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Intrauterine growth restriction (IUGR) refers to the situation 
where a fetus does not grow according to its genetic growth 
potential. One of the main causes of IUGR is uteroplacental 
vascular insufficiency. Under these circumstances of chronic 
oxygen and nutrient deprivation, the growth-restricted fetus 
often displays typical circulatory changes, which in part repre-
sent adaptations to the suboptimal intrauterine environment. 
These fetal adaptations aim to preserve oxygen and nutrient 
supply to vital organs such as the brain, the heart, and the 
adrenals. These prenatal circulatory adaptations are thought to 
lead to an altered development of the cardiovascular system 
and “program” the fetus for life long cardiovascular morbidi-
ties. In this review, we discuss the alterations to cardiovascu-
lar structure, function, and control that have been observed 
in growth-restricted fetuses, neonates, and infants following 
uteroplacental vascular insufficiency. We also discuss the cur-
rent knowledge on early life surveillance and interventions to 
prevent progression into chronic disease.

Intrauterine growth restriction (IUGR) refers to the situation 
where a fetus does not grow according to its genetic growth 

potential. The main cause of IUGR in developed countries is 
uteroplacental vascular insufficiency (1), which drives the fetus 
to redistribute its cardiac output to preserve oxygen and nutri-
ent supply to the brain, heart, and adrenals. Although these 
adaptive circulatory changes are beneficial during intrauter-
ine life, they are thought to cause dysfunctional development 
of the cardiovascular system and “program” the fetus for life 
long cardiovascular morbidities (2). This is also known as the 
Developmental Origins of Health and Disease hypothesis, which 
postulates that insults during intrauterine and early postnatal 
development can permanently change the body’s structure, 
function, and metabolism and influence susceptibility to adult 
noncommunicable diseases (2). Despite their increased risk of 
cardiovascular disease, infants born growth restricted usually 
do not receive long-term cardiovascular follow-up. Depending 
on the definition used, IUGR can occur in up to 10% of preg-
nancies, and as cardiovascular disease is the number one cause 

of death worldwide (3), early identification of cardiovascular 
risk factors and targeted interventions in this high-risk pop-
ulation are of major clinical importance. In this review, we 
discuss the alterations of cardiovascular structure, function, 
and control that have been observed in infants born growth 
restricted and their implications for surveillance and interven-
tion to prevent progression into chronic disease.

CHALLENGES IN IDENTIFYING IUGR
The current literature uses many different definitions of IUGR, 
which may explain some of the contradicting findings dis-
cussed in this review. Traditionally, and most commonly, 
IUGR is defined as a birth weight below the 10th percentile 
for gestational age on the normative population growth curve 
(4). This definition, however, merely describes those who are 
small for their gestational age (SGA) compared to the rest of 
the population. Individual growth potential is not taken into 
consideration, leading to misdiagnosis of constitutionally 
small fetuses and failure to identify larger fetuses, who are 
in fact growth restricted (4). IUGR is better described as the 
situation where a fetus does not grow according to its genetic 
growth potential (5). It remains challenging, however, to dif-
ferentiate between SGA and IUGR. It is important to not only 
consider birth weight, but to take other markers of fetal com-
promise into account. It seems sensible to consider changes in 
growth rate of the individual fetus, rather than referencing sin-
gle measurements to the general population (4). In the case of 
uteroplacental insufficiency, fetal compromise can further be 
identified by abnormalities on multivessel integrated Doppler 
analysis, as discussed below. Some authors therefore choose 
to define IUGR as SGA with Doppler abnormalities. In line 
with this definition, markers of fetal cardiovascular compro-
mise have been related to severity of these Doppler changes 
(6,7). It is important to note however, that even SGA fetuses 
with normal Doppler indices can present with cardiovascular 
abnormalities and placental pathology (8–10), further empha-
sizing the difficulty in correctly identifying IUGR. It is thus 
of great clinical importance that future research examines the 
relationships between different markers of fetal compromise 
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and long-term cardiovascular outcome. This will allow us to 
establish a uniform definition of IUGR and help us to identify 
fetuses at increased risk of cardiovascular disease.

