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BACKGROUND: Adverse pregnancy outcomes (APO) contribute to higher risk of maternal cerebrovascular disease, but 
longitudinal data that include APO and stroke timing are lacking. We hypothesized that APO are associated with younger 
age at first stroke, with a stronger relationship in those with >1 pregnancy with APO.

METHODS: We analyzed longitudinal Finnish nationwide health registry data from the FinnGen Study. We included women who 
gave birth after 1969 when the hospital discharge registry was established. We defined APO as a pregnancy affected by 
gestational hypertension, preeclampsia, eclampsia, preterm birth, small for gestational age infant, or placental abruption. We 
defined stroke as first hospital admission for ischemic stroke or nontraumatic intracerebral or subarachnoid hemorrhage, 
excluding stroke during pregnancy or within 1 year postpartum. We used Kaplan-Meier survival curves and multivariable-
adjusted Cox and generalized linear models to assess the relationship between APO and future stroke.

RESULTS: We included 144 306 women with a total of 316 789 births in the analysis sample, of whom 17.9% had at least 1 
pregnancy with an APO and 2.9% experienced an APO in ≥2 pregnancies. Women with APO had more comorbidities including 
obesity, hypertension, heart disease, and migraine. Median age at first stroke was 58.3 years in those with no APO, 54.8 years 
in those with 1 APO, and 51.6 years in those with recurrent APO. In models adjusted for sociodemographic characteristics and 
stroke risk factors, risk of stroke was greater in women with 1 APO (adjusted hazard ratio, 1.3 [95% CI, 1.2–1.4]) and recurrent 
APO (adjusted hazard ratio, 1.4 [95% CI, 1.2–1.7]) compared with those with no APO. Women with recurrent APO had more 
than twice the stroke risk before age 45 (adjusted odds ratio, 2.1 [95% CI, 1.5–3.1]) compared with those without APO.

CONCLUSIONS: Women who experience APO have earlier onset of cerebrovascular disease, with the earliest onset in those 
with more than 1 affected pregnancy.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Stroke is a leading cause of death and disability in 
women.1 While the incidence of stroke in older age 
groups is decreasing, stroke in younger and middle-

aged adults, particularly women, have not demonstrated 
this improvement.2–6 Stroke in midlife can have devastat-
ing effects on a woman’s health and well-being. Midlife 
women are in their prime working years, often juggling 

multiple responsibilities including childcare and elder-
care. A disabling stroke in midlife may therefore have 
ripple effects extending to multiple generations, as well 
as substantial economic impact.

Sex-specific risk factors, including adverse pregnancy 
outcomes (APO) such as preterm birth and hypertensive 
disorders of pregnancy, may contribute to early onset of 
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cerebrovascular disease in women.7 In a nationally rep-
resentative US sample, self-reported history of any APO 
was associated with a 2.6-fold higher odds of stroke 
before age 60.8 However, estimates of the impact of 
APO on future maternal cerebrovascular disease have 
been limited by the lack of granular, validated, longitudi-
nal data regarding pregnancy history and future stroke 
risk. Furthermore, the impact of recurrent APO on future 
stroke risk has not been characterized.

We used national health registry data from Finland to 
investigate the relationship between APO and age at first 
stroke in parous women. We hypothesized that a history 
of APO is associated with younger age at first stroke 
and that the association between APO and earlier onset 
stroke is stronger in women with more than 1 pregnancy 
complicated by an APO.

METHODS
Data Availability and Transparency Statement
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. The 
complete prespecified analysis plan, ICD codes and specific 
registry sources, R code and results are publicly available in 
GitHub (https://github.com/akauko/stroke_preg).

Study Design and Sample Selection
FinnGen represents a public-private partnership that longitu-
dinally collects and manages anonymous nationwide health 
information from across Finland. Our study sample drew from 
FinnGen Data Freeze 10 (December 31, 2021), consisting of 
randomly selected participants from Finnish cohort studies and 
biobanks.9 We included all women who gave birth in Finland in 
1969 or later, with at least 1 birth documented in the Medical 
Birth Register.10 Out of a total of 430 885 FinnGen participants 
(both sexes), 184 012 women had data in the birth registry. We 
excluded individuals who gave birth before 1969 as hospital dis-
charge data starts from this year. We excluded women with no 
recorded births, women who had a stroke before their first birth, 
and women with a pregnancy-associated stroke (stroke during 
any pregnancy or within 1 year postpartum) as these strokes 
may have unique pathophysiology.11,12 We excluded women with 
missing data other than educational status, which was imputed. 
In total, 39 706 women were excluded, resulting in a final analysis 
sample of 144 306 women with total 316 789 births (Figure 1).

Standard Protocol Approvals and Informed 
Consent
All participants provided written informed consent. This study 
protocol was approved by The Coordinating Ethical Committee 

of the Hospital District of Helsinki and Uusimaa, as described 
in the Supplemental Methods.

Primary Exposures of Interest
The primary exposure of interest was any pregnancy affected 
by an APO, defined as one or more of the following: gesta-
tional hypertension, preeclampsia/eclampsia, preterm birth 
(medically indicated or spontaneous birth before 37 weeks 
gestation), small for gestational age infant (birthweight more 
than 2 SDs below the sex- and gestational age-specific refer-
ence mean); or placental abruption. Due to incomplete data, 
stillbirth was not included. We categorized participants as hav-
ing no APO, 1 pregnancy with APO, or 2 or more pregnancies 
with APO (recurrent APO). To ascertain exposures of interest 
we combined diagnoses from Hospital Discharge and Birth 
registers. Clinical diagnoses were identified from International 
Classification of Diseases (ICD) codes at the nationwide 
Hospital Discharge, Causes-of-Death and Birth registers and 
linked by personal nationwide identification codes. These ICD-
code based diagnoses are made by the attending physician at 
the time of hospital discharge and are listed in Table S1. The 
accuracy of these codes is robust and has been described pre-
viously.13 Diagnoses from the Hospital Discharge Register were 
linked to a given pregnancy if the event day was ±9 months 
from birth.

