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BACKGROUND Women with a history of adverse pregnancy outcomes have a higher risk of coronary heart disease.

Emerging evidence suggests that women with a history of preeclampsia have a different pattern of overall coronary

atherosclerosis and that they at the time of myocardial infarction (MI) more frequently present with ST-segment

elevation MI (STEMI) compared to women with no such history.

OBJECTIVES The purpose of this study was to determine whether among women with MI, those with a history of

adverse pregnancy outcomes are more likely to present with STEMI or other clinical characteristics indicating a more

severe myocardial injury.

METHODS The study sample consisted of 8,320women aged#65 yearswith firstMI in Sweden 2007 to 2022. Regression

models were used to estimate the association between adverse pregnancy outcomes (hypertensive disorders of pregnancy

[non-preeclamptic hypertension and preeclampsia], small for gestational age [SGA] infant, and preterm delivery) and

STEMI, invasive revascularization, and high troponin, while considering known predictors of coronary heart disease.

RESULTS In total, 3,128 (38%) of women suffered STEMI. The adjusted OR of presenting with STEMI were higher in

women with a history of preterm preeclampsia (OR: 1.40; 95% CI: 1.05-1.88), or an SGA infant (OR: 1.30; 95% CI: 1.13-

1.50) compared to women with no such history, as well as for in-hospital revascularization. Stratified by infarct type,

troponin levels did not differ by adverse pregnancy outcome history.

CONCLUSIONS Among women with a first MI, a history of preterm preeclampsia or SGA infant were associated with

STEMI and invasive revascularization. (JACC Adv 2024;3:101088) © 2024 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

BMI = body mass index

CHD = coronary heart disease

MBR = Medical Birth Register

MI = myocardial infarction

NSTEMI = non-ST-segment

elevation myocardial infarction

RIKS-HIA = Register of

Information and Knowledge

About Swedish Heart Intensive

Care Admissions

SGA = small for gestational age

STEMI = ST-segment elevation

myocardial infarction
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H ospitalizations for myocardial
infarction (MI) show an increasing
trend in younger women.1 The

link between adverse pregnancy outcomes,
such as preeclampsia and preterm delivery,
and incident coronary heart disease (CHD)
has become evident during the last 2 de-
cades.2-5 More recently, we showed that a
history of adverse pregnancy outcomes in
middle age is associated with more advanced
coronary artery atherosclerosis and a differ-
ence in overall distribution of coronary
atherosclerosis as identified through coro-
nary computed tomography angiography.6

Studies on the clinical characteristics of MI

in women by adverse pregnancy outcome history
have indicated that such a history is associated with
an earlier presentation of MI following delivery,7 and
that women with a history of preeclampsia present
with a higher proportion of ST-segment elevation MI
(STEMI) compared to women with no such history.8,9

As clinical characteristics of MIs are important pa-
rameters for estimating the acute myocardial damage,
treatment, and prognosis,10 determining the infarct
type, either STEMI or non-STEMI (NSTEMI), is a key
aspect of the acute clinical decision-making. Other
important clinical characteristics of MI include high
peak troponin value, which is associated with infarct
size and worse outcome in patients with acute MI.11,12

However, previous studies on the association be-
tween adverse pregnancy outcome history and clin-
ical characteristics of MI are based on small sample
sizes, which have limited analyses on the less prev-
alent but severe pregnancy complications such as
preterm preeclampsia.7-9

This study aimed to investigate clinical indicators
of a more severe myocardial injury at first MI by his-
tory of adverse pregnancy outcomes in a large na-
tional sample of parous women in Sweden. We
hypothesized that a more severe myocardial injury, as
reflected by STEMI, invasive revascularizations, and
high peak troponin, would be more common in
women with a history of each adverse pregnancy
outcome than in women without such history.

METHODS

For this study of women with a first MI in Sweden
2007 to 2022, the data primarily originated from 2
Swedish health care registers: Register of Information
and Knowledge About Swedish Heart Intensive Care
Admissions (RIKS-HIA) and the Swedish Medical Birth
Register (MBR). Women were included if, after their
first delivery, they were diagnosed with a first-time
MI in 2007 to 2022 at age #65 years and had their
first delivery recorded in the MBR (Figure 1). Only MIs
in RIKS-HIA after 2007 were included as not all rele-
vant variables in RIKS-HIA were routinely recorded
up to that point. Women >65 years of age were not
included to avoid differential inclusion of older
women as a result of delivery data only being avail-
able from 1973 and onward and to harmonize the
upper age limit with previous studies.6,7 To ensure
that first-time MIs were captured, the national patient
registry was used to exclude women with MIs occur-
ring prior to 2006 (n ¼ 73). Women with MI during any
pregnancy (n ¼ 4) were also excluded, as were women
with prior revascularization procedures at the time of
MI (n ¼ 391). Lastly, women with missing data on
adverse pregnancy outcome history or any of the
outcomes (n ¼ 968) were excluded. The register data
were linked using the Swedish unique personal
identity number.13 The study was approved by the
Ethical Review Board in Lund (2015/792, 2018/23) and
the Swedish Ethical Review Authority (2021-04863).

