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Abstract: Introduction: Preeclampsia is a pregnancy specific disorder which affects 2%-8% of all 
gestations and is associated with high maternal, fetal and neonatal morbidity and mortality world-
wide. There is no “cure” for the disease except for early delivery of the fetus and placenta, however 
leaving preeclampsia a long term health risk both for mothers and infants.  

Aim: The aim of the study is to review currently available information linking preclampsia to long-
term cardiovascular complications in infants and children. 

Results: Currently, there is evidence of predisposition to cardiovascular disease, and a higher inci-
dence of cardiovascular risk factors among children born to preeclamptic mothers. Both in experi-
mental models and human epidemiological studies it is now clear that the infants of pregnancies 
complicated by preeclampsia have an increased risk of developing high blood pressure and double 
the risk of stroke in later life. Preeclampsia is consistently associated with higher blood pressure 
and body mass index as early as 4–10 years of age. Also there is some evidence of higher cardio-
vascular risk in adults exposed to maternal hypertensive disorders of pregnancy. It seems that 
preeclampsia has an impact on the cardiovascular system independent of preterm birth and is asso-
ciated with endothelial dysfunction, increased carotid intima media thickness and reductions in car-
diac function that cannot be accounted for by prematurity alone.  

Conclusion: Taking into consideration the currently available evidence, it can now be suggested 
that preeclampsia is linked to adverse effects on the cardiometabolic health of the infant. Under-
standing the relationship between preeclampsia and cardiovascular disease will allow for imple-
mentation of early interventions to prevent or delay the onset of adverse events in this high risk 
population. 
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1. INTRODUCTION 

 Preeclampsia is a pregnancy specific hypertensive disor-
der which affects 2%-8% of all gestations and is associated 
with high maternal, fetal and neonatal morbidity and mortal-
ity worldwide [1, 2]. Its incidence and severity has increased 
over the last 20 years in the United States of America due to 
the epidemic of obesity [3].  
 Preeclampsia has traditionally been described as a syn-
drome characterized by hypertension, proteinuria and edema 
occurring after 20 to 24 weeks of gestation. In the last dec-
ade, the definition of preeclampsia has been revisited, as the 
identification of the mechanisms underlying the disease be-
gun to clarify [4, 5]. Recent guidelines no longer require the 
presence of proteinuria to make the diagnosis of preeclamp-
sia, if there is evidence of other maternal organ dysfunction.  
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This reflects the variable clinical presentation of the disorder, 
which ranges from a mild asymptomatic condition identified 
on routine screening to fulminant disease with significant 
short-term consequences for both mother and neonate [6]. 
 According to the Report of the American College of Ob-
stetricians and Gynecologists’ Task Force on Hypertension 
in Pregnancy, current diagnostic criteria of preeclampsia 
include blood pressure ≥140 mmHg systolic or ≥90 mmHg 
diastolic on 2 occasions at least 4 hours apart after 20 weeks 
of pregnancy in a woman with a previously normal blood 
pressure and proteinuria ≥300 mg/24hours of urine collection 
or this amount extrapolated from a timed collection or pro-
tein/creatinine ratio≥0.3 or a dipstick reading of 1+ (used if 
other quantitative methods are not available). In the absence 
of proteinuria the diagnosis of preeclampsia is set in the 
presence of new onset hypertension with the above men-
tioned criteria and any of the following: platelet count 
<100,000 μL, serum creatinine concentrations >1.1 mg/dl or 
a doubling in creatinine concentration in the absence of other 
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renal disease, elevation of blood concentrations of liver 
transaminases to twice normal concentration, pulmonary 
edema, cerebral or visual symptoms [7]. If blood pressure is 
≥160 mmHg systolic or ≥110 mmHg diastolic the measure-
ment should be confirmed within a short interval (minutes) 
to facilitate timely initiation of antihypertensive therapy [7]. 

2. MATERNAL DATA 

 There is growing evidence that these effects on end or-
gans persist after pregnancy. Several studies have examined 
the relationship between preeclampsia and future cardiovas-
cular disease in the mother. A recent meta-analysis showed 
that after adjusting for potential confounders (age, body 
mass index, and diabetes mellitus), preeclampsia is associ-
ated with an increased risk of heart failure, stroke, coronary 
heart disease, composite cardiovascular disease, and death 
because of coronary heart or cardiovascular disease. The 
increase in the risk for heart failure, stroke, and cardiovascu-
lar disease death is higher during the first 10 years after a 
pregnancy affected by preeclampsia compared with that be-
yond 10 years [8]. 
 However, further research is required to determine 
whether women with preeclampsia have an adverse cardio-
vascular risk profile at baseline, which contributes to their 
increased risk of cardiovascular diseases in later life [8]. In 
2011 the guidelines for the prevention of cardiovascular dis-
ease in women of the American Heart Association suggest 
that a previous history of preeclampsia or gestational diabe-
tes is a major risk factor as part of its risk assessment system. 
The American Heart Association advises yearly follow-up of 
blood pressure, lipid profile, and blood glucose concentra-
tion for women who had hypertension in pregnancy [9]. The 
risk of preeclampsia and pregnancy-induced hypertension 
was not recognized in Europe until the 2016 European 
Guidelines on cardiovascular disease prevention in clinical 