Primary and Secondary Outcomes
The primary end point was first hospital admission for any 
stroke after the first documented birth (excluding strokes 
occurring during pregnancy or within 1 year postpartum). These 
end points have been previously validated in this cohort.14 We 
defined stroke as ischemic stroke, nontraumatic intracerebral 
hemorrhage, or nontraumatic subarachnoid hemorrhage. We 
excluded TIA from the outcome, as the definition of TIA has 
changed during the study period and was not validated in the 
cohort. Secondary outcomes included stroke subtypes (hem-
orrhagic or ischemic), and any stroke before predefined age 
cutoffs (≤45 years, ≤55 years, or ≤65 years).

Covariates of Interest
Covariates of interest included maternal age at first birth, year 
of first birth, total number of births, educational level, and stroke 
risk factors diagnosed before stroke, including hypertension, 
obesity, diabetes (including gestational diabetes), hyperlip-
idemia, ischemic heart disease, atrial fibrillation, heart failure, 
chronic kidney disease, lupus, and migraine. Hypertension was 
handled as a time-varying covariate. Due to incomplete data, 
smoking was included as an exposure only in sensitivity analy-
sis. Year of the first birth, maternal age at first birth, and total 
number of births were obtained from the Birth Register and 
the Population Register Center. Educational and employment 
status were obtained from Statistics Finland. Educational data 
were imputed for 15 774 women, by using the most frequent 
educational category in each combination of birth decade and 
employment status (Table S2).

Statistical Analyses
We compared baseline characteristics between exposure 
groups using ANOVA or χ2 as appropriate. We generated 

Nonstandard Abbreviations and Acronyms

APO adverse pregnancy outcome
ICH intracerebral hemorrhage

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 9, 2023

https://github.com/akauko/stroke_preg
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.043052
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.043052
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.043052


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Miller et al Midlife Stroke After APO

1800  July 2023 Stroke. 2023;54:1798–1805. DOI: 10.1161/STROKEAHA.123.043052

Kaplan-Meier curves with age as the time axis, and created 
Cox proportional hazards models to assess the association 
between APO and stroke. Survival model follow-up spanned 
from first birth to December 31, 2021, with participants cen-
sored at end of follow-up, death, or time of the outcome event. 
The proportional hazards assumption was validated by visual 
inspection of log-minus-log plots due to the large sample size. 
We also studied associations between APO and stroke risk 
before defined age cutoffs (≤45, ≤55, ≤65 years) using gen-
eralized linear models, using the same covariates. Covariates 
were chosen a priori, using nested models as follows: Model 1 
adjusted for age implicitly due to use of age as the time axis; 
Model 2 added education, number of births, age at first birth, 
year of first birth; Model 3a adjusted for model 2+hyperten-
sion as time-varying covariate; Model 3b: adjusted for model 
2+stroke risk factors (covariates) but not hypertension; Model 
4 adjusted for all of the above. We used R v.4.1.2 for all analy-
ses. A 2-sided P value <0.05 was considered the threshold 
for statistical significance.

Secondary and Sensitivity Analyses
In secondary analyses, we created Cox models for subtypes of 
pregnancy complications, including any hypertensive disorder of 
pregnancy, gestational hypertension, preeclampsia/eclampsia, 
preterm birth and fetal growth restriction. We performed sen-
sitivity analyses as follows: (1) excluding participants with mul-
tifetal gestations; (2) including Fine and Gray sub-distribution 

models to account for death and cardiovascular death as com-
peting risks; (3) adjusting for baseline body mass index instead 
of obesity; (4) including smoking as a covariate in those with 
available data; and (5) excluding subarachnoid hemorrhage as 
an outcome, since subarachnoid hemorrhage pathophysiology 
differs substantially from that of ischemic stroke and intracere-
bral hemorrhage.

Results are reported in adherence to the STROBE guide-
lines (Supplemental Material).

RESULTS
Of 144 306 parous women included in the analysis 
with a total of 4 241 243 person-years of follow-up and 
median follow-up time of 30.7 years, 25,793 (17.9%) had 
at least 1 pregnancy with APO, and 4119 (2.9%) had 
more than 1 pregnancy with APO (recurrent APO). Par-
ticipant characteristics are shown in Table 1. Compared 
with those who had zero or 1 APO, those with recurrent 
APO were younger at the time of their first birth, had 
higher parity, and lower educational status. Participants 
with any APO had higher proportion of stroke risk factors 
including obesity, hypertension, diabetes, smoking, heart 
disease, and migraine, with the highest proportions seen 
in those who had recurrent APO.

Figure 1. Flow diagram of analysis sample selection.
FinnGen Data Freeze 10 consists of participants from Finnish cohort studies and patients from Finland’s national hospital biobanks. We included 
all people who gave birth in Finland in 1969 or later, with at least 1 birth documented in the Medical Birth Register. Out of a total of 430 885 
FinnGen participants (male and female), 184 012 women had data as mothers in the birth registries. We excluded those who first gave birth 
before 1969; those with no recorded births; those who had a stroke before their first birth; those with pregnancy-associated stroke; and those 
with missing data other than educational status, which was imputed. APO indicates adverse pregnancy outcome.
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A total of 4478 (3.1%) of study participants met the 
primary end point of any stroke during the follow-up 
period. The cumulative incidence of stroke over the life 
course did not differ between exposure groups (Table 
S3). However, median age at first stroke was 58.3 years 
in those with no APO; 54.8 years in those with 1 preg-
nancy with APO; and 51.6 years in those with recur-
rent APO (P<0.001; Figure 2). Kaplan-Meier curves for 
age at first stroke in each exposure group are shown 
in Figure 3, together with hazard ratios. In Cox survival 
models, after adjusting for demographic factors and 
comorbid conditions, those with recurrent APO had the 
highest stroke risk (adjusted hazard ratio, 1.4 [95% 
CI, 1.2–1.7]) compared with those with no APO. Haz-
ard ratios for specific subtypes of APO are shown in 
Table 2; the effect sizes were largest for recurrent pre-
term birth, which was statistically significant (adjusted 
hazard ratio, 1.5 [95% CI, 1.03–2.1]) and small for ges-
tational age infant, which was not statistically significant 
(adjusted hazard ratio, 1.7 [95% CI, 0.7–4.2]). In gen-
eralized linear models, those with recurrent APO had 
more than double the odds of stroke before the age of 
45 (adjusted odds ratio, 2.1 [95% CI, 1.5–3.1]), com-
pared with those with no APO (Table 3).

