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Abstract

Background

Patients of congenital heart disease surgery have good prospects for reaching old age.
Against the backdrop of increasing life expectancies, the question of how well such patients
are mastering daily routines and their working life emerges. In our study, the educational
and occupational performance of patients over 15 years was examined.

Methods

Intergenerational social mobility (changes in social positions from the parental generation to
the generation of children) was examined in terms of education, and intragenerational social
mobility (changes in positions within the same generation, i.e., in individuals over their life
courses) was examined in terms of occupational positions. Comparisons were made
between patients and a control group drawn from the German Socio-Economic Panel
(SOEP). Controls were drawn from respondents who participated in the 2004 and 2018
SOEP surveys.

Results

The data were from 244 out of 360 patients (68%) with complete social data from the first
survey (2003—-2004) and who were included in the follow-up (2017—2019), and 238 controls
were drawn from the SOEP. At the time of the second survey, subjects’ ages ranged from
28 to 59 years of age (M = 40.1 years). Intergenerational educational mobility did not differ
between cases and controls. For intragenerational social mobility, downward changes were
more frequent among controls. This latter finding may be explained by patients retiring ear-
lier than the general population. Retirement rates increased over time, particularly among
patients with severe congenital malformations. Unemployment rates were also higher
among patients.
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Conclusions

Taken together, although a considerable proportion of patients with congenital heart disease
retired prematurely or never entered the labour force, their educational and occupational
careers proceeded more favourably than expected.

Introduction

The primary challenge for patients with congenital heart disease has long been to survive, but
today, approximately 90% of such patients reach adulthood [1], and this also applies to patients
with complex malformations [2]. Thus, it is important to understand how they survive and
what life opportunities surgery opens up for them from a long-term perspective [3, 4]. A recent
study reported that patients with all types of congenital heart diseases (CHDs) suffered from
considerable cardiovascular and non-cardiovascular morbidity and from medication-related
morbidity [2, 4, 5]. It can be concluded that the everyday life of patients is impaired by the con-
comitants of the disease [6-8]. Against this backdrop of persisting morbidity, it needs to be
known how well patients are passing through their school education what in turn is an impor-
tant prerequisite for integration into the labour market. Findings on this topic are contradic-
tory and dependent on study design as well as on the subpopulations considered. A US-based
study with N = 334 children with CHD reported that more individuals with CHD than without
were in need of special assistance [9]. In a study of siblings, children with CHD had lower
school performance and more cognitive impairments than their siblings without malforma-
tions [10]. A study from the Netherlands compared the educational levels of 1,496 CHD
patients under 40 years of age with a group of N = 6,810 controls. Patients were more likely to
reach lower educational levels than the controls, but the differences between groups were
small for less severe forms of CHD and more pronounced for complex types of malformations
[11]. In contrast, a register-based survey study with n = 1,198 women and men with all types
of CHD reported that 59.4% of patients had reached a high educational level [12]. In a Finnish
study, the educational levels of patients were comparable or higher than expected relative to
the general population. Comparisons were not performed with matched controls but with
national register-based data [13]. A recent French study with n = 135 CHD patients concluded
that they had achieved lower educational levels than the average member of the French popula-
tion, but again, the authors did not directly compare patients’ achievements with those of con-
trols [14].

School education has a placement function for occupational positions, as most occupations
require certain educational levels; i.e., educational prerequisites are usually increasing with
occupational position. After having completed schooling, individuals have to decide whether
to enter the labour market, and then they must consider how long they are able to remain eco-
nomically active despite facing increasing risks of premature health impairments. A cross-sec-
tional survey study covering n = 4028 adults with CHD from 15 countries reported
employment rates between 43 and 80%, depending on the country of origin. The lowest
employment and the highest unemployment rates were reported for India and Argentina, and
the most favourable figures were reported for Belgium [15]. If the employment rates of CHD
patients are considered within countries, the findings are also heterogeneous. A Finnish study
published in 2003 used nationwide data from 2896 CHD patients, and it was reported that the
employment rate in this group was higher than in the general population [13]. A Danish study
examined the consequences of Tetralogy of Fallot, a complex malformation, for employment
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status. The authors emphasized that patients earned high-level educational degrees, but their
average employment level was lower and retirement rates were higher than expected [16]. A
Japanese study also reported that patients were at a higher risk of unemployment than the gen-
eral population, but only a minority of jobless individuals attributed it to their disease [17].

In summary, evidence on the educational and occupational performance of CHD patients
is inconsistent. While studies on education point towards more favourable outcomes, the
results of analyses on employment are heterogeneous, permitting the conclusion that patients
may attain lower positions than their counterparts from the average population. International
comparisons are impeded by country-specific policies towards the integration of people with
impairments and by different proportions of CHD-types. Finally, only a few studies used con-
trol groups or longitudinal designs.

In our own study, a different approach was applied; social background was used as a point
of departure for studying social mobility in comparison with the general population from a
longitudinal perspective. The first wave of the study was conducted from 2003-2004, and it
was found that up- and downward changes in the occupational positions of patients compared
with the positions of their parents did not differ from those of the general population [18].
However, more patients than controls were employed part-time, and a small fraction never
entered the labour market [19]. The present paper builds on these earlier findings by extending
the observation period through the use of education for studying intergenerational mobility
and the use of intragenerational occupational mobility endpoints.

The following research questions are addressed:

1. Does social mobility in terms of upward or downward changes in social positions from
parents to children (i.e., intergenerational social mobility) differ between patients and con-
trols from the general population in terms of educational level?

2. Do the rates of retirement and unemployment differ between patients and controls?

3. Do changes in occupational positions for the same individuals over time (intragenerational
occupational mobility) differ between patients and controls?

We used data from a longitudinal study of patients with congenital heart disease. The first
survey was conducted from 2003 to 2004, and the second was conducted from 2017 to 2019.
These data were compared with those from two waves of the German Socio-Economic Panel
(SOEP) conducted in 2004 and in 2018. The resulting design is summarized in Fig 1.

