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Perinatal adaptation is a complex process with dramatic alterations in the function of organ 

systems and metabolic processes. Along with these alterations the activation of renin-

angiotensin system also occurs. Disturbances of the activity of renin-angiotensin system may 

have a role in the development of complications during perinatal adaptation in the preterm 

neonate. 

Genetic polymorphisms may have an impact on the functionality of renin-angiotensin system. 

Most data are available concerning the I/D polymorphism of angiotensin converting enzyme 

and A1166C polymorphism of angiotensin II type 1 receptor. The aim of our studies was to 

investigate whether there is any association between carrier state of these polymorphisms and 

risk of complications such as circulatory failure, ductus arteriosus Botalli and acute renal 

failure. 

We have enrolled preterm neonates born with low birth weight (≤1500 gram). Preterm 

neonates were grouped according to the presence of the investigated complications (i.e. 

infants with and without circulatory failure; infants with and without ductus arteriosus 

persistent on the 5th postnatal day; infants with and without acute renal failure). We 

determined the distribution of the investigated genetic polymorphisms in each group and 

adjusted the observed associations for the known risk factors of the complications. 

We have demonstrated that carrier state of D allele of angiotensin converting gene 

polymorphism is protective against circulatory failure; ductus arteriosus is closed before the 

5th postnatal day in each infant carrying 1166CC genotype of angiotensin II type 1 receptor. 

Carrier state of investigated polymorphisms was not associated with the risk of acute renal 

failure. 

We concluded that functional polymorphisms may have an impact on perinatal adaptation 

and, therefore, some may enhance short term survival (although this hypothesis should be 

verified with a larger patient number). Those polymorphisms were found to be protective 

against perinatal complications that have been linked with increased cardiovascular morbidity 

and mortality in the adult. This finding raises the possibility that the observed increased 

susceptibility of adults born with low birth weight to cardiovascular disease may be the 

result, at least partly, of carrier state of some genetic polymorphisms. 

 



Introduction  

 

 It is not surprising that a clinical practitioner when deciding to do research chooses a 

field that largely affects his patients morbidity and mortality. The aim of the present work to 

obtain data about the implication of some genetic polymorphisms in three different, but 

mutually linked perinatal complications. Acute renal failure, persisting ductus arteriosus 

Botalli and circulatory failure develop during the first few postnatal days in a large proportion 

of preterm infants born under 1000 gram birth weight.  

There are several vasoregulatory systems in the human body. The renin-angiotensin 

system (RAS) is one of the most important regulatory systems. The angiotensin II, its effector 

molecule plays a central role in the maintenance of basal vasal tone. Angiotensin II exerts a 

generalized vasoconstrictor effect, increases norepinephrine relesase in the sympathetic 

nerves, increases heart rate and contractions, stimulates sodium reabsorption in proximal 

tubules, potentiates adrenal aldosterone excretion, increases cellular growth both in left 

ventricular wall and arterial walls. 

During the last decade several studies support that the activity of RAS is affected by 

genetic polymorphisms. The levels of angiotensin converting enzyme (ACE) show a great 

inter-individual variability. Half of this variability has been attributed to the presence of 

insertion/deletion polymorphism of ACE that corresponds to the presence (I allele) or the 

absence (D allele) of a 287 oligonucleotide sequence at the 16th intronic region. The 

genotype affects ACE plasma levels and activity; the presence of D-allele is associated with 

higher ACE levels. The higher ACE activity has profound clinical consequences: several data 

support that carriers of D allele are a tan increased risk for cardio-vascular disorders. 

The activity and efficacy of RAS is influenced by another polymorphism, the genetic 

polymorphism of the type 1 receptor of angiotensin II, which is characterized by an adenine – 

cytozine change at site 1166. Several studies support that the efficacy of angiotensin II 

increases int he presence of C allele. 

The clinical significance of ACE I/D and AT1R A1166C genotypes has been extensively 

investigated in the adult; data about children are limited; while only a few data are available 

concerning their importance in term and preterm neonates. 

