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Abstract: Subjects formerly born preterm subsequently develop arterial - particularly isolated sys-

tolic- hypertension more frequently than their peers born at term. 

Numerous factors may influence this predisposition, including an incomplete nephrogenesis, imply-

ing the presence of kidneys with a reduced number of nephrons and consequent reduction in hae-

matic filtration, increased sodium absorption and activation of renin-angiotensin-aldosterone sys-

tem, increased arterial rigidity produced by an elastin deficiency previously observed in anatomic 

specimens of human immature aorta, and reduced endothelial nitric oxide excretion, due to high 

blood levels of ADMA, a strong direct inhibitor of nitric oxide that exerts a vasoconstrictor effect.

Other possible factors (i.e. excretion of neuroendocrine compounds) may also be implicated. The 

aim of this paper was to review all possible mechanisms involved in the observed increase in blood 

pressure in individuals who had been born preterm and/or with intrauterine growth restriction. The 

outlook for new and promising laboratory techniques capable of identifying alterations in the meta-

bolic pathways regulating blood pressure levels, such as metabolomics, is also provided. 
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1. INTRODUCTION 

 Prematurity at birth, i.e. birth before the 37
th

 week of 
gestation, is a condition affecting approx. 10% of the general 
population [1]. It is frequently associated with low birth 
weight/intrauterine growth restriction and may lead to a se-
ries of consequences in adulthood, including early develop-
ment of high blood pressure (BP) [2]. Strong scientific evi-
dence based on large epidemiological studies support the 
association between preterm birth and hypertension (HTN) 
[3], with reports confirming how more than 50% of indi-
viduals born preterm are affected by HTN [4]. As a general 
rule, the lower the gestational age, the higher the BP will be. 
For instance, at 24-hour ambulatory blood pressure monitor-
ing (24-h ABPM) subjects born extremely preterm show a 
rise in BP involving both systolic and diastolic values, as 
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well as lack of the physiological dip of nightime values (non-
dipper pattern). These BP abnormalities tend to soften in line 
with an increase in gestational age, leading to a normaliza-
tion of diastolic BP, although systolic values may continue to 
increase. Nocturnal BP decline is usually still lacking. In 
subjects born late preterm, i.e. between 34 weeks and 0 days 
and 36 weeks and 6 days, systolic and diastolic values are 
generally within the normal range, with a persistence of non-
dipper nocturnal pattern in spite of the size and weight of 
these subjects corresponding to measurements of some in-
fants born at term [5]. It has been suggested that preterm 
birth may represent a higher risk factor for increased BP than 
intrauterine growth restriction [6]. When these two condi-
tions are associated, the risk of HTN rises markedly [7]. 

2. PURPOSE OF THE REVIEW 

 This review was aimed at identifying the underlying rela-
tionship between prematurity at birth/intrauterine growth 
restriction and development of elevated BP later in life, as 
the latter is a well-known risk factor for ischaemic heart dis-

  

A R T I C L E  H I S T O R Y 

 

Received: April 16, 2019 
Revised: May 21, 2019 

Accepted: May 26, 2019 

 

DOI: 
10.2174/1573402115666190627140523 

 

 1875-6506/20 $65.00+.00 © 2020 Bentham Science Publishers 

C
ur

re
nt

 H
yp

er
te

ns
io

n 
Re

vi
ew

s

Factors Predisposing to Hypertension in Subjects Formerly Born Preterm: 

Renal Impairment, Arterial Stiffness, Endothelial Dysfunction or  

Something Else? 

Send Orders for Reprints to reprints@benthamscience.net 
82

 
Current Hypertension Reviews, 2020, 16, 82-90 

 

SYSTEMATIC REVIEW ARTICLE

http://crossmark.crossref.org/dialog/?doi=10.2174/1573402115666190627140523&domain=pdf


Factors Predisposing to Hypertension in Subjects Formerly Born Preterm Current Hypertension Reviews, 2020, Vol. 16, No. 2    83 

ease and stroke. The following topics were reviewed in this 
study: 

a) the role of incomplete kidney formation in the patho-
genesis of HTN; 

b) the effect of preterm birth on the development of the 
elastic structures of the arterial walls; 

c) the influence of increased blood levels of asymmetric 
dimethylarginine (ADMA), an endogenous vasoconstric-
tor compound, on BP levels; 

d) the involvement of other still poorly understood factors; 

e) the outlook for possible future therapeutic strategies. 

