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NOVELTY AND RELEVANCE 26 

1. What are the novel findings of this work? 27 

• In women with hypertensive disorders of pregnancy (HDP) and 28 

normotensive pregnancy, angiogenetic markers correlate with maternal 29 

echocardiographic parameters used to evaluate left ventricular 30 

morphology and diastolic function. The relationship between sFlt-1, 31 

PlGF and their ratio and maternal cardiac indices in HDP patients might 32 

explain why an angiogenic imbalance during pregnancy is associated 33 

with maternal adverse cardiovascular outcomes in pregnancy and in the 34 

postpartum.  35 

2. What are the clinical implications of this work? 36 

• Angiogenic markers, which are widely used for the diagnosis and 37 

management of HDP, might also give crucial information on the maternal 38 

cardiovascular system during pregnancy. And, further studies are 39 

needed to evaluate the nature of this correlation and if they could be 40 

used as predictors of maternal cardiovascular disease after HDP.  41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 
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ABSTRACT 49 

Objective: The maternal cardiovascular system of women with hypertensive disorders 50 

of pregnancy (HDP) can be impaired, with higher rates of left ventricular (LV) 51 

remodelling and diastolic dysfunction compared to normotensive pregnancies. The 52 

primary objective of this prospective study was to correlate cardiac indices obtained 53 

by transthoracic echocardiography (TTE) and circulating angiogenic markers, such as 54 

soluble fms-like tyrosine kinase 1 (sFlt-1) and placental growth factor (PlGF).  55 

Methods: 95 women with a pregnancy complicated by HDP and a group of 25 56 

uncomplicated pregnancies at term underwent TTE and blood tests to measure sFlt-57 

1 and PLGF during the peripartum period (before delivery and within a week of giving 58 

birth). Spearman's rank correlation was used to report correlation coefficients between 59 

biomarkers and cardiac indices in the HDP population and controls.  60 

Results: HDP group included 61 (64.2%) preeclamptic patients and, among them, 42 61 

(68.9%) delivered before 37 weeks. 12 HDP out of 95 (12.6%) patients underwent 62 

blood samples and TTE after delivery, and, as they showed significantly lower levels 63 

of angiogenic markers, they were excluded from the analysis. There was a correlation 64 

between sFlt-1 and LVMI (r=0.246, p=0.026) and E/e’ (r=0.272, p=0.014) in HDP 65 

(n=83), while in controls sFlt-1 showed a correlation with RWT (r=0.409, p=0.043), 66 

lateral e’ (r=-0.562, p=0.004) and E/e’ (r=0.417, p=0.042). PlGF correlated with LVMI 67 

(r=-0.238, p=0.031) in HDP patients and with lateral e’ (r=0.466, p=0.022) in controls. 68 

sFlt-1/PlGF ratio correlated with lateral e’ (r=-0.568, p=0.004) and E/e’ (r=0.428, 69 

p=0.037) in controls and with LVMI (r=0.252, p=0.022) and E/e’ (r=0.269, p=0.014) in 70 

HDP.  71 

Conclusions: Although the current data are not able to infer causality, they confirm 72 

the intimate relationship between the maternal cardiovascular system and endothelial 73 

markers that are used both to diagnose and indicate the severity of HDP. 74 
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INTRODUCTION 75 

Hypertensive disorders of pregnancy (HDP) affect up to 10% of pregnancies and are 76 

associated with significant maternal and perinatal morbidity.1, 2 The maternal 77 

cardiovascular system has been shown to be impaired during HDP.3, 4 Transthoracic 78 

echocardiography (TTE) studies have demonstrated that left ventricular (LV) 79 

remodelling is a common finding among women with HDP compared to normotensive 80 

pregnancies.4, 5 Most data also suggest an association with diastolic dysfunction for 81 

all types of HDP, particularly in patients with pre-eclampsia (PE).4, 6 Indeed, when LV 82 

filling pressures were estimated using the early diastolic mitral inflow velocity and early 83 

diastolic mitral annular velocity (E/e’ ratio), a higher ratio was reported in women with 84 

PE.4 In addition, women with HDP have significantly worse myocardial function as 85 

demonstrated by global longitudinal strain assessment.7 The strain imposed by HDP 86 

on maternal LV morphology and function is supported by the finding of elevated levels 87 

of cardiac biomarkers that, interestingly, are also found to be abnormal in heart failure 88 

and other cardiac diseases outside pregnancy.8, 9  89 

An imbalance in circulating vascular factors soluble fms-like tyrosine kinase 1 (sFlt-1) 90 

and placental growth factor (PlGF) are implicated in the pathophysiology of multiorgan 91 

endothelial dysfunction seen in PE. In particular, circulating levels of sFlt-1 are 92 

markedly increased in women with PE, while free levels of its ligand PlGF are 93 

significantly diminished.10, 11 Both biomarkers can be measured in maternal plasma 94 

and serum and have demonstrated clinical utility in predicting the risk of PE in 95 

asymptomatic women, ruling out PE in women with possible clinical features, 96 

diagnosing PE, and helping with timing of birth in women with confirmed PE.12 There 97 

is a paucity of studies assessing the relationship between cardiac indices and sFlt-1 98 

or PlGF in HDP.13-15 This pilot study aims to investigate these correlations in a cohort 99 

of HDP women and normotensive controls who underwent maternal TTE in the 100 

peripartum period.  101 

 102 

METHODS 103 

Patient Recruitment and Ethics 104 

This study was part of a prospective longitudinal cohort recruited at St George's 105 