PRENATAL CIRCULATORY ADAPTATIONS
In uteroplacental vascular insufficiency, characteristic hemo-
dynamic changes can often be observed on multivessel inte-
grated Doppler analysis. Abnormal uterine artery Doppler 
indices are suggestive of abnormal placentation and poor 
placental function (11). The sequence of the Doppler abnor-
malities within the fetal circulation is related to the gestational 
age at onset and severity of uteroplacental insufficiency (12). 
In early onset uteroplacental insufficiency, increased placental 
resistance leads to reduced end-diastolic flow in the umbili-
cal artery. As pregnancy advances and placental resistance 
increases further, end-diastolic flow may become absent and 
eventually reversed (11). Both increasing placental resistance 
and vasoconstriction of fetal peripheral vascular beds, in addi-
tion to cerebral vasodilation, result in a preferential shift of the 
cardiac output toward the brain, which is referred to as “brain-
sparing” (11,13). Lowered cerebral vascular resistance caused 
by local vasodilation results in higher end-diastolic flow in the 
middle cerebral artery as indicated by a lower pulsatility index 
of this artery on Doppler sonography (11). An increase in mid-
dle cerebral artery peak systolic velocity can subsequently be 
detected (14). Brain-sparing can also be identified by absence 
or reversal of end-diastolic flow in the aortic isthmus (15). 
A feature of advanced blood flow redistribution is the ability to 
visualize coronary blood flow on Doppler sonography, indicat-
ing maximal redistribution to the fetal heart (“heart-sparing”) 
(11). Cardiac deterioration may occur and lead to a rise in cen-
tral venous pressure, visualized by increased pulsatility or even 
reversibility of flow in the ductus venosus or the umbilical vein 
(11). Doppler abnormalities in these venous compartments are 
considered a very worrisome sign and are thought to represent 
fetal heart failure, indicating immediate delivery is required. 
In late-onset IUGR (beyond 30 wk gestational age), the umbil-
ical artery indices usually remain within normal limits (16). 
Doppler abnormalities are frequently limited to signs of brain-
sparing such as an abnormal pulsatility index of the middle 
cerebral artery and absent or reversed end-diastolic flow in the 
aortic isthmus (15,16).

VASCULAR AND CARDIAC REMODELING
The detrimental intrauterine circumstances and the altered 
fetal hemodynamics have been shown to influence the develop-
ment of the heart and the vascular tree, resulting in structural 
abnormalities of the myocardium (17) and vessel walls (18).

vascular remodeling and arterial stiffness
Hemodynamic changes which alter shear stress and wall ten-
sion result in arterial remodeling (19). It is therefore plausible 
that the altered fetal hemodynamics resulting from IUGR have 
a significant influence on the developing vascular tree, lead-
ing to altered vascular structure. Studies in animal models of 
IUGR have shown differences in vascular wall composition 

in growth-restricted fetuses, including significantly increased 
collagen content (20). Studies have also shown that vascular 
remodeling occurs in human IUGR and are summarized in 
Table 1. In human subjects, ultrasound measurements have 
demonstrated an increased aortic intima media thickness in 
growth-restricted fetuses compared to appropriately grown 
(appropriately grown for gestational age, AGA) controls (21). 
Increased intima media thickness is believed to be a marker 
of early atherosclerosis (22). In fact, postmortem histo-
logic evaluation of the abdominal aorta of a preterm growth 
restricted stillborn revealed signs of inflammation in relation 
to the increased aortic intima media thickness, indicative of 
preatherosclerotic lesions (23). Increased aortic intima media 
thickness has also been reported within the first few days of 
life (22,24–28) and even at 6 (29) and 18 mo (21,30) post-term 
age. In addition, the abdominal aorta of neonates born growth 
restricted was found to have an increased stiffness-index 
compared to AGA peers (26,31,32). These observations, and 
especially their persistence throughout infancy, imply that the 
development of the vascular tree is altered in IUGR, leading to 
permanent changes in vascular structure and function, which 
may contribute to an increased risk of cardiovascular disease 
later in life.

