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Adverse pregnancy outcomes and long term risk of ischemic 
heart disease in mothers: national cohort and co-sibling study
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AbstrAct
Objective
To examine the associations between five major 
adverse pregnancy outcomes and long term risks of 
ischemic heart disease in mothers.
Design
National cohort study.
setting
Sweden.
ParticiPants
All 2 195 266 women with a first singleton delivery in 
Sweden during 1973-2015.
Main OutcOMe Measures
The main outcome measure was incidence of ischemic 
heart disease from delivery to 2018, identified from 
nationwide inpatient and outpatient diagnoses. 
Cox regression was used to calculate hazard ratios 
for ischemic heart disease associated with preterm 
delivery, small for gestational age, pre-eclampsia, 
other hypertensive disorders of pregnancy, and 
gestational diabetes, adjusting for other adverse 
pregnancy outcomes and maternal factors. Co-sibling 
analyses assessed for confounding by shared familial 
(genetic and environmental) factors.
results
During 53.6 million person years of follow-up, 
ischemic heart disease was diagnosed in 83 881 
(3.8%) women. All five adverse pregnancy outcomes 
were independently associated with increased risk 
of ischemic heart disease. In the 10 years after 
delivery, adjusted hazard ratios for ischemic heart 
disease associated with specific adverse pregnancy 
outcomes were 2.09 (95% confidence interval 1.77 to 

2.46) for other hypertensive disorders of pregnancy, 
1.72 (1.55 to 1.90) for preterm delivery, 1.54 (1.37 
to 1.72) for pre-eclampsia, 1.30 (1.09 to 1.56) for 
gestational diabetes, and 1.10 (1.00 to 1.21) for 
small for gestational age. The hazard ratios remained 
significantly increased even 30-46 years after delivery: 
1.47 (1.30 to 1.66) for other hypertensive disorders 
of pregnancy, 1.40 (1.29 to 1.51) for gestational 
diabetes, 1.32 (1.28 to 1.36) for pre-eclampsia, 1.23 
(1.19 to 1.27) for preterm delivery, and 1.16 (1.13 
to 1.19) for small for gestational age. These findings 
were only partially (<45%) explained by shared familial 
(genetic or environmental) factors. Women who 
experienced multiple adverse pregnancy outcomes 
showed further increases in risk (eg, <10 years after 
delivery, adjusted hazard ratios associated with 1, 2, 
or ≥3 adverse pregnancy outcomes were 1.29 (1.19 
to 1.39), 1.80 (1.59 to 2.03), and 2.26 (1.89 to 2.70), 
respectively)).
cOnclusiOns
In this large national cohort, women who experienced 
any of five major adverse pregnancy outcomes showed 
an increased risk for ischemic heart disease up to 46 
years after delivery. Women with adverse pregnancy 
outcomes should be considered for early preventive 
evaluation and long term risk reduction to help 
prevent the development of ischemic heart disease.

Introduction
Cardiovascular disease is the leading cause of 
mortality among women in the United States and 
worldwide.1 2 Adverse pregnancy outcomes, including 
preterm delivery, small for gestational age infant, pre-
eclampsia, other hypertensive disorders of pregnancy, 
and gestational diabetes have been associated with 
higher future risks of cardiovascular disease or 
traditional cardiovascular risk factors.3-11 Adverse 
pregnancy outcomes share certain pathogenetic 
features, including abnormal placentation, 
inflammation, and vascular dysfunction, that may 
lead to subclinical cardiovascular disease that persists 
or progresses after delivery.12 Despite this evidence, 
however, adverse pregnancy outcomes remain under-
recognized as potential cardiovascular risk factors 
and are often overlooked when assessing risks in 
women.13 14 About 85% of women in high income 
countries deliver at least one child,15 16 and up to one 
third of pregnancies are affected by at least one adverse 
pregnancy outcome,4 17 thus nearly 30% of women 
experience an adverse pregnancy outcome during 
their reproductive years.4 17 A better understanding 
of the long term risks associated with specific adverse 
pregnancy outcomes is needed to improve risk 
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Adverse pregnancy outcomes, such as preterm delivery and pre-eclampsia, have 
been associated with higher future risks of cardiovascular disease
Few studies have examined multiple adverse pregnancy outcomes that were 
prospectively ascertained in the same cohort to determine their independent 
associations with long term risks
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pregnancy outcomes (preterm delivery, small for gestational age, pre-eclampsia, 
other hypertensive disorders of pregnancy, or gestational diabetes) showed 
increased risk for ischemic heart disease up to 46 years after delivery
Co-sibling analyses suggested that these findings were only partially explained 
by shared genetic and environmental factors within families
Women with adverse pregnancy outcomes should be considered for early 
preventive evaluation and long term risk reduction to help prevent the 
development of ischemic heart disease

mailto:casey.crump@mssm.edu
https://orcid.org/0000-0002-2990-1166
https://dx.doi.org/10.1136/bmj-2022-072112
https://dx.doi.org/10.1136/bmj-2022-072112
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj-2022-072112&domain=pdf&date_stamp=2023-01-10


RESEARCH

2 doi: 10.1136/bmj-2022-072112 | BMJ 2023;380:e072112 | the bmj

stratification and guide preventive strategies to reduce 
the burden of cardiovascular disease in women.

Most previous studies have examined a single adverse 
pregnancy outcome in relation to future cardiovascular 
risks. For example, preterm delivery has been 
associated with long term increased risks of ischemic 
heart disease,7 stroke,9 heart failure,10 hypertension,11 
and cardiovascular specific and all cause mortality18 
in women. Multiple adverse pregnancy outcomes, 
however, have rarely been assessed in the same 
cohort to evaluate their independent associations with 
cardiovascular disease. A US study of 48 113 women 
reported that hypertensive disorders of pregnancy 
and low birth weight, but not preterm delivery or 
gestational diabetes, were associated with 1.1-fold to 
1.3-fold higher risks of atherosclerotic cardiovascular 
disease (a composite of ischemic heart disease, stroke, 
or peripheral artery disease), after adjusting for other 
risk factors.3 These results, however, were based on 
retrospectively self-reported pregnancy outcomes 
in women who had survived to approximately ages 
70 to >95 years and thus were potentially affected 
by recall or survivorship biases. Few studies have 
examined multiple adverse pregnancy outcomes that 
were prospectively ascertained in the same cohort to 
understand the relative impacts on long term risks. 
Furthermore, a key unanswered question is whether 
previously reported associations are explained by 
adverse pregnancy outcomes unmasking pre-existent 
risk or eliciting new risk of cardiovascular disease. 
Family based designs that control for unmeasured 
shared familial (genetic and early life environmental) 
factors are needed to help further elucidate potential 
causality.