3. METHODS 

3.1. Search Strategy 

 A systematic electronic search into Pubmed/Medline, 
Scopus, and Web of Science databases was performed from 
their inception up to March 31

st
, 2019. All searches were 

conducted using Boolean operators to combine MeSH terms 
and free text words. The following terms were searched: 
blood (arterial) pressure, hypertension, prematurity, pre-
term(s), birth weight, intrauterine growth restriction (or re-
tardation), kidney(s), renal development, nephrogenesis, 
nephron(s), aortic stiffness, aortic rigidity, aortic elasticity, 
aortic compliance, elastin, asymmetric dimethylarginine 
(ADMA), corticosteroids, therapy, therapeutic strategy(-ies), 
metabolomics, stem cells. 

3.2. Other Sources 

 Reference lists of the identified papers and relevant 
manuscripts were examined. Emails were sent to the Authors 
of the above articles for further information when needed. 
Four reviewers were calibrated for the identification of eligi-
ble studies (Bassareo PP, Calcaterra G, Crisafulli A, and 
Kelleher S) by a fifth reviewer (Mercuro G) through succes-
sive stages of quadruplicate independent screening among 
randomly selected titles and abstracts in groups of five, until 
a complete intra-examiner agreement was obtained (k scores 
from the first to the last calibration exercise: 0.85, 0.88, 0.92 
and 1). A parallel, triple-blind screening procedure of all 
titles and abstracts retrieved by the electronic search was 
performed by four reviewers (Bassareo PP, Calcaterra G, 
Crisafulli A, and Kelleher S). The titles and abstracts were 
screened for subject importance. Studies that were not de-
finitively excluded on the basis of abstract information were 
also selected for full-text screening. The reviewers examined 
the full text of all relevant studies to evaluate the possibility 
of inclusion. In the case of disagreement over study inclu-
sion, a discussion was held with the fifth reviewer (Mercuro 
G) to reach an agreement. Studies were eligible for inclusion 
on meeting the following criterion: all studies relating to the 
development of elevated BP in subjects born preterm and/or 
with intrauterine growth retardation with no limitation on the 
period of publication. The exclusion criteria were as follows: 

 (a) studies not focused on the topic selected; (b) papers in 
a language other than English; (c) duplicates, and (d) studies 
not available from libraries for full-text assessment. 

3.3. Data Extraction 

 Four reviewers (Bassareo PP, Calcaterra G, Crisafulli A, 

and Kelleher S) independently extracted data using a struc-

tured form specifically developed for this review. The fol-

lowing information was extracted from each included study: 

authors, year of publication, type of paper, raise in BP in 

subjects born with low birth weight and/or intrauterine 

growth restriction, renal impairment, increased aortic stiff-

ness, increased production and/or reduced excretion of 

ADMA, possible therapeutic strategies to predict and/or pre-

vent and/or cure the above-stated increase. 

 Thus, five possible outcomes were recognized: (a) renal 

impairment as a possible cause of this increase in arterial BP; 

(b) increased aortic stiffness as another possible cause of 

high BP; (c) increased production and/or reduced excretion 

of ADMA associated with surge in BP; (d) other possible 

mechanisms related to HTN development in this specific 

setting; and (e) suggestions on strategies to avoid HTN de-

velopment in these subjects. 

 Any discrepancy that occurred during data extraction was 

solved by consensus or discussion with the fifth reviewer 

(Mercuro G). 

3.4. Data Synthesis 

 As this review included a large number of heterogeneous 

study designs and sources, the results and key information 

obtained were summarized by means of a narrative approach. 