Cardiac Remodeling
Most of our knowledge regarding cardiac remodeling in IUGR 
is derived from animal models. In these studies, the cardio-
myocytes showed reduced maturation (33) and an increased 
rate of apoptosis (34). The cardiomyocytes also displayed dis-
rupted arrangement and architecture, including shorter sarco-
mere length (34). Only two studies have investigated cardiac 
histology in human growth-restricted fetuses, both of which 
suggest that cardiac remodeling is also present in humans. 
Iruretagoyena et al. (17) conducted a postmortem study on 
nine severe growth-restricted and nine AGA fetuses. Compared 
with AGA subjects, the sarcomere length of growth-restricted 
fetuses was significantly shorter. As shorter sarcomeres con-
sume less energy when contracting over a smaller distance, the 
authors proposed that this might be an adaptive mechanism 
to chronic oxygen and nutrient deprivation. However, shorter 
sarcomere length compromises contractility, which can lead to 
systolic dysfunction. A similar study, conducted by Takahashi 
et al., (35) showed that growth-restricted fetuses displayed 
thinner cardiomyocytes, indicating hypoplasia of the myocar-
dial fibers, a slight maturational delay of the cardiomyocytes 
and reduced glycogen storage.

CARDIAC MORPHOLOGY
Cardiac remodeling and the altered fetal hemodynamics also 
influence cardiac morphology (Table 2). In IUGR, the heart 
experiences an increased afterload, which is initially caused by 
increased placental resistance and is sustained by peripheral 
vasoconstriction and vascular remodeling. As a result, some 
infants may develop cardiac hypertrophy, as demonstrated by 
an increased interventricular septal thickness compared to 
AGA controls (10,36–38). However, it is not just hypertrophy 
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that has been reported. The ratio of the left ventricular wall 
thickness to diastolic diameter (“relative wall thickness”) has 
been found to be decreased in infants born growth restricted 
compared to their AGA peers, indicating dilation of the ven-
tricle (eccentric hypertrophy) (37,39). Another measure that 
is used to detect ventricle dilation, the left ventricular end dia-
stolic internal diameter, has been found to be greater in infants 
born growth restricted than in AGA controls (38,40), although 
this finding has not been consistently reported (6,41). Dilation 
of the left atrium has been demonstrated by an increased left 
atrium/aortic root ratio in comparison to AGA controls (26). 
Cardiac changes in IUGR are thus most often described as car-
diomyopathy-like, with dilated ventricles and a more globular 
cardiac shape compared to controls (10,26,32,34,37–40,42).

CARDIAC FUNCTIONAL IMPAIRMENT
Alterations in cardiac structure and shape can lead to func-
tional impairment of the heart. Many studies have shown 
cardiac changes in both systolic and diastolic function in 
growth-restricted fetuses and these cardiac alterations appear 
to persist postnatally (Table 2).

Global Cardiac Function
A recent study demonstrated that neonates born growth 
restricted show greater variability in the duration of cardiac 
repolarization than controls, indicating electrophysiological 
instability (43). These findings were accompanied by signs 
of diastolic dysfunction and may thus be related to underly-
ing structural and mechanical changes within the heart (43). 
Altered cardiac electrical activity may predispose individuals 
born growth restricted to electrophysiological events, which 
is especially important to consider when drugs that can pro-
long repolarization are prescribed. Global cardiac perfor-
mance can be assessed on echocardiography by the myocardial 
performance index (MPI), also known as the Tei index. An 
increase of this index, representing diminished systolic and/
or diastolic function, has been reported in fetuses, with even 
mild IUGR (7,44,45). The MPI has been shown to progres-
sively increase with fetal deterioration (7) and it appears to 
have a negative association with perinatal outcome (including 
5-min Apgar score, cord pH, and perinatal mortality) (7,46). 
An increased MPI has also been found in neonates following 
IUGR (37,40,43) and has even been reported in infants born 
growth restricted up to 3 mo of age (40), suggesting that car-
diac dysfunction, although subclinical, can persists beyond the 
fetal and neonatal period.