The aims of our research team was to test the association between (patho)physiologic 

changes in preterm infants and carrier state of RAS polymorphisms. We investigated whether 

there is any correlation between RAS genotype and the risk of the most important perinatal 

complications. 



 

 

The purposes of our work to get an answer to the following questions: 

 

 

Is there any association between carrier state of functional genetic 

polymorphisms of the renin-angiotensin system and the risk of perinatal 

circulatory failure of the preterm newborn? 

 

Is there any association between carrier state of functional genetic 

polymorphisms of the renin-angiotensin system and the risk of patent ductus 

arteriosus of the preterm newborn? 

 

Is there any association between carrier state of functional genetic 

polymorphisms of the renin-angiotensin system and the risk of acute renal 

failure in the preterm newborn? 



Patients 

 

To our studies we enrolled preterm infants with very low birth weight (≤1500 gramm) 

born between 1996 and 2003. The majority of the infants were treated at the NICU centers of 

the 2nd Department of Obstetrics and Gynecology, Semmelweis University; a small 

proportion of the patients was treated at the NICU of Shoepf Merei Hospital and the 1st 

Department of Pediatrics, Semmelweis University.  

During our retrospective work we recorded clinical data of patients with different 

complications, then asked their remnant blood samples stored on filter paper from the 

Phenylketonuria Screening Laboratory. For the detection of phenylketonuria, blood was 

routinely taken on the 5th postnatal day or after the introduction of enteral feeding. Control 

groups consisted of gestational matched preterm infants without the complication 

investigated. 

 

 Preterm infants with circulatory failure 

Clinical criteria of circulatory failure were persisting hypotonia and/or increased capillary 

refilling time. Based on these symptoms, circulatory failure was present in 36 preterm 

infants; their genotype was compared to that of 73 infants. 

In addition to the presence of circulatory failure we collected data about birth weight of 

patients; presence of foetal distres; early sepsis; anemia; respiratory distress and 

intraventricular bleeding. 

 

 Preterm infants with patent ductus arteriosus 

Enrollment criteria were the following: gestational age ≤ 32nd week; administration of 

indomethacine at prophylactic dose (0,1 mg/kg bw daily, for at least 3 postnatal days); 

absence of transfusion before metabolic screening; survival until 28th postnatal day; absence 

of hypervolemia / volume overload. 

Patent ductus arteriosus was present in sixty preterm infants; the presence of ductus after the 

5th postnatal day was supported by ultrasound examination and/or clinical signs.. Later, the 

ductus was closed until the 10th postnatal day due to spontaneous closure (11 infants [35%]), 

repeated indomethcine treatment (39 infants [54%]) or surgical intervention (6 beteg [11%]). 

Control group consisted of infants (n = 109) with ductus permanently closed before the 5th 

postnatal day.  



 

Preterm infants with acute renal failure 

Diagnostic creatria of acute renal failure: creatinine level after the 48th postnatal hour > 120 

μmol/l and/or blood urea nitrogen levels > 9 mmol/l; diuresis less than 1.0 ml urine/ kg  bw h-1.  

During the first postnatal week acute renal failure occurred at 44 patients; their genotype was 

compared to that of 68 infants without acute renal failure.  

We also recorded the presence of risk factors of acute renal failure such as hypoxia, sepsis, 

fetal distress, anaemia, low Apgar values and respiratory distress.  

 

Methods 

 

- For genotyping, we extracted DNA from the filter papers containing dried blood samples.  

- Genotype was determined by PCR (ACE I/D polymorphism) and PCR/RFLP methods 

(AT1R A1166C polymorphism). 

- The association between allele and clinical condition was tested with χ2 test, then the 

associations were adjusted for risk factors of each complications.  



Results 

Preterm infants with circulatory failure  

The prevalence of ACE I/D heterozygotes was higher than expected in infants with 

circulatory failure; the genotype distribution of ACE I/D polymorphism did not fulfill the 

Hardy-Weinberg criteria in this population (p<0.0001). 

To the contrary, AT1R A1166C genotype distribution was similar in infants with and without 

circulatory failure. Respiratory distress syndrome, sepsis and carrier state of ACE I allel (ie. 

