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Correlation between 
multi-parameter 
echocardiographic indicators and 
adverse pregnancy outcomes in 
women of advanced maternal 
age with pregnancy-induced 
hypertension syndrome: clinical 
application value

Jing Zhong  and Kang Zhang *

Department of Ultrasound, Xiangyang No. 1 People's Hospital, Hubei University of Medicine, 
Xiangyang, Hubei, China

Introduction: Hypertensive disorders of pregnancy are a major cause of maternal 
and perinatal morbidity and mortality, particularly among women of advanced 
maternal age.
Materials and methods: This retrospective study evaluated the correlation between 
echocardiographic parameters and adverse pregnancy outcomes in 240 women 
aged ≥35 years diagnosed with pregnancy-induced hypertension syndrome (PIHS) 
from February 2019 to June 2022. Patients were classified into a favorable outcome 
group (n = 183) and an adverse outcome group (n = 57). Echocardiographic indica-
tors—including ejection fraction (EF), stroke volume (SV), cardiac output (CO), E/A 
ratio, early diastolic mitral annular velocity (E′), E/E′ ratio, left atrial volume index 
(LAVI), pulmonary venous flow velocities (S-, D-, Ar-waves), and myocardial perfor-
mance (Tei) index—were compared between groups.
Results: Women with adverse outcomes had significantly lower EF, SV, CO, E/A 
ratio, and E′, while showing higher E/E′, LAVI, Ar-wave velocity, and Tei index, 
with reduced S- and D-wave velocities (all p < 0.001). A history of hyperten-
sion, nephritis, and a family history of hypertension were also identified as sig-
nificant clinical risk factors. Multivariable logistic regression confirmed that both 
clinical and echocardiographic parameters were independently associated with 
poor outcomes. Receiver operating characteristic analysis demonstrated high 
discriminative power for key indices (AUC range: 0.78–0.90), and a combined 
model integrating multiple echocardiographic variables achieved an AUC of 
0.925, indicating excellent predictive performance.
Discussion: These findings suggest that multi-parameter echocardiographic 
assessment provides a reliable, non-invasive approach for identification of high-
risk PIHS patients, supporting more effective monitoring and timely intervention 
to improve maternal and fetal prognosis.
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Introduction

Advanced maternal age (AMA) refers to pregnancy in women 
aged 35 years or older at the time of delivery. In recent decades, 
delayed childbearing has become increasingly common, leading 
to a notable rise in pregnancies among older women worldwide 
(1). Statistical data show that the birth rates for women aged 
35–39 and 40–44 years have steadily increased across several 
regions, including China, Taiwan, and many high-income coun-
tries (2–9). For instance, the proportion of deliveries among 
women aged ≥35 years in Taiwan increased from 11.4% in 2003 
to 19.1% in 2013 (6), and similar upward trends have been 
reported in Norway and the United Kingdom (8, 9). With advanc-
ing maternal age, the risk of pregnancy-related complications 
increases substantially (10, 11). Older pregnant women have 
higher rates of preterm birth, stillbirth, and postpartum hemor-
rhage compared with younger counterparts (12–14). They are also 
more likely to experience premature rupture of membranes and 
require cesarean delivery (14, 15). Among the complications of 
AMA, hypertensive disorders of pregnancy remain particularly 
important, representing one of the major non-obstetric causes of 
maternal and fetal morbidity and mortality. Hypertensive disorder 
complicating pregnancy (HDCP) accounts for an estimated 
50,000–60,000 maternal deaths annually and remains a leading 
cause of perinatal mortality, particularly in low- and middle-
income countries (16). Pregnancy-induced hypertension syn-
drome (PIHS) is a subtype of hypertensive disorders of pregnancy 
characterized by new-onset hypertension (systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg) occur-
ring after 20 weeks of gestation in previously normotensive 
women, with or without proteinuria, according to contemporary 
international and Chinese guidelines (2–4, 17, 18). Moreover, 
women who develop PIHS face a higher lifetime risk of cardiovas-
cular disease.

