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Abstract
Introduction: Preeclampsia and fetal growth restriction, which are clinical presenta-
tions of placental dysfunction, are frequently associated with angiogenic imbalance 
during pregnancy and increased long-term cardiovascular risk. Whether this risk is 
driven by the pre-pregnancy risk factors, clinical disease, or by an elevated sFlt-1/PlGF 
ratio remains unclear. This study aimed to assess the association between vascular as-
sessments (ophthalmic artery Doppler and carotid intima-media thickness) 3–6 years 
postpartum and a history of preeclampsia and fetal growth restriction, and to evalu-
ate if associations were impacted by an angiogenic imbalance during pregnancy.
Material and Methods: This was a cross-sectional study, which included individuals 
prospectively recruited during their index pregnancy between 2018 and 2021 and re-
evaluated 3–6 years postpartum. Preeclampsia, fetal growth restriction, and sFlt-1/
PlGF values were defined from pregnancy data. Postpartum assessment included oph-
thalmic artery Doppler and carotid intima-media thickness performed by a single op-
erator. Multivariable linear regression models assessed associations between placental 
dysfunction, angiogenic imbalance, and vascular parameters, adjusting for maternal 
covariates.
Results: 354 participants were included, 148 with and 206 without a history of preec-
lampsia or fetal growth restriction. Both placental dysfunction and angiogenic im-
balance during pregnancy were independently associated with a significantly higher 
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1  |  INTRODUC TION

Placental insufficiency is a pathological condition characterized by 
impaired placental perfusion.1 This dysfunction often presents as 
preeclampsia (PE) or fetal growth restriction (FGR) but may also lead 
to other major obstetric complications, including stillbirth, preterm 
birth, and placental abruption.1,2 This condition is the leading cause 
of maternal admission to intensive care units during pregnancy, con-
tributing to significant healthcare costs.3,4 The underlying mecha-
nisms of placental insufficiency remain incompletely understood, 
though syncytiotrophoblast stress is considered the pathophysi-
ological hallmark.5,6 This stress may arise from inadequate placenta-
tion early in pregnancy, ischemia–reperfusion injury, or progressive 
villous crowding in late gestation. This cellular stress triggers the 
release of multiple factors into the maternal circulation, including 
an excess of antiangiogenic proteins such as soluble fms-like tyros-
ine kinase-1 (sFlt-1) and reduced levels of proangiogenic placental 
growth factor (PlGF), resulting in an elevated sFlt-1/PlGF ratio.5–7 
This imbalance triggers vasoconstriction and increased endothelial 
vascular permeability and is a direct reflection of syncytiotropho-
blast cellular stress, which contributes to maternal and fetal compro-
mise.2,5,6 Notably, this dysregulation can be detected weeks before 
the appearance of clinical symptoms.7,8

Although placental insufficiency is considered a pregnancy-
specific disorder, its impact extends far beyond delivery. It is well 
established that PE and FGR are significant risk factors for long-term 
cardiovascular disease, with myocardial dysfunction and adverse 
cardiac remodeling observed years after the affected pregnancy.9,10 
Angiogenic imbalance has also been linked to an increased long-term 
cardiovascular risk, with evidence suggesting that elevated sFlt-1/
PlGF values during pregnancy are associated with a higher cardiovas-
cular risk up to 12 years postpartum.11,12 However, the relationship 

between angiogenic imbalance, its clinical manifestations such as 
PE and FGR, and other cardiovascular risk factors such as hyperten-
sion, in contributing to long-term cardiovascular impairment remains 
poorly understood. It is unclear whether the increased long-term 
cardiovascular risk is a consequence of PE itself or is largely driven 
by other preexisting cardiovascular risk factors.

The aim of this study was to assess the impact of placental 
dysfunction (either PE or FGR) and angiogenic imbalance during 
pregnancy on ophthalmic artery Doppler and carotid intima-media 
thickness (CIMT) 3–6 years postpartum.

2  |  MATERIAL AND METHODS

This was a cross-sectional study conducted at Hospital de la Santa 
Creu i Sant Pau between August 2023 and February 2025, including 
individuals who had been prospectively recruited during their index 
pregnancy as part of three previous studies conducted between 
2018 and 2021 (EUROPE, ANGIOCOR, and BiSC).13–15 In those stud-
ies, clinical data on maternal history and pregnancy complications 
were collected. Serum concentrations of PlGF and sFlt-1 (pg/mL) 

ophthalmic artery peak systolic velocity ratio 3–6 years postpartum. Participants with 
a history of placental dysfunction showed higher values compared to those without 
[0.75 (0.67–0.81) vs. 0.69 (0.63–0.78), p = 0.03], as did those with an elevated sFlt-1/
PlGF ratio during pregnancy [0.76 (0.66–0.82) vs. 0.70 (0.64–0.78), p = 0.03]. The 
highest values were observed in women who had experienced both conditions. When 
preeclampsia and fetal growth restriction were analyzed separately, the association 
remained significant for preeclampsia, whereas in the fetal growth restriction group, 
a significant difference was observed only in the right eye. No statistically significant 
differences were observed in carotid intima-media thickness.
Conclusions: Both a history of angiogenic imbalance and a clinical placental dys-
function presentation (particularly preeclampsia) during pregnancy were associated 
with increased ophthalmic artery peak systolic velocity ratio 3–6 years postpartum, 
whereas carotid intima-media thickness did not differ between the study groups.