practice, suggesting consideration of periodic screening for 
hypertension and diabetes mellitus (IIa class of recommen-
dation, B level of evidence) [10].  
 The cause of preeclampsia remains unclear. Some 
women are genetically predisposed to developing the disease 
which may run into families. Associations have been re-
ported between preeclampsia and gene variants involved in 
thrombophilia, inflammation, oxidative stress and the renin 
angiotensin system [1]. 
 At present, the most accepted theory of the pathogenesis 
of preeclampsia is abnormal placental development as a re-
sult of abnormal spiral artery remodeling and defective tro-
phoblast invasion/differentiation. This process subsequently 
leads to a hypoperfusion/hypoxemia/ischemia sequence that 
causes a release of cytokines and an imbalance in vascular 
endothelial growth factors that induce systemic endothelial 
dysfunction and the systemic effects of the disease [11]  
(Fig. 1). 
 Early-onset preeclampsia is defined as development be-
fore 34 weeks’ gestation, and affects up to 1% of pregnan-
cies. Compared with late-onset disease, early onset disease is 
associated with increased risk of complications, especially 
early fetal growth restriction, intensive care, preterm deliv-
ery, and a 20-fold increased risk of maternal mortality [11]. 

3. AIM 

 There is no “cure” for the disease except for early deliv-
ery of the fetus and placenta, however leaving preeclampsia 
a long term health risk both for mothers and their infants. 
Regarding infants previous studies have mainly addressed 
the immediate adverse outcomes such the increased risk of 
fetal growth restriction, perinatal death and severe neonatal 
morbidity [12-14]. While there are studies on the long term 
neurological consequences of preeclampsia on the infants 

 
Fig. (1). Proposed pathogenetic mechanisms involved in cardiovascular disease in the offspring of mothers with preeclampsia. 
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less data exists regarding the long term cardiovascular ef-
fects, even though there is evidence of predisposition to car-
diovascular disease, and a higher incidence of cardiovascular 
risk factors among children [15, 16]. Not only does 
preeclampsia have a long-term effect on the cardiovascular 
system of the mother later in life, but it also has an effect on 
the cardiovascular system of the infants. Endothelial dys-
function is a common feature of pregnancies with 
preeclampsia, atherosclerosis, and cardiovascular disease and 
thus, endothelial dysfunction could serve as an underlying 
mechanism in the development of cardiovascular disease in 
preeclamptic women or their infants [17] (Fig. 1). 

4. METHODS 

 We performed a narrative review on all published litera-
ture in the English language on preeclampsia and offspring 
cardiovascular disease from January 2009 to January 2019. 
All publications were eligible for review, with particular 
emphasis on observational and interventional studies. The 
reviews and meta-analyses already published in the field 
were also assessed for their context and references. We have 
excluded case reports, letters to the editor, and editorials. 
 The search was conducted in the MEDLINE and EM-
BASE library. We used the following key words and combi-
nations of these words for the search:  neonat*, child*, 
preeclampsia, hypertension, cardiovascular, long-term, ex-
periment*, offspring. The two authors independently 
screened all title/abstracts and hand-searched references of 
the retrieved articles and reviews for additional studies. 

5. RESULTS 

 Both in experimental models and human epidemiological 
studies it is now clear that the infants of pregnancies compli-
cated by preeclampsia have an increased risk of developing 
high blood pressure and double the risk of stroke in later life 
[18, 19]. In a systematic review, Davis et al found that 
preeclampsia is consistently associated with higher blood 
pressure and body mass index as early as 4-10 years of age. 
Even gestational hypertension, in the absence of proteinuria, 
elevated liver enzymes, or thrombocytopenia, was associated 
with higher blood pressure in young children [20]. 
 Less is known about the cardiovascular risk in adults 
affected by maternal preeclampsia or other maternal hyper-
tensive disorders of pregnancy, although some studies sug-
gest a higher risk of cardiovascular disease. 
 In a recent meta-analysis in adult subjects there was some 
evidence of higher cardiovascular risk in adults exposed to 
maternal hypertensive disorders of pregnancy. In particular, 
there was evidence of small but significant increases in 
blood pressure and higher risk of diagnosis of hypertension 
in adulthood in infants of pregnancies affected by hyperten-
sive disorders. Likewise, the body mass index of the infants 
of pregnancies affected by a hypertensive disorder was 
slightly higher, and more subjects were classified as over-
weight and obese. The results for glucose metabolism and 
diabetes were mixed [18]. 
 Pinheiro et al. reported in another meta-analysis contra-
dictory outcomes of cardiovascular risk in children after in-
trauterine exposure to preeclampsia. Most studies report 