University Hospital NHS Foundation Trust, London, between February 2019 and 106 

August 2021. The Brent Research Ethics Committee in London gave favourable 107 

ethical approval for this study (reference: 19/LO/0794).16 All participants provided 108 
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written informed consent for TTE and blood samples that were performed at the same 109 

time during the peripartum period.  110 

 111 

Recruitment criteria 112 

Pregnancies complicated by genetic syndromes or major fetal abnormalities and 113 

patients affected by known cardiac conditions or pre-existing chronic hypertension 114 

were not included. Women with a pregnancy complicated by HDP and a group of 115 

normotensive and uncomplicated pregnancies at term were recruited consecutively in 116 

the Maternity Department. A sample size was not calculated because it was not the 117 

primary outcome of the main study, and it was largely determined by the number of 118 

women who would donate blood at the same time of TTE.16 119 

 120 

Clinical Definitions 121 

HDP, including both gestational hypertension and preeclampsia, were defined 122 

according to the criteria of the International Society for the Study of Hypertension in 123 

Pregnancy.17 Gestational hypertension is defined as de novo systolic blood pressure 124 

≥140 mmHg and/or diastolic blood pressure ≥90 mmHg measured on two occasions 125 

separated by at least four hours after 20 weeks gestation, in the absence of proteinuria 126 

and without biochemical or haematological abnormalities. Pre-eclampsia comprises 127 

new-onset hypertension accompanied by one or more additional features, including 128 

proteinuria (defined as 24-hour urinary protein ≥300 mg per day or a protein/creatinine 129 

ratio ≥30 mg per mmol), other maternal organ dysfunctions (including liver, kidney, 130 

neurological), or haematological involvement, and/or uteroplacental dysfunction. 131 

Birthweight below the 10th centile was used to define small-for-gestational-age (SGA) 132 

neonates. A preterm HDP was defined when delivery occurred before 37 weeks or 133 

before 34 weeks’ gestation. Controls included normotensive and uncomplicated 134 

pregnancies at term. The peripartum period was defined as before delivery or within 135 

one week of delivery. 136 

 137 

Echocardiography 138 

TTE was performed using a commercially available ultrasound Doppler system (GE 139 

Vivid E95 with a M5Sc-D probe; GE Healthcare, Horten, Norway) and the offline 140 

analysis was performed using EchoPAC version 203 (GE Healthcare, Horten, Norway) 141 

by clinicians who were blinded to diagnosis, maternal demographics and gestational 142 

age. Two-dimensional, Doppler and Tissue Doppler Imaging (TDI) TTE was performed 143 



 6 

following international guidelines.18 For each image acquisition, three cardiac cycles 144 

of non-compressed data were stored in cine-loop format and analyzed off-line. Using 145 

the parasternal long-axis view, interventricular septum (IVS, mm), left ventricular end-146 

diastolic diameter (LVEDd, mm), and posterior wall thickness (PWT, mm) were 147 

measured. Left ventricular mass (LVM, g) was calculated using the formula 148 

0.8*(1.04*(LVEDd+PWT+IVS)3−LVEDd3)+0.6 and indexed for body surface area 149 

(BSA) to obtain LVM index (LVMI). Relative wall thickness (RWT) was calculated as 150 

follows: RWT=2xPWT/LVEDd. Normal cardiac geometry, concentric remodelling, 151 

concentric hypertrophy and eccentric remodelling were defined according to 152 

guidelines.19 Diastolic function is a multiparametric evaluation, and the following TTE 153 

indices were used. Peak early diastolic (E)-wave velocity (m/s) was measured by 154 

pulsed wave Doppler with the sample volume positioned at the tip of the mitral valve 155 

leaflets. Lateral and septal e′ velocity (m/s) were obtained by pulsed-wave TDI at the 156 

lateral and septal mitral annulus. The ratio between E and average e’ was calculated. 157 

Lateral e’ and E/e’ cut-offs were derived from gender- and age-specific normal range 158 

in women 20-40 years of age using mean 2SD reference.20, 21  Left atrial volume 159 

index (LAVI) was also included as a parameter to evaluate diastolic function. 160 

 161 

Biological Samples 162 

Maternal plasma samples were drawn at the time of cardiovascular assessment during 163 

the peripartum period. Plasma samples were obtained by venepuncture, collected in 164 

pre-chilled tubes containing EDTA (BD Vacutainer), centrifuged (1500 x g for 15 165 

minutes) and subsequently, stored at -80 °C. Analysis of plasma samples was 166 

conducted in the Immunoassay Biomarker Core Laboratory, School of Medicine, 167 

University of Dundee.  Plasma sFLT-1 levels were measured using bead-based 168 

immunoassays on a Human ProcartaPlex Panels (ThermoFisher) on a Luminex Bio-169 

plex 200 (ThermoFisher), with a lower limit of quantification of 48.8 pg/ml. Plasma 170 

PLGF levels were measured using Human V-Plex kit (K151MED-1, MesoScale 171 

Discovery) on the Meso Sector S 600nM (MesoScale Discovery), with a lower limit of 172 

0.32 pg/ml.  A ratio between sFlt-1 and PlGF was computed. 173 

 174 

Statistical analysis 175 

Preliminary analyses were performed to examine variable distributions, and identify 176 

outliers, which were removed. Median and missing percentages were reported for all 177 
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biomarkers. Analyses were perfumed as complete case and using rank-based 178 

methods. The ranked biomarkers were compared between main groups (HDP and 179 

controls) using a two-sample rank-sum (Wilcoxon-Mann-Whitney) test with two-sided 180 

p-value of 0.05. Spearman's rank correlation with two-sided p-value of 0.05 was used 181 

to report correlation coefficients between biomarkers and echocardiographic indices 182 

in the HDP population and controls. Bonferroni correction was used to adjust for a type 183 

1 error because of multiple comparisons for 6 primary cardiac indices (0.05/6=0.0083). 184 

Kruskal-Wallis H test and Wilcoxon-Mann-Whitney test were used to compare 185 

biomarkers in pre-specified subgroups. STATA software 17 (StataCorp. 2021. College 186 