To address these gaps in knowledge, we conducted a 
national cohort study of more than two million women 
in Sweden. Our goals were to examine five major 
adverse pregnancy outcomes (preterm delivery, small 
for gestational age, pre-eclampsia, other hypertensive 
disorders of pregnancy, gestational diabetes) in relation 
to risk of ischemic heart disease using prospectively 
ascertained data in a large population based cohort; 
to assess changes in such risks across the life course, 
with up to 46 years of follow-up; and to assess for 
potential confounding by unmeasured shared genetic 
and environmental factors in families using co-
sibling analyses. We hypothesized that women who 
experienced any of these five major adverse pregnancy 
outcomes would have long term increased risks of 
ischemic heart disease, and that such risks would be 
only partially explained by shared familial factors.

Methods
study population
The Swedish Medical Birth Register contains prenatal 
and birth information for nearly all deliveries in 
Sweden since 1973.19 Using this registry, we identified 
2 201 352 women who had a first delivery during 
1973-2015. To improve internal comparability, only 
singleton deliveries were included in the analyses, given 
the higher prevalence of adverse pregnancy outcomes 

and different underlying causes in multiple gestation 
pregnancies. We excluded 401 (<0.1%) women with a 
previous diagnosis of ischemic heart disease and 5685 
(0.3%) women with missing information for pregnancy 
duration or infant birth weight, leaving 2 195 266 
women (99.7% of the original cohort) for inclusion 
in the study. Participant consent was not required 
because this study used only pseudonymized registry 
based secondary data.

adverse pregnancy outcome ascertainment
Five major adverse pregnancy outcomes were identified 
from prenatal and birth records in the Swedish Medical 
Birth Register. Preterm delivery (gestational age <37 
completed weeks) was based on maternal report of 
last menstrual period in the 1970s and ultrasound 
estimation starting in the 1980s and onward (>70% 
of the cohort). Small for gestational age was defined 
by infant birth weight <10th centile for gestational 
age. Pre-eclampsia, other hypertensive disorders of 
pregnancy, and gestational diabetes were identified 
from diagnostic codes in the Medical Birth Register 
(see supplemental table 1). In this register, information 
on gestational age and birth weight have been found to 
be highly reliable,20 21 but to our knowledge diagnoses 
have not been formally validated.

ascertainment of ischemic heart disease 
The study cohort was followed up for the earliest 
diagnosis of ischemic heart disease from first 
delivery to 31 December 2018 (maximum follow-
up time 46 (median 24.8) years). Ischemic heart 
disease was identified using ICD-8, ICD-9, and ICD-
10 (international classification of diseases, eighth, 
ninth, and 10th revisions, respectively) codes in the 
Swedish Hospital and Outpatient Registers and all 
deaths attributed to ischemic heart disease in the 
Swedish Death Register (see supplemental table 1). 
The Swedish Hospital Register contains all primary 
and secondary hospital discharge diagnoses from six 
populous counties in southern Sweden starting in 
1964 and with nationwide coverage starting in 1987; 
these diagnoses are currently >99% complete, and the 
positive predictive value for ischemic heart disease has 
been reported to be 98%.22 23 The Swedish Outpatient 
Register contains all diagnoses from specialty clinics 
nationwide starting in 2001. The Swedish Death 
Register includes all deaths and causes of death for 
all people registered in Sweden since 1960, with 
compulsory reporting nationwide.

covariates
We identified other maternal characteristics that may 
be associated with adverse pregnancy outcomes and 
ischemic heart disease using the Swedish Medical 
Birth Register and national census and diagnosis 
data, which were linked using a pseudonymous 
serial number. Maternal age was adjusted for in all 
analyses as the Cox model time scale. Covariates 
included several maternal factors, with all time 
varying factors updated for each pregnancy: 
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calendar year of delivery (continuous and categorical 
in five year groups), parity (1, 2, 3, 4, ≥5), education 
level (≤9, 10-12, >12 years), employment status (yes 
or no), income (fourths) in the year before delivery, 
country of origin (Sweden or other), body mass index 
(BMI; continuous and categorical (<18.5, 18.5-24.9, 
25.0-29.9, ≥30.0)), smoking (0, 1-9, ≥10 cigarettes/
day), and history of hypertension, diabetes, or 
hyperlipidemia identified from nationwide diagnoses 
(see supplemental table 1).

Maternal BMI and smoking were assessed at the 
beginning of prenatal care starting in 1982 and 
were available for 56.2% and 67.3% of women, 
respectively. Data were >99% complete for all other 
variables. Missing data were multiple imputed with 20 
imputations using all other covariates and ischemic 
heart disease as predictors.24 As alternatives to multiple 
imputation, sensitivity analyses were performed that 
restricted to women with complete data (n=1 201 724), 
or coded missing data for each variable as a separate 
category.

statistical analysis
Cox proportional hazards regression was used to 
calculate hazard ratios and 95% confidence intervals 
for subsequent risk of ischemic heart disease 
associated with adverse pregnancy outcomes. These 
associations were examined across the maximum 
possible follow-up (≤46 years) and within narrower 
intervals of follow-up (<10, 10-19, 20-29, 30-46 
years) among women still living in Sweden without 
a previous diagnosis of ischemic heart disease at 
the beginning of the respective interval. All adverse 
pregnancy outcomes were modeled as time dependent 
variables based on ever experiencing the respective 
outcome. For example, if a woman had no adverse 
pregnancy outcomes in her first delivery but had pre-
eclampsia and a preterm infant in her second delivery, 
she entered the preterm and pre-eclampsia categories 
at the date of her second delivery. If a woman had a 
preterm infant in both her first and her second delivery, 
she entered the preterm delivery category at the date of 
the first delivery.

