Kernell et al. BMC Pregnancy and Childbirth 2014, 14:187

http://www.biomedcentral.com/1471-2393/14/187
P BMC

Pregnancy & Childbirth

RESEARCH ARTICLE Open Access

Congenital heart disease in men - birth
characteristics and reproduction: a national
cohort study

Kristina Kernell?, Gunilla Sydsjo'?, Marie Bladh', Niels Erik Nielsen®* and Ann Josefsson'*°"

Abstract

Background: Women with congenital heart disease (CHD) are more often born preterm or small-for-gestational
age and with a caesarean section. This pattern together with an increased risk of congenital anomalies seems to be
repeated in the next generation. Information on the effect of paternal CHD on their offspring is sparse. In this study
we investigated if men with CHD differ from those who do not have CHD with respect to characteristics related to
their own births, their reproductive patterns and the neonatal outcomes of their children.

Methods: In this national cohort study data were derived from Swedish population-based registries. The population
consists of all men born in 1973-1983 who were alive and living in Sweden at 13 years of age (n =522 216). The index
group is men with CHD (n = 2689). Men diagnosed with CHD were compared with men without CHD. The CHD were
also divided into two groups, complex and simple CHD and comparisons between the groups were made.

Results: Men with CHD are more likely to have been born preterm (p < 0.001), small-for gestational-age (p < 0.001) or

large-for-gestational-age (p < 0.001) than men without CHD. They are also more likely to have been the result of a twin
pregnancy (p < 0.001) and to have been delivered by caesarean section (p < 0.001). Men with CHD have a decreased

differ from the outcomes of children of non-CHD men.

likelihood to become fathers compared to non-CHD men and in this study their offspring do not have a higher
incidence of CHD than offspring to non-CHD fathers. The neonatal outcomes of children of men with CHD do not

Conclusions: Men with CHD were more often born with non-optimal characteristics compared to men without the
condition. However, the increased risk does not repeat itself in the next generation. This knowledge can lead to
improved preconception counselling for couples in which the father has a CHD.
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Background

During the past decades the percentage of people reach-
ing adulthood who have congenital heart disease (CHD)
has increased due to advances in medical and surgical
procedures. CHD occurs in 0.5-0.8 percent of all live
births and more than 85 percent of the group with CHD
survive into adulthood [1,2]. Most probably, the majority
of CHD men and women wish themselves to become
parents.
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In an earlier national cohort study we have shown that,
women with CHD were more prone to give birth to chil-
dren preterm or SGA and their babies were more often
delivered by caesarean section with a higher frequency of
congenital abnormality [3]. Other studies have also shown
that CHD women experience a higher frequency of neo-
natal complications such as premature birth, small-for-
gestational age birthweight, having children with congenital
anomalies and a higher incidence of foetal and perinatal
mortality than women without CHD [4-7].

The risk for the offspring to also have CHD is three to
ten times higher in women with CHD than in women
without [8,9]. Paternally-related CHD has been described
in the literature, with reported risk of 2.5 to 3.6% [8,10,11].
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Although we know much about the effect of CHD in
the mother on outcomes, there is to our knowledge very
little or no information about the effect of CHD in the
father on outcomes of pregnancies to non-CHD mothers.

Swedish population-based registries contain well-
validated data and are prospectively collected. These
registries are mandatory and cover the entire population
of 9 million people. They provide a unique opportunity
to study the effect of CHD in men on the pre-, peri- and
postnatal outcomes for their offspring born to non-CHD
mothers.

The aim of our study was thus to investigate if men
with CHD differed from those without CHD with re-
spect to characteristics related to their own births, their
reproductive patterns and the neonatal outcomes of
their children.

Methods

Swedish registries

Data for this study were taken from Swedish population-
based registries. Statistics of diseases and surgical treat-
ment of patients in Sweden have been published for
more than 100 years. With the Swedish personal identifi-
cation number it is possible to link the data in the differ-
ent registries to each other.

Since 1973 information concerning pregnancy, delivery
and paediatric neonatal examination as well as certain
maternal characteristics such as previous reproductive
history has been collected in the Swedish Medical Birth
Registry (MBR). Every health care provider is required to
register birth information in MBR, which itself covers
approximately 99 percent of all births in Sweden [12,13].
The Total Population Registry (TPR) contains data on
births, deaths, marital status, as well as information on
migration and country of origin for Swedish residents
born abroad [14].

