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Abstract

Objective. In general the previous epidemiological studies@ated cases with congenital
heart defects (CHDs) together. However, differeHDSentities have different etiology, but

in the vast majority of patients the underlying ®@giare unclear. The concept of our project
is to evaluate the possible etiological factorthmorigin of CHD-entities as homogeneous as
possible. The aim of this study is to describehting outcomes of 4 different types of cases
with conotruncal defects (CTDs), i.e. common trunfouncus arteriosus), transposition of

great vessels, tetralogy of Fallot, and doubleetutyht ventricle.

Methods. Pregnancy/birth outcomes of 597 live-born casiéls @TD, of 902 matched
controls and 38,151 all controls without any defegére evaluated in the population-based
large dataset of the Hungarian Case-Control Suaveié of Congenital Abnormalities

completed by socio-demographic variables of theithars.

Results. There was a male excess s in cases with CTDusitlal gestational age and preterm
birth rate (except in cases with common truncug) tieir mean birth weight was smaller and
had a high rate of low birthweight. These data daté intrauterine growth restriction of
fetuses affected with CTD with some sex-differeacel the birth outcomes al so showed
some difference among the 4 types of CTD cases.

Conclusions. Fetal CTD had no effect for gestational age &vely but CTD associated with

an obvious risk for fetal development inducingantierine growth restriction.

Keywords: congenital heart defects, conotruncal defect,momtruncus (truncus arteriosus),
transposition of great vessels, tetralogy of Fatlouble-outlet right ventricle, male excess,

intrauterine growth restriction, population-basedescontrol study



Introduction

Among structural birth defects, i.e. congenital @malities (CAs), CAs of heart and great
vessels, the so-call@dngenital heart defects (CHDs) represent the most common group. The
birth prevalence of cases with CHD was betweend}%th per 1000 live-births in different
studies because their occurrence depends on thataggeamination, the sensitivity of the
examination technique, the case definition and ty@es of CHDs included [1-7]. A
Hungarian population-based study of 2,259 childbesed on the pediatric cardiologic
examination and/or the evaluation of autopsy repbeach individual child, birth prevalence
of CHDs was found as 10.2 per 1000 [8].

The care of infants/children with CHD has been hationized over the last decades,
but their underlying causes have been obscuredT¥. strategies for prevention of CHDs
cannot be developed without the knowledge of thskror protective factors. Recent progress
in human genetics has resulted in the identificatdd several genes causing CHDs [10],
however, the role of possible environmental factorthe origin of CHDs in the vast majority
of patients is unclear. Thus the aim of our proie¢d evaluate the possible etiological factors
in the origin of CHDs in order to achieve the figall: to prevent these CAs.

CHDs cannot be regarded as a single homogeneougr@s because they have
different manifestations, severity and etiology, addition teratogenic factors do not
uniformly increase the rates of all CHDs but rattegrds to increase the occurrence of one or
a limited number of specific CHDs [11]. Thus oundt design was to differentiate CHD-
types according to the recently proposed mechanisdissification of CHDs [12-15]. This
recent classification split subtypes previouslyicklly same CHD- types such in ventricular
septal defects [14]. However, the evaluation of gmibic development and maldevelopment
of heart and great vessels helped to combine saeng@opsly clinically different CHD-

entities into one pathogenetic group such as t@sispn of great arteries, common truncus



(truncus arteriosus), tetralogy of Fallot, and detdwtlet right ventricle into one pathogenetic
subgroup with the name g@bnotruncal defects (CTDs). CTDs represent the major anatomic
phenotypes of outflow tract abnormalities, i.etulisances in the ventriculo-arterial portion
of the ascending limb of the primitive S-shapedi@ar loop (the so-called conus or bulbus
cordis) which will become septated by ridges deatiftrem the endocardial cushions and by
the aortico-pulmonary septum respectively, to fonen divided arterial outflow from the right
and left ventricles and of the pulmonary artery aoda [12-15].

The main objective of our study is to evaluategbssible risk factors in the origin of
4 CTD-types in the population-based Hungarian Casetrol Surveillance of Congenital
Abnormalities (HCCSCA) [16]. However, first here wdescribe the birth outcomes of cases

with different CTD-types and the socio-demograghatures of their mothers.

MATERIALSAND METHODS

The HCCSCA is based on the comparison of the expssn the study pregnancy of mothers
of cases and controls.