DATA ON ADVERSE PREGNANCY OUTCOMES.

Exposure data on adverse pregnancy outcomes orig-
inated from the MBR. The MBR is a comprehensive
register that has collected data on almost all preg-
nancies leading to delivery in Sweden since 1973.14

Only women with their first delivery registered in
the Swedish MBR were included in order to ascertain
a more complete delivery history, and deliveries
recorded after first MI were not included in the study.
Hypertensive disorders of pregnancy were defined in
accordance with International Classification of Dis-
eases- 8, -9, and -10 (Supplemental Appendix), and
coded as a binary variable. It was further categorized
as preterm preeclampsia (delivery gestational
week #36 þ 6), term preeclampsia (delivery gesta-
tional week 37 þ 0 or later), and non-preeclampsia
hypertension (either essential hypertension in early
pregnancy or gestational hypertension). For the pur-
pose of this study, hypertensive disorders of preg-
nancy were defined based on a woman’s most severe
diagnosis prior to her first MI. Preterm delivery was
defined as delivery before 37 þ 0 weeks of gestation
and further defined as a woman’s most preterm de-
livery prior to first MI. For subgroup analyses, preterm
delivery was divided into very preterm delivery (22 þ
0-33 þ 6 weeks of gestation) and late preterm delivery
(34 þ 0-36 þ 6 weeks of gestation). Ever small for
gestational age (SGA) was defined as ever delivering an
infant >2 standard deviations below the normal
weight by infant sex and length of pregnancy.15

DATA ON FIRST TIME MYOCARDIAL INFARCTION.

Outcome data on first time MI were collected from
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FIGURE 1 Flowchart of Study Sample

Figure shows the inclusion and exclusion criteria for the study sample. MI ¼ myocardial infarction.
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RIKS-HIA, a Swedish national quality register col-
lecting data on patients admitted to cardiac care in
Sweden.16 RIKS-HIA’s standardized criteria for MI
used by all participating hospitals have been previ-
ously described.17 MI was defined using International
Classification of Diseases-10 codes corresponding to
acute MI diagnosis (I21).

STEMI (vs NSTEMI), invasive revascularization
procedure, and peak troponin were used as indicators
of a more severe myocardial injury. Firstly, the as-
sociation between STEMI (vs NSTEMI) at the time of
first MI and a history of adverse pregnancy outcome
was studied. STEMI is the most severe form of pre-
sentation of acute coronary syndrome, traditionally
associated with transmural infarction.18 Compared
with NSTEMI, STEMI is associated with larger
myocardial injury and worse short-term prog-
nosis.19,20 In RIKS-HIA, infarct type is defined by the
treating physician in each individual case and then
recorded in the registry as STEMI or NSTEMI. Sec-
ondly, the association between an invasive revascu-
larization procedure at the time of first MI and a
history of adverse pregnancy outcome was studied.
Invasive treatment is routinely performed in a STEMI
setting, guidelines recommending invasive treatment
within 120 minutes from diagnosis.21 In the case of
NSTEMI patients, guidelines recommend an invasive
strategy to all patients and revascularization if
needed. In this study, invasive revascularization
procedure was defined as percutaneous coronary
intervention or coronary artery by-pass surgery dur-
ing the hospital stay corresponding with first MI
diagnosis. Third and lastly, as high peak troponin
value is a predictor of infarct size and worse outcome
following MI,11,12 peak troponin value, as recorded in
the register, was used to study the association be-
tween adverse pregnancy outcome history and infarct
size. To study myocardial injury based on troponin
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release, each type of peak troponin used in the study
sample (troponin T [n ¼ 676], highly sensitive
troponin T [n ¼ 5,110], troponin I [n ¼ 1,597], and
highly sensitive troponin I [n ¼ 937]) was log trans-
formed as the troponin data are highly skewed. To
harmonize the different types of troponin data and
allow for a comprehensive peak troponin value anal-
ysis, z-scores were separately calculated for each type
of troponin. This transformation allowed for a pooled
analysis on myocardial injury, based on peak
troponin, irrespective of troponin type.

