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ABSTRACT

Objectives: To examine whether patients with congenital heart disease (CHD) are less likely to have a partner or
children than individuals from the general population. Methods: Longitudinal study with two assessments of the
same patients (n = 244) from a hospital population and controls (n = 238) from the German Socio-Economic
Panel (GSOEP) using parental education, patients age, and sex as matching criteria. The first patient study
was conducted between 5/2003 and 6/2004, the second one between 5/2017 and 4/2019. Controls were drawn
from GSOEP-surveys 2004 and 2018. CHD-severity was classified according to type of surgery: curative, repara-
tive, or palliative. Living single was used as outcome measure, for offspring the outcome was having children or
not. Results: Among women with CHD the rate of those living single was higher than among controls with the
differences depending on disease complexity (curative: OR = 5.5; reparative: OR = 1.9; palliative: OR = 2.7). No
statistically significant differences between patients and controls emerged in the male study population. With
respect to children a marked difference emerged between women with CHD and controls. Among patients the
odds of having children were lower than among controls (curative: OR = 0.3; reparative: OR = 0.3; palliative:
OR = 0.2). The rate of patients with children with CHD (women: 5.6%; men: 4.9%) was higher than expected
(1%) if compared with the general population. Conclusions: Using partnership and children as outcome criteria,
patients with CHD are disadvantaged if compared to subjects from the general population. In female patients the
social consequences of the disease turned out as more pervasive than in women.
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1 Introduction

An increasing number of women and men born with congenital heart disease (CHD) are now reaching
old age [1,2], and this also applies to those with complex congenital malformations. Against the backdrop of
advanced medical care and improved chances of survival patients can start a family, pursue occupational
careers, and master everyday life. Most studies dealing with social and psychological consequences of
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CHD have examined quality of life [3–6], while social life and parenthood have rarely been considered [7]. In
a longitudinal study from the Netherlands [8] it was reported that the majority of patients with CHD (72%)
who underwent surgery between 1968 and 1980 were married or in a stable relationship. Comparison data
were drawn from the National Statistics Bureau, but the figures on marriage and partnership did not differ
between patients and comparison data. In contrast, a Japanese study reported that the percentage of
patients with CHD living with a partner was lower than in the general Japanese population [9].

For individuals with CHD the decision to have children is associated with a number of difficult
considerations requiring early counseling [10]. Pregnancy is associated with increasing risks of
hemodynamic burden, complications and potential deterioration of cardiac functioning, and these risks
grow with increasing disease complexity [11]. A recent study with 1,938 pregnant women with CHD
reported that complications had occurred in 16% of all cases, primarily due to arrhythmias and heart
failures occurring between the 13th and the 40th week of pregnancy [12]. Even in women with the lowest
risk of complications 5% of all pregnancies were affected. An important issue for women and men with
CHD is the risk of giving birth to a child with a congenital heart disease [11] as heredity is a possible
influencing factor. In a US-based study 233 women with CHD and 482 pregnancies of unaffected women
were included, and the proportion of children born with a congenital heart defect was 14.2%. This may
underestimate the true rate as a substantial number of pregnancies were interrupted [13]. It is a matter of
debate whether the findings of this study are still valid today as it was conducted in 1968. As a
methodological issue it is also unclear how many women had been contacted and to what extent selection
effects may have affected the findings. In a British study 272 women and men with CHD and
393 children a risk of 4.1% was reported, and in siblings of children with CHD the risk was 2.1% [14]. It
was also reported that the risk of giving birth to a child with CHD was higher in affected women than in
men. These findings may no longer hold as the data collection started in 1985. In a recent study this
information was not reported [15].

Within the framework of a longitudinal observational case-control study we wanted to investigate the
topics of partnership/marriage and parenthood in patients with CHD. Data on the long-term course of
congenital heart disease patients were available that were compared with a group of matched controls
from the general population and observed over the same time period. Specifically, the following research
questions were dealt with:

� Do patients with CHD and controls differ with respect to partnership/single status and are sex
differences present?