The Hungarian Case-Control Surveillance System of Congenital Abnormalities

Cases with CA including CTD in the HCCSCA were selecfeam the Hungarian Congenital
Abnormality Registry (HCAR) [17]. The reporting afases with CA is mandatory for
physicians to the HCAR, and most are reported kstetbcians (in Hungary practically all
deliveries occur in inpatient obstetric clinics ahath attendants are obstetricians) and
pediatricians (who are working in the neonatal suoit inpatient obstetric clinics and various
general and specialized, e.g. cardiologic inpatard outpatient pediatric clinics). Autopsy
was mandatory for all infant deaths and common (8iestillborn fetuses during the study
period. Pathologists sent a copy of the autopsgrtdp the HCAR if defects were identified

in stillbirths and infant deaths. Since 1984 prahaliagnostic centers were also asked to



report malformed fetuses diagnosed prenatally vathwithout elective termination of
pregnancy to the HCAR. The recorded total (birtfetal) prevalence of cases with CA was
35 per 1000informative offspring (live-born infants, stillborn fetuses and eleciyve
terminated malformed fetuses) between 1980 and ]®Bband about 90% of major CAs
were recorded in the HCAR [18].

Cases reported to the HCAR after the first 3 m®rah births or termination of
pregnancies (23% of all cases, affected mainly witld CA) and cases with CA-syndromes
caused by gene mutations or chromosomal aberratigtis preconception origin were
excluded from the HCCSCA.

The so-calleccontrols were defined as newborn infants without CA. Tharee of
these controls was the National Birth Registry loé tCentral Statistical Office for the
HCCSCA. In general two controls were matched tayegase according to sex, birth week in
the year when the case was born and district @mnpsirresidence. If controls were twin, only
one of these twin-pairs was selected randomlylferHCCSCA.

A structured questionnaire with an explanatoryeletind printed informed consent
was mailed continuously to the address of mothmrseadiately after the selection of cases
and controls for the HCCSCA. Mothers were also ested to send us the prenatal maternity
logbook, discharge summary of their deliveries anery medical record of their child’s CA.
The questionnaire requested information on mateoh@racteristics (demographic data,
history of previous pregnancies, etc.) and pregnanmplications.

The meant S.D. time elapsed between the end of pregnancyrenan of the
“information package” (including logbook, dischargammary, questionnaire and signed
informed consent) in our prepaid envelope was_3%51+and 5.2 2.9 months in cases and

controls, respectively.



In addition regional district nurses were askedisit all non-respondent case mothers
and to help them to fill-in the same questionnaised in the HCCSCA and to evaluate the
available medical documents. Unfortunately distnairses could visit only 200 non-
respondent and 600 respondent control mothersarvalidation studies [19, 20] because the
ethics committee considered this follow-up to bstutbing for the parents of all healthy
children. Another validation study showed the I@liability of retrospective maternal self-
reported information regarding smoking and alcotiohking during the study pregnancy
[21]. The number of smokers and alcohol drinkensrduthe study pregnancy therefore were
evaluated only in those mothers, who were visited questioned at home, but these data
were completed on the basis of cross intervievaofiy members living together, and finally
the so-called family consensus was recordéd smoking habit was evaluated on the number
of cigarettes per day while three groups of drigkirabit were differentiated: abstinent or
occasional drinkers (less than one drink per weaeklar drinkers (from one drink per week
to daily one drink), and hard drinkers (more thae drink per day).

The necessary information was available for 96.3%ases (84.4% from replies and
11.9% from visits) and 83.0% of controls (81.3%nfroeplies and 1.7% from visits). The
signed informed consent was sent back by 98% ohenst the name and address were
deleted in 2% of subjects without signed informedsent. The flow of cases and controls in
the HCCSCA was reported previously [22].

The data of birth outcomes were based on the Matiin Form of Cases with CA in
the HCAR confirmed by the discharge summary ofvéeli and maternal information in the
guestionnaire. The birth outcomes of controls vexauated by the help of the latter two data
sources. The gestational age was calculated frenfitst day of the last menstrual period.
The rate of low birthweight (less than 2500 gramdl é&arge birth weight (4500 or more Q)

newborns, in addition the rate of preterm birtles¢l than 37 completed gestation weeks or



less than 259 days) and postterm birth (42 or mareks) were estimated on the basis of
gestational age at delivery and birth weight onliasis of discharge summaries of deliveries
in pregnant women. Measurements of birthweight rees ihdicators of fetal growth are
expressed in relation to specified gestation weeks.