This study is not confined to a single type of malformation but includes the whole range of
CHD types, covers a long follow-up period, combines medical and social data, and uses a case-
control design that permits the separation of disease-specific developments from those occur-
ring in the whole population.

Materials and methods

Survey questions and categories for depicting socioeconomic positions and occupations were
adopted from the German Socio-Economic Panel (SOEP) [20, 21] to permit direct compari-
sons of patients and controls. The questionnaires were published in English and German and
can be downloaded from https://www.diw.de/de/diw_01.c.32045.de/frageb_ouml_gen.html.
Patients from the University Medical Centre Géttingen (Germany) were invited to partici-
pate in this study and to give informed consent in writing. This hospital is unique because
CHD patients are continuously cared for even after reaching adolescence; thus, complete
health records were available. This made it possible to estimate the systematic effects of non-
response and of deaths. Findings on comparisons between responders and non-responders in
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Patients with congenital heart disease, cases
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—

Fig 1. Study design for examining inter- and intragenerational social mobility. Cases (n = 244) and controls (n = 238) were matched according to parental
education, subject gender and subject age.

https://doi.org/10.1371/journal.pone.0246169.g001

the first wave were published in an earlier paper [22]. Patients participating in the first survey
were examined from May 2003 to June 2004, and the second survey was conducted from May
2017 to April 2019. As the study was designed to examine social mobility and occupational
careers, patients with syndromes associated with impaired cognitive ability were excluded
[22]. Patients were interviewed in the hospital by means of standardized personal interviews to
assess the social situation of the patients and their parents. The cardiologic examinations con-
sisted of taking medical histories, performing medical examinations, taking laboratory mea-
sures and conducting spiroergometric examinations to obtain information on cardiac status.
Based on the type of surgery and the severity of the congenital malformation, patients were
classified into three types [23]: those who could be curatively operated on with or without
minor residual defects, those with reparative surgery to establish normal heart function with
residual symptoms, and those with palliative surgery, indicating permanent impairment and
continuously perceptible symptoms.

Controls were drawn from the German Socio-Economic Panel (SOEP) [20, 21]. The SOEP
is a national survey for monitoring social development and social change that started in 1984
with annual follow-ups. To establish and maintain representativity with respect to defined
population characteristics, attrition is compensated for by drawing new subjects in refresher
samples. Analogous to the years when patients were examined, controls were drawn from
respondents who had participated both in 2004 and in 2018 to compare the long-term courses
of their educational and occupational careers. The selection of controls took place by using
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parental education and the age and gender of the respondents as matching criteria. This proce-
dure should ensure that the initial social standings of cases and controls were identical and
that the findings for cases and controls are comparable. The matching procedure was per-
formed in four steps:

Step 1: The data from the 2004 and 2018 SOEP waves were merged into a longitudinal data-
set by using the unique person number as identifier.

Step 2: All SOEP cases less than 28 years of age or older than 59 years of age (during the sur-
vey 2018) were excluded.

Step 3: Only SOEP cases who participated in surveys 2004 and 2018 were kept.

Step 4: Multivariate matching of patients and controls was performed by using patients as
points of reference. Fathers’ educational level (if unavailable, the educational level of mothers),
gender of patients/controls, and age of patients/controls were used as matching variables.

Ethics approval

The first part of this study was reviewed and approved by the ethics committee of Hannover
Medical School under no. 3710 (date: 04-10-2004) and by the Géttingen University Clinic
under no. 10/2/01 (date: 01-03-2001). The second part was reviewed and approved by the eth-
ics committee of the University of Gottingen under no. 15/8/14.

Variables used in the statistical analyses

Educational level was collected for patients/survey respondents and for parents. It was classi-
fied into “no formal educational qualification achieved”, “8/9 years of school education”, “10
years of school education”, and “12/13 years of school education”. In Germany, the maximum
number of years of school education is 12 or 13 years, depending on the federal state. For
parents, educational level was assigned according to the father’s school education; if unavail-
able, the mother’s education was assigned. Differences between father’s and mother’s educa-
tion are not assumed to bias our results because inspecting the available information led to a
high concordance of qualifications, which in turn supports the practice described.

Occupational level was based on the International Standard Classification of Occupations,
versions 1988 (ISCO88) [24] and 2008 (ISCO08) [25]. This is an internationally used hierar-
chically ordered classification of 436 occupations, and translations of the older into the most
recent classification system were performed by using correspondence tables issued by the
International Labour Office [25]. By aggregating occupational groups, a four-category classifi-
cation of skill levels was created:

Skill level 1: Manual and repetitive activities requiring physical effort and perseverance
including simple calculational, reading and writing capabilities. Examples of occupations in
this category are office cleaners, freight handlers, garden labourers or kitchen assistants [25]
(p.12).

Skill level 2: Activities requiring manual skills, flexibility in dealing with people or handling
goods and operating machines. Some mathematical and technical skills and flexibility are nec-
essary for reacting flexibly or for coping with new situations in writing and/or verbally. Exam-
ples are bus drivers, secretaries, account clerks, sewing machinists, dressmakers, shop sales
assistants, police officers or motor vehicle assistants [25] (p.12).

Skill level 3: Occupations requiring specialized knowledge for coping with complex situa-
tions and tasks. Communication and coordination skills, advanced mathematical skills and the
ability to communicate complex topics are required. Examples are shop managers, medical
laboratory technicians, commercial sales representatives, diagnostic medical radiographers or
computer support technicians [25] (p.13).
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Skill level 4: Occupations requiring complex decision making and planning, advanced
problem-solving strategies, mathematical and oral capabilities and the ability to acquire new
and complex contents. Examples are sales and marketing managers, civil engineers, secondary
school teachers, medical practitioners, operating theatre nurses or computer systems analysts
[25] (p.13).

Social mobility was examined by sorting educational and occupational levels ordinally and
by calculating differences between starting and ending positions. For intergenerational mobil-
ity in terms of education, this refers to changes in levels from the parental to the subsequent
generation. Intragenerational mobility refers to changes in occupational levels for the same
individual over time by comparing starting and ending positions. The resulting order has a
midpoint scaled as “0”, denoting the absence of social mobility and a maximum of three
upward (+1/+2/+3) or downward changes (-1/-2/-3). Only a few cases were at the extreme
ends of the mobility distributions (see Table 1). To avoid estimation problems arising due to

small numbers, categories were collapsed in order to restrict the regression analyses to

upwardly or downwardly mobile or to stable individuals.

