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BACKGROUND: Preeclampsia is associated with an increased lifetime risk of myocardial infarction. This study explored whether
there is a difference in the clinical features and severity of myocardial infarction in women with previous preeclampsia
compared with women with no history of preeclampsia.

METHODS: This register-based cohort study combined data from the Swedish Medical Birth Register with data from the quality
register the Swedish Web-System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated
According to Recommended Therapies. Women with a first singleton birth between 1973 and 2019 were included. The
outcome of myocardial infarction was categorized as severe if it resulted in death within 7 days, cardiogenic shock, cardiac
arrest, impaired left ventricular systolic function, mechanical complication, or ST-segment—elevation myocardial infarction.
The association between preeclampsia and myocardial infarction was investigated using cause-specific hazard models.

RESULTS: Among 1 966 096 women with a first singleton birth, 82 980 (4.2%) had preeclampsia. Myocardial infarction
was registered in 10 758 (0.5%) of the total population. One-third (n=3672, 34.1%) of myocardial infarctions had severe
features and two-thirds (n=6996, 69.1%) were nonsevere. Preeclampsia was associated with increased risk of myocardial
infarction, with an adjusted hazard ratio (HR) of 1.71 (95% Cl, 1.560-1.94) for severe and 1.86 (95% Cl, 1.71-2.04) for
nonsevere myocardial infarction. Myocardial infarction in women with prior preeclampsia compared with women without
preeclampsia was associated with a higher risk of death (HR, 3.00 [95% Cl, 1.10-8.14]), cardiogenic shock (HR, 1.69 [95%
Cl, 1.11-2.58]), and impaired left ventricular systolic function (HR, 1.69 [95% CI, 1.11-2.58]), while no association was
observed for cardiac arrest (HR, 1.37 [95% CI, 0.98-1.93]), ST-segment—elevation myocardial infarction (HR, 1.01 [95% CI,
0.86-1.18]), or mechanical complication (HR, 0.57 [95% Cl, 0.08-4.15]).

CONCLUSIONS: Women with a history of preeclampsia have almost twice the risk of myocardial infarction. Myocardial infarction
among women with prior preeclampsia more often results in death, cardiogenic shock, and impaired left ventricular systolic
function than among women without preeclampsia.
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der of pregnancy have a 2- to 3-fold increased lifetime
risk of cardiovascular disease, including hypertension,
stroke, and myocardial infarction, with the highest risk
being present among women with previous preeclamp-
sia.'™* Preeclampsia and atherosclerosis share features of

It is well established that women with hypertensive disor-

vascular inflammation with associated endothelial dysfunc-
tion.? In addition, morbidities such as obesity, diabetes, dys-
lipidemia, and chronic hypertension that predispose women
to preeclampsia are also risk factors for myocardial infarc-
tion8" It is unclear whether preeclampsia causes additional
and persisting endothelial injury or whether it is merely a
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WHAT IS KNOWN

* Previous preeclampsia increases the risk of myocar-
dial infarction later in life.

* Knowledge is sparse about the clinical features and
severity of myocardial infarction in women with a his-
tory of preeclampsia.

WHAT THE STUDY ADDS

* The risk is increased for both severe and nonsevere
forms of myocardial infarction.

* Myocardial infarction in women with a history of pre-
eclampsia is associated with a higher risk of death,
cardiogenic shock, and impaired left ventricular sys-
tolic function than in women with no preeclampsia.

Nonstandard Abbreviations and Acronyms

BMI body mass index
HR hazard ratio
MBR Swedish Medical Birth Register

STEMI ST-segment—elevation
myocardial infarction
SWEDEHEART The Swedish Web-system for

Enhancement and Development
of Evidence-based care in Heart
disease Evaluated According to
Recommended Therapies

stress test for future cardiovascular disease. The excessive
dyslipidemia, inflammation, and endothelial dysfunction in
preeclampsia could potentially cause permanent vascular
damage and promote future atherosclerosis.#® Compared
with women with normotensive pregnancies, women with
preeclampsia demonstrate coronary atherosclerosis earlier
in life'® and experience myocardial infarction at younger
ages.'? Furthermore, subclinical coronary artery disease
has been found after preeclampsia even among women
estimated to be at low cardiovascular risk."

