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ABSTRACT
Objective
To explore associations between pre-eclampsia and
later dementia, overall and by dementia subtype and
timing of onset.

was unlikely to explain the association with vascular
dementia. In contrast, only modest associations were
observed for Alzheimer’s disease (hazard ratio 1.45,
1.05 to 1.99) and other/unspecified dementia (1.40,
1.08 to 1.83).

Design
Nationwide register based cohort study.

Conclusions
Pre-eclampsia was associated with an increased
risk of dementia, particularly vascular dementia.
Cardiovascular disease, hypertension, and
diabetes were unlikely to mediate the associations
substantially, suggesting that pre-eclampsia and
vascular dementia may share underlying mechanisms
or susceptibility pathways. Asking about a history
of pre-eclampsia could help physicians to identify
women who might benefit from screening for
early signs of disease, allowing for early clinical
intervention.

Setting
Denmark.
Population
All women with at least one live birth or stillbirth
between 1978 and 2015.
Main outcome measure
Hazard ratios comparing dementia rates among
women with and without a history of pre-eclampsia,
estimated using Cox regression.
Results
The cohort consisted of 1 178 005 women with
20 352 695 person years of follow-up. Women with
a history of pre-eclampsia had more than three
times the risk of vascular dementia (hazard ratio
3.46, 95% confidence interval 1.97 to 6.10) later in
life, compared with women with no history of preeclampsia. The association with vascular dementia
seemed to be stronger for late onset disease (hazard
ratio 6.53, 2.82 to 15.1) than for early onset disease
(2.32, 1.06 to 5.06) (P=0.08). Adjustment for
diabetes, hypertension, and cardiovascular disease
attenuated the hazard ratios only moderately;
sensitivity analyses suggested that body mass index

What is already known on this topic
Women with a history of hypertensive disorders of pregnancy show signs of
cognitive impairment and brain atrophy after an affected pregnancy, both in the
short term and decades later
The STOX1 gene, a variant of which increases susceptibility to pre-eclampsia, is
overexpressed in late onset Alzheimer’s disease
Epidemiological studies have found limited evidence of a direct association
between hypertensive disorders of pregnancy and dementia, but these studies
had limitations

What this study adds
Women with a history of pre-eclampsia had more than three times the risk of
vascular dementia later in life compared with women with no history of preeclampsia
The association with vascular dementia seemed to be stronger for late onset
disease (age ≥65 years) than for early onset disease (age <65 years)
Adjustment for diabetes, hypertension, and cardiovascular disease attenuated
the hazard ratios only moderately
Pre-eclampsia was only modestly associated with the risk of Alzheimer’s disease,
and the association may be accounted for by uncontrolled confounding by
obesity
the bmj | BMJ 2018;363:k4109 | doi: 10.1136/bmj.k4109