4. RESULTS 

4.1. Literature Search 

 The literature search yielded a total of 17,358 primary 

studies, of which 16,156 (4,596 duplicates) were excluded 

following the screening of the title and abstract. Ultimately, 

1,202 studies were included for full-text assessment based on 

a relevant title and abstract. A total of 1,099 were excluded 

as they failed to meet general inclusion criteria, and 48 were 

not available from online libraries. As a result, 55 studies 

met the inclusion criteria, and an additional 11 papers were 

included after checking the references of the relevant se-

lected reviews and studies. A flow diagram of the study se-

lection process is presented in Fig. 1. The characteristics of 

the selected studies are summarized in Table 1. 

 Our search resulted in a list of 10 articles responding to 

outcome (a), 18 articles targeting outcome (b), 11 articles 

focused on outcome (c), 12 articles related to outcome (d), 

and 6 articles for the outcome (e). 

4.2. Incomplete Kidney Formation 

 Preterm birth may cause an interruption in the renal pa-

renchyma maturation process, known as nephrogenesis, 

which is normally completed by the 31st
-32

nd
 week of gesta-

tion [8]. Accordingly, many preterm newborns are delivered 

prior to the completion of nephrogenesis. The lower the ges-

tational age and the earlier the birth, the more incomplete the 

nephrogenesis. 
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 The latter likewise implies that kidneys have an overall 
reduced number of filtration units (nephrons) [9]. An inverse 
relationship between the number of nephrons and gestational 
age/birthweight has been shown in both animal and human 
studies [10, 11]. The consequences of an incomplete nephro-
genesis result in reduced renal filtration surface area, hyper-
filtration of each nephron, glomerular sclerosis, and in-
creased apoptosis (programmed cell death) [12]. In a variant 
of this hypothesis, the onset of high BP is not caused by a 
reduced number of nephrons - which is balanced by compen-
satory hypertrophy and unchanged total filtration surface 
area - but is due to post-glomerular renal modifications with 
increased sodium reabsorption, activation of the renin-
angiotensin-aldosterone system, and generalized arterial 
vasoconstriction [13]. 

 The two immature kidneys play a pivotal role in predict-
ing the future development of arterial HTN and cardiovascu-
lar diseases in adulthood; this is known as the Barker hy-
pothesis or fetal origin hypothesis [14]. Increased BP is en-
countered in early adulthood in subjects born preterm [15]. 
Not only is this true, but Erikson et al, analyzing a wide co-
hort of men born in Helsinki over the decade 1934-1944, 
showed an inverse correlation between the onset of high BP 

and birthweight [16]. The strength of this association may be 
modified by overweight/obesity and sex [17]. 

4.3. Arterial Elastic Properties Impairment 

 Prematurity at birth significantly affects elastin synthesis 
and content and viscoelastic properties of the vascular 
extracellular matrix in human arterial vessels, thus causing a 
likely permanent increase in arterial stiffness and BP [18]. In 
this respect, in a study comparing a group of adolescents 
born with low birth weight as a result of preterm birth and a 
control group of small for gestational age born at term, the 
former displayed increased BP and carotid-radial pulse. This 
finding indicates that preterm birth, rather than weight at 
birth, causes a rise in BP and arterial stiffness in adolescents 
[19]. 

 The period between the 25
th

 and 42
nd

 week of gestation  
is characterized by a significant arterial remodeling. Indeed, 
the elastin/collagen ratio, which plays a crucial role in arte-
rial compliance, increases progressively during this interval. 
These data support the importance of the latter part of preg-
nancy in the development of arterial walls [20]. During foe-
tal life, the collagen content in the aorta increases gradually 
from the 12

th
 to 25

th
 week, after which it tends to stabilize. 

Fig. (1). Flow chart of the study selection process. 
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Table 1. Clinical characteristics of the enrolled studies. 

Authors Main Characteristic(s) of the Research 

Luyckx VA [1] Preterm birth epidemiology. Link between prematurity at birth and renal/cardiovascular diseases. 

Bassareo PP, et al. [2]  Correlation between preterm birth and high blood pressure. 

de Jong F, et al. [3]  Correlation between preterm birth and high blood pressure. 

Mercuro G, et al. [4]  Prematurity at birth and low birth weight as new cardiovascular risk factors. 