higher systolic blood pressure at the age of 9 to 17 years af-
ter exposure to preeclampsia. Other studies found only 
higher diastolic blood pressure in these children, whereas 
there are studies reporting increase of both systolic and dia-
stolic blood pressure in children of preeclamptic mothers [21, 
22]. Kajantie et al. were the only to consider the severity of 
preeclampsia and found an increased risk of hypertension in 
adults exposed to severe maternal disease [19]. 
 Through a series of investigations based around preterm 
infants whose mothers did, or did not, have a hypertensive 
disorder of pregnancy, the group of Leeson has demonstrated 
that preeclampsia has an impact on the cardiovascular sys-
tem independent of preterm birth. Specifically, as young 
adults, they exhibit endothelial dysfunction and increased 
carotid intima media thickness, a subclinical marker of athe-
rosclerosis [19]. In addition, they have reductions in cardiac 
function that cannot be accounted for by prematurity alone, 
without additional cardiac structural changes [23]. Their hy-
pothesis is that the associations between preeclampsia and 
later cardiovascular function relate to the abnormal placental 
development in preeclampsia and not to premature birth [17] 
(Fig. 1). 
 Also, children who were born to a preeclamptic mother 
demonstrated an approximately 30% higher pulmonary arte-
rial pressure as compared with children born to normotensive 
mothers. Thus, preeclampsia appears to leave a permanent 
defect in the systemic and pulmonary circulation of the in-
fants, which, when stressed, may lead to cardiovascular dis-
ease later in life [4, 24].  
 In an extensive relatively old meta-analysis that adjusted 
for maternal age, hypertension, hyperlipidemia, diabetes or 
impaired glucose tolerance, family history of cardiovascular 
disease, and smoking, McDonald et al. calculated the odds or 
relative risk for cardiac disease among the infants of women 
who had developed preeclampsia during pregnancy. In their 
analysis the authors found an odds ratio of 2.47 and a rela-
tive risk of 2.33 for the primary outcome of cardiac disease, 
which included ischemic heart disease, coronary artery dis-
ease, myocardial infarction, congestive heart failure, or death 
from any of the above [25]. 
 A recent study that examined adults born by mothers 
with gestational hypertension, term and preterm preeclamp-
sia showed that those whose mothers had hypertension in 
pregnancy had higher systolic blood pressure,  higher dia-
stolic blood pressure,  higher body mass index, and  wider 
waist circumference, compared with those of normotensive 
pregnancies. Similar differences were observed for gesta-
tional hypertension and term preeclampsia. Term preeclamp-
sia was also associated with higher concentrations of non–
high-density lipoprotein cholesterol and triglycerides. How-
ever, siblings born after a normotensive pregnancy had 
nearly identical risk factor levels as siblings born after ma-
ternal hypertension. The authors conclude that infants born 
after maternal hypertension in pregnancy have a more ad-
verse cardiovascular risk profile in young adulthood than 
infants of normotensive pregnancies (Fig. 1). Their siblings, 
born after a normotensive pregnancy, have a similar risk 
profile, suggesting that shared genes or lifestyle may account 
for the association, rather than an intrauterine effect (Fig. 1). 
They suggest that all children of mothers who have experi-
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enced hypertension in pregnancy may be at increased life-
time risk of cardiovascular disease. However, this study en-
rolled mainly subjects born from hypertensive mothers or 
term preeclampsia and therefore the role of preterm 
preeclampsia which represents the more severe form of the 
disease could not be thoroughly investigated [26]. Indeed, a 
study by Lazdam et al showed that at the age 6 to 13 years 
infants of mothers with early onset preeclampsia had higher 
systolic blood pressure compared with those born to late-
onset preeclampsia. Infants of mothers who developed early 
onset preeclampsia displayed specific adverse blood pressure 
characteristics later in life which are not evident in mothers 
and infants after late-onset preeclampsia or normotensive 
pregnancy [27]. 