Introduction
Pre-eclampsia is characterised by new onset of
hypertension and other signs of organ dysfunction
arising during pregnancy.1 Endothelial and vascular
dysfunction play a notable role in the pathophysiology
of this disorder,2 3 and the vascular consequences of
pre-eclampsia seem not to be confined to pregnancy:
women with a history of pre-eclampsia have
increased risks of later hypertension, cardiovascular
disease, stroke, and diabetes.4-7 Given its vascular
underpinnings, pre-eclampsia might therefore logically
also be associated with an increased risk of dementia;
recent research findings offer indirect support for this
hypothesis. Pre-eclampsia has been associated with
self reported impairment of cognitive function and
white matter lesions confirmed by magnetic resonance
imaging within a decade of an affected pregnancy,8 9
as well as with impaired cognition and brain atrophy
decades later.10 Moreover, the pre-eclampsia
susceptibility gene STOX1 is overexpressed in the
brain in late onset Alzheimer’s disease.11 However, two
cohort studies found limited evidence of an association
between hypertensive disorders of pregnancy and
later dementia,12 13 and a case-control study found
that hypertensive disorders of pregnancy might be
associated with early but not late onset Alzheimer’s
disease.14 On the other hand, all three studies were
potentially underpowered to detect associations with
an outcome occurring many decades after pregnancy.
Furthermore, two of the studies were limited by their
use of self reported information on complications of
pregnancy and the attendant possibility of both recall
bias and survival bias.
To overcome the limitations of the previous studies,
we did a nationwide register based cohort study in
more than 1.1 million women with pregnancies in
1
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Methods
Data sources
The Danish Civil Registration System registers
all Danish residents by using unique personal
identification numbers and updates information on
demographics and vital status daily.15 The Medical
Birth Register contains information on all live
births and stillbirths in Denmark since 1973, with
gestational age at delivery recorded since 1978.16 The
National Patient Register contains information on all
hospital discharge diagnoses assigned since 1977
and all outpatient diagnoses assigned since 1995,
registered using ICD (international classification of
diseases) codes.17 The Causes of Death Register has
recorded the causes (underlying and contributing) of
all deaths in Denmark since 1970.18
Cohort
Using the Civil Registration System, we constructed
a cohort of all women in Denmark with at least one
pregnancy lasting 20 weeks or longer and ending in
live birth or stillbirth between 1978 and 2015 (fig 1).
Women were followed from their first delivery or 1
January 1994 (when ICD-10 codes were introduced in
Denmark, allowing registration of dementia subtypes),
whichever came later, until the first of dementia,
death, emigration, designated “missing” in the Civil
Registration System, or 31 May 2017 (end of followup). Women who died or emigrated before 1994
were excluded from the cohort, as were women with
a diagnosis of ischaemic heart disease, myocardial
infarction, stroke, heart failure, or diabetes registered
in the National Patient Register before their first birth
in the period 1978-2015. Women with a diagnosis
of dementia before the start of follow-up were also
excluded from the cohort.
Pre-eclampsia (exposure)
We considered a woman to have pre-eclampsia in
a given pregnancy if she was registered with preeclampsia, eclampsia, or the HELLP (haemolysis,
elevated liver enzymes, and low platelets) syndrome
in the National Patient Register (ICD-8 codes

1 194 381
Women with at least one pregnancy lasting ≥20 weeks in Denmark in 1978-2015
16 376
Excluded
9165 Emigrated or were lost to Civil Registration System before start of follow-up
44 Dementia registered before start of follow-up
7167 Cardiovascular disease, stroke, or diabetes before ﬁrst birth in study period
1 178 005
Women in study cohort

Fig 1 | Study cohort assembly and exclusions
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637.03, 637.04, 637.09, 637.19, 637.99, 762.19,
762.29, 762.39; ICD-10 codes O14.0-O15.9) after
20 weeks’ gestation. We considered it unlikely that
women with pre-eclampsia, the more severe forms
in particular, would be registered with a diagnosis
of pre-eclampsia early in pregnancy without also
having confirmatory diagnoses registered around
the time of delivery. Consequently, to be conservative
and to improve the probability that women registered
as having pre-eclampsia truly had pre-eclampsia,
we also required that at least one diagnosis of preeclampsia be registered in the period from one
month before delivery to seven days postpartum; we
did not consider women whose only pre-eclampsia
diagnoses were registered outside this period to
have had pre-eclampsia. We treated history of
pre-eclampsia as a time dependent variable, such
that a woman could contribute person time in
more than one exposure category during followup. However, once a woman had pre-eclampsia,
she could not revert to the unexposed category; we
assigned all subsequent person time to the “history
of pre-eclampsia” category, even if she later had
normotensive pregnancies.
In sub-analyses, we further categorised preeclampsia on the basis of gestational age at delivery, a
proxy for timing of onset and severity of pre-eclampsia.
We defined preterm pre-eclampsia as pre-eclampsia
with delivery before 37 weeks’ gestation and term preeclampsia as pre-eclampsia with delivery at or after 37
weeks’ gestation. Also considered a time dependent
history variable, at any given time we classified a
women according to the earliest onset of pre-eclampsia
she had had to date (if any).