� Do patients with CHD and controls differ with respect to having children and does this differ between
women and men?

� How high is the rate of children with a congenital heart defect in women and men with congenital
heart disease?

2 Materials and Methods

2.1 Study Design and Population
The study was performed using a case-control design. The same patients and controls were assessed

twice. The time intervals between the two measurements were about the same what made it unnecessary
to include time as confounder.

All patients in the study underwent CHD-surgery in the department of Pediatric Cardiology of the
University Medical Center Göttingen (Germany). Patients were invited to participate, and if they
accepted, written informed consent was obtained. In Göttingen patients with CHD continue to be treated
in the department of pediatric cardiology also after having reached adolescence. The first study was
conducted between May 2003 to June 2004, the second one from May 2017 to April 2019. Individuals
with syndromes or impaired cognitive abilities were excluded [16]. Patients were interviewed and
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examined in hospital by means of standardized personal interviews for assessing the social situation. The
cardiologic component consisted of taking medical history, medical examinations, laboratory measures,
echocardiography, electrocardiography and spiroergometry for obtaining information on cardiac status.
Sociodemographic data were assessed by adopting questionnaires from the German Socio-Economic
Panel. These instruments can be downloaded from https://www.diw.de/de/diw_01.c.32045.de/frageb_
ouml_gen.html. Data on the structure of respondents and non-respondents were published in a
methodological paper derived from the first study [16].

Controls were drawn from the German Socio-Economic Panel (GSOEP) [17,18], a national survey
project that started in 1984 with annual follow-ups. In order to establish representativity and to keep it
with respect to defined population characteristics, loss to follow-up is continuously being compensated by
drawing new subjects in refresher samplings. Analogous to the years when patients were examined,
controls were drawn from SOEP-respondents who participated in 2004 as well as in 2018 for depicting
long-term courses of careers. The selection of controls took place by using parental education, age and
sex of respondents as matching criteria and by using the characteristics of patients as point of departure.
Applying this procedure should make sure that the social backgrounds of cases and controls were
comparable.

2.2 Variables in the Analyses
Type of surgery: The severity of congenital cardiac malformations was classified according to the type of

surgery [19]:

� Curatively operated patients with no or minor residual defects or symptoms. This applies to atrial and
ventricular septal defects and patent ductus arteriosus.

� Reparatively operated patients with an approximately normal heart function with residual symptoms.
This group consists of defects not assigned to the curative or palliative group.

� Palliatively treated patients with permanent impairments and continuously perceptible symptoms.
This group includes patients with Fontan circulation and transposition of the great arteries after
Mustard or Senning procedure.

We decided against a diagnostic grouping as the resulting case numbers would be too small, and the
CHD types are not occurring with the same probability. This might lead to estimation problems,
especially after stratifying the study population by additional covariates.

Sex: Respondents’ sex was classified based on their information provided during the interview. Sex
classifications were also part of the patient documentations in the hospital.

Educational level: was collected for patients/survey respondents and for parents. It was classified into
“no formal educational qualification achieved”, “8/9 years of school education (Hauptschulabschluss)”,
“10 years of school education (Realschulabschluss)”, and “12/13 years of school education (Abitur)”. For
parents, educational level was assigned according to fathers’ school education, and if unavailable,
mothers’ education was assigned. This procedure was applied because the number of missing data was
lower for fathers’ education. The difference between the two cannot be assumed to biasing our results,
because inspecting the available mothers’ and fathers’ degrees led to a high concordance of qualifications
what in turn supports the practice described. A possible alternative option might be the combined
inclusion of mothers’ and fathers’ educational level. Finally, it was decided against this solution, because
the proportion of successful matchings of cases and controls would have become smaller. Educational
level was introduced as a possible confounder as the number of children may be dependent on socio-
economic position [20].
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Children: In all cases data were collected on the number of children with a maximum of five, and on the
year of birth. Additional information from patients was obtained whether their children were also born with a
congenital heart disease, and whether they intended to have more.