K E Y W O R D S
angiogenic factors, cardiovascular, fetal growth restriction, ophthalmic artery, PlGF, 
preeclampsia, sFlt-1

Key message

Women with both preeclampsia and angiogenic imbalance 
during pregnancy show a higher ophthalmic artery systolic 
velocity ratio 3–6 years postpartum. The combination of 
clinical disease and an abnormal angiogenic profile may 
better identify individuals at higher long-term cardiovas-
cular risk.
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were measured during pregnancy using fully automated Elecsys® 
assays on an electrochemiluminescence immunoassay platform 
(cobas e analyzers; Roche Diagnostics, Penzberg, Germany), regard-
less of whether or not the participants developed any clinical mani-
festations of placental insufficiency, as specified in the protocols 
of the three studies. However, the sFlt-1/PlGF ratio could not be 
obtained systematically in every case. When available, sFlt-1/PlGF 
ratio values were classified into two categories (<38 and ≥38) in 
order to simplify the analysis, as 38 is the threshold commonly used 
to define abnormal angiogenic status in the context of PE.8 PE was 
defined, according to the American College of Obstetricians and 
Gynecologists, as new-onset hypertension or worsening of preex-
isting hypertension during pregnancy, accompanied by proteinuria 
(protein/creatinine ratio of 0.3 mg/dL or more or dipstick reading 
of 2+ if quantitative method was not available) or evidence of ma-
ternal organ dysfunction, either clinical or laboratory-based. Organ 
dysfunction criteria included: thrombocytopenia (platelet count 
<100 × 109/L), renal insufficiency (serum creatinine ≥1.1 mg/dL or 
a doubling of baseline values in the absence of underlying renal dis-
ease), hepatic dysfunction (elevated liver transaminases to twice 
normal concentration), epigastric or right upper quadrant pain unre-
sponsive to analgesia, pulmonary edema, new-onset headache un-
responsive to treatment and not explained by alternative diagnoses, 
or visual disturbances such as blurred vision or photopsia.16 FGR 
was defined as an estimated fetal weight below the 3rd centile or 
between the 3rd and 10th centiles with any fetomaternal Doppler 
abnormality, including uterine arteries, umbilical artery, middle cer-
ebral artery, or cerebroplacental ratio.17 All cases diagnosed with PE 
or FGR were cross-checked to confirm the diagnosis.

Participants were re-assessed between 3 and 6 years after 
their index pregnancy, after providing written informed consent 
approved by the Ethics Committee of the same institution (IIBSP-
MOM-2022-87) on 19 July 2023. Maternal demographic character-
istics and medical history were recorded. Diet and physical activity 
were evaluated using the REGICOR questionnaires, both validated in 
the Spanish population.18,19 The assessment included arterial blood 
pressure measurement and the evaluation of CIMT and ophthal-
mic artery Doppler using an Affiniti 70G ultrasound system (Philips 
Healthcare, Andover, MA, USA) with a 7–12 MHz linear array trans-
ducer, with participants in the supine position. All measurements 
were performed by the same researcher to minimize inter-observer 
variability.

Blood pressure was measured once in a single arm, with the 
participant in a seated position, after a 5-min rest period, using an 
automated sphygmomanometer. For CIMT assessment, as the ul-
trasound system did not support semi-automated measurements, 
manual measurements were obtained from the far wall at 1 cm, 
1.5 cm, and 2 cm proximal to the carotid bulb. Mean values for 
the right and left common carotid arteries were calculated from 
three consecutive cardiac cycles.20 For ophthalmic artery Doppler 
evaluation, the transducer was placed transversely over the par-
ticipant's closed upper eyelid. Color flow was used to identify 

the ophthalmic artery, which is found superior and medial to the 
hypoechoic band representing the optic nerve.21 Pulsed-wave 
Doppler was then used to record three to five similar waveforms. 
The insonation angle was maintained at <20°, with a sample gate 
size of 2 mm, depth set between 3.0 and 4.5 cm, a high-pass filter 
at 50 Hz, and a pulse repetition frequency of 125 kHz.22 The anal-
ysis included four Doppler indices: the first and second systolic 
velocity peaks (OA-PSV1 and OA-PSV2), the pulsatility index (OA-
PI), and the ratio between the second and first peaks (OA-PSV 
ratio). The ultrasound system automatically provided the first sys-
tolic peak and the pulsatility index, while the second systolic peak 
was manually measured. The OA-PSV ratio was calculated based 
on these measurements.23