Dementia (outcome)
We defined dementia as registration of any dementia
code (ICD-10 codes F00.0-F02.0, F03.9, G30.0,
G30.1, G30.8, G30.9) in the National Patient Register
during follow-up. We further classified dementia
as Alzheimer’s disease (ICD-10 codes F00.0-F00.9,
G30.0, G30.1, G30.8, G30.9), vascular dementia
(ICD-10 codes F01.0-F01.9), and other/unspecified
dementia (ICD-10 codes F02.0, F03.9). (We also used
the ICD-8 codes 290.00, 290.10, 290.11, 290.19,
and 299.99 to exclude women diagnosed as having
dementia before the start of follow-up.)
Covariates
We considered parity (number of live births and/or
stillbirths: one, two, and three or more), maternal
birth year (five year intervals), region in which the
child was delivered (a surrogate for socioeconomic
status; table 1) and maternal age as a priori
confounders. We treated all but birth year as time
dependent variables.
We also investigated the influence of development
of cardiovascular disease, stroke, chronic kidney
disease, diabetes, and hypertension during follow-up.
We identified women who developed these conditions
during the follow-up period by using the National
doi: 10.1136/bmj.k4109 | BMJ 2018;363:k4109 | the bmj
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Denmark in 1978-2015 and compared the risks of
dementia between women with and without a history
of pre-eclampsia, overall and by subtype and timing of
onset of dementia.
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History of pre-eclampsia at start of follow-up†
Characteristics at start of follow-up
Age (years):
<25
25-29
30-34
35-39
40-44
45-49
≥50
Maternal birth year:
≤1944
1945-49
1950-54
1955-59
1960-64
1965-69
1970-74
1975-79
≥1980
Parity:
1
2
≥3
Region of latest delivery‡:
Greater Copenhagen
Zealand§
Lolland, Falster, and Møn
Bornholm and other
Funen and southern islands
Southern Jutland
Mid-Jutland
Northern Jutland

Yes (n=50 068; 4.3%)

No (n=1 127 937; 95.7%)

6513 (3.9)
14 948 (4.2)
13 707 (4.5)
8584 (4.5)
4153 (3.8)
1674 (3.8)
489 (4.8)

160 299 (96.1)
341 268 (95.8)
288 127 (95.5)
181 479 (95.5)
104 253 (96.2)
42 900 (96.2)
9611 (95.2)

681 (4.6)
1912 (3.6)
4235 (3.8)
6719 (4.6)
8006 (4.8)
7552 (4.3)
7028 (4.2)
5921 (4.0)
8014 (4.1)

14 155 (95.4)
51 669 (96.4)
107 375 (96.2)
140 695 (95.4)
158 207 (95.2)
167 093 (95.7)
160 195 (95.8)
141 970 (96.0)
186 578 (95.9)

33 749 (4.1)
11 558 (4.3)
4761 (5.1)

783 784 (95.9)
255 438 (95.7)
88 715 (94.9)

14 613 (3.9)
5549 (4.4)
1261 (4.6)
307 (2.3)
5495 (5.6)
6689 (4.5)
10 762 (4.1)
5392 (4.5)

364 794 (96.1)
120 681 (95.6)
26 360 (95.4)
13 151 (97.7)
93 265 (94.4)
141 469 (95.5)
253 138 (95.9)
115 079 (95.5)

*Follow-up began on 1 January 1994 for women with births before 1994 and on date of first delivery for women
whose first birth occurred in or after 1994.
†Totals reflect number of women with pre-eclampsia in pregnancies occurring before start of follow-up. Because
pre-eclampsia was time dependent variable, additional women developed pre-eclampsia during follow-up.
‡Region of woman’s last delivery before start of follow-up.
§Areas of Zealand outside greater Copenhagen metropolitan area.

Patient Register and the Causes of Death Register,
based on the following ICD-10 codes: myocardial
infarction, I21.0-I23.9; ischaemic heart disease,
I20.0-I20.9, I24.0-I24.9, or I25.0-I25.9; heart failure,
I50.0-I50.9; stroke, I63.0-I63.9; chronic kidney
disease, I12.0-I13.9, N18.0-N18.9 (and ICD-8 codes
400.39, 403.99, 404.99); diabetes, E10.0-E14.9. (We
also used the following ICD-8 codes to exclude women
diagnosed as having cardiovascular disease or diabetes
before their first delivery: myocardial infarction, 410.
xx; ischaemic heart disease, 411.xx-414.xx, 420.xx429.xx; stroke, 433.xx, 436.xx; heart failure, 427.09427.19, 427.99, 428.99, 782.49; diabetes, 249.00250.09). We identified post-pregnancy hypertension
on the basis of the filling of two prescriptions for
antihypertensive drugs (Anatomic Therapeutic
Chemical codes C02-03, C07-09 registered in the
National Prescription Register) within a six month
period. When defining hypertension, we ignored
antihypertensive drug use that was potentially related
to treatment of hypertensive disorders of pregnancy
(use from 20 weeks before delivery to three months
postpartum). We treated all comorbidities as time
dependent variables.
the bmj | BMJ 2018;363:k4109 | doi: 10.1136/bmj.k4109

