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Abstract 

 

Among structural birth defects, i.e. congenital abnormalities, the most common group includes congenital heart defects 

(CHDs), however, the underlying causes are unclear in the vast majority of cases. Different CHD cases as 

homogeneously as possible are planned to evaluate. Thus the medically recorded birth outcomes of lethal or surgically 

corrected cases with different groups of right sided obstructive defects of heart (RSODH) were evaluated. The 

population-based large dataset of the Hungarian Case-Control Surveillance of Congenital Abnormalities was used and 

date were analyzed between 1980-1996, including 200 live-born cases with isolated RSODH, 72, 137 and 108 had 

congenital stenosis of pulmonary valve, atresia/stenosis of tricuspid valve, Ebstein’s anomaly, and atresia/stenosis of 

pulmonary artery, respectively compared to 304 matched controls and 38,151 population controls without any defects. 

A higher rate of preterm birth and low birthweight was found in cases with RSODH born in somewhat elder women 

with higher birth order and lower socioeconomic status. However, 4 groups of RSODH were different from 

epidemiological aspect, and the degree of intrauterine growth restriction depended on the group of RSODH and the sex 

of fetuses. The pathogenesis-oriented classification of RSODH is not associated with similar epidemiological birth 

outcomes of cases with different RSODH groups. 

 
Keywords: atresia/stenosis of pulmonary artery, atresia/stenosis of tricuspid valve, congenital stenosis of pulmonary valve, Ebstein’s anomaly, right 

sided obstructive defects of heart. 
 

 

1 Introduction 

Congenital heart defect (CHD) is the structural birth defect, i.e. congenital abnormality (CA) of heart and great vessels. 

CHDs are among the most prevalent and serious CAs with profound medical, psychosocial and economic consequences. 

The birth prevalence of CHDs depends on the age at examination, the sensitivity of the examination technique, the case 

definition and the types of cases included, therefore their reported rates are between 4 and 50 in different studies [1-6]. 

The care of infants/children with CHD has been revolutionized over the last decades with a much better chance for their 

survival [7]. Nevertheless, despite recent medical and surgical advances, CHDs still cause a large proportion of 

infant/child mortality and morbidity [8].   

The major problem is that the underlying causes of CHDs have been obscured, and without the knowledge of risk 

factors for CHDs there is limited chance for their prevention. Recent progress in human genetics has resulted in the 

rapid identification of genes causing CHDs [9, 10]; however, the role of possible environmental factors in the origin of 

CHDs is unclear in the vast majority of patients [11, 12]. 

CHDs cannot be regarded as a single homogeneous CA because they have different manifestations, severity and 

etiology, thus the aim of our project is to evaluate the possible risks in the origin of CHD-entities as homogeneously as 

possible. We followed the categorization of CHDs used in The Baltimore-Washington Infant Study (BWIS) [13, 14]
 

based mainly on the pathogenesis-oriented classification of CHD groups by Clark [15]. This classification combines 

congenital stenosis of pulmonary valve, congenital atresia/stenosis of tricuspid valve and congenital atresia/stenosis of 

pulmonary artery into the group of right sided obstructive defects of heart (RSODH). 

From epidemiological aspect it is important to evaluate CHD-entities as homogeneously as possible, thus the birth 

outcomes of cases with different groups of RSODH were evaluated in the population-based Hungarian Case-Control 

Surveillance of Congenital Abnormalities (HCCSCA) [16]. 
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2 Methods 

2.1   Cases and controls 
 

Patients with CA including RSODH as cases in the HCCSCA were selected from the Hungarian Congenital 

Abnormality Registry (HCAR) [17]. The reporting of cases with CA is mandatory for physicians to the HCAR. Autopsy 

was mandatory for all infant deaths and pathologists sent a copy of the autopsy report to the HCAR if defects were 

identified. Since 1984 prenatal diagnostic centers were also asked to report malformed fetuses diagnosed prenatally 

with or without elective termination of pregnancy to the HCAR. 

Cases with isolated CAs (only one organ is affected, sometimes with more CAs as complex CAs) and multiple CAs 

(concurrence of two or more CAs in the same person affecting at least two different organ systems) were strictly 

differentiated in the HCAR. The recorded total (birth + fetal) prevalence of cases with CA was 35 per 1000 informative 

offspring (live-born infants, stillborn fetuses and electively terminated malformed fetuses) between 1980 and 1996 [17]
 

and about 90% of major CAs were recorded in the HCAR [18]. 