The National Patient Registry (NPR) has been in use
since 1964 and from 1987 on it covers all public, in-
patient care in Sweden [15]. The NPR continuously
receives information on patient-, hospital-, and adminis-
tration data, including diagnosis, external cause of in-
jury, and surgical procedures. Since 2001 the register
also contains outpatient visits including outpatient sur-
gery and psychiatric care from both private and public
caregivers. The diagnoses in the NPR are based on the
Swedish version of the World Health Organization inter-
national classification of diseases (ICD). ICD-8 [16] was
used until 1986, ICD-9 [17] was used between 1987 and
1996, and ICD-10 [18] from 1997 onwards.

The Causes of Death Register records information on
all deceased persons registered in Sweden at the time of
death [19].

By use of the Multi-Generation Registry (MGR) it is
possible to identify the children of the men in the study
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population [20]. The children are also registered in the
MBR and the TPR.

Information on the educational level of the parents of
the men in the study population was retrieved from the
Education Register and the Population and Housing
Census 1970 [21,22].

Subjects with CHD were identified in this study as all
for whom the records show one or more of the following
three-digit-level codes: ICD-8: 746 or 747, ICD-9: 745-
747, ICD-10: Q20-Q26. The men with CHD were found
in the MBR and the NPR.

Two groups of CHD subjects were created, one “com-
plex” and one “simple”. The main diagnoses leading to
classification as “complex” are truncus arteriosus, trans-
position of the great arteries, tetralogy of Fallot and
single-ventricle defects. The main diagnoses leading to
classification as “simple” were isolated valve disease, iso-
lated atrial or septal defect, coarctation of the aorta or
persistent ductus arteriosus.

Study population

All Swedish men born between 1973 and 1983 according
to the MBR and the TPR who were alive and still living
in Sweden at 13 years of age served as the study popula-
tion (n =522 216). The index group comprises men di-
agnosed with CHD at any time during life (n =2 689).
The cohort was followed up until 2007. During the study
period 4405 (0.84%) men in the total study population
died of which a 272 also had become fathers. Using the
MGR the firstborn children of the 522 216 men were
found. The first birth occurred in 1989. A total of 110
419 father-firstborn-offspring pairs were identified.
Due to missing values on birthweight or gestational
length of the children 491 men were excluded in the
calculations.

We retrieved information on the socioeconomic char-
acteristics of the study group and their parents from the
Population and Housing Census 1970 [23]. We also had
information about the parents’ country of origin and
their educational levels in 1985. Information on the
mothers’ marital status, parity, and age at the time of
giving birth (ie. 1973-83) was also retrieved from the
registries. We received information on several birth-
related variables from records of the births of the men
in the study group including birthweight, gestational
length, instrumental delivery, caesarean section, as well
as if the men were the result of a twin birth. The defini-
tions of preterm birth and small-for gestational age (SGA)
and large-for-gestational-age (LGA) follow those specified
in the Swedish external standards from 1996 [24]. Preterm
birth is defined as birth before 37 completed weeks of ges-
tation, SGA as a birth weight<-2 standard deviations
(SD) of the mean birth weight for the gestational length,
and LGA age as a birth weight > +2 SD.
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In the MGR the children of the men who have become
fathers could be identified. The MBR and the NPR were
used to obtain information about the children concern-
ing birth weight, gestational length, delivery mode (in-
strumental or caesarean section), twin pregnancy and
congenital malformations.

Statistical analysis
Men diagnosed with CHD were compared to those not
diagnosed with the condition by means of the x* — test.
For continuous variables such as birth weight and gesta-
tional length comparisons between the groups complex
CHD, simple CHD and non-CHD were made via analysis
of variance corrected with Tukey-Kramer procedure. The
data were also modelled through Cox’s proportional haz-
ards model to estimate the effect of CHD on the men’s
subsequent likelihood of becoming fathers during the
study period. Age defined the time-dimension and the
men exited from risk when they became fathers, died, or
reached the end of follow-up, whichever took place first.
Both crude and adjusted hazard ratios (HR) and corre-
sponding 95% confidence intervals (CI) were calculated.
Adjustments were made for the men’s parental socioeco-
nomic characteristics, the age of the woman who gave
birth to their child and whether this woman had a CHD.

