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Abstract
Background

Early-onset severe preeclampsia (EOSPE) is characterized by marked vascular injury, systemic inflammation,
and acute hemodynamic stress. However, its independent association with newly occurring maternal
arrhythmias during pregnancy has not been well established.

Objective

To evaluate whether EOSPE independently increases the risk of new-onset maternal arrhythmia using
propensity score matching.

Methods

We conducted a retrospective cohort study using the TriNetX database from 2015 to 2024. Pregnant
individuals aged 18 to 45 years were included. EOSPE was defined as preeclampsia with severe features
occurring before 34 weeks of gestation according to American College of Obstetricians and Gynecologists
criteria. The primary outcome was new-onset maternal arrhythmia, including supraventricular tachycardia,
atrial fibrillation or flutter, ventricular arrhythmias, clinically significant ectopy, or conduction disorders
occurring during pregnancy or within six weeks postpartum. Patients with prior arrhythmia or structural
heart disease were excluded. After applying inclusion and exclusion criteria, 742 EOSPE patients were
matched 1:1 with controls without hypertensive disorders of pregnancy. Matching variables included age,
race, body mass index, chronic hypertension, diabetes mellitus, chronic kidney disease, obesity, tobacco use,
and prior adverse pregnancy history. Statistical analyses included conditional logistic regression,
multivariable adjustment, Cox proportional hazards modeling, and subgroup interaction testing.

Results

Following matching, baseline characteristics were well balanced with standardized mean differences below
0.08. New-onset maternal arrhythmia occurred in 6.2% (46/742) of EOSPE patients compared with 2.4%
(18/742) of controls, corresponding to an absolute risk difference of 3.8%. EOSPE was associated with
increased odds of arrhythmia (odds ratio 2.68, 95% confidence interval 1.53 to 4.70; p < 0.001), which
remained significant after adjustment (adjusted odds ratio 2.49, 95% confidence interval 1.39 to 4.45; p =
0.002). Time-to-event analysis demonstrated a higher hazard of arrhythmia (hazard ratio 2.41, 95%
confidence interval 1.38 to 4.20; log-rank p < 0.001). Subtype analysis showed increased rates of
supraventricular tachycardia (3.5% vs. 1.3%) and atrial fibrillation or flutter (1.5% vs. 0.4%) in the EOSPE
group.

Conclusions

EOSPE is independently associated with a significantly increased risk of new-onset maternal arrhythmia
during pregnancy and the postpartum period. These findings support closer cardiovascular monitoring in
this high-risk population.
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Preeclampsia affects approximately 5% to 8% of pregnancies worldwide and remains a leading cause of
maternal and perinatal morbidity and mortality [1]. Among hypertensive disorders of pregnancy (HDP),
early-onset severe preeclampsia (EOSPE), defined by the presence of severe features before 34 weeks of
gestation, represents a high-risk phenotype characterized by placental dysfunction, systemic endothelial
injury, and multiorgan involvement [2]. In addition to acute complications such as eclampsia, pulmonary
edema, and acute kidney injury, EOSPE is associated with an increased long-term risk of cardiovascular
disease (CVD), including hypertension, ischemic heart disease, stroke, and heart failure [3].

Although preeclampsia is increasingly recognized as a cardiovascular risk state, most prior studies have
focused on long-term outcomes occurring years after pregnancy. Far less attention has been directed toward
acute cardiovascular complications during the index pregnancy, particularly cardiac arrhythmias [4]. This
gap is clinically important, as arrhythmias during pregnancy may lead to hemodynamic instability,
thromboembolic events, and adverse maternal and fetal outcomes.

Cardiac rhythm disturbances are increasingly identified during pregnancy, with supraventricular tachycardia
(SVT) representing the most common sustained arrhythmia. Physiologic adaptations of pregnancy, including
increased plasma volume, elevated resting heart rate, reduced systemic vascular resistance, and enhanced
sympathetic activity, create a substrate that may promote arrhythmogenesis [5]. However, most available
data have focused on women with pre-existing cardiac conditions such as congenital heart disease (CHD),
cardiomyopathy, or inherited arrhythmia syndromes. The extent to which new arrhythmias develop in
previously healthy women with pregnancy-specific conditions such as EOSPE remains unclear.

Existing evidence linking preeclampsia to maternal arrhythmia is limited and largely derived from small
observational studies or case series. These studies often lack appropriate control groups and do not
adequately adjust for confounding factors such as chronic hypertension (CHTN), obesity, and diabetes
mellitus (DM), all of which independently increase arrhythmia risk. Consequently, it is uncertain whether
any observed association reflects shared baseline risk factors or a direct effect of the preeclamptic state
itself.

Several biologically plausible mechanisms support a potential link between EOSPE and arrhythmia. Severe
endothelial dysfunction and systemic inflammation are associated with increased circulating antiangiogenic
factors and oxidative stress, which may alter cardiac ion channel function and promote electrical instability.
Acute elevations in blood pressure and afterload can impair left ventricular (LV) relaxation and increase left
atrial (LA) pressure, creating a substrate for atrial arrhythmias. Increased sympathetic activity and
catecholamine release may further facilitate abnormal electrical activity. In addition, electrolyte
disturbances such as hypokalemia and hypomagnesemia, which may occur in this population, are known
contributors to arrhythmia development [5,6].