Pregnancy involves extensive hemodynamic adaptations—
including increased heart rate, elevated cardiac output, and 
reduced systemic vascular resistance—to accommodate maternal 
and fetal metabolic demands (1). In patients with PIHS, these 
adaptive mechanisms are disrupted, resulting in altered myocar-
dial performance and ventricular remodeling. Accurate assess-
ment of cardiac function is therefore essential for early diagnosis, 
risk stratification, and timely management. Echocardiography, a 
non-invasive and reproducible imaging modality, enables compre-
hensive evaluation of both systolic and diastolic cardiac function. 
Owing to its safety, accessibility, and diagnostic precision, echo-
cardiography has become the preferred tool for assessing cardio-
vascular status in pregnancy (19). Recent studies have highlighted 
its value in identifying subclinical cardiac dysfunction in hyper-
tensive disorders of pregnancy. However, few investigations have 
systematically explored the relationship between multi-parameter 
echocardiographic indices and adverse pregnancy outcomes in 
women of advanced maternal age with PIHS.

Therefore, the present study aimed to evaluate the correlation 
between various echocardiographic parameters and adverse preg-
nancy outcomes in women of advanced maternal age diagnosed 
with PIHS, and to explore the potential clinical application of 
echocardiographic assessment in assessing cardiac functional 
alterations associated with adverse pregnancy outcomes.

Patients and methods

Ethical approval

This retrospective study was approved by the Institutional Ethics 
Committee of Xiangyang No. 1 People's Hospital, Hubei University of 
Medicine, Hubei, China (Approval No. PHHUM/C25/H/19). Written 
informed consent for the use of anonymized clinical and echocardio-
graphic data for research purposes was obtained at the time of hospi-
talization. The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and relevant national guide-
lines for research involving human subjects.

Study design and population

A total of 240 elderly pregnant women diagnosed with pregnancy-
induced hypertension syndrome (PIHS) and treated at Xiangyang No. 
1 People’s Hospital between February 2019 and June 2022 were retro-
spectively analyzed. Participants were divided according to pregnancy 
outcomes into a favorable outcome group (n = 183) and an adverse 
outcome group (n = 57). A schematic overview of the study design, 
screening, and analysis procedures is illustrated in Figure 1.

Inclusion and exclusion criteria

Participants were enrolled based on strict eligibility conditions to 
ensure homogeneity of the study population and minimize confound-
ing bias. Inclusion criteria were as follows: pregnant women aged over 
35 years, with a singleton pregnancy, who had been clinically diagnosed 
with pregnancy-induced hypertension syndrome (PIHS) in accordance 
with international diagnostic criteria for hypertensive disorders of preg-
nancy (20). Only patients with complete clinical records and echocar-
diographic examination data available from the same hospitalization 
period were included. All diagnoses and echocardiographic assessments 
were confirmed by two senior obstetricians and a certified sonographer 
to maintain diagnostic accuracy and reproducibility.

Exclusion criteria were established to minimize confounding and 
ensure data reliability. Women were excluded if they had a history of 
psychiatric illness or cognitive impairment that could affect the accu-
racy of clinical data. Patients with severe uterine fibroids, ovarian 
cysts, or other gynecological conditions that could interfere with fetal 
growth or echocardiographic imaging were also excluded. Likewise, 
individuals with chronic infectious or systemic diseases, including 
HIV/AIDS, syphilis, chronic viral hepatitis, or autoimmune disorders, 
were excluded to reduce the influence of systemic inflammation on 
pregnancy outcomes. Patients with known structural heart disease, 
cardiomyopathy, congenital heart disease, significant valvular disease, 
or other pre-existing cardiac conditions affecting cardiac structure or 
function were excluded. Additional exclusion criteria included mul-
tiple gestations and gestational diabetes mellitus.

Echocardiographic examination

All postpartum women underwent echocardiographic examina-
tion within 1–3 days after delivery or pregnancy termination. A 
Siemens ACUSON Oxana 2 color Doppler ultrasound system (probe 
frequency 2–4 MHz) was used. Examinations were performed in a 
quiet setting with the patient in the left lateral decubitus position by 
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an experienced sonographer who was blinded to pregnancy outcomes. 
Each patient underwent a single standardized echocardiographic 
examination.