This study was designed as a cross-sectional follow-up of 
previously recruited participants from prospective pregnancy 
cohorts, and all eligible individuals were invited to participate 
in order to maximize representativeness and statistical power. 
Descriptive data were presented as median and interquartile 
range (IQR) for continuous variables and as numbers and per-
centages for categorical variables. Normality was assessed using 
the Shapiro–Wilk test. Group comparisons were conducted 
using the Mann–Whitney U-test or Student's t-test for quanti-
tative variables, while the chi-square test or Fisher's exact test 
was used for categorical variables, as appropriate. To assess the 
association between previous PE or FGR and ophthalmic artery 
Doppler or CIMT parameters, univariable and multivariable lin-
ear regression models were performed. Multivariable models 
were adjusted for clinically relevant covariates identified a pri-
ori based on existing literature and biological plausibility, rather 
than solely on statistical significance in univariable analyses. This 
approach aimed to account for most potential confounding fac-
tors. The selected covariates included maternal age, body mass 
index, smoking status, race/ethnicity, parity, mean arterial blood 
pressure, diabetes mellitus, autoimmune disease, dyslipidemia, 
and menopause. This strategy ensures consistency across mod-
els and reduces the risk of residual confounding. Results were 
expressed as coefficients with standard errors (SE), 95% confi-
dence intervals (CI), and p-values. To explore the interaction be-
tween clinical history of placental dysfunction and angiogenic 
imbalance, we performed a multivariate linear regression model 
using mean OA-PSV ratio as the dependent variable. The main 
predictor was a four-category variable combining clinical history 
of placental dysfunction (PE or FGR vs. none) and angiogenic 
profile (sFlt-1/PlGF ≥38 vs. <38) with the group of individuals 
without placental dysfunction and with a normal angiogenic pro-
file used as the reference. The model was adjusted for the same 
covariates. All statistical analyses were performed using the 
Jamovi software (The Jamovi Project, Version 2.3, https://​www.​
jamovi.​org). A two-sided p-value <0.05 was considered statisti-
cally significant. The study was conducted in accordance with the 
STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) guidelines.

https://www.jamovi.org
https://www.jamovi.org
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3  |  RESULTS

During the study period, 394 participants were included. Among 
them, 148 (41.8%) had a history of previous PE or FGR, while 206 
(58.2%) did not. (Figure 1) No significant differences were observed 
in baseline characteristics, diet, or physical exercise, except for race, 
arterial blood pressure values, the rate of current chronic hyperten-
sion, gestational age at delivery, and sFlt-1/PlGF values during preg-
nancy. Further details are provided in Table 1.

Multivariable logistic regression analysis showed that a history 
of placental dysfunction was significantly associated with a higher 
mean OA-PSV ratio compared to those without a history of PE or 
FGR [0.75 (0.67–0.81) vs. 0.69 (0.63–0.78), p = 0.03]. This difference 
was mainly driven by higher OA-PSV ratio values in the right eye 
(p = 0.01), whereas no significant difference was observed in the left 
eye. No significant differences were found in OA-PI, OA-PSV1, or 
OA-PSV2 in either eye. Similarly, no differences were observed in 
right, left, or mean CIMT between groups. More details are provided 
in Table 2.

Participants were also classified according to angiogenic imbal-
ance during gestation (≥38 or <38). sFlt-1 and PlGF values were avail-
able for 249 (70.1%) participants. Of these, 159 individuals (63.9%) 
had a normal angiogenic profile (sFlt-1/PlGF <38), while 90 (36.1%) 
showed abnormal angiogenic values (sFlt-1/PlGF ≥38). (Figure  1) 
According to this classification, baseline characteristics differed 
between groups in BMI, parity, arterial blood pressure values, and 
the rates of current and previous chronic hypertension and gesta-
tional age at delivery. Gestational age at sFlt-1/PlGF determination 
also differed between groups. No other significant differences were 
observed between groups. (Table 3) Multivariable linear regression 

showed that an abnormal angiogenic profile was associated with a 
significantly higher mean OA-PSV ratio compared to those with a 
normal profile [0.76 (0.66–0.82) vs. 0.70 (0.64–0.78), p = 0.03]. This 
increase was mainly driven by higher OA-PSV ratio values in the 
right eye, which showed a statistically significant difference be-
tween groups (p = 0.02), whereas no differences were observed in 
the left eye, although a trend was noted (p = 0.05). No significant 
differences were found for other ophthalmic artery Doppler indices 
or CIMT measurements. More details are provided in Table 4.