Among maternal characteristics, age and birth ofgarity) were recorded in the
HCAR but these variables were checked in the HCCSGhpleted by pregnancy order,
marital and employment status based on the prematdernity logbook and maternal
questionnaire. The maternal employment is goodcatdr of socioeconomic status in
Hungary [23].

The method of data collection was changed in 18B8ic¢ all case and control mothers
are visited and questioned at home by regionalesutsut these data have not been validated
at the time of this analysis), and it explains thate only the 17 years’ dataset of the
HCCSCA, 1980-1996 are evaluated.

Sudy design of CTD

The major problem of cases with CHD was that aB0gb of these cases were reported to the
HCAR as unspecified CHD, because the exact diagnosiCHD needed further time
consuming examinations. The collection of medipalsonal and exposure data of cases with
CA in the HCCSCA was 3.5 + 2.1 months later thusweze able to get specified CHD
diagnoses in further 20% of cases. However, the ires nearly 30% of our CHD cases had
no specified diagnoses in the HCCSCA. We suppdsadnost cases with CHD were cared
or had surgical intervention in the pediatric caloijic institutions in Hungary, therefore one
of us (M. Cs-Sz.) visited these cardiologic in- audpatients clinics in 2008. Medical records
were reviewed and the previous diagnosis of spetitHDs was checked (and corrected it if

necessary) and the previous unspecified CHDs werkfied to specified CHD diagnoses.



At the evaluation of CTDs we had 3 selattio steps.

I. Cases with syndromic CTD due to majartant genes such as CA-syndromes (e.g.
Holt-Oram) or chromosomal aberrations (e.g. Downdsyme) were excluded from the
HCCSCA. Unidentified multiple CAs including CTD weerlso excluded in the study. The
group of CTD belongs to the complex CAs (more tbhaa CA in the same organ, e.g. heart)
in the group of isolated CAs, these cases werenplaio include the study.

[I. Only cases with well-defined diagnosit four well-known types of CTDs were
included to the study:

(i) Truncus arteriosus communis (i.e. common arterial trunk) (TAC) is a CHD in
which truncus arteriosus is not properly differated into the two great arteries. One large
single artery receiving blood from both right aedt Mentricles, has one semilunar valve and
distributes blood to both systematic and pulmorargulations. The pulmonary artery may
arise either as a single vessel or as two sepaeatels from the trunk. A ventricular septal
defect is present in all cases. Survival is limiteecause of a large shunt and eventual
pulmonary hypertension or left ventricular failure.

(i) Transposition of great arteries (with or without ventricular defects and pulmonary
or tricuspid atresia) (TGA), the aorta arises frtra right ventricle in the anterior position
and the pulmonary artery from the left ventricle anposterior position. This complete
transposition creates two parallel circulationss situation obviously is incompatible with
life, thus only surgical intervention can protebetlife. Complete transposition of great
vessels may exist with intact ventricular septurithwentricular septal defect, with double-
outlet right ventricle and with pulmonary/tricusttesia.

(i) Tetralogy of Fallot (TOF), classically this CHD comprises of 4 compuse
large ventricular septal defect, an aorta overgdthe ventricular septal defect, severe

infundibular pulmonic stenosis (small pulmonarywsahnd pulmonary artery) or atresia and



right ventricular hypertrophy. Thus TOF is charaeed by biventricular origin of the aorta
above large ventricular septal defect. TOF cauyasasis and these patients need surgical
shunts.

(iv) Double-outlet right ventricles (DORV). In this rare CHD (about 1 % of cases
with CHD), more than 50% of the semilunar valvdiogeis of both great arteries arise form
the morphologic right ventricle. In most cases,\betricles display a D loop, and the
pulmonary arterial origin is normally positionedisang from a conus above the right
ventricle. The aorta also arises from the righttirele above conal tissue. In most cases, the
aortic origin is to the right (d-malposition) ofetipulmonary arterial origin, with the two
vessels in a side-by-side relationship. Rarelyatbic origin is distinctly anterior to the
pulmonary origin or the aorta arises to the lefn@élposition) of the pulmonary artery. Cases
with DORV were reported only in the 1990s in theARCdue to the recent recognition of
this CHD-entity.