Standard echocardiographic parameters were acquired as follows:
Structural indices: Left atrial diameter (LAD), left ventricular end-

diastolic diameter (LVDd), and interventricular septal end-diastolic 
thickness (IVSTd) measured from the parasternal long-axis view.

Transmitral flow velocities: Early diastolic (E wave) and atrial con-
traction (A wave) peak velocities recorded from the apical four-cham-
ber view; the E/A ratio was calculated.

Tissue Doppler imaging (TDI): Early diastolic mitral annular veloc-
ity (E′) measured at the septal annulus, and the E/E′ ratio derived.

Pulmonary venous flow: Pulsed-wave Doppler sampling was per-
formed with the sample volume positioned 1–2 cm proximal to the 
orifice of the upper pulmonary vein (right or left) in the apical four-
chamber view to obtain systolic (S wave), diastolic (D wave), and atrial 
reversal (Ar wave) velocities. Measurements were acquired at end-
expiration, and the mean value of three consecutive cardiac cycles was 
used for analysis.

Myocardial performance index (Tei index): Obtained from apical 
four-chamber view by measuring isovolumetric contraction time 
(IVCT), ejection time (ET), and isovolumetric relaxation time (IVRT), 
calculated as Tei index = (IVRT + IVCT) / ET.

Cardiac output (CO): Derived from stroke volume (SV) × heart 
rate (HR), where SV = velocity–time integral (VTI) of the left ven-
tricular outflow tract × cross-sectional area.

Ejection fraction (EF): Calculated from end-diastolic (EDV) and 
end-systolic (ESV) ventricular volumes using EF = (EDV − ESV) / 
EDV × 100%.

Each measurement was repeated across three cardiac cycles, and 
mean values were used for analysis.

Outcome assessment

Pregnancy outcomes were classified according to established 
obstetric definitions based on final delivery outcomes. Adverse preg-
nancy outcomes were predefined as events occurring at or beyond 
20 weeks of gestation, including stillbirth (intrauterine fetal death 
≥20 weeks), fetal demise, preterm birth (<37 weeks), and fetal 
growth restriction (estimated fetal weight <10th percentile for gesta-
tional age). Participants without any of these events were classified as 
having a favorable outcome. Echocardiographic assessments were 
performed postpartum, within 1–3 days after delivery or pregnancy 
termination, and the measured cardiac parameters were analyzed in 
relation to the documented pregnancy outcomes. Baseline demo-
graphic and clinical characteristics of the two groups are summarized 
in Table 1.

Clinical data collection

Demographic and obstetric data collected included maternal 
age, body mass index (BMI), systolic and diastolic blood pressures 
(SBP, DBP), gravidity and parity, years of education, and place of 
residence. Medical history variables included a history of pre-
existing hypertension, diabetes mellitus, nephritis, and family his-
tory of hypertension (maternal or paternal). Information 
regarding antihypertensive treatment during pregnancy was 
extracted from medical records, including the use of standard 
obstetric antihypertensive medications administered according to 
institutional protocols. All clinical variables were obtained retro-
spectively from electronic medical records and obstetric charts 
and were recorded during the same hospitalization period as the 
echocardiographic examination.

FIGURE 1

Study flow diagram. Flow diagram showing patient selection, grouping, and analysis in elderly women with pregnancy-induced hypertension syndrome 
(PIHS).

https://doi.org/10.3389/fmed.2026.1766747
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Zhong and Zhang� 10.3389/fmed.2026.1766747

Frontiers in Medicine 04 frontiersin.org

Statistical analysis

Data were analyzed using SPSS version 23.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables were expressed as mean 
± standard deviation (SD) and compared between groups using 
independent-samples t-tests. Categorical variables were presented 
as frequencies and percentages and analyzed using the χ2 test. 
Variables with p < 0.05 in univariate analyses were considered can-
didate predictors and entered into multivariable logistic regression 
models to identify independent risk factors for adverse pregnancy 
outcomes. Antihypertensive therapy during pregnancy was not 
included in the multivariable regression model because of its col-
linearity with blood pressure variables and to avoid further reduc-
tion in the events-per-variable ratio, which could increase the risk 
of model overfitting. To reduce the risk of overfitting, only variables 
with clear clinical relevance and statistical significance were retained 
in the final multivariable model. Baseline confounders, including 
history of hypertension, nephritis, and family history of hyperten-
sion, were incorporated as covariates. Model performance was eval-
uated using the Hosmer–Lemeshow goodness-of-fit test and 
Nagelkerke R2. Receiver operating characteristic (ROC) curve analy-
sis was performed to assess the predictive accuracy of 

echocardiographic parameters. A two-sided p-value < 0.05 was con-
sidered statistically significant.