Age was calculated from the woman’s year of
birth and the discharge year of her first-time MI.
Body mass index (BMI) at MI was calculated as
weight in kilograms divided by height in meters
squared (kg/m2) and included as a continuous var-
iable. BMI <14 or >55 kg/m2 was set to missing. In
this study, diabetes was defined as having a known
diagnosis of diabetes or receiving treatment for
diabetes at the time of MI, whereas hypertension is
defined by RIKS-HIA as receiving antihypertensive
drugs at the time of MI. RIKS-HIA defines smoking
as never-smoker, current smoker, or ex-smoker
(>1 month). For the purpose of this study, treat-
ment for dyslipidemia was defined as receiving
lipid-lowering agents at the time of MI.

STATISTICAL ANALYSIS. Characteristics of the study
sample are presented as means or percentages. Lo-
gistic regression was used to assess the association
between adverse pregnancy outcome history and
STEMI at first MI. Model I includes adverse pregnancy
outcome history (hypertensive disorder of pregnancy,
preterm delivery, or SGA infant) and age. Model II
additionally includes BMI, diabetes, hypertension,
smoking status, and treatment for dyslipidemia as
established predictors for CHD. Similarly, adverse
pregnancy outcome history and invasive revascular-
ization at the time of first MI was studied as described
above for the STEMI analysis. To study the mean
difference in peak troponin by adverse pregnancy
history, a linear regression model including covari-
ables as described above for the STEMI analysis was
used. However, to understand the extent to which
adverse pregnancy outcome history was associated
with particularly high peak troponin, that is,
assuming a nonlinear association, the association
between adverse pregnancy outcome history and
particularly high troponin value indicating a more
severe myocardial injury was studied. Peak
troponin $ the top quartile was used to indicate a
particularly severe myocardial damage. This is a cut-
off used before in studies analyzing biomarkers in
cardiovascular research.22,23 Troponin analyses were
also stratified by STEMI or NSTEMI as infarct type is
associated with severity of myocardial injury.18,20

As a woman’s risk of ever experiencing an adverse
pregnancy outcome rises with her total number of
deliveries and parity is also known to be associated
with future maternal cardiovascular disease,24 ana-
lyses additionally adjusting for parity in all models
were performed. Analyses where preterm delivery
was subcategorized into normotensive preterm de-
livery (no history of hypertension during pregnancy)
and hypertensive preterm delivery were also per-
formed, as preterm delivery is strongly associated
with hypertensive disorders of pregnancy. Lastly, to
assess the covariables effect on the model, analyses
adjusting for each covariable separately in addition to
age at MI were performed.

A total of 512 (6.2%) participants had missing data
on at least 1 covariable and multiple imputation was
used to impute missing values of these covariables.
Twenty imputed data sets were created using multi-
ple imputation by chained equations and data were
analyzed with the command mi estimate in Stata. All
major analyses were repeated using a complete case
data set in which individuals with missing data
(n ¼ 512) were excluded. Model assumptions for the
ordinary regression analysis were assessed by visual
inspection of the QQ-plot of regression residuals and
residuals vs predicted mean levels. For logistic
models, residual deviance per degree of freedom was
below 1 indicating a reasonable overall fit and no
over-dispersion. The adequacy of chosen predictors
and link function (logistic) were assessed through
tests based on cumulative residuals. A significance
level of P < 0.05 was used for hypothesis testing. The
statistical analysis was conducted using Stata 16.0
(StataCorp LLC).

RESULTS

Table 1 shows the characteristics of the study sample
by adverse pregnancy outcome history. Women with
a history of any hypertensive disorders of pregnancy
suffered MIs at a younger age and were more likely to
have diabetes, hypertension, treatment for dyslipi-
demia as well as a higher BMI at the time of MI. When
dividing hypertensive disorders of pregnancy into
subgroups, women with a history of preterm pre-
eclampsia were younger and more often had diabetes
compared to women with a history of any hyperten-
sive disorder of pregnancy. Women with a history of
preterm delivery presented with MI at a younger age
and more frequently with diabetes, hypertension,
and/or treatment for dyslipidemia compared to
women without a history of preterm delivery. Women



TABLE 1 Patient Characteristics at First Myocardial Infarction by Adverse Pregnancy Outcome History (N ¼ 8,320)