After analyzing the interaction between the clinical history of 
placental dysfunction and angiogenic imbalance, individuals with 
both a history of placental dysfunction and an abnormal angio-
genic profile during pregnancy showed significantly higher OA-
PSV ratio values compared to the reference group (β = 0.04, 95% 
CI [0.01–0.08], p < 0.01). In contrast, no significant differences 
were observed among those with only a history of placental dys-
function or only an abnormal sFlt-1/PlGF value during gestation 
(Table 5 and Figure 2).

Supplementary analyses were also performed to explore the 
associations separately for PE and FGR. For PE, findings were con-
sistent with the main results: individuals with a history of PE had a 
significantly higher mean OA-PSV ratio compared with those with-
out PE [0.75 (0.68–0.83) vs. 0.70 (0.63–0.78), p = 0.04]. For FGR, no 
statistically significant differences were observed in the mean OA-
PSV ratio [0.74 (0.67–0.80) vs. 0.71 (0.63–0.80), p = 0.27]. However, 
OA-PSV ratio values in the right eye were significantly higher in par-
ticipants with a history of FGR compared with those without [0.76 
(0.66–0.81) vs. 0.71 (0.62–0.80), p = 0.04]. No relevant differences 
were found in CIMT measurements in either group. More details can 
be found in Tables S1–S4.

F I G U R E  1  Flowchart. PE, preeclampsia; FGR, fetal growth restriction; PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine 
kinase-1.
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Previous FGRa/PEb 
(n = 148)

No previous FGRa/PEb  
(n = 206) p

Follow-up interval, years 5.16 (4.58–5.75) 5.15 (4.87–5.41) 0.30

Age at inclusion, years 41.8 (37.8–45.4) 40.7 (37.3–44.5) 0.18

Systolic blood pressure, mmHg 122 (113–132) 111 (103–121) <0.01

Diastolic blood pressure, mmHg 78 (71–83) 73 (67–80) <0.01

Mean arterial pressure, mmHg 92.0 (85.3–99.7) 85.3 (79.0–93.3) <0.01

Body mass index, kg/m2 26.1 (23.1–31.2) 25.4 (22.9–29.9) 0.17

Race or ethnic groupc <0.05

Black 7 (4.7) 9 (4.4)

East Asian 2 (1.3) 1 (0.5)

Latin American 39 (26.2) 40 (19.4)

Mixed race 2 (1.3) 2 (1.0)

South Asian 5 (3.4) 0

White 94 (63.1) 154 (74.8)

Primiparous 63 (43.6) 83 (40.3) 0.71

Previous spontaneous pregnancy loss 34 (22.8) 56 (27.2) 0.35

Chronic hypertension 28 (18.8) 16 (7.8) <0.01

Type 1 or 2 diabetes mellitus 6 (4.0) 5 (2.4) 0.39

Antiphospholipid syndrome 0 2 (1.0) 0.23

Autoimmune disease 4 (2.7) 10 (4.9) 0.30

Dyslipidemia 15 (10.1) 14 (6.8) 0.27

Menopause 10 (6.7) 8 (3.9) 0.22

Current cigarette smoking 16 (10.7) 24 (11.7) 0.34

“Regicor” diet score 24.0 (21.0–26.0) 24.0 (22.0–27.0) 0.25

“Regicor” physical exercise score 
(MET's/week)

2768.0 
(1664.0–4442.0)

3107.0 
(1751.0–4569.0)

0.55

sFlt-1 during pregnancy 6446.0 
(3035.0–9963.0)

2881.0 
(1937.0–4724.0)

<0.01

PlGF during pregnancy 127.0 (60.5–221.0) 266 (156–599) <0.01

sFlt-1/PlGF during pregnancy 58.2 (13.6–145.0) 10.2 (3.8–26.1) <0.01

Gestational age at sFlt-1/PlGF 
determination, weeks

36.2 (34.2–37.5) 35.0 (32.5–38.3) 0.25

Chronic hypertension before 
pregnancy

13 (8.7) 9 (4.4) 0.09

Gestational age at delivery, weeks 37.6 (36.2–28.9) 39.8 (38.8–40.6) <0.01

Previous FGRa 61 (40.9) 0 <0.01

Delivery <32 weeks 7 (11.5) 0 <0.01

Delivery <37 weeks 25 (41.0) 0 <0.01

Delivery ≥37 weeks 36 (59.0) 0 <0.01

Previous PEb 112 (75.2) 0 <0.01

Delivery <34 weeks 12 (10.7) 0 <0.01

Delivery <37 weeks 39 (34.8) 0 <0.01

Delivery ≥37 weeks 73 (65.2) 0 <0.01

sFlt-1/PlGF <38 48/116 (41.4) 111/133 (83.5) <0.01

Note: Data are the number of events (%) or median (IQR).
Abbreviations: FGR, fetal growth restriction; MET, metabolic equivalent of task; PE, preeclampsia; 
PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1.
aFGR was determined based on Figueras/Gratacos diagnostic criteria.
bPE was diagnosed using ACOG criteria.
cRace and ethnicity were self-reported by participants from predefined categories.