Sipola-Leppänen M, et al. [5]  24-hours ambulatory blood pressure monitoring in former preterm subjects. 

Steen E, et al. [6]  Trade-off between prematurity at birth and low birth weight in leading to early high blood pressure onset. 

Juonala M, et al. [7]  Effect of birth weight on blood pressure. 

Richir MC, et al. [8]  Preterm birth and incomplete kidneys development. 

Hinchliffe SA, et al. [9]  The effect of intrauterine growth retardation on the development of renal nephrons. 

Koeda Y, et al. [10]  Serum C-reactive protein levels and cardiovascular events in chronic kidney disease. 

Böger RH, et al. [11]  The role of asymmetric dimethylarginine in the link between end-stage renal disease and adverse cardiovascular events. 

Rinat C, et al. [12]  Cardiovascular risk factors, cardiac function and vascular disease in children with chronic renal failure. 

Ritz E, et al. [13]  Renal involvement in blood pressure levels regulation. 

Tulassay T, et al. [14]  Relationship between birth weight and renal function. 

Kusano E. [15]  Relationship between renal diseases and cardiovascular diseases. 

Eriksson JG, et al. [16]  Relationship between prematuruty at birth and coronary artery disease. 

South AM, et al. [17]  Blood pressure and renal function impairments in adolescents who had been born preterm. 

Tauzin L. [18]  Relationship between preterm birth and altered arterial elastic properties. 

Rossi P, et al. [19]  Roles of preterm birth and fetal growth restriction in blood pressure and arterial stiffness. 

Berry CL, et al. [20]  Aorta development. 

Leung DY, et al. [21]  Aorta and pulmonary arteries postnatal growth. 

Bendek MP, et al. [22]  Arteries development. 

Resnick N, et al. [23]  Vascular endothelial cells development. 

Jensen DE, et al. [24] Elastin synthesis in aortic smooth muscle cell. 

Berry CL, et al. [25]  Elastin synthesis in in aortic smooth muscle cells. 

Berry CL, et al. [26]  Aortic artery walls development. 

Martin CN, et al. [27]  Relationship between elastin synthesis impairment and hypertension development. 

Chemla D, et al. [28]  Arterial elasticity evaluation. 

Tauzin L, et al. [29]  Characteristics of arterial stiffness in very low birth weight premature infants. 

Bonami AK, et al. [30]  Relationship among preterm birth, increased vascular resistance, and high blood pressure. 

Roberts G, et al. [31]  24-h ambulatory blood pressure monitoring in former extremely preterm newborns. 

Tauzin L, et al. [32] Increased systemic blood pressure and arterial stiffness in young adults born prematurely. 

Oren A, et al. [33]  Influence of gestational age and birth weight on aortic stiffness. 

Bassareo PP, et al. [34] Impaired central arterial elasticity in young adults born with intrauterine growth restriction. 

Tauzin L. [35] Pathogenesis of hypertension in former preterm subjects. 

Franco MC, et al. [36]  Effects of low birth weight on endothelial function. 

(Table 1) contd…. 
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Authors Main Characteristic(s) of the Research 

Payne GA, et al. [37]  Animal model (impaired endothelial vascular relaxation in growth-restricted offspring of pregnant rats with reduced uterine 

perfusion). 

Bassareo PP, et al. [38]  Reduced brachial flow-mediated vasodilation in young adult ex extremely low birth weight preterm. 

Koenigsberger M, et al. [39] Role of endothelium on arterial vasomotion. 

Bassareo PP, et al. [40] Increased aymmetric dimethylarginine and early appearance of endothelial dysfunction in young adult ex extremely low birth 

weight preterm. 

Sonmez A, et al. [41] Apelin and ADMA levels in patients with hypertension. 

Curgunlu A, et al. [42] Plasma apelin and ADMA levels in patients with hypertension. 

Bassareo PP, et al. [43] Inverse correlation between gestational age and aymmetric dimethylarginine renal excretion. 

Bertagnolli M, et al. [44] Endothelial colony-forming cells impaired function as a possible cause of increased cardiovascular disease in young adults 

born preterm. 