Preterm Delivery
Small for

Gestational Age Infant Hypertensive Disorder of Pregnancy

Missing n
(%)

Ever PTD
(n ¼ 1,301)

No PTD
(n ¼ 7,019)

Ever SGA
(n ¼ 887)

No SGA
(n ¼ 7,433)

Ever HDP
(n ¼ 1,078)

Preterm PE
(n ¼ 206)

Term PE
(n ¼ 518)

Non-PE
Hypertension
(n ¼ 354)

Normotensive
(n ¼ 7,242)

Age, y (SD) 55.0 � 7.2 56.3 � 6.8 56.5 � 6.8 56.1 � 6.9 54.8 � 7.3 52.4 � 7.8 55.0 � 7.0 56.1 � 7.1 56.3 � 6.8 -

Diabetes 296 (22.8) 1,047 (14.9) 133 (15.0) 1,210 (16.3) 262 (24.3) 68 (33.0) 109 (21.0) 85 (24.0) 1,081 (14.9) 28 (0.3)

Hypertension 545 (41.9) 2,683 (38.2) 371 (41.8) 2,857 (38.4) 625 (58.0) 114 (55.3) 296 (57.1) 215 (60.7) 2,603 (35.9) 45 (0.5)

Treatment for dyslipidemia 206 (15.8) 902 (12.8) 130 (14.7) 978 (13.2) 205 (19.0) 40 (19.4) 97 (18.7) 68 (19.2) 903 (12.5) 9 (0.1)

BMI, kg/m2 28.0 � 5.8 27.9 � 5.6 27.2 � 5.4 28.0 � 5.6 29.4 � 5.9 29.1 � 6.1 29.4 � 5.9 29.7 � 5.7 27.7 � 5.5 305 3.7

Smoking 179 (2.2)

Never 367 (28.2) 2,124 (30.3) 175 (19.7) 2,316 (31.1) 424 (39.3) 86 (41.7) 205 (39.6) 133 (37.6) 2,067 (28.5)

Ex-smoker 322 (24.7) 1,783 (25.4) 213 (24.0) 1,892 (25.4) 274 (25.4) 51 (24.8) 127 (24.5) 96 (27.1) 1,831 (25.3)

Smoker 582 (44.7) 2,963 (42.2) 481 (54.2) 3,064 (41.2) 353 (32.7) 59 (28.6) 178 (34.3) 116 (32.8) 3,192 (44.1)

Values aremean� SDor n (%). PTD is defined as awoman’smost pretermdeliveryprior to herfirstmyocardial infarction.HDP is defined as awoman’smost seriousdiagnosis prior to herfirstmyocardial infarction.

BMI ¼ body mass index; HDP ¼ hypertensive disorder of pregnancy; PE ¼ preeclampsia; PTD ¼ preterm delivery; SD ¼ standard deviation; SGA ¼ small for gestational age.
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with a history of an SGA infant were more often active
smokers at the time of MI compared to women with
no history of delivering an SGA infant.

MYOCARDIAL INFARCTION SUBTYPE BY ADVERSE

PREGNANCY OUTCOME HISTORY. In total, 3,128
(38%) women presented with STEMI and 5,192 (62%)
women presented with NSTEMI. A history of preterm
preeclampsia was associated with STEMI at the time
of first MI in the fully adjusted model (OR: 1.40;
95% CI: 1.05-1.87), as was a history of a SGA infant
(OR: 1.30; 95% CI: 1.13-1.50) (Table 2). Neither history
of term preeclampsia nor non-preeclampsia hyper-
tension was associated with STEMI. Preterm delivery
was also not associated with STEMI. To determine
TABLE 2 Association Between Adverse Pregnancy Outcome History an
(N ¼ 8,320)

OR (95%

Preterm delivery (n STEMI/n MI)

Never preterm delivery (2,644/7,019) 1.00 (refe

Ever preterm delivery (484/1,301) 0.99 (0.8

Late preterm delivery (317/863) 0.97 (0.8

Very preterm delivery (167/438) 1.03 (0.8

Small for gestational age infant (n STEMI/n MI)

Never small for gestational age infant (2,730/7,433) 1.00 (refe

Ever small for gestational age infant (398/887) 1.40 (1.2

Hypertensive disorder of pregnancy (n STEMI/n MI)

Normotensive (2,735/7,242) 1.00 (refe

Hypertensive disorder of pregnancy (393/1,078) 0.95 (0.8

Preterm preeclampsia (85/206) 1.18 (0.8

Term preeclampsia (179/518) 0.88 (0.7

Non-preeclampsia hypertension (129/354) 0.95 (0.7

MI ¼ myocardial infarction; STEMI ¼ ST-segment elevation myocardial infarction.
whether any association between SGA infant and
STEMI at the time of first MI may be driven by a his-
tory of hypertensive disorders of pregnancy, a sec-
ondary analysis restricted to women without a history
of hypertensive disorders of pregnancy was per-
formed. The association remained even in women
without a history of hypertensive disorder of preg-
nancy (Supplemental Table 1).