TA B L E  1  Baseline characteristics of 
study population.
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4  |  DISCUSSION

Both angiogenic imbalance and a history of placental dysfunction dur-
ing pregnancy are associated with a higher OA-PSV ratio 3–6 years 
postpartum, reflecting increased peripheral vascular resistance. This 
association was particularly evident among individuals who experi-
enced clinically manifest placental dysfunction (PE or FGR) in the pres-
ence of an abnormal angiogenic profile, suggesting that the presence 
of clinical manifestations of placental dysfunction may be a key deter-
minant of a worse long-term cardiovascular profile. By contrast, nei-
ther angiogenic imbalance nor the development of PE or FGR during 
pregnancy was associated with increased CIMT 3–6 years postpartum.

Ophthalmic artery Doppler serves as a window to the cerebral 
vasculature, and its impairment is considered an indirect marker 
of increased peripheral vascular resistance.22,24 Several studies 
have demonstrated that ophthalmic artery Doppler can accurately 
predict PE at various gestational ages, including the first trimes-
ter.23,25–27 Moreover, in women with new-onset hypertension 
during pregnancy, the OA-PSV ratio and the sFlt-1/PlGF ratio have 
shown similar, albeit modest, performance in predicting adverse 
outcomes and delivery within 1 week.28 However, few studies have 
instigated whether ophthalmic artery Doppler abnormalities per-
sist in the long term after pregnancy in individuals who develop PE 
or FGR during gestation. Previous studies have reported abnormal 
OA-PSV ratio values in the immediate postpartum period and up to 
6–9 weeks after delivery in individuals with a history of hypertensive 

disorders of pregnancy compared to those with normotensive preg-
nancies.29,30 Another prospective study evaluated cardiovascular 
alterations in individuals with and without hypertensive disorders 
of pregnancy, showing that at two years postpartum, those who had 
experienced PE or gestational hypertension showed higher OA-PSV 
ratio values than normotensive controls.31 However, these studies 
did not assess whether angiogenic imbalance was associated with 
long-term cardiovascular impairment, nor did they explore its rela-
tionship with the clinical manifestations of placental insufficiency, 
such as PE and FGR.

Individuals who experience PE are at increased risk of devel-
oping atherosclerosis later in life. Previous studies have evaluated 
CIMT in individuals with a history of PE at various time points 
postpartum. A case–control study found no increase in CIMT at 
five years postpartum in individuals with a history of early-onset 
PE compared to normotensive pregnancies.32 In contrast, another 
study reported greater CIMT values at ten years postpartum among 
individuals with a history of hypertensive disorders of pregnancy.11 
An abnormal angiogenic imbalance during pregnancy has also been 
correlated by our group with higher CIMT 12 years postpartum in 
individuals with a history of PE.12 In our study, conducted from 3 
to 6 years after delivery, no differences in CIMT were observed ac-
cording to the presence or absence of placental dysfunction, nor 
in relation to angiogenic imbalance. This may reflect a transient 
and potentially reversible vascular adaptation, or alternatively, that 
vascular changes may not yet be detectable at this stage.

Previous FGRa/PEb 
(n = 148)