Table 1. Basic distributions of the variables used in the analyses.

Gender Frequencies/col- % Mean age/ Sd in 2018 Type of surgery (patients only)
Frequency Women Men Women Men Curative Reparative Palliative Missing Total
%
Patients 102 41.8% 142582% | 39.6yr./8.6 | 40.0yr/8.6 44 164 67.2% 36 14.8% 0 244
18.0% 100%
Controls 97 40.8% 14159.2% | 40.4yr./ 8.0 40.5yr./7.8 - - - 238
100%
Respondents‘ education Parental education
No formal 8/9yearsof | 10yearsof | 12/ 13 yearsof | Missing No formal 8/ 9 years of 10 years of | 12/ 13 years of | Missing
quali-fication school school school quali-fication schooling schooling school
Patients 10 4.1% 42 17.2% 77 31.6% 11547.1% 00% 17 7.0% 138 56.6% 54 22.1% 3313.5% 20.8%
Controls 31.3% 5523.1% 74 31.1% 101 42.4% 52.1% 16 6.7% 137 57.6% 54 22.7% 31 13.0% 00%
Occupational skill level
First Survey Second Survey
Frequency 1 (lowest) 2 3 4 (highest) Missing 1 (lowest) 2 3 4 (highest) Missing
%
Patients 8 65 32 30 109 8 66 50 83 37
3.3% 26.6% 13.1% 12.3% 44.7% 3.3% 27.1% 20.5% 34.0% 15.2%
5.9%"* 48.2%" 23.7%" 22.2%" - 3.9%* 31.9%" 24.2%" 40.1%"* -
Controls 6 55 53 31 93 8 73 55 62 40
2.5% 23.1% 22.3% 13.0% 39.1% 3.4% 30.7% 23.1% 26.1% 16.8%
4.1%"* 37.9%" 36.6%" 21.4%* - 4.0%* 36.9%" 27.8%" 31.3%"* -
Educational intergenerational mobility** Occupational intragenerational mobility**
-2 -1 0 +1 +2 +3 -2 -1 0 +1 +2 +3
Patients 3 14 82 77 62 4 0 6 89 22 8 0
1.2% 5.8% | 33.9% 31.8% 25.6% 1.7% 0% 4.8% | 71.2% 17.6% 6.4% 0%
Controls 0 11 78 68 37 3 2 26 71 27 4 2
0% 5.6% | 39.6% 34.5% 18.8% 1.5% 1.5% 19.7% | 53.8% 20.5% 3.0% 1.5%

* Percentages based only on individuals with valid information on education or occupation

** +3 denotes three steps of upward mobility from the origin; +2: two steps upward; +1: one step upward; 0: no mobility; -1: one step of downward mobility; -2: two

steps of downward mobility

https://doi.org/10.1371/journal.pone.0246169.t001
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Statistics

The first step of the analysis was to examine whether educational mobility from parents to
respondents differed between groups by including gender and age as covariates. Analyses of
educational and occupational mobility were performed with multinomial logistic regression
by using intergenerational stability (no upward or downward mobility) as the reference cate-
gory. An error level of p<0.5 was assumed to be acceptable for interpreting the results as sig-
nificant. All statistical analyses were performed using Stata 16 MP [26]. For drawing and
matching cases to controls, the additional ado-module CCMATCH was used [27].

Results
Patients

At the beginning of the first study, 820 patients had ever undergone surgery at the University
Medical Centre Géttingen (Germany). After excluding patients with mental retardation and
complex disabilities, the potential study population consisted of 698 patients. After the exclu-
sion of patients whose addresses were unknown (13% of the gross sample) and of deceased
cases (4.7%), 574 potential participants remained, which was set to 100% [22]. After 121 refus-
als and 92 non-responses, 360 patients had complete social data. The age range of the partici-
pants varied between 14 and 45 years. The mean age at first surgery was 7.0 years with a large
standard deviation (Sd = 7.2) due to the range varying between two months and 35 years.
However, 50% of patients underwent their first surgery before the age of 5, and 75% under-
went their first surgery before the age of 10.

Testing for systematic attrition led to the conclusion that age, gender and cardiological vari-
ables did not differ between the 360 respondents and the 229 non-respondents [22]. For the
follow-up, the list from the first study (= 364) was used as a starting point. Of these, 48 could
not be tracked, and 22 patients died between the first and second wave. Finally, 294 patients
were contacted successfully, the purpose of the study was explained, and they were invited to
the clinic by trained personnel in charge of usual clinical routines. Forty-five explicitly
declared that they did not want to participate, and two patients died after having consented to
be included in the study. A total of 221 patients were examined in the clinic, 28 were inter-
viewed only in writing, and for three patients, only medical data were collected. The data for
n = 244 patients were available. An analysis of non-participants revealed that 60.3% of patients
with curative surgery, 73.5% with reparative surgery, and 56.2% of patients with palliative sur-
gery participated.

Controls were drawn from the Socio-Economic Panel (SOEP) according to the abovemen-
tioned criteria. The sample includes women and men who participated longitudinally (2004
and 2018) to depict changes over time. This led to a sample of n = 238 women and men; i.e.,
the control group was smaller than the patient group.

Distribution of basic frequencies

Comparing the distributions of educational attainment for cases and controls (Table 1) reveals
that in patients, the proportion of individuals who had not completed their education (4.1%)
was higher than in the controls (1.3%), and the proportion with basic education (Hauptschule)
was higher in controls (23.1% versus 17.2% in patients). A higher percentage of patients
(47.1%) than controls (43.4%) had reached the highest educational level (x*-test for valid cases:
x*(3) =6.23; p = 0.10).