INVASIVE REVASCULARIZATION PROCEDURE BY

ADVERSE PREGNANCY OUTCOME HISTORY. Women
with a history of preterm preeclampsia were more
likely to undergo invasive revascularization at the
time of MI than women with no history of hyperten-
sive pregnancy (fully adjusted OR: 1.43; 95% CI: 1.07-
d STEMI Among Women Presenting With First Myocardial Infarction

Model I Model II

CI) P Value OR (95% CI) P Value

rence) 1.00 (reference)

7-1.12) 0.84 0.98 (0.87-1.11) 0.76

3-1.12) 0.64 0.96 (0.83-1.12) 0.60

5-1.26) 0.76 1.02 (0.83-1.25) 0.83

rence) 1.00 (reference)

2-1.61) <0.001 1.30 (1.13-1.50) <0.001

rence) 1.00 (reference)

3-1.09) 0.48 1.07 (0.94-1.23) 0.31

9-1.57) 0.24 1.40 (1.05-1.87) 0.02

3-1.06) 0.17 0.98 (0.81-1.18) 0.81

6-1.18) 0.63 1.06 (0.85-1.33) 0.61

https://doi.org/10.1016/j.jacadv.2024.101088


TABLE 3 Association Between Adverse Pregnancy Outcome History and Invasive Revascularization Procedure Among Women Presenting

With First Time Myocardial Infarction (N ¼ 8,320)

Model I Model II

OR (95% CI) P Value OR (95% CI) P Value

Preterm delivery (n revascularization/n MI)

Never preterm delivery (2,344/7,019) 1.00 (reference) 1.00 (reference)

Ever preterm delivery (436/1,301) 1.01 (0.89-1.15) 0.82 1.01 (0.89-1.15) 0.91

Late preterm delivery (286/863) 0.99 (0.86-1.16) 0.95 0.99 (0.85-1.15) 0.88

Very preterm delivery (150/438) 1.05 (0.86-1.29) 0.61 1.05 (0.85-1.29) 0.66

Small for gestational age infant (n revascularization/n MI)

Never small for gestational age infant (2,436/7,433) 1.00 (reference) 1.00 (reference)

Ever small for gestational age infant (344/887) 1.30 (1.12-1.50) <0.001 1.20 (1.04-1.39) 0.01

Hypertensive disorder of pregnancy (n revascularization/n MI)

Normotensive (2,441/7,242) 1.00 (reference) 1.00 (reference)

Hypertensive disorder of pregnancy (339/1,078) 0.91 (0.79-1.05) 0.19 1.03 (0.89-1.19) 0.69

Preterm preeclampsia (77/206) 1.21 (0.90-1.61) 0.20 1.43 (1.07-1.92) 0.02

Term preeclampsia (149/518) 0.80 (0.66-0.98) 0.03 0.89 (0.73-1.09) 0.27

Non-preeclampsia hypertension (113/354) 0.92 (0.73-1.16) 0.50 1.04 (0.82-1.31) 0.76

Results from logistic regression multiple imputation analysis. Preterm delivery is defined as a woman’s most preterm delivery prior to her first MI. Hypertensive disorders of
pregnancy are defined as a woman’s most serious diagnosis prior to her first MI. Model I includes adverse pregnancy outcome history; age at first time MI [continuous]. Model II
additionally includes diabetes [yes/no]; hypertension [yes/no]; treatment for dyslipidemia [yes/no]; smoking status [never smoker, current smoker, ex-smoker >1 month]; BMI
[continuous].

BMI ¼ body mass index; MI ¼ myocardial infarction.
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1.92). A history of delivering an SGA infant was also
associated with invasive revascularization (OR: 1.20;
95% CI: 1.04-1.39). A history of any hypertensive
disorder of pregnancy or term preeclampsia was not
associated with invasive revascularization at the time
of MI, nor was a history of preterm delivery (Table 3).