Results

Comparison of general patient data

Among the 240 elderly pregnant women with pregnancy-induced 
hypertension syndrome (PIHS), 183 experienced favorable pregnancy 
outcomes, whereas 57 had adverse outcomes. As summarized in Table 1, 
there were no significant differences between the two groups in terms of 
age, body mass index (BMI), systolic or diastolic blood pressure, history 
of multiple pregnancies, parity, years of education, or place of residence 
(all p > 0.05). However, patients in the adverse outcome group exhibited 
a significantly higher prevalence of pre-existing hypertension, nephritis, 
and a family history of hypertension (p < 0.05). These findings indicate 
that hereditary and chronic hypertensive conditions may predispose 
elderly pregnant women with PIHS to unfavorable pregnancy outcomes.

Comparison of cardiac morphological 
indicators

Echocardiographic evaluation of structural cardiac indices 
revealed no statistically significant differences between the two groups 
in left ventricular end-diastolic diameter (LVDd), interventricular 
septal thickness (IVSTd), or left atrial diameter (LAD) (p > 0.05; 
Table 2). This suggests that the baseline chamber dimensions and wall 
thickness were not primary determinants of adverse outcomes in this 
cohort. The absence of structural differences indicates that functional 
rather than morphological cardiac alterations may contribute more 
prominently to PIHS-related complications.

Comparison of echocardiographic 
functional parameters

Functional echocardiographic indices differed significantly 
between the two groups (Table 3). The adverse outcome group dem-
onstrated markedly lower ejection fraction (EF), stroke volume (SV), 
cardiac output (CO), E/A ratio, and early diastolic mitral annular 
velocity (E′) compared with the favorable outcome group (all p < 0.05). 
Conversely, E/E′ ratio and left atrial volume index (LAVI) were sig-
nificantly higher in the adverse outcome group (p < 0.05). These 
alterations reflect diastolic dysfunction, impaired myocardial relax-
ation, and increased left atrial pressure load, which collectively suggest 
subclinical cardiac dysfunction as a contributing factor to poor mater-
nal and fetal outcomes in elderly PIHS patients.

Comparison of pulmonary vein flow 
parameters and Tei index

As shown in Table 4, analysis of pulmonary venous flow 
dynamics revealed that the adverse outcome group had signifi-
cantly lower pulmonary vein S-wave and D-wave velocities, but 
higher Ar-wave velocity and Tei index values compared with the 
favorable outcome group (all p < 0.05). These changes indicate 
impaired left atrial compliance and altered ventricular filling 
dynamics, implying that abnormalities in pulmonary venous flow 

TABLE 1  Comparison of general and clinical characteristics between the favorable and adverse 

outcome groups.

Variable Favorable 
outcome 

group 
(n = 183)

Adverse 
outcome 

group 
(n = 57)

t/χ2 p-value

Age (years) 36.22 ± 3.71 36.45 ± 3.68 0.401 0.689

BMI (kg/m2) 25.68 ± 2.17 25.82 ± 2.21 0.407 0.684

SBP (mmHg) 150.22 ± 11.31 151.38 ± 12.06 0.606 0.545

DBP (mmHg) 92.44 ± 9.05 93.08 ± 9.27 0.436 0.663

History of 

multiple 

pregnancies [n 

(%)]

32 (17.5) 12 (21.1) 0.391 0.532

Diabetes 

history [n (%)]

10 (5.5) 5 (8.8) 0.851 0.356

Hypertension 

history [n (%)]