Only those cases reported the first 3 months after the end of pregnancy were selected from the HCAR for the HCCSCA 

(77% of all cases, the rest affected mainly with mild CA). In addition cases with CA-syndromes caused by gene 

mutations or chromosomal aberrations with preconception origin were excluded. 

The so-called controls were defined as newborn infants without CA. The source of these controls was the National Birth 

Registry of the Central Statistical Office for the HCCSCA on the basis of case lists for each quarter of the years from 

the HCAR. In general two controls were matched to every case according to sex, birth week in the year when the case 

was born and district of parents’ residence. If controls were twins, only one of these twin-pairs was randomly selected 

for the HCCSCA. 

 

2.2   Data of birth outcomes and mothers 
 

Mothers were asked in an explanatory letter to send us the prenatal maternity logbook and every medical record 

particularly the discharge summary of their delivery in the study pregnancy and their child’s CA. These medical 

documents were sent back within 4 weeks. Maternal age and birth order (parity) were evaluated on the records of 

prenatal maternity logbook. In addition mothers were also requested to fill-in a structured questionnaire including their 

socio-demographic data and pregnancy history and send it back with signed informed consent. Gestational age was 

calculated from the first day of the last menstrual period. The definitions of birth outcomes are given in Table 1, and 

were evaluated on the basis of discharge summaries of deliveries in pregnant women. 

The mean  S.D. time elapsed between the end of pregnancy and the return of the “information package” (including 

logbook, discharge summary, questionnaire and informed consent) in our prepaid envelope was 3.5 + 2.1 and 5.2  2.9 

months in cases and controls, respectively. 

In addition regional district nurses were asked to visit all non-respondent case mothers and to help them to fill-in the 

same questionnaire used in the HCCSCA and to evaluate the available medical documents. Unfortunately district nurses 

could visit only 200 non-respondent [19] and 600 respondent [20] control mothers in two validation studies because the 

ethics committee considered this follow-up to be disturbing for the parents of all healthy children. Our previous 

validation study showed the low reliability of maternal self-reported information regarding smoking and alcohol 

drinking during the study pregnancy [21], therefore these data were evaluated only in women visited at home based on 

the cross interview of mothers and other family members living together, and finally the so-called family consensus was 

recorded. 
The necessary data were available for 96.3% of cases (84.4% from replies and 11.9% from visits) and 83.0% of controls 

(81.3% from replies and 1.7% from visits). The flow of cases from the HCAR and controls from the Central Statistical 

Office to the HCCSCA was shown previously [22]. The signed informed consent was sent back by 98% of mothers, the 

name and address were deleted in 2% of subjects without signed informed consent. 

The method of data collection was changed in 1997 after the retirement of last author in this paper, since all case and 

control mothers are visited and questioned at home by regional nurses, but these data have not been validated at the time 

of this analysis, and it explains why only the 17 years’ data set of the HCCSCA, 1980-1996 is evaluated.  

 

2.3   Study design of RSODH 
 

We supposed that most surviving cases with CHD were cared or had surgical intervention in the pediatric cardiologic 

institutions in Hungary, therefore one of us (M. Cs-Sz.) visited these cardiologic in- and outpatients clinics in 2008. 

Medical records were reviewed and the previous diagnosis of specified CHD was checked (and corrected it if 

necessary) and the previous unspecified CHDs were modified to specified CHD-diagnoses. If cases with CHD were not 
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found in the records of pediatric cardiologic institutions, we had a correspondence with their mothers to clarify the fate 

and/or diagnosis of these cases in 2009 and 2010. However, (i) if these cases were not found, (ii) CHD-diagnosis was 

not specified, or (iii) not confirmed, or (iv) mothers refused the collaboration, they were excluded from the study. 

At the evaluation of RSODH we had 3 selection steps: 

I. Cases with syndromic RSODH due to major mutant genes (e.g. Williams-Beuren or 

Noonan) or chromosomal aberrations (e.g. Down) were excluded from the HCCSCA. Cases with unidentified 

multiple CA including RSODH were also excluded from the study. 

II. Among cases with isolated RSODH, 4 groups were evaluated with the following 

criteria: 

1. Congenital stenosis of pulmonary valve (CSPV). Our coding system was not able to differentiate complete 

obstruction (atresia) and partial obstruction (stenosis) of pulmonary valve. CSPV is characterized by the 

thickened and dome shaped pulmonary valve. Only cases with intact ventricular septum were included to 

the study, cases with absent of pulmonary valve, pulmonary valve regurgitation, infundibular and 

supravalvular pulmonary valve stenosis were excluded. 