HIGH TROPONIN VALUE AND INFARCT SIZE BY

ADVERSE PREGNANCY OUTCOME HISTORY. No as-
sociation was found between adverse pregnancy
outcome history and log z-score troponin overall
(Table 4). However, a history of an SGA infant was
associated with a particularly high troponin value at
the time of first MI in the fully adjusted model (OR:
1.18; 95% CI: 1.01-1.38) (Table 5). When stratifying by
STEMI or NSTEMI, no association was found between
troponin levels and any adverse pregnancy outcome
history (Supplemental Tables 2 to 5).

ADDITIONAL ANALYSES. When additionally adjust-
ing for parity in model I, the estimates did not notably
change (data not shown). No association was found
between normotensive preterm delivery and out-
comes; hypertensive preterm delivery appeared to be
elevated, consistent with the observation in Table 2
that preterm preeclampsia was associated with
STEMI (Supplemental Tables 6 to 9). Supplemental
Table 10 highlights the effect smoking status has on
the association between preterm preeclampsia and
STEMI. Preterm preeclampsia was associated with
STEMI (OR: 1.35; 95% CI: 1.02-1.81) when adjusting for
smoking status in addition to age at MI in a separate
step. This is reflected in Table 1, which shows that
women with a history of preterm preeclampsia were
less likely to be active smokers than normotensive
women at the time of MI. Supplemental Table 11
shows a similar analysis for invasive revasculariza-
tion by hypertensive disorders of pregnancy history.

DISCUSSION

In women #65 years of age presenting with MI, a
history of preterm preeclampsia and a history of an
SGA infant were associated with clinical characteris-
tics indicating a more severe myocardial injury
(Central Illustration). In contrast, no evidence was
found that a history of normotensive preterm de-
livery, term preeclampsia, or any history of hyper-
tensive disorders of pregnancy were associated with
any of the studied outcomes.

ADVERSE PREGNANCY OUTCOMES AS MARKERS OF

A MORE SEVERE MYOCARDIAL INJURY. The results
indicate that women with a history of preterm pre-
eclampsia and women with a history of an SGA infant
present with more severe myocardial damage at the
time of first MI. A history of delivering an SGA infant
and a history of preeclampsia are thought to share
underlying pathophysiological pathways, through
endothelial dysfunction, for the development of
future maternal CHD.25,26 Preeclampsia is usually
categorized according to gestational length into pre-
term preeclampsia and term preeclampsia, where

https://doi.org/10.1016/j.jacadv.2024.101088
https://doi.org/10.1016/j.jacadv.2024.101088
https://doi.org/10.1016/j.jacadv.2024.101088
https://doi.org/10.1016/j.jacadv.2024.101088
https://doi.org/10.1016/j.jacadv.2024.101088


TABLE 4 Association Between Adverse Pregnancy Outcome History and Log Z-Score Troponin Among Women Presenting With First Time

Myocardial Infarction (N ¼ 8,320)

Model I Model II

b (95% CI) P Value b (95% CI) P Value

Preterm delivery

Never preterm delivery 1.00 (reference) 1.00 (reference)

Ever preterm delivery 0.001 (�0.06 to 0.06) 0.98 �0.001 (�0.06 to 0.06) 0.97

Late preterm delivery �0.02 (�0.09 to 0.05) 0.61 �0.02 (�0.09 to 0.05) 0.55

Very preterm delivery 0.04 (�0.06 to 0.14) 0.42 0.04 (�0.06 to 0.14) 0.43

Small for gestational age infant

Never small for gestational age infant 1.00 (reference) 1.00 (reference)

Ever small for gestational age infant 0.07 (�0.005 to 0.14) 0.07 0.05 (�0.02 to 0.12) 0.19

Hypertensive disorder of pregnancy

Normotensive 1.00 (reference) 1.00 (reference)

Hypertensive disorder of pregnancy 0.02 (�0.05 to 0.08) 0.56 0.06 (�0.01 to 0.13) 0.07

Preterm preeclampsia 0.05 (�0.09 to 0.19) 0.48 0.10 (�0.04 to 0.24) 0.17

Term preeclampsia 0.05 (�0.04 to 0.14) 0.30 0.09 (�0.003 to 0.18) 0.06

Non-preeclampsia hypertension �0.04 (�0.15 to 0.07) 0.45 �0.001 (�0.11 to 0.11) 0.99

Results from linear regression multiple imputation analysis. Preterm delivery is defined as a woman’s most preterm delivery prior to her first MI. Hypertensive disorders of
pregnancy are defined as a woman’s most serious diagnosis prior to her first MI. Model I includes adverse pregnancy outcome history; age at first time MI [continuous]. Model II
additionally includes diabetes [yes/no]; hypertension [yes/no]; treatment for dyslipidemia [yes/no]; smoking status [never smoker, current smoker, ex-smoker >1 month]; BMI
[continuous].