table 1 | baseline maternal characteristics by ever occurrence of an adverse pregnancy outcome, sweden, 1973-2015. values are number (percentage) 
of participants

characteristics
all women 
(n=2 195 266)

Preterm delivery 
(n=194 751)

small for gestational 
age (n=314 605)

Pre-eclampsia 
(n=132 543)

Other hypertensive 
disorders of pregnancy 
(n=34 186)

gestational 
diabetes (n=36 269

Age at first delivery (years):
 <20 119 054 (5.4) 16 329 (8.4) 20 027 (6.4) 6759 (5.1) 1418 (4.2) 1859 (5.1)
 20-24 602 321 (27.4) 58 301 (29.9) 90 898 (28.9) 36 879 (27.8) 7966 (23.3) 8797 (24.2)
 25-29 790 440 (36.0) 64 634 (33.2) 109 077 (34.7) 46 754 (35.3) 11 662 (34.1) 11 856 (32.7)
 30-34 483 575 (22.0) 38 379 (19.7) 66 712 (21.2) 28 479 (21.5) 8519 (24.9) 8595 (23.7)
 35-39 166 339 (7.6) 14 009 (7.2) 23 307 (7.4) 11 017 (8.3) 3639 (10.6) 4020 (11.1)
 ≥40 33 537 (1.5) 3099 (1.6) 4584 (1.5) 2655 (2.0) 982 (2.9) 1142 (3.2)
Period of first delivery:
 1973-79 528 175 (24.1) 42 646 (21.9) 92 125 (29.3) 51 021 (38.5) 1817 (5.3) 6031 (16.6)
 1980-89 444 535 (20.2) 46 315 (23.8) 65 695 (20.9) 27 365 (20.6) 6926 (20.3) 5060 (14.0)
 1990-99 445 510 (20.3) 42 426 (21.8) 58 355 (18.5) 19 738 (14.9) 8668 (25.4) 7625 (20.0)
 2000-09 460 901 (21.0) 40 717 (20.9) 57 180 (18.2) 20 278 (15.3) 9601 (28.1) 10 380 (28.6)
 2010-15 316 145 (14.4) 22 647 (11.6) 41 250 (13.1) 14 141 (10.7) 7174 (21.0) 18 557 (20.8)
Education (years):
 ≤9 304 998 (13.9) 30 401 (15.6) 54 082 (17.2) 21 391 (16.1) 2938 (8.6) 6472 (17.8)
 10-12 971 712 (44.3) 91 177 (46.8) 144 549 (45.9) 62 838 (47.4) 15 085 (44.1) 15 990 (44.1)
 >12 918 556 (41.8) 73 173 (37.6) 115 974 (36.9) 48 314 (36.5) 16 163 (47.3) 13 807 (38.1)
Employed 1 894 648 (86.3) 165 857 (85.2) 264 748 (84.2) 119 997 (90.5) 31 121 (91.0) 28 609 (78.9)
Income fourth in year before 
delivery:
 1st (highest) 548 873 (25.0) 44 134 (22.7) 67 748 (21.5) 26 942 (20.3) 12 531 (36.7) 10 545 (29.1)
 2nd 547 162 (24.9) 46 520 (23.9) 75 756 (24.1) 33 549 (25.3) 8520 (24.9) 8587 (23.7)
 3rd 551 468 (25.1) 49 411 (25.4) 84 955 (27.0) 39 390 (29.7) 6696 (19.6) 7552 (20.8)
 4th (lowest) 547 763 (25.0) 54 686 (28.1) 86 146 (27.4) 32 662 (24.6) 6439 (18.8) 9585 (26.4)
Swedish born 1 802 283 (82.1) 160 656 (82.5) 251 510 (79.9) 114 766 (86.6) 29 952 (87.6) 25 929 (71.5)
Body mass index:
 <18.5 52 906 (2.4) 5730 (2.9) 10 816 (3.4) 1509 (1.1) 477 (1.4) 542 (1.5)
 18.5-24.9 844 958 (38.5) 68 996 (35.4) 112 544 (35.8) 32 402 (24.5) 13 081 (38.3) 11 010 (30.4)
 25.0-29.9 244 114 (11.1) 20 876 (10.7) 27 176 (8.6) 15.127 (11.4) 6.971 (20.4) 6558 (18.1)
 ≥30.0 92 201 (4.2) 9194 (4.7) 10 474 (3.3) 8962 (6.8) 4442 (13.0) 5116 (14.1)
Unknown 961 087 (43.8) 89 955 (46.2) 153 595 (48.8) 74 543 (56.2) 9215 (27.0) 13 043 (36.0)
Smoking (cigarettes/day):
 0 1 257 933 (57.1) 106 397 (54.4) 150 527 (47.7) 60 699 (45.6) 26 701 (77.7) 23 423 (64.2)
 1-9 154 498 (7.0) 16 158 (8.3) 29 052 (9.2) 5971 (4.5) 2390 (7.0) 2614 (7.2)
 ≥10 69 352 (3.2) 8498 (4.3) 15 518 (4.9) 2575 (1.9) 994 (2.9) 1243 (3.4)
 Unknown 713 483 (32.7) 63 698 (33.0) 119 508 (38.2) 63 298 (47.9) 4101 (12.4) 8989 (25.2)
Medical history:
 Hypertension 2966 (0.1) 718 (0.4) 685 (0.2) 884 (0.7) 1212 (3.5) 351 (1.0)
 Diabetes 10 045 (0.5) 3058 (1.6) 745 (0.2) 1907 (1.4) 517 (1.5) 6119 (16.8)
 Hyperlipidemia 1826 (0.1) 296 (0.2) 211 (0.1) 203 (0.2) 114 (0.3) 415 (1.1)
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Maternal age was used as the Cox model time 
axis, with age at each delivery as time zero (ie, 
each singleton delivery was included as a separate 
observation). Women were right censored at death as 
identified in the Swedish Death Register (n=65 468; 
3.0%) or emigration as determined by absence of a 
Swedish residential address in census data (n=93 098; 
4.3%). Two adjusted Cox models were performed that 
adjusted for maternal sociodemographic factors, 
parity, and traditional cardiovascular risk factors, 
and further adjusted for all adverse pregnancy 
outcomes. The proportional hazards assumption 
was assessed by examining log-log survival plots,25 
and no substantial departures from the assumption 
were found (see supplemental figure 1). Incidence 
rate differences and 95% confidence intervals, 
attributable fraction among the exposed, and 
population attributable fraction were calculated for 
each adverse pregnancy outcome. In addition, we 
performed a sensitivity analysis that was restricted to 
each woman’s first delivery instead of time dependent 
modeling of adverse pregnancy outcomes across all 
deliveries.