Station, TX: StataCorp LLC.) was used to perform statistical analyses.  187 

 188 

RESULTS 189 

Population description 190 

Ninety-five pregnancies with HDP and 25 normotensive term pregnancies were 191 

recruited. Maternal characteristics, biomarker levels and summary echocardiographic 192 

indices in these two groups are illustrated in Table 1. Among HDP patients, there were 193 

61 (64.2%) preeclamptic patients and 34 (35.8%) with gestational hypertension; 194 

preterm delivery <37 weeks and <34 weeks occurred in 42 (68.9%) patients and 21 195 

(34.4%) patients, respectively. 12 HDP out of 95 (12.6%) patients underwent blood 196 

samples and TTE within 1 week after delivery and they showed significant differences 197 

in biomarkers, but not in echocardiographic indices, compared to HDP patients 198 

assessed before delivery (Table S1). In view of this difference in biomarker levels, only 199 

the 83 cases where samples were taken just prior to the time of birth were included in 200 

the analysis. 201 

 202 

Correlation between biomarkers and cardiac indices 203 

There was a correlation between sFlt-1 and LVMI (r=0.246, p=0.026) and E/e’ 204 

(r=0.272, p=0.014) in HDP group (n=83), while in the control group sFlt-1 showed a 205 

correlation with RWT (r=0.409, p=0.043), lateral e’ (r=-0.562, p=0.004) and E/e’ 206 

(r=0.417, p=0.042) (Figure 1). PlGF correlated with LVMI (r=-0.238, p=0.031) in HDP 207 

patients and with lateral e’ (r=0.466, p=0.022) in non-hypertensive controls. sFlt-208 

1/PlGF ratio correlated with lateral e’ (r=-0.568, p=0.004) and E/e’ (r=0.428, p=0.037) 209 

in controls and with LVMI (r=0.252, p=0.022) and E/e’ (r=0.269, p=0.014) in HDP. The 210 

correlations between angiogenic factors and echo parameters in HDP patients and 211 

controls are shown in Table 2 and Figure 3.  212 
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 213 

Biomarkers in women with LV diastolic dysfunction and abnormal morphology  214 

Considering only women with HDP, sFlt-1 was higher when LVMI was 95 g/m2 and 215 

RWT was 0.42 during pregnancy (Table 3). In the entire cohort, sFlt-1 and sFlt-216 

1/PlGF values increased with LV remodelling severity, and PlGF decreased with LV 217 

remodelling severity, as shown in Table S2 and Figure 4.  218 

 219 

Discussion 220 

The current findings demonstrated significant correlations between sFlt-1, PlGF and 221 

the sFlt-1/PlGF ratio with cardiac remodelling and indices of diastolic function in a 222 

cohort of hypertensive and normotensive pregnant women during pregnancy. 223 

Although the current data are not able to infer causality, they confirm the intimate 224 

relationship between the maternal cardiovascular system and endothelial markers that 225 

are used to diagnose and indicate severity of HDP.22  226 

 227 

Interpretation of study findings and comparison with published literature 228 

While other cardiac biomarkers, such us serum N-terminal pro-B type natriuretic 229 

peptide, have been extensively correlated with cardiac dysfunction that can develop 230 

in hypertensive pregnancies, there are very little data on the relationship between 231 

angiogenetic biomarkers and echocardiographic findings in pregnancies with HDP. 8, 232 

9, 23, 24 The use of angiogenic markers in women with suspected PE is of established 233 

clinical value in predicting the interval between diagnosis and delivery and maternal 234 

adverse outcomes in HDP.25-30 In a study on 1043 patients with suspected and/or 235 

confirmed PE, sFlt-1/PlGF ratio >85 was good at ruling-in preeclampsia with severe 236 

features within 2 weeks among women with suspected preeclampsia, either before or 237 

after 35 weeks, and fair at ruling-in PE with severe features within 2 weeks in women 238 

with PE at <35 weeks.28 These findings were confirmed by a multicentre study where 239 

measurement of sFlt-1/PlGF provided stratification of the risk of progressing to severe 240 

PE within the coming fortnight in women with HDP presenting between 23 and 35 241 

weeks of gestation.29 The correlation between endothelial markers and cardiac indices 242 

revealed by our data may explain why women with a higher sFlt-1/PlGF ratios are at 243 

increased risk of developing severe features of PE and adverse outcomes of 244 

pregnancy. For instance, diastolic dysfunction and increased LV filling pressure might 245 

predispose women to pulmonary oedema and other cardiovascular complications.6 246 
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The correlations between sFlt-1/PlGF ratio and maternal cardiac maladaptation in 247 

pregnancy may also explain why abnormal levels of angiogenic markers are 248 

associated with postpartum cardiovascular disease (CVD) in women with HDP. 249 

Hypertension in pregnancy is recognised as an important risk factor for CVD later in a 250 

women's life.31, 32 PlGF, sFlt and the sFlt-1/PlGF ratio could provide a better 251 

understanding of the pathophysiological mechanism of short and long-term CVD after 252 

HDP. Among 375 patients with HDP, 50% presented with severe and 40% with mild 253 

postpartum hypertension, where the sFlt-1/PlGF ratio was significantly higher for 254 

postpartum hypertension compared with women who were normotensive 255 

postpartum.33 Similar results were obtained by a prospective study on 988 consecutive 256 

women admitted to a tertiary medical centre for caesarean sections, where 184 257 