Systolic Function
Growth-restricted fetuses show reduced peak systolic veloci-
ties in the major cardiac outflow tracts (47,48) as well as 
diminished ejection force (the force by which the left and right 
ventricles accelerate blood into the aorta and pulmonary artery 
respectively) (49). These findings may be the result of compro-
mised systolic function (48). They are however more likely to 
result from increased afterload in relation to high placental 
resistance, since most growth-restricted fetuses are capable of 

maintaining their cardiac output (7,48,50) and the majority 
of studies also report normal postnatal systolic function (10,36–
41,51). Fractional shortening and ejection fraction, both mea-
surements that give an indication of left ventricular pump 
function, have been found to be similar in growth-restricted 
and AGA neonates and infants (10,36–41). In most studies, 
cardiac output of neonates and infants born growth restricted 
has also been found comparable to controls (36–38,40,51). 
Moreover, increased stroke volume and cardiac output have 
been reported in neonates born growth restricted during the 
first few days of life, which may represent a compensatory 
mechanism to intrauterine hypoxia (37,38,52). Nevertheless, 
prolonged exposure to increased afterload and cardiac remod-
eling may eventually result in systolic dysfunction. A reduc-
tion in stroke volume in neonates born growth restricted has 
been reported in a few studies (26,37,51), although a compen-
satory increase in heart rate usually maintains cardiac output 
(37,51). In one study, however, the reduction in stroke volume 
was not compensated for by an increase in heart rate, result-
ing in a lower cardiac output in growth restricted compared 
to AGA term neonates (26). Within this study, compromised 
systolic function further presented as a reduction in fractional 
shortening (26). A reduction in fractional shortening and a 
decrease in stroke volume may not only relate to impaired sys-
tolic function, but may also be related to diastolic dysfunction, 
as suggested by an increase in isovolumetric relaxation time in 
the study by Seghal et al. (26). Impairment of left ventricular 
relaxation compromises ventricular filling resulting in reduced 
end-diastolic volume and thus decreased stroke volume (53). 
This phenomenon is exacerbated when heart rate increases. 
Thus, a higher heart rate would not compensate for a decreased 
stroke volume under these circumstances, and may even fur-
ther compromise systolic cardiac function.

Diastolic Dysfunction
As mentioned previously, increased isovolumetric relaxation 
time—which represents poor myocardial relaxation—suggests 
diastolic functional impairment following IUGR (10,26,37). 
Diastolic function can also be assessed by the E/A ratio, which 
represents the ratio between passive diastolic ventricular filling 
and additional active filling during atrial contraction (E- and 
A-wave on Doppler signal). Contrasting results for the E/A 
ratio have been reported in growth-restricted fetuses, neonates, 
and infants. Some studies have shown a lowered E/A ratio 
compared to AGA controls (37,54), suggesting increased stiff-
ness of the ventricular walls and delayed relaxation. However, 
others have found similar (10,41) or increased (26,40) ratios. 
In adults with progressing diastolic dysfunction, a lowered E/A 
ratio is followed by “pseudo-normalization” and a subsequent 
increase of the ratio (53). Conflicting results could thus poten-
tially reflect different stages of diastolic dysfunction.