Co-sibling analyses were performed to assess 
for potential confounding by unmeasured shared 
familial (genetic and environmental) factors among 
the 1 188 730 (54.3%) women with at least one sister 
who had a singleton delivery.18 Shared environmental 
factors in families may include lifestyle factors such 
as diet and physical activity, or ambient exposures 
such as passive smoking and air pollution. Shared 
genetic factors could potentially act as mediators or 
confounders. These analyses included all sisters who 
each had a singleton delivery (regardless of adverse 
pregnancy outcome status), and the same analysis was 
performed as the main analyses except for stratifying on 
sets of sisters. Stratified Cox regression was used where 
each stratum was a unique set of sisters identified by 
their mother’s pseudonymous serial number and 
modeled with their own baseline hazard function that 
reflects shared genetic and environmental factors. 
Thus, associations between specific adverse pregnancy 
outcomes and ischemic heart disease were examined 
within the family, controlling for shared factors. In 
addition, these analyses were further adjusted for the 
same covariates as in the main analyses.

table 2 | associations between adverse pregnancy outcomes and subsequent risk of ischemic heart disease

adverse pregnancy outcomes and 
time after delivery no with iHD

incidence 
rate of iHD*

Hazard ratio (95% ci) incidence rate difference*  
(95% ci) aFe (%) PaF (%)reduced model† Full model‡

≤46 years:
 Preterm delivery 9424 210.0 1.39 (1.36 to 1.43) 1.33 (1.30 to 1.37) 66.2 (61.7 to 70.6) 31.5 5.1
 Small for gestational age 15 186 187.3 1.20 (1.18 to 1.22) 1.18 (1.16 to 1.20) 36.4 (33.2 to 39.6) 19.4 3.5
 Pre-eclampsia 10 043 269.8 1.44 (1.41 to 1.47) 1.39 (1.37 to 1.42) 121.9 (116.5 to 127.3) 45.2 5.4
  Other hypertensive disorders of 

pregnancy
1262 197.1 1.66 (1.56 to 1.76) 1.56 (1.47 to 1.65) 43.1 (31.4 to 54.9) 21.9 0.3

 Gestational diabetes 2340 266.2 1.58 (1.50 to 1.66) 1.45 (1.38 to 1.52) 113.0 (99.6 to 126.5) 42.5 0.8
<10 years:
 Preterm delivery 507 33.4 1.86 (1.68 to 2.05) 1.72 (1.55 to 1.90) 18.9 (16.0 to 21.9) 56.6 11.9
 Small for gestational age 548 18.7 1.14 (1.04 to 1.25) 1.10 (1.00 to 1.21) 1.6 (0.0 to 3.3) 8.6 1.3
 Pre-eclampsia 362 28.7 1.72 (1.54 to 1.93) 1.54 (1.37 to 1.72) 12.2 (9.2 to 15.2) 42.4 4.4
  Other hypertensive disorders of 

pregnancy
166 61.9 2.18 (1.85 to 2.57) 2.09 (1.77 to 2.46) 45.8 (35.6 to 55.9) 73.9 3.1

 Gestational diabetes 214 49.5 1.47 (1.23 to 1.76) 1.30 (1.09 to 1.56) 33.2 (24.4 to 42.0) 67.1 2.4
10-19 years:
 Preterm delivery 1457 105.4 1.63 (1.54 to 1.73) 1.51 (1.42 to 1.60) 47.5 (41.9 to 53.2) 45.1 9.6
 Small for gestational age 1875 82.3 1.30 (1.24 to 1.37) 1.27 (1.20 to 1.33) 16.9 (12.9 to 20.9) 20.5 3.7
 Pre-eclampsia 1221 119.4 1.69 (1.59 to 1.80) 1.55 (1.46 to 1.65) 55.2 (48.3 to 62.0) 46.2 5.4
  Other hypertensive disorders of 

pregnancy
327 152.6 1.81 (1.61 to 2.04) 1.68 (1.50 to 1.89) 88.3 (70.1 to 106.4) 57.8 1.6

 Gestational diabetes 528 172.0 1.57 (1.40 to 1.76) 1.43 (1.27 to 1.59) 107.7 (87.5 to 128.0) 62.7 1.8
20-29 years:
 Preterm delivery 3246 327.9 1.45 (1.40 to 1.51) 1.37 (1.32 to 1.43) 105.7 (93.9 to 117.5) 32.2 5.8
 Small for gestational age 4803 284.8 1.22 (1.18 to 1.26) 1.19 (1.16 to 1.23) 46.2 (37.5 to 54.9) 16.2 2.9
 Pre-eclampsia 3192 401.2 1.53 (1.48 to 1.59) 1.47 (1.41 to 1.52) 167.8 (153.5 to 182.0) 41.8 5.0
  Other hypertensive disorders of 

pregnancy
491 385.0 1.63 (1.49 to 1.79) 1.52 (1.38 to 1.66) 144.4 (107.7 to 181.1) 37.5 0.6

 Gestational diabetes 802 520.9 1.77 (1.63 to 1.92) 1.61 (1.49 to 1.75) 281.5 (236.3 to 326.6) 54.0 1.1
30-46 years:
 Preterm delivery 4214 703.7 1.27 (1.23 to 1.31) 1.23 (1.19 to 1.27) 128.4 (106.1 to 150.8) 18.3 2.5
 Small for gestational age 7960 658.3 1.17 (1.14 to 1.20) 1.16 (1.13 to 1.19) 71.5 (55.8 to 87.2) 10.9 2.0
 Pre-eclampsia 5268 817.4 1.34 (1.30 to 1.38) 1.32 (1.28 to 1.36) 239.9 (217.1 to 262.7) 29.4 3.6
  Other hypertensive disorders of 

pregnancy
278 766.2 1.56 (1.38 to 1.76) 1.47 (1.30 to 1.66) 171.1 (75.6 to 266.6) 22.3 0.1