In both waves a substantial proportion of patients had missing data on their occupation
(Table 1). In the first wave, this was mainly due to subjects who had not yet finished school or
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vocational training. Among the controls, no gender differences emerged, as 38.3% of females
and 40.2% of males had missing values. Among patients, the corresponding proportions were
45.1% and 44.4%. In the patient group, disease severity was unrelated to the occurrence of
missing values.

In the second wave, the number of respondents with missing values for occupation was
smaller than in the first wave. Again, in the patient group, no gender differences emerged, as
14.8% of females and 15.7% of males had missing values, but now the missing data were
dependent on disease severity. Compared with curatively treated patients, reparatively
(OR =9.2;95% CI: 1.2-70.2; p = 0.03) and palliatively treated patients (OR = 13.4; 95% CIL:
1.6-114.7; p = 0.02) were more likely to have missing values. Among the controls, the distribu-
tions were different, as 11.4% of males and 24.7% of females had missing values for occupation.
Breaking these subgroups down by introducing sociodemographic characteristics was incon-
clusive due to the small number of cases, and we refrained from more detailed analyses.

Intergenerational mobility in terms of education

Table 1 shows that in patients as well as in controls, upward and downward mobility took
place. In both groups, the largest proportion was upwardly mobile, and the chances of transi-
tion decreased with increasing distance from the parental position. Multinomial regressions
did not yield interpretable coefficients, as confidence intervals were large and the effects were
statistically insignificant (Table 2). To clarify the findings on mobility processes, predictive
margins for cases and controls were estimated (Fig 2). For SOEP controls, the probability of
stability was slightly higher than for cases with congenital heart disease. Among the controls,
upward mobility was somewhat lower, but in all cases, it was statistically insignificant. In the
same way, no differences emerged in terms of downward mobility.

Retirement and unemployment

Not all women and men entered the labour force and remained economically active over the
whole observation period. For retirement, Table 3 shows that the share of individuals who left
the labour force prematurely increased over time. This applies both to cases and to controls,

Table 2. Intergenerational social mobility in terms of changes of educational qualification between parental and
respondent generation for cases and controls with relative risks and 95% CI.

Variables RRR StE P 95%CI

Downward mobility

Gender (female) 0.88 0.36 0.70 0.39-1.97
Group (controls) 0.70 0.28 0.36 0.32-1.52
Age (years) 1.02 0.02 0.33 0.98-1.07
Constant” 0.15 0.05 <0.01 0.07-0.30

No mobility Base outcome

Upward mobility

Gender (female) 1.18 0.23 0.40 0.80-1.74
Group (controls) 0.84 0.16 0.38 0.58-1.24
Age (years) 1.00 0.01 0.89 0.98-1.03
Constant® 1.52 0.76 0.40 0.57-4.06

*Baseline relative risk for each outcome

RRR: Relative risk ratio; StE: Standard error; p: error level; 95% CI: Confidence interval

https://doi.org/10.1371/journal.pone.0246169.t1002
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Education: Predictive Margins and 95% Cls; cases and longitudinal controls
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—&—— No mobility

Fig 2. Group differences of probabilities for intergenerational social mobility in terms of educational position for patients. The y-axis is depicting the
probability for falling into one of these categories with 95% confidence intervals, the x-axis depicts the two groups, i.e. cases, or controls, the horizontal line

gives the slope between the group values.

https://doi.org/10.1371/journal.pone.0246169.9002

but the proportion of retired patients was always higher. The main reason for retirement was
disease severity, as in the second survey, no patient with curative surgery was retired, but 9.2%
of patients with reparative, and 17% with palliative surgery, were retired. Due to the low

Table 3. Retirement in patients and controls in frequencies, expected frequencies, and column percentages for both surveys with empirical and expected frequencies

and column percentages.
First survey Follow-up
Frequency Expected freq. Column-% Patients Controls Patients Controls
Not retired 236 236 223 232
238.9 233.1 230.3 224.7
96.7% 99.2% 91.4% 97.5%
Retired 8 2 21 6
5.1 4,9 13.7 13.3
3.3% 0.8% 8.6% 2.5%
Total 244 238 244 238
100% 100% 100% 100%
https://doi.org/10.1371/journal.pone.0246169.t003
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Table 4. Distribution of unemployed patients and controls who participated in both surveys with empirical and expected frequencies and column percentages.

Frequency Expected freq. Column-%
Employed

Unemployed

Total

https://doi.org/10.1371/journal.pone.0246169.1004

First survey Follow-up
Patients Controls Patients Controls
230 218 227 233
226.8 221.2 232.9 227.1
94.3% 91.6 93.0% 97.9%
14 20 17 5
17.2 16,8 11.1 10,9
5.7% 8.4% 7.0% 2.1%
244 238 244 238
100% 100% 100% 100%

number of cases, group differences were marginally significant in 2004 (x*(2) = 3.53; p = 0.06)
and were significant in 2018 (*(2) = 8.44; p<0.01).

For unemployment (Table 4), in the first survey, a lower proportion of patients (5.7%) than
controls (8.4%) was unemployed, but this difference was not statistically significant (1) =
1.31; p = 0.25). In 2018, the situation was different, as among patients, the proportion of unem-
ployed individuals was now higher than among controls (x*(1) = 6.55; p = 0.01). In contrast to
premature retirement, CHD severity was not associated with unemployment (x*(2) = 1.83;

p = 0.40).

Intragenerational mobility in terms of skill levels

If the first survey is taken as a starting point, a higher proportion of patients than controls
started at skill levels one and two (Table 1), although taken together, the distributions for the
two groups did not differ significantly (x*(3) = 5.97; p = 0.11). In the next step, intragenera-
tional mobility was examined by depicting changes in occupational positions between the two
surveys. Only the data on women and men who remained economically active over the whole
observation period were used (see Table 1). Again, occupational stability was used as the refer-
ence outcome in the multinomial regression.

The group effect turned out to be statistically significant, and the relative risk of being
downwardly mobile was considerably higher among controls (RRR = 5.8) than among
patients, while the coefficients on gender and age failed to reach statistical significance. Differ-
ent from downward mobility, no significant group effect for upward mobility emerged, and all
other variables also had no effect (Table 5).