In addition to the x> — tests, we performed a multivari-
able logistic regression analysis to estimate the differ-
ences between the men who were diagnosed with CHD
and those not diagnosed with the condition, controlling
for background variables such as the mothers’ and
fathers’ educational levels, mothers’ marital status,
mothers’ parity, parents’ country of origin and the differ-
ent congenital heart malformations. A three level vari-
able was created where 0=no CHD, 1=simple CHD
and 2 = complex CHD. The odds ratios (OR) and corre-
sponding confidence intervals (CI) were calculated and
the groups were compared to each other. This enabled
us to simultaneously account for the combined effect of
the studied variables. However, as the differences be-
tween these analyses and the > — tests presented in the
tables were not substantial; we chose not to present the
results of these additional analyses.

All analyses were performed using the IBM® SPSS®
Statistics for Windows, Release. 18.0.1. 2009.

This study was approved by the Regional Ethical Re-
view Board, Linkoping, Sweden.

Results
Of the men born in Sweden between 1973 and 1983 (n =
522 216), who were alive and still living in Sweden at
13 years of age, 2 689 (0.5%) had been diagnosed with
CHD and 394 (14.7%) of these had complex CHD
(Table 1).
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Table 1 Distribution of congenital heart disease in Swedish
men born 1973-83

Diagnosis Count®
Complex

Truncus arteriosus 25
Transposition of the great arteries 168
Tetralogy of Fallot 167
Single ventricle 34
Simple

Ventricular septal defect 783
Atrial septal defect 534
Endocardial cushion-defect - atrioventricular septal defect 108
Triscupid valve defect 76
Mitral valve defect 135
Pulmonary valve defect 331
Congenital valve stenosis 244
Other heart defects 268
Congenital aortic insufficiency 332
Patent arterial duct 352
Coarctation of the aorta 265
Other anomalies of the aorta 103
Anomalies of the pulmonary artery 88
Anomalies of the great veins 119
Non-specified anomalies of the heart or great vessels 565
Total 2689

“Each person may have more than one CHD diagnosis.

In Table 2 the socioeconomic characteristics of the
parents of the study population are presented. Mothers
of men with a CHD were older when giving birth (p <
0.001) and more often unmarried (p = 0.047). There were
no differences in the educational levels of the mothers
or the fathers, in parity or country of origin. Table 3
shows the delivery related characteristics of the study
group’s own births. Men with CHD were more likely to
have been born preterm (p < 0.001), SGA (p < 0.001) and
LGA (p<0.001) than non-CHD men (Table 3). Men
with CHD were also more often delivered by caesarean
section (p <0.001) and they were also more likely the re-
sult of a twin pregnancy (p < 0.001).

There were 110 419 (21.1%) men in the study popula-
tion who had become fathers during the study period.
The proportion of men with different types of CHD who
had become fathers is presented in Table 4. In Table 4
the p-values used for comparing men diagnosed with a
specific CHD to all other men in the study are also pre-
sented and show that men with CHD have lower rates of
paternity except for men with transposition of the great
arteries, tetralogy of Fallot, single ventricle, triscupid
valve defect, congenital valve stenosis, congenital aortic
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Table 2 Socioeconomic characteristics of the parents of
the studied men born in 1973-83°

CHD
Yes No

Count % Count % P-value®
Mothers’ educational level 0.716
9-10 years 772 287 148226 285
11-13 years 1108 412 218839 421
> =14 years 621 231 118229 228
Missing 188 70 34233 66
Fathers’ educational level 0911
9-10 years 852 317 163384 314
11-13 years 1081 402 207035 399
> =14 years 563 209 110334 212
Missing 193 72 38774 75
Mothers’ marital status 0.047
Married 1837 683 360903 695
Divorced/widow 736 274 140602 271
Unmarried 116 43 18022 35
Mothers’ age <0.001
13-19 years 97 36 20875 41
20-26 years 1056 393 216352 416
27-33 years 1129 420 221288 426
> =34 years 407 151 61010 117
Mothers’ parity 0.142
No previous children 1101 409 220038 424
Previous children 1588 59.1 299489 576
Parents’ country of origin 0.788
One or both non-Nordic 202 75 39744 77

Both Nordic 2487 925 479783 923

@Analysis performed on all 522 216 men in the study cohort whose parents
could be identified through the registries. All variables were measured at the
time of the men’s birth (i.e. in 1973-83).