(18.6%) developed postpartum hypertension. In addition to a higher BMI and history 258 

of diabetes mellitus, the antepartum sFlt-1/PlGF ratio positively correlated with BP in 259 

the postpartum period.34 Another study found significantly lower PlGF levels in women 260 

with PE who subsequently developed hypertension at 1-year postpartum (n=23) 261 

compared to women who became normotensive (n=57).35 Benschop et al.36 262 

associated lower mid-pregnancy PlGF concentrations with worse cardiac structure 263 

and higher SBP at 6–9 years postpartum in a cohort of 5,475 women with normal and 264 

pathological pregnancies. These associations persevered after the exclusion of 265 

women with complicated pregnancies, highlighting a possible role for even normal 266 

pregnancy in screening for postpartum cardiovascular disease. Another study 267 

associated increased sFlt-1 and decreased PlGF values in the third trimester of PE 268 

pregnancies with cardiometabolic risk factors at 12 years postpartum.37 269 

 270 

It is also important to consider that the vascular remodelling modulated by angiogenic 271 

ligand PlGF and its target receptor Flt-1 is a crucial compensatory mechanism in many 272 

cardiac disorders outside pregnancy.38 PlGF is elevated during myocardial ischaemia 273 

and some studies have shown that PlGF, sFlt-1 or sFlt-1/PlGF ratio, when used in 274 

combination with standard biomarkers, strengthens predictions of outcomes. sFlt-1 275 

and PlGF are elevated in heart failure and sFlt-1 is a good predictor of outcomes.38, 39. 276 

Consistent with these findings, in the current study, endothelial biomarkers were 277 

associated with LV remodelling and diastolic dysfunction in the entire cohort.  278 

 279 



 10 

Clinical and Research Implications 280 

The planned early delivery or expectant management for late preterm pre-eclampsia 281 

(PHOENIX) RCT showed that planned early delivery in women with late preterm PE 282 

significantly reduced maternal adverse outcomes, but with more neonatal unit 283 

admissions related to minor prematurity sequelae, such as short-term neonatal 284 

respiratory morbidity.40, 41 An abnormal angiogenic profile in women with an 285 

established diagnosis of preterm PE identifies women at increased risk of adverse 286 

outcomes helping the decision-making process regarding the timing of birth.29 287 

Regarding the risk of postpartum CVD in women with HDP, there is no consensus 288 

regarding clinical guidelines on how to optimally screen, prevent and manage CVD 289 

risk after pregnancies complicated by HDP.42 In addition, not all women who 290 

experienced HDP develop CVD later in life, indicating the existence of different levels 291 

of future risk.43 The identification of circulating cardiovascular biomarkers of relevance 292 

for myocardial and coronary artery function in pregnancy may be of additional value 293 

to determine which women are at greatest risk. Peripartum screening based on 294 

maternal factors and echocardiographic data was able to detect the majority of women 295 

who went onto to develop postpartum hypertension within six months with excellent 296 

discrimination.16 Integrating angiogenic markers in peripartum screening might 297 

enhance the prediction model or could allow the replacement of TTE, which needs to 298 

be performed by certificate and skilled operators, with a blood sample. In addition, 299 

PlGF might also be used as a proxy for maternal cardiovascular system adaptation to 300 

pregnancy, even in women without HDP. Lower PlGF levels indicate maternal 301 

cardiovascular maladaptation and could potentially identify women at risk of 302 

postpartum CVD. Although it is well-known that women with history of HDP have an 303 

increased risk of CVD,22 the vast majority of postpartum CVD still occur in women 304 

without HDP. For instance, more than 1 in 10 patients were found to be hypertensive 305 

in the first year postpartum after normotensive pregnancies.44 As pregnancy offers a 306 

window of opportunity for CVD screening in young adult women, vascular markers in 307 

isolation or combined with TTE assessment, could help identify women at risk of future 308 

CVD.36   309 

 310 

Strengths and limitations 311 

This is the first study demonstrating a correlation between PlGF, sFlt-1 or sFlt-1/PlGF 312 

ratio and cardiac parameters obtained using TTE in a cohort of women with and 313 

without hypertension during pregnancy. TTE and blood tests were performed at the 314 
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same gestational age. The main limitations of the study are the relatively small sample 315 

size, in particular of the control group, which might make the study underpowered and 316 

the heterogeneity in the HDP group, which included PE and GH cases at any 317 

gestational age. Our biomarker data are not comparable to the most used 318 

immunoassays to measure angiogenetic factors. Moreover, data were not adjusted for 319 

gestational age at sampling and other maternal factors.  320 

 321 

Perspectives 322 

Maternal angiogenic factors, cardiac morphology and diastolic function are 323 

significantly correlated in both women with and without HDP. These findings have 324 

highlighted a close relationship between the uteroplacental unit and the maternal heart 325 

in pregnancy. Further research is needed to understand the nature of this relationship 326 

and to elucidate possible clinical implications of these biomarkers in predicting adverse 327 

maternal cardiovascular outcomes in pregnancy and in the postpartum period. 328 
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TABLES 

Table 1. Maternal characteristics at booking, peripartum serum angiogenic biomarker levels and echo indices in controls and women with 

hypertensive disorders of pregnancy. Data shown as number (%), mean (standard deviation) or median (interquartile range). 

 Control 
(N=25) 

HDP (N=95) p value GH (N=34) Term PE (N=19) Preterm PE (N=42) 

Maternal age (years) 34.915.57 33.505.66 0.267 34.003.20 31.774.63 34.007.41 

BMI (Kg/m2) 1st trimester 24.454.68 29.526.01 <0.001 27.535.0 27.755.00 30.936.81 

Mean arterial pressure 
(mmHg) 1st trimester 

83.286.63 96.529.34 <0.001 96.527.01 95.855.24 96.8912.65 

Assisted conception 4 (16) 4 (4.2) 0.058 1 (2.9) 0 (0) 3 (7.3) 
Nulliparous 11 (44.0) 59 (62.1) 0.115 25 (73.5) 15 (75.0) 19 (46.3) 
Ethnicity White 22 (88.0) 54 (56.8) 

0.005 
29 (85.3) 9 (45.0) 16 (39.0) 

Non-white 3 (22.0) 41 (43.2) 5 (14.7) 10 (55.0) 26 (61) 
Details of birth        

Gestation at CV 
assessment (weeks) 

38.870.67 34.664.45 <0.001 38.031.58 37.051.37 30.793.87 

Gestation at birth (weeks) 39.180.56 35.934.19 <0.001 39.121.06 37.950.85 32.293.96 