Despite this well-known association with future car-
diovascular risk, knowledge is sparse about the clinical
features and severity of myocardial infarction in women
with a history of preeclampsia. Previous studies are few,
small, and show conflicting results. In 3 cohort stud-
ies with 200 to 400 participants,'"'?'* 2 studies found
higher rates of ST-segment—elevation myocardial infarc-
tion (STEMI) and 1 found no difference in the rates of
STEMI among women with a history of preeclampsia
compared with women without a history of preeclampsia.
No increased risk of cardiogenic shock or impaired left
ventricular systolic function after a myocardial infarction
was observed among women with preeclampsia.'’

Taken together, there is a gap in knowledge about the
severity and type of myocardial infarction in women with
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a history of preeclampsia, in particular at a large scale
and population-based level. Therefore, we investigated
whether there is a difference in the clinical features and
severity of myocardial infarction among women with a
history of preeclampsia compared with women without a
history of preeclampsia in Sweden, using nationwide reg-
isters with detailed information on pregnancy exposures
and myocardial infarctions.'®

METHODS

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure but can be applied
for from the National Board of Health and Welfare in Sweden,
Statistics Sweden, and the quality register the Swedish Web-
system for Enhancement and Development of Evidence-based
care in Heart disease Evaluated According to Recommended
Therapies (SWEDEHEART) after ethical approval.

Study Design and Data Sources
This register-based cohort study used data at an individual level
from several Swedish national registers. A personal identifica-
tion number allowed identification and merging of data from
participants across the registers.'®

The Swedish Medical Birth Register (MBR) covers informa-
tion obtained from health care services on >98% of all births
in Sweden since 1973. Self-reported information on maternal
health and socioeconomic and behavioral factors is collected
prospectively by midwives at antenatal care clinics. At discharge
from the hospital after childbirth, maternal disorders and compli-
cations during pregnancy and birth and information on the neo-
nate are registered in electronic birth records by checkboxes
and by diagnoses according to the International Classification
of Diseases codes."” In this study, information from the MBR
was linked to the Swedish National Patient Register, providing
diagnostic codes from inpatient and outpatient clinics.'® Date
and cause of death were collected from the Cause-of-Death
Register.'® We received information about educational attain-
ment from the Register on Participation in Education, and infor-
mation on maternal birth country and emigration was retrieved
from the Total Population Register (Statistics Sweden).

SWEDEHEART is a medical quality register of coronary
artery disease care and procedures, with national coverage
since 1995. Initially, it only included admissions to cardiac
intensive care units. Since 2004, all patients with a suspected
myocardial infarction have been included. Over 100 clinical
variables are collected during the hospital stay: interventions,
results of examinations, complications, and diagnoses. Data
quality and accuracy in SWEDEHEART are monitored yearly,
and the internal validity is high.'®

Study Population

Women with a first singleton birth between 1973 and 2019
were identified in the MBR. Women with a myocardial infarction
before pregnancy (n=86), women who died (n=4660), emi-
grated (n=54 199), or had a diagnosis of myocardial infarction
registered in the National Patient Register or Cause-of-Death
Register (n=446) before the start of the follow-up in January
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1995 were excluded (Figure). Characteristics of women with
a myocardial infarction after pregnancy but before the start of
follow-up are described in a drop-out analysis (Table S1).
Analysis of clinical characteristics was restricted to women
with myocardial infarction (n=10 758) in the study population.

Exposure

Exposure was preeclampsia during the first pregnancy accord-
ing to the International Classification of Diseases diagnostic
codes in the medical records (Table S1). Criteria for the dis-
ease during the corresponding time period were used, includ-
ing hypertension after 20 weeks of gestation and proteinuria or
end-organ injury. Women with only gestational hypertension or
chronic hypertension were treated as unexposed.