Sensitivity Analyses
In sensitivity analyses (1) excluding those with multiple 
gestation, (2) including only participants with baseline 
body mass index data, and (3) including only participants 
with smoking data, results were similar. When all-cause 
mortality and cardiovascular death were considered as 
competing risks, the results did not change. Excluding 
subarachnoid hemorrhage as an outcome also did not 
change the direction of the effect. Results of all sensitiv-
ity analyses are included in the Supplemental Material 
(Tables S4 through S9).

DISCUSSION
In our analysis of comprehensive longitudinal health reg-
istry data from Finland, we found that having at least 1 
pregnancy with an APO was associated with younger 
age at first stroke. Those who experienced recurrent 
APO were the youngest at the time of their first stroke. 
This association remained significant after adjusting 
for demographics and known stroke risk factors. While 
the overall incidence of stroke at any age did not dif-
fer between exposure groups, stroke occurred earlier in 

Table 1. Characteristics of Women in the FinnGen Study Who Gave Birth at Least Once

Characteristic* 

Overall No APO 1 APO Recurrent APO 

P value % missing data N=144 306 N=118 513 N=21 674 N=4119

Age, y at first birth (mean, SD) 26.8 (5.1) 26.8 (5.0) 27.0 (5.3) 25.8 (4.9) <0.001 0

Median follow-up time, y 30.7 31.5 27.5 25.0   

Education level† (n, %)     <0.001 0

  High school or less 68 688 (47.6) 56 260 (47.5) 10 351 (47.8) 2077 (50.4)   

  Post-secondary 27 400 (19.0) 22 802 (19.2) 3934 (18.2) 664 (16.1)   

  Bachelor’s or higher 48 218 (33.4) 39 541 (33.3) 7389 (34.1) 1378 (33.5)   

No. births recorded in MBR (mean, SD) 2.2 (1.1) 2.1 (1.0) 2.3 (1.3) 3.1 (1.7) <0.001 0

Smoking during first pregnancy 17 845 (17.9) 13 723 (17.4) 3359 (19.5) 763 (21.1) <0.001 31.0%

Smoking, ever 41 086 (48.5) 33 491 (48.1) 6337 (50.0) 1258 (51.0) <0.001 41.3%

BMI, kg/m2 at time of first birth (mean, SD) 26.6 (5.6) 26.4 (5.5) 27.1 (6.0) 27.4 (6.4) <0.001 21.9%

Obesity (n, %) 10 462 (7.2) 7534 (6.4) 2313 (10.7) 615 (14.9) <0.001 0

Hypertension at time of first birth (n, %) 867 (0.6) 474 (0.4) 292 (1.3) 101 (2.5) <0.001 0

Hypertension, any time before stroke (n, %) 28 127 (19.5) 21 620 (18.2) 5222 (24.1) 1285 (31.2) <0.001 0

Diabetes, including gestational (n, %) 18 375 (12.7) 13 963 (11.8) 3543 (16.3) 869 (21.1) <0.001 0

Hyperlipidemia (n, %) 35 386 (24.5) 29 039 (24.5) 5340 (24.6) 1007 (24.4) 0.91 0

Ischemic heart disease (n, %) 4451 (3.1) 3537 (3.0) 763 (3.5) 151 (3.7) <0.001 0

Atrial fibrillation (n, %) 6168 (4.3) 5091 (4.3) 895 (4.1) 182 (4.4) 0.48 0

Heart failure (n, %) 2521 (1.7) 2020 (1.7) 415 (1.9) 86 (2.1) 0.02 0

CKD (n, %) 1133 (0.8) 834 (0.7) 243 (1.1) 56 (1.4) <0.001 0

SLE 559 (0.4) 434 (0.4) 100 (0.5) 25 (0.6) 0.008 0

Migraine 11 658 (8.1) 9081 (7.7) 2081 (9.6) 496 (12.0) <0.001 0

APO indicates adverse pregnancy outcome; BMI, body mass index; CKD, chronic kidney disease; MBR, Medical Birth Registry; and SLE, systemic 
lupus erythematosus.

*Comorbid conditions are diagnosed any time up to time of stroke, unless otherwise specified.
†Highest-attained education level was used (even if attained after first birth)
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those with more pregnancies with an APO. In fact, nearly 
75% of first strokes in women with recurrent APO in our 
cohort occurred before the age of 60.

There is currently no established cut-point for early 
onset with regards to stroke diagnosis. Studies of stroke 
in the young have variously defined young as anywhere 
from under 40 to under 70 years of age.1,15–17 Regard-
less of arbitrary age cutoffs, the occurrence of stroke 
during midlife has profound implications on the indi-
vidual, family, and societal level. Most strokes result in 
disability rather than death; thus, the economic costs of 
stroke at earlier ages can mount rapidly as stroke sur-
vivors may be unable to work and require full-time care 
for many years.18–20 In addition, as many women during 

midlife care for children and older adults,21,22 a disabling 
stroke at that time in the lifecourse may have disastrous 
consequences for family members of the stroke survi-
vor, who previously depended on this care. Furthermore, 
even nondisabling strokes are associated with signifi-
cantly higher risk for cognitive decline and dementia.23–25

Figure 3. Age at first stroke in women with 0, 1, or ≥2 
pregnancies complicated by adverse pregnancy outcome (APO).
Kaplan-Meier survival curves show age at time of first hospital admission 
for stroke, among women with 0 (blue), 1 (green), or 2 or more (red) 
pregnancies affected by an adverse pregnancy outcome. Follow-up time 
spanned from first birth until December 31, 2021. Unadjusted model 
is adjusted for baseline age implicitly, since age is the time axis. Fully 
adjusted model included education, number of births, age at first birth, 
year of first birth (cohort effects), hypertension as time-varying covariate, 
and additional stroke risk factors (obesity, diabetes, hyperlipidemia, 
ischemic heart disease, atrial fibrillation, heart failure, chronic kidney 
disease, lupus, and migraine). Numbers in parentheses indicate 95% CIs. 
APO defined as any pregnancy complicated by gestational hypertension, 
preeclampsia/eclampsia, preterm birth, small for gestational age infant, 
or placental abruption. HR indicates hazard ratio.