ACE ID or ACE II genotype) occurred more frequently in circulatory failure, while 

intrauterine retardation, and ACE DD genotype were less prevalent. After adjustment of these 

associations for known risk factors, gestational age (p < 0.01) and carrier state of ACE I allele 

(OR/[95% CI/]: 3.86 [1.02-13.42]) were independent predictors of this complication.  

Preterm infants with patent ductus 

The genotype distribution of AT1R A1166C genotype did not fulfill the Hardy-Weinberg 

criteria in patients with patent ductus, in contrast to those infants without this complication. 

None of the infants with patent ductus presented with AT1R CC1166 genotype, while the 

prevalence of CC1166 genotype was 13% among infants with permanently closed ductus, i.e. 

the ductus permanently closed within the 5th postnatal day in each patient with CC1166 

genotype. Logistic regression analysis reveraled that birth weight (p < 0.01), respiration 

distress syndrome (OR [95% CI]: 2.98 [1.05-8.42]), circulatory failure (3.85 [1.35 – 11.04]), 

and CC1166 genotype (0.067 [0.005-0.821]) were significant predictor of this complication. 

 

Preterm infants with acute renal failure 

The genotype distribution of ACE I/D and AT1R A1166C polymorphisms fulfilled Hardy – 

Weinberg criteria in groups with and without acute renal failure. We could not detect any 

association between genotype and any of the risk factors of acute renal failure. 



Discussion 

Functional polymorphisms of RAS in circulatory failure of the newborn  

Our results suggest that carriers of ACE D allele may be protected against circulatory 

failure in preterm infants. To the contrary, no impact of AT1R A1166C genotype on this 

complication has been observed. 

Furthermore, the prevalence of II genotype was significantly lower in preterm infants 

than in healthy Hungarian population (6% vs 27%, p<0,001). Although this finding may 

indicate a possible role of ACE genotype in prematurity, due to low patient number this result 

should be treated cautiously.  

Our study is the second one aiming to test the association between ACE I/D 

polymorphism and perinatal adaptation of cardiorespiratory system. Harding an coworkers 

found that the DD genotype increases the risk of perinatal disturbances in the preterm infants 

and elevates perinatal morbidity. However, our results indicate that DD genotype is 

protective agains perinatal circulatory failure in preterm infants born with very low birth 

weight. The discrepancy between our results and those of Harding el al. may be explained by 

different patient characteristics; our patients were more immature. As immaturity in itself 

presents an increased risk for adaptation disturbances, our population was more prone to 

circulatory failure than that of Harding et al. On the other side, the functionality of RAS may 

alter with gestational age; as the inducibility of RAS is exponentially increasing with 

advancing age.  

The underlying mechanism explaining the association between ACE DD genotype 

and circulatory failure is still to be elucidated. We hypothesize, however, that  infants with 

DD genotype present with increased ACE activity and higher angiotensin II levels. Due to 

higher levels of circulating angiotensin II systemic circulation is probably more stable. The 

renin-angiotensin system in these infants reacts to haemodynamic changes more readily and, 

as a result, the vasoregulation of these preterm infants improves. However, carrier state of 

ACE D allele may be potentially harmful in the adult as it may increase the risk of 

cardiovascular disorders. Furthermore, the increased activity of renin-angiotensin systmen 

may lead to exaggerated inflammatory reactions that, in turn, may increase the risk of some 

inflammatory complications. (However, we could not detect any association between 

inflammatory complications and ACE polymorphism during the first postnatal week.) 



Angiotensin II type 1 receptor A1166C polymorphism in patent ductus 

Persistent ductus arteriosus (PDA) is a frequent complication of immaturity, especially in 

babies born before the 30th week of gestation.  

In this pilot study we have investigated the prevalence and distribution of AT1R C1166 

genotype in low birth weight infants with PDA. Our results indicate that the risk of PDA is 

lower in carriers of AT1R CC than those with AC or AA genotypes.  