[ll. Only cases with confirmed diagibased of surgical records or autopsy reports
were included to the study, e.g. without surgio&tivention DORYV is lethal CA. Some cases
with CTD were not found in the records of cardiatompstitutions, in these cases we had a
correspondence with mothers to clarify the statugheir children in 2009 and 2010. Thus
finally only lethal cases with autopsy report of\gual cases with surgical correction were
included to the study. If parents refused the baltation or the diagnosis was not
unequivocal, these cases were excluded from thy.sfihus the diagnosis of our CTD cases
had a high validity.

Controls were differentiated into two groups: matched calstof cases with different
CTD-types evaluated in the study and all contrélhhe HCCSCA.

Satistical analysis



The software GNU R version 2.14, RStudio versioi7Owas used for the analysis of
variables. First, frequency tables were made ferrttain birth outcomes of cases with CTD,
and controls. Second, at the evaluation of qudiviiadata of birth outcomes of newborn
infants and mothers such as age and pregnancy#nidir, Student t test was used while
categorical variables of mothers regarding as @alaaitd employment status were analyzed by
chi square test. At the evaluation of categorigehloutcomes odds ratios (OR) with 95%
confidence intervals (Cl) were calculated in mtiable conditional regression model at the
comparison of cases and their matched controls, @dtivariable unconditional regression

model at the comparison of cases and all controls.

RESULTS

Our population-based data set included 598 cagesGAiD (Table 1), including 44 cases

with TAC, 307 cases with TGA, 223 cases with TOH 34 cases with DORV. In addition,

we evaluated 902 matched controls and 38,151 atla@ls without CA and 20,896

malformed controls with non-cardiac isolated CA.398 cases, one with TOF was diagnosed
in stillborn male fetus. Matched and all controlsrevlive-born babies due to their selection
criteria, thus only 297 live-born cases were alsweated in the study.

Cases with TAC had a robust (70.5%), while casés WGA (55.0%) and TOF
(57.7%) slight male predominance. The sex raticagkes with DORV (12; 50.0%) did not
differ from the expected data of the Hungarian newlpopulation (51.3 % of males).

At the evaluation of total group of cases with C{lllable 2), the mean gestational age
at delivery was similar in cases and in matchedadnaf controls. However, the mean birth
weight was smaller with 163 grams and 199 gramspeoed to matched controls and all
controls, respectively. These findings were in agrent with the rate of preterm births and

low birthweight newborns. The rate of preterm lsrthas somewhat but not significantly



lower in the group of cases with CTD than in theugrs of matched and all controls while the
rate of low birthweight was significantly: 2.4-fothd 2.6-fold higher in cases than in the
matched and all controls. Thus, the major finddh¢his analysis is an obvious intrauterine
fetal growth retardation of cases with CTD. Theaswa somewhat higher rate of postterm
birth and large birthweight in cases with CTD thibdlge number of these births was limited.

We attempted to evaluate the birth outcomes ofittypes of CT-CVA separately as
well (Table 3).

The mean gestational age was much shorter andeha birth weight was
significantly smaller in cases with TAC than inith@ntrols and these variables associated
with a high rate of preterm birth and extremelythigte of low birthweight. These data
indicate beyond shorter gestational age an obvidtasuterine growth restriction.

The birth outcomes of cases with TGA showed a ceetsial pattern. The mean
gestational age was somewhat longer with lowerafpeterm birth, but the mean birth
weight was smaller and it associated with a higatr of low birthweight. Thus intrauterine
growth restriction was also observed in this typ& GA.

The pattern of birth outcomes in cases with TOF alss different. The mean
gestational age was somewhat shorter and the frateterm birth was lower in these cases
than in controls but these differences did nothete level of significance. However, the
mean birth was 224 and 279 g smaller with the Bd’2a5 fold higher rate of low birthweight
newborns in cases with TOF than in their matchebtladincontrols. Thus intrauterine growth
restriction was also obvious.

The birth outcomes of cases with DORV were sintacases with TGA though the
rate of low birthweight was higher.

In conclusion, birth outcomes of TGA, TOF and DOBhOowed some similarities with

the main characteristic of intrauterine growth niesbn. However, TAC had a more obvious



male predominance with much worse birth outcoméls ivothe rate of preterm birth and low
birthweight.