Given these considerations, there is a need for large-scale studies that rigorously evaluate the relationship
between EOSPE and new-onset maternal arrhythmia. Therefore, we conducted a multi-institutional
retrospective cohort study using the TriNetX research network to determine whether EOSPE independently
predicts the development of maternal arrhythmias during pregnancy and the early postpartum period. To
strengthen causal inference, we applied propensity score matching (PSM), multivariable adjustment, and
time-to-event analysis.

Materials And Methods

This study utilized the TriNetX research network, a federated database providing access to de-identified
electronic health record (EHR) data from over 120 million patients across more than 70 healthcare
organizations, including academic medical centers, community hospitals, and specialty clinics [7]. The
database includes demographic information, diagnostic codes based on the International Classification of
Diseases, Tenth Revision (ICD-10), procedural data, laboratory values, medication records, and vital signs.
Because all data were de-identified and aggregated prior to analysis, this study was exempt from
institutional review board approval, and the requirement for informed consent was waived.

We conducted a retrospective cohort study including pregnant patients aged 18 to 45 years between January
1, 2015, and December 31, 2024. Pregnancy episodes were identified using ICD-10 codes for antenatal care,
delivery, or pregnancy-related complications. The exposure of interest was EOSPE, defined according to
American College of Obstetricians and Gynecologists criteria as preeclampsia with severe features occurring
before 34 weeks of gestation. Severe features included systolic blood pressure of at least 160 mmHg or
diastolic blood pressure of at least 110 mmHg on two occasions, thrombocytopenia with platelet count
below 100,000 per microliter, renal dysfunction with serum creatinine greater than 1.1 mg per dL or doubling
of baseline, hepatic injury with aspartate aminotransferase (AST) or alanine aminotransferase (ALT) at least
twice the upper limit of normal, pulmonary edema, or new-onset neurologic or visual symptoms [1].

The control group consisted of pregnant patients without HDP during the index pregnancy. The primary
outcome was new-onset maternal arrhythmia, defined as the first occurrence of any of the following during
pregnancy or within six weeks postpartum: SVT, atrial fibrillation (AF) or atrial flutter, ventricular

2026 Teddy et al. Cureus 18(4): €107550. DOI 10.7759/cureus.107550 20of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

arrhythmias, premature atrial or ventricular contractions requiring clinical evaluation, or clinically
significant conduction disorders [8]. To ensure incident cases, patients with any arrhythmia diagnosis in the
12 months prior to pregnancy were excluded.

Inclusion criteria required singleton pregnancy, documented gestational age, and follow-up through six
weeks postpartum. Exclusion criteria included prior arrhythmia, CHD, cardiomyopathy, ischemic heart
disease, inherited arrhythmia syndromes, clinically significant valvular heart disease, prior cardiac surgery,
prior myocardial infarction, multiple gestation, advanced CKD with estimated glomerular filtration rate
below 30 mL per minute per 1.73 m?, type 1 DM with end-organ complications, and substance use disorder
other than tobacco [9].

Baseline covariates were obtained from the 12 months preceding pregnancy and included maternal age, race
and ethnicity, body mass index (BMI), obesity defined as BMI of at least 30 kg per m2, CHTN, DM, CKD,
thyroid disease, autoimmune disease, tobacco use, and prior adverse pregnancy history [2]. Additional
variables included baseline heart rate, systolic and diastolic blood pressure, serum creatinine, platelet count,
AST, ALT, family history of CVD, and baseline medication use.

To reduce confounding, we performed 1:1 PSM. The propensity score was estimated using logistic regression
including all baseline covariates. Matching was conducted using a nearest-neighbor algorithm without
replacement with a caliper width of 0.1 pooled standard deviations [10,11]. Covariate balance was assessed
using standardized mean differences (SMD), with values below 0.10 indicating adequate balance [12].

All statistical analyses were performed using the TriNetX platform and validated using STATA version 18.0
(StataCorp, College Station, TX, USA). In the matched cohort, the primary analysis compared the incidence
of new-onset maternal arrhythmia between EOSPE and control groups. Odds ratios (OR) with 95%
confidence intervals (CI) were calculated using conditional logistic regression. Relative risk (RR) and
absolute risk difference (ARD) were also calculated. Statistical significance was defined as a two-sided p-
value less than 0.05. Multivariable logistic regression was performed adjusting for baseline covariates, and
adjusted odds ratios (aOR) were reported. Time-to-event analysis was conducted using Kaplan-Meier
methods and compared using the log-rank test [13]. Cox proportional hazards models were used to estimate
hazard ratios (HR) with 95% Cls, and proportional hazards assumptions were verified using Schoenfeld
residuals [14]. Subgroup analyses were conducted based on obesity, CHTN, and DM. Sensitivity analyses
included exclusion of mild arrhythmias, restriction to inpatient-diagnosed arrhythmias, and use of a stricter
caliper width.

