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Abstract

Intrauterine hypotrophy is an important, dangerous, and increasingly common complication of pregnancy. 
It is also the most common factor identified in cases of stillbirth. Intrauterine growth restriction plays a sig-
nificant role in short- and long-term outcome and is associated with brain damage and neurodevelopmental 
impairment. Perinatal asphyxia is observed in 50% of the population of growth-restricted infants, who are 
also more prone to early complications such as intraventricular haemorrhage, necrotising enterocolitis, per-
sistent pulmonary hypertension, hypoglycaemia, or hypothermia. There are also long-term consequences of 
intrauterine growth retardation, projecting into adult life, such as increased risk of cardiovascular disease, en-
docrine disorders, renal dysfunction, or metabolic syndrome. These observations are consistent with Barker’s 
hypothesis, now referred to as the “developmental origins of health and disease”. This article is a review of the 
literature regarding early and long-term complications as well as cardiovascular risk in this group of patients.
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Barker’s hypothesis

In 1990, Professor David J. P. Barker published a con-
troversial (in those times) hypothesis of the foetal genesis 
of adulthood diseases [1]. He found the link between foe-
tal growth and risk of cardiovascular disease. According 
to its assumptions, the shortage of nutrients and oxygen 
leads to permanent changes in the body of the foetus, 
having unfavourable consequences in adulthood. The ex-
act molecular mechanisms are still unknown, but there 
are many correlations between unfavourable intrauterine 
conditions and changes in gene expression, signalling and 
metabolic pathways, abnormal mitochondrial function, 
and even epigenetic changes transmitted to subsequent 

generations, especially when occurring during critical 
periods of foetal development [2].

The structure and function of many important organs 
are changed, also due to the limitation of cell division as 
a response to an adverse intrauterine environment.

In addition to the direct impact of malnutrition on the 
slowdown of cell division, a significant role is also played 
by a reduced concentration of hormones affecting foetal 
growth, and therefore primarily insulin and growth hor-
mone.

These modifications permanently adapt the newborn’s 
organism to life in conditions of nutritional deficiencies; 
however, in the situation of proper supply of nutrients, 
they may lead to obesity, insulin resistance, type 2 dia-
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betes, and the onset of metabolic syndrome [3]. Recent 
studies have shown the existence of these mechanisms 
also in the case of excessive nutrition – in newborns of 
obese mothers, and also in an animal model when using 
a high-fat diet in pregnant female rats [4].

Barker’s hypothesis has opened a new avenue of re-
search on the essence of adulthood diseases, mainly car-
diovascular diseases, hypertension, diabetes, and dyslipi-
daemia. For years, further reports confirming the truth of 
the theory of “foetal programming” have been appearing 
in the literature, now referred to as “developmental ori-
gins of health and disease”.

A model example of the effect of insufficient nutrition 
and hypoxia on the foetus is hypotrophy of the foetus, 
which for many years has been very popular with scien-
tists proving the truth of Barker’s hypothesis.

Foetal hypotrophy

Intrauterine growth restriction (IUGR) is a signif-
icant, dangerous, and increasingly common complica-
tion of pregnancy, which is also the most frequently ob-
served pathology in pregnancies ending with stillbirth 
[5]. It is estimated that it occurs with varying frequency 
from 3% to 10% in developed countries; in poorly and 
medium-developed countries in 2010 the percentage of 
growth-restricted among all live-born newborns was 
27%, with the highest incidence in South Asia [6].

Intrauterine hypotrophy is a broad concept, in clinical 
practice the diagnosis is based on the finding of a birth 
weight below the 10th percentile for gestational age. This 
group includes newborns constitutionally small in rela-
tion to gestational age and newborns in whom growth 
has been restricted due to adverse factors – maternal, foe-
tal, environmental, and most frequently placental, so the 
newborn does not reach its growth potential.