Table 4 summarized the birth outcomes of cases@it according to sex. The
mean gestational age of cases did not show obdiffiesence from the figures of different
controls either in females or males. Thus the &icantly lower rate of preterm birth in
females cases was an expected finding, similadtveas not seen in male cases. The mean
birth weight was lower in females than in maleshbatthe groups of cases and in their
controls as in general. However, female cases madler birth weight (194 and 224 g) than
in their matched and all controls compared to thalker birth weight (142 and 159 g) in male
cases than in their controls. Thus there was nufgignt difference in mean gestational age
of female and male cases than in their controlghmitate of preterm birth was lower in
female cases and both sexes had a higher ratevdditthweight due to their intrauterine
growth restriction.

Among maternal variables (Table Sxtfthe total group of cases with CTD is
analyzed. The mean maternal age was somewhat higbase mothers than in all controls
and particularly in matched control mothers. Theambirth order of case mothers was
higher due to larger proportion of multiparous wontiegan of matched and all control
mothers. There was no difference in mean pregnarasr (live- and stillbirths +
miscarriages) between case and control mothershéstinding is against the higher rate of
miscarriages in the previous pregnancies of caghers

The rate of unmarried mothers was sinalaong the study groups. There was no
obvious difference in the distribution of matereaiployment status among the study groups,
though the proportion of housewives was highehegroup of case mothers than in control

mothers. In Hungary most of these women belongéledower socioeconomic status.



Table 6 summarizes the maternal variables in cagbdifferent CTD types. Mean
maternal age was different among different grodpsaees with CTD from the lowest (25.1
yr) in the group of TAV to the highest in the groofpDORYV (26.6 yr). The mean birth order
did not follow the mean maternal age, because sttha highest (2.0) both in the mothers of
cases with TAC (with the youngest mean materna) age in the mothers of cases with
DORYV (i.e. with the eldest mean maternal age). flighest mean pregnancy order was also
observed in the group of cases with TAC indicatitggher rate of miscarriages in the
previous pregnancies of these mothers. The preyiousntioned lower socio-economic
status (semi- and unskilled workers, housewives) feand in the mothers of cases with
different CTD, but it was most obvious in the grafprAC (40.9%) compared to TGA
(33.2%), TOF (33.8%), DORV (32.4%) and particulanall controls (28.0%) .

Only 58 case mothers were visited aé012 (20.7%) smoked cigarettes during the
study pregnancy. The proportion of smokers wa8%49n all control mothers. The number
of regular and hard drinkers was 5 and 2, togettzer7 (12.1) during the study pregnancy of
case mothers. The rate of regular and hard drirtkgether was 1.2% in all control mothers.

This shows a 10.8-fold increased odds for drinkerth CI: (3.3, 32.9)).

DISCUSSION

The major findings of our study indicated male esscand an intrauterine fetal growth
restriction in cases with CTD.

The cardiac outflow tract, i.e. the group of CT&dhremendous changes in their
clinical treatment and understanding in their edibpgenesis. The first patient with tetralogy
of Fallot was operated in 1945 by Blalock-Tauss$igrg (24) and now most infants affected

with CTD have surgical intervention in the firstayeof life with a remarkable survival rate of



80%. (The highest mortality is among infants with'and DORV.) A major breakthrough
in the understanding of etiopathogenesis of CTD tivagliscovery that migrating neural crest
cells form part of the aorticopulmonary septum #redcardiac outflow tract (25-27). Thus
CTD are the CA of mesenchymal cell migration withadovious sensitivity of specific
environmental agents, e.g. retinoid acid exposBg due to specific patterns of retinoic acid
binding proteins which could lead to a rationaémptretation of the timing and action of
specific teratogens.

The male excess among cases with CTD found inmadiother studies (14, 29-32) is
worth mentioning because it is against the usulihked inheritance and support the
hypothesis of sex-modified threshold level in CT@ygenic system.

An important finding of the study is that fetal CHad no effect for gestational age
and rate of preterm birth. . However, CTD assoaatk and obvious risk for fetal
development and it was recognized on the basisticuterine growth retardation. Thus
intrauterine life hemodynamic alterations due tdQway affect size and growth patterns
(33). However, our study showed first the sex déifee in the birth outcomes of cases with
different CDT-types. Female cases had a lowerafpeeterm birth. In addition our data
indicated differences in the birth out comes of Gfj/pes, e.g., cases with TAC had a higher
rate of both preterm birth and low birthweight, tither 3 type of CTDs associated with a
somewhat lower rate of preterm birth but highetdoef birthweight newborns. The mothers
of TAC had a lower maternal socioeconomic status.

