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School performance is impaired in children with both simple and complex congenital heart disease
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Background: We do not know if children born with a simple or uncorrected congenital heart disease (CHD) have school performance issues and an increased need for special education compared to healthy peers. With this study we examine the school performance and the need for special education in children with both simple and complex CHD. Further, we evaluate if exposure to preeclampsia or smoking affects the need for special education.



Methods: In this nation-wide population based registry study, we included all Danish children with CHD born 1994–2012. In addition ten age and gender matched control per CHD child were included. Non-singletons and children born with a syndrome were excluded. Exposure was defined as having a CHD and the outcome was defined as needing special education service in the Danish primary and lower secondary school.



Results: The population consisted of 7,559 CHD children and 77,046 non-CHD children (controls). CHD children had a higher need for special education compared to non-CHD children, OR: 2.14 (95% CI: 2.00; 2.28), p < 0.001. The odds ratio was also increased when comparing children with a minor CHD to non-CHD children, OR: 1.99 (95% CI: 1.86; 2.14), p < 0.001. CHD children exposed to preeclampsia or smoking had a higher risk of receiving special education compared to unexposed CHD children.



Conclusion: We find that school performance is impaired in children born with CHD. This applies to both simple and complex CHD. If a child with CHD was exposed to preeclampsia or maternal smoking this further increased the need for special education.
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1. Introduction

Children born with congenital heart disease (CHD) have an increased risk of neurodevelopmental difficulties later in life (1–5). The majority of information stems from children born with a complex CHD such as transposition of the great arteries and single ventricle CHD. Executive function and metacognition are often impaired, affecting their school performance (6).

Emerging data suggest that neuropsychological sequelae also occur in children born with simple CHD, although this large group of children is less well studied (1, 5, 7). Since children with simple and uncorrected CHD comprise the vast majority of the overall CHD population, this is an important area to investigate with a potential significant impact for the children, their families and the schools.

There is increasing evidence that multiple factors contribute to the risk of neurobehavioral disability in the CHD population (3). Because operative management strategies can be modified, many early studies and clinical trials of neuroprotective therapies were focused on the perioperative period. However, there is increasing evidence that operative management techniques have a minimal impact on neurodevelopmental outcomes (8). Recent studies have focused on the prenatal conditions such as fetal hypoxia due to an altered circulation (3, 9, 10) and the maternal-fetal environment as potential risk factors for abnormal brain development and adverse neurodevelopmental outcomes. The Barker hypothesis describes how an impaired maternal-fetal environment, like preeclampsia or maternal smoking, has a great effect on postnatal life (11).

Preeclampsia is a pregnancy-related syndrome with origin in abnormal trophoblast function and maternal endothelial dysfunction and it is thought to be a consequence of placental dysfunction and an impaired maternal-fetal environment (12). We know that exposure to preeclampsia increases the risk of neurodevelopmental disorders, and that preeclampsia is overrepresented in children born with CHD (13–17). Whether exposure to preeclampsia affects school performance and the need for special education in children with CHD remains to be investigated. Another factor impacting the maternal-fetal environment is maternal smoking. The impact of maternal smoking on the need for special education also remains unknown.

The primary aim for this study was to evaluate the school performance and the need for special education in a population of all Danish children born with both simple and complex CHD between 1994 and 2012. Our secondary aim was to investigate if exposure to preeclampsia or smoking affects this need for special education.

We hypothesize that children born with both simple and complex CHD have school performance issues and a greater need for special education compared to their healthy peers and we further hypothesize that having been exposed to an impaired maternal fetal environment with preeclampsia or smoking will worsen this outcome.



2. Material and methods


2.1. Data sources

This study was conducted as a nationwide population-based registry study. All Danish citizens can use the Danish health care system free of charge and it is equally accessible to all. Since 1968 each citizen have held a unique personal identification number ensuring access to healthcare but also linkage between the national registries (18). Data included in this study were obtained using national registries, including: The Danish National Patient Registry (DNPR), The Danish Cytogenetic Central Registry, The Danish Medical Birth Registry, The Family Sociogroup Registry and The Special Education Registry.