Figure 2. Median age at first stroke in parous women in the 
FinnGen study.
Stacked histogram plot shows age at the first incident stroke, among 
people with zero (blue), 1 (green) or 2 or more (red) pregnancies 
affected by adverse pregnancy outcome (APO). Overall, median 
age at first stroke was 57.5 y (dashed line). Median age was 58.3 y 
(interquartile range [IQR], 46.6–67.6) in those with no APO; 54.8 y 
(IQR, 43.3–64.2) in those with 1 pregnancy with APO; and 51.6 (IQR, 
41.6–60.9) years in those with recurrent APO (P<0.001).

Table 2. HRs for Stroke Risk After Specific Adverse Pregnancy Outcomes

Condition* 

1 pregnancy complicated by 
condition

≥2 pregnancies complicated by 
condition

Unadjusted 
HR (95% CI) 

Adjusted HR 
(95% CI) 

Unadjusted 
HR (95% CI) 

Adjusted HR 
(95% CI) 

Any APO 1.3 (1.2–1.5) 1.3 (1.2–1.4) 1.6 (1.3–1.9) 1.4 (1.2–1.7)

Hypertensive disorder of pregnancy (any) 1.4 (1.3–1.5) 1.3 (1.2–1.4) 1.6 (1.3–2.0) 1.4 (1.1–1.7)

  Gestational HTN 1.4 (1.3–1.6) 1.3 (1.1–1.5) 1.6 (1.1–2.2) 1.3 (0.9–1.9)

  Preeclampsia-eclampsia 1.4 (1.2–1.6) 1.3 (1.2–1.5) 1.5 (1.1–2.3) 1.4 (0.95–2.1)

Preterm birth (medically indicated or spontaneous) 1.2 (1.1–1.4) 1.2 (1.1–1.4) 1.5 (1.03–2.1) 1.5 (1.03–2.1)

Small for gestational age 1.5 (1.2–2.0) 1.3 (1.0–1.7) 2.1 (0.9–5.1) 1.7 (0.6–4.2)

Unadjusted model: adjusted for baseline age implicitly, since age is the time axis. Adjusted model: adjusted for age, education, 
number of births, age at first birth, year of first birth, hypertension as time-varying covariate, obesity, diabetes, hyperlipidemia, isch-
emic heart disease, atrial fibrillation, heart failure, chronic kidney disease, lupus, and migraine. Smoking status was excluded due 
to missing data; a sensitivity analysis including only those participants with smoking data is included in the Supplemental Material. 
APO indicates adverse pregnancy outcome; and HR, hazard ratio.

*Placental abruption was not included in this table due to small numbers.
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There is a strong relationship between stroke and 
aging.26 Stroke represents an end-stage cardiovascular 
disease, with age being the single most important pre-
dictor of stroke risk.18 Stroke affects more women than 
men, a fact that has often been attributed to women’s 
longer lifespans.27–29 However, recent studies demon-
strate a higher incidence of stroke in young women, 
compared with young men.6,30 In addition, stroke is more 
often the first acute presentation of cardiovascular dis-
ease in women, compared to men.31 Our data suggest 
that sex-specific risk factors such as APO may lead to 
an accelerated onset of cerebrovascular disease in those 
who have given birth, similar to prior data demonstrating 
early onset of cardiovascular disease after APO.32

The pathophysiological basis for the connection 
between APO and early onset stroke is unknown. APO 
have robust associations with age-related cardiovascular 
diseases but also share many common risk factors.7,33,34 
It is possible that APO result from an underlying ath-
erogenic profile present before pregnancy, which also 
predisposes to accelerated development of cardiovas-
cular disease.35 However, our models demonstrate APO 
is an independent risk factor for early stroke even after 
adjustment for comorbidities. Moreover, we observed a 
dose-response relationship: those with recurrent APO 
had earliest onset of stroke. APO such as hypertensive 
disorders of pregnancy and other placental disorders 
are associated with systemic inflammation, endothelial 
dysfunction, oxidative stress, rapid placental aging, and 
vascular damage.36–39 Emerging evidence demonstrates 
that these disorders may cause lasting endothelial and 
cardiac dysfunction, which may contribute to vascular 
aging and premature development of overt cerebrovas-
cular disease.40–42 Our data suggest that these effects 
may be cumulative in those with recurrent APO.

Clinical Implications
The average age at first birth in our cohort was 27 years. 
Among those who went on to have a stroke, 1 in 4 of those 
with recurrent APO history had their stroke by the age of 42. 
This suggests an immediate need for aggressive primary 
stroke prevention after any APO, particularly for those with 
recurrent APO. In addition, it is plausible that prevention of 
recurrent APO could reduce stroke risk in those who have 
experienced 1 pregnancy with an adverse outcome. Thus, 

evidence-based interventions for prevention of recurrent 
APO, such as low-dose aspirin43 and close blood pressure 
monitoring,44 have potential downstream benefits for long-
term cerebrovascular health. All clinicians who care for 
individuals who have been pregnancy capable, regardless 
of specialty, should screen for history of APO and consider 
these episodes as red flags for early onset cerebrovascular 
disease. In addition, younger women with acute neurologi-
cal symptoms are at higher risk of having their symptoms 
misdiagnosed as migraine or functional neurological disor-
der, compared with men.45,46 Clinicians evaluating patients 
in the emergency setting should be aware of sex-specific 
stroke risk factors such as recurrent APO, and take these 
into account when making treatment decisions.

Strengths and Limitations
Strengths of our study include its large sample size, as 
well as the granularity of longitudinal data available from 
the FinnGen study, which included validated pregnancy 
data and stroke outcomes. This allowed us to characterize 
the timing of exposures in relation to stroke. The 52-year 
length of follow-up is also an important strength, allowing 
us to investigate the effects of recurrent exposure to APO 
on stroke, a disease that typically manifests later in life.