The terms small for gestational age (SGA) and IUGR 
may overlap; however, they are not identical. A low birth 
weight may or may not be the result of inhibition of 
growth; in a similar way, a newborn with an intrauter-
ine growth restriction may be born with a body weight 
above the 10th percentile [7]. Appropriate diagnosis of the 
pathomechanism of foetal growth restriction is extremely 
important due to the determination of the risk of both 
early and late complications. The classification of intra-
uterine hypotrophy and literature evaluation is difficult 
due to the alternate use of SGA and IUGR concepts by 
many authors, and different inclusion criteria are also ad-
opted. According to the WHO definition, foetal growth 
restriction is found when the birth weight is below the 
third percentile, while the ACOG assumes the limit of the 
10th percentile. The criterion of two standard deviations 
in relation to the average body weight is also accepted. 

In prenatal ultrasound diagnostics, it is extremely 
important to detect abnormal growth of the foetus, and 
secondly distinguish healthy foetuses – constitutionally 

small from those exposed to adverse factors that led to 
growth restriction. In assessing the risk of IUGR compli-
cations, it is also important to assess the haemodynam-
ic changes with the occurrence of redistribution and in 
more severe cases of circulatory centralisation as well 
as the distinction between early- and late-onset growth 
restriction. The boundary between early- and late-onset 
IUGR is the 32nd week of pregnancy, as determined by 
a large cohort study [8]. The occurrence of IUGR below 
32 weeks of gestation is most often associated with serious 
abnormalities of the placental function, thus increasing 
haemodynamic disturbances are observed, with increased 
placental resistance and foetal circulation redistribution, 
which also often contributes to the need for premature 
delivery. In this phenotype, IUGR is more often associat-
ed with preeclampsia and then in late-onset IUGR (35.1% 
vs. 12.1%, p < 0.001).

In contrast to early-onset, the late-onset IUGR is as-
sociated with mild placental dysfunction, less severe hae-
modynamic abnormalities, and is rarely associated with 
pregnancy-induced hypertension. Late-onset IUGR is 
also associated with an increased risk of both early and 
long-term complications, although less pronounced. 
The mortality rate is also significantly lower compared 
to foetuses diagnosed with foetal growth restriction 
before 32 weeks of gestation [9]. Early onset of IUGR, 
complicated by prematurity, is a high-risk factor for early 
complications – such as necrotising enterocolitis (NEC), 
intraventricular haemorrhages (IVH), or retinopathy 
of prematurity (ROP), mainly as a result of circulatory 
redistribution favouring vital organs – heart and brain. 
The study showed a significantly higher risk of IVH, ROP, 
and NEC in prematurely born infants with intrauterine 
growth restriction compared to premature babies born 
with age-adequate body weight [10].

This risk is greater in the case of a known pathologi-
cal energetic triangle. This group includes newborns ex-
posed to hypoglycaemia, hypoxia, and hypothermia in 
the first hours of life. In a study of 159 newborns divided 
into three groups: early preterm, late-preterm, and term, 
surprisingly, the most exposed to pathological energetic 
triangle was a group of late-preterm newborns [11].

IUGR foetuses are also more exposed to the occur-
rence of neurodevelopmental disorders, which can also 
affect small for gestational age newborns with normal 
umbilical artery Doppler [12].

Long-term consequences of intrauterine hypotrophy, 
which have an impact on adult life, increase the risk of 
cardiovascular diseases, endocrine disorders, kidney dys-
function, or metabolic syndrome. These observations are 
in line with Barker’s hypothesis about the developmental 
genesis of adults’ diseases, which are currently a major 
problem of our civilisation [13–15].

In 1984, an animal model study published by Jones 
et al. revealed significant differences between small vs. 
appropriate for gestational age in the function of the 
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endocrine system. In the SGA group were observed to 
have lower concentration of glucose, insulin, and thyroid 
hormones. In this group hypocortisolaemia was also ob-
served, but secretion of androstenedione and glucagon 
was elevated [16]. In group of growth-restricted foetuses 
a phenotype of progressive loss of β-cell mass and func-
tion was also observed [17, 18].