Outcome

The outcome was the severity of the first myocardial infarc-
tion during the period from January 1, 1995, to December
31, 2020, registered in SWEDEHEART, and confirmed by a
corresponding International Classification of Diseases code
registered in the Swedish National Patient Register or the
Cause-of-Death Register (Table S1). Clinical information on
the myocardial infarction was registered in SWEDEHEART by
the treating physicians and health administrators.

The definition of severe myocardial infarction, encompass-
ing myocardial infarctions with an increased risk of mortality and
long-term morbidity, was based on a clinical judgment by senior
cardiologists in the research team (C.C. and K.B.). We defined
severe myocardial infarction as a myocardial infarction result-
ing in death within 7 days, cardiogenic shock, cardiac arrest,
impaired left ventricular systolic function, mechanical complica-
tions, or STEMI. Cardiogenic shock was diagnosed on admis-
sion or during the hospital stay and was defined as persistent
systolic blood pressure below 90 mm Hg with signs of tissue
hypoperfusion that were not due to hypovolemia. Impaired left
ventricular systolic function was defined as a de novo ejection

Clinical Features of Myocardial Infarction

fraction of <40% measured by echocardiography. Mechanical
complications included left ventricular free wall rupture, postin-
farction ventricular septum defect, or acute mitral regurgita-
tion. STEMI was defined as a significant ST-segment elevation
on the arrival ECG according to the Universal Definition of
Myocardial Infarction, assessed by the physician in charge.®®

Covariates

The MBR provided information on pregnancy characteristics
and maternal age at birth (categorized into <20, 20-34, and
>35 years). Information on pregestational diabetes, chronic
hypertension, systemic lupus erythematosus, and chronic kid-
ney disease (yes/no) was collected by checkboxes. Body mass
index (BMI), categorized into <30 and >30 kg/m? based on
maternal height and early pregnancy weight, smoking (yes/
no), and family situation (categorized as married/cohabiting or
other) were reported at the first antenatal visit. BMI and smok-
ing have been registered in the MBR since 1982. Educational
attainment was categorized into less than secondary educa-
tion, secondary education, and tertiary education, and maternal
birth country into 3 groups: Sweden, Europe/North America/
Oceania, and the rest of the world.

Birth characteristics included year of birth in strata of
decades, infant birth weight (g), and gestational age in weeks.
Preterm birth was defined as delivery of an infant <37 weeks of
gestation, and an infant small for gestational age was defined
as sex- and gestational age-adjusted weight <2.5th percentile,
indicating intrauterine growth restriction.?'

Statistical Analysis

Descriptive maternal baseline characteristics were tabulated
and presented as frequencies (%) or means with SDs accord-
ing to exposure (ie, preeclampsia). The association between
preeclampsia and myocardial infarction was investigated using
cause-specific hazard models. These models accounted for the
competing risks from various severities of myocardial infarction

First singleton pregnancy
between 1973-2019
identified in the MBR

N =2,025,234

Myocardial infarction before
first childbirth
N =86

Emigration before 1995
N =54,199

Myocardial infarction before
> 1995
N = 446

Figure. Study population.
MBR indicates Swedish Medical Birth
Register.

Death before 1995
N = 4,660

v

Study population
N = 1,966,096

No myocardial infarction
between 1995-2020
N =1,955,372

Myocardial infarction between
1995-2020
N =10,758
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and death from myocardial infarction as well as other causes
of deaths. The results are reported as hazard ratios (HRs) with
95% Cls, the reference group being women without preeclamp-
sia.?? Proportional hazard assumption was checked visually by
inspecting log-(log) survival plots for all investigated variables.
Adjusted models included maternal age (as a continuous vari-
able), country of birth, cohabitation, maternal education level,
year of birth, and prepregnancy medical conditions as covari-
ates identified by directed acyclic graphs®® and a theoretical
framework (Figure S1). For the subgroup of women who gave
birth in 1982 or later, the models also included the covariates
BMI (continuous) and smoking status.