Statistical analysis
We used Cox regression with age as the underlying
time to estimate hazard ratios for dementia comparing
women with and without a history of pre-eclampsia.
We used competing risk methods when analysing
associations with dementia subtypes.19 We checked
the proportional hazards assumption by plotting
cumulative Martingale residuals against age.20 We
evaluated potential mediation by cardiovascular
disease, stroke, chronic kidney disease, diabetes, and
hypertension in an approximate way by adjusting
for these variables. We used SAS statistical software,
version 9.4 for all analyses.
Sensitivity analyses
We could not exclude women with pre-pregnancy
hypertension from our main analyses, because
registration of hypertension diagnoses in the National
Patient Register is incomplete and information on
antihypertensive drug use first became available
in 1994. However, we did sensitivity analyses in
which we excluded from the cohort women using
antihypertensive drugs in 1994 (the year registration
of filled prescriptions began) or before their first
pregnancy, if this occurred in 1995 or later. Follow-up
for these analyses began in 1995.
As pre-eclampsia accompanied by fetal growth
restriction can be a sign of a particularly severe vascular
phenotype, we did additional analyses stratified
according to whether or not a pregnancy resulted in
delivery of a small for gestational age infant (a proxy
for fetal growth restriction). We defined small for
gestational age as infant birth weight under the 10th
centile for all babies of the same sex and birth cohort
(five year intervals) born in the same gestational week.
We had incomplete information on obesity (body
mass index ≥30) and therefore could not adjust for this
potential confounder. To determine whether obesity
might explain the observed associations for vascular
dementia and Alzheimer’s disease, we did sensitivity
analyses assuming several obesity prevalences in
women with a history of pre-eclampsia and a range of
magnitudes for the association between obesity and
dementia, using the array approach for testing the
effect of an unmeasured or incompletely measured
confounder.21
Patient involvement
No patients were involved in setting the research
question or the outcome measures, nor were they
involved in the design or implementation of the study.
No patients were asked to advise on interpretation or
writing up of results. There are no plans to disseminate
the results of the research to study participants.
Results
We followed 1 178 005 women, including 58 410 with a
history of pre-eclampsia, for 20 352 695 person years,
with a median follow-up time of 21.1 (interquartile
range 11.3-23.4) years per women. Table 1 shows the
3

BMJ: first published as 10.1136/bmj.k4109 on 17 October 2018. Downloaded from http://www.bmj.com/ on 16 June 2019 by guest. Protected by copyright.

Table 1 | Characteristics at start of follow-up* for cohort of women with at least one live
birth or stillbirth in 1978-2015 in Denmark. Values are numbers (percentages)
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were similar for preterm pre-eclampsia (hazard ratio
1.58, 0.95 to 2.62) and term pre-eclampsia (1.54, 1.24
to 1.92) (P for difference=0.94).
Women with a history of pre-eclampsia had a more
than threefold increased risk of vascular dementia
(incidence rate for women with a history of preeclampsia: 1.44 per 100 000 person years; incidence
rate for women with no history of pre-eclampsia:
0.47 per 100 000 person years; fig 2 and table 2). In
contrast, previous pre-eclampsia was associated with
only a 45% increase in the risk of Alzheimer’s disease
(incidence rate for women with a history of preeclampsia: 5.56 per 100 000 person years; incidence
rate for women with no history of pre-eclampsia: 3.28
per 100 000 person years; P for difference=0.01; fig 2
and table 2) and a 40% increase in the risk of other/
unspecified dementia (incidence rate for women with
a history of pre-eclampsia: 6.07 per 100 000 person
years; incidence rate for women with no history of
pre-eclampsia: 4.58 per 100 000 person years; fig 2
and table 2). Stratification by age suggested that a
history of pre-eclampsia might be particularly strongly
associated with the risk of late onset vascular dementia
(hazard ratio 6.53, 2.82 to 15.1) (fig 2; table 2). We
found little evidence of interaction between preeclampsia and age at onset of dementia for either
Alzheimer’s disease or other/unspecified dementia
(fig 2; table 2).
Adjustment for cardiovascular disease, stroke,
hypertension, chronic kidney disease, and diabetes
developing during follow-up attenuated the results
somewhat, particularly for vascular dementia. However,
the associations remained strong and statistically
significant (table 2; supplementary table A).