 Gestational diabetes 796 970.8 1.51 (1.40 to 1.63) 1.40 (1.29 to 1.51) 378.1 (299.9 to 456.3) 38.9 0.5
AFe=attributable fraction among exposed; CI=confidence interval; IHD=ischemic heart disease; PAF=population attributable fraction.
*Rate per 100 000 person years.
†Adjusted for maternal age, year of delivery, parity, education, employment, income, country of origin, body mass index, smoking, and history of hypertension, diabetes, or hyperlipidemia.
‡Additionally adjusted for all other adverse pregnancy outcomes.
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Other secondary analyses were performed: to 
examine associations between the total number of 
adverse pregnancy outcomes (0, 1, 2, ≥3; that is, 
different adverse pregnancy outcomes in the same or 
different pregnancies, or the same adverse pregnancy 
outcome in different pregnancies) and risk of ischemic 
heart disease, adjusting for parity and other covariates; 
to examine all two way interactions among adverse 
pregnancy outcomes in relation to ischemic heart 
disease on the additive and multiplicative scales 
(including adverse pregnancy outcomes in the same or 
different pregnancies, each modeled time dependently 
based on ever occurrence, adjusting for parity and other 
covariates)26; to examine associations between adverse 
pregnancy outcomes and ischemic heart disease within 
10 years after delivery, stratified on calendar year of 
delivery (by decade) to assess for changes in estimates 
over time; and to examine associations between adverse 
pregnancy outcomes and ischemic heart disease after 
restricting to women with a first delivery in 1990 or 
later. In addition, sensitivity analyses were performed 
that used competing risks models to account for death 
as a competing event27 as an alternative to only right 
censoring at death. All statistical tests were two sided 

and used a significance level of 0.05. All analyses were 
conducted using Stata version 15.1.

Patient and public involvement
Patients and members of the public were not directly 
involved in the planning or conduct of this study 
because of data protection restrictions and the highly 
technical methods required to do a data linkage 
analysis. This study was, however, inspired by patients 
who will be invited to read the manuscript and 
contribute to the dissemination of findings.

results
A total of 667 774 (30.4%) women experienced at least 
one adverse pregnancy outcome, and 181 783 (8.3%) 
experienced at least two adverse pregnancy outcomes 
(not necessarily in the same pregnancy). The most 
common adverse pregnancy outcomes were delivery 
of a small for gestational age infant (14.3% of women 
across all deliveries) and preterm delivery (8.8% of 
women). The most common two adverse pregnancy 
outcomes experienced by one woman were preterm 
delivery and delivery of a small for gestational age 
infant (n=31 822 (1.4%) women; see supplemental 
table 2).

Table 1 shows the characteristics of the women with 
specific adverse pregnancy outcomes. Women who 
delivered a preterm or small for gestational age infant 
were more likely to be younger at first delivery, have 
low education level or income, or smoke. Women with 
pre-eclampsia were more likely to have low education 
level or income, have high BMI, or smoke. Women 
with other hypertensive disorders of pregnancy or 
gestational diabetes were more likely to be older at 
first delivery, have higher income or BMI, or be a non-
smoker. Women with any adverse pregnancy outcome 
except small for gestational age infant also were more 
likely to have a history of hypertension, diabetes, or 
hyperlipidemia.

During 53.6 million person years of follow-up, 
ischemic heart disease was diagnosed in 83 881 (3.8%) 
women. The median age at first delivery was 27.3 (mean 
27.6 (SD 5.2) years), at diagnosis of ischemic heart 
disease was 58.6 (mean 57.8 (10.4) years), and at end 
of follow-up was 51.9 (mean 52.1 (13.2) years). Table 
2 shows the absolute incidence rates for ischemic heart 
disease by adverse pregnancy outcomes and follow-up 
time, and supplemental figure 2 shows the cumulative 
incidences. Most diagnoses of ischemic heart disease 
were acute myocardial infarction (55.3%), 38.7% were 
angina, and the remainder were other types of acute 
or chronic ischemic heart disease (see supplemental 
table 1).

adverse pregnancy outcomes and risk of ischemic 
heart disease
Across the full duration of follow-up (≤46 years after 
delivery), all five adverse pregnancy outcomes were 
independently associated with increased risk of 
ischemic heart disease. After adjusting for all other 
adverse pregnancy outcomes and other covariates, 
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  10-19 years
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  29-39 years
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Adjusted hazard ratio for
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Fig 1 | adjusted hazard ratios for associations between adverse pregnancy outcomes 
and ischemic heart disease by time since delivery, sweden, 1973-2018. Whiskers 
represent 95% confidence intervals
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the hazard ratios for ischemic heart disease associated 
with specific adverse pregnancy outcomes were 1.56 
(95% confidence interval 1.47 to 1.65) for other 
hypertensive disorders of pregnancy, 1.45 (1.38 to 
1.52) for gestational diabetes, 1.39 (1.37 to 1.42) for 
pre-eclampsia, 1.33 (1.30 to 1.37) for preterm delivery, 
and 1.18 (1.16 to 1.20) for small for gestational age. 
The fully adjusted hazard ratios were only moderately 
lower than those adjusted for maternal factors but not 
for other adverse pregnancy outcomes (table 2, reduced 
model). The association between other hypertensive 
disorders of pregnancy and ischemic heart disease 
was driven by new onset hypertension during 
pregnancy (1.60, 1.51 to 1.70; 92% of diagnoses) 
rather than chronic hypertension (1.12, 0.91 to 1.38; 
8% of diagnoses). When subtypes of ischemic heart 
disease were examined, all hazard ratios were slightly 
higher for acute myocardial infarction but also were 
significantly increased for angina (see supplemental 
results).

Most hazard ratios were highest in the first 10 years 
after delivery, then subsequently declined, whereas 
the incidence rate differences associated with adverse 
pregnancy outcomes increased with additional follow-
up time (table 2). For example, the adjusted hazard 
ratio for ischemic heart disease in the first 10 years 
associated with preterm delivery was 1.72 (95% 

confidence interval 1.55 to 1.90), with pre-eclampsia 
was 1.54 (1.37 to 1.72), and with other hypertensive 
disorders of pregnancy was 2.09 (1.77 to 2.46). 
However, small for gestational age was associated with 
the highest risk of ischemic heart disease at 10-19 
years after delivery (1.27, 1.20 to 1.33) and gestational 
diabetes with the highest risk at 20-29 years after 
delivery (1.61, 1.49 to 1.75).