Birthweight centile 63.3925.58 28.6830.18 <0.001 42.4328.17 33.9130.08 14.7226.11 

Serum biomarkers       
sFlt-1 (pg/ml) 1,634.06 

(945.46-
3,397.66) 

6,489.77 
(1,663.01-
12,684.26) 

<0.001 2,079.44 
(1,253.10-
7,063.35) 

8,301.12 
(2,813.30-
14,401.97) 

8,843.56 (1,663.02-
16,387.46) 

PlGF (pg/ml) 1,048.24 
(708.68-
1,786.89) 

185.52 
(81.69-
385.29) 

<0.001 306.72 (211.45-
449.12) 

183.72 (136.18-
317.75) 

83.15 (42.95-
225.22) 

sFlt-1/PlGF ratio 1.26 (0.53-
2.51) 

18.90 (6.57-
91.73) 

<0.001 8.75 (3.51-18.90) 35.87 (13.73-
76.69) 

81.55 (7.66-376.79) 

Echocardiographic 
indices 

      

LVMI (g/m2) 66.54 
(55.70-
73.82) 

77.57 
(67.34-
88.51) 

<0.001 75.05 (64.25-
80.62) 

80.25 (73.49-
94.57) 

78.57 (71.56-91.51) 



 14 

RWT 0.30 (0.26-
0.38) 

0.43 (0.36-
0.47) 

<0.001 0.40 (3.51-19.90) 0.45 (0.38-0.47) 0.43 (0.37-0.47) 

LAVI (ml/m2) 23.79 
(22.10-
27.78) 

27.15 
(23.63-
31.69) 

0.014 26.66 (23.67-
29.16) 

26.81 (22.29-
30.45) 

28.52 (24.25-32.05) 

Lateral e’ (m/s) 0.16 (0.14-
0.18) 

0.12 (0.10-
0.14) 

<0.001 0.12 (0.11-0.15) 0.12 (0.11-0.15) 0.11 (0.07-0.11) 

Septal e’ (m/s) 0.12 (0.10-
0.13) 

0.09 (0.08-
0.11) 

<0.001 0.08 (0.08-0.10) 0.10 (0.09-0.11) 0.10 (0.07-0.11) 

E/e’ 5.65 (4.78-
6.59) 

7.33 (6.27-
9.00) 

<0.001 6.93 (6.11-7.60) 7.09 (6.17-8.60) 8.23 (6.73-9.65) 

HDP hypertensive disorders of pregnancy, GH gestational hypertension, PE preeclampsia, BMI body mass index, CV cardiovascular, LVMI left 
ventricular mass index, RWT relative wall thickness, LAVI left atrial volume index 
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Table 2. Correlations between maternal serum biomarker levels and echocardiographic indices in controls and women with hypertensive 

disorders of pregnancy (HDP). HDP patients with cardiovascular assessments (echocardiography and biomarkers) performed after delivery were 

excluded. *Statistical significance shown after Bonferroni correction.  

 Controls (n=25) HDP (n=83) 

  r p-value r p-value 

 sFlt-1 (pg/ml)     

LVMI (g/m2) 0.206 0.323 0.246 0.026 

RWT 0.409 0.043 0.212 0.056 

LAVI (ml/m2) -0.023 0.916 0.042 0.710 

Lateral e' (m/s) -0.562 0.004* -0.058 0.607 

Septal e' (m/s) -0.338 0.107 -0.031 0.781 

E/e' 0.417 0.042 0.272 0.014 

 PlGF (pg/ml)     

LVMI (g/m2) 0.213 0.306 -0.238 0.031 

RWT 0.156 0.455 -0.056 0.618 

LAVI (ml/m2) -0.261 0.218 -0.131 0.242 

Lateral e' (m/s) 0.466 0.022 0.132 0.237 

Septal e' (m/s) 0.265 0.211 0.070 0.529 

E/e' -0.351 0.092 -0.152 0.173 

sFlt-1/PlGF ratio     

LVMI (g/m2) 0.138 0.948 0.252 0.022 

RWT 0.108 0.604 0.147 0.189 

LAVI (ml/m2) 0.170 0.426 0.097 0.385 

Lateral e' (m/s) -0.568 0.004* -0.104 0.351 

Septal e' (m/s) -0.371 0.074 -0.057 0.610 

E/e' 0.428 0.037 0.269 0.014 

LVMI left ventricular mass index, RWT relative wall thickness, LAVI left atrial volume index 
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Table 3. Categorical analysis of maternal serum biomarkers in left ventricular (LV) remodelling 

and LV diastolic dysfunction in women with hypertensive disorders of pregnancy (HDP) 

(n=83). 

LVMI (g/m2) <95 (n=70) ≥95 (n=13) p-value 

sFlt-1(pg/ml) 6123.00 (1987.45-11707.28) 13190.20 (7010.69-17418.87) 0.045 

PIGF (pg/ml) 238.00 (101.06-407.00) 127.92 (61.74-202.29) 0.118 

sFlt-1/PlGF 20.32 (6.85-73.83) 90.88 (31.95-271.21) 0.051 

RWT <0.42 (n=36) ≥0.42 (n=47)  

sFlt-1 (pg/ml) 5609.68 (1809.98-8658.95) 10203.63 (2120.84-16356.86) 0.038 

PIGF (pg/ml) 238.14 (102.20-421.22) 205.84 (67.98-376.82) 0.360 

sFlt-1/PlGF 18.90 (6.74-43.74) 55.50 (8.52-191.60) 0.110 

Lateral e' (m/s) >0.10 (n=59) 0.10 (n=24)  

sFlt-1 (pg/ml) 6962.77 (1987.45-13035.45) 7058.60 (2415.35-16418.05) 0.454 

PIGF (pg/ml) 251.29 (103.34-425.61) 183.39 (59.00-239.34) 0.062 

sFlt-1/PlGF 22.71 (6.75-86.82) 43.92 (9.71-323.13) 0.181 

E/e' <9 (n=56) ≥9 (n=27)  

sFlt-1 (pg/ml) 6776.80 (1996.62-12333.12) 11800.96 (1075.46-19064.55) 0.058 

PIGF(pg/ml) 221.66 (122.24-407.00) 66.02 (42.95-792.29) 0.570 

sFlt-1/PlGF 22.93 (7.13-68.29) 209.88 (1.11-387.30) 0.078 
LVMI left ventricular mass index, RWT relative wall thickness 
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FIGURE LEGENDS 
 
Figure 1. Correlation between plasma sFlt-1 (pg/ml) and echocardiographic E/e’ ratio in 

normotensive (empty circles, n=25) and hypertensive disorder pregnancy (HDP) patients 

(filled circles, n=83) before delivery.   