12 (6.6) 11 (19.3) 8.142 0.004

Nephritis 

history [n (%)]

9 (4.9) 7 (12.3) 4.044 0.044

Family history 

of 

hypertension 

[n (%)]

24 (13.1) 15 (26.3) 6.048 0.014

Education 

years

12.35 ± 2.18 12.01 ± 2.15 0.985 0.326

Parity 1.54 ± 0.61 1.61 ± 0.64 0.711 0.478

Place of 

residence 

(urban/rural)

91/92 26/31 0.009 0.926

Data are presented as mean ± SD or number (percentage). t, independent-samples t-test; χ2, 
chi-square test.
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patterns and an increased myocardial performance index are 
potential early markers of adverse pregnancy outcomes in PIHS.

Multivariate logistic regression analysis of 
risk factors

To identify independent determinants of adverse pregnancy out-
comes, variables with p < 0.05 in univariate analysis were entered into 
a multivariate binary logistic regression model (Table 5). A history of 
hypertension, nephritis, and a family history of hypertension 
emerged as significant independent clinical risk factors (p < 0.05). 
Among echocardiographic parameters, higher ejection fraction (EF), 
cardiac output (CO), E/A ratio, and early diastolic mitral annular 

velocity (E′) were independently associated with a reduced risk of 
adverse pregnancy outcomes (OR < 1), whereas higher E/E′ ratio and 
left atrial volume index (LAVI) were independently associated with 
an increased risk of adverse outcomes (OR > 1), indicating impaired 
systolic and diastolic cardiac function in patients with unfavorable 
outcomes. The direction of these associations is consistent with the 
between-group comparisons shown in Tables 3, 4. The final model 
included only the most significant clinical and echocardiographic 
variables to minimize overfitting. Antihypertensive therapy during 
pregnancy was not entered into the model because of collinearity 
with blood pressure variables and concerns regarding the events-per-
variable ratio. It demonstrated good calibration (Hosmer–Lemeshow 
p = 0.63) and strong explanatory power (Nagelkerke R2 = 0.726), cor-
rectly classifying 88.3% of cases.

Receiver operating characteristic (ROC) 
curve analysis

Receiver operating characteristic analysis was performed to 
evaluate the diagnostic utility of echocardiographic indices in pre-
dicting adverse pregnancy outcomes (Figures 2A–E). The area 
under the curve (AUC) values indicated strong predictive ability 
for several parameters: EF (AUC = 0.894, 95% CI 0.828–0.952), 
E/A ratio (AUC = 0.877, 95% CI 0.803–0.951), SV (AUC = 0.811, 
95% CI 0.723–0.898), CO (AUC = 0.780, 95% CI 0.684–0.875), E′ 
(AUC = 0.893, 95% CI 0.826–0.959), and E/E′ ratio (AUC = 0.865, 
95% CI 0.786–0.943). For pulmonary vein flow parameters, 
S-wave (AUC = 0.896, 95% CI 0.832–0.960), D-wave 
(AUC = 0.863, 95% CI 0.784–0.941), Ar-wave (AUC = 0.824, 95% 
CI 0.733–0.914), and Tei index (AUC = 0.791, 95% CI 0.695–
0.888) also exhibited good discriminative value. Importantly, a 
combined diagnostic model integrating all echocardiographic 
parameters achieved an AUC of 0.925 (95% CI 0.872–0.989), 
reflecting excellent reflecting excellent discriminatory perfor-
mance in distinguishing patients with adverse versus favorable 
pregnancy outcomes.

Representative echocardiographic findings

Representative echocardiographic images are shown in 
Figures 3A–E. Figure 3A shows a Doppler image of the mitral inflow 
velocity spectrum in a patient with an adverse pregnancy outcome, 
demonstrating attenuated E-wave and increased A-wave amplitude, 
findings suggestive of diastolic dysfunction. Figure 3B displays the 
corresponding image from a patient with a favorable pregnancy out-
come, showing preserved diastolic filling and a normal E/A ratio. 
Figure 3C illustrates the echocardiographic assessment of left ven-
tricular and atrial dimensions in a patient with an adverse outcome, 
revealing mild chamber dilation and increased left atrial volume. 
Figure 3D presents the same parameters in a patient with a favorable 
outcome, demonstrating normal chamber geometry and preserved 
systolic performance. Figure 3E provides a comparative composite 
image emphasizing the distinct functional patterns between favorable 
and adverse outcome groups. These findings collectively underscore 
the diagnostic relevance of functional echocardiographic indices—
rather than purely structural measurements—in predicting pregnancy 
outcomes among elderly patients with pregnancy-induced hyperten-
sion syndrome (PIHS).