The underlying mechanism is still to be elucidate. Literary data indicate that AngII is a potent 

vasoconstrictor of pulmonary arteries. Preventing the production of AngII, angiotensin-

converting enzyme (ACE) inhibitor therapy lead to pulmonary hypotension in adults. Indirect 

data also support the significance of RAS in closure of ductus arteriosus. ACE-inhibitor 

treatment of pregnant women was associated with PDA in the neonate. 

AngII exerts its hemodynamic effects mainly on AT1R.  AT1R CC genotype was related to a 

markedly increased response to exogenously given AngII, but data supporting the 

significance of AngII receptor polymorphism in the regulation of pulmonary vascular bed are 

not available.  

However, based on our preliminary results it is tempting to speculate, that the lower risk for 

PDA in LBW neonates homozygous for AT1R C genotype might be associated with more 

favorable hemodynamic conditions for the cease of left-right shunt and for the permanent 

closure of ductus arteriosus. 

 

A RAS funkcionális polimorfizmusai akut veseelégtelenségben  

 

Along with several local vasoactive mediators the RAS plays obviously a crucial role in the 

regulation of renal microcirculation during the newborn period . This conception is based on 

data demonstrating the high activity of RAS at this age, and is further confirmed by clinical 

reports on ARF cases due to the pharmacological blockade of ACE. Although data are not 

available that acute renal failure is related to RAS polymorphism, some measurements 

indicate that AT1 receptor variants might influence the renal hemodynamic functions. 

A high incidence of ARF (38%) was revealed among the 110 VLBW neonates enrolled in our 

study. This percentage is higher than those data published on non-age-selected ill newborns. 



However, ARF did not lead to death in any of the infants and the overall neonatal mortality 

rate (8/110) was also low. This might be due to the fact that dried blood specimens were 

available only from those infants with better long term prognosis, who survived until the 

collection of samples. A large group of severely ill neonates dropped out because of perinatal 

death. This limitation should be taken in account at the evaluation of our results. 

The genetic polymorphisms of ACE gene and AT1 receptor known to influence the systemic 

and intrarenal activity of RAS had no impact on the development of neonatal ARF in our 

study. We found in the enrolled VLBW infants that the frequency of ACE I and C1166 variants 

are independent of the presence of ARF. Thus, although ACE I allele is reportedly associated 

with lower ACE activity and the AT1R C1166 variant is linked to the impairment of the 

vasoconstrictor effect of AII, the presence of these polymorphism does not influence the risk 

for ARF in VLBW babies.  There are several speculative explanations for these results. 

Possibly, the impact of genetic variations on the activity of RAS are not comparable to the 

pronounced developmental changes in RAS activity during the first days of life. In this case, 

the high neonatal AII substrate levels may compensate the low receptor activity in newborns 

presenting the AT1R C1166 variant. We cannot assess how the genetically determined lower 

activity of RAS influences the release of other locally acting vasoactive agents, such as 

endothelin, nitric oxide or bradykinin. Any effect on the counteracting vasodilating factors 

may serve as a protective mechanism, for example decreased bradykinin break-down by 

lower ACE activity. 



Conclusions 

 

The aim of our studies was to investigate the association between three perinatal 

complications – circulatory failure, patent ductus arteriosus and acute renal failure – and the 

functional genetic polymorphisms of RAS. We demonstrated that  

(1) the risk of circulatory failure decreases in patients carrying the D allele of 

angiotensin converting enzyme genetic polymorphism;  

(2) infants with angiotensin II type 1 receptor 1166CC genotype are protected 

against patent ductus arteriosus; 

(3) there is no association between the investigated RAS polymorphisms and risk 

of acute renal failure (in spite of a large number of data supporting an 

importan role of RAS in the regulation of neonatal renal function). 

 

Our results raise the possibility genetic susceptibility to the altered function of renin-

angiotensin system may have an impact on the efficacy of perinatal adaptation. Of note, 

several polymorphisms that are protective against the investigated perinatal complications 

and may have a beneficial effect on perinatal adaptation increase the risk of cardiovascular 

morbidity and mortality in the adult. This finding suggests that the increased susceptibility of 

adults born with low birth weight to cardiovascular disorders may be linked, at least partly, to 

genetic components. 