Our study has limitations. We excluded pregnancy-
associated stroke because it is well-established that 
pregnancy transiently increases stroke risk; by exclud-
ing these, we sought to isolate the long term rather than 
short-term effects of APO on stroke risk. However, this 
may have resulted in underestimating the impact of APO 
on maternal stroke risk. Incomplete capture of stroke or 
APO diagnoses from the Hospital Discharge, Causes-of-
Death, and Birth registers may have affected our results, 
although validation studies in these registers have shown 
high agreement of register diagnoses with medical record 
review.13,14,47,48 Due to our study’s setting in a comprehen-
sive lifelong health care system, our results may not be 
generalizable to contexts with more racial and ethnic diver-
sity and differential access to health care. However, these 
study characteristics may also have reduced the con-
founding effects of structural racism and systemic inequi-
ties that have resulted in major disparities in both APO and 
stroke risk, for example in the United States. In addition, 
we lacked data regarding gender identity of study partici-
pants, precluding investigation of the relationship between 

Table 3. Odds of Stroke in Midlife in Women With APO

 

1 pregnancy with APO ≥2 pregnancies with APO

Unadjusted OR (95% CI) Adjusted OR (95% CI) Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Any stroke by age 45 1.7 (1.5–2.1) 2.0 (1.6–2.3) 1.7 (1.2–2.5) 2.1 (1.5–3.1)

Any stroke by age 55 1.4 (1.3–1.6) 1.7 (1.5–1.9) 1.5 (1.2–1.9) 2.0 (1.6–2.5)

Any stroke by age 65 1.2 (1.1–1.3) 1.5 (1.4–1.7) 1.2 (1.02–1.5) 1.8 (1.5–2.2)

Adjusted generalized linear model includes age, education, number of births, age at first birth, year of first birth, hypertension, obesity, diabetes, 
hyperlipidemia, ischemic heart disease, atrial fibrillation, heart failure, chronic kidney disease, lupus, and migraine. APO indicates adverse pregnancy 
outcome; and OR, odds ratio.
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APO and stroke in gender-diverse birthing individuals. 
Although we adjusted for several potential confounding 
factors, such as age, educational level, and known stroke 
risk factors, there may still be unmeasured confounders 
that were not accounted for in the analysis. For example, 
lack of information on the severity of APO (eg, early versus 
late-onset preeclampsia) may have affected the strength 
of the association with stroke. Finally, our analysis did not 
assess other long-term effects of APO on cerebrovascu-
lar health beyond the first stroke, such as leukoaraiosis 
burden, asymptomatic carotid disease, evidence of sub-
clinical small vessel disease or covert brain infarction, and 
vascular cognitive impairment. Future prospective studies 
should include neuroimaging and neurocognitive assess-
ments, to better understand the full scope of the implica-
tions of APO on cerebrovascular health.

Conclusions and Future Directions
People who experience APO develop cerebrovascular 
disease at younger ages, with the earliest onset and the 
greatest risk in those with multiple pregnancies affected 
by APO. Mechanistic studies are needed to better under-
stand the pathways by which APO may contribute to 
early onset cerebrovascular disease, for example, through 
endothelial dysfunction, inflammation, or microvascular 
damage. A meta-analysis of randomized trials of aspirin 
for primary prevention of stroke showed a 17% reduc-
tion in stroke risk in women, but not men.49 Observational 
data suggested a possible role for aspirin in stroke risk 
reduction in those with a history of hypertensive disorders 
of pregnancy.50 Our data suggest that those who experi-
ence 1 or more APO are at high risk for early onset of 
symptomatic cerebrovascular disease; thus, randomized 
clinical trials for primary stroke prevention in this high-risk 
population may be feasible and should be considered.

ARTICLE INFORMATION
Received February 24, 2023; final revision received April 18, 2023; accepted 
April 25, 2023.

Presented in part at the International Stroke Conference, Dallas, TX, February 
8-10, 2023.

Affiliations
Department of Neurology, Columbia University, New York (E.C.M., S.E.T.). Depart-
ment of Internal Medicine, University of Turku, Finland (A.K., T.N.). Department of 
Epidemiology, Columbia University, New York (S.E.T.). Department of Obstetrics 
and Gynecology, Tampere University Hospital, Finland (H.L.). Center for Child, Ado-
lescent, and Maternal Health Research, Tampere University, Finland (H.L.). Institute 
for Molecular Medicine Finland, University of Helsinki, Helsinki, Tampere University 
(H.L.). Department of Health, Finnish Institute for Health and Welfare (T.N.). De-
partment of Cardiology, Cedars-Sinai Medical Center, Los Angeles, CA (N.A.B.). 

Acknowledgments
We want to acknowledge the participants and investigators of FinnGen. The fol-
lowing biobanks are acknowledged for delivering biobank samples to FinnGen: 
Auria Biobank (www.auria.fi/biopankki), THL Biobank (www.thl.fi/biobank), Helsinki 
Biobank (www.helsinginbiopankki.fi), Biobank Borealis of Northern Finland (https://
www.ppshp.fi/Tutkimus-ja-opetus/Biopankki/Pages/Biobank-Borealis-briefly-in-
English.aspx), Finnish Clinical Biobank Tampere (www.tays.fi/en-US/Research_
and_development/Finnish_Clinical_Biobank_Tampere), Biobank of Eastern Finland 

(www.ita-suomenbiopankki.fi/en), Central Finland Biobank (www.ksshp.fi/fi-FI/
Potilaalle/Biopankki), Finnish Red Cross Blood Service Biobank (www.veripalvelu.
fi/verenluovutus/biopankkitoiminta), Terveystalo Biobank (www.terveystalo.com/fi/
Yritystietoa/Terveystalo-Biopankki/Biopankki/) and Arctic Biobank (https://www.
oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-
cohorts-and-arctic-biobank). All Finnish Biobanks are members of BBMRI.fi infra-
structure (www.bbmri.fi). Finnish Biobank Cooperative -FINBB (https://finbb.fi/) is 
the coordinator of BBMRI-ERIC operations in Finland. The Finnish biobank data 
can be accessed through the Fingenious® services (https://site.fingenious.fi/en/) 
managed by FINBB.