Calculating predictive margins again, the analyses show that the probability of being occu-
pationally stable over time was higher than that of being downwardly or upwardly mobile, but
stability over time was lower among controls than among patients. Among controls, this did
not result in higher upward mobility but increased probability of downward mobility. In con-
trast, no group differences emerged for upward mobility (Fig 3).

Discussion

This study is the first to examine life opportunities after surgery for congenital heart disease in
terms of educational and occupational social mobility. It covered 15 years and included com-
parisons of patients and controls drawn from a national population survey. Intergenerational
social mobility was depicted as upward and downward changes from the parent to the genera-
tion of patients and respondents, and educational upward mobility was found to be more com-
mon than downward changes or stability from parent to child. A core finding of these analyses
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Probability

4

o

Patients

Table 5. Occupational intragenerational social mobility for cases and controls with relative risks and 95% CI.

Longitudinal control sample

Variables RRR StE P 95%CI
Downward mobility

Gender (female) 0.82 0.33 0.63 0.38-1.80
Group (controls) 5.84 2.79 <0.01 2.29-14.88
Age (years) 1.00 0.03 0.96 0.95-1.05
Constant” 0.07 0.08 0.03 0.01-0.76
No mobility Base outcome

Upward mobility

Gender (female) 0.66 0.21 0.18 0.36-1.21
Group (controls) 1.38 0.41 0.28 0.77-2.48
Age (years) 0.99 0.02 0.73 0.96-1.03
Constant* 0.53 0.47 0.48 0.09-3.01

*Baseline relative risk for each outcome

RRR: Relative risk ratio; StE: Standard error; p: error level; 95% CI: Confidence interval

https://doi.org/10.1371/journal.pone.0246169.t005

Occupational position: Predictive Margins 95% Cls; cases and longitudinal controls

Group

1
Controls

—@—— Downwardly mobile
—@—— Upwardly mobile

—&—— No mobility

Fig 3. Group differences of probabilities for intragenerational social mobility in terms of occupational position for patients and for longitudinal
controls. The y-axis is depicting the probability for falling into one of these categories with 95% confidence intervals, the x-axis depicts the two groups, i.e.

cases, or controls, the horizontal line gives the slope between group values.

https://doi.org/10.1371/journal.pone.0246169.g003
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was the absence of differences between patients and controls; i.e., the patterns of educational
mobility were the same in both groups. An unexpected finding emerged in terms of the intra-
generational mobility in occupations over 15 years. Downward mobility was more prevalent
among controls than among patients, stability was the rule, but changes in the control group
were mainly due to descent, and upward mobility did not differ between patients and controls.
The mobility patterns found in our study samples have also been reported for Germany as a
whole [28]; thus, the development of the socioeconomic positions of CHD patients is not an
isolated finding. Due to the attrition rate of curatively treated patients, one may consider the
upward mobility of patients to be somewhat underestimated, but the participation rate was
also lower among those with palliative surgery, which may have balanced out this effect. In
sum, one might be satisfied with how the situation of patients as a potentially vulnerable group
has developed over time, but it should be kept in mind that these favourable findings pertain
to those women and men who entered the labour market and continued to be active from the
first to the second survey. In the first survey, the retirement rates of patients between 15 and 45
years of age were already higher than among controls [19], and in the second survey, the rate
more than doubled when they were between 28 and 59 years old. It is most likely that this is
due to disease severity, i.e., to the degree of related functional impairments.

There was also considerable unemployment (i.e., registered as seeking work) among
patients, as the rate rose from 5.7% in the first survey to 7.0% in the second, but the economic
conditions changed over time. In 2004, Germany had a high unemployment rate, 10.5% [29],
which also affected the unemployment rate of the SOEP controls (8.4%). The economic situa-
tion improved until 2018 when the national unemployment rate was 5.2% [29], and unemploy-
ment among controls was also lower (2.1%). In that respect, the situation of individuals with
congenital heart disease in Germany was different from that of the general population.
Depending on the degree of impairment, patients are entitled to disability benefits, and
according to German law, they are more protected from dismissal than individuals without
disabilities. This does not completely preclude patients from becoming unemployed; thus,
unemployment rates are difficult to interpret. In contrast to retirement, unemployment is a
repeatable event, and the duration and frequency of unemployment spells that may have been
experienced between the two waves or before the first wave are unknown. For that reason, our
unemployment data must be interpreted as a snapshot that may nevertheless be used as an
indicator for life opportunities. No studies on the effects of impaired health on social mobility
are available for comparison, but for unemployment and early retirement, our findings are in
line with international work [12, 14, 15, 17]. Direct numeric comparisons within and between
countries are, however, difficult to draw because the reproducibility of findings is dependent
on the time period when a study was conducted, on the distribution of the severity of the con-
genital malformations, on the quality of care, and on the welfare systems of the countries
considered.

Returning to the main question of group differences in terms of social mobility, the phase
of life that may signify the emergence of diverging life opportunities for patients and non-
patients must be discussed. Our data point towards the end of school education, and this diver-
sion might begin after a decision had been made regarding whether to enter the labour force
or not. From a longitudinal perspective, the risk of impairments and of heart failure increase
with age [2, 8] and may lead to dismissal or to the decision to leave the labour market.

In preliminary analyses, we did not find any gender differences, which is why the data for
women and men were merged in the final analyses presented above. Gender was nevertheless
used as a control variable to show this absence of differences without having to present sepa-
rate tables for women and for men. For educational levels, the gap between women and men
had long been closed in Germany. For occupational levels, it must be emphasized that we did
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not compare women and men with respect to their levels attained. Instead, occupational
mobility from a certain point of departure was considered by disregarding gender differences
in occupational levels when entering the labour market.