bChi-squared test.

insufficiency, coarctation of the aorta and other anomal-
ies of the aorta, anomalies of the pulmonary artery, and
the great veins where no differences were found. Also,
after adjustments for parental socioeconomic character-
istics presented in Table 2, men with CHD were found
to have a decreased likelihood of becoming fathers dur-
ing the study period (HR =0.767, 95% CI = 0.697-0.845,
data not shown). Moreover, no difference in the inci-
dence of paternity was found in the case of men with
CHD having children with a woman with CHD com-
pared to men with CHD having children with a woman
without CHD; Hazards ratio=0.210 (95% confidence
interval 0.031-1.426) (data not shown).

Table 5 shows the delivery-related data of the studied
men’s firstborn children. No differences were found in
birthweight or gestational length, preterm birth, SGA,
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Table 3 Birth characteristics of the men born in 1973-83?

CHD
Yes No

Count % Count % P-value
Birthweight (g) (mean/SD)° 3328 720 3556 547 <0.001
Gestational length 389 28 396 1.8 <0001
(weeks) (mean/SD)®
Born preterm® <0.001
Yes 339 126 26299 5.1
No 2350 874 493228 949
Born small-for-gestational-age© <0.001
Yes 325 121 26213 50
No 2364 879 493314 950
Born large-for-gestational-age® <0.001
Yes 158 59 22767 44
No 2531 94.1 496760 956
Twin birth® <0.001
Yes 83 31 8230 16
No 2606 969 51119 984
Instrumental delivery® 08
Yes 179 67 35167 68
No 2510 933 484360 932
Caesarean section® <0.001
Yes 437 163 51008 98
No 2252 837 468519 90.2

2Analysis performed on all 522 216 men in the study cohort.
PAnalysis of variance corrected by Tukey-Kramer procedure.
“Chi-squared test.

LGA, instrumental delivery or caesarean section. Neither
was there any difference in the incidence of congenital
anomalies in children of men with CHD compared to
children of men without the condition.

Discussion

The results of this large national cohort study show that
men with CHD are more likely to have been born pre-
term, SGA or LGA than men without CHD. Men with
CHD are also more likely to have been the result of a
twin pregnancy and to have been born with a caesarean
section. This is in accordance with our earlier findings
in women born with a CHD from the same Swedish
birth cohort [3]. Men with CHD had a decreased likeli-
hood of becoming a father compared to men without
CHD. However, the delivery-related outcomes and the
incidence of congenital anomalies in their children did
not differ between groups.

The reported risk of CHD in children of men with
CHD ranges in different studies between 2.5-3.6%
[8,10,11]. However, these studies are based on smaller
series of men and women with specific CHD diagnoses.
In this study we found no increased risk of congenital
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Table 4 The proportion of men with CHD who had fathered
a child
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Table 5 Delivery-related characteristics of the studied men'’s
firstborn children®

Diagnosis Count® %  P-value®
Complex

Truncus arteriosus T 40 0.036
Transposition of the great arteries 26155 0.072
Tetralogy of Fallot 29 174 0.232
Single ventricle 7 206 0937
Simple

Ventricular septal defect 103 132 <0.001
Atrial septal defect 84 157 0.002
Endocardial cushion-defect - atrioventricular 12111 0.011
septal defect

Triscupid valve defect 10 132 0.088
Mitral valve defect 19 141 0.044
Pulmonary valve defect 46 175 <0.001
Congenital valve stenosis 43 176 0.178
Other heart defects 36 134 0.002
Congenital aortic insufficiency 58 175 0.101
Patent arterial duct 39 114 <0.001
Coarctation of the aorta 51 192 0.449
Other anomalies of the aorta 17 165 0.249
Anomalies of the pulmonary artery 12136 0.085
Anomalies of the great veins 22 185 0478
Non-specified anomalies of the heart 69 154 <0.001
or great vessels

Total 415 154 <0.001

®Each person may have more than one CHD diagnosis.
PCompared to all other men in the study cohort.

anomaly but we were unable to fully investigate the pro-
portion of different CHDs among children with anomal-
ies due to lack of data in the registries. It is important to
take into consideration that for a newborn to receive the
diagnosis of a CHD in the registries used, the defect has
to be diagnosed directly after the delivery before the
mother is discharged from the hospital. Many congenital
heart defects are not diagnosed until a later stage. This
may affect the number of children to men with or with-
out CHD found to have a minor congenital malforma-
tion with an underreporting as the consequence. Still, in
an earlier study using the same registries and birth co-
hort we found an increased risk of congenital anomalies
when investigating children of mothers with CHD [4].