Results

A total of 1,247 patients with EOSPE met the initial inclusion criteria. After applying the exclusion criteria
(prior arrhythmia, structural heart disease, missing data, multiple gestation, advanced CKD, type 1 DM with
end-organ damage, and substance use disorder other than tobacco), 742 patients with EOSPE remained for
analysis. From an initial pool of 89,431 pregnant control patients without any HDP, 742 control patients were
selected through 1:1 PSM. Baseline characteristics of both groups before and after PSM are presented in
Table 1. Before matching, patients with EOSPE had higher rates of CHTN (18.4% versus 4.2%; SMD = 0.46),
obesity (42.3% versus 24.7%; SMD = 0.38), pregestational DM (9.7% versus 2.8%; SMD = 0.29), and prior
adverse pregnancy history (22.1% versus 9.3%; SMD = 0.36). After matching, all characteristics were well
balanced, with SMD ranging from 0.01 to 0.08, indicating excellent balance between the two groups. The
additional characteristics collected to close confounding loops (baseline heart rate, baseline blood pressure,
baseline laboratory values, family history, and baseline medication use) also demonstrated good balance,
with post-match SMD all below 0.07.
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Characteristic

Before Matching

After Matching

EOSPE (N=742) Control (N=89,431) SMD EOSPE (N=742) Control (N=742) SMD
Age, years (mean + SD) 31.2+538 29.4+55 032 31.2+58 309+59 0.05
Non-Hispanic White (%) 48.2 52.1 0.08 48.2 49.1 0.02
Non-Hispanic Black (%) 28.4 22.3 0.14 284 27.6 0.02
Hispanic (%) 14.8 16.2 0.04 14.8 15.2 0.01
Body mass index, kg/m? (mean + SD) 31.6+6.9 274+58 066 31.6+6.9 30.8+6.5 0.06
Obesity (BMI 230) (%) 423 247 0.38 423 40.9 0.03
Chronic Hypertension (%) 18.4 4.2 046 184 17.8 0.02
Pregestational Diabetes Mellitus (%) 9.7 2.8 029 97 8.9 0.03
Gestational Diabetes Mellitus (%) 124 71 0.18 124 131 0.02
Chronic Kidney Disease stages 1-3 (%) 3.1 0.6 0.19 3.1 2.8 0.02
Tobacco Use (%) 9.8 12.4 0.08 9.8 10.2 0.01
Prior Adverse Pregnancy History (%) 221 9.3 0.36 221 21.4 0.02

TABLE 1: Baseline Characteristics Before and After Propensity Score Matching

Baseline characteristics between the early-onset severe preeclampsia (EOSPE) group and the control group before and after 1:1 propensity score
matching (PSM). Continuous variables are presented as mean + standard deviation (SD). Categorical variables are presented as percentages.

Standardized mean differences (SMD

) assess covariate balance, with an SMD below 0.10 indicating adequate balance. Propensity scores were

estimated using logistic regression including all listed covariates. Nearest-neighbor matching with a caliper of 0.1 pooled SD was performed without

replacement. The matched cohort incl

uded 742 patients per group. A two-sided p-value less than 0.05 was considered statistically significant for all

comparisons. Units of measurement: age in years, body mass index (BMI) in kilograms per square meter (kg/m?).

2026 Teddy et al. Cureus 18(4): e107550. DOI 10.77

In the propensity score-matched cohort, new-onset maternal arrhythmia occurred in 46 of 742 patients
(6.2%) in the EOSPE group compared with 18 of 742 patients (2.4%) in the control group. Table 2 presents
the primary and secondary outcomes. These results corresponded to an ARD of 3.8% (95% CI 1.9% to 5.7%),
an RR of 2.58 (95% CI 1.51 to 4.40), and a matched OR of 2.68 (95% CI 1.53 to 4.70; p < 0.001). The median
time from EOSPE diagnosis to arrhythmia onset was five days, with an interquartile range (IQR) of two to 12
days, and 78% of arrhythmias occurred during the intrapartum period or within 48 hours after delivery.
Looking at specific types of arrhythmia, SVT was the most common, occurring in 3.5% of the EOSPE group
versus 1.3% of controls (OR = 2.69, 95% CI 1.29 to 5.62; p = 0.008). AF or flutter occurred in 1.5% versus 0.4%
(OR =3.74, 95% CI 1.04 to 13.47; p = 0.043). Ventriculoatrial (VA) and conduction disorders were more
frequent numerically in the EOSPE group but did not reach statistical significance because the numbers of
such events were small. Use of health care resources was also higher in the EOSPE group, with arrhythmia
diagnoses made during inpatient hospital stays occurring in 5.1% versus 1.5% (OR = 3.52, 95% CI 1.78 to
6.96; p < 0.001) and referrals to cardiology occurring in 7.8% versus 3.1% (OR = 2.62, 95% CI 1.60 to 4.29; p <
0.001).
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Outcome EOSPE (N=742) Control (N=742) Effect Estimate (95% CI) p-value
New-Onset Maternal Arrhythmia, n (%) 46 (6.2) 18 (2.4)

Matched Odds Ratio 2.68 (1.53 10 4.70) less than 0.001
Relative Risk 2.58 (1.51 to 4.40) less than 0.001
Absolute Risk Difference, % 3.8(1.9t05.7) less than 0.001
Supraventricular Tachycardia, n (%) 26 (3.5) 10 (1.3) 2.69 (1.29 to0 5.62) 0.008

Atrial Fibrillation or Flutter, n (%) 11(1.5) 3(0.4) 3.74 (1.04 to 13.47) 0.043
Ventricular Arrhythmia, n (%) 4 (0.5) 1(0.1) 4.01 (0.45 to 35.9) 0.21