Bassareo PP, et al. [45] Possible early development of cardio-renal syndrome in individuals who had been born preterm. 

Bassareo PP, et al. [46] Possible early development of cardio-renal syndrome in individuals who had been born preterm. 

Nuyt AM, et al. [47] Perinatal programming of hypertension. 

Godfrey KM, et al. [48] Perinatal programming of hypertension. 

Johanson G, et al. [49] Prematurity at birth and adrenergic hyperactivity. 

Cohen G, et al. [50] Prematurity at birth and adrenergic hyperactivity. 

Drake AG, et al. [51] Prematurity at birth and hypothalamus-pituitary-adrenal axis dysregulation. 

Hellström A, et al. [52] Generalized abnormal microvascularisation as the underlying mechanism of high blood pressure in those born preterm. 

Lewandowski AJ, et al. [53] Capillary rarefaction as the main cause of hypertension during adulthood in preterm born offspring. 

Parkinson JR, et al. [54] Preterm birth and metabolic syndrome appearance. 

Hovi P, et al. [55] Female gender and maternal pre-eclampsia as causes of hypertension during adulthood in preterm born offspring appearance. 

Bassareo PP, et al. [56] Prematurity at birth and adrenergic hyperactivity. 

Raaijmakers A, et al. [57] Preterm birth as a factor capable of influencing cardiovascular and renal function. 

Falkner B. [58] Maternal and gestational influences on childhood blood pressure. 

Kumar RK, et al. [59] Optimizing diet in preterm newborns as a tool to prevent high blood pressure development. 

Singhal A, et al. [60] Early nutrition in preterm infants and its influence on later blood pressure. 

Singhal A, et al. [61] Ensuring a not too fast weight gain in preterm babies as a preventive tool against high blood pressure development. 

Bassareo PP, et al. [62] Stem cells therapy. 

Bertagnolli M, et al. [63] Endothelial colony‐forming cells impairment in young adults born preterm. 

Pintus R, et al. [64] Metabolomics as a new tool to understand the mechanisma underlying the perinatal programming of cardiovascular diseases. 

Barker DJ, et al. [65] “Barker” hypothesis. 

Chatmethakul T, et al. [66] Intrauterine growth restriction and prematurity as risk factors for hypertension. 

 
 
Conversely, elastin production increases much more  
significantly after the 25

th
 week of gestation and ceases a few 

weeks after birth [21]. This is because elastin accumulation 
in vascular walls is usually stimulated by the increase in 
blood cortisol in late gestation [22]. Elastin is synthesized by 
smooth muscle cells through the release of endothelial fac-
tors such as platelet-derived growth factor and insulin like 

growth factors [22-24]. For all these reasons in preterm ba-
bies the elastin/collagen ratio is significantly lower than that 
in term infants [25]. This impairment in elastogenesis leads 
to permanent structural changes in vascular walls structure 
[26]. These findings are consistent with the theory that an 
early impairment in elastin synthesis during foetal life cannot 
subsequently be reversed, thus causing persistence of in-
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creased arterial rigidity [27]. A deficiency in elastin had in-
deed been observed previously in anatomic samples of hu-
man immature aorta [25].  

 Other scientific evidence suggests that the abdominal 
aorta in young adults born with a very low birthweight 
(<1,500 Kg) is narrower than normal, which may explain at 
least in part the upward trend in BP [28]. Indeed, a decrease 
in arterial compliance has been detected in preterm babies 
since their birth [29]. Again, the presence of a persistent in-
crease in BP, pulse pressure, and vascular resistance has 
been reported in preterm girls after puberty [30]. An unfa-
vourable trend has also been demonstrated, with systolic BP 
in childhood being related to an increased BP in adolescents 
born extremely preterm (<28 weeks) [27, 31, 32]. Compared 
to individuals born at term, those born preterm also display 
an increased peripheral arterial stiffness as assessed by pulse 
wave velocity measurement using a 24-h ABPM device [19]. 
An inverse correlation has been shown between low birth-
weight and peripheral increased arterial rigidity that is even 
stronger in young adults born prematurely. This relationship 
was purportedly not influenced by BP, gender, and age in 
young adults [33]. The same inverse correlation has been 
reported when considering central aortic elasticity. In this 
respect, former preterm subjects appear to have a much older 
"vascular age" than their healthy peers born at term [34, 35]. 