Biochemical Evidence of Cardiac Deterioration
Several studies have provided biochemical evidence of myo-
cardial strain. B-type natriuretic peptide (BNP), which is a pro-
tein secreted by the heart in response to volume and pressure 
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overload, and which is considered indicative for heart failure 
in adults, was elevated in cord blood and postnatal blood 
samples from newborns born growth restricted compared to 
AGA controls (6,7,50,55). These findings provide more evi-
dence to suggest that the fetal heart suffers from the unfavor-
able intrauterine conditions. In fact, the increase of BNP was 
significantly correlated with the severity of prenatal Doppler 
findings (6,7,50,55), suggesting that BNP correlates with dete-
riorating cardiac condition. BNP was also found to be elevated 
in growth-restricted neonates on the second day of life (37), 
although measurements on the fifth postnatal day were no 
longer different between growth-restricted and AGA neonates 
(37). Moreover, cardiac troponin T and I, which are markers 
for myocardial cell damage, have been detected at birth (56,57) 
and at 5 d of age (41) in neonates born growth restricted.

AUTONOMIC CARDIOVASCULAR CONTROL
Altered cardiovascular function may not only be due to struc-
tural changes, but may also be related to adaptations in auto-
nomic cardiovascular control. Modulation of heart rate is 
regulated by both the sympathetic and parasympathetic auto-
nomic nervous system and neurocardiac function and sympa-
thovagal balance can be investigated by the means of heart rate 
variability (HRV) analysis (58).

HRV In Growth-Restricted Fetuses and Infants
Fetal HRV can be monitored by means of cardiotocogra-
phy and these recordings are taken into consideration when 
deciding upon obstetric management. A decline in fetal HRV 
is thought to indicate fetal compromise. Several studies have 
shown reduced HRV in growth-restricted fetuses compared to 
AGA peers, indicating that these fetuses are compromised by 
the unfavorable intrauterine environment (59–62). Moreover, 
lowered HRV has been clearly associated with fetal acidemia 
and hypoxia (63). Postnatally, infants born growth restricted 
may continue to display lowered HRV compared to their AGA 
peers throughout the first days (64) and even months (65) of 
life, indicating altered development of cardiovascular control.

Sympathovagal Balance in Growth-Restricted Fetuses and 
Infants
Information regarding the contribution of the sympathetic and 
parasympathetic nerve system in cardiovascular control can be 
derived from HRV analysis (58). Although controversy regard-
ing this subject exists, low-frequency alterations in heart rate 
are generally accepted to be influenced by both branches of 
the autonomic nerve system, whereas high-frequency changes 
in heart rate represent the fast acting parasympathetic branch 
only (58). Moreover, the ratio between low-frequency and 
high-frequency HRV may represent sympathovagal balance. 
Growth-restricted fetuses were found to have reduced low-
frequency/high-frequency ratio, which could be caused by 
increased parasympathetic activity as part of an energy pres-
ervation strategy when exposed to chronic oxygen and nutri-
ent deprivation (60,66). In support of this, growth-restricted 
fetuses display less movements (67) and spend more time in Ta
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a quiet behavioral state (68) in which parasympathetic activ-
ity prevails (69). In contrast to the results found in growth-
restricted fetuses, a relative increase in sympathetic activity 
has been reported in growth-restricted term born infants up to 
3 mo of age (65,70,71). Sympathovagal imbalance, with a pre-
dominance of sympathetic activity, is strongly related to hyper-
tension and other risk factors for cardiovascular disease (72) 
and these findings may thus help explain the increased risk of 
cardiovascular disease in the IUGR population. Nevertheless, 
as shown in Table 3, not all studies report differences in HRV 
and sympathovagal balance between growth-restricted and 
control subjects (73). This may be due to the heterogeneous 
populations studied and diversity of methodology employed.

BLOOD PRESSURE FOLLOWING IUGR
Increased arterial stiffness and sympathetic overactivity 
may influence blood pressure. It is not surprising that sev-
eral studies have reported increased blood pressures in neo-
nates (26,32,37), infants (10,29), children, (30,42) and adults 
(74) born following IUGR. Nevertheless, there are also many 
reports which do not show an inverse relationship between 
birth weight and blood pressure at various ages (75). These 
conflicting results demonstrate that the relationship between 
fetal growth and blood pressure is complex (75). Factors such 
as postnatal growth have been shown to greatly influence this 
relationship (76). Moreover, methodological difficulties and 
inconsistencies have most likely contributed to the conflicting 
results reported.