Figure 2. Correlation between PlGF and left ventricular mass index (LVMI) in normotensive 

(empty circles, n=25) and HDP patients (filled circles, n=83) before delivery.   

Figure 3. Box plots of sFlt-1/PlGF ratio according to left ventricular morphology (Normal, 

Concentric remodeling, Concentric hypertrophy, Eccentric hypertrophy) in all women. 

 

 

  



 18 

REFERENCES 

1. Ananth CV, Keyes KM, Wapner RJ. Pre-eclampsia rates in the United States, 
1980-2010: age-period-cohort analysis. BMJ 2013; 347: f6564. 
2. Cheetham TC, Shortreed SM, Avalos LA, Reynolds K, Holt VL, Easterling TR, 
Portugal C, Zhou H, Neugebauer RS, Bider Z, Idu A, Dublin S. Identifying hypertensive 
disorders of pregnancy, a comparison of two epidemiologic definitions. Front 
Cardiovasc Med 2022; 9: 1006104. 
3. Melchiorre K, Giorgione V, Thilaganathan B. The placenta and preeclampsia: 
villain or victim? Am J Obstet Gynecol 2021. DOI: 10.1016/j.ajog.2020.10.024. 
4. Castleman JS, Ganapathy R, Taki F, Lip GY, Steeds RP, Kotecha D. 
Echocardiographic Structure and Function in Hypertensive Disorders of Pregnancy: A 
Systematic Review. Circ Cardiovasc Imaging 2016; 9. 
5. De Haas S, Ghossein-Doha C, Geerts L, van Kuijk SMJ, van Drongelen J, 
Spaanderman MEA. Cardiac remodeling in normotensive pregnancy and in pregnancy 
complicated by hypertension: systematic review and meta-analysis. Ultrasound Obstet 
Gynecol 2017; 50: 683-696. 
6. Vaught AJ, Kovell LC, Szymanski LM, Mayer SA, Seifert SM, Vaidya D, Murphy 
JD, Argani C, O'Kelly A, York S, Ouyang P, Mukherjee M, Zakaria S. Acute Cardiac 
Effects of Severe Pre-Eclampsia. J Am Coll Cardiol 2018; 72: 1-11. 
7. O'Driscoll JM, Giorgione V, Edwards JJ, Wiles JD, Sharma R, Thilaganathan 
B. Myocardial Mechanics in Hypertensive Disorders of Pregnancy: a Systematic 
Review and Meta-Analysis. Hypertension 2022; 79: 391-398. 
8. Lekva T, Sugulle M, Moe K, Redman C, Dechend R, Staff AC. Multiplex 
Analysis of Circulating Maternal Cardiovascular Biomarkers Comparing Preeclampsia 
Subtypes. Hypertension 2020; 75: 1513-1522. 
9. Alma LJ, Bokslag A, Maas A, Franx A, Paulus WJ, de Groot CJM. Shared 
biomarkers between female diastolic heart failure and pre-eclampsia: a systematic 
review and meta-analysis. ESC Heart Fail 2017; 4: 88-98. 
10. Erez O, Romero R, Jung E, Chaemsaithong P, Bosco M, Suksai M, Gallo DM, 
Gotsch F. Preeclampsia and eclampsia: the conceptual evolution of a syndrome. Am 
J Obstet Gynecol 2022; 226: S786-S803. 
11. Maynard SE, Venkatesha S, Thadhani R, Karumanchi SA. Soluble Fms-like 
tyrosine kinase 1 and endothelial dysfunction in the pathogenesis of preeclampsia. 
Pediatr Res 2005; 57: 1R-7R. 
12. Stepan H, Galindo A, Hund M, Schlembach D, Sillman J, Surbek D, Vatish M. 
Clinical utility of sFlt-1 and PlGF in screening, prediction, diagnosis and monitoring of 
pre-eclampsia and fetal growth restriction. Ultrasound Obstet Gynecol 2022. DOI: 
10.1002/uog.26032. 
13. Levine L, Arany Z, Kern-Goldberger A, Koelper N, Lewey J, Sammel MD, 
Elovitz MA, Ky B. Soluble Flt1 levels are associated with cardiac dysfunction in Black 
women with and without severe preeclampsia. Hypertens Pregnancy 2021; 40: 44-49. 
14. Patten IS, Rana S, Shahul S, Rowe GC, Jang C, Liu L, Hacker MR, Rhee JS, 
Mitchell J, Mahmood F, Hess P, Farrell C, Koulisis N, Khankin EV, Burke SD, 
Tudorache I, Bauersachs J, del Monte F, Hilfiker-Kleiner D, Karumanchi SA, Arany Z. 
Cardiac angiogenic imbalance leads to peripartum cardiomyopathy. Nature 2012; 485: 
333-338. 
15. Shahul S, Medvedofsky D, Wenger JB, Nizamuddin J, Brown SM, Bajracharya 
S, Salahuddin S, Thadhani R, Mueller A, Tung A, Lang RM, Arany Z, Talmor D, 
Karumanchi SA, Rana S. Circulating Antiangiogenic Factors and Myocardial 
Dysfunction in Hypertensive Disorders of Pregnancy. Hypertension 2016; 67: 1273-
1280. 