In an exploratory subanalysis, the adjusted model also
included gestational length at birth and small for gestational
age infant, potential mediators, and interaction factors between
preeclampsia and cardiovascular disease.?*

To investigate a potential immortal time bias, a sensitiv-
ity analysis including only women with births from 1995 and
onward was performed.

Data were analyzed using SPSS software, version 28.0
(IBM Corp, Armonk, NY) and R, version 4.3.2, using the survival
add-on package.?®

The study was approved by the regional ethics committee
of Uppsala (log number 2019-04925 approved January 28,
2020, with a supplement 2022-00922-02 approved March
3, 2022). Pseudonymization of merged data was done by the
National Board of Health and Welfare.

The study cohort included 1 966 096 women with a first
singleton birth between 1973 and 2019, among whom
82 980 women had preeclampsia (4.2%). Women with
preeclampsia had a higher mean age and BMI at the
time of pregnancy than women without preeclampsia. In
addition, pregestational chronic disease and other preg-
nancy complications were more common in the group
with preeclampsia (Table 1).

The mean age at the end of follow-up was 49.7£12.8
years for women with preeclampsia and 49.9+13.0
years for women without preeclampsia (Table 2). The
mean follow-up time with a start on January 1, 1995,
was 182%8.6 years for women with preeclampsia and
17948.5 years for women without preeclampsia. In all,
10 758 women (0.5%) had a myocardial infarction reg-
istered in SWEDEHEART between 1995 and 2020.
Of these, 3672 (34.1%) were classified as myocardial
infarction with severe features, and 6996 (65.9%) were
classified as nonsevere. Preeclampsia was associated
with increased risk of myocardial infarction, both severe
(adjusted HR, 1.71 [95% ClI, 1.560-1.94]) and nonsevere
(adjusted HR, 1.86 [95% Cl, 1.71-2.04]), compared with
women without preeclampsia (Table 2; Figure S2). After
restricting the population to births after 1982 to include
BMI and smoking as additional confounders, the asso-
ciation between preeclampsia and myocardial infarction
remained (adjusted HR, 2.05 [95% ClI, 1.81-2.33]; Table
S2). When the birth of a small for gestational age infant

Clinical Features of Myocardial Infarction

Baseline Characteristics of the Study Population

(n=1 966 096)

Women, No. (%)

No preeclampsia | Preeclampsia
Maternal characteristic n=1883116 n=82 980
Age at birth, y
Mean (SD) 26.8 (56.0) 27.2 (5.3)
<20 111 186 (5.9) 4587 (5.5)
20-34 1631853 (86.7) | 70 166 (84.6)
>35 140 077 (7.4) 8227 (9.9)
Preexisting comorbidities
Pregestational diabetes 7330 (0.4) 1476 (1.8)
Chronic hypertension 4300 (0.2) 886 (1.1)
SLE 1336 (0.1) 111 (0.1)
Kidney disease 6256 (0.3) 523 (0.6)
BMl in early pregnancy, kg/m?*
Mean (SD) 23.6 (4.1) 25.5 (5.2)
<30 1149332 (74.5) | 46 280 (66.9)
>30 93 976 (6.1) 9739 (14.1)
Missing 299 436 (19.4) 13185 (19.1)
Smoking* 200 257 (13.0) 6480 (9.4)
Missing 102 729 (6.7) 4736 (6.8)

Family situation

Cohabitation/married

1474 969 (78.3)

65908 (79.4)

Other

278 269 (14.8)

11 305 (13.6)

Missing

129 878 (6.9)

5767 (6.9)

Educational level

Tertiary education

902 205 (47.9)

37 481 (45.2)

Secondary education 389 966 (20.7) 18 765 (22.6)
Less than secondary education 583 267 (31.0) 26 462 (31.9)
Missing 7678 (0.4) 272 (0.3)

Country of birth

Sweden 1586217 (84.2) | 72 893 (87.9)

Europe, North America, and 151 703 (8.1) 5253 (6.3)

Oceania

Rest of the world 144 866 (7.7) 4822 (5.8)

Missing 303 (0.0) 12 (0.0)