The somewhat elder mothers found in our and otiueliess (14, 34) are arguments for
some genetic predisposition of CTDs.

Previously many studies showed an association leehagnking habit of pregnant
women and characteristic pattern (fetal alcohotlsgme/effect) of CAs including CHD as

well in their children (35, 36). Tikkanen and Hemem (32) found a much higher risk of conal



malformations in the children of pregnant womerhvalcohol drinking during the first
trimester of pregnancy. Our study confirmed it tjoit was based only a subsample of our
material, however, these data were collected thr@ugross interview of mothers and their
close family members, excluding the very unreliabkgernal self-reported information, and
the association was strong.

Our study did not find association of smoking dgrpregnancy with the higher risk of
CTD as in other studies (32, 14).

The strengths of our study are connmkwii¢th the large population-based data set of
the HCCSCA including 597 live-born cases with CBD2 matched and 38,151 all controls
without CAs in the ethnically homogeneous Hunga(f@aaucasian) population. The
ascertainment of cases with CTD was high due tdyeamplete surgical intervention (with
precise diagnosis) and/or infant death (due tayabdiry autopsy) in this group of CHDs.
Prenatal diagnosis of severe CHD fetuses was trodinced in Hungary during the study
period. Cases with CAs were reported by medicatate@nd reported diagnoses were
critically checked in the HCAR (17). In additiorethalidity of CHD-diagnoses has been
improved due to the recent medical records in t8&€BCA (16) and due to the follow-up of
our cases in cardiologic institutions and corresiemce with mothers. We did our best to
work with cases as homogeneous CHD as possibieftine syndromic/unidentified multiple
cases including CTD were excluded from the studsthB utcomes of cases and controls
were medically recorded.

However, there were some weaknesses of our stiydyh€ rarity of some CTD-types
creates difficulties in the evaluation of differematomic subtypes, e.g. we were not able to
differentiate the two subtypes of transpositiomgdat vessels on the basis of great artery

relationship such as transpose (parallel) and nidispaal) (12) (i) Data regarding lifestyle



factors, such smoking habit and alcohol drinkingenevailable in a subsample of mothers
visited at home.

In conclusion, our findings showed enakcess and intrauterine growth restriction
of cases with CTD, some difference in the birthcoutes of male and females cases and of

different types of CTDs and confirmed the roleedular/hard drinking in the origin of CTDs
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Table 1. Pregnancy outcomes of cases with therdiftaypes of CT-CVA

Data set Total Sex ratio Stillbirth Postnatal death
(No. of boys) (based on 597

live-born cases)

Types of CTG . No. % No. No. % % No. %
TAC 44 7.4 31 0 0.0 70.5 18 940.
TGV 307 51.3 169 0 0.0 55.0 52 16.9
TOF 223 37.3 128 1 0.5 57.7 43 194
DORV 24 4.0 12 0 0.0 50.0 8 33.3
Total 598 100.0 340 1 0.2 57.0 121 20.3




Table 2. Live-birth outcomes of cases with conatalmefect (CTD), in addition of matched and alhizols

Variables Cases Matched controls All controls
(N=597) (N=902) (N=38,151)
Livebirth outcomes No. % No. %R @®5% CI No. % OR 95% CI
Quantitative Mean S.D. Mean S.D.t= p= Mean S.D. t= p=
Gestational age (wk)* 394 20 39.3 21 0.93 0.353 39.4 .1 20.00 1.000
Birth weight (g)** 3,077 588 3,240 490 5.61 <0.0013,276 511 8.22<0.001
Categorical No. % No. % OR% ClI No. % OR 95% ClI
Twins 13 2.2 11 1.2 1.80 0.804. 410 1.1 2.05 1.17-3.58
Preterm birth* 49 8.2 84 9.3 0.8/60-1.26 3,496 9.2 0.89 0.66-1.19
Postterm birth* 6 1.0 4 0.£22 0.64-8.11 151 0.4 2.55 1.13-5.80
Low birthweight** 87 14.6 56 6.2 2.58 1.81-3.67 2,167 5.7 2.83 2.25-3.57
Large birthweight** 9 15 3 0.3 459 1.24-17.0 315 0.8 1.84 0.94-3.58

*Adjusted for sex of cases/controls, in additioritte age, parity (birth order) and employment statumothers
** Adjusted for sex of cases/controls, in additionthe age, parity (birth order), employment statusiothers

and gestational age of newborns

Bold numbers show significant associations



Table 3. Live-birth outcomes of cases with différqpes of CTD, in addition of matched and all cols

Study groups/ Cases Matched controls All controls
Birth outcomes
TAC (N=44) (N=58) (N=38,151)
Quantitative Mean Mean SD. t= p= Mean SD. t= p=
SD.