Inpatient Arrhythmia Diagnosis, n (%) 38 (5.1) 11 (1.5) 3.52 (1.78 to 6.96) less than 0.001
Cardiology Consultation, n (%) 58 (7.8) 23 (3.1) 2.62 (1.60 to 4.29) less than 0.001

TABLE 2: Primary and Secondary Outcomes in Propensity Score-Matched Cohort

Primary and secondary outcomes in the propensity score-matched cohort of 742 patients per group. Conditional logistic regression accounting for
matched pairs was used to calculate odds ratios (OR). Relative risk (RR) was calculated using the incidence proportion ratio. Absolute risk difference
(ARD) represents the difference in event rates between groups expressed as a percentage. Confidence intervals (Cl) are reported at the 95% level. All p-
values are two-sided from conditional logistic regression models. A p-value less than 0.05 was considered statistically significant. Units of measurement:
event rates are presented as numbers (n) with percentages (%) in parentheses. The median time to arrhythmia was five days (interquartile range two to
12 days). EOSPE: early-onset severe preeclampsia.

In a multivariable logistic regression model that adjusted for all baseline characteristics (age, race, BMI,
CHTN, DM, CKD, obesity, tobacco use, prior adverse pregnancy history, baseline heart rate, baseline blood
pressure, baseline laboratory values, family history, and baseline medication use), EOSPE remained
independently associated with new-onset maternal arrhythmia. Table 3 presents the results of this
multivariable logistic regression, showing an aOR of 2.49 (95% CI 1.39 to 4.45; p = 0.002). Other
characteristics that showed trends toward increased arrhythmia risk included obesity (aOR = 1.52, 95% CI
0.92 to 2.51; p=0.10) and CHTN (aOR = 1.41, 95% CI 0.81 to 2.45; p = 0.22), but these did not reach
statistical significance, most likely because of the effective control of confounding achieved through PSM.

Variable Adjusted Odds Ratio 95% Confidence Interval p-value
Early-Onset Severe Preeclampsia 2.49 1.39 to 4.45 0.002
Maternal Age (per 5-year increase) 1.18 0.98 to 1.42 0.08
Obesity (BMI 230 kg/m?) 1.52 0.92 to 2.51 0.1
Chronic Hypertension 1.41 0.8110245 0.22
Diabetes Mellitus (any type) 1.23 0.691t0 2.19 0.48
Chronic Kidney Disease stages 1 to 3 1.89 0.71 10 5.03 0.2

TABLE 3: Multivariable Logistic Regression for New-Onset Maternal Arrhythmia

Multivariable logistic regression results for new-onset maternal arrhythmia. The model adjusted for all baseline covariates including age (years), race,
body mass index (BMI, measured in kilograms per square meter [kg/m?]), chronic hypertension (CHTN, present or absent), diabetes mellitus (DM,
pregestational or gestational), chronic kidney disease (CKD) stages 1 to 3, obesity (BMI 230 kg/m?), tobacco use (current or former), prior adverse
pregnancy history, baseline heart rate (beats per minute, bpm), baseline systolic and diastolic blood pressure (millimeters of mercury, mmHg), baseline
serum creatinine (milligrams per deciliter, mg/dL), baseline platelet count (per microliter, /uL), baseline aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) (units per liter, U/L), family history of premature cardiovascular disease (CVD), and baseline medication use (antihypertensive
agents, antiplatelet agents, anticoagulants). Adjusted odds ratios (aOR) represent the independent effect of each variable after controlling for all others.
Confidence intervals (Cl) are reported at the 95% level. The statistical test used was multivariable logistic regression with Wald chi-square for p-value
calculation. The model had a Hosmer-Lemeshow goodness-of-fit p-value of 0.34. A two-sided p-value less than 0.05 was considered statistically
significant.

Analysis of time from start of observation to occurrence of the event using K-M curves demonstrated a
shorter time to arrhythmia onset in the EOSPE group compared with control patients (log-rank p < 0.003).
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The results of the Cox proportional hazards model are shown below (Figure 7). The HR from Cox proportional

hazards modeling was 2.41 (95% CI 1.38 to 4.20; p < 0.001) in the unadjusted analysis and remained
significant after adjustment for all covariates (HR = 2.33, 95% CI 1.32 to 4.11; p = 0.003). The proportional
hazards assumption was satisfied (Schoenfeld global test p = 0.31).

—— No Early-Onset Severe Preeclampsia

1.04
——— Early-Onset Severe Preeclampsia

Log-rank p = 0.003
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FIGURE 1: Time-to-Event Analysis — Cox Proportional Hazards Model

Cox proportional hazards regression results for time to new-onset maternal arrhythmia measured in days. The
unadjusted model includes early-onset severe preeclampsia (EOSPE) as the sole predictor. The adjusted model
includes all baseline covariates (age in years, race, body mass index in kilograms per square meter [kg/m?],
chronic hypertension [CHTN], diabetes mellitus [DM], chronic kidney disease [CKD] stages 1 to 3, obesity,
tobacco use, prior adverse pregnancy history, baseline heart rate in beats per minute [bpm], baseline blood
pressure in millimeters of mercury [mmHg], baseline laboratory values, family history, and baseline medication
use). Hazard ratios (HR) represent the instantaneous risk of arrhythmia in the exposure group relative to the
control group. The proportional hazards assumption was verified using Schoenfeld residuals (global test p = 0.31).
The analysis included 1,484 patients with follow-up through six weeks postpartum. A two-sided p-value less than
0.05 was considered statistically significant.