After additional follow-up time, the adjusted 
hazard ratios for ischemic heart disease decreased 
but remained significantly increased even 30-46 
years after delivery: 1.47 (1.30 to 1.66) for other 
hypertensive disorders of pregnancy, 1.40 (1.29 to 
1.51) for gestational diabetes, 1.32 (1.28 to 1.36) for 
pre-eclampsia, 1.23 (1.19 to 1.27) for preterm delivery, 
and 1.16 (1.13 to 1.19) for small for gestational age. 
Figure 1 shows adjusted hazard ratios for ischemic 
heart disease by time since delivery for specific adverse 
pregnancy outcomes.

Incidence rate differences (ie, excess ischemic heart 
disease) associated with each adverse pregnancy 
outcome increased with additional follow-up to 
older ages. Across the entire follow-up period, pre-
eclampsia and gestational diabetes were associated 
with the most excess ischemic heart disease (121.9 
per 100 000 person years and 113.0 per 100 000 
person years, respectively; table 2). Pre-eclampsia and 
preterm delivery accounted for the largest percentages 
(>5%) of women with ischemic heart disease in this 
population, whereas the population attributable 
fraction was 3.5% for small for gestational age and 
<1% for other hypertensive disorders of pregnancy and 
for gestational diabetes (table 2).

co-sibling analyses
Co-sibling analyses to control for unmeasured shared 
familial (genetic and early life environmental) factors 
resulted in partial attenuation of most risk estimates 
(table 3). The co-sibling results should be interpreted 
with caution because they have lower precision and 
wider confidence intervals than the results of the 
main analyses. Across the entire follow-up period (≤46 
years), the adjusted hazard ratio for ischemic heart 
disease associated with preterm delivery was 1.33 
(95% confidence interval 1.30 to 1.37) in the primary 
analysis versus 1.28 (1.21 to 1.36) in the co-sibling 
analysis, with small for gestational age was 1.18 (1.16 
to 1.20) versus 1.13 (1.08 to 1.19), with pre-eclampsia 
was 1.39 (1.37 to 1.42) versus 1.22 (1.15 to 1.30), with 
other hypertensive disorders of pregnancy was 1.56 
(1.47 to 1.65) versus 1.33 (1.14 to 1.54), and with 
gestational diabetes was 1.45 (1.38 to 1.52) versus 
1.37 (1.19 to 1.57).

At 30-46 years after delivery, the adjusted hazard 
ratio for ischemic heart disease associated with 
preterm delivery was 1.23 (1.19 to 1.27) in the primary 
analysis versus 1.25 (1.12 to 1.39) in the co-sibling 
analysis, with small for gestational age was 1.16 (1.13 
to 1.19) versus 1.13 (1.05 to 1.23), with pre-eclampsia 
was 1.32 (1.28 to 1.36) versus 1.14 (1.03 to 1.27), with 
other hypertensive disorders of pregnancy 1.47 (1.30 to 

table 3 | co-sibling analyses of adverse pregnancy outcomes and subsequent risk of 
ischemic heart disease
adverse pregnancy outcomes and time after 
delivery no of women Hazard ratio (95% ci)*
≤46 years:
 Preterm delivery 5356 1.28 (1.21 to 1.36)
 Small for gestational age 8124 1.13 (1.08 to 1.19)
 Pre-eclampsia 5012 1.22 (1.15 to 1.30)
 Other hypertensive disorders of pregnancy 706 1.33 (1.14 to 1.54)
 Gestational diabetes 1333 1.37 (1.19 to 1.57)
<10 years:
 Preterm delivery 284 1.26 (0.77 to 2.04)
 Small for gestational age 329 1.07 (0.72 to 1.58)
 Pre-eclampsia 193 1.60 (0.93 to 2.76)
 Other hypertensive disorders of pregnancy 97 1.85 (0.83 to 4.16)
 Gestational diabetes 138 1.35 (0.56 to 3.26)
10-19 years:
 Preterm delivery 894 1.52 (1.22 to 1.90)
 Small for gestational age 1059 1.34 (1.11 to 1.62)
 Pre-eclampsia 642 1.26 (0.99 to 1.60)
 Other hypertensive disorders of pregnancy 183 1.81 (1.13 to 2.89)
 Gestational diabetes 309 1.11 (0.68 to 1.80)
20-29 years:
 Preterm delivery 1838 1.22 (1.07 to 1.38)
 Small for gestational age 2643 1.12 (1.02 to 1.24)
 Pre-eclampsia 1630 1.20 (1.05 to 1.37)
 Other hypertensive disorders of pregnancy 264 0.91 (0.67 to 1.23)
 Gestational diabetes 451 1.88 (1.40 to 2.52)
30-46 years:
 Preterm delivery 2340 1.25 (1.12 to 1.39)
 Small for gestational age 4093 1.13 (1.05 to 1.23)
 Pre-eclampsia 2547 1.14 (1.03 to 1.27)
 Other hypertensive disorders of pregnancy 162 1.46 (0.98 to 2.19)
 Gestational diabetes 435 1.13 (0.85 to 1.49)
CI=confidence interval.
*Adjusted for shared familial (genetic and environmental) factors, and additionally adjusted for maternal age; 
year of delivery; parity; education; employment; income; country of origin; body mass index; smoking; history of 
hypertension, diabetes, or hyperlipidemia; and all other adverse pregnancy outcomes.
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1.66) versus 1.46 (0.98 to 2.19), and with gestational 
diabetes was 1.40 (1.29 to 1.51) versus 1.13 (0.85 to 
1.49). Certain estimates, however, showed greater 
attenuation; for example, at <10 years after delivery, 
the adjusted hazard ratio for ischemic heart disease 
associated with preterm delivery was 1.72 (1.55 to 
1.90) in the primary analysis versus 1.26 (0.77 to 2.04) 
in the co-sibling analysis.

secondary analyses
Women who experienced multiple adverse pregnancy 
outcomes showed further increases in the relative rate 
of ischemic heart disease (see supplemental table 3). 
For example, at <10 years after delivery, the adjusted 
hazard ratios for ischemic heart disease associated 
with 1, 2, or ≥3 adverse pregnancy outcomes were 1.29 
(1.19 to 1.39), 1.80 (1.59 to 2.03), and 2.26 (1.89 to 
2.70), respectively, compared with women who never 
experienced an adverse pregnancy outcome. At 30-46 
years after delivery, the corresponding hazard ratios 
were 1.20 (1.18 to 1.23), 1.37 (1.32 to 1.42), and 1.62 
(1.53 to 1.71).