There were also disturbances in the axis of the growth 
hormone and insulin-like growth factors with a signifi-
cantly lower insulin-like growth factor-1 secretion, and 
increased insulin-like growth factor-2 secretion in com-
parison with correctly growing foetuses [19]. Both IGF-1 
and IGF-2 play an important role in embryogenesis of 
the myocardium. Expression of IGF-2 in the early phase 
of pregnancy is regulated by erythropoietin, secreted by 
hypoxic cells of the embryo before stimulation of the pla-
centa, and as a result proliferation and differentiation of 
the myocardium cells is stimulated. In later stages of preg-
nancy, IGF-2 expression is regulated by the glucose and 
oxygen levels [20].

In growth-restricted compared to healthy neonates, 
predictors of cardiovascular complications such as endo-
thelial dysfunction [21] and higher values of intima-me-
dia thickness (IMT), measured in the aorta wall, were 
observed [22]. Higher values of IMT were also correlat-
ed with high serum triglyceride concentration [23], and 
negatively correlated with IGF-1 concentration, in both 
healthy and hypotrophic newborns [24]. 

Growth restricted newborns are also at high risk of 
developing hypertension in later life, most likely due to a 
reduced number of nephrons, as well as abnormalities in 
the renin-angiotensin-aldosterone system and the func-
tion of tubular transporters [25]. The link between lower 
nephron number and hypertension was explain by the 
hyperfiltration theory of Brenner, in which lower neph-
ron number results in a compensatory high glomerular 
filtration rate in each nephron and may lead to hyperten-
sion and renal injury [26]. In opposition to Barker’s hy-
pothesis, the multi-hits theory remains, which manifests 
foetal programming as a basis for the development of 
adulthood diseases on which the next strokes in the form 
of “catch-up growth” and incorrect diet during further de-
velopment are superimposed. Some studies showed that 
the reduction in the number of nephrons alone is not 
sufficient to cause hypertension, whereas the previously 
described endothelial dysfunction, and in particular the 
main trigger, is the impairment of nitric oxide-dependent 
relaxation of the vessels [27]. 

In addition to metabolic, hormonal, and vascular 
changes that increase the risk of cardiovascular diseases, 
morphological changes in the structure of the myocardi-
um itself and changes in systolic and diastolic function 
were also observed [28, 29].

This is probably the effect of haemodynamic changes 
with circulatory redistribution. As a result of hypoxia, the 
activity of the sympathetic nervous system increases, and 

this leads to increased peripheral resistance and reduction 
of the right ventricular preload. As a response to hypoxia, 
left ventricular inflow is significantly higher due to reflex 
vasodilatation of cerebral vessels. In the same mechanism, 
the coronary circulation is also increased. As a result of 
these changes, foetal left ventricular pre- and afterload 
are significantly higher than in normal physiological 
pregnancy [30], and this in turn leads to left ventricular 
overload.

Crispi et al. described the progression of subclinical 
foetal cardiac dysfunction and an increase in the activ-
ity of myocardial injury biomarkers, depending on the 
degree of intrauterine growth retardation, based on the 
three-step scale of blood flow in the umbilical artery in 
diastole (current/absent/reverse flow). Subclinical heart 
dysfunction was already observed in benign forms of 
IUGR, with marked progression with the degree of pla-
cental insufficiency. Heart function was evaluated based 
on cardiac output, E/A ratio on the mitral and tricus-
pid valves, end-diastolic dimension of the left and right 
ventricle, and the myocardial performance index (MPI) 
[31]. Two years later, Comas et al. demonstrated the ex-
istence of both systolic and diastolic heart dysfunction in 
this group of patients in a study using the tissue Doppler 
function [32].