No previous FGRa/PEb 
(n = 206) Adjusted pc

Mean OA-PI 1.64 (1.44–1.89) 1.72 (1.48–1.94) 0.90

Mean OA-PSV ratio 0.75 (0.67–0.81) 0.69 (0.63–0.78) 0.03

Right eye

OA-PI 1.71 (1.48–1.95) 1.71 (1.51–1.98) 0.99

OA-PSV1, cm/s 30.9 (23.1–35.9) 31.5 (26.8–37.1) 0.07

OA-PSV2, cm/s 22.2 (16.7–26.8) 21.6 (17.3–26.0) 0.70

OA-PSV ratio 0.74 (0.66–0.85) 0.69 (0.60–0.79) 0.01

Left eye

OA-PI 1.62 (1.39–1.88) 1.70 (1.46–1.94) 0.90

OA-PSV1, cm/s 31.0 (25.2–37.2) 33.6 (27.5–39.3) 0.22

OA-PSV2, cm/s 23.8 (17.6–28.8) 23.3 (19.4–28.0) 0.94

OA-PSV ratio 0.75 (0.67–0.83) 0.70 (0.64–0.79) 0.11

Right CIMT, mm 0.542 (0.480–0.607) 0.518 (0.462–0.574) 0.96

Left CIMT, mm 0.556 (0.497–0.639) 0.534 (0.475–0.606) 0.96

Mean CIMT, mm 0.556 (0.503–0.607) 0.523 (0.484–0.573) 0.97

Note: Data are median (IQR).
Abbreviations: CIMT, carotid intima-media thickness; OA-PI, ophthalmic artery pulsatility index; 
OA-PSV, ophthalmic artery peak systolic velocity ratio; OA-PSV1, ophthalmic artery first systolic 
velocity peak; OA-PSV2, ophthalmic artery second systolic velocity peak.
aFGR was determined based on Figueras and Gratacos diagnostic criteria.
bPE was diagnosed using ACOG criteria.
cAdjusted for maternal age, BMI, mean arterial pressure, race or ethnic group, parity, diabetes 
mellitus, menopause, autoimmune disease, dyslipidemia, and current cigarette smoking.

TA B L E  2  Ophthalmic artery Doppler 
and carotid intima-media thickness in both 
groups, regardless of sFlt-1/PlGF.
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This study has important clinical implications, as our find-
ings suggest that although both placental insufficiency and an-
giogenic imbalance are associated with increased peripheral 

vascular resistance, the key determinant of long-term vascular im-
pact appears to be the development of clinical manifestations of 
the disease, particularly PE. It is possible that, in the presence of 

TA B L E  3  Baseline characteristics of study population according to sFlt-1/PlGF ≥ or <38.

sFlt-1/PlGF ≥38 (n = 90) sFlt-1/PlGF <38 (n = 159) p

Follow-up interval, years 5.13 (4.36–5.74) 5.07 (4.28–5.46) 0.12

Age at inclusion, years 41.6 (37.7–44.6) 41.3 (37.3–44.9) 0.87

Systolic blood pressure, mmHg 123 (113–131) 115 (105–124) <0.01

Diastolic blood pressure, mmHg 78 (72–83) 73 (67–82) 0.01

Mean arterial pressure, mmHg 92.7 (87.0–98.7) 87.0 (79.5–95.7) <0.01

Body mass index, kg/m2 28.2 (24.4–32.7) 25.5 (22.7–30.9) 0.02

Race or ethnic groupa 0.31

Black 2 (2.2) 9 (5.7)

East Asian 0 2 (1.3)

Latin American 28 (31.1) 32 (20.1)

Mixed race 1 (1.1) 2 (1.3)

South Asian 2 (2.2) 3 (1.9)

White 57 (63.3) 111 (69.8)

Primiparous 47 (52.2) 59 (37.1) 0.02

Previous spontaneous pregnancy loss 21 (23.3) 39 (24.5) 0.83

Chronic hypertension 21 (21.3) 18 (11.3) 0.01

Type 1 or 2 diabetes mellitus 5 (5.6) 4 (2.5) 0.22

Antiphospholipid syndrome 0 2 (1.3) 0.29

Autoimmune disease 2 (2.2) 8 (5.0) 0.28

Dyslipidemia 9 (1.0) 13 (8.2) 0.63

Menopause 5 (5.6) 9 (5.7) 0.97

Current cigarette smoking 20 (22.2) 32 (20.1) 0.08

“Regicor” diet score 23.0 (21.0–25.0) 24.0 (22.0–26.0) 0.26

“Regicor” physical exercise score (MET's/week) 3169.0 (1993.0–4392.0) 2732.0 (1571.0–4707.0) 0.51

sFlt-1 during pregnancy 8442.0 (6511.0–10866.0) 2650.0 (1921.0–3569.0) <0.01

PlGF during pregnancy 78.0 (55.0–121.0) 301.0 (197.0–572.0) <0.01

sFlt-1/PlGF during pregnancy 86.5 (59.2–207) 8.3 (4.1–18.9) <0.01

Gestational age at sFlt-1/PlGF determination 37.0 (34.8–38.2) 34.9 (32.5–37.5) <0.01