POSTNATAL GROWTH
Rate of prenatal growth may not be the only contributing fac-
tor to cardiovascular abnormalities following IUGR. Some 
infants born growth restricted show exaggerated postnatal 
growth, as expressed by crossing growth percentiles during 
infancy, so called “catch-up growth”. It is now believed that 
these individuals in particular are at increased risk of develop-
ing cardiovascular disease. In fact, one of the first cohort stud-
ies linking low birthweight to cardiovascular disease showed 
that girls with low birth weight but highest weight at 1 y of 
age were at particular risk of coronary heart disease in adult 
life (77). Other studies have confirmed that the rate of postna-
tal growth (rather than birth weight alone) contributes to car-
diovascular risk factors (78). The thrifty phenotype hypothesis 
proposes that intrauterine nutrient deprivation leads to meta-
bolic and hormonal adaptations promoting energy conserva-
tion in the growth-restricted fetus (79). These include a level 
of insulin-resistance to ensure adequate glucose supply to the 
brain at the expense of other organs and also altered adipose 
tissue metabolism (79). These permanent alterations become 
detrimental when the individual is exposed to a relative over-
abundance of nutrients in the postnatal period, predisposing 
to the metabolic syndrome and type 2 diabetes mellitus, add-
ing to the cardiovascular risk (79). In support of this hypoth-
esis, in a rat model of IUGR, cardiac interstitial fibrosis was 
not only greater in growth resticted compared to AGA rats, but 
greatest in those growth restricted exposed to hyperglycemia, 

demonstrating a synergistic effect of IUGR and metabolic 
derangement (80).

CONFLICTING FINDINGS
Although many studies demonstrate cardiovascular abnor-
malities following IUGR, this review also highlights that many 
conflicting findings have been reported within this field of 
research. Conflicting results may be explained by diversity 
of methodology and heterogeneity within and between study 
populations (as shown in Tables 1, 2, and 3). Firstly, it is impor-
tant to differentiate between studies conducted within preterm 
and term born growth-restricted infants, as prematurity in 
itself has been shown to affect cardiovascular control and func-
tion (58). Nevertheless, even within these distinct populations, 
contrasting results have been reported regarding cardiac func-
tion following IUGR (Table 2). Many different definitions of 
IUGR have been used within the current literature, as to date 
no uniform definition of IUGR is in place. This may have also 
contributed to discrepancies found. Furthermore, the current 
literature does not differentiate between the underlying causes 
of IUGR. The etiology of uteroplacental insufficiency is exten-
sive, including smoking, essential hypertension, preeclampsia, 
and diabetes mellitus (1). The cause of uteroplacental insuf-
ficiency, timing of onset, and severity of disease influence feto-
placental hemodynamics, most likely resulting in different 
cardiovascular phenotypes. It is of great importance that future 
research takes these factors into account.

SURVEILLANCE AND INTERVENTION
As discussed above, many studies have demonstrated a broad 
range of (subclinical) cardiovascular abnormalities in growth-
restricted fetuses and neonates, which appear to contribute to 
the increased cardiovascular risk in adulthood. As discussed 
previously, however, it remains difficult to correctly diagnose 
IUGR. Diversity of methodology and heterogeneity within 
and between study populations have led to conflicting results 
in the current literature, limiting our ability to correctly iden-
tify those fetuses at increased risk of compromised cardiovas-
cular outcome. Moreover, due to the paucity of longitudinal 
studies investigating cardiovascular development and func-
tion throughout infancy, we currently have no understand-
ing of how these cardiovascular abnormalities evolve over 
time and how they may progress into clinical cardiovascular 
disease. The scarcity of information regarding these topics 
limits our opportunities to establish adequate follow-up and 
interventions.