Birth characteristics

Birth year
1973-1980 396 273 (16.3) 12 250 (14.8)
1981-1990 380 670 (20.2) 15 727 (19.0)
1991-2000 376 289 (20.0) 17 642 (21.3)
2001-2010 416 781 (22.1) 18 663 (22.5)
2011-2019 4038103 (21.4) 18 698 (22.5)

Birth weight, g; mean (SD) 3452 (540) 3101 (822)
Missing 4852 (0.3) 288 (0.3)

Small for gestational age 66 162 (3.5) 11 275 (13.6)
Missing 8184 (0.4) 453 (0.5)

Gestational length, wk; mean (SD) | 39.9 (1.9) 38.5 (3.0)

Preterm birth 100 462 (5.3) 16 766 (20.2)
Missing 3420 (0.2) 170 (0.2)

BMI indicates body mass index; and SLE, systemic lupus erythematosus.
*From 1982, N=1 611 948 (82% of the total population).
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Table 2. Rates and Risk for Ml According to Severity After

Preeclampsia

No
preeclampsia Preeclampsia P value
N (total) 1883116 82 980
Ml (%) 9960 (0.5) 798 (1.0) <0.001
Sum of follow-up, y 34 281 486 1486 867
Mean age at end of 49.9 (13.0) 49.7 (12.8) <0.001
follow-up (SD)
Rate/10 000 PYAR 2.91 (2.85-2.96) | 5.36 (4.99-5.74)
(95% Cl)
Crude HR (95% ClI) 1.00 1.86 (1.73-2.00)
Adjusted HR 1.00 1.81 (1.68-1.95)
(95% CI)
Severe MI* (%) 3413 (0.2) 259 (0.3) <0.001
Rate/10 000 person- | 1.00 (0.96-1.03) | 1.74 (1.64-1.97)
years (95% CI)
Age at time of severe | 57.7 (8.6) 56.2 (10.2) 0.024
Ml (SD)
Crude HR (95% ClI) 1.00 1.76 (1.55-2.00)
Adjusted HR 1.00 1.71 (1.50-1.94)
(95% ClI)
Nonsevere MIt (%) 6547 (0.3) 539 (0.6) <0.001
Rate/10 000 person- | 1.91 (1.86-1.96) | 3.63 (3.33-3.94)
years (95% CI)
Age at time of 55.6 (9.1) 54.1 (9.0) <0.001
nonsevere M| (SD)
Crude HR (95% ClI) 1.00 1.92 (1.76-2.09)
Adjusted HR 1.00 1.86 (1.71-2.04)
(95% Cl)

Adjusted for birth year, education level, cohabitation, comorbidities at pregnancy
(pregestational diabetes, chronic hypertension, systemic lupus erythematosus,
and chronic kidney disease), maternal age, and country of birth. HR indicates
hazard ratio; MI, myocardial infarction; and PYAR, person-years-at-risk.

“Nonsevere myocardial infarction excluded from analysis.

tSevere myocardial infarction excluded from analysis.

and gestational length at birth were added as covariates,
the results were attenuated (adjusted HR of 1.63 [95%
Cl, 1.562-1.76] for overall myocardial infarction, adjusted
HR of 1.51 [95% CI, 1.33—1.73] for severe myocardial
infarction, and adjusted HR of 1.70 [95% Cl, 1.55—1.86]
for nonsevere myocardial infarction; Table S3). Sensitiv-
ity analysis of births after 1995 showed that preeclamp-
sia was associated with both severe (adjusted HR, 2.32
[95% CI, 2.12-3.52]) and nonsevere myocardial infarc-
tion (adjusted HR, 2.66 [95% CI, 1.79-3.65]; Table S2).