It is somewhat surprising that men with CHD are born
LGA but the reason might be that they are the result of a
high-risk pregnancy such as a type 1 diabetes mellitus [25].

The major strength in using data from registries is the
large size of collected data and the population-based infor-
mation free from recall bias. However, register data can
involve misclassification problems caused by unrecorded

Complex Simple No CHD
CHD CHD

Count % Count % Count % P-value
Birthweight 3651 3526 3521
(9) (mean)®
complex vs simple 0.294
complex vs none 0.210
simple vs none 0.982
Gestational Iength 398 393 393
(weeks) (mean)
complex vs simple 0.134
complex vs none 0.104
simple vs none 0.996
Born preterm® 0.275
Yes 119 24 75 6894 6.3
No 53 981 297 925 102898 937
Born small-for- 0.843
gestational-age®
Yes 119 8 25 2253 21
No 53 981 306 975 105787 979
Born large-for- 0.836
gestational age®
Yes 1 19 10 32 3547 33
No 53 981 304 968 104493 96.7
Twin birth® 0492
Yes 0 0 6 19 1471 13
No 54 100 315 981 108573 987
Instrumental 0.753
delivery©
Yes 6 111 37 115 11324 103
No 48 889 284 835 98720 89.7
Caesarean 0.551
section®
Yes 7 130 54 168 16278 148
No 47 870 267 832 93766 852
Congenital 0.961
anomalies®
Yes 3 56 15 47 5298 48
No 51 944 306 953 104746 952

?Analysis performed on all 109 928 eligible children.
®Analysis of variance corrected by Tukey-Kramer procedure.
“Chi-squared test, overall comparisons.

cases and/or incorrect registration of diagnostic codes,
and this limitation may have affected the validity of the
data used in our study.

Almost 100% of the hospital discharges are registered
in the in-patient register. The accuracy of the data is 85-
95% depending on the diagnosis [26]. The MBR covers
almost 100% of all births in Sweden. The report rate is
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controlled every year against the births registered in the
Birth registry at Statistics Sweden.

To our knowledge this is the first study to investigate
the birth characteristics of men with CHD as well as the
neonatal outcome of their children.

Registry studies have the advantage that the studied
population is large and sometimes as in this study the
whole population of a country can be included. This en-
ables large numbers of cases in the groups to be ana-
lysed, which is uncommon when rare medical conditions
such as CHD are investigated. Since this is a relatively
new patient group for obstetricians little is known about
how the condition influences the reproductive patterns.
The information in registries can describe this and can
be used to formulate hypotheses.

There is no risk of selection bias since the whole
population is included in the study and investigated. An-
other advantage of studies of registries is that because
the databases were not created for a priori-defined re-
search purposes, there is no opportunity for interviewer
bias or ascertainment bias. However, there may be large
observed and unobserved differences in patient charac-
teristics that can lead to confounding. In the multivari-
able logistic regression analysis we tried to control
characteristics known to cause confounding in this spe-
cial study and reduce this.

The major limitation of this study is that malforma-
tions of the heart show different patterns, which cause a
problem of inhomogenity among the studied individuals.
Every heart malformation is different. Hence, it is not
possible to have homogeneous groups. This makes it dif-
ficult to draw valid conclusions and generalizations
about the different subgroups of CHD. To try to make
results more useful, the diagnoses were divided into sub-
groups. Another major limitation is the relative lack of
clinical data concerning men with CHD.

It is still necessary to design studies that try to de-
scribe the outcomes of pregnancy and birth of the chil-
dren of these parents since CHD is the most common
congenital abnormality. The incidence of surviving indi-
viduals with CHD is growing and this means that an
ever increasing number of men and women with CHD
want to become parents.

Conclusions

This large national cohort study has shown that men
with CHD are more likely to have been born preterm,
SGA or LGA but the increased risk does not repeat itself
in the next generation. Neither was there any increased
risk of congenital malformations in offspring to men
with CHD in this study. The result is of importance
for cardiologists, obstetricians or others who give gen-
etic and pre-conception counselling to men and women
with CHD.
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