2. Congenital atresia/stenosis of tricuspid valve (ASTV) is a failure of communication from the right atrium 

to the right ventricle. ASTV is related with normal great vessels and may develop in mid and late 

pregnancy. Tricuspid atresia with ventricular septal defect or transposition of the great vessels is complex 

CHD and these cases are excluded from this study. 

3. Ebstein’s anomaly (EbA) is a CA of the tricuspid valve, first described by Wilhelm Ebstein [23] in 1866. 

EbA is characterized by a downward displacement of the attachment of the tricuspid valve into the inflow 

portion of the right ventricle. 

4. Congenital atresia/stenosis of pulmonary artery (ASPA) with intact ventricular septum was evaluated in 

this study. 

III. The 4 groups of RSODH have very wide spectrum of severity between the mild end of CSPV and the 

severe end of lethal EbA, therefore only severe cases, i.e. with lethal outcome (proved by autopsy reports) or 

after surgical management were included to the study, thus our cases represented the tip of iceberg. 

First we evaluated cases with different groups of RSODH together due to the limited number of cases in different 

groups. However, different groups of RSODH were evaluated separately in the second step of the study.  

Controls were differentiated into two groups: (i) matched controls without CA of cases with RSODH evaluated in the 

study and (ii) population controls, i.e. all controls without CA in the HCCSCA.  

 

2.4   Statistical analysis 
 

The software STATA 9.1 was used. First, we compared the sex, gestational age at delivery and birth weight of newborn 

infants, in addition maternal socio-demographic characteristics between cases with RSODH and  controls using Student 

t test for quantitative while chi square test or odds ratio (OR) with 95% confidence interval (CI) for categorical 

variables. In the next step this analysis was repeated in the specified groups of RSODH and their matched controls. 

Among confounders we considered maternal age, birth order (parity) and pregnancy order, marital and employment 

status of mothers as indicator of socio-economic status [24]. 

 

3 Results 

Our population-based data set included 200 live-born cases with RSODH, and the number of boys was 108 (54.0%). 

The proportion of boys was 51.3% in the 2,138,151 Hungarian newborns during study period. Of 200 cases with 

RSODH, 72 (36.0%) had CSPV, 13 (6.5%) were affected with ASTV, 7 (3.5%) had EbA and 108 (54.0%) were 

recorded as ASPA. The number of matched and population controls was 304 and 38,151, respectively, the latter 

represented 1.8% of all live-births with good agreement in the birth outcomes of the Hungarian newborn population.  

First live-birth outcomes of cases with RSODH together and of their matched and population controls are presented 

(Table 1). The mean gestational age at delivery was 0.6 and 0.4 week shorter in cases than in their matched and 

population controls. The rate of preterm births was 3.0 and 1.8 fold higher in the group of cases than in the groups of 

matched and population controls, respectively. The mean birth weight was nearly similarly smaller (266 and 273 g) in 

cases than in matched and population controls in agreement with 4.0 fold higher rate of low birthweight. The lower 

mean birth weight could be explained only partly by the shorter gestational age thus there was intrauterine growth 

restriction in cases confirmed by the higher rate of low birthweight than preterm birth. 
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Table 1: Live-birth outcomes of cases with RSODH, their matched and population controls 

Live-birth  outcomes 
Cases 

(N=200) 
Matched controls 

(N=304) 
Population controls 

(N=38,151) 

Categorical No. % No.    %      OR   95% CI No.    %        OR  95% CI 

Twins 1 0.5 7   2.3 0.21 0.03-1.75 410 1.1 0.46  0.06-3.31 

Preterm birth* 33 16.5 17   5.5 3.34 1.80-6.17 3,496 9.2 1.96  1.35-2.85 

Postterm birth** 2 1.0 5   1.6 0.60 0.12-3.14 151 0.4 2.54  0.63-10.33 

Low birthweight*** 46 23.0 18   5.8 4.75 2.66-8.47 2,167 5.7 4.96  3.56-6.91 

Large birthweight****  2 1.0 2   0.6 1.53 0.21 10.92 315 0.8 1.21  0.30-4.91 

Quantitative Mean S.D. Mean  S.D.   t=         p= Mean S.D.  t=       p= 

 Gestational age (wk) 39.0 2.6 39.6   1.9      3.0      0.003 39.4   2.1     2.7     0.007 

 Birth weight (g) 3,003 704 3,269   505     4.9    <0.001 3,276  511     7.5   <0.001 