Gestational age (wk) 38.6 3.3 39.6 1.6 185 0.069 394 2161 0.115
Birth weight (g) 2,919 782 3,305 491 2.87 0.005 3,276 511 33.0.004
Categorical No. % No. % OR 95%CI No. % OR 95% CI
Preterm birth* 8 182 1 1.7 12.7 1.5-1056 3,49 9.2 2.2 1.0-4.7
Low birthweight** 15 341 5.2 9.5 2.5-355 2,167 5.78.6 4.6-16.0

TGA (N=307) (N=489) (N=38,151)
Quantitative Mean SD. Mean SD. t= p= Mean SD. t= p=
Gestational age (wk)*  39.5 1.9 39.2 21 2.08 0.038 39.4 2192 0.359
Birth weight (g)** 3,150 586 3,235 496 2.11 0.035 3,276 511 3601
Categorical No. % No. % OR 95% CI No. % OR 95% CI
Preterm birth* 25 81 48 9.8 0.8 05-14 3,496 9.2.9 0.6-1.3
Low birthweight** 36 117 35 72 17 1.1-2.8 2,167 5.2.2 1.6-3.1
TOF (N=222) (N=323) (N=38,151)
Quantitative Mean SD. Mean SD. t= p= Mean SD. t=  p=
Gestational age (wk) 39.3 1.9 39.4 2.1 0.58 0.563 39.4 20178 0.434
Birth weight (g) 2,997 535 3,221 471 5.05 <0.001 3,276 511 7.¥0.001
Categorical No. % No. % OR 95% CI No. % OR 95% CI



Preterm birth* 14 6.3 33 10.2 0.6 0.3-1.1 3,496 9@7 0.4-1.1

Low birthweight** 32 144 17 53 3.0 1.6-5.6 2,167 5.7.8 2.94.1
DORV (N=24) (N=32) (N=38,151)
Quantitative Mean SD. Mean SD. t= p= Mean SD. t= p=
Gestational age (wk)* 39.4 2.0 39.5 2.10.18 0.086 394 2.1 0.00 1.000
Birth weight (g)** 3,171 563 3,382 584 1.37 0.178 3,276 511 0.91370
Categorical No. % No. % OR 95% ClI No. % OR 95% ClI
Preterm birth* 2 83 2 6.3 1.4 0.2-104 3,496 9.9 0.2-38
Low birthweight** 4 16.7 1 3.1 6.2 0.7-59.6 2,167 5.7 3 3..1-9.7

*Adjusted for the age, parity (birth order) and éayment status of mothers
** Adjusted for the age, parity (birth order), emapiment status of mothers and gestational age oboes
Bold numbers show significant associations



Table 4. Live-birth outcomes of cases with CTD, #m&r matched and all controls according to theaddeewborns

Variables/ Females Cases Matched controls All controls
(N=258) (N=401) (N=13,352)

Quantitative Mean S.D. Mean S.D.t= p= Mean S.D. t= p=
Gestational age (wk)* 39.3 2.0 39.2 2.20.60 0.547 39.3 2.1 0.001.000
Birth weight (g)** 2,963 538 3,157 478 4.72 <0.001 3,187 494 66301

Categorical No. % No. % @R% CI No. % OR 95% CI
Preterm birth* 17 6.6 47 11.7 0.53 0.30-0.951,427 10.7 0.59 0.36-0.97
Low birthweight** 42 163 30 7.5 2.40 1.46-3.96 929 7.0 2.60 1.86-3.64

Variables/males (N=339) (N=501) (N= 24,799)

Quantitative Mean S.D. Mean S.D.t= p= Mean S.D. t= p=
Gestational age (wk)* 39.4 2.1 39.4 2.00.00 1.000 39.4 2.0 0.00 1.000
Birth weight (g)** 3,164 611 3,306 491 3.57 0.001 3,323 514 470D

Categorical No. % No. % OR% CI No. % OR 95% CI
Preterm birth* 32 9.4 37 7.4 1.310814 2,069 8.3 1.15 0.79-1.65
Low birthweight** 45 133 26 5.2 2.801.69-4.631,238 5.0 2.91 2.12-4.01