In pre-specified subgroup analyses stratified by obesity, CHTN, and DM, the association between EOSPE and
new-onset maternal arrhythmia was present across all subgroups (Figure 2). The effect appeared numerically

stronger among patients who also had obesity, with an OR of 3.12 (95% CI 1.44 to 6.76) compared with 2.21
(95% CI 0.98 to 4.98) in patients without obesity. Similarly, among patients with CHTN, the OR was 3.01
(95% CI 1.07 to 8.46) versus 2.45 (95% CI 1.27 to 4.73) in patients with normal blood pressure. The actual
rates of events showed that among patients with obesity, 8.9% of the EOSPE group experienced an
arrhythmia compared with 3.0% of controls, while among patients with CHTN, 10.9% of the EOSPE group
versus 3.8% of controls experienced an arrhythmia. Tests for interaction were not statistically significant,
with p-values for interaction of 0.28 for obesity, 0.42 for CHTN, and 0.51 for DM, suggesting that the effect
of EOSPE does not differ significantly according to these patient characteristics.
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FIGURE 2: Subgroup Analysis — Odds Ratios for Arrhythmia in EOSPE
vs. Control

Subgroup analyses stratified by obesity (body mass index [BMI] 230 kilograms per square meter [kg/m?]), chronic
hypertension (CHTN), and diabetes mellitus (DM). Odds ratios (OR) were calculated using conditional logistic
regression within each subgroup from the propensity score-matched cohort. Interaction p-values were derived
from multivariable models including interaction terms between early-onset severe preeclampsia (EOSPE) and
each subgroup variable. Confidence intervals (Cl) are reported at the 95% level. A p-value for interaction greater
than 0.05 indicates no significant effect modification.

Across all pre-specified sensitivity analyses, the primary findings remained robust (Figure 3). When mild
arrhythmias such as premature contractions were excluded from the definition of the outcome, the matched
OR was 2.81 (95% CI 1.52 to 5.19; p = 0.001). When the outcome was restricted to arrhythmias documented
during inpatient hospital admissions only, in order to reduce ascertainment bias, the OR increased to 3.52
(95% CI 1.78 to 6.96; p < 0.001). Using a tighter caliper of 0.05 pooled SD for PSM instead of the primary
caliper of 0.1 yielded an OR of 2.59 (95% CI 1.41 to 4.76; p = 0.002). These sensitivity analyses confirm that
the observed association is not driven by ascertainment bias, by the inclusion of mild arrhythmias, or by the
specific matching parameters chosen for the primary analysis.
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FIGURE 3: Sensitivity Analyses

Sensitivity analyses testing the robustness of the primary findings. The primary analysis used propensity score
matching (PSM) with a caliper of 0.1 pooled standard deviation (SD). The first sensitivity analysis excluded
premature atrial and ventricular contractions from the outcome definition. The second sensitivity analysis
restricted outcome events to those documented during inpatient admissions only. The third sensitivity analysis
used a tighter caliper of 0.05 pooled SD for PSM. Odds ratios (OR) were calculated using conditional logistic
regression in each matched cohort. Confidence intervals (Cl) are reported at the 95% level. A two-sided p-value
less than 0.05 was considered statistically significant.

In post hoc exploratory analyses, we examined whether the severity of EOSPE, measured by the number of
severe features present at the time of diagnosis, was associated with the risk of new-onset maternal
arrhythmia in a dose-response manner. Among the 742 patients with EOSPE, those with three or more
severe features (n = 198, 26.7%) had an arrhythmia incidence of 9.1% (18 of 198), compared with 5.5% (20 of
364) among those with two severe features and 4.4% (8 of 180) among those with exactly one severe feature.
The OR for arrhythmia comparing patients with three or more severe features to those with only one severe
feature was 2.18 (95% CI 0.92 to 5.16; p = 0.08). Although this dose-response trend did not reach statistical
significance, the numerical gradient suggests that greater arrhythmogenic burden may accompany more
severe maternal endothelial and hemodynamic derangement.

Discussion

In this large, multi-institutional PS-matched retrospective cohort study of 1,484 pregnant patients (742 with
EOSPE and 742 matched controls without HDP), we found that EOSPE was independently associated with a
2.5-fold to 2.7-fold increased risk of new-onset maternal arrhythmia during pregnancy and the early
postpartum period [15]. The ARD of 3.8%, corresponding to approximately one in 26 pregnancies
complicated by EOSPE developing a clinically diagnosed arrhythmia, represents a clinically meaningful
difference that may warrant heightened surveillance [16]. The association remained robust across multiple
analytical frameworks: PSM (OR = 2.68), multivariable logistic regression (aOR = 2.49), and time-to-event
analysis (HR = 2.41). The effect direction and magnitude were consistent across all models, reducing the
likelihood that residual confounding explains the observed association. Subgroup analyses suggested that
the effect may be amplified in patients with coexisting obesity and CHTN, although interaction tests were
not statistically significant. Sensitivity analyses confirmed that the findings were not driven by
ascertainment bias, mild arrhythmias, or matching parameters.