*less than 37 completed gestational weeks 

**42 completed weeks or more 

*** less than 2500 gram  

**** more than 4500 gram 

Bold numbers show significant associations 

 

Maternal variables of cases with RSODH and their controls are shown in Table 2. The mean maternal age was 

somewhat but not significantly higher in case mothers than in control mothers. The mean birth order was significantly 

higher in the mothers of cases than in the mothers of controls. The difference between mean birth order and mean 

pregnancy order (based on live- and stillbirth and miscarriages) was 0.3 in the mothers of cases, while this interval was 

0.2 in the mothers of controls and it may indicate a somewhat higher rate of miscarriages in the previous pregnancies of 

case mothers. The rate of unmarried mothers did not show significant differences among the study groups. However, 

the proportion of semi- and unskilled workers, housewives (in Hungary most of these women belonged to the lower 

socioeconomic status) and others (mainly early pension due to disorders) was much higher in case mothers (43.5%) 

than in matched (27.4%) and population control (30.2%) mothers.  

 
Table 2: Main variables of mothers who delivered cases, matched and population controls 

Variables 
Case mothers 

(N=200) 
Matched control mothers 

(N=304) 
Population control mothers 

(N=38,151) 

Quantitative No. % No. %      Comparison No. %      Comparison 

Maternal age, yr       

       -  19 23 11.5 32 10.5 3,277 8.6 
   20 – 29  127 63.5 208 68.4   χ²=1.4 p=0.503 27,602 72.3     χ²=7.8 p=0.0203 

   30 -  50 25.0 64 21.1 7,272 19.1 

  Mean, S.D. 26.0 5.6 25.6 5.1   t=0.83  p=0.408 25.5 4.9     t=1.44  p=0.150 

Birth order       
       1 87 43.5 153 50.3 18,209 47.7 

       2  63 31.5 102 33.6    χ²=6.2 p=0.045 14,283 37.4     χ²=16.4 p<0.0003 

       3 or more 50 25.0 49 16.1 5,659 14.8 
  Mean, S.D. 2.0 1.2 1.7 0.9    t=3.20  p=0.002 1.7 0.9     t=4.69  p=0.0001 

Pregnancy order       

       1 73 36.5 136 44.7 16,320 42.8 
       2 64 32.0 102 33.6    χ²=6.6 p=0.037 13,443 35.2     χ²=10.6 p=0.005 

       3 or more 63 31.5 66 21.7 8,388 22.0 

  Mean, S.D. 2.3 1.4 1.9 1.2     t=3.42  p<0.001 1.9 1.2      t=4.70  p<0.001 

Categorical No. % No. % No. % 

  Unmarried 11 5.5 12 3.9      χ²=0.7 p=0.414 1,472 3.9      χ²=1.4 p=0.230 

  Employment status       

  Professional 16 8.0 40 13.2 4,423 11.6 
  Managerial 41 20.5 81 26.6 10,265 26.9 

  Skilled worker 57 28.5 100 32.9  χ²=16.5 p=0.011 11,908 31.2      χ²=68.5 p<0.0001 

  Semiskilled worker      27 13.5 33 10.9 6,161 16.1 
  Unskilled worker 14 7.0 11 3.6 2,187 5.7 

  Housewife 26 13.0 26 8.6 2,354 6.2 

  Others 19 9.5 13 4.3 853 2.2 

Bold numbers show significant associations 

The main aim of the study was to evaluate the medically recorded birth outcomes of 4 RSODH groups separately (Table 

3/A-B), though the limited number of cases with EbA and ASTV weakened the statistical power of this analysis.  

The sex ratio of 72 cases with CSPV corresponded to the sex ratio of Hungarian newborn population while 13 cases 

with ASTV had a strong female excess. Some boy excess occurred among 108 cases with ASPA while obvious male 

predominance was characteristic for 7 cases with EbA. 

The mean gestational age was shorter in all RSODH groups than in the Hungarian newborns (39.4 wk). However, the 

shortest was observed in cases with ASTV and EbA while the longest in cases with CSPV, and cases with ASPA had 
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the intermediate position. The rate of preterm birth in all RSODH groups exceeded the 9.2% figure of Hungarian 

newborns, but these rates were not in agreement with the mean gestational age because the highest rate was found in 

cases with ASPA. The mean birth weight was largest in cases with CSPV while the smallest in cases with EbA and 

ASTV but it was lower in all RSODH groups than in the Hungarian newborns (3,276 g). The evaluation of low 

birthweight rates showed the high figures in cases with ASTV (30.8%), EbA (28.6%), ASPA (25.0%) and CSPV 

(18.1%) compared to the rate of Hungarian newborns (5.7%). 