Partnership/single person status: In both surveys, respondents were asked to report their present
marital status by using one of the following categories: Married and or living with partner/married, but
separated from partner/single/divorced/bereaved. As case numbers became low after differentiating by sex
and group, regression analyses were performed with single vs. the remaining categories as our main
question was whether an individual had a partner or not. Single status was assigned if an individual
reported not to have a partner in the first and in the second interview. Partnership was also used as a
confounder for the likelihood of having children.

2.3 Statistical Analyses
For all variables descriptive analyses were performed by means of cross-tabulations. Multivariable

logistic regressions were performed for estimating effects of the type of surgery on living single or
having children. In the latter case the number of children was not considered as low case numbers would
have led to estimation problems. In all cases age of respondents and education were used as covariates as
they may have effects on outcomes. With increasing educational level a decreasing number of children
can be expected [20]. All statistical analyses were performed using STATA 16MP [21]. For drawing and
matching cases and controls from the SOEP the supplementary ado-module CCMATCH was used [22].

The matching process started with the 244 patients that remained after the two assessments as shown in
Fig. 1. Patients with CHD were matched with SOEP-respondents of the second wave using age, sex and
parents’ socio-economic position as indicator of social background. The latter indicator was chosen
because parental socio-economic position may determine social starting points for success in life. Against
the backdrop of this selection process subjects who had participated also in the first SOEP-survey were
sampled.

3 Results

At the date of the first study a total number of 820 individuals had ever undergone surgery of congenital
heart disease at the University Clinic of Göttingen. After having excluded patients with mental retardation
and complex disabilities 698 patients remained. Finally, the population of the first study consisted of
364 men (57.9%) and women (42.1%) between 14 and 45 years of age, and complete social data were
available for 360 cases. The mean age at first surgery was 7.0 years with a large standard deviation
(Sd = 7.2). Testing for systematic loss-to-follow-up from the first and the second study led to the
conclusion that age, sex and cardiologic variables did not differ between respondents and non-
respondents. More details on this issue can be found in two of our earlier papers [16,23]. Except for the
case of parental education, no missing values emerged in the variables used in the regression analyses.
Fig. 1 depicts the development of the follow-up sample used in this report from the cases included in the
first study. In the second one the mean age was ranging between 31 and 59 (M = 40.4) years.

Finally, n = 244 patients with CHD with complete social data participated in both studies. Drawing
parallel controls with several variables turned out as difficult, thus the control group included
n = 238 respondents. Table 1 delineates the basic distributions of the variables for analysis.

Single person status: In patients the rate of single women (44.1%) was higher than in men (39.4%), in
controls also a difference into the same direction emerged. Among controls the proportions of single
individuals (men: 38.3%; women: 24.7%) were lower than in patients.
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Logistic regression reveals that in men the “chance” of a status as single does not differ significantly
between controls from the general population and patients. The respective figures in female respondents
were different as CHD-severity was strongly associated with the “chance” of living as a single person.
This finding held particularly in curatively treated patients. The odds ratios are indicating that in men the
chance of having a partner decreased with age (Table 2).

If differences within male and female patients are considered, the OR for women as compared to men
was OR = 1.21 (95% CI: 0.71–2.07; p = 0.49), but this difference was not statistically significant in a logistic
regression analysis.

Children: In patients the proportion of individuals without children was higher than in controls, but this
finding was mainly due to the female patient sample (Table 1). This pattern emerged irrespective of the
number of children. The difference between groups was most pronounced if the distribution is
dichotomized, as 52.9% of women with CHD did not have children in contrast to 22.7% in women from
the general population. For men the difference was lower as 51.4% of male patients did not have
children, but 46.8% of those from the general population. In addition, 5.6% of men with CHD had a
child with a congenital malformation and 4.9% of women (Table 1). In the patient group 60.6% of men
and 50% of women reported that they did not want to have any more children. Having children was used
as the target category compared to not having offspring (Table 3).