Women With Myocardial Infarction

Among women with myocardial infarction, the risk of
the composite outcome of severe myocardial infarction
was not greater for women with a history of preeclamp-
sia compared with those with no history of preeclampsia
(adjusted HR, 1.10 [95% CI, 0.96-1.25]). When includ-
ing the whole population with myocardial infarction and
investigating the subcomponents of severe myocardial
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infarction, women with a history of preeclampsia had an
increased risk of death at the time of infarction (0.6%
versus 0.3%; adjusted HR, 3.00 [95% CI, 1.10-8.14)),
cardiogenic shock (3.3% versus 2.4%; adjusted HR,
1.69 [95% ClI, 1.11-2.68]), and impaired left ventricular
systolic function (10.0% versus 7.9%; adjusted HR, 1.49
[95% ClI, 1.19-1.88]) compared with women without a
history of preeclampsia. There was no increased risk for
cardiac arrest, STEMI, or mechanical complications at
the time of myocardial infarction in women with a history
of preeclampsia (Table 3).

A drop-out analysis of women with a diagnosis of
myocardial infarction after pregnancy but before the start
of follow-up in 1995 (n=401) showed that preeclampsia
(10.4% versus 4.2%), pregestational diabetes (19.0%
versus 1.8%), and chronic hypertension (7.1% versus
1.1%) were more common among women in this group
than among women in the included cohort (Table S4).

DISCUSSION

Women with a history of preeclampsia in the first preg-
nancy had an almost 2-fold increased risk of myocardial
infarction, encompassing both severe and nonsevere
forms, compared with women without preeclampsia. In
the population of women with myocardial infarction, the
proportion of severe myocardial infarction was not differ-
ent in women with a history of preeclampsia compared
with those with no preeclampsia. Women with prior pre-
eclampsia who suffered from a myocardial infarction
more often experienced cardiogenic shock, impaired left
ventricular systolic function, and increased short-term
mortality than those women with a myocardial infarction
without a history of preeclampsia.

Research in Context

Our results are concordant with numerous earlier studies
showing that the risk of myocardial infarction is almost
double in women with a history of preeclampsia.#?6-2¢
There is no standard definition of severe myocardial
infarction. The definition in our study was based on a
clinical judgment of factors associated with long-term
morbidity or mortality after myocardial infarction. There
was the same proportion of the composites of severe
(approximately one third) and nonsevere (approximately
two thirds) myocardial infarctions in women with or with-
out previous preeclampsia.

We found that women with prior preeclampsia more
commonly presented with cardiogenic shock and
impaired left ventricular systolic function at the time of
myocardial infarction. Left ventricular ejection fraction is
one of the strongest predictors of both in-hospital and
long-term prognosis in myocardial infarction and a major
predictor of mortality?® and future ischemic events.30!
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Table 3. HRs of Specific Clinical Characteristics in the Group of Women With Myocardial Infarction

According to Preeclampsia (n=10 758)

No preeclampsia | Preeclampsia Crude HR Adjusted HR

Nonsevere myocardial infarction 6547 (65.7) 539 (67.5)

Severe myocardial infarction 3413 (34.3) 259 (32.5) 1.11 (0.98-1.26) 1.10 (0.96-1.25)
Death 26 (0.3) 5 (0.6) 2.29 (1.11-7.52) 3.00 (1.10-8.14)
Cardiac arrest 433 (4.3) 40 (5.0) 1.34 (0.97-1.86) 1.37 (0.98-1.93)
Cardiac shock 239 (2.4) 26 (3.3) 1.55 (1.04-2.33) 1.69 (1.11-2.58)
STEMI 2785 (28.0) 196 (24.6) 1.04 (0.90-1.20) 1.01 (0.86-1.18)
Mechanical complication* 31 (0.3) 1(0.1) 0.48 (0.06-3.52) 0.57 (0.08-4.15)
Impaired left ventricular systolic functiont | 783 (7.9) 80 (10.0) 1.49 (1.19-1.88) 1.56 (1.22-1.98)

Adjusted for birth year, education level, cohabitation, comorbidities at pregnancy (pregestational diabetes, chronic hypertension, systemic
lupus erythematosus, and chronic kidney disease), maternal age, and country of birth. HR indicates hazard ratio; and STEMI, ST-segment—

elevation myocardial infarction.

“Left ventricular free wall rupture, postinfarction ventricular septum defect, or acute mitral regurgitation.

tDe novo ejection fraction of <40% measured by echocardiography.