The youngest mean maternal age was observed in the group of cases with EbA. The mean birth order was higher in the 

mothers of cases with CSPV and ASPA, and the interval between birth and pregnancy order was somewhat longer (0.3) 

in these two groups of RSODH indicating a higher rate of miscarriages in the previous pregnancies of their mothers. 

There was no significant difference in the rate of unmarried mothers among different groups of RSODH. The 

proportion of low socio-economic status was very high in the groups of CSPV and ASPA but not in the groups of EbA 

and ASTV. 

In the next step birth outcomes of cases with different groups of RSODH were compared with their matched controls 

(Table 3/A-B), however, the unusual low rate of preterm birth in matched controls is disturbing.  

Cases with CSPV had 0.5 week shorter mean gestational age and 179 grams smaller mean birth weight than in their 

matched controls and these variables associated with 3.1 fold higher rate of preterm birth and with 5.0 fold higher rate 

of low birthweight. Thus mainly the higher rate of low birthweight is noteworthy.  

The limited number of cases with ASTV had both shorter mean gestational age (1.5 wk) and smaller mean birth weight 

(336 g), in addition 2.9 fold higher rate of preterm birth and low birthweight compared to their matched controls.  

Only 7 cases with EbA had 0.6 shorter mean gestational age, but 591 grams smaller mean birth weight than their 12 

matched controls and the latter associated with very high rate of low birthweight. 

The mean gestational age was 0.6 week shorter while their mean birth weight was 300 grams smaller in cases with 

ASPA than in their matched controls in agreement with 3.0 fold and 5.6 fold higher rate of preterm birth and low 

birthweight, respectively. Thus cases with ASPA had intrauterine growth restriction. 

The comparison of maternal variables in cases and their matched controls showed a somewhat higher mean maternal 

age in the groups of RSODH cases but these differences were not significant. However, a higher birth/pregnancy order 

was found in the groups of CSPV and ASPA with 2.1 and 1.9 fold higher proportion of low socioeconomic status, 

respectively. Similar difference was not found in the groups of ASTV and EbA. 

Finally the birth outcomes of cases with CSPV and ASPA were evaluated according to the sex of cases. In general 

female newborns have shorter gestational age and lower birth weight in agreement with somewhat higher rate of 

preterm birth and low birthweight. 

 
Table 3/A: Live-birth outcomes and maternal socio-demographic variables of cases with CSPV and ASTV and their matched controls 

Study groups 

 

Live births 

A/S of pulmonary 

valve (CSPV)* 

(N=72) 

Matched controls 

       

    (N=121)            Comparison 

A/S of tricuspid 

valve (ASTV)* 

(N=13) 

Matched controls 

 

   (N=19)             Comparison 

       Categorical No. % No. %   OR  95% CI** No. % No. %    OR    95% CI** 

Newborns 

  Sex ratio (boy) 37 51.4 60 49.6 1.07 0.60-1.93 5 38.5 5 26.2 1.75  0.39-7.95 

  Twins 0 0.0 5 4.1 N/A 0 0.0 1 5.3 N/A 

  Preterm birth 11 15.3 6 5.0 3.46 1.22-9.80 2 15.4 1 5.3 3.27 0.26-40.47 

  Low birthweight 13 18.1 7 5.8 3.59 1.36-9.48 4 30.8 2 10.5 3.78 0.58-24.76 

Mothers 

  Unmarried 5 6.9 4 3.3 2.18 0.57-8.41 0 0.0 0 0.0 N/A 

  Low SES*** 33 45.8 26 21.5 3.09 1.64-5.83 3 23.1 6 31.6 0.65 0.13-3.26 

      Quantitative Mean S.D. Mean S.D.     t=       p= Mean S.D. Mean S.D.     t=        p= 

Newborns 

  Gestational age (wk) 39.2 2.4 39.7 1.8 1.6     0.102 38.2 2.1 39.7 1.7 2.2    0.033 

  Birth weight (g) 3,087 708 3,266 493 2.1     0.042 2,805 613 3,141 542 1.6    0.113 

Mothers 

  Age (yr) 26.0 5.3 25.4 4.9 0.8    0.426 25.0 4.1 24.6 4.7 0.2    0.805 

  Birth order 2.0 1.2 1.7 0.8 2.1    0.039 1.7 1.0 1.7 1.0 0.0    1.000 

  Pregnancy order 2.3 1.6 1.9 1.2 2.0    0.050 1.9 0.9 1.8 1.2 0.3    0.800 

 