BMI ¼ body mass index.
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preterm preeclampsia is associated with more severe
disease compared to term preeclampsia.27 In this
study, some discordance was observed in outcome
associations according to preeclampsia type, with no
associations found for term preeclampsia. We have
previously reported that a history of term pre-
eclampsia, but not preterm preeclampsia, is
TABLE 5 Association Between Adverse Pregnancy Outcome History a

Presenting With First Time Myocardial Infarction (N ¼ 8,320)

OR (

Preterm delivery (n high troponin/n MI)

Never preterm delivery (1,872/7,019) 1.00 (

Ever preterm delivery (336/1,301) 0.97 (

Late preterm delivery (215/863) 0.92 (

Very preterm delivery (121/438) 1.08 (

Small for gestational age infant (n high troponin/n MI)

Never small for gestational age infant (1,939/7,433) 1.00 (

Ever small for gestational age infant (269/887) 1.23 (

Hypertensive disorder of pregnancy (n high troponin/n MI)

Normotensive (1,920/7,242) 1.00 (

Hypertensive disorder of pregnancy (288/1,078) 1.03 (

Preterm preeclampsia (60/206) 1.20 (

Term preeclampsia (141/518) 1.06 (

Non-preeclampsia hypertension (87/354) 0.91 (

Results from logistic regression multiple imputation analysis. Preterm delivery is defined
pregnancy are defined as a woman’s most serious diagnosis prior to her first MI. Mod
additionally includes diabetes [yes/no]; hypertension [yes/no]; treatment for dyslipidemi
[continuous].

Abbreviations as in Table 3.
associated with a lower risk of restenosis following
percutaneous coronary intervention.28 Taken
together, these results indicate a heterogeneity by
type of preeclampsia and the association with pre-
sentation and outcome of future CHD in women.

STEMI typically arises from a thrombotic occlusion
of a coronary artery,18 and the lesion localization is
nd High Troponin (Within the Fourth Quartile) Value Among Women

Model I Model II

95% CI) P Value OR (95% CI) P Value

reference) 1.00 (reference)

0.85-1.11) 0.70 0.97 (0.85-1.11) 0.67

0.78-1.09) 0.34 0.92 (0.78-1.08) 0.31

0.87-1.34) 0.49 1.08 (0.87-1.34) 0.49

reference) 1.00 (reference)

1.05-1.43) 0.01 1.18 (1.01-1.38) 0.03

reference) 1.00 (reference)

0.89-1.19) 0.68 1.11 (0.96-1.29) 0.16

0.89-1.63) 0.24 1.33 (0.98-1.82) 0.07

0.86-1.29) 0.59 1.13 (0.92-1.39) 0.23

0.71-1.16) 0.44 0.97 (0.76-1.25) 0.82

as a woman’s most preterm delivery prior to her first MI. Hypertensive disorders of
el I includes adverse pregnancy outcome history; age at MI [continuous]. Model II
a [yes/no]; smoking status [never smoker, current smoker, ex-smoker >1 month]; BMI
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known to be associated with patient outcome. In
general, proximal coronary artery disease and coro-
nary artery disease located in specific vessels are
known factors to be associated with worse prognosis
after MI.29,30 In a recent study where we studied
coronary computed tomography findings by adverse
pregnancy outcome history (preeclampsia, gesta-
tional hypertension, gestational diabetes, SGA, and
preterm delivery) in middle-aged women, we found
adverse pregnancy outcomes to be associated with
coronary artery atherosclerosis.6 We also found a
history of preeclampsia, gestational hypertension,
and SGA to be associated with a difference in coro-
nary atherosclerosis segment distribution compared
to women with no history of adverse pregnancy out-
comes. While these previous findings are of unknown
clinical relevance, they might help to understand the
difference in MI presentation reported in this study.
An association with clinical characteristics such as
STEMI could reflect a difference in CHD development
in women with a history of preterm preeclampsia or a
history of SGA infant, compared to women with no
such history.