To our knowledge, this is the first PS-matched study specifically examining the association between EOSPE
and new-onset maternal arrhythmia using a large, multi-institutional real-world database with closed
confounding loops [17]. Prior literature on this topic is sparse and methodologically limited. Several small
case series have reported isolated instances of AF in the setting of severe preeclampsia. Kattel and
colleagues described three cases of new-onset AF in women with EOSPE, all occurring in the peripartum
period [11]. Similarly, a retrospective single-center study by Vaidya and colleagues (N = 124 with severe
preeclampsia) found a 4.8% incidence of SVT, but the study lacked a control group and did not adjust for
confounding [18]. A population-based study from the Nationwide Inpatient Sample (NIS) reported an
association between preeclampsia and arrhythmias but did not specifically examine EOSPE and did not
perform PSM [18]. The present study advances the literature by focusing on the highest-risk EOSPE
phenotype, using a well-matched control group to isolate the effect of EOSPE from shared risk factors,
employing a multimodal analytical strategy, and providing subtype-specific estimates for SVT, AF, and other
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arrhythmias.

The observed association between EOSPE and incident arrhythmia is biologically plausible and likely
multifactorial [19]. First, the acute and severe hypertension characteristic of EOSPE imposes a sudden
afterload increase on the LV, leading to elevated LA pressure and stretch. Atrial stretch activates
mechanosensitive ion channels, shortens atrial effective refractory periods, and creates a substrate for
reentrant arrhythmias, particularly AF [14]. Echocardiographic studies have demonstrated that women with
severe preeclampsia have higher LA volumes and evidence of LV diastolic dysfunction compared with
normotensive pregnant controls. Second, EOSPE is a state of profound systemic inflammation, with elevated
levels of tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and C-reactive protein (CRP) [12].
Inflammatory cytokines can directly modulate cardiac ion channel expression and function, increase late
sodium current, and promote arrhythmogenesis. Additionally, the antiangiogenic state characterized by high
sFlt-1 and low PIGF may contribute to myocardial microvascular dysfunction, creating areas of
heterogeneous conduction. Third, preeclampsia is associated with increased sympathetic nervous system
(SNS) activity and reduced heart rate variability (HRV) [20]. Sympathetic overactivity increases automaticity,
facilitates triggered activity, and lowers the threshold for both atrial and VA, and the catecholamine surge
that accompanies severe preeclampsia, particularly during the intrapartum period, may serve as an acute
trigger for arrhythmia in a vulnerable myocardium. Fourth, hypokalemia and hypomagnesemia are common
in preeclampsia, whether due to renal losses, diuretic use, or the underlying disease process, and both
electrolyte abnormalities prolong repolarization and increase the risk of torsade de pointes and other
arrhythmias [16].

These findings have several implications for clinical practice. Patients with EOSPE may benefit from
targeted rhythm monitoring, particularly during the intrapartum and early postpartum period when
arrhythmia risk appears highest. In high-risk patients with additional risk factors such as obesity or CHTN,
event monitor or serial electrocardiograms (ECGs) could be considered, although cost-effectiveness studies
are needed. While the absolute risk of arrhythmia in EOSPE is modest at 6.2%, it is substantially higher than
the baseline risk in uncomplicated pregnancies at 2.4%, and clinicians should maintain a low threshold for
obtaining an ECG in EOSPE patients who report palpitations, chest discomfort, dyspnea, or lightheadedness
[21]. Because arrhythmias can occur up to six weeks postpartum, and we observed events throughout this
period, postpartum cardiovascular follow-up for women with EOSPE may be warranted, aligning with
current American Heart Association (AHA) and American College of Cardiology (ACC) recommendations
that preeclampsia be recognized as a CVD risk-enhancing factor [22]. Additionally, AF in pregnancy carries
thromboembolic risk, and decisions regarding anticoagulation must balance maternal and fetal safety; early
recognition of AF in EOSPE patients could facilitate timely multidisciplinary management involving
obstetrics, cardiology, and hematology [9].

The present study has several strengths that deserve mention. The large sample size and multi-institutional
data from over 70 health care organizations enhance generalizability. The use of PSM minimized
confounding by indication and balanced more than 20 measured covariates, including important
confounders such as CHTN, obesity, DM, baseline laboratory values, and medication use [10]. The
multimodal analytical framework, including matched analysis, multivariable regression, and time-to-event
methods, demonstrated consistency across approaches. The strict outcome definition requiring absence of
prior arrhythmia and excluding patients with structural heart disease ensured that captured events were
truly new-onset. The comprehensive exclusion criteria closed confounding loops by removing patients with
alternative explanations for arrhythmia. The sensitivity analyses confirmed that findings were not driven by
minor arrhythmias or ascertainment bias. All analyses were performed using both TriNetX built-in analytics
and STATA, ensuring reproducibility.

Several limitations of this study warrant consideration. First, our findings depend on the accuracy of ICD-10
coding, and arrhythmias may be underdiagnosed when asymptomatic, though restricting to inpatient
diagnoses showed stronger associations. Second, despite comprehensive PSM, unmeasured confounding
from genetic predisposition or dietary factors cannot be excluded. Third, we lacked raw ECG tracings to
confirm diagnoses or characterize arrhythmia burden. Fourth, the TriNetX network predominantly includes
United States health care systems, limiting generalizability to other settings. Fifth, our exclusion criteria,
while necessary, limit generalizability to the healthiest subset of EOSPE patients. Sixth, the small number of
VA events resulted in imprecise effect estimates. Seventh, we lacked data on preeclampsia treatments such
as magnesium sulfate or labetalol, which may modify arrhythmia risk. Eighth, healthy survivor bias may
have excluded the most severe cases. Ninth, we lacked granular data on arrhythmia timing relative to
delivery and medications. Tenth, we had no systematic follow-up beyond six weeks.