Four of 10 possible two way interactions between 
adverse pregnancy outcomes were positive on 
the additive scale or multiplicative scale, or both 
(see supplemental table 4). Preterm delivery had 
significantly positive additive interactions with pre-
eclampsia, other hypertensive disorders of pregnancy, 
and gestational diabetes (ie, the combined effect on risk 
of ischemic heart disease was greater than the sum of 
the separate effects, P≤0.003 for each). These findings 
indicate that preterm delivery accounted for more 
ischemic heart disease diagnoses among those who 

also had pre-eclampsia, other hypertensive disorders 
of pregnancy, or gestational diabetes than among those 
who did not. In addition, pre-eclampsia and gestational 
diabetes had a positive additive interaction on the 
additive scale (P=0.003) but not on the multiplicative 
scale. These interactions are shown in figure 2 and in 
further detail in supplemental tables 5-8.

When stratifying on calendar year of delivery, 
associations between delivery of a small for gestational 
age infant or gestational diabetes and ischemic heart 
disease were stronger among women who delivered 
in earlier years (1973-89) compared with later 
years (1990-2009), but other adverse pregnancy 
outcomes showed no consistent trend over time (see 
supplemental table 9). When restricting to women 
with a first delivery in 1990 or later, most hazard ratios 
for ischemic heart disease were similar to those from 
the main analyses, except that the association between 
delivery of a small for gestational age infant and 
ischemic heart disease was no longer significant (see 
supplemental results).

In sensitivity analyses that either assessed 
alternative approaches for missing data, restricted to 
each woman’s first delivery, or accounted for death 
as a competing event as an alternative to censoring 
at death, all results were similar to those of the main 
analyses and the conclusions were unchanged (see 
supplemental results).

discussion
In this large national cohort, women who experienced 
any of five major adverse pregnancy outcomes showed 
an increased risk of subsequent ischemic heart 
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disease. In the 10 years after delivery, the relative rates 
of ischemic heart disease were increased twofold in 
women with other hypertensive disorders of pregnancy, 
1.7-fold in those with preterm delivery, 1.5-fold in those 
with pre-eclampsia, 1.3-fold in those with gestational 
diabetes, and 1.1-fold in those who delivered a small 
for gestational age infant, after adjusting for all other 
adverse pregnancy outcomes and maternal factors. 
Most relative rates decreased with longer follow-up but 
remained significantly increased (1.1-fold to 1.5-fold), 
even 30-46 years after delivery. Co-sibling analyses 
suggested that these findings were only partially 
explained by genetic or environmental factors that 
may be shared determinants of adverse pregnancy 
outcomes and ischemic heart disease within families.

This large study examined multiple adverse 
pregnancy outcomes and long term risk of ischemic 
heart disease using prospectively ascertained data 
and by assessing potential confounding from familial 
factors. A previous study of 48 133 participants in the 
Women’s Health Initiative reported that hypertensive 
disorders of pregnancy (including pre-eclampsia) 
and low birth weight were, respectively, associated 
with 27% and 12% increased odds of atherosclerotic 
cardiovascular disease, after adjusting for other risk 
factors.3 In contrast, preterm delivery and gestational 
diabetes were associated with modestly increased 
risks before but not after adjusting for other adverse 
pregnancy outcomes. However, that study differed 
in several important ways from the present study: it 
was based on retrospectively self-reported adverse 
pregnancy outcomes; assessed a composite outcome 
that included ischemic heart disease, stroke, or 
peripheral artery disease; and included only women 
who had survived to approximately ages 70 to >95 
years (<50% of the cohort), and thus was potentially 
affected by recall or survivorship biases.3

Other studies have examined associations between a 
single adverse pregnancy outcome and risk of ischemic 
heart disease. For example, a meta-analysis of five 
studies of preterm delivery with more than two million 
women reported a pooled relative risk for ischemic heart 
disease of 1.5,6 which was similar to risk estimates from 
the present cohort in the first 30 years of follow-up. A 
recent investigation by our group also reported a strong 
gradient of higher risks of long term ischemic heart 
disease in women with shorter pregnancy duration.7 
A meta-analysis of pre-eclampsia reported a pooled 
relative risk for ischemic heart disease of 2.5 (based on 
seven studies with >2 million women).8 Meta-analyses 
of gestational diabetes reported pooled relative risks 
for ischemic heart disease of 1.6 (based on four studies 
with >3 million women)28 and for a composite outcome 
that included ischemic heart disease and stroke of 2.0 
(based on nine studies with >5 million women).29

The present study extends previous evidence by 
determining relative rates of ischemic heart disease 
associated with five major adverse pregnancy 
outcomes that were prospectively ascertained in a large 
national population, thus enabling assessment of their 
independent associations with good precision and 

validity. The findings suggest that all five major adverse 
pregnancy outcomes are independently associated 
with increased risks of ischemic heart disease that may 
persist for up to 46 years after delivery. Pre-eclampsia 
and gestational diabetes were associated with the 
most excess ischemic heart disease (ie, incidence 
rate differences), whereas pre-eclampsia and preterm 
delivery accounted for the largest proportion of 
ischemic heart disease diagnoses in this population 
(ie, population attributable fraction).

Women who experienced multiple adverse 
pregnancy outcomes showed further increases in risk 
of ischemic heart disease, with some synergistic effects 
noted. Significant additive interactions indicated that 
preterm delivery accounted for significantly more 
ischemic heart disease diagnoses among women who 
also had pre-eclampsia, other hypertensive disorders 
of pregnancy, or gestational diabetes. In addition, pre-
eclampsia accounted for significantly more ischemic 
heart disease diagnoses among women who also had 
gestational diabetes (and vice versa). Early preventive 
interventions may be even more critical in women with 
these combinations of adverse pregnancy outcomes.