Identifying Those at Risk: Could Fetal Responses to Antenatal 
Corticosteroids be Helpful? 
In early onset IUGR, severity of prenatal Doppler findings 
might allow us to identify those fetuses who are most compro-
mised. A study by Robertson et al. (81) has suggested that the 
pattern of blood flow changes in the umbilical artery following 
corticosteroid administration, given prior to preterm birth in 
order to promote lung maturation, predicts neonatal outcome. 
In most pregnancies, a transient return of end-diastolic flow 
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was observed following antenatal corticosteroid administra-
tion (81). In one third of their population, however, absent 
end-diastolic flow persisted, and neonates from this group 
showed worse perinatal outcomes (81). Although the physi-
ological mechanisms underlying these changes are not fully 
understood, persistence of absent or reversed end-diastolic 
flow in the umbilical artery following corticosteroid adminis-
tration may represent pregnancies with more severe placental 
insufficiency, thus putting the fetus at a higher perinatal, and 
potentially cardiovascular, risk.

Prenatal Intervention
Placental insufficiency leading to chronic fetal hypoxia and 
increased oxidative stress have been proposed as the likely 
underlying pathophysiologic mechanisms of cardiovascular 
programming related to IUGR (82). Much research has been 
devoted into antenatal therapies to improve placental blood 
flow, e.g., sildenafil (83), or to reduce oxidative stress by the 
use of antioxidants, e.g., melatonin (84). These therapies may 
offer potential new treatment strategies to ameliorate the 
negative effects of chronic fetal hypoxia on the developing 
cardiovascular system.

Postnatal Follow-up and Intervention
Few studies have investigated cardiovascular structure and 
function throughout infancy. The available studies indicate that 
increased arterial and ventricular wall thickness and cardiac 
dilatation persist beyond the neonatal period (10,36,40,41). 
Moreover, autonomic cardiovascular control also appears to 
be permanently altered following IUGR (65). Nevertheless, 
an improvement of cardiovascular function (as investigated 
by the MPI and E/A ratio) has been reported despite persis-
tent structural alterations (10,40). This is in contrast to results 
obtained from studies in older children, which demonstrated 
subclinical cardiovascular dysfunction at various ages beyond 
the first year of life (30,42). From these findings, we speculate 
that, although underlying structural abnormalities and altera-
tions in cardiovascular control persist, infants born growth 
restricted may initially be capable of restoring full cardiovas-
cular function. We hypothesize that during development and 
under the influence of other risk factors (such as excessive 
catch-up growth or exposure to external risk factors), cardio-
vascular function may again become compromised and pro-
gression into chronic cardiovascular disease may occur. We 
believe that infancy and early childhood may thus create a 
window of opportunity for interventions preventing progres-
sion to chronic disease. Monitoring postnatal growth to pre-
vent excessive weight gain could be part of this strategy. Recent 
studies have indicated that supplementation with ω-3 fatty 
acid during infancy and early childhood can prevent excess 
arterial wall thickening (85) and reduce blood pressure (86) in 
those born growth restricted. Further research is necessary to 
investigate how cardiovascular abnormalities following IUGR 
progress throughout early life and to determine how preven-
tive lifestyle interventions may avoid progression into chronic 
cardiovascular disease.

CONCLUSIONS
Although conflicting findings have been reported, the majority 
of the available literature suggests a negative effect of IUGR on 
the developing cardiovascular system. It is important to note 
that most cardiovascular alterations are subclinical and have 
not consistently been reported to translate into cardiovascular 
disease. It thus also remains unclear, which IUGR subgroups 
are at greatest risk of developing cardiovascular sequelae in 
later life. Moreover, due to the paucity of longitudinal studies 
investigating cardiovascular function, we currently have very 
little understanding of how these cardiovascular alterations 
related to IUGR develop throughout early life and how they 
may progress into chronic disease. Longitudinal studies, using 
a uniform definition of IUGR and taking into account the dif-
ferent causes of IUGR are required to gain insight in possible 
opportunities for early intervention to improve life-long health 
outcomes for individuals born IUGR.
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