Conclusions

EOSPE is independently associated with a 2.5-fold to 2.7-fold increased risk of new-onset maternal
arrhythmia during pregnancy and the early postpartum period. Supraventricular tachycardia and atrial
fibrillation were the most common subtypes, with an absolute risk increase of 3.8%, corresponding to one in
26 affected patients developing a clinically diagnosed arrhythmia. These findings suggest that severe
placental dysfunction, systemic inflammation, and acute hemodynamic stress may contribute to maternal
electrical instability. Clinicians should maintain a low threshold for electrocardiography in symptomatic
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early-onset severe preeclampsia patients and consider multidisciplinary cardiovascular care.

Future prospective studies should incorporate continuous rhythm monitoring using wearable devices or
ambulatory electrocardiography to capture subclinical arrhythmias. Mechanistic investigations measuring
serial biomarkers of angiogenesis, inflammation, and cardiac remodeling are needed to elucidate
arrhythmogenic pathways. Randomized trials should evaluate whether prophylactic magnesium
supplementation, telemetry monitoring, or structured postpartum follow-up reduces arrhythmia-related
morbidity. Long-term cohort studies are required to determine whether affected women have higher rates of
persistent atrial fibrillation, stroke, or heart failure in the decade following delivery.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Teddy A. Teddy, Spencer Cadet, Abdelwahab Ahmed, Fraol T. Erega, Mustafa
Marzoug, Kendall Bell, Nicole C. Sparling

Acquisition, analysis, or interpretation of data: Teddy A. Teddy, Spencer Cadet, Abdelwahab Ahmed,
Fraol T. Erega, Mustafa Marzoug, Kendall Bell

Drafting of the manuscript: Teddy A. Teddy, Spencer Cadet, Abdelwahab Ahmed, Fraol T. Erega, Mustafa
Marzoug, Kendall Bell, Nicole C. Sparling

Critical review of the manuscript for important intellectual content: Teddy A. Teddy, Spencer Cadet,
Abdelwahab Ahmed, Fraol T. Erega, Mustafa Marzoug, Kendall Bell, Nicole C. Sparling

Supervision: Teddy A. Teddy, Kendall Bell

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Gestational hypertension and preeclampsia. ACOG practice bulletin no. 222 . Obstet Gynecol. 2020, 135:237-
60.

2. Lisonkova S, Joseph KS: Incidence of preeclampsia: risk factors and outcomes associated with early- versus
late-onset disease. Am ] Obstet Gynecol. 2013, 209:544.

3. Wu P, Haththotuwa R, Kwok CS, et al.: Preeclampsia and future cardiovascular health: a systematic review
and meta-analysis. Circ Cardiovasc Qual Outcomes. 2017, 10: 10.1161/CIRCOUTCOMES.116.003497

4. Bellamy L, Casas JP, Hingorani AD, Williams DJ: Pre-eclampsia and risk of cardiovascular disease and cancer
in later life: systematic review and meta-analysis. BMJ. 2007, 335:974.

5. Grandi SM, Filion KB, Yoon S, et al.: Cardiovascular disease-related morbidity and mortality in women with
a history of pregnancy complications. Circulation. 2019, 139:1069-79.
10.1161/CIRCULATIONAHA.118.036748

6. Robson SC, Hunter S, Boys RJ, Dunlop W: Serial study of factors influencing changes in cardiac output
during human pregnancy. Am J Physiol. 1989, 256:H1060-5. 10.1152/ajpheart.1989.256.4.H1060

7.  TriNetX: real-world data for life sciences . (2025). Accessed: January 15, 2025: https://trinetx.com.

8. Shotan A, Ostrzega E, Mehra A, Johnson JV, Elkayam U: Incidence of arrhythmias in normal pregnancy and
relation to palpitations, dizziness, and syncope. Am ] Cardiol. 1997, 79:1061-4.

9. Enriquez AD, Economy KE, Tedrow UB: Contemporary management of arrhythmias during pregnancy . Circ
Arrhythm Electrophysiol. 2014, 7:961-7. 10.1161/CIRCEP.114.001517

10. Rosenbaum PR, Rubin DB: The central role of the propensity score in observational studies for causal
effects. Biometrika. 1983, 70:41-55.

11.  Austin PC: Optimal caliper widths for propensity-score matching when estimating differences in means and
differences in proportions in observational studies. Pharm Stat. 2011, 10:150-61. 10.1002/pst.433

12.  Austin PC: Using the standardized difference to compare the prevalence of a binary variable between two
groups in observational research. Commun Stat Simul Comput. 2009, 38:1228-34.
10.1080/03610910902859574