As not all patients in the first wave also participated in the second, the extent to which selec-
tive attrition might have affected our findings needs to be discussed. For the first wave, non-
response was shown to be uncorrelated with disease severity [22]. As shown in the results sec-
tion for the second survey, attrition was more frequent among patients with less severe heart
defects and among those with more severe heart defects, while patients with an intermediate
degree of severity were least likely to attrit. The methodological literature suggests that the
explanations for non-participation for these two groups may differ. Patients who underwent
curative surgery may live without complaints, and they may do so without regularly having to
visit a cardiologist. In this case, interest in participating in a time-consuming study may be
low, as patients may no longer feel concerned or committed to the clinic. This is supported by
methodological studies reporting that interest in a study topic is the main reason for participa-
tion [30, 31]. On the other hand, response rates were reported to decline with increasing health
impairments [32-34]. In particular, patients who underwent palliative surgery may have diffi-
culties, as their cardiovascular health is at risk of deteriorating over time and participating in a
study may be too exhausting. Finally, in severely impaired patients with complex congenital
malformations, the final reason for non-participation was premature death. The bias resulting
from these two reasons for attrition may have opposite effects. While the non-participation of
patients with less severe CHD may lead to an overestimation of educational performance and
the non-participation of patients with severe CHD may lead to an underestimation, the net
effect is, however, difficult to assess.

Most respondents in our control group were steady participants in the SOEP. Approxi-
mately 84.5% of them took part in all 15 surveys covered by our observation period, 10.1% par-
ticipated in 14 waves, 4.2% in 10, 0.8% in 12, and 0.4% in eight SOEP waves [35], and this
stability has also been reported in other panel studies [36]. Nevertheless, attrition has also
occurred in the SOEP, though the bulk of attrition was reported as being due to death, a
change of residence or unreachability [35]. A few studies have examined more specific expla-
nations, but only health as a reason for attrition applies to our study. In particular, poor subjec-
tive health and the presence of a chronic disease such as diabetes or a myocardial infarction
were associated with non-participation [34]. As a consequence, survey participants may appear
healthier than the general population. To what extent this may have caused biased results in
our study has to be left unanswered, as our patients had also been affected by health
impairments.

Taken together, we found that CHD patients as a group reached the same educational level
as their counterparts from the general population. Once they entered the labour market,
patients did equally well in terms of occupational advancement, but depending on CHD sever-
ity, a higher proportion of patients retired prematurely. The long-term outcomes of CHD sur-
gery seem favourable overall for the majority of patients, as surgery made it possible to
participate in school education as well as in their occupational life. To what extent this had
effects on family life and on patients’ well-being will be the subject of further comparative
investigations of our data.

Acknowledgments

We greatly acknowledge the excellent work that Iris Bolle (Dept. of Pediatric Cardiology, Uni-
versity Clinic of Géttingen) has done in organizing the study patients, and we acknowledge
Monika Zoege for having collected the social data in the first survey.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246169 February 19, 2021 13/16


https://doi.org/10.1371/journal.pone.0246169

PLOS ONE

Life chances after surgery of congenital heart disease

Author Contributions

Conceptualization: Siegfried Geyer, Kambiz Norozi.

Data curation: Siegfried Geyer, Katharina Fleig, Lena R6bbel, Claudia Dellas.
Formal analysis: Siegfried Geyer, Katharina Fleig.

Funding acquisition: Siegfried Geyer, Thomas Paul.

Investigation: Kambiz Norozi, Lena Robbel, Thomas Paul, Matthias Miiller, Claudia Dellas.
Methodology: Siegfried Geyer.

Project administration: Siegfried Geyer, Matthias Miiller, Claudia Dellas.
Resources: Kambiz Norozi, Thomas Paul, Claudia Dellas.

Software: Siegfried Geyer.

Supervision: Siegfried Geyer, Kambiz Norozi, Thomas Paul.

Validation: Siegfried Geyer.

Visualization: Siegfried Geyer.

Writing - original draft: Siegfried Geyer, Katharina Fleig, Kambiz Norozi, Lena Robbel,
Thomas Paul, Matthias Miiller, Claudia Dellas.

Writing - review & editing: Siegfried Geyer, Katharina Fleig, Kambiz Norozi, Lena Rébbel,
Thomas Paul, Matthias Miiller, Claudia Dellas.

References

1. Brida M, Gatzoulis MA. Adult congenital heart disease: Past, present and future. Acta Paediatrica.
2019; 108(10):1757—64. Epub 2019/06/30. https://doi.org/10.1111/apa.14921 PMID: 31254360.

2. Raissadati A, Haukka J, Patila T, Nieminen H, Jokinen E. Chronic Disease Burden After Congenital
Heart Surgery: A 47-Year Population-Based Study With 99% Follow-Up. Journal of the American Heart
Association. 2020; 0(0):e015354. https://doi.org/10.1161/JAHA.119.015354 PMID: 32316818

3. Greutmann M, Tobler D. Changing epidemiology and mortality in adult congenital heart disease: looking
into the future. Future Cardiology. 2012; 8(2):171-7. https://doi.org/10.2217/fca.12.6 PMID: 22413977.

4. BestKE, Rankin J. Long-Term Survival of Individuals Born With Congenital Heart Disease: A System-
atic Review and Meta-Analysis. Journal of the American Heart Association. 2016; 5(6):e002846. https://
doi.org/10.1161/JAHA.115.002846 PMID: 27312802.

5. Nieminen HP, Jokinen EV, Sairanen HI. Late Results of Pediatric Cardiac Surgery in Finland: A Popula-
tion-Based Study With 96% Follow-Up. Circulation. 2001; 104(5):570-5. https://doi.org/10.1161/
hc3101.093968 PMID: 11479255

6. Apers S, Kovacs AH, Luyckx K, Thomet C, Budts W, Enomoto J, et al. Quality of Life of Adults With
Congenital Heart Disease in 15 Countries: Evaluating Country-Specific Characteristics. Journal of the
American College of Cardiology. 2016; 67(19):2237—45. https://doi.org/10.1016/j.jacc.2016.03.477
PMID: 27173035

7. Sticker EJ, Schickendantz S. Angeborene Herzerkrankungen In: Lohaus A, Heinrichs N, editors. Chron-
ische Erkrankungen im Kindes- und Jugendalter. Weinheim: Beltz; 2013. p. 90—102.