Adjusted for the age, parity (birth order), empla@mhstatus and folic acid use of mothers
** Adjusted for the age, parity (birth order), erapiment status, folic acid use of mothers and gestaige of newborns
Bold numbers show significant associations



Table 5. Main variables of mothers of cases witlb@1 addition of their

matched and all controls

Variables Case mothersMatched control mothers All control mothers
(N=597) (N=902) (N=38,151)
Quantitative No. % No. % No. %
Maternal age X p= X3 p=
- 19 48 8.0 71 7.9 3,277 8.6
20 -29 426 714 674 74.4 27,602 723
30 - 123 20.6 157 17.4 7,272 19.1
Mean, S.D. 257 5.0 25.2 4.8 t=p= 255 49 t= p=
Birth order p= X, p=
1 261 43.7 443 49.1 18,209 47.7
2 or more 336 56.3 459  50.9 19,942 52.3
Mean, S.D. 19 11 1.7 10 t=p 1.7 09 t= p
Pregnancy order X p= X, p=
1 234 39.2 396 439 16,320 42.8
2 or more 363 60.8 506 56.1 21,831 57.2
Mean, S.D. 2.0 1.3 19 12 t9 1.9 12 t= p
Categorical No. % No. % “X p= No. % X p=
Unmarried 22 3.7 42 4.7 1,472 3.9
Employment status ‘X p= Xs p=
Professional 56 9.4 88 9.8 4,423 611
Managerial 145 24.3 250 27.7 10,265 26.9
Skilled worker 174 29.1 280 31.0 11,908 31.2
Semiskilled 100 16.7 161 17.8 6,161 16.1
worker
Unskilled worker 41 6.9 46 5.1 Z18 5.7
Housewife 62 10.4 58 6.4 2,354 6.2
Others 19 3.2 19 2.1 853 2.2




Table 6. Main variables of mothers of live-bornesawith different types of CTD and all controls

Variables Cases with Cases with Cases with Cases with Cases with All controls
TAC TGA TOF DORV CTD
(N=44) (N=307) (N=222) (N=24) (N=597) (N=38,151)
Quantitative No. % No. %. No. No. % No. % No. %
Maternal age
- 19 4 9.1 23 75 21 9.5 0 0.0 48 8.0 3,277 8.6
20-29 33 75.0 215 70.0 160 72.1 18 75.0 426 71.4 27,602 72.3
30 - 7 15.9 69 22.5 41 184 6 25.0 123 20.6 7,272 19.1
Mean, S.D. 25.1 4.1 25.9 5.0 25.35.3 26.6 4.3 25.7 5.0 255 49
Birth order
1 16 36.4 137 44.6 101 455 6 25.0 261 43.7 18,209 47.7
2 or more 28 63.6 170 55.4 12%4.5 18 75.0 336 56.3 19,942 .352
Mean, S.D. 2.0 1.2 1.9 1.2 81 11 2.0 0.8 1.9 1.1 1.7 0.9
Pregnancy order
1 14 31.8 123 40.1 91 41.0 6 25.0 234 39.2 16,320 42.8
2 or more 30 68.2 184 59.9 1319.05 18 75.0 336 60.8 21,831 257.
Mean, S.D. 2.3 1.4 2.0 1.2 2.01.3 2.2 1.0 2.0 1.3 1.9 1.2
Categorical No. % No. %. No. % o.N % No. % No. %
Unmarried 3 6.8 9 2.9 10 54 0 0.0 22 3.7 1,472 9 3.
Employment status
Professional 2 4.5 33 107 9 1 8.6 2 8.3 56 9.4 4,42311.6
Managerial 7 15.9 77 25.1 523.42 9 37.1 145 24.3 10,265 .926
Skilled worker 15 34.1 87 28.3 8 630.6 4 16.7 174 29.1 11,908 31.2
Semiskilled 7 15.9 51 16.6 38 17.1 4 16.7 100 16.7 6,161 16.1
worker
Unskilled worker 6 13.6 19 6.2 15 6.8 1 4.2 41 6.9 2,187 5.7
Housewife 5 11.4 32 10.4 229.9 3 12.5 62 10.4 2,354 6.2
Others 2 4.5 8 2.6 83.6 1 4.2 19 3.2 853 2.2