6. ANIMAL DATA 

 Animal studies using models mimicking preeclampsia 
indicate that exposure to hypoxia related to abnormal placen-
tal development results in elevated myocardial collagen [28]. 
This is consistent with findings in piglets, where short-term 
exposure to hypoxemia led to sustained reductions in longi-
tudinal peak systolic strain [29]. This is potentially mediated 
through subendocardial and subepicardial fibres, which are 
susceptible to ischaemia. 

7. PATHOPHYSIOLOGY 

 Several mechanisms may explain the association between 
pregnancy-associated hypertension and infant blood pres-
sure. The potential mechanisms likely represent a complex 
interplay of several mechanisms including fetal program-
ming, genetics, and shared environment [30] (Fig. 1). 
 It has been hypothesized that shallow invasion of the 
spiral arteries leads to fetal malnutrition. Fetal programming 
due to hypoxia may also involve a response to inflammation 
and endothelial dysfunction associated with preeclampsia 
[31] (Fig. 1). 
 The associations between hypertensive disorders of preg-
nancy and subsequent cardiovascular disease in the infants 
are complex. Hypertensive disorders of pregnancy are asso-
ciated with prematurity (which may be iatrogenic) and low 
birth weight even when corrected for gestation. Small for 
gestational age children have been associated with higher 
risk of cardiovascular disease [32] (Fig. 1). Physiological 
explanations that can be underlying the observed associa-
tions between preeclampsia and infants’ cardiovascular 
health may be attributed apart from abnormal placental im-
plantation and inflammatory biomarkers during pregnancy 
on maternal glucocorticoid metabolism, exogenous glucocor-
ticoid exposure and epigenetic aspects [21]. Furthermore, we 
cannot exclude a probable common genetic background and 
environmental exposures that could influence both mother 
and infant, or the possibility of residual confounders in the 
studies [21] (Fig. 1). 
 Also there may be familial aggregation of risk which 
stresses the complex interactions between the maternal and 
fetal environments, parental phenotype and inheritance, epi-
genetic modifications, and the environment of the infant on 
the long term risk of cardiovascular disease [33] (Fig. 1). 

8. CONSIDERATION FOR SCREENING, INTERVEN-
TION AND MONITORING 

 The differences in blood pressure between infants of 
preeclamptic and normontensive mothers are of clinical im-
portance, as blood pressure measurements track and may 
ultimately progress to hypertension. Even by 20-30 years the 
prevalence of hypertension is much higher in subjects who 
although normotensive in childhood, had blood pressure 
measurements in the top quintile [34]. Hypertension is a po-
tent cardiovascular risk factor and its prompt treatment re-
duces cardiovascular morbidity and mortality [34]. Indeed, 
American Academy of Pediatrics supports routine annual 
blood measurement in all healthy children from the age of 3 
years and measurement of blood pressure in high risk polula-
tions at younger ages. Maternal preeclampsia is not men-
tioned as a specific risk factor [35]. 
 Pregnancy is a critical time for long�term blood pressure 
regulation in both mother and child. Pregnancies compli-
cated by placental insufficiency, resulting in pre�eclampsia 
and intrauterine growth restriction result in an adverse in-
trauterine environment, which programmes the fetus and the 
second generation to develop hypertension in adult life. 
Thus, pregnancy can be viewed as a window of opportunity 
to improve long-term cardiovascular health of the infant. 
Research on interventions during pregnancy to prevent long-
term development of hypertension may ultimately help us to 
reduce the future burden of cardiovascular disease [36, 37]. 

CONCLUSION 

 Taking into consideration the currently available evi-
dence, it can now be suggested that preeclampsia is linked to 
adverse effects on the cardiometabolic health of the infants 
affecting principally blood pressure. The degree of involve-
ment in the programming of the cardiovascular system is 
difficult to estimate, as multiple pathophysiological path-
ways have been implicated in the pathogenesis and the clini-
cal course of preeclampsia and may play separate roles in the 
development of long term cardiovascular disease [33]. De-
pending on which mechanism is dominantly involved, and 
which environmental stressors are present, the function of 
the cardiometabolic system may be altered in different ways. 
The role of abnormal placentation as a principal regulator of 
long term consequences of preeclampsia in the infant may be 
one of the parameters that need further investigation. Identi-
fication of individuals at risk and development of interven-
tion policies or prevention strategies relies on understanding 
the mechanisms by which preeclampsia alters intrauterine 
growth and development and intervenes on the programming 
of the cardiometabolic system [32]. The fact that exposed 
subjects can be easily identified based on precise clinical 
criteria in their mother, enables timely, targeted, primary 
prevention strategies for cardiovascular risk reduction in this 
population [33]. Understanding the relationship between 
preeclampsia and cardiovascular disease will allow for early 
interventions to prevent or delay the onset of adverse events 
among individuals at risk. 
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