8. Norozi K, Wessel A, Alpers V, Arnhold JO, Geyer S, Zoege M, et al. Incidence and risk distribution of
Heart Failure in Adolescents and adults with congenital heart disease after cardiac surgery. American
Journal of Cardiology. 2006; 97:1238-43. https://doi.org/10.1016/j.amjcard.2005.10.065 PMID:
16616033

9. Mulkey SB, Bai S, Luo C, Cleavenger JE, Gibson N, Holland G, et al. School-Age Test Proficiency and
Special Education After Congenital Heart Disease Surgery in Infancy. The Journal of Pediatrics. 2016;
178:47-54.e1. https://doi.org/10.1016/j.jpeds.2016.06.063 PMID: 27453376

10. McCusker CG, Armstrong MP, Mullen M, Doherty NN, Casey FA. A sibling-controlled, prospective
study of outcomes at home and school in children with severe congenital heart disease. Cardiology in

PLOS ONE | https://doi.org/10.1371/journal.pone.0246169 February 19, 2021 14/16


https://doi.org/10.1111/apa.14921
http://www.ncbi.nlm.nih.gov/pubmed/31254360
https://doi.org/10.1161/JAHA.119.015354
http://www.ncbi.nlm.nih.gov/pubmed/32316818
https://doi.org/10.2217/fca.12.6
http://www.ncbi.nlm.nih.gov/pubmed/22413977
https://doi.org/10.1161/JAHA.115.002846
https://doi.org/10.1161/JAHA.115.002846
http://www.ncbi.nlm.nih.gov/pubmed/27312802
https://doi.org/10.1161/hc3101.093968
https://doi.org/10.1161/hc3101.093968
http://www.ncbi.nlm.nih.gov/pubmed/11479255
https://doi.org/10.1016/j.jacc.2016.03.477
http://www.ncbi.nlm.nih.gov/pubmed/27173035
https://doi.org/10.1016/j.amjcard.2005.10.065
http://www.ncbi.nlm.nih.gov/pubmed/16616033
https://doi.org/10.1016/j.jpeds.2016.06.063
http://www.ncbi.nlm.nih.gov/pubmed/27453376
https://doi.org/10.1371/journal.pone.0246169

PLOS ONE

Life chances after surgery of congenital heart disease

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.
27.
28.

29.

30.

31.

the Young. 2013; 23(4):507—16. Epub 2012/10/19. https://doi.org/10.1017/S1047951112001667 PMID:
23083543

Zomer AC, Vaartjes |, Uiterwaal CSP, van der Velde ET, Sieswerda GJ, Wajon EMC, et al. Social Bur-
den and Lifestyle in Adults With Congenital Heart Disease. The American Journal of Cardiology. 2012;
109(11):1657-63. https://doi.org/10.1016/j.amjcard.2012.01.397 PMID: 22444325

Pfitzer C, Helm PC, Rosenthal L-M, Walker C, Ferentzi H, Bauer UMM, et al. Educational level and
employment status in adults with congenital heart disease. Cardiology in the Young. 2018; 28(1):32-8.
Epub 2017/09/13. https://doi.org/10.1017/S104795111700138X PMID: 28899436

Nieminen H, Sairanen HI, Tikanoja T, Leskinen M, Ekblad H, Galambosi P, et al. Long-term results of
pediatric cardiac surgery in Finland: Education, employment, marital status, and parenthood. Pediatrics.
2003; 112(6):1345-50.

Karsenty C, Maury P, Blot-Souletie N, Ladouceur M, Leobon B, Senac V, et al. The medical history of
adults with complex congenital heart disease affects their social development and professional activity.
Archives of Cardiovascular Diseases. 2015; 108(11):589-97. https://doi.org/10.1016/j.acvd.2015.06.
004 PMID: 26365479

Sluman MA, Apers S, Sluiter JK, Nieuwenhuijsen K, Moons P, Luyckx K, et al. Education as important
predictor for successful employment in adults with congenital heart disease worldwide. Congenital
Heart Disease. 2019; 14(3):362—71. https://doi.org/10.1111/chd.12747 PMID: 30714326

Bygstad E, Pedersen LCVM, Pedersen TAL, Hjortdal VE. Tetralogy of Fallot in men: quality of life, fam-
ily, education, and employment. Cardiology in the Young. 2012; 22(4):417-23. Epub 2011/12/14.
https://doi.org/10.1017/S1047951111001934 PMID: 22166680

Enomoto J, Mizuno Y, Okajima Y, Kawasoe Y, Morishima H, Tateno S. Employment status and contrib-
uting factors among adults with congenital heart disease in Japan. Pediatrics International. 2020; 62
(3):390-8. https://doi.org/10.1111/ped.14152 PMID: 31957140

Geyer S, Norozi K, Zoege M, Buchhorn R, Wessel A. Life chances after surgery of congenital heart dis-
ease: The influence of cardiac surgery on intergenerational social mobility. A comparison between
patients and general population data. Journal of Cardiovascular Prevention and Rehabilitation. 2007;
14:128-34. https://doi.org/10.1097/01.hjr.0000238398.27471.39 PMID: 17301638

Geyer S, Norozi K, Buchhorn R, Wessel A. Chances of employment in women and men after surgery of
congenital heart disease: Comparisons between patients and the general population. Congenital Heart
Disease. 2009; 4:25-33. https://doi.org/10.1111/j.1747-0803.2008.00239.x PMID: 19207400

Goebel J, Grabka MM, Liebig S, Kroh M, Richter D, Schréder C, et al. The German Socio-Economic
Panel (SOEP). 2019; 239(2):345. Epub 08 Aug 2018. https://doi.org/10.1515/jbnst-2018-0022.

Haisken- DeNew JP, Frick R. DTC- Desktop Companion to the German Socio- Economic Panel Study
(SOEP), Version 8- September 2005. Berlin: Deutsches Institut fur Wirtschaft Berlin, Kénigin-Luise-
Str. 5, 14195 Berlin, Germany. http://www.diw.de/english/sop/; 2005 2005.