4.4. Impairment in Arterial Vasodilatation 

 There is wide epidemiologic and experimental evidence 
that preterm birth and low birth weight are linked with im-
paired endothelium-dependent vasodilatation at birth and in 
childhood [36, 37]. Furthermore, this shared abnormal condi-
tion also persists in early adulthood [38]. With regard to the 
still poorly understood reasons for this observation, it is 
well-known that arterial vasomotion, i.e. the variations in 
arterial diameter, is induced by calcium-dependent contrac-
tions of smooth muscle cells in the tunica media. However, 
the endothelium is also involved in this mechanism, releas-
ing vasodilatory (nitric oxide, NO) and vasoconstrictive 
compounds [39]. The strongest of the latter is represented by 
the endogenous NO synthase inhibitor ADMA [40]. Elevated 
blood levels of ADMA contribute to endothelial dysfunction 
and exacerbated vasoconstriction. They have been demon-
strated in patients with varying degrees of HTN [41, 42], as 
well as in young adults born preterm, in whom ADMA levels 
are inversely correlated with gestational age [40]. In addition, 
the lower the gestational age, the lower the renal excretion of 
ADMA, resulting in consequently high levels in the blood [43]. 

 Endothelial progenitor cells play a crucial role in vascu-

lar development and repair. Cord blood endothelial progeni-

tor cells of preterm-born infants, especially endothelial col-
ony-forming cells, show enhanced susceptibility to prema-

turity-related pro-oxidant stress. In vitro studies carried out 

on preterm-born young adults demonstrated a marked dys-
function in these cells compared with full-term controls. In 

the former preterm-born group, this dysfunction was associ-

ated with vasoconstriction, and in turn with increased sys-
tolic BP [44]. 

 A significant relationship between increased ADMA and 
impaired renal function was found in young adults who had 

been born preterm, thus suggesting that the two mechanisms 
together may contribute to the early development of a cardio-
renal syndrome and subsequently elevated BP [45, 46]. 

4.5. Other Possible Mechanisms 

 The pathways by which prematurity at birth may affect 
the development of high BP are complicated and in part still 
poorly studied. Oxidative stress, inflammation, epigenetic 
changes, and neuroendocrine changes may be implicated 
[47]. For example, human and animal models have suggested 
that oxidative stress and inflammation linked with preterm 
birth or intrauterine growth restriction may cause vascular 
dysfunction and high BP [47]. Another hypothesized mecha-
nism considers intrauterine growth restriction as an epige-
netic factor capable of inducing a modification of the germ-
line by DNA methylation [48]. Again, further possible aeti-
ologies that should be investigated in greater depth relate to 
alterations in the autonomic nervous system and hypothala-
mus-pituitary-adrenal axis [48-51]. 

 Generalized abnormal microvascularisation has also been 
proposed as the mechanism underlying the onset of high BP 
in those born preterm [52]. With regard to this possible aeti-
ology, a recent study suggested that capillary rarefaction is 
the main cause of HTN during adulthood in preterm-born 
offspring regardless of other cardiovascular structural and 
functional abnormalities [53]. 

 According to other Authors, the relationship between 
prematurity at birth/intrauterine growth restriction and HTN 
is mediated by the onset of metabolic syndrome [54]. 

 Other possible concomitant causes of early HTN devel-
opment in individuals born preterm include female gender, 
maternal pre-eclampsia, and corticosteroid administration. In 
the past, the latter were extensively administered to prevent 
or reduce the incidence and severity of chronic lung disease 
in preterm newborns, but may also induce a detrimental 
long-term effect on BP [55, 56]. 

 Due to these frequently contrasting hypotheses, the 
PREMATCH (PREMATurity as a predictor of Cardiovascu-
lar-renal Health) study was recently set up to characterize in-
depth micro and macrovascular structure/function in former 
preterm birth survivors (8-13 years) compared with gender- 
and age-matched controls. The aim of this ongoing study 
was to collect information on cardiovascular-renal function 
in this clinical setting [57]. 