*A/S=atresia/stenosis 

** adjusted for maternal age, parity and SES 

***Low SES=socioeconomic status: semi-or unskilled workers, housewives, and others 

Bold numbers show significant associations 
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Table 3/B: Live-birth outcomes and maternal socio-demographic variables in cases with EbA and ASPA and their matched controls 
Study groups 

 
Live births 

Ebstein’s anomaly 

(EbA) 
(N=7) 

Matched controls 

 
        (N=12)                 Comparison 

A/S of pulmonary 

artery (ASPA)* 
(N=108) 

Matched controls 

 
(N=152)      Comparison 

       Categorical No. % No. % OR      95% CI** No. % No. % OR  95% CI** 

Newborns 

  Sex ratio (boy) 
6 85.7 10 83.3 

1.20    0.09-
16.24 

60 55.6 87 57.2 0.93 0.57-1.54 

  Twins 0 0.0 0 0.0 N/A 1 0.1 1 0.7 1.41 0.09-22.81 

  Preterm birth 1 14.3 0 0.0 N/A 19 17.6 9 5.9 3.39 1.47-7.83 

  Low birthweight 2 28.6 0 0.0 N/A 27 25.0 7 4.6 6.90 2.88-16.56 

Mothers 

  Unmarried 1 14.3 0 0.0 N/A 5 4.6 8 5.3 0.87 0.28-2.75 

  Low SES*** 1 14.3 2 16.7 0.83 0.06-11.28 49 45.4 36 23.7 2.68 1.57-4.56 

      Quantitative Mean S.D. Mean   S.D.       t=        p= Mean S.D. Mean   S.D.      t=        p= 

Newborns 

  Gestational age (wk) 38.3 3.1 38.9 1.4 0.6   0.567 38.9 2.8 39.5 1.9 2.1  0.041 

  Birth weight (g) 2,700 609 3,291 277 2.9   0.010 2,996 726 3,296 513 3.9  <0.0001 

Mothers 

  Age (yr) 24.3 7.6 25.2 6.5 0.3  0.787 26.2 5.9 25.9 5.2 0.4   0.665 

  Birth order 1.6 1.1 1.7 0.7 0.2  0.810 2.1 1.4 1.8 1.0 2.0   0.045 

  Pregnancy order 1.6 1.1 1.7 0.7 0.2  0.810 2.4 1.4 2.0 1.2 2.5   0.014 

*A/S=atresia/stenosis 

**adjusted for maternal age, parity and SES 

*** Low SES=socioeconomic status: semi-or unskilled workers, housewives and others 

N/A = cases are not available 

Bold numbers show significant associations 

Table 4 shows the data of cases with CSPV and their matched controls. The difference in gestational age between males 

and females was similar (0.8 week) in cases and matched controls. However, mean birth weight in male cases was 509 g 

larger than in female cases and this difference was only 199 g between matched male and female controls. The rate of 

preterm birth did not show significant difference between female cases and their matched controls but there was 3.5 fold 

higher rate of low birthweight in female cases than in their matched controls. Thus the previously found adverse birth 

outcome pattern in cases with CSPV is explained by female cases including obvious intrauterine fetal growth restriction. 

In addition the mothers of female cases had a higher rate of miscarriages in the previous pregnancies due 0.5 differences 

between their mean pregnancy and birth order.  There was no difference in proportion of unmarried and low 

socioeconomic status between the mothers of male and female cases. 

 
Table 4: Live-birth outcomes of cases with CSPV and their matched controls 

       Study groups 

 

Newborns 

         Cases with CSPV                    

      Males               Females 

    (N=37)               (N=35)          

Comparison 

      Matched controls          

   Males            Females 

  (N=60)            (N=61)        

Comparison 

Comparison between cases and 

matched controls 

Males                     Females 

Categorical No.      % No.     %        OR    95% 

CI* 

No.     % No.    %     OR   95% 

CI* 

  OR     95% CI OR     95% 

CI* 

  Preterm birth  5        13.5   6     17.1       0.76  0.21-

2.74 

 0        0.0  6      9.8          N/A          N/A 1.90   0.56-

6.41 

  Low birthweight  3          8.1 10     28.6       0.22  0.05-
0.89 

 2        3.3  5      8.2    0.39  0.07-
2.07 

2.56    0.41-
16.09 

4.48   1.39-

14.47 

Quantitative Mean    S.D Mean   S.D.      t=     p= Mean  S.D. Mean  S.D.      t=    p=      t=     p=     t=        p= 