 19 

16. Giorgione V, Khalil A, O'Driscoll J, Thilaganathan B. Peripartum Screening for 
Postpartum Hypertension in Women With Hypertensive Disorders of Pregnancy. J Am 
Coll Cardiol 2022; 80: 1465-1476. 
17. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, Hall 
DR, Warren CE, Adoyi G, Ishaku S, International Society for the Study of Hypertension 
in P. Hypertensive Disorders of Pregnancy: ISSHP Classification, Diagnosis, and 
Management Recommendations for International Practice. Hypertension 2018; 72: 
24-43. 
18. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster MC, Horton 
K, Ogunyankin KO, Palma RA, Velazquez EJ. Guidelines for Performing a 
Comprehensive Transthoracic Echocardiographic Examination in Adults: 
Recommendations from the American Society of Echocardiography. J Am Soc 
Echocardiogr 2019; 32: 1-64. 
19. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P, Muraru D, 
Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang W, Voigt JU. 
Recommendations for cardiac chamber quantification by echocardiography in adults: 
an update from the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 2015; 16: 
233-270. 
20. Kou S, Caballero L, Dulgheru R, Voilliot D, De Sousa C, Kacharava G, 
Athanassopoulos GD, Barone D, Baroni M, Cardim N, Gomez De Diego JJ, 
Hagendorff A, Henri C, Hristova K, Lopez T, Magne J, De La Morena G, Popescu BA, 
Penicka M, Ozyigit T, Rodrigo Carbonero JD, Salustri A, Van De Veire N, Von 
Bardeleben RS, Vinereanu D, Voigt JU, Zamorano JL, Donal E, Lang RM, Badano LP, 
Lancellotti P. Echocardiographic reference ranges for normal cardiac chamber size: 
results from the NORRE study. Eur Heart J Cardiovasc Imaging 2014; 15: 680-690. 
21. Playford D, Strange G, Celermajer DS, Evans G, Scalia GM, Stewart S, Prior 
D, Investigators N. Diastolic dysfunction and mortality in 436 360 men and women: the 
National Echo Database Australia (NEDA). Eur Heart J Cardiovasc Imaging 2021; 22: 
505-515. 
22. Melchiorre K, Giorgione V, Thilaganathan B. The placenta and preeclampsia: 
villain or victim? Am J Obstet Gynecol 2022; 226: S954-S962. 
23. Garcia Iglesias D, Alvarez Velasco R, Escudero AI, Colunga S, Lequerica 
Fernandez P, Fernandez Bernardo A, Vigil Escalera M, Soroa M, Almendarez M, 
Prieto B, Calvo D, Rozado J, Alvarez FV, de la Hera JM. Left atrial strain and B-type 
natriuretic peptide: possible markers for diastolic dysfunction in preeclampsia patients. 
Eur J Prev Cardiol 2022; 29: e118-e121. 
24. Sarma Amy A, Aggarwal Niti R, Briller Joan E, Davis M, Economy Katherine E, 
Hameed Afshan B, Januzzi James L, Lindley Kathryn J, Mattina Deirdre J, McBay B, 
Quesada O, Scott Nandita S, null n. The Utilization and Interpretation of Cardiac 
Biomarkers During Pregnancy. JACC: Advances 2022; 1: 100064. 
25. Baltajian K, Bajracharya S, Salahuddin S, Berg AH, Geahchan C, Wenger JB, 
Thadhani R, Karumanchi SA, Rana S. Sequential plasma angiogenic factors levels in 
women with suspected preeclampsia. Am J Obstet Gynecol 2016; 215: 89 e81-89 e10. 
26. Peguero A, Fernandez-Blanco L, Mazarico E, Benitez L, Gonzalez A, Youssef 
L, Crispi F, Hernandez S, Figueras F. Added prognostic value of longitudinal changes 
of angiogenic factors in early-onset severe pre-eclampsia: a prospective cohort study. 
BJOG 2021; 128: 158-165. 
27. Schaarschmidt W, Rana S, Stepan H. The course of angiogenic factors in early- 
vs. late-onset preeclampsia and HELLP syndrome. J Perinat Med 2013; 41: 511-516. 