Although, in these publications the cardiac output did 
not differ in the examined groups, based on the analysis 
of haemodynamic changes in foetal magnetic resonance 
imaging, the existence of redistribution of blood circu-
lation, probably resulting from the response to hypoxia 
and the need to protect vital organs, and thus the brain, 
heart, and adrenal glands, which explains the increased 
flow through the superior vena cava in growth-restricted 
foetuses [33]. Similar conclusions were presented by Fou-
zas et al. in 2014. The authors, on the basis of advanced 
echocardiographic methods, showed in the IUGR new-
borns left ventricular dysfunction, ventricular septum 
hypertrophy. End-diastolic left ventricular volume was 
significantly higher in comparison with eutrophic new-
borns [34].

In 2013, Tsyvian et al. and later Sehgal et al. published 
the results of studies showing statistically more frequent 
occurrence of impaired heart relaxation in neonates small 
for gestational age, most likely as a result of chronic intra-
uterine hypoxia.

Studies have also shown that in intrauterine growth 
restricted newborns there is an adverse remodelling of the 
myocardium, with left ventricular hypertrophy [35, 36].

Myocardial remodelling and vascular changes 
were also described in a population of 80 intrauter-
ine growth-restricted children with mean age of five 
years, compared to 120 healthy children. In the foetal 
growth-restricted (FGR) group globular cardiac shape 
and systolic and diastolic dysfunction were observed. 
Stroke volume, and systolic mitral and tricuspid annu-
lar plane systolic excursion were decreased both in mild 
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and severe FGR [37]. These unfavourable effects were ob-
served in both early- and late-onset IUGR newborns [38].

Myocardial remodelling was already observed at the 
cellular level. On the basis of experimental studies on 
an animal model, in foetuses with intrauterine growth 
restriction, changes in the structure of myocardial cells 
were demonstrated, which mainly concerned the left ven-
tricle. The number of myocardium cells of the left ventri-
cle was smaller, but with a larger volume compared to the 
right ventricle, as well as in relation to the control group. 
The number and length of the microcirculatory vessels of 
the left ventricle were also decreased [39]. 

Interestingly, the rodent model showed the effect of 
intrauterine growth restriction induced by uteroplacental 
insufficiency on left ventricular hypertrophy and devel-
oping of hypertension, not only in the first generation, 
but also in the next generation of rats, which were not 
exposed to placental insufficiency. These studies can con-
firm the important role of foetal programming [40].

Conclusions

IUGR is a very serious complication of pregnancy that 
adversely affects all aspects of the developing organism. 
So far, studies have demonstrated the effect of intrauter-
ine growth restriction on the risk of early and late com-
plications, as well as persistent epigenetic, metabolic, and 
hormonal changes that originally adapt the body to life in 
conditions of limited access to nutrients. However, nor-
mative or increased supply of protein, carbohydrates, and 
fat in the first years of life can lead to the development 
of various types of complications, including insulin resis-
tance, metabolic syndrome, obesity, and type 2 diabetes, 
although there are also theories that foetal programming 
itself is not enough to induce late complications. It is, how-
ever, an important basis for an increased risk of adulthood 
diseases if it is joined by other unfavourable factors such as 
an intensified process of “catch up growth”, incorrect diet 
profile, lifestyle, and drugs. It also seems to be an extreme-
ly important impact of growth restriction on myocardial 
remodelling, especially because there are studies describ-
ing changes in the structure and function of the myocar-
dium not only in the early postnatal period, but also in 
middle childhood and in pre-schoolers born as SGA new-
borns. Further research on large groups of newborns with 
intrauterine growth restriction is needed, with long-term 
and several-year follow-up with echocardiographic evalu-
ation of left ventricular structure and function. 

All these described complications increase the risk of 
cardiovascular diseases and in relation to such burdens, 
and information about the perinatal period should always 
be taken into account in the interview; in the case of in-
trauterine hypotrophy, the patient should be given special 
care with instructions to the patient about prophylactic 
behaviour, the use of appropriate diet, lifestyle, physical 
exertion, and periodic blood pressure control.
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