Acknowledgement  

The author is grateful to Professor Attila Pajor and Professor Ferenc Paulin, head of the 2nd 

Department of Obstetrics and Gynecology in University of Semmelweis, Professor Tivadar 

Tulassay head of 1st Department of Pediatrics and head of the theme of Research Pediatrics 

clinical trial, for giving the opportunity to realize this work. My thanks go out to Doctor 

Barna Vásárhelyi for their friendship and their help to realize this work. At this point, I must 

pay tribute to the contribution made by Research Laboratory of 1st Department of Pediatrics, 

and Neonatal Intensive Care Unit of 2nd Department of Obstetrics and Gynecology.  

I wish to thanks to my family, my wife Annamária, children Gergely and Miklós, and my 

mother.



Papers presenting the results highlighted in these Theses 

 

1. Nobilis A, Kocsis I, Tóth-Heyn P, Treszl A, Schuler A, Tulassay T, Vásárhelyi B. 
Variance of ACE and AT1 receptor gene does not influence the risk of neonatal acute 
renal failure.Pediatr Nephrol. 2001;16:1063-6  

2. Treszl A, Szabó M, Dunai G, Nobilis A, Kocsis I, Machay T, Tulassay T, Vásárhelyi 
B. Angiotensin II type 1 receptor A1166C polymorphism and prophylactic 
indomethacin treatment induced ductus arteriosus closure in very low birth weight 
neonates. Pediatr Res. 2003;54:753-5. 

3. Nobilis A, Szabó M, Kocsis I, Sulyok E, Tulassay T, Vásárhelyi B: Angiotensin-
converting enzyme DD genotype is preventive against circulatory failure in very low-
birth-weight neonates, Acta Paed, in press 

 

Other papers 

1. Vásárhelyi B, Nobilis A, Machay T, Tulassay T.  Inhibitory effect of dopamine 
treatment on Na+/K(+)-ATPase activity in preterm infants. Eur J Pediatr. 
1997;156:79-80. 

2. Vásárhelyi B, Ver A, Nobilis A, Szabo T, Tulassay T. Functional and structural 
properties of Na+/K(+)-ATPase enzyme in neonatal erythrocytes. Eur J Clin Invest. 
1998;28:543-5.  

3. Vásárhelyi B, Nobilis A, Machay T, Tulassay T: A dopaminkezelés csökkenti a 
Na+/K+ ATPase aktivitást koraszülöttekben. Gyermekgyógyászat, 1996, 47:505-509. 

4. Vásárhelyi B, Dobos M, Vér Á, Nobilis A, Kocsis I, Szabó T, Seri I, Tulassay T: A 
Na/K-pumpa mûködése kora- és újszülöttkorban. Gyermekgyógyászat, 1999, 6: 578-
584. 

5. Vásárhelyi B, Szabó T, Vér Á, Nobilis A, Tulassay T Automatizált módszer 
kifejlesztése Na/K-ATPáz mérésére humán vörösvérsejtekben: az enzimaktivitás 
egészséges referenciaértékeinek meghatározása különböző korcsoportokban. Klinikai 
és Kísérletes Laboratóriumi Medicina, 1999, 2: 64-69. 

6. Vásárhelyi B, Kocsis I, Schuler A, Nobilis A, Tulassay T. G protein in very low birth-
weight infants. Lancet. 2000 Jul 15;356(9225):254.   

7. Treszl A, Tóth-Heyn P, Kocsis I, Nobilis A, Schuler A, Tulassay T, Vásárhelyi B.  
Interleukin genetic variants and the risk of renal failure in infants with infection. 
Pediatr Nephrol. 2002;17:713-7.   

8. Derzbach L, Bokodi G, Treszl A, Vásárhelyi B, Nobilis A, Rigó J: Selectin 
polymorphisms and perinatal morbidity in low birth weight infants Acta Paediatr, in 
press. 

 