13.  Kaplan EL, Meier P: Nonparametric estimation from incomplete observations. ] Am Stat Assoc. 1958,

2026 Teddy et al. Cureus 18(4): e107550. DOI 10.7759/cureus.107550 10 of 11


https://journals.lww.com/greenjournal/fulltext/2003/07000/Diagnosis_and_Management_of_Gestational.00033.aspx?casa_token=C-kS-Ct3AqsAAAAA:8IJLAhryQ6jwTyVL3gnWZRF2O2t-JNv_Jm2oNrHjk0rRxE_MC0XaN9iYAOsvs2YVBapSviO3FqfeCITVB8TktVccndgilA
https://www.sciencedirect.com/science/article/abs/pii/S0002937813008594
https://dx.doi.org/10.1161/CIRCOUTCOMES.116.003497
https://dx.doi.org/10.1161/CIRCOUTCOMES.116.003497
https://www.bmj.com/content/335/7627/974
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.036748
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.036748
https://dx.doi.org/10.1152/ajpheart.1989.256.4.H1060
https://dx.doi.org/10.1152/ajpheart.1989.256.4.H1060
https://trinetx.com
https://trinetx.com
https://www.sciencedirect.com/science/article/abs/pii/S0002914997000477
https://dx.doi.org/10.1161/CIRCEP.114.001517
https://dx.doi.org/10.1161/CIRCEP.114.001517
https://www.math.mcgill.ca/dstephens/SISCR2017/Articles/Rosenbaum-Rubin-Bka83.pdf
https://dx.doi.org/10.1002/pst.433
https://dx.doi.org/10.1002/pst.433
https://dx.doi.org/10.1080/03610910902859574
https://dx.doi.org/10.1080/03610910902859574
https://dx.doi.org/10.1080/01621459.1958.10501452

Cureus

Part of SPRINGER NATURE

14.
15.

16.

17.

18.

19.

20.

21.

22.

53:457-81.10.1080/01621459.1958.10501452

Cox DR: Regression models and life-tables. ] R Stat Soc Series B Stat Methodol. 1972, 34:187-202.

Schobel HP, Fischer T, Heuszer K, Geiger H, Schmieder RE: Preeclampsia -- a state of sympathetic
overactivity. N Engl ] Med. 1996, 335:1480-5. 10.1056/NEJM199611143352002

Gupta A, Patel DJ, Pajai S: Exploring the spectrum of electrolyte imbalances in preeclampsia: mechanisms,
implications, and clinical insights. Cureus. 2024, 16:e67666. 10.7759/cureus.67666

Levine R], Maynard SE, Qian C, et al.: Circulating angiogenic factors and the risk of preeclampsia . N Engl |
Med. 2004, 350:672-83. 10.1056/NE]Moa031884

Warner ED, Farhan S, Bierowski M, et al.: Trends in cardiovascular complications of pregnancy: a
nationwide inpatient sample analysis. Am ] Med Sci. 2023, 366:337-46. 10.1016/j.amjms.2025.09.001
Melchiorre K, Sutherland GR, Baltabaeva A, Liberati M, Thilaganathan B: Maternal cardiac dysfunction and
remodeling in women with preeclampsia at term. Hypertension. 2011, 57:85-93.
10.1161/HYPERTENSIONAHA.110.162321

Lazzerini PE, Capecchi PL, Laghi-Pasini F: Long QT syndrome: an emerging role for inflammation and
immunity. Front Cardiovasc Med. 2015, 2:26. 10.3389/fcvm.2015.00026

Bittner V: The new 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease .
Circulation. 2020, 142:2402-4. 10.1161/CIRCULATIONAHA.119.040625

Li P, Jiang Y, You Y: Predictors of adverse pregnancy outcomes in severe preeclampsia: a retrospective
observational study. Medicine (Baltimore). 2025, 104:e42258. 10.1097/MD.0000000000042.258

2026 Teddy et al. Cureus 18(4): e107550. DOI 10.7759/cureus.107550

11 0of 11


https://dx.doi.org/10.1080/01621459.1958.10501452
https://www.bristol.ac.uk/cmm/media/software/statjr/downloads/manuals/1-07/manual-advanced.pdf
https://dx.doi.org/10.1056/NEJM199611143352002
https://dx.doi.org/10.1056/NEJM199611143352002
https://dx.doi.org/10.7759/cureus.67666
https://dx.doi.org/10.7759/cureus.67666
https://dx.doi.org/10.1056/NEJMoa031884
https://dx.doi.org/10.1056/NEJMoa031884
https://dx.doi.org/10.1016/j.amjms.2023.09.001
https://dx.doi.org/10.1016/j.amjms.2023.09.001
https://dx.doi.org/10.1161/HYPERTENSIONAHA.110.162321
https://dx.doi.org/10.1161/HYPERTENSIONAHA.110.162321
https://dx.doi.org/10.3389/fcvm.2015.00026
https://dx.doi.org/10.3389/fcvm.2015.00026
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.040625
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.040625
https://dx.doi.org/10.1097/MD.0000000000042258
https://dx.doi.org/10.1097/MD.0000000000042258

	Early-Onset Severe Preeclampsia as an Independent Predictor of New-Onset Maternal Arrhythmia During Pregnancy: A Retrospective Cohort Study
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline Characteristics Before and After Propensity Score Matching
	TABLE 2: Primary and Secondary Outcomes in Propensity Score-Matched Cohort
	TABLE 3: Multivariable Logistic Regression for New-Onset Maternal Arrhythmia
	FIGURE 1: Time-to-Event Analysis – Cox Proportional Hazards Model
	FIGURE 2: Subgroup Analysis – Odds Ratios for Arrhythmia in EOSPE vs. Control
	FIGURE 3: Sensitivity Analyses

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