  Gestational age 

(wk)  

 39.6     2.2  38.8    2.6      1.41  0.162   40.1  1.4  39.3    2.1      2.46  

0.015 

 1.40    0.174  1.03   0.307 

  Birth weight (g) 3,334    578 2,825  745      3.25  0.002 3,366  462 3,167   506     2.26  

0.026 

 0.30    0.764  2.67   0.009 

Mothers       

Categorical No.         % No.     %          OR   95% 
CI 

No.       % No.     %    OR    95% 
CI 

  OR     95% CI   OR   95% CI 

  Unmarried   2          5.4   3      8.6        0.61   0.10-

3.89 

  1        1.7   3      4.9   0.33  0.03-

3.24 

 3.37   0.29-

38.55 

 1.81   0.35-

9.51 

  Low SES** 15        40.5 14    40.0        1.02   0.40-
2.62 

11      18.3 15    24.6   0.69  0.29-
1.65 

 3.04   1.20-

7.67 

 2.04   0.84-
4.99 

Quantitative Mean     S.D Mean   S.D.      t=     p= Mean   S.D. Mean S.D.       t=     p=       t=       p=    t=        p= 

  Age  (yr)   24.8     5.3 27.2     5.0     1.97   0.052 24.9      5.0 25.8   4.8     1.01  

0.315 

   0.09    0.315  1.57     0.119 

  Birth order 1.8     1.1 2.2     1.3     1.41   0.163 1.6    0.7 1.9   0.9     2.04  0.043 1.10    0.276 1.33     0.186 

  Pregnancy order 1.9     1.2 2.7     1.8     2.23   0.029 1.7    0.9 2.0   1.4     1.40  0.164 0.93    0.353 2.12     0.037 

* adjusted for maternal age, parity and SES 
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**Low SES=socioeconomic status: semi-or unskilled workers, housewives, and others 

 N/A = cases are not available 

Bold numbers show significant associations 

 

Mean gestational age and birth weight in male cases with ASPA was only 0.1 week longer and 97 grams larger than in 

female cases (Table 5). However, male cases had 0.8 week shorter gestational age and 378 grams smaller mean birth 

weight than their matched controls. These differences were only 0.4 week in mean gestational age and 193 grams in 

mean birth weight between female cases and their matched controls. The rate of preterm birth was 4.4 fold higher in 

male cases than in their matched male controls, while there was no difference in the rate of preterm birth between 

female cases and their matched controls. The rate of low birthweight was higher in both male (9.4 fold) and female (3.8 

fold) cases than in their matched controls. Thus the birth outcome pattern was worse in male cases with ASPA. There 

was no difference in the maternal variables between male and female cases.  

 
Table 5. Live-birth outcomes of cases with ASPA and their matched control 

Study groups 
 

Newborns 

        Cases with ASPA                      
    Males               Females 

    (N=60)              (N=48)       

Comparison 

      Matched controls               
     Males              Females 

    (N=87)             (N=65)     

Comparison 

Comparison between cases 
and matched controls 

Males                        Females 

Categorical No.       % No.     %     OR   95% 

CI* 

No.       % No.    %   OR    95% 

CI* 

  OR       95%  CI OR    95%  

CI* 

  Preterm birth   9      15.0  10     9.2    0.67   0.25-

1.81 

  3        3.4   6     9.2  0.35   0.08-

1.46 
  4.94    1.28-

19.10 

2.59   0.87-

7.71 

  Low birthweight 13      21.7  14   29.2    0.67  0.28-

1.61 

  2        2.3   5     7.7  0.28   0.05-

1.50 
11.76    2.54-

54.33 

4.94   1.64-

14.91 

Quantitative Mean  S.D. Mean  S.D.      t=     p= Mean   S.D. Mean  S.D.     t=    p=     t=           p=    t=         p= 

  Gestational age 

(wk) 