 Lastly, recent, although limited, data seem to indicate 
that assisted reproductive technologies, often correlated with 
prematurity at birth, may also be associated with the early 
development of high BP despite an otherwise normal gesta-
tion and healthy newborn [58]. 

4.6. Possible Future Therapeutic Strategies 

 Although among preterm newborns the number of survi-
vors shows an upward trend owing to the steady progress in 
neonatal care, conversely prematurity at birth per se and its 
linked comorbidities such as intrauterine growth restric-
tion/low birth weight continue to represent a challenging 
scenario, resulting in undesirable complications even in the 
medium and long-term. 



88    Current Hypertension Reviews, 2020, Vol. 16, No. 2 Crisafulli et al. 

 Planning strategies aimed at lowering the risk of compli-
cations in prematurity at birth survivors are crucial. A correct 
nutrition is essential for growth and development, and early 
administration of optimal nutrition decreases the incidence 
of adverse health outcomes and improves cognition in adult-
hood. Accordingly, a panel of neonatologists, pediatricians, 
and nutrition experts suggested a series of evidence-based 
suggestions for the optimization of diet in preterm newborns. 
With regard to the positive effect produced on BP, feeding 
with breast milk and control of weight gain were recom-
mended [59]. 

 Scientific evidence highlights how the consumption of 
breastmilk exerts a beneficial effect on BP in later life and 
contributes towards regulating weight gain [60, 61]. 

 Tissue developmental arrest appears to be the hallmark of 
the preterm birth-related sequelae. Loss of stem/progenitor 
cells may be the underlying cause. These hypotheses consti-
tute the basis for the application of stem cell-based therapeu-
tical protocols following preterm birth. Transplantation of 
different types of stem cells, including endothelial progenitor 
cells in view of their role in vascular development and repair, 
may be beneficial in the prevention and/or treatment of HTN 
in subjects formerly born preterm. However, before this new 
knowledge can be translated into clinical practice, several 
issues still need to be addressed in vitro and in vivo models 
[62]. Indeed, for the first time, a recently published study 
displayed a dysfunction in endothelial progenitor cells iso-
lated from peripheral blood in formerly preterm adults. This 
condition was strongly related to increased BP [63]. 

 Metabolomics is a new technology which allows a pic-
ture to be taken of the metabolic state of an individual ex-
posed to different environmental influences or who is af-
fected by pathological conditions, with the aim of preventing 
the development of the latter and facilitate treatment. 

 Metabolomics is potentially capable of identifying the 
metabolic shifts underlying the progressive development of 

high BP in former preterm individuals even before clinical 

manifestation. Moreover, early predictive biomarkers of in-
born errors may also be discovered. This technology appears 

to be so promising that several companies are attempting to 

establish kits capable of immediately assessing metabolic 
variations in order to provide a faster diagnosis and the best 

specific treatment for the patient, thus advancing the devel-

opment of a personalized (tailored) medicine [64]. 

CONCLUSION 

 The well-established theory of foetal programming of 
cardiovascular diseases in adulthood relies on the occurrence 

of adaptive responses of the embryo or foetus to a pathologi-

cal utero-placental environment. Early alteration in vascular 
development is likely the cornerstone of foetal programming 

of cardiovascular diseases in adulthood [65]. 

 Preterm birth and intrauterine growth restriction repre-
sent risk factors not only for the survival of newborns, but 

also for their future cardiometabolic health. Unfortunately, 

new therapeutic discoveries have not been developed at the 
same speed as rapidly improving perinatal survival [66]. 

 Overall, although in the trade-off between the above-
described pathological mechanisms it is hard to choose one 
which outweighs the others, both incomplete kidney forma-
tion and increased arterial stiffness appear to be the the most 
widely implicated, particularly in view of the extensive sci-
entific evidence supporting their involvement. In line with 
the steady progress in neonatal intensive care, a new popula-
tion of subjects prone to developing HTN is on the horizon. 
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