Chronic hypertension before pregnancy 12 (13.3) 9 (5.7) 0.04

Gestational age at delivery, weeks 37.3 (35.0–38.6) 39.3 (37.9–40.5) <0.01

Previous FGRb 28 (31.1) 28 (17.6) 0.01

Delivery <32 weeks 7 (25.0) 0 <0.01

Delivery <37 weeks 19 (67.9) 1 (3.6) <0.01

Delivery ≥37 weeks 9 (32.1) 27 (96.4) <0.01

Previous PEc 56 (62.2) 24 (15.1) <0.01

Delivery <34 weeks 11 (10.7) 0 <0.01

Delivery <37 weeks 30 (34.8) 1 (4.2) 0.13

Delivery ≥37 weeks 26 (65.2) 23 (95.8) 0.13

Note: Data are number of events (%) or median (IQR).
Abbreviations: FGR, fetal growth restriction; MET, metabolic equivalent of task; PE, preeclampsia; PlGF, placental growth factor; sFlt-1, soluble fms-
like tyrosine kinase-1.
aRace and ethnicity were self-reported by participants from predefined categories.
bFGR was determined based on Figueras and Gratacos diagnostic criteria.
cPE was diagnosed using ACOG criteria.
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a similar degree of angiogenic imbalance, those individuals whose 
cardiovascular system is unable to adequately compensate during 
pregnancy—manifesting as clinical disease—may reflect an intrin-
sically less resilient vascular phenotype. This underlying suscep-
tibility could help explain the higher rates of hypertension and 
the increased ophthalmic vascular indices observed years later. In 
contrast, participants with either an isolated history of placental 
dysfunction or an abnormal angiogenic profile alone did not show 
significant differences in OA-PSV ratio. While slightly higher OA-
PSV values were observed in these subgroups—especially in those 
with clinical disease but normal angiogenic ratio—these differences 
were not statistically significant, and the wide confidence inter-
vals suggest potential heterogeneity in vascular response or limited 
power to detect more subtle effects.

This study has several strengths, as it evaluates cardiovas-
cular markers from 3 to 6 years postpartum in a cohort with 
well-documented clinical and biochemical data from pregnancy, 
allowing for robust long-term associations. Secondly, unlike pre-
vious studies that focused solely on clinical diagnoses or an-
giogenic markers, this study integrates both, enabling a more 
nuanced understanding of their independent and combined ef-
fects on long-term vascular health. Thirdly, the proportion of 
early- and late-onset PE and FGR in our cohort is similar to that 
observed in the general population, reinforcing the representa-
tiveness of our sample and the generalizability of the results. 
Fourthly, all vascular assessments were performed by the same 
trained investigator using a standardized protocol, minimizing 

inter-observer variability and enhancing internal validity. Finally, 
our multivariable analyses were adjusted for a comprehen-
sive set of clinically relevant covariates, ensuring consistency 
across models and reducing the risk of residual confounding. 
We acknowledge some limitations. Firstly, CIMT measurements 
were performed manually rather than using a semi-automated 
method. However, previous studies have demonstrated that dif-
ferences between the two approaches are minimal, and this fact 
seems unlikely to affect the validity of our results.33 Secondly, 
the gestational age at the time of angiogenic biomarker assess-
ment differed between groups. Nevertheless, the cut-off used 
(sFlt-1/PlGF ≥38) reflects thresholds already established in clin-
ical practice and is considered valid across all gestational ages, 
reducing the relevance of this variability. Another limitation is 
that angiogenic biomarker results were not concealed from clini-
cians during pregnancy, which may have influenced clinical man-
agement and, consequently, the development or prevention of 
clinical manifestations of placental dysfunction. Moreover, the 
examiner performing vascular assessments had access to partic-
ipants' index pregnancy data and was therefore not fully blinded 
to their pregnancy history. However, this information was not 
reviewed during the examinations, and all measurements were 
performed using standardized protocols to minimize the risk of 
observer bias. Fourthly, because participants were recruited 
from prior prospective studies, there may be a selection bias 
favoring individuals more likely to attend long-term follow-up 
assessments, potentially limiting the generalizability of the 

sFlt-1/PlGF ≥38 
(n = 90)

sFlt-1/PlGF <38 
(n = 159) Adjusted pa

Mean OA-PI 1.59 (1.42–1.97) 1.73 (1.51–1.92) 0.54

Mean OA-PSV ratio 0.76 (0.66–0.82) 0.70 (0.64–0.78) 0.03

Right eye

OA-PI 1.69 (1.42–1.99) 1.73 (1.52–1.98) 0.73

OA-PSV1, cm/s 30.3 (22.9–35.7) 31.1 (24.1–36.7) 0.52

OA-PSV2, cm/s 21.9 (16.8–26.2) 21.1 (16.5–25.9) 0.66

OA-PSV ratio 0.76 (0.65–0.85) 0.70 (0.62–0.79) 0.02

Left eye

OA-PI 1.59 (1.34–1.90) 1.72 (1.43–1.90) 0.48

OA-PSV1, cm/s 31.5 (24.7–37.9) 31.9 (26.1–38.0) 0.42

OA-PSV2, cm/s 24.0 (17.4–28.7) 23.1 (18.8–26.9) 0.88

OA-PSV ratio 0.76 (0.66–0.83) 0.71 (0.65–0.80) 0.05

Right CIMT, mm 0.538 (0.479–0.606) 0.522 (0.464–0.580) 0.41

Left CIMT, mm 0.576 (0.519–0.656) 0.536 (0.476–0.605) 0.42

Mean CIMT, mm 0.563 (0.511–0.623) 0.530 (0.491–0.573) 0.41

Note: Data are median (IQR).
Abbreviations: CIMT, carotid intima-media thickness; OA-PI, ophthalmic artery pulsatility index; 
OA-PSV, ophthalmic artery peak systolic velocity ratio; OA-PSV1, ophthalmic artery first systolic 
velocity peak; OA-PSV2, ophthalmic artery second systolic velocity peak; PlGF, placental growth 
factor; sFlt-1, soluble fms-like tyrosine kinase-1.
aAdjusted for: maternal age, BMI, mean arterial pressure, race or ethnic group, parity, diabetes 
mellitus, menopause, autoimmune disease, dyslipidemia, and current cigarette smoking.