Sources of Funding
Dr Miller received funding from National Institutes of Health (NIH)/National In-
stitute of Neurological Disorders and Stroke (K23NS107645, R01NS122815), 
NIH/National Institute on Aging (R21AG069111), and NIH/Eunice Ken-
nedy Shriver National Institute of Child Health and Human Development 
(R21HD110992). Dr Niiranen received funding from the Academy of Finland 
(Grant No. 321351), the Finnish Foundation for Cardiovascular Research, Servier 
Aaires Medicales, and the Sigrid Juselius Foundation. Dr Bello received fund-
ing from the NIH/National Heart, Lung and Blood Institute R01HL153382, and 
K23HL136853. The FinnGen project is funded by 2 grants from Business Fin-
land (HUS 4685/31/2016 and UH 4386/31/2016) and the following industry 
partners: AbbVie, Inc, AstraZeneca UK Ltd, Biogen MA Inc, Bristol Myers Squibb 
(and Celgene Corporation & Celgene International II Sàrl), Genentech, Inc, Merck 
Sharp & Dohme LCC, Pfizer, Inc, GlaxoSmithKline Intellectual Property Develop-
ment Ltd, Sanofi US Services, Inc, Maze Therapeutics, Inc, Janssen Biotech, Inc, 
Novartis AG, and Boehringer Ingelheim International GmbH.

Disclosures
Dr Niiranen worked at AstraZeneca. Dr Bello provided end point adjudication for 
GSK (unrelated to the content of this work).

Supplemental Material
Supplemental Methods
Tables S1–S9
FinnGen Investigator Listing

REFERENCES
 1. Global Burden of Disease Collaborators. Global, regional, and national bur-

den of stroke and its risk factors, 1990-2019: a systematic analysis for the 
Global Burden of Disease study 2019. Lancet Neurol. 2021;20:795–820. 
doi: 10.1016/S1474-4422(21)00252-0

 2. Andersson C, Vasan RS. Epidemiology of cardiovascular disease in young indi-
viduals. Nat Rev Cardiol. 2018;15:230–240. doi: 10.1038/nrcardio.2017.154

 3. Madsen TE, Khoury J, Alwell K, Moomaw CJ, Rademacher E, Flaherty ML, 
Woo D, Mackey J, De Los Rios La Rosa F, Martini S, et al. Sex-specific stroke 
incidence over time in the Greater Cincinnati/Northern Kentucky Stroke Study. 
Neurology. 2017;89:990–996. doi: 10.1212/WNL.0000000000004325

 4. van Alebeek ME, Arntz RM, Ekker MS, Synhaeve NE, Maaijwee NA, 
Schoonderwaldt H, van der Vlugt MJ, van Dijk EJ, Rutten-Jacobs LC, 
de Leeuw FE. Risk factors and mechanisms of stroke in young adults: 
the FUTURE study. J Cereb Blood Flow Metab. 2018;38:1631–1641. doi: 
10.1177/0271678X17707138

 5. Arora S, Stouffer GA, Kucharska-Newton AM, Qamar A, 
Vaduganathan M, Pandey A, Porterfield D, Blankstein R, Rosamond WD, 
Bhatt DL, et al. Twenty year trends and sex differences in young adults 
hospitalized with acute myocardial infarction. Circulation. 2019;139:1047–
1056. doi: 10.1161/CIRCULATIONAHA.118.037137

 6. Vyas MV, Silver FL, Austin PC, Yu AYX, Pequeno P, Fang J, 
Laupacis A, Kapral MK. Stroke incidence by sex across the lifespan. Stroke. 
2021;52:447–451. doi: 10.1161/STROKEAHA.120.032898

 7. Parikh NI, Gonzalez JM, Anderson CAM, Judd SE, Rexrode KM, Hlatky MA, 
Gunderson EP, Stuart JJ, Vaidya D; American Heart Association Council on 
Epidemiology and Prevention; Council on Arteriosclerosis, Thrombosis and 
Vascular Biology; Council on Cardiovascular and Stroke Nursing; and the 
Stroke Council. Adverse pregnancy outcomes and cardiovascular disease 
risk: unique opportunities for cardiovascular disease prevention in women: 
a scientific statement from the american heart association. Circulation. 
2021;143:e902–e916. doi: 10.1161/CIR.0000000000000961

 8. Miller EC, Bello NA, Davis R, Friedman AM, Elkind MSV, Wapner R, Tom SE. 
Women with adverse pregnancy outcomes have higher odds of midlife 
stroke: the Population Assessment of Tobacco and Health study. J Womens 
Health (Larchmt). 2022;31:503–512. doi: 10.1089/jwh.2021.0184

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 9, 2023

www.auria.fi/biopankki
www.thl.fi/biobank
www.helsinginbiopankki.fi
https://www.ppshp.fi/Tutkimus-ja-opetus/Biopankki/Pages/Biobank-Borealis-briefly-in-English.aspx
https://www.ppshp.fi/Tutkimus-ja-opetus/Biopankki/Pages/Biobank-Borealis-briefly-in-English.aspx
https://www.ppshp.fi/Tutkimus-ja-opetus/Biopankki/Pages/Biobank-Borealis-briefly-in-English.aspx
www.tays.fi/en-US/Research_and_development/Finnish_Clinical_Biobank_Tampere
www.tays.fi/en-US/Research_and_development/Finnish_Clinical_Biobank_Tampere
www.ita-suomenbiopankki.fi/en
www.ksshp.fi/fi-FI/Potilaalle/Biopankki
www.ksshp.fi/fi-FI/Potilaalle/Biopankki
www.veripalvelu.fi/verenluovutus/biopankkitoiminta
www.veripalvelu.fi/verenluovutus/biopankkitoiminta
www.terveystalo.com/fi/Yritystietoa/Terveystalo-Biopankki/Biopankki/
www.terveystalo.com/fi/Yritystietoa/Terveystalo-Biopankki/Biopankki/
https://www.oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-cohorts-and-arctic-biobank
https://www.oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-cohorts-and-arctic-biobank
https://www.oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-cohorts-and-arctic-biobank
www.bbmri.fi
https://finbb.fi/
https://site.fingenious.fi/en/