38.9   2.4 38.8    3.1     0.19   

0.8505 

39.7    1.8 39.2    2.0     1.61   

0.108 

2.31        0.022 0.83      0.407 

  Birth weight (g) 3,039  660 2,942  805     0.69   
0.4928 

3,417   471 3,135 526     3.47   

<0.01 
4.05      <0.001 1.54      0.127 

Mothers       

Categorical No.       % No.     %     OR     95% 

CI 

No.       % No.    %      OR    95% 

CI 

   OR      95% CI OR     95%  CI 

  Unmarried 2        3.3 3       6.3    0.52   0.08-

3.23 

2        2.3 6      9.2   0.23  0.00-

1.19 

1.47    0.20-

10.70 

0.66    0.16-

2.76 

  Low SES** 21      35.0 13    27.1    1.45  0.63-
3.32 

22      25.3 14   21.5  1.23  0.57-
2.65 

1.59     0.78-3.26 1.35    0.57-
3.23 

Quantitative Mean  S.D. Mean  S.D.       t=     p= Mean   S.D. Mean  S.D.      t=   p= t=         p= t=        p= 

  Age  (yr) 26.2    5.9 26.3   6.0      0.09   0.931 26.5    4.7 25.1    5.7     1.66  

0.100 

0.34       0.733 1.08     0.282 

  Birth order 2.1    1.2 2.2   1.4      0.40   0.690 1.9    1.0 1.7     1.1     1.17  

0.244 

1.10       0.274 2.13     0.036 

  Pregnancy order 2.4    1.4 2.3   1.4      0.37   0.713 2.1    1.2 1.9     1.3     0.98  
0.328 

1.39       0.166 1.56     0.121 

*adjusted for maternal age, parity and SES 

**Low SES=socioeconomic status: semi-or unskilled workers, housewives, and others 

Bold numbers show significant associations 

 

4 Discussion 

The findings of our study showed that the 4 groups of RSODH are not similar from epidemiological aspect because 

their sex ratio, birth outcomes, sex-modified intrauterine growth restriction and maternal variables were different. Thus 

intrauterine fetal growth restriction occurred only in female cases in the group of CSPV while a higher rate of preterm 

was observed in male cases in the group of ASPA. In addition the birth outcomes of matched controls showed larger 

similarity to cases with RSODH than population controls. 

Previously a predominance of female infants with RSODH was observed [14, 25, 26]. Our cases with CSPV showed 

similar sex ratio as the Hungarian newborn population, cases with ASPA and EbA showed a mild and robust male 

excess, while cases with ASTV had female excess in this study. 

The mothers of cases with CSPV and ASPA were somewhat elder with a significantly higher mean birth order. Data of 

maternal age and birth/pregnancy order were not published previously in cases with CSPV, EbA and ASPA [14, 27, 28]. 

Mothers of cases with ASTV were younger than mothers of controls in BWIS [14]
 
similarly to our study. 
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The lower socioeconomic status of mothers was characteristic for cases with CSPV and ASPA but not for cases with 

ASTV and particularly not for cases with EbA. There was a six-fold increase over controls of a low socioeconomic 

status in the mothers of cases with ASTV in BWIS [14, 29]. 

The main aim of this study was the description of birth outcomes in cases with different groups of RSODH. All cases 

with CSPV, ASPA, ASTV and EbA had shorter mean gestational age and smaller mean birth weight, associated with a 

higher rate of preterm birth and low birthweight. Similar findings were reported in cases with CSPV, ASTV and EbA in 

BWIS [14]. However, our study showed different pattern of births outcomes in these 4 RSODH groups with an obvious 

sex difference. 

The question is whether these adverse birth outcomes are connected with RSODH [30] or some gene polymorphisms 

with fetal growth [31]. Confounding factors such as elder maternal age and lower socioeconomic status were considered 

at the calculated of adjusted figures. 

Only 22 mothers of cases with RSODH were visited at home therefore our data are not appropriate for the evaluation of 

lifestyle. 

The major finding of this study is that the pathogenesis-oriented classification of RSODH is not associated with similar 

epidemiological birth outcomes of cases with different RSODH groups. 

The strengths of our study are connected with the large population-based data set of the HCCSCA in the ethnically 

homogeneous Hungarian (Caucasian) population in Hungary. We did our best to work with homogeneous subgroups of 

RSODH cases, therefore syndromic/multiple cases and mild cases without surgical correction were excluded from the 

study. The potential confounders were known. 

However, there were some weaknesses of our study. The data of smoking and drinking habit were available only in 22 

pregnant women and the number of cases with ASTV and EbA was limited for a detailed analysis. 

In conclusion, our findings showed a higher rate of preterm birth and low birthweight in cases with RSODH born in 

somewhat elder women with higher birth order and lower socioeconomic status. However, 4 groups of RSODH were 

different from epidemiological aspect, and the degree of intrauterine growth restriction depended on the group of 

RSODH and the sex of fetuses  
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