Cardiogenic shock is a leading cause of in-hospital
death, with a mortality rate of #60%.32 In contrast to our
findings, a retrospective cohort study found similar rates
of cardiogenic shock and impaired left ventricular sys-
tolic function among women with and without a history
of preeclampsia.'” This discrepancy in findings might be
explained by a potential low statistical power of the cited
study, which only included 391 women.

The largest component of the composite outcome
severe myocardial infarction was STEMI. Despite
advances in treatment, STEMI continues to be associ-
ated with a higher mortality rate than non-STEMI.3® We
did not find an increased risk of STEMI in women with
previous preeclampsia. This is in contrast to a prospec-
tive cohort of 2561 women that showed that STEMI was
more prevalent in women with a self-reported history of
preeclampsia.'? This difference may be explained by ran-
dom variation due to small sample size or potential issues
with recall bias in the cited study. However, our findings
are in line with another cohort study of 391 women that
found no higher risk of STEMI in the group of women
with previous preeclampsia.'" A recent study showed
that preterm, but not term, preeclampsia was associated
with an increased risk of STEMI, which may explain the
discrepancies between the different studies.®*

Strengths and Limitations

This is the first study investigating clinical features
of myocardial infarction after preeclampsia in a large
population-based cohort encompassing over 10 000
events of myocardial infarction. Our study used data
from validated Swedish national registers, reducing
selection bias and reflecting real-life data in the Swed-
ish health care system.'™'® The quality register SWE-
DEHEART contains a wide range of individual patient
information and covers >90% of myocardial infarctions
in Sweden. The information in the register is consid-
ered reliable, and the register is validated regularly.®®

Circ Cardiovasc Qual Outcomes. 2025;18:e011442. DOI: 10.1161/CIRCOUTCOMES.124.011442

Information on exposure and outcomes was collected
independently, avoiding recall bias.

We recognize that there are limitations to this obser-
vational study. There was up to 6 percent missing data
for certain pregnancy characteristics; however, it was
equally balanced between groups. The composite severe
was based on clinical judgment and not on a well-defined
classification of myocardial infarction, such as the type
of myocardial infarction.® The criteria were decided on
before the start of the analysis, which we consider a
strength. Our study spans several decades during which
the criteria for inclusion in SWEDEHEART have differed.
Since the SWEDEHEART register was established
nationally in 1995, women with myocardial infarction
before that year could not be included, potentially intro-
ducing immortal time bias. To investigate this, we ana-
lyzed characteristics of women with myocardial infarction
before 1995 in a drop-out analysis. Prepregnancy
hypertension, diabetes, and preeclampsia were more
commonly found in the excluded group, which probably
means that the onset of myocardial infarction was earlier
in this group. This should bias our result toward the null.
In a sensitivity analysis including only women with first
births after 1995, preeclampsia was associated with an
over 2-fold risk of both severe and nonsevere myocardial
infarctions. During the years 1995 to 2003, patients with
myocardial infarction who did not receive intensive care
were not included in SWEDEHEART?" thus restrict-
ing registration of myocardial infarctions to the more
severe forms before 2003. This could have resulted in
a higher detection rate of severe forms because a his-
tory of preeclampsia is associated with earlier onset of
myocardial infarction, although the majority of infarc-
tions (9769710 758) in this study population occurred
after 2003. We did not find an increased risk of severe
compared with nonsevere forms of myocardial infarc-
tion overall, but the increased risk of cardiogenic shock,
impaired left ventricular systolic function, and increased
mortality could be a result of information bias.
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As the incidence of preeclampsia is significantly higher
in nulliparous compared with parous women, we decided
to restrict our exposure status to preeclampsia during the
first pregnancy. The major drawback of only including nul-
liparous individuals is not being able to study the effect
of recurrent preeclampsia on the severity of myocardial
infarction. Recurrent preeclampsia has been linked to a
higher risk of cardiovascular disease later in life.>® We can
only speculate that women with recurrent preeclampsia
would have a higher risk for complications of myocardial
infarction compared with women with preeclampsia only
in their first pregnancy. We think that the small proportion
of women with no preeclampsia in the first pregnancy but
preeclampsia in a subsequent pregnancy will be wrongly
classified as nonexposed and bias the results towards null.