Sensitivity analyses
The results of sensitivity analyses on the sub-cohort
from which we excluded women using antihypertensive

Table 2 | Hazard ratios for dementia overall and dementia subtypes, by history of pre-eclampsia, attained age, and time since latest delivery, in cohort
of women with at least one live birth or stillbirth in 1978-2015 in Denmark
History of
Person years
pre-eclampsia (×103)
Adjusted for potential confounders*
Overall
Yes
972
No
19 380
Attained age†:
Yes
957
<65 years
No
18 999
Yes
15
≥65 years
No
381
Additionally adjusted for potential mediators‡
Overall
Yes
972
No
19 380
Attained age†:
Yes
957
<65 years
No
18 999
Yes
15
≥65 years
No
381

Dementia overall

Vascular dementia

Alzheimer’s disease

Other/unspecified dementia

No

HR (95% CI)

No

HR (95% CI)

No

HR (95% CI)

No

HR (95% CI)

113
1615

1.53 (1.26 to 1.85)
1 (reference)

14
91

3.46 (1.97 to 6.10)
1 (reference)

40
636

1.45 (1.05 to 1.99)
1 (reference)

59
888

1.40 (1.08 to 1.83)
1 (reference)

73
1152
40
26

1.35 (1.06 to 1.71)
1 (reference)
2.02 (1.46 to 2.79)
1 (reference)

7
65
7
26

2.32 (1.06 to 5.06)
1 (reference)
6.53 (2.82 to 15.1)
1 (reference)

19
382
21
254

1.12 (0.70 to 1.77)
1 (reference)
1.96 (1.26 to 3.07)
1 (reference)

47
705
12
183

1.37 (1.02 to 1.85)
1 (reference)
1.51 (0.84 to 2.71)
1 (reference)

113
1615

1.26 (1.03 to 1.54)
1 (reference)

14
91

2.21 (1.24 to 3.95)
1 (reference)

40
636

1.38 (1.00 to 1.91)
1 (reference)

59
888

1.11 (0.85 to 1.46)
1 (reference)

73
1152
40
26

1.10 (0.87 to 1.40)
1 (reference)
1.65 (1.18 to 2.30)
1 (reference)

7
65
7
26

1.41 (0.64 to 3.10)
1 (reference)
4.17 (1.78 to 9.75)
1 (reference)

19
382
21
254

1.08 (0.68 to 1.72)
1 (reference)
1.85 (1.18 to 2.90)
1 (reference)

47
705
12
183

1.13 (0.84 to 1.52)
1 (reference)
1.08 (0.60 to 1.95)
1 (reference)