TA B L E  4  Ophthalmic artery Doppler 
and carotid intima-media thickness 
according to sFlt-1/PlGF ≥ or <38, 
regardless of previous FGR or PE.
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findings. Fifthly, the results may not be applicable to other 
definitions of PE or FGR. Moreover, although the proportion of 
early- and late-onset PE and FGR in our cohort is similar to that 
observed in the general population, the small number of early-
onset cases limits our ability to explore potential differences 

in vascular findings between early- and late-onset disease. 
Sixthly, women who had an additional pregnancy between the 
index gestation and the follow-up were not excluded; however, 
none of these subsequent pregnancies were complicated by PE 
or FGR. We cannot fully rule out the possibility that women in 
the PE/FGR group had experienced these conditions in previ-
ous pregnancies, as many delivered elsewhere and complete 
medical records were not available. Finally, it is possible that 
other cardiovascular risk factors not captured in this study 
may have contributed to the observed outcomes and acted as 
potential confounders. While adjustments were made for key 
variables, unmeasured factors—such as socioeconomic status, 
genetic predisposition, psychosocial stress, fasting glucose, 
lipid profile, and complete metabolic syndrome criteria—could 
influence long-term vascular health and modify the associations 
observed. In addition, we cannot determine whether aspirin use 
during pregnancy had a role in shaping future cardiovascular risk 
since there were no untreated participants at high risk for PE. 
Despite these limitations, this study provides valuable insights 
into the long-term vascular impact of placental dysfunction and 
angiogenic imbalance. Future research should aim to validate 
these findings in larger and more diverse populations and in-
vestigate potential interventions during or after pregnancy to 
mitigate the long-term cardiovascular consequences in affected 
individuals. In addition, longitudinal studies with assessment of 
baseline cardiovascular function prior to pregnancy are needed 
to better elucidate whether pregnancy complications exacer-
bate preexisting vascular dysfunction or introduce new changes 
that may contribute to an increased risk of future cardiovascular 
disease.

5  |  CONCLUSION

In conclusion, both angiogenic imbalance and a history of placental 
dysfunction during pregnancy are associated with increased OA-
PSV ratio 3–6 years postpartum, with this relationship being es-
pecially significant in cases where clinical disease (particularly PE) 
develops. Future studies should explore whether elective delivery 
based on elevated sFlt-1/PlGF ratio, before clinical manifestations 
such as PE appear, may help improve long-term cardiovascular out-
comes without worsening neonatal outcomes.
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TA B L E  5  Multivariate linear regression model for the association 
between combined placental dysfunction history and angiogenic 
imbalance during pregnancy with ophthalmic artery peak systolic 
velocity ratio.

Predictor category
Coefficient β 
(95% CI)

Adjusted 
pa

Placental dysfunctionb + sFlt-1/
PlGF ≥38

0.04 (0.01–0.08) <0.01

Placental dysfunctionb + sFlt-1/
PlGF <38

0.03 (−0.01 to 
0.07)

0.09

No placental 
dysfunctionb + sFlt-1/PlGF ≥38

0.03 (−0.02 to 
0.08)

0.25

Note: Individuals without placental dysfunction and with a normal 
angiogenic profile used as the reference.
Abbreviations: PlGF, placental growth factor; sFlt-1, soluble fms-like 
tyrosine kinase-1.
aAdjusted for: maternal age, BMI, mean arterial pressure, race or ethnic 
group, parity, diabetes mellitus, menopause, autoimmune disease, 
dyslipidemia, and current cigarette smoking.
bPlacental dysfunction was considered either a history of preeclampsia 
or fetal growth restriction.

F I G U R E  2  Adjusted OA-PSV ratio by clinical history of placental 
dysfunction and angiogenic profile. Estimated marginal means of 
ophthalmic artery peak systolic velocity ratio obtained from an 
adjusted multivariate linear regression model. Groups are defined 
according to the presence of a history of placental dysfunction 
(PE or FGR) and sFlt-1/PlGF ratio (≥38 vs. <38). Error bars indicate 
95% confidence intervals. *Compared with individuals with no PE/
FGR + sFlt-1/PlGF <38. OA-PSV, ophthalmic artery peak systolic 
velocity ratio; PlGF, placental growth factor; sFlt-1, soluble fms-like 
tyrosine kinase-1.
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