Geyer S, Zoege M, Norozi K, Kempa A, Buchhorn R, Wessel A. Study Participation and Nonresponse
in a Population of Adolescents and Adults with Operated Congenital Heart Disease (GUCH Patients).
Congenital Heart Disease. 2008; 3:26—32. https://doi.org/10.1111/j.1747-0803.2007.00159.x PMID:
18373746

Perloff JK, Child JS. Congenital heart disease in adults. Philadelphia, London, Toronto: Saunders;
1998 1998.

Hoffmeyer-Zlotnik JHP, Hess D, Geis AJ. Computerunterstitzte Vercodung der International Standard
Classification of Occupations (ISCO-88). ZUMA-Nachrichten. 2004; 28(55):29-52.

ILO ILO. International Standard Classifiction of Occupations: ISCO-08. Geneva: International Labour
Office; 2012.

STATA SC. Stata Statistical Software: Release 16.1. College Station, TX2019 2007.
Cook DA. ccmatch: A package for drawing control cases to cases from datasets. 2015.

Legewie N, Bohmann S. Upward and downward social mobility probabilities have converged for men
and women. DIW Weekly Report. 2018;(20):422—31. https://doi.org/10.18723/diw_wb:2018-20-1.

Arbeitslose und Arbeitslosenquote in absoluten Zahlen und in Prozent aller zivilen Erwerbspersonen,
1980 bis 2018 [Unemployed and unemployment in absolute numbers and in percentages of all econom-
ically active individuals, 1980 to 2018] [Internet]. Bundeszentrale furr Politische Bildung. 2019.

Thorpe C, Ryan B, McLean SL, Burt A, Stewart M, Brown JB, et al. How to obtain excellent response
rates when surveying physicians. Family Practice. 2009; 26(1):65-8. https://doi.org/10.1093/fampra/
cmn097 PMID: 19074758.

Groves RM, Couper MP, Presser S, Singer E, Tourangeau R, Acosta GP, et al. Experiments in Produc-
ing Nonresponse Bias. Public Opinion Quarterly. 2006; 70(5):720-36.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246169 February 19, 2021 15/16


https://doi.org/10.1017/S1047951112001667
http://www.ncbi.nlm.nih.gov/pubmed/23083543
https://doi.org/10.1016/j.amjcard.2012.01.397
http://www.ncbi.nlm.nih.gov/pubmed/22444325
https://doi.org/10.1017/S104795111700138X
http://www.ncbi.nlm.nih.gov/pubmed/28899436
https://doi.org/10.1016/j.acvd.2015.06.004
https://doi.org/10.1016/j.acvd.2015.06.004
http://www.ncbi.nlm.nih.gov/pubmed/26365479
https://doi.org/10.1111/chd.12747
http://www.ncbi.nlm.nih.gov/pubmed/30714326
https://doi.org/10.1017/S1047951111001934
http://www.ncbi.nlm.nih.gov/pubmed/22166680
https://doi.org/10.1111/ped.14152
http://www.ncbi.nlm.nih.gov/pubmed/31957140
https://doi.org/10.1097/01.hjr.0000238398.27471.39
http://www.ncbi.nlm.nih.gov/pubmed/17301638
https://doi.org/10.1111/j.1747-0803.2008.00239.x
http://www.ncbi.nlm.nih.gov/pubmed/19207400
https://doi.org/10.1515/jbnst-2018-0022
http://www.diw.de/english/sop/
https://doi.org/10.1111/j.1747-0803.2007.00159.x
http://www.ncbi.nlm.nih.gov/pubmed/18373746
https://doi.org/10.18723/diw_wb:2018-20-1
https://doi.org/10.1093/fampra/cmn097
https://doi.org/10.1093/fampra/cmn097
http://www.ncbi.nlm.nih.gov/pubmed/19074758
https://doi.org/10.1371/journal.pone.0246169

PLOS ONE

Life chances after surgery of congenital heart disease

32.

33.

34.

35.

36.

Pirzada A, Yan LL, Garside DB, Schiffer L, Dyer AR, Daviglus ML. Response Rates to a Questionnaire
26 Years after Baseline Examination with Minimal Interim Participant Contact and Baseline Differences
between Respondents and Nonrespondents. American Journal of Epidemiology. 2004; 159(1):94—101.
https://doi.org/10.1093/aje/kwh012 PMID: 14693664

Clark VA, Aneshensel CS, Frerichs RR, Morgan TM. Analysis of non-response in a prospective study of
depression in Los Angeles County. International Journal of Epidemiology. 1983; 12(2):193-8. https:/
doi.org/10.1093/ije/12.2.193 PMID: 6874215

Hoffmann W, Terschuren C, Holle R, Kamtsiuris P, Bergmann M, Kroke S, et al. Zum Problem der
Response in epidemiologischen Studien in Deutschland (Teil Il) [The Problem of Response in Epidemi-
ologic Studies in Germany (Part I1)]. Das Gesundheitswesen. 2004; 66:482-91. https://doi.org/10.1055/
s-2004-813094 PMID: 15372348

Gramlich T. Analyse der Panelausfalle im Sozio-oekonomischen Panel SOEP. Berlin: DIW Berlin, 2008
Contract No.: 129.

Zunzunegui MV, Béland F, Gutiérrez-Cuadra P. Loss to follow-up in a longitudinal study on aging in
Spain. Journal of Clinical Epidemiology. 2001; 54:501—-10. https://doi.org/10.1016/s0895-4356(00)
00325-5 PMID: 11337214

PLOS ONE | https://doi.org/10.1371/journal.pone.0246169 February 19, 2021 16/16


https://doi.org/10.1093/aje/kwh012
http://www.ncbi.nlm.nih.gov/pubmed/14693664
https://doi.org/10.1093/ije/12.2.193
https://doi.org/10.1093/ije/12.2.193
http://www.ncbi.nlm.nih.gov/pubmed/6874215
https://doi.org/10.1055/s-2004-813094
https://doi.org/10.1055/s-2004-813094
http://www.ncbi.nlm.nih.gov/pubmed/15372348
https://doi.org/10.1016/s0895-4356%2800%2900325-5
https://doi.org/10.1016/s0895-4356%2800%2900325-5
http://www.ncbi.nlm.nih.gov/pubmed/11337214
https://doi.org/10.1371/journal.pone.0246169