HR=hazard ratio.
*Hazard ratios adjusted for maternal birth year (5 year intervals), parity (1, 2, ≥3 live births and/or stillbirths), and region of most recent delivery; age was underlying time scale in Cox model.
†Test of difference between age <65 years and ≥65 years: vascular dementia, P=0.08; Alzheimer’s disease, P=0.08; unspecified dementia, P=0.78.
‡Hazard ratios adjusted for maternal birth year, parity, region of most recent delivery, cardiovascular disease, stroke, chronic kidney disease, hypertension, and diabetes; age was underlying time
scale in Cox model.
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characteristics of the study cohort at the start of followup. The cohort consisted predominantly of younger
women; 95.4% were under 45 years of age at the start
of follow-up. Consequently, the median age at the end
of follow-up was 49 years; only 10% of women were
over 64 years of age at the end of follow-up. During the
follow-up period, 1728 (0.1%) women had a diagnosis
of dementia registered (mean age at diagnosis 58.5
years); among these women, 105 (6.1%) had an initial
diagnosis of vascular dementia, 676 (39.1%) were
initially diagnosed as having Alzheimer’s disease,
and 947 (54.8%) had a diagnosis of other/unspecified
dementia.
Women with a history of pre-eclampsia had a 53%
increase in risk of dementia overall, compared with
women with no history of pre-eclampsia (incidence
rate for women with a history of pre-eclampsia: 11.6
per 100 000 person years; incidence rate for women
with no history of pre-eclampsia: 8.33 per 100 000
person years; hazard ratio 1.53, 95% confidence
interval 1.26 to 1.85). Adjustment for preterm delivery
or maternal age at first birth did not meaningfully
change the magnitude of the association (adjustment
for preterm delivery: hazard ratio 1.48, 1.22 to 1.79;
adjustment for maternal age: 1.54, 1.27 to 1.87). A
history of pre-eclampsia seemed to be more strongly
associated with late onset dementia (age ≥65 years)
than with early onset dementia (age <65 years) (P for
age interaction=0.05; table 2). A history of recurrent
pre-eclampsia was even more strongly associated
with dementia than was a history of pre-eclampsia in
a single pregnancy (pre-eclampsia in one pregnancy:
hazard ratio 1.44, 1.17 to 1.76; pre-eclampsia in two
or more pregnancies: 2.84, 1.67 to 4.81; P=0.02). The
amount of time elapsed since a woman’s most recent
delivery did not affect the strength of the association
(<20 years: hazard ratio 1.21, 0.81 to 1.81; ≥20 years:
1.66, 1.34 to 2.06; P=0.18). Magnitudes of association

16

Adjusted for Additionally adjusted
potential
for potential
confounders
mediators
Vascular dementia
Alzheimer's disease
Other/unspeciﬁed dementia

8
4
2
1
0.5
0.25

Overall

<65 years

≥65 years
Age in years

Fig 2 | Associations between history of pre-eclampsia
and dementia, overall, by dementia subtype, and by
attained age, in cohort of women with ≥1 live birth or
stillbirth in 1978-2015 in Denmark. Hazard ratios with
95% CIs compare risks of vascular dementia, Alzheimer’s
disease, and other/unspecified dementia in women with
history of pre-eclampsia and women with no history of
pre-eclampsia, overall and separately for women <65
and ≥65 years of age. All hazard ratios are adjusted for
birth year (5 year intervals), parity (1, 2, ≥3 live births
and/or stillbirths), and region of most recent delivery
(potential confounders); age was underlying time scale
in Cox model. Potential mediators additionally adjusted
for were cardiovascular disease, stroke, hypertension,
chronic kidney disease, and diabetes

drugs before the start of follow-up in 1995 did not differ
from the results obtained in the full cohort (footnote to
supplementary table A).
As dementia diagnoses are refined as the disease
progresses, we did supplemental analyses based on
the last dementia diagnosis a woman received during
the study period. Although magnitudes of estimates
for vascular dementia decreased somewhat, the strong
association between pre-eclampsia and vascular
dementia, particularly late onset vascular dementia,
persisted (supplementary table B). Hazard ratios for
Alzheimer’s disease increased somewhat, showing a
possible strong association between pre-eclampsia
and late onset Alzheimer’s disease, although the
magnitudes of estimates for early and late onset
Alzheimer’s disease were not statistically significantly
different (P=0.06; supplementary table B). Associations
for other/unspecified dementia remained unchanged.
Analyses stratified by small for gestational age birth
suggested that, compared with women with neither
pre-eclampsia nor small for gestational age births,
a history of pre-eclampsia with small for gestational
age birth was associated with seven times the risk of
vascular dementia (hazard ratio 7.33, 2.66 to 20.2),
whereas pre-eclampsia without small for gestational
age birth was associated with three times the risk
(3.51, 1.80 to 6.84). We did not see similar differences
for Alzheimer’s disease (pre-eclampsia with small for
gestational age birth: hazard ratio 0.86, 0.36 to 2.07;
the bmj | BMJ 2018;363:k4109 | doi: 10.1136/bmj.k4109