2.2. Study population

The study population has been used in previous studies investigating neurodevelopmental disorders in children with CHD (19). The study population consisted of all children diagnosed with CHD and born between January 1, 1994 to December 31, 2012 in Denmark (Figure 1). A comparison cohort was created of ten randomly drawn age and gender matched individuals without CHD for each CHD patient.
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FIGURE 1
Numbers of children born with CHD included in the study.




2.3. Exclusion criteria: syndromes and non-singletons


2.3.1. Syndromes

Based on data from The Danish Cytogenetic Central Registry, children born with one of the following syndromes were excluded: Trisomy 13, Trisomy 18, Trisomy 21, Turner Syndrome (45,X), Klinefelter Syndrome (47,XXY), DiGeorge Syndrome (22q11 deletion) and Williams-Beuren Syndrome. The Danish Cytogenetic Central Registry is a nationwide register to which all chromosome analyses performed in Denmark since 1960 are reported.



2.3.2. Multiple gestation

Based on data from The Danish Medical Birth Registry non-singletons were excluded. This registry links the mother's information related to her pregnancy and childbirth to the child in question. Individuals not included in The Danish Medical Birth Registry, for example due to adoption from another country or immigration, were likewise excluded. The same exclusion criteria were utilized for the matched control subjects.



2.3.3. Not included in the special education register

The Special Education Register contains information about the need for special education on all children of school age in Denmark from the year 2011 and onwards. Only children listed in this registry were included in the study.




2.4. Exposure: CHD diagnosis

Exposure was defined as having a CHD–either simple and complex. Using the DNPR we identified all Danish children diagnosed with CHD between 1994 and 2012. A diagnosis of CHD was defined as ICD-10 codes; DQ20–DQ26. The 10th edition of the ICD has been used since 1994, hence our start of the study period at this point in time. The CHD diagnoses were grouped into either complex CHD or simple CHD in line with previous studies (20). If a child had more than one diagnosis of CHD, we included the most severe diagnoses given at the earliest point in time. To increase the diagnostic validity only children with a CHD diagnosis issued at a University Hospital were included (21).



2.5. Outcome: school performance including special education and test results from the Danish national tests


2.5.1. Special education

The outcome was defined as needing special education service in the Danish primary and lower secondary school, which comprises a ten-year period of compulsory basic schooling from 6 years of age until 16 years of age. Schooling from compulsory basic schooling to university level is free of charge in Denmark. Data on the need for special education service was obtained from The Special Education Register. In this register a child needs to have at least 9 h of special education per week in order to be categorised as having the need for special education. We evaluated the need for special education as a dichotomous variable (special education: yes/no). Further, for the children in need of special education we evaluated this need as a continuous variable illustrated as the proportion of time in school spent with special education. This was calculated as: years with special education/total years in school * 100%.



2.5.2. The Danish national tests

The Danish national tests are a nationwide online test system introduced into all Danish primary and lower secondary schools in 2010 (22). The tests are mandatory. Exemption from testing is only possible if school representatives and parents in agreement believe that the student is unable to obtain a useful test result. The tests are designed as adaptive tests and performed in an online self-scoring programme. This means that no teachers are involved in the assessment, ensuring that all students are evaluated by the same standards throughout the country. In this study we included data from the following two subjects: Danish (reading) and mathematics. Danish (reading) was tested in grades 2, 4, 6 and 8, whereas mathematics was tested in grades 3 and 6. We included results based on the students' individual level in the specific subject. Results were reported on a scale from 1 to 6, with 1 being “insufficient performance” and 6 being “excellent performance”.




2.6. Additional variables: preeclampsia, smoking, preterm birth and socioeconomic status


2.6.1. Preeclampsia

In the Danish Medical Birth Registry we identified all mothers of the children included in the study. Preeclampsia, eclampsia and HELLP-syndrome in the mother was identified based on DNPR and the following ICD-10 codes: DO11, DO14, DO140, DO141, DO142, DO149, DO15, DO151, DO152, DO159. To ensure correct linkage of mother and the child included in the study the diagnoses of preeclampsia, eclampsia or HELLP-syndrome had to be given maximum 200 days before or 60 days after birth of the child in question. Based on the diagnostic criteria of preeclampsia, eclampsia, and HELLP-syndrome the fetus had to be 20 weeks of gestation or more at the time of diagnosis (23).