CLINICAL AND POPULATION 
SCIENCES

Miller et al Midlife Stroke After APO

Stroke. 2023;54:1798–1805. DOI: 10.1161/STROKEAHA.123.043052 July 2023  1805

 9. SuomenBiopankit. FinnishBiobanks. 2015. https://www.biopankki.fi/en/
what-is-a-biobank/

 10. Gissler M, Louhiala P, Hemminki E. Nordic medical birth registers in 
epidemiological research. Eur J Epidemiol. 1997;13:169–175. doi: 
10.1023/a:1007379029182

 11. Miller EC, Sundheim KM, Willey JZ, Boehme AK, Agalliu D, Marshall RS. The 
impact of pregnancy on hemorrhagic stroke in young women. Cerebrovasc 
Dis. 2018;46:10–15. doi: 10.1159/000490803

 12. Miller EC, Yaghi S, Boehme AK, Willey JZ, Elkind MS, Marshall RS. 
Mechanisms and outcomes of stroke during pregnancy and the postpar-
tum period: a cross-sectional study. Neurol Clin Pract. 2016;6:29–39. doi: 
10.1212/CPJ.0000000000000214

 13. Sund R. Quality of the Finnish hospital discharge register: a sys-
tematic review. Scand J Public Health. 2012;40:505–515. doi: 
10.1177/1403494812456637

 14. Tolonen H, Salomaa V, Torppa J, Sivenius J, Immonen-Räihä P, Lehtonen A; FIN-
STROKE register. The validation of the Finnish Hospital Discharge Register 
and Causes of Death Register data on stroke diagnoses. Eur J Cardiovasc Prev 
Rehabil. 2007;14:380–385. doi: 10.1097/01.hjr.0000239466.26132.f2

 15. Takeshita S, Ogata T, Arima H, Tsuboi Y. Proposed definition for young-
onset ischemic stroke according to its cause. Clin Neurol Neurosurg. 
2021;204:106595. doi: 10.1016/j.clineuro.2021.106595

 16. Ferro JM, Massaro AR, Mas JL. Aetiological diagnosis of ischaemic 
stroke in young adults. Lancet Neurol. 2010;9:1085–1096. doi: 
10.1016/S1474-4422(10)70251-9

 17. Smajlovic D. Strokes in young adults: epidemiology and prevention. Vasc 
Health Risk Manag. 2015;11:157–164. doi: 10.2147/VHRM.S53203

 18. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, 
Boehme AK, Buxton AE, Carson AP, Commodore-Mensah Y, et al. Heart disease 
and stroke statistics-2022 update: a report from the American Heart Association. 
Circulation. 2022;145:e153–e639. doi: 10.1161/CIR.0000000000001052

 19. Khan SU, Khan MZ, Khan MU, Khan MS, Mamas MA, Rashid M, 
Blankstein R, Virani SS, Johansen MC, Shapiro MD, et al. Clinical and eco-
nomic burden of stroke among young, midlife, and older adults in the United 
States, 2002-2017. Mayo Clin Proc Innov Qual Outcomes. 2021;5:431–441. 
doi: 10.1016/j.mayocpiqo.2021.01.015

 20. Tan E, Gao L, Collier JM, Ellery F, Dewey HM, Bernhardt J, Moodie M; AVERT 
Trial Collaboration Group. The economic and health burden of stroke among 
younger adults in Australia from a societal perspective. BMC Public Health. 
2022;22:218. doi: 10.1186/s12889-021-12400-5

 21. Hämäläinen H, Tanskanen AO. “Sandwich generation”: generational trans-
fers towards adult children and elderly parents. J Fam Stud. 2021;27:336–
355. doi: 10.1080/13229400.2019.1586562

 22. Pierret CR. The “sandwich generation”: women caring for parents and chil-
dren. Mon Lab Rev. 2006;3–9.

 23. Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ, Breteler MM. 
Silent brain infarcts and the risk of dementia and cognitive decline. N Engl J 
Med. 2003;348:1215–1222. doi: 10.1056/NEJMoa022066

 24. Kalaria RN, Akinyemi R, Ihara M. Stroke injury, cognitive impairment and 
vascular dementia. Biochim Biophys Acta. 2016;1862:915–925. doi: 
10.1016/j.bbadis.2016.01.015

 25. Iadecola C, Duering M, Hachinski V, Joutel A, Pendlebury ST, 
Schneider JA, Dichgans M. Vascular cognitive impairment and dementia: 
JACC scientific expert panel. J Am Coll Cardiol. 2019;73:3326–3344. doi: 
10.1016/j.jacc.2019.04.034

 26. Wen SW, Wong CHY. Aging- and vascular-related pathologies. Microcircula-
tion. 2019;26:e12463. doi: 10.1111/micc.12463

 27. Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Au R, Kannel WB, Wolf PA. 
The lifetime risk of stroke: estimates from the Framingham Study. Stroke. 
2006;37:345–350. doi: 10.1161/01.STR.0000199613.38911.b2

 28. Feigin VL, Nguyen G, Cercy K, Johnson CO, Alam T, Parmar PG, 
Abajobir AA, Abate KH, Abd-Allah F, Abejie AN, et al; GBD 2016 Lifetime 
Risk of Stroke Collaborators. Global, regional, and country-specific lifetime 
risks of stroke, 1990 and 2016. N Engl J Med. 2018;379:2429–2437. doi: 
10.1056/NEJMoa1804492

 29. Rexrode KM, Madsen TE, Yu AYX, Carcel C, Lichtman JH, Miller EC. The 
impact of sex and gender on stroke. Circ Res. 2022;130:512–528. doi: 
10.1161/CIRCRESAHA.121.319915

 30. Leppert MH, Ho PM, Burke J, Madsen TE, Kleindorfer D, Sillau S, 
Daugherty S, Bradley CJ, Poisson SN. Young women had more strokes than 
young men in a large, United States claims sample. Stroke. 2020;51:3352–
3355. doi: 10.1161/STROKEAHA.120.030803

 31. Leening MJ, Ferket BS, Steyerberg EW, Kavousi M, Deckers JW, Nieboer D, 
Heeringa J, Portegies ML, Hofman A, Ikram MA, et al. Sex differences 

in lifetime risk and first manifestation of cardiovascular disease: pro-
spective population based cohort study. BMJ. 2014;349:g5992. doi: 
10.1136/bmj.g5992