TABLE 2  Comparison of cardiac morphological indicators between the favorable and adverse 

outcome groups (mean ± SD, mm).

Parameter Favorable 
outcome 

group 
(n = 183)

Adverse 
outcome 

group 
(n = 57)

t p-value

LVDd (mm) 46.27 ± 3.92 46.85 ± 3.87 1.023 0.307

IVSTd (mm) 9.12 ± 1.02 9.22 ± 0.98 0.610 0.542

LAD (mm) 33.81 ± 2.58 34.06 ± 2.63 0.568 0.571

No statistically significant differences were observed between groups (p > 0.05).

TABLE 3  Comparison of left ventricular functional parameters between the favorable and 

adverse outcome groups.

Parameter Favorable 
outcome 

group 
(n = 183)

Adverse 
outcome 

group 
(n = 57)

t p-value

EF (%) 65.83 ± 3.84 59.26 ± 4.02 11.518 <0.001

SV (mL) 73.15 ± 5.62 66.08 ± 6.01 8.083 <0.001

CO (L/min) 5.36 ± 0.63 4.78 ± 0.52 6.212 <0.001

E/A 1.16 ± 0.14 0.97 ± 0.13 9.389 <0.001

E′ (cm/s) 11.06 ± 1.18 9.74 ± 1.11 7.330 <0.001

E/E′ 7.46 ± 0.71 8.59 ± 0.74 9.929 <0.001

LAVI (mL/m2) 25.88 ± 2.41 28.97 ± 2.35 8.443 <0.001

EF, ejection fraction; SV, stroke volume; CO, cardiac output; LAVI, left atrial volume index. 
All parameters showed significant differences between groups (p < 0.01).

TABLE 4  Comparison of pulmonary venous flow parameters and myocardial performance (Tei) 

index between groups.

Parameter Favorable 
outcome 

group 
(n = 183)

Adverse 
outcome 

group 
(n = 57)

t p-value

S-wave (cm/s) 49.15 ± 4.38 45.18 ± 4.06 6.110 <0.001

D-wave (cm/s) 47.26 ± 4.11 43.03 ± 3.98 6.447 <0.001

Ar-wave (cm/s) 29.12 ± 3.47 33.15 ± 3.65 7.014 <0.001

Tei index 0.46 ± 0.07 0.55 ± 0.08 8.623 <0.001

S, systolic wave; D, diastolic wave; Ar, atrial reversal wave; Tei, myocardial performance 
index.
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Discussion

Pregnancy-induced hypertension syndrome (PIHS) is a preg-
nancy-specific disorder characterized by new-onset hypertension 
and proteinuria after 20 weeks of gestation in previously normoten-
sive women. Affecting approximately 5–8% of pregnancies, it 
remains a major cause of maternal and fetal morbidity and mortal-
ity worldwide (21). The present study examined the association 
between echocardiographic parameters and adverse pregnancy 
outcomes in elderly women with PIHS, highlighting the clinical 
value of these indicators.

Our findings revealed no significant differences in structural 
echocardiographic parameters—left ventricular end-diastolic diame-
ter (LVDd), interventricular septum end-diastolic thickness (IVSTd), 
and left atrial diameter (LAD)—between the favorable and adverse 
outcome groups. However, functional parameters showed marked 
disparities. The adverse outcome group demonstrated reduced ejec-
tion fraction (EF), stroke volume (SV), cardiac output (CO), E/A ratio, 
and early diastolic mitral annular velocity (E′), along with elevated 
E/E′ ratio and left atrial volume index (LAVI). Pulmonary venous flow 
analysis demonstrated significantly reduced S-wave and D-wave veloc-
ities, accompanied by increased Ar-wave velocity and elevated Tei 
index values in the adverse outcome group, indicating impaired left 

FIGURE 2

Receiver operating characteristic (ROC) curves for echocardiographic parameters predicting adverse pregnancy outcomes in women with pregnancy-
induced hypertension syndrome (PIHS). (A) EF and E/A ratio; (B) SV, CO, and LAVI; (C) E′ and E/E′ ratio; (D) pulmonary vein S-, D-, Ar-waves, and Tei 
index; (E) combined diagnostic model integrating multiple echocardiographic parameters.