2.6.2. Maternal smoking

Information on smoking during pregnancy was obtained with the use of The Danish Medical Birth Registry. Smoking was included as a dichotomous variable (smoking during pregnancy: yes/no).



2.6.3. Preterm birth

Preterm birth (PTB) was considered a potential intermediate factor between CHD and school performance. Preterm birth was defined as being born with a gestational age at delivery of less than 37 weeks. Gestational age (GA) at birth was identified using The Danish Medical Birth Registry.



2.6.4. Socioeconomic status (SES)

SES was considered a potential confounder. SES was obtained based on data from the Family Sociogroup Registry with data on the SES of the family. The parent with the highest income in the family determines the total family SES. The total family SES was used as most children in the study did not yet have individual SES. The family SES was grouped into four groups: Group (1) Business owners and employees with a high income, Group (2) Employees with middle or low income, Group (3) Students and unemployed, Group (4) Others.




2.7. Data analysis

Comparison between groups was done using t-test for continuous data, and the χ2 test for binomial data. The difference in need for special education between groups was assessed using logistic regression, allowing adjustment for potential confounders. All statistical tests presumed a significance level of 5%. Data was analyzed using Statistics Denmark's encrypted online data service (Forskerservice), and Stata Statistical Software, release 15 (StataCorp LP, TX).




3. Results

The study cohort comprised a total of 7,559 children with CHD (Figure 1). In addition, a total of 77,046 age and gender matched children born without CHD were included.

The distribution of the individual subtypes of CHD can be found in the Supplementary Material S1.

Baseline characteristics of children included in the study are shown in Table 1. No overall differences were observed between children with CHD and no CHD regarding distribution of sex, year of birth nor maternal age. More children with CHD were born preterm and were more often exposed to preeclampsia.


TABLE 1 Baseline characteristics of children included in the study.
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Special education was received at some time during their school education by 18.6% of the children born with CHD compared to 9.5% if born with no CHD (Table 2). The numbers and frequencies of children receiving special education stratified on type of CHD, procedure for CHD and exposure to preeclampsia or smoking during pregnancy can be found in Table 2.


TABLE 2 Frequency table of children receiving special education stratified on subgroups.

[image: Table 2]

Children with CHD were in significantly greater need of special education in both the primary school (grade 0–5) and in the lower secondary school (grade 6–10). In the primary school 10.8% of children with a CHD received special education compared to 3.4% children with no CHD (p < 0.001). In the lower secondary school 24.0% with a CHD received special education compared to 13.6% with no CHD (p < 0.001).

Even after adjusting for SES, children born with a CHD had a higher risk of receiving special education compared to children born with no CHD: OR: 2.14 (2.00–2.28), p < 0.001 (Table 3). When adjusting for SES and preterm birth, a potential intermediate factor, the odds ratio was found to be OR: 2.04 (1.91–2.18), p < 0.001. Further, the odds ratio of receiving special education was also found to be increased when comparing children born with a minor CHD to children born with no CHD. The odds ratio was likewise increased when comparing CHD children who had not undergone surgery to children born with no CHD and likewise when comparing children with a minor CHD who underwent procedure to those with a minor CHO with no procedure (Table 3).


TABLE 3 Odds ratio (OR) of receiving special education.
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When considering only the group of children receiving special education, we found a difference in the amount of special education needed between CHD children and non-CHD. Of the total years spent in school, a minimum of 9 h special education weekly was needed in 53.2% of the years (95% CI: 51.5–54.9) if born with a CHD compared to 45.1% of the years (95% CI: 44.4–45.8) if born with no CHD, p < 0.001.

From Table 4 we see that no great difference appears in test results from the Danish national tests between CHD children and non-CHD children of those on need of special education. However, in this group of children receiving special education a large group of children born with CHD are exempt from testing compared to those born with no CHD. This applies both to Danish and Mathematics. The same pattern is not as evident in the group of children not receiving any special education (Table 4).


TABLE 4 Performance in the Danish national tests stratified on the receival of special education.
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Regarding preeclampsia and school performance, we found that CHD children exposed to preeclampsia had a higher risk of receiving special education than CHD children unexposed to preeclampsia: OR: 1.40 (1.07–1.84), p = 0.014 (Table 5). The same was found in children born with no CHD (Table 5).