 20 

28. Suresh S, Patel E, Mueller A, Morgan J, Lewandowski WL, Verlohren S, von 
Dadelszen P, Magee LA, Rana S. The additive role of angiogenic markers for women 
with confirmed preeclampsia. Am J Obstet Gynecol 2022. DOI: 
10.1016/j.ajog.2022.10.044. 
29. Thadhani R, Lemoine E, Rana S, Costantine Maged M, Calsavara Vinicius F, 
Boggess K, Wylie Blair J, Moore Simas Tiffany A, Louis Judette M, Espinoza J, Gaw 
Stephanie L, Murtha A, Wiegand S, Gollin Y, Singh D, Silver Robert M, Durie Danielle 
E, Panda B, Norwitz Errol R, Burd I, Plunkett B, Scott Rachel K, Gaden A, Bautista M, 
Chang Y, Diniz Marcio A, Karumanchi SA, Kilpatrick S. Circulating Angiogenic Factor 
Levels in Hypertensive Disorders of Pregnancy. NEJM Evidence 2022; 1: 
EVIDoa2200161. 
30. Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennstrom M, Olovsson 
M, Brennecke SP, Stepan H, Allegranza D, Dilba P, Schoedl M, Hund M, Verlohren S. 
Predictive Value of the sFlt-1:PlGF Ratio in Women with Suspected Preeclampsia. N 
Engl J Med 2016; 374: 13-22. 
31. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, 
Newby LK, Pina IL, Roger VL, Shaw LJ, Zhao D, Beckie TM, Bushnell C, D'Armiento 
J, Kris-Etherton PM, Fang J, Ganiats TG, Gomes AS, Gracia CR, Haan CK, Jackson 
EA, Judelson DR, Kelepouris E, Lavie CJ, Moore A, Nussmeier NA, Ofili E, Oparil S, 
Ouyang P, Pinn VW, Sherif K, Smith SC, Jr., Sopko G, Chandra-Strobos N, Urbina 
EM, Vaccarino V, Wenger NK, American Heart A. Effectiveness-based guidelines for 
the prevention of cardiovascular disease in women--2011 update: a guideline from the 
American Heart Association. J Am Coll Cardiol 2011; 57: 1404-1423. 
32. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, Cooney 
MT, Corra U, Cosyns B, Deaton C, Graham I, Hall MS, Hobbs FDR, Lochen ML, 
Lollgen H, Marques-Vidal P, Perk J, Prescott E, Redon J, Richter DJ, Sattar N, 
Smulders Y, Tiberi M, van der Worp HB, van Dis I, Verschuren WMM, Binno S, Group 
ESCSD. 2016 European Guidelines on cardiovascular disease prevention in clinical 
practice: The Sixth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by 
representatives of 10 societies and by invited experts)Developed with the special 
contribution of the European Association for Cardiovascular Prevention & 
Rehabilitation (EACPR). Eur Heart J 2016; 37: 2315-2381. 
33. Lopes Perdigao J, Chinthala S, Mueller A, Minhas R, Ramadan H, Nasim R, 
Naseem H, Young D, Shahul S, Chan SL, Yeo KJ, Rana S. Angiogenic Factor 
Estimation as a Warning Sign of Preeclampsia-Related Peripartum Morbidity Among 
Hospitalized Patients. Hypertension 2019; 73: 868-877. 
34. Goel A, Maski MR, Bajracharya S, Wenger JB, Zhang D, Salahuddin S, Shahul 
SS, Thadhani R, Seely EW, Karumanchi SA, Rana S. Epidemiology and Mechanisms 
of De Novo and Persistent Hypertension in the Postpartum Period. Circulation 2015; 
132: 1726-1733. 
35. Neuman RI, Figaroa AMJ, Nieboer D, Saleh L, Verdonk K, Danser AHJ, 
Duvekot HJJ, van den Meiracker AH, Roeters van Lennep J, Visser W. Angiogenic 
markers during preeclampsia: Are they associated with hypertension 1 year 
postpartum? Pregnancy Hypertens 2021; 23: 116-122. 
36. Benschop L, Schalekamp-Timmermans S, Broere-Brown ZA, Roeters van 
Lennep JE, Jaddoe VWV, Roos-Hesselink JW, Ikram MK, Steegers EAP, Roberts JM, 
Gandley RE. Placental Growth Factor as an Indicator of Maternal Cardiovascular Risk 
After Pregnancy. Circulation 2019; 139: 1698-1709. 
37. Garrido-Gimenez C, Mendoza M, Cruz-Lemini M, Galian-Gay L, Sanchez-
Garcia O, Granato C, Rodriguez-Sureda V, Rodriguez-Palomares J, Carreras-
Moratonas E, Cabero-Roura L, Llurba E, Alijotas-Reig J. Angiogenic Factors and 



 21 

Long-Term Cardiovascular Risk in Women That Developed Preeclampsia During 
Pregnancy. Hypertension 2020; 76: 1808-1816. 
38. Draker N, Torry DS, Torry RJ. Placenta growth factor and sFlt-1 as biomarkers 
in ischemic heart disease and heart failure: a review. Biomark Med 2019; 13: 785-799. 
39. Ky B, French B, Ruparel K, Sweitzer NK, Fang JC, Levy WC, Sawyer DB, 
Cappola TP. The vascular marker soluble fms-like tyrosine kinase 1 is associated with 
disease severity and adverse outcomes in chronic heart failure. J Am Coll Cardiol 
2011; 58: 386-394. 
40. Chappell LC, Brocklehurst P, Green ME, Hunter R, Hardy P, Juszczak E, Linsell 
L, Chiocchia V, Greenland M, Placzek A, Townend J, Marlow N, Sandall J, Shennan 
A, Group PS. Planned early delivery or expectant management for late preterm pre-
eclampsia (PHOENIX): a randomised controlled trial. Lancet 2019; 394: 1181-1190. 
41. Beardmore-Gray A, Seed PT, Fleminger J, Zwertbroek E, Bernardes T, Mol 
BW, Battersby C, Koopmans C, Broekhuijsen K, Boers K, Owens MY, Thornton J, 
Green M, Shennan AH, Groen H, Chappell LC. Planned delivery or expectant 
management in preeclampsia: an individual participant data meta-analysis. Am J 
Obstet Gynecol 2022; 227: 218-230 e218. 
42. Giorgione V, Jansen G, Kitt J, Ghossein-Doha C, Leeson P, Thilagalathan B. 
Peripartum and Long-Term Maternal Cardiovascular Health After Preeclampsia. 
Hypertension 2022. DOI: 10.1161/HYPERTENSIONAHA.122.18730. 
43. Giorgione V, Ridder A, Kalafat E, Khalil A, Thilaganathan B. Incidence of 
postpartum hypertension within 2 years of a pregnancy complicated by pre-eclampsia: 
a systematic review and meta-analysis. BJOG 2021; 128: 495-503. 
44. Parker SE, Ajayi A, Yarrington CD. De Novo Postpartum Hypertension: 
Incidence and Risk Factors at a Safety-Net Hospital. Hypertension 2022. DOI: 
10.1161/HYPERTENSIONAHA.122.19275. 101161HYPERTENSIONAHA12219275. 
 


	Interpretation of study findings and comparison with published literature
	Clinical and Research Implications
	Maternal angiogenic factors, cardiac morphology and diastolic function are significantly correlated in both women with and without HDP. These findings have highlighted a close relationship between the uteroplacental unit and the maternal heart in preg...