Figure 1: Development of the sample from the first study to follow-up
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Table 3 shows that in women the odds ratios for having children were decreasing with increasing CHD-
severity, but the results were statistically significant only for patients with reparative and palliative surgery. In
men the odds ratios for patients were statistically not significant. In no case significant effects of educational
level emerged.

As a supplementary analysis effects of sex on the “chance” of having children were estimated by using
age and educational level as confounder. The odds ratio for women with CHD was small and also,
statistically not significant (OR = 0.95; 95% CI: 0.56–1.59; p = 0.84).

Table 2: Living single in patients and controls, by educational level and age, women and men

Women Men

Odds ratio (95% CI) p Odds ratio (95% CI) p

Group
Controls
Patients: curative
Patients: reparative
Patients: palliative

1 (reference cat.)
5.50 (1.62–18.69)
1.94 (0.97–3.89)
2.73 (0.85–8.72)

—

0.01
0.06
0.09

1 (reference cat.)
0.52 (0.21–1.34)
1.11 (0.61–2.03)
1.30 (0.48–3.53)

0.18
0.74
0.61

Educational level
12 years
10 years
8/9 years

1 (reference cat.)
0.57 (0.28–3.51)
0.75 (0.97–6.52)

—

0.12
0.55

1 (reference cat.)
0.85 (0.46–1.58)
0.81 (0.40–1.61)

–

0.61
0.54

Age (years) 0.93 (0.89–0.97) 0.001 0.89 (0.86–0.93) <0.001

Constant 7.71 (1.40–42.44) 0.01 60.25 (13.03–278.48) <0.001
Note: CI: Confidence interval. p: Probability of error for accepting a result as valid.

Table 3: Having children in patients and controls by using educational level, partnership and age for women
and for men as covariates

Women Men

Odds ratio (95% CI) p Odds ratio (95% CI) p

Group
Controls
Patients: curative
Patients: reparative
Patients: palliative

1 (reference cat.)
0.71 (0.16–3.06)
0.22 (0.09–0.54)
0.13 (0.03–0.57)

—

0.65
0.001
0.01

1 (reference cat.)
0.63 (0.22–1.80)
0.79 (0.39–1.61)
0.69 (0.20–2.45)

0.38
0.52
0.57

Educational level
12 years
10 years
8/9 years

1 (reference cat.)
1.77 (0.88–3.51)
2.51 (0.97–6.52)

—

0.11
0.06

1 (reference cat.)
0.89 (0.50–1.59)
1.09 (0.58–2.07)

–

0.70
0.79

Partnership
Yes
No

1 (reference cat.)
0.04 (0.01–0.09)

—

<0.001
1 (reference cat.)
0.03 (0.02–0.07)

—

<0.001

Age (years) 0.99 (0.94–1.03) 0.61 1.01 (0.97–1.05) 0.67

Constant 16.47 (1.79–151.28) 0.01 2.97 (0.49–18.22) 0.24
Note: CI: Confidence interval. p: Probability of error for accepting a result as valid.
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4 Discussion

In this paper reports one of the few studies on the social consequences of congenital heart disease, it has
used a recent dataset, and an appropriate control group was introduced that used multivariable direct
matching.

Our first question asked whether the rates of single individuals among patients differed between patients
with CHD and a matched comparison group from the general population. Multivariable analyses revealed
that the answer is not straightforward. While among men no statistically significant differences emerged
between patients and controls, in patients the rate of single women was higher than among the general
population sample. Thus, as far as women are concerned, our findings correspond to the results of a
Japanese study [9], but they are not in agreement with a longitudinal study from the Netherlands [8]. The
comparability of the studies published so far is however limited as they were published in 2002 and
2003, thus patients were recruited in a time period when mortality rates in patients with CHD were higher
than nowadays [2,24]. Both studies used aggregated information for obtaining comparison data from the
whole population, and they did not perform separate analyses for women and for men, thus it is not
warranted that comparisons between patients and whole population may permit valid conclusions. This is
plausible as in our study the proportion of patients with the highest educational level was considerably
higher than in the general population, and drawing appropriate controls had to take this into account. The
regression analyses on partnership relied on information from the second survey only, but marriages and
partnerships may change over time, thus we do not know what may have occurred between the two
measurements.