 32. Leon LJ, McCarthy FP, Direk K, Gonzalez-Izquierdo A, Prieto-Merino D, Casas JP, 
Chappell L. Preeclampsia and cardiovascular disease in a large UK preg-
nancy cohort of linked electronic health records: a CALIBER study. Circulation. 
2019;140:1050–1060. doi: 10.1161/CIRCULATIONAHA.118.038080

 33. Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, Zaman A, 
Fryer AA, Kadam U, Chew-Graham CA, et al. Preeclampsia and future cardiovas-
cular health: a systematic review and meta-analysis. Circ Cardiovasc Qual Out-
comes. 2017;10:e003497. doi: 10.1161/CIRCOUTCOMES.116.003497

 34. Wu P, Gulati M, Kwok CS, Wong CW, Narain A, O’Brien S, Chew-Graham CA, 
Verma G, Kadam UT, Mamas MA. Preterm delivery and future risk of mater-
nal cardiovascular disease: a systematic review and meta-analysis. J Am 
Heart Assoc. 2018;7:e007809. doi: 10.1161/JAHA.117.007809

 35. Catov JM, McNeil RB, Marsh DJ, Mercer BM, Bairey Merz CN, Parker CB, 
Pemberton VL, Saade GR, Chen YI, Chung JH, et al; NHLBI nuMoM2b 
Heart Health Study. Early pregnancy atherogenic profile in a first preg-
nancy and hypertension risk 2 to 7 years after delivery. J Am Heart Assoc. 
2021;10:e017216. doi: 10.1161/JAHA.120.017216

 36. Aouache R, Biquard L, Vaiman D, Miralles F. Oxidative stress in pre-
eclampsia and placental diseases. Int J Mol Sci. 2018;19:1496. doi: 
10.3390/ijms19051496

 37. Burton GJ, Jauniaux E. Pathophysiology of placental-derived fetal 
growth restriction. Am J Obstet Gynecol. 2018;218:S745–S761. doi: 
10.1016/j.ajog.2017.11.577

 38. Stepan H, Hund M, Andraczek T. Combining biomarkers to pre-
dict pregnancy complications and redefine preeclampsia: the angio-
genic-placental syndrome. Hypertension. 2020;75:918–926. doi: 
10.1161/HYPERTENSIONAHA.119.13763

 39. Sultana Z, Maiti K, Aitken J, Morris J, Dedman L, Smith R. Oxidative stress, 
placental ageing-related pathologies and adverse pregnancy outcomes. Am 
J Reprod Immunol. 2017;77:e12653. doi: 10.1111/aji.12653

 40. Barr LC, Pudwell J, Smith GN. Postpartum microvascular functional altera-
tions following severe preeclampsia. Am J Physiol Heart Circ Physiol. 
2021;320:H1393–H1402. doi: 10.1152/ajpheart.00767.2020

 41. Kvehaugen AS, Dechend R, Ramstad HB, Troisi R, Fugelseth D, Staff AC. 
Endothelial function and circulating biomarkers are disturbed in women 
and children after preeclampsia. Hypertension. 2011;58:63–69. doi: 
10.1161/HYPERTENSIONAHA.111.172387

 42. Jia G, Aroor AR, Jia C, Sowers JR. Endothelial cell senescence in 
aging-related vascular dysfunction. Biochim Biophys Acta Mol Basis Dis. 
2019;1865:1802–1809. doi: 10.1016/j.bbadis.2018.08.008

 43. Henderson JT, Vesco KK, Senger CA, Thomas RG, Redmond N. Aspirin 
use to prevent preeclampsia and related morbidity and mortality: updated 
evidence report and systematic review for the US Preventive Services Task 
Force. JAMA. 2021;326:1192–1206. doi: 10.1001/jama.2021.8551

 44. Tita AT, Szychowski JM, Boggess K, Dugoff L, Sibai B, Lawrence K, 
Hughes BL, Bell J, Aagaard K, Edwards RK, et al; Chronic Hypertension 
and Pregnancy (CHAP) Trial Consortium. Treatment for mild chronic hyper-
tension during pregnancy. N Engl J Med. 2022;386:1781–1792. doi: 
10.1056/NEJMoa2201295

 45. Doelfel SR, Kalagara R, Han EJ, Chuck CC, Dandapani H, Stretz C, Mahta A, 
Wendell LC, Thompson BB, Yaghi S, et al. Gender disparities in stroke code 
activation in patients with intracerebral hemorrhage. J Stroke Cerebrovasc 
Dis. 2021;30:106119. doi: 10.1016/j.jstrokecerebrovasdis.2021.106119

 46. Bushnell C, Howard VJ, Lisabeth L, Caso V, Gall S, Kleindorfer D, Chaturvedi S, 
Madsen TE, Demel SL, Lee SJ, et al. Sex differences in the evaluation and 
treatment of acute ischaemic stroke. Lancet Neurol. 2018;17:641–650. doi: 
10.1016/S1474-4422(18)30201-1

 47. Teperi J. Multi method approach to the assessment of data quality in the 
Finnish medical birth registry. J Epidemiol Community Health. 1993;47:242–
247. doi: 10.1136/jech.47.3.242

 48. Gissler M, Shelley J. Quality of data on subsequent events in a routine 
medical birth register. Med Inform Internet Med. 2002;27:33–38. doi: 
10.1080/14639230110119234

 49. Berger JS, Roncaglioni MC, Avanzini F, Pangrazzi I, Tognoni G, Brown DL. 
Aspirin for the primary prevention of cardiovascular events in women and 
men: a sex-specific meta-analysis of randomized controlled trials. JAMA. 
2006;295:306–313. doi: 10.1001/jama.295.3.306

 50. Miller EC, Boehme AK, Chung NT, Wang SS, Lacey JV Jr, Lakshminarayan K, 
Zhong C, Woo D, Bello NA, Wapner R, et al. Aspirin reduces long-term 
stroke risk in women with prior hypertensive disorders of pregnancy. Neu-
rology. 2019;92:e305–e316. doi: 10.1212/WNL.0000000000006815

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 9, 2023

https://www.biopankki.fi/en/what-is-a-biobank/
https://www.biopankki.fi/en/what-is-a-biobank/