TABLE 5  Multivariate logistic regression analysis of factors associated with adverse pregnancy outcomes.

Variable B S.E. Wald p-value OR 95% CI for OR

History of hypertension 1.214 0.385 9.955 0.002 3.366 1.624–6.978

History of nephritis 0.978 0.412 5.635 0.018 2.661 1.179–6.005

Family history of hypertension 0.864 0.378 5.218 0.022 2.372 1.132–4.969

Ejection fraction (EF, %) −1.241 0.349 12.646 <0.001 0.289 0.147–0.568

Cardiac output (CO, L/min) −1.874 0.488 14.760 <0.001 0.153 0.059–0.400

E/A ratio −1.095 0.389 7.942 0.005 0.335 0.156–0.717

Early diastolic mitral annular 

velocity (E′, cm/s)

−1.213 0.426 8.092 0.004 0.297 0.130–0.680

E/E′ ratio 1.158 0.429 7.272 0.007 3.183 1.360–7.447

Left atrial volume index (LAVI, 

mL/m2)

1.256 0.466 7.251 0.007 3.512 1.408–8.762

Model fit: Nagelkerke R2 = 0.726; Hosmer–Lemeshow χ2 = 6.18, p = 0.63. The model correctly classified 88.3% of cases. Only clinically relevant variables that were statistically significant in 
univariate analyses were included in the multivariate model to reduce the risk of overfitting. Given the number of adverse events (n = 57), the events-per-variable ratio was relatively low; 
therefore, the results should be interpreted with appropriate caution.
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ventricular compliance and global myocardial dysfunction. PIHS is 
associated with widespread microvascular spasm, leading to increased 
peripheral resistance, elevated afterload, and progressive left ventricu-
lar hypertrophy, which ultimately impairs systolic and diastolic per-
formance (22). These hemodynamic changes contribute to placental 
insufficiency, fetal growth restriction, preterm birth, and even intra-
uterine demise (23). Systemic vasoconstriction and endothelial dys-
function reduce placental perfusion, inducing intrauterine hypoxia 
and fetal cardiovascular stress. Prolonged cardiac overload further 
exacerbates myocardial injury and functional decline. Previous studies 
have reported similar findings, linking PIHS with abnormal cardiac 
remodeling and persistent cardiovascular risk (24–27). Rayes et al. 
(28) further emphasized that PIHS predisposes women to long-term 
cardiovascular disease, underscoring the importance of recognizing 
pregnancy-related cardiac functional alterations in women with PIHS.

Echocardiography provides a sensitive, non-invasive modality for 
evaluating these hemodynamic changes. Prior research indicates that 
PIHS patients exhibit increased systemic vascular resistance and 
reduced cardiac index due to elevated afterload (29, 30). Even after 
delivery, endothelial dysfunction and myocardial stress persist, pre-
disposing patients to chronic cardiovascular morbidity (31, 32). 
Structural echocardiographic measurements alone are insufficient, as 
pregnancy itself induces physiological remodeling of preload and 
afterload (33, 34). Therefore, diastolic functional assessment is crucial. 
Diastolic dysfunction often precedes overt systolic failure and may 
exist despite preserved ejection fraction (35–37). Echocardiographic 
indicators such as E/A ratio, E′, E/E′ ratio, and LAVI reliably reflect 
ventricular relaxation and filling pressures (38–46). In this study, 

diastolic parameters (E/A ratio, E′, E/E′, and LAVI) and global perfor-
mance indices (Tei index) demonstrated high predictive value for 
adverse outcomes. Elevated E/E′ and LAVI values indicate increased 
left atrial pressure and ventricular stiffness, while decreased E/A and 
E′ suggest impaired relaxation. These alterations reflect subclinical 
myocardial dysfunction and hemodynamic compromise that may 
contribute to placental hypoperfusion and fetal distress.