A key question from previous research is whether 
adverse pregnancy outcomes might unmask pre-
existent risk versus elicit new risk for ischemic heart 
disease. In co-sibling analyses, we found that most of 
the associations persisted after controlling for familial 
(genetic and early life environmental) factors that 
may be shared determinants of adverse pregnancy 
outcomes and ischemic heart disease. Co-sibling 
analyses do not fully capture genetic risk, and it is 
possible that underlying genetic pathways may partly 
explain future risks of adverse pregnancy outcomes 
and ischemic heart disease or its precursors.30-32 
Adverse pregnancy outcomes may be, at least partly, 
a signal for pre-existing or latent cardiometabolic 
risk. However, the present findings are also consistent 
with potential causal associations. Adverse pregnancy 
outcomes share key features that suggest shared 
pathogenesis, including abnormal placentation, 
inflammation, and maternal vascular dysfunction.12 
Subclinical forms of cardiovascular disease, such 
as microvascular dysfunction, arterial stiffness, 
and myocardial remodeling, may emerge during 
an adverse pregnancy outcome and then progress 
or fail to resolve after delivery.12 Preterm delivery, 
for example, has been associated with endothelial 
specific inflammation that was undetectable before 
pregnancy.33 Pre-eclampsia has been associated 
with cardiac remodeling that continues well after the 
respective pregnancy.34 Gestational diabetes is strongly 
associated with future risk of type 2 diabetes and 
with cardiovascular disease, even in women without 
type 2 diabetes.29 Small for gestational age may 
result from poor placental implantation or vascular 
insufficiency—mechanisms that are also shared with 
preterm delivery and hypertensive disorders.35 36 
Different adverse pregnancy outcomes thus share 
placental and maternal vascular characteristics that 
suggest overlapping pathophysiology.12 Preventive 
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interventions to interrupt these processes soon after an 
adverse pregnancy outcome may be key to preventing 
future development of clinical cardiovascular disease. 
Additional genetic analyses and longitudinal studies 
with comprehensive prepregnancy and post-pregnancy 
phenotyping will be needed to clarify whether adverse 
pregnancy outcomes are indeed causally related to 
future development of ischemic heart disease.

The present study’s findings have important clinical 
implications. All major adverse pregnancy outcomes 
should now be recognized as lifelong independent 
risk factors for ischemic heart disease. The American 
Heart Association has recommended that evaluation 
of cardiovascular risk in women routinely include 
taking a history of adverse pregnancy outcomes.13 
However, adverse pregnancy outcomes still remain 
under-recognized as potential cardiovascular risk 
factors, especially in primary care where most 
women are managed.14 Our findings underscore the 
importance of including adverse pregnancy outcomes 
in the evaluation of cardiovascular risk for women 
in primary care as well as in specialty clinic settings. 
Adverse pregnancy outcomes should be routinely 
tracked in electronic health records to facilitate 
transition of women from obstetric to primary care 
clinics where they should undergo early risk evaluation 
for cardiovascular disease. It is still uncertain whether 
specific adverse pregnancy outcomes add substantially 
to cardiovascular risk prediction beyond traditional risk 
factors that are more common.37-39 In the present study, 
the absolute risks of ischemic heart disease associated 
with adverse pregnancy outcomes were modest, albeit 
with an increasing trend as women reached older ages, 
when ischemic heart disease is more likely to manifest. 
Nonetheless, adverse pregnancy outcomes can provide 
an early window for identifying women who are at high 
risk potentially long before the development of ischemic 
heart disease, thus enabling earlier preventive actions. 
Women with a history of adverse pregnancy outcomes 
need early preventive evaluation and reduction of other 
cardiovascular risk factors, including obesity, physical 
inactivity, and smoking, and long term monitoring 
for timely detection and treatment of ischemic heart 
disease.

strengths and limitations of this study
A key strength of the present study is its large 
national cohort design and up to 46 years of follow-
up. The availability of highly complete nationwide 
birth and medical registry data, both inpatient and 
outpatient, helped minimize potential selection and 
ascertainment biases. The large sample size enabled 
high statistical power for simultaneous assessment of 
five major adverse pregnancy outcomes. The results 
were controlled for multiple other cardiovascular risk 
factors, as well as unmeasured shared familial factors 
using co-sibling analyses.

This study also had several limitations. First, 
detailed clinical records were unavailable to verify 
the diagnoses of ischemic heart disease, although a 
positive predictive value of 98% has been reported.23 

Second, outpatient diagnoses were available starting 
in 2001, resulting in some underreporting of ischemic 
heart disease especially in earlier years. Consequently, 
the absolute risks of ischemic heart disease associated 
with adverse pregnancy outcomes may potentially 
be higher than those reported. Third, residual 
confounding by maternal smoking, obesity, or other 
risk factors during pregnancy cannot be excluded. 
Causality cannot be established, and future biological 
studies will be needed to elucidate the underlying 
pathophysiology. We also lacked information on other 
behavioral factors such as physical activity and diet, 
which would be useful to examine in future studies. 
Nevertheless, our results may help identify women 
who are at high risk and need long term clinical follow-
up for prevention, early detection, and treatment of 
ischemic heart disease. Lastly, this study was limited 
to Sweden and will need replication in other countries 
when feasible, including racially diverse populations 
to explore for potential heterogeneity of findings. The 
public health impacts of our findings may be higher 
in minority populations in the US that have more 
restricted access to postpartum care and higher rates 
of adverse pregnancy outcomes and ischemic heart 
disease.1 2 12 40

conclusions
In this large national cohort, women who experienced 
any of five major adverse pregnancy outcomes 
(preterm delivery, small for gestational age, pre-
eclampsia, other hypertensive disorders of pregnancy, 
or gestational diabetes) showed an increased long 
term risk for ischemic heart disease. For each adverse 
pregnancy outcome, the relative rates of ischemic 
heart disease remained persistently increased up to 
46 years after delivery. All major adverse pregnancy 
outcomes should be recognized as lifelong risk factors 
for ischemic heart disease. Women with adverse 
pregnancy outcomes should be considered for early 
preventive evaluation and long term risk reduction 
to help prevent the development of ischemic heart 
disease.
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