pre-eclampsia without small for gestational age birth:
1.59, 1.18 to 2.16) or other/unspecified dementia
(pre-eclampsia with small for gestational age birth:
1.06, 0.40 to 2.83; pre-eclampsia without small for
gestational age birth: 1.48, 1.03 to 2.13).
Sensitivity analyses suggested that body mass
index was unlikely to be a strong enough confounder
to explain the associations observed between preeclampsia and either dementia overall or vascular
dementia (supplementary table C). Even if 30% of
women with a history of pre-eclampsia had a body
mass index of 30.0 or higher and such a body mass
index was associated with twice the risk of dementia
observed in non-obese women (a stronger association
than reported in the literature), the observed hazard
ratio of 1.53 for overall dementia would have been
biased by only 17.5%, leading to an adjusted estimate
of 1.30, 1.07 to 1.57. Similarly, assuming a 30%
prevalence of obesity among women with a history of
pre-eclampsia and a relative risk of two or even three
for the association between obesity and vascular
dementia, the observed hazard ratio of 3.46 would
have been biased by 16% to 29%, leading to adjusted
estimates of 2.98, 1.70 to 16.1, and 2.68, 1.53 to 29.0,
respectively. In contrast, confounding by obesity might
conceivably account for some or most of the observed
association between pre-eclampsia and Alzheimer’s
disease (supplementary table C).

Discussion
In a cohort of more than a million women, a history
of pre-eclampsia was associated with a modest (53%)
increase in the overall risk of dementia. Subtype
specific associations were also modest for Alzheimer’s
disease and other/unspecified dementia but very
strong for vascular dementia (threefold increase in
risk) and late onset vascular dementia in particular
(sixfold increase in risk).
Strengths and limitations of study
Our long study period and large cohort provided for
long follow-up periods and allowed us to accrue a large
number of outcomes, resulting in statistical power
to examine the association between pre-eclampsia
and subtypes of dementia, which has not previously
been possible. Including all women in Denmark with
pregnancies during the study period also minimised
the possibility of selection bias. Moreover, use of
prospectively collected register data eliminated the
possibility of recall bias.
The study’s potential limitations hinge on the
validity and completeness of the register data on
which the results are based. Although registration
of pre-eclampsia diagnoses in the National Patient
Register is incomplete (sensitivity 69%), the validity
of registered diagnoses is excellent (specificity >99%);
the positive predictive value of a registered diagnosis is
74% overall and 100% for severe pre-eclampsia.22 The
impact of misclassification of pre-eclampsia diagnoses
on the observed associations is therefore likely to
be negligible. Not all dementia is diagnosed, and
5
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disease. Beyond these three variables of particular
interest, we also cannot rule out the possibility of
residual confounding by other unmeasured covariates.