TABLE 5 Odds ratio (OR) of receiving special education if exposed to PE vs. unexposed to PE.
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4. Discussion

In this nationwide population-based cohort study we found that twice as many children with CHD needed special education compared to their healthy peers. This was also true for children with a simple CHD. Of those with the need of special education, two-three times as many children with CHD were exempted from school testing. If the mother suffered from preeclampsia or had been smoking during pregnancy, the CHD children were in even higher need for special education. Adjusting for preterm birth modified the risk of needing special education–yet this risk decreased only minimally, suggesting that the total effect is not primarily mediated through preterm birth.

From previous studies, we know that children born with a CHD have a reduced educational achievement (24), and that children born with a complex CHD have a greater need for special education (25, 26). This study points at a substantial school performance issue in a previously neglected group of children born with a simple or uncorrected CHD. We thus found that children born with a simple CHD and children who had not undergone any surgical procedure for their CHD also had a greater need of special education compared to children born with no heart disease.

We found no great difference in the Danish national school test results between children with CHD and non-CHD children–this applied to both the group of children receiving special education and the group of children not receiving special education. However, a large group of children born with CHD was exempt from testing if they received special education. As previously mentioned, exemption from testing was only possible if school representatives and parents in agreement believed that the student was unable to obtain a useful result. Approximately thirty percent of children with CHD receiving special education were considered unable to obtain a useful result. This number was about three times higher in children with CHD compared to children with no CHD, indicating that children born with a CHD and receiving special education might be more challenged than children born with no CHD and receiving special education.

For many years it has been the belief, that the impaired neurodevelopment seen in children with CHD was related to their surgical procedures and medical treatment after birth. However, in this study, we find that even children with CHD who have not undergone surgery have a greater need for special education compared to healthy peers. This indicates that it is not only the treatment of the cardiac defect that results in neurodevelopmental problems. Likewise we found that children born with a simple CHD had a greater need for special education. This is in line with findings in recent studies from our group showing an impaired neurodevelopment in children born with a simple CHD (5, 7) and an increased risk of lifetime psychiatric morbidity and a decreased work participation in young adults with an atrial septal defect (1, 27).

The association between CHD and an impaired neurodevelopment is complex, and the underlying mechanisms are most likely multifactorial. However, the intrauterine environment seems to be an important factor, with intrauterine hypoxia proposed as a leading cause for the impaired cerebral development seen in children with CHD (3, 9, 10). Children born with CHD are more often exposed to preeclampsia in utero than those with no CHD (13). Data from our study suggest that preeclampsia further affects the outcome in this already challenged intrauterine environment. We thus found that children with CHD and exposed to preeclampsia have a higher risk of needing special education compared to children with CHD not exposed to preeclampsia, demonstrating that exposure to preeclampsia does affect school performance in children with CHD. Further, we found that nearly twice as many CHD children exposed to maternal smoking received special education compared to those unexposed to smoking.


4.1. Limitations

A limitation to this study is that the accuracy of the Danish registries depends on correct diagnostic coding. However, these nationwide registries provide us a unique opportunity to include not only a selection of the population of interest but in fact the entire population (18), in this case all Danish children born with a CHD between 1994 and 2012. To account for inaccurate diagnoses, we only included CHD diagnoses issued at a University Hospital.

Another limitation is that the Special Education Register providing data on special education was established in year 2011. Potentially some children could have received special education prior to this. The lack of knowledge prior to 2011 is the same for children with CHD and non-CHD children, and will most likely underestimate our findings. Further, children born outside Denmark was excluded from this study, which potentially could underestimate our findings.



4.2. Conclusion

In conclusion, we find that school performance is impaired in children born with CHD. This applies to both simple and complex CHD. More children with CHD need special education and of these a large group is considered unable to complete the Danish national tests. If a child with CHD is exposed to preeclampsia this increases the risk of needing special education later in life.

In this study we demonstrate that children with CHD, and in particular those exposed to preeclampsia or maternal smoking, are a vulnerable group of children when entering the school system. In order to facilitate them the best possible schooling, we urge clinicians and teachers to be especially attentive to these children.
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