The pulmonary vein flow parameters further corroborated 
these findings. In the adverse outcome group, reduced S-wave and 
D-wave velocities together with elevated Ar-wave velocity sug-
gested increased atrial pressure and impaired left ventricular com-
pliance. The Tei index, a global measure of myocardial performance 
encompassing both systolic and diastolic function, was also higher 
in the adverse outcome group, reinforcing its clinical value in eval-
uating PIHS-related cardiac dysfunction (47, 48). Multivariate 
analysis confirmed that a history of hypertension, nephritis, and a 
family history of hypertension were significant independent clini-
cal risk factors. Echocardiographic indicators reflecting both sys-
tolic and diastolic dysfunction, including reduced EF, CO, E/A 
ratio, and E′, together with elevated E/E′ and LAVI, were indepen-
dently associated with adverse pregnancy outcomes. These param-
eters reflect impaired myocardial relaxation, increased filling 
pressure, and compromised ventricular performance, consistent 
with previous studies on cardiac dysfunction in pregnancy-induced 
hypertension. Receiver operating characteristic (ROC) curve analy-
sis demonstrated high diagnostic performance, with area under the 
curve (AUC) values ranging from 0.780 to 0.925. The combined 
diagnostic model achieved an AUC of 0.925, underscoring the 

FIGURE 3

Doppler echocardiography images in women with pregnancy-induced hypertension syndrome (PIHS). (A) Mitral inflow velocity spectrum in a PIHS 
patient with an adverse pregnancy outcome. (B) Mitral inflow velocity spectrum in a PIHS patient with a favorable pregnancy outcome. (C) Left 
ventricular and left atrial diameters and wall thickness in a PIHS patient with an adverse outcome. (D) Left ventricular and left atrial diameters and wall 
thickness in a PIHS patient with a favorable outcome.
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strong predictive utility of integrated echocardiographic assess-
ment. These results are consistent with previous reports linking 
cardiac dysfunction to increased maternal and fetal morbidity in 
PIHS (49–55).

Despite its strengths, this study has several limitations. First, the 
sample size was relatively modest and derived from a single-center 
cohort, which may limit the generalizability of the findings. 
Regional, ethnic, and socioeconomic heterogeneity was not exam-
ined, and long-term maternal cardiovascular outcomes beyond the 
perinatal period were not assessed. Second, although efforts were 
made to limit model complexity, the number of adverse pregnancy 
events was relatively small in relation to the number of candidate 
predictors, resulting in a low events-per-variable ratio and a poten-
tial risk of model overfitting. Therefore, the reported associations 
should be interpreted with appropriate caution. In addition, 
although information on antihypertensive therapy during preg-
nancy was collected, medication use was not included in the mul-
tivariable analysis because of collinearity with blood pressure 
variables and concerns regarding the events-per-variable ratio; con-
sequently, residual confounding related to treatment effects cannot 
be completely excluded. Finally, echocardiographic assessments 
were performed in the postpartum period, and future prospective 
studies incorporating serial antepartum and postpartum echocar-
diographic evaluations are warranted. Large, multicenter studies 
with more diverse populations and extended follow-up are needed 
to validate these findings and to further refine echocardiographic 
risk stratification strategies in women with pregnancy-induced 
hypertension syndrome (PIHS).

Conclusion

Echocardiography serves as an effective, non-invasive tool for 
evaluating cardiac structure and function in elderly women with 
pregnancy-induced hypertension syndrome. Functional parameters, 
including EF, SV, CO, E/A ratio, E′, E/E′, LAVI, pulmonary vein flow 
indices, and Tei index, demonstrate significant predictive value for 
adverse pregnancy outcomes. Recognition of pregnancy-related car-
diac functional alterations through echocardiography may contribute 
to improved postpartum cardiovascular assessment and longer-term 
risk evaluation in women with PIHS.
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