Possible explanations for findings
Pregnancy is often characterised as a stress test with
implications for a woman’s future risk of cardiovascular
and microvascular disease. Pre-eclampsia (a
“failed” stress test) is associated with a range of later
vascular conditions,4-7 making links with dementia
plausible as well. Two previous epidemiological
studies found support for a link between preeclampsia and Alzheimer’s disease,14 27 and a third
suggested the possibility of an association with
vascular dementia.13 Other epidemiological studies
found little evidence of an association,12 possibly
owing to a lack of statistical power. However, a link
between pre-eclampsia and dementia is biologically
plausible. Vascular (endothelial) dysfunction and
heightened inflammatory responses are implicated in
the pathophysiology of pre-eclampsia,27 and they are
also thought to play a role in the pathophysiology of
dementia, particularly vascular dementia,28 with large
vessel atherosclerosis, small vessel arteriosclerosis,
and angiopathy eventually leading to ischaemic
lesions, cerebrovascular infarcts, and cognitive
decline. Neuroimaging studies have shown that
women with previous pre-eclampsia have more white
matter lesions than do women whose pregnancies
were normotensive10; white matter lesions have been
linked with cognitive decline and dementia.29 30
Furthermore, a history of pre-eclampsia has recently
been shown to be associated with an increased risk of
cognitive impairment, with previously pre-eclamptic
women showing cognitive changes typical of those
observed in vascular dementia.31 Genetic expression
studies have also led to speculation that the so-called
pre-eclampsia susceptibility gene STOX1, which is
expressed in both placenta and brain, might play a
role in Alzheimer’s disease. In particular, van Dijk
and colleagues showed that a specific STOX1 isoform
was overexpressed in late onset Alzheimer’s disease
and controlled a pathway involved in the processing
of amyloid-β protein precursor.11 Our finding that
pre-eclampsia was strongly associated with vascular
dementia adds convincing epidemiological evidence to
suggest that the two conditions may share underlying
mechanisms or susceptibility pathways. In contrast,
we found little evidence to support an association
between pre-eclampsia and Alzheimer’s disease,
particularly after accounting for the potential effect of
obesity.
Hypertension, cardiovascular disease, stroke, and
diabetes are shared risk factors for both pre-eclampsia
and dementia. Adjustment for these common risk
factors decreased the magnitude of the estimates
somewhat, indicating that some of the associations
between pre-eclampsia and dementia may be
mediated by vascular risk factors and comorbidities.
Nevertheless, meaningful—and strong, in the case
of vascular dementia—associations persisted after
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registration of diagnosed dementia is probably also
incomplete, as general practitioners, who often handle
milder cases of dementia, do not report to the National
Patient Register.23 However, a study of dementia
diagnoses registered in Danish hospital registers in
2003 found that 88% of people with a registered
diagnosis of dementia did in fact have dementia
according to their medical records.24 Registered
diagnoses of Alzheimer’s disease, vascular dementia,
and other/unspecified dementia agreed with the
diagnosis noted in the medical record for 97%, 96%,
and 81% of patients, respectively.24 Furthermore,
whether dementia in our study population was
diagnosed or registered would not have depended on
history of pre-eclampsia. Incomplete registration of
mild dementia might have affected the generalisability
of our results, but only if the association with preeclampsia differs by severity of dementia.
Almost 55% of the dementia in our cohort was
registered as other/unspecified dementia, reflecting
both the clinical challenges involved in diagnosing
and subtyping dementia and the fact that a substantial
proportion of patients have “mixed” forms of dementia,
making them difficult to classify.23 The observed hazard
ratios suggest that our other/unspecified dementia
group did not have a preponderance of characteristics
of vascular dementia, as effect magnitudes more
closely resembled those estimated for Alzheimer’s
disease than for vascular dementia.
As might be expected for a pregnancy cohort, but
unusually for a cohort being followed for dementia,
the women in our study were still relatively young
at the end of follow-up (90% were <65 years of age).
Consequently, only 0.1% of women were diagnosed
as having dementia during follow-up, and the rates
of dementia observed were much lower than one
would expect had the study included older women.25
However, the observed rates of dementia compare
favourably with incidences reported in studies of
early onset dementia (incidence among people
45-64 years of age, 2.4-11.9 per 100 00026). Our
cohort was also very ethnically homogeneous, being
comprised predominantly of women of Scandinavian
descent, which might limit its generalisability to other
populations.
We did not have complete information on smoking,
socioeconomic status, and body mass index, so we
could not directly evaluate their impact on our results.
However, as smoking is negatively associated with preeclampsia, confounding by smoking cannot explain
the observed associations between pre-eclampsia and
dementia. Moreover, although the association between
education and dementia is well known, confounding
by educational level and associated socioeconomic
status is most likely small given Denmark’s free,
universal healthcare and educational systems.
Sensitivity analyses suggested that confounding
by obesity was unlikely to explain the observed
associations for vascular dementia; in contrast, obesity
could conceivably explain a considerable part of the
association between pre-eclampsia and Alzheimer’s
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Conclusions and implications
As lifespans worldwide continue to increase, cases of
dementia are expected to triple by 2050,32 adding to
the burgeoning costs of caring for ageing populations.
Countering this development will require strategies for
early identification of people at risk of dementia and
interventions to delay or prevent the onset of disease.
Our findings suggest that asking about a history of preeclampsia could help physicians to identify a group
of women who might benefit from early attention to
modifiable vascular risk factors for dementia, such as
concerted efforts to reduce blood pressure and blood
cholesterol concentrations. Our findings also support a
common underlying mechanism for pre-eclampsia and
vascular dementia, suggesting an avenue for future
studies of candidate biological pathways and targets
for intervention.
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