Due to the nature of an observational study, con-
founding must be acknowledged and dealt with. We used
directed acyclic graphs?? to identify confounders and did
not consider comorbidities and other factors present at
the time of the event as covariates or explanatory factors.

Preeclampsia can, therefore, still be only a marker of
an adverse cardiovascular profile in this group of women
and not directly associated with myocardial infarction
severity.

Clinical and Research Implications

We find that certain severe features of myocardial infarc-
tion were more common in women with previous pre-
eclampsia, highlighting the importance of an awareness
of women'’s pregnancy history in the treatment and pre-
vention of ischemic heart disease.

The underlying mechanisms behind this increased
risk are unknown, though several hypotheses have
been proposed3* Vascular dysfunction persists years
after a pregnancy affected by preeclampsia.®® Reduced
endothelium-dependent vasodilation, alterations in the
vasoconstrictor angiotensin |l system, and increased
inflammatory factors such as C-reactive protein, vas-
cular cell adhesion molecule-1, and intercellular adhe-
sion molecule-1 are potential contributors to vascular
dysfunction.®® Structural cardiovascular changes have
been shown in women with preeclampsia with thicker
left ventricular septal and posterior walls, higher myocar-
dial mass, and increased carotid intima-media thickness
compared with controls.*!

Women have higher rates of cardiogenic shock and
mortality complicating myocardial infarction compared
with men.*274* While this difference may largely reflect
disparities in management, some studies have shown
differences in clinical presentation, with higher acuity in
women presenting with cardiogenic shock.*® Although
not investigated, adverse obstetric history, including pre-
eclampsia, might contribute to this sex difference.

Clinical care of patients with myocardial infarction has
evolved over the period studied. However, our findings
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persist despite these changes. It is important to note that
data representing the current standard of care could
potentially be more applicable to clinical practice. Histori-
cally, women have been underrepresented in cardiovas-
cular science, and clinical practice guidelines are based
on studies where women remain underrepresented.*
Our study provides valuable insights into the impact of
a women-specific risk factor on the presentation and
severity of myocardial infarction.

Measures to prevent or delay the onset of preeclamp-
sia during pregnancy include low-dose aspirin and ade-
quate blood pressure control. This in turn could potentially
reduce inflammatory, vascular, and cardiac remodulation,
factors that all have been linked to the increased risk
of cardiovascular disorders later in life.#”~% In the years
and decades after a pregnancy with preeclampsia, up
to one third of women develop chronic hypertension, a
well-established risk factor for ischemic heart disease,
highlighting the need for close follow-up after pre-
eclampsia.®'®? Recently, two randomized controlled trials
have shown an association between self-monitoring of
blood pressure and lower blood pressure 6 months post-
partum.®3** Moreover, preeclampsia is associated with
an increased risk of dyslipidemia, a known risk factor
for myocardial infarction.?® Statins, metformin, and aspi-
rin have been suggested as potential pharmacological
agents in postpartum cardiovascular disease prevention,
but their role in women with a history of preeclampsia
remains uncertain.®® Aspirin use in women with prior
hypertensive disorder of pregnancy has been associated
with reduced risk of stroke.®” Several international prac-
tice guidelines recommend follow-up care for women
with a history of preeclampsia in the years after preg-
nancy, with the most recent ESC guidelines advocating
annual monitoring.%®%® Future prospective studies are
needed to investigate potential modifiable risk factors in
women with previous preeclampsia, such as health and
lifestyle interventions or use of drugs to reduce their risk
of future myocardial infarction.

Conclusions

Women with a history of preeclampsia have a nearly
2-fold increased risk of myocardial infarction later in
life. Myocardial infarction among women with prior pre-
eclampsia more often results in death, cardiogenic hock,
and impaired left ventricular systolic function than in
women with no previous preeclampsia.
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