The second question asked for differences in terms of having children. A higher proportion of patients
than controls decided against having offspring, and the largest differences again occurred in women. There
was a marked division between patients and controls, although in reparatively treated women health risks
associated with pregnancy may be relatively low. Among patients the differences for having children
were rather small, but in accordance with expectation the odds ratios were lowest in women with
palliative surgery. In men the differences between controls and patients of different degrees of CHD-
complexity were low and statistically insignificant.

The reasons of women for not having children may be due to associated risks for their cardiovascular
health and less to the risk of having an affected child. In our CHD-population the rates of children born
with a congenital heart disease (4.9% in women and 5.6% in men) were higher than the expected figure
of about 1% of all life births in Germany [25], and this applies both to women and to men with CHD.
This points toward heredity of congenital malformations, although the relationship is far from
deterministic. The figures found in our study have however to be interpreted with caution as they are
marking a lower boundary. A large proportion of patients did not respond to the question whether they
had children with CHD. Patients were reported to having decided against parenthood, because mothers
are running the risk of heart failure, arrhythmias, bleeding, or thrombosis. The fetus may also be in
danger of having low birthweight or stillbirth may occur. The likelihood of complications is dependent on
the type of the maternal heart defect [26]. In an unknown number of cases abortions may have taken
place, and the rate of abortions of children with CHD was reported to have increased over time [27].

In this paper we reported about partnership and offspring of patients with CHD, but these are only two
spheres where life chances of patients may become manifest. Another one is occupation that was examined in
a preceding paper. It was reported that once having entered the labor market, patients had the same
opportunities for occupational upward mobility than controls from the general population [28]. A higher
proportion of patients than controls from the general population had part-time employment what puts this
finding again into perspective [29]. These topics will have to be resumed with further analyses of our
follow-up data.
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Finally, it needs to be discussed whether the reported findings may have limitations. A possible
candidate is selectivity as it was not possible to get hold of all patients who participated in the first study,
and some had died. Possible candidates are dropouts due to impaired health, e.g., the risk of premature
cardiac insufficiency that increases with CHD-complexity [30,31], a broad range of possible
comorbidities [32] or death. In our sample a twofold pattern emerged as out of those with the best
prognosis, i.e., with curative treatment, 60.3% participated in the follow-up. 56.2% with palliative surgery
participated, but 73.5% with reparative surgery, thus there was a tendency towards a higher participation
rate in the category indicating moderate disease severity. Thus, the total bias due to non-participation may
be limited, but dropouts from the two opposite ends of disease severity may lead to a higher weighting of
patients with reparative surgery. Another limitation is due to not having asked patients with CHD why
they refrained from having children and to what extent this may be explained by information or lack of
information from their physicians. Apprehensions against giving birth to a child with CHD may only
partly explain our findings. In two studies it was reported that among patients the knowledge about
pregnancy-associated risks was low [33,34]. In the Swedish study only 11% of the respondents with
CHD had sufficient knowledge about the likelihood of giving birth to a child with CHD [33]. The
decision in favor of a child may rather be higher if more information is available, but in a recent study
has shown that information is only one aspect guiding the decision process [35]. Another source of error
may be information bias. Our findings may hardly be affected because information on education, children
and family status can be remembered well should not be prone to interpretation.

Our interpretations should be taken up with caution as the stratified analyses are leading to small case
numbers and thus to lower statistical power. Stratifications hade however been necessary for doing justice to
sex differences and different levels of impairments of patients.

Summing up, our project has found evidence for patients with CHD having lower chances of being with
a partner, and this holds particularly for women. With respect to children, also a larger proportion of women
than men decided against offspring.
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