular demen-
tia (aHR: 3.02, 95% Cl: 2.13, 4.31) and borderline for AD (aHR: 1.30,
95% Cl:0.97, 1.74) or other dementias (aHR: 1.11, 95% Cl: 0.95, 1.33).

Similar to our study, both the Danish and Swedish studies took
into account baseline chronic hypertension and intermediary car-
diometabolic disorders that occurred during follow-up. For both, this
resulted in a slight attenuation in the estimates, but results remained
strong and statistically significant.2%2* Our formal mediation analy-
sis suggests that while mid-life cardiometabolic factors do partially
explain the relationship between HDP and later dementia, they do
not explain the full relationship. The direct effect for our strongest
mediating factor, stroke, indicates that even if HDP-exposed and HDP-
unexposed women had equal levels of stroke incidence, HDP-exposed
women would still have a 27% higher risk of dementia (95% Cl: 25%,
29%) compared to women with no HDP exposure.

4.3 | Strengths and limitations

Strengths of the study are the population-based sample of women;
the long observation period; linkage of birth records dating back to
1939 with electronic health records up through 2019; and our ability
to consider important confounding, moderating, and mediating factors.
We also acknowledge some limitations. First, we were limited in the
number of factors we could appropriately adjust for in our mediation
analyses. Further research that takes into account confounding of the
exposure-mediator relationship and of the mediator-outcome rela-
tionship is warranted. Second, we recognize that using administrative
health-care records for dementia ascertainment may result in mis-
classification, especially in underdetection of dementia.*! Worldwide
there are barriers to receiving a diagnosis of a dementing disease,*8
an inherent limitation of studying dementia that impacts all research
in this field. While higher precision and accuracy of dementia diag-
noses in administrative health-care records would maximize statistical
power, in the trade-off between sensitivity and specificity, having high

specificity, which we have previously demonstrated in the UPDB,*! is

preferable for etiologic research in which minimizing false positives is
key to reducing bias and distortion of risk estimates. Given our prior
research showing vascular dementia to have higher specificity than AD
or other related dementias, we cannot rule out that this difference may
partially explain the stronger effect estimates we observed for vascular
dementia.

Third, our HDP exposure is also susceptible to misclassification bias
in the same direction as that of dementia, with higher specificity and
lower sensitivity. Prior research comparing birth records to inpatient
records found sensitivities ranging from 23% to 99% and specificities
from 96% to 100%.47

Fourth, we were restricted to only a subset of our data when looking
at the confounding effect of BMI or in our stratified analyses assessing
HDP accompanied by preterm labor, a more severe phenotype, due to
availability of linked data, which led to decreased precision in our sen-
sitivity analyses for these factors. Fifth, given the retrospective nature
of our study, we were not able to follow up women who moved out of
Utah during the study timeframe. However, given that women with and
without HDP exposure had the same criteria for follow-up and HDP
exposure is unlikely to be associated with emigration, loss to follow-up
would most likely bias our results toward the null.

Finally, given that the majority of women in this study were non-
White (94%) and non-Hispanic (88%), our findings are limited in
their generalizability. Additional research in more US representative

samples is needed before definitive conclusions can be made.

44 | Conclusion

In summary, our results indicate that HDP is associated with subse-
quent dementia, especially for vascular dementia. It is remarkable that
increased risk of vascular dementia was detectable, despite the smaller
number of individuals identified with this specific cause of demen-
tia. Because we found that mid-life cardiovascular health significantly
mediates the risk, future research should evaluate the effects of tar-
geted surveillance and interventions in women who have experienced
HDP. While we were able to take into account key sociodemographic
confounding factors, future epidemiologic research should addition-
ally consider controlling for young adult atherogenic profile. Doing so
will help women’s health researchers better understand whether HDP
independently leads to later dementia or simply unmasks an underly-
ing predisposition to later dementing disease. Improved detection of
cognitive impairment and improved diagnostic precision with wide use
of biomarkers in the future will improve our ability to understand the
mechanisms of dementia risk. Such research can then better inform
current guidelines on whether women with HDP should be better mon-
itored and receive increased surveillance with a view to early care to

mitigate cardiovascular and dementia risk over the rest of the lifespan.
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