The results presented in this study add to the re-
sults presented by Grand’Maison et al8 and McDonald
et al 9 from smaller studies where among women with
MI, women with a history of preeclampsia had a
higher risk of presenting with STEMI compared to
women with normotensive pregnancies. They also
expand on the recent results presented by Countouris
et al,7 where no associations between adverse preg-
nancy outcomes and clinical characteristics indi-
cating a more severe myocardial injury were shown.
The study by Countouris et al did not include data on
history of delivering an SGA infant and preeclampsia
was not analyzed by timing of delivery.
PRETERM DELIVERY AND FUTURE MATERNAL

CORONARY HEART DISEASE. Women with a history
of preterm delivery presented with similar clinical MI
characteristics as other parous women at the time of
MI, though presenting at a younger age compared to
other women. The underlying mechanisms of the
association between preterm delivery and future
maternal cardiovascular disease/CHD are not yet fully
understood. Previous studies have shown that the
trajectories of established cardiovascular risk factors
of women with preterm delivery history are similar
throughout adulthood to those of other women31 and
that the traditional cardiovascular risk factors explain
only a minor part of the increased risk of cardiovas-
cular disease associated with preterm delivery.5,32

The risk of future CHD in women with a history of
preterm delivery could therefore be partially driven
by other, unknown factors, and these women might
present differently with coronary events—and have a
different prognosis—compared to parous women
without a history of preterm delivery. We have pre-
viously shown that women with a history of preterm



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Adverse preg-

nancy complications are sex-specific risk factors for future cor-

onary heart disease and coronary heart disease is the leading

cause of mortality for women world-wide. A history of adverse

pregnancy outcomes might be a marker of a more severe

myocardial injury at the time of myocardial infarction.

TRANSLATIONAL OUTLOOK 1: Further studies on adverse

pregnancy outcomes and primary prevention for coronary heart

disease would expand further on the knowledge of adverse

pregnancy outcomes and future coronary heart disease.

TRANSLATIONAL OUTLOOK 2: The etiological mechanism

by which a history of preterm preeclampsia and/or delivering a

small for gestational infant is linked to myocardial infarction

severity at the time of diagnosis needs to be further studied.
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delivery have a worse prognosis in a secondary pre-
vention setting, having a higher risk of adverse out-
comes after coronary artery stenting.33 In the
previously mentioned study on coronary computed
tomography angiography findings by adverse preg-
nancy outcome history, we found women with a
history of preterm delivery had a higher coronary
artery calcium score compared to women without a
history of adverse pregnancy outcomes,6 indicating a
higher risk of future coronary events.

STRENGTHS AND LIMITATIONS. The main strength
of this study is a large comprehensive national sam-
ple of women with first time MI, originating from data
collected over decades in established, well-known,
and well-curated registers.34,35 As such, the sample
size is considerably larger than hitherto published
studies in the area.

This study also had some limitations. Women
with first time MI prior to 2007 were excluded in
the study as not all variables included in this study
were routinely collected until then, and women
>65 years of age were excluded as inclusion of
older women was limited by the lack of delivery
data prior to 1973. However, it should be noted that
the association between adverse pregnancy out-
comes and future CHD has been shown to be more
prominent in younger age groups.36 Pregnancies
from the 70s and early 80s are at risk of being
misclassified regarding pregnancy dating, as preg-
nancy dating with obstetric ultrasound was not
used clinically until the 70s in Sweden. In addition,
it should be noted that patient transfers between
hospitals and wards present a risk of peak troponin
values being inaccurately recorded in a minority of
cases. However, both misclassifications related to
pregnancy dating and troponin values would at
most attenuate any associations. Furthermore,
model II is adjusted for CHD predictors between the
delivery and MI; while this could be considered
over-adjustment for factors that might mediate the
association between adverse pregnancy outcomes
and future CHD, these post-pregnancy factors are
also likely markers for risk factor status at the time
of the pregnancy, for which we lack data. For
example, adjustment for smoking could be an
example of controlling for smoking at the time of
the pregnancy. As data on MI mechanism were not
available, we have not studied the proportion of
MIs due to spontaneous coronary artery dissection
or other nonatherosclerotic MIs. Lastly, it should
also be noted that before generalizing our results to
other populations, the relative ethnic homogeneity
of the study sample should be considered.
CONCLUSIONS

Among women #65 years of age presenting with a
first MI, a history of preterm preeclampsia and of SGA
infant were associated with STEMI and invasive
revascularization. This adds to the evidence base
linking adverse pregnancy outcomes and maternal
cardiovascular risk by demonstrating that history of
preterm preeclampsia and SGA are also linked to MI
severity. The extent to which these findings are
explained by divergent CHD development among
these subgroups of women warrants further study.
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