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Abstract

Introduction: Neurodevelopmental disabilities, particularly executive function impairments, are currently the
most prevalent long-term morbidity in the population with Congenital Heart Disease (CHD). This study aimed to
investigate the frequency of Attention Deficit Hyperactivity Disorder (ADHD) in children with congenital heart
disease.

Materials and Methods: This was a retrospective cohort study, which was performed during 2002-2018 on
patients with CHD referred to the pediatric cardiology clinic of Imam Reza hospital, Mashhad, Iran. Using the census
method, all files for which ADHD diagnosis should be included in the study. Diagnosis of CHD was performed
clinically and using an echocardiographic machine by an experienced pediatric cardiologist. Demographic, clinical,
and para-clinical data of patients and the type of heart intervention were collected and analyzed. The data were
analyzed through SPSS software version 16.5, descriptive statistics, and the Chi-square test.

Results: In this study, 136 patients were enrolled. The mean age of participants in the study was 59.12+ 45.84
months at the time of diagnosis. An abnormal electroencephalogram (EEG) was reported in three cases (2.2%). There
was a significant correlation between prematurity and developmental delay (P= 0.01). The mean age was
significantly different in patients with minor rather than those with major cardiac disorders (P< 0.05). The prevalence
of ADHD in the CHD population was high (31.6%).

Conclusion: This study demonstrated that children born with congenital heart disease are at increased risk of
suffering from attention deficit hyperactivity disorder.
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Introduction The prevalence of CHD between 1970 and

Congenital Heart Disease (CHD) is the most 2017 globally was 8.22 per 1000. During this
common congenital disability worldwide, period, the overall prevalence of CHD globally
affecting millions of newborns yearly (1). increased by 10% every five years (1). In order
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to improve CHD management, most patients
can be survived to higher age in childhood or
even more. There are now challenges related to
these patients' quality of life and long-term
development. It is established that children
with CHD are more susceptible to suffering
deficiencies in intellectual  functioning,
developmental problems, and academic
performance difficulties (2,3). Children with
CHD are at higher risk of several cognitive
disorders, which can show problems in school,
like patients with attention disorders (4).
Unfavorable effects of chronic and intermittent
hypoxia on development, behavior, and
academic achievement have been reported in
previous studies in children with CHD (5).

Neurodevelopmental disabilities, particularly
executive function impairments, are currently
the most prevalent long-term morbidity in the
population with CHD (6). Executive function
refers to a set of higher-order neurocognitive
abilities that coordinate and organize actions
toward a goal, allowing the individual to adapt to
new or complex situations (7). Impairments in
executive function manifest as behavioral
dysregulation, attention problems, impaired
working memory (like the ability to keep
information in mind and manipulate it over a
short period), and problems with organization
and planning abilities. Executive function is
more strongly associated with school readiness
than 1Q, predicts mathematics and reading
competence throughout the school years (8,9),
and is strongly associated with social cognition
(8). Patients with CHD display deficits in visual-
perceptive skills (10-14) and executive function
(10,11), ADHD symptoms (14,15), and reduced
quality of life (16,17). There are rarely available
data on mental health outcomes in CHD
survivors in adolescence (18,19).

According to full DSM-5 criteria, the
prevalence of ADHD was 3.55% in a large-
scale study (20). Although long-term
behavioral outcomes have been studied for
various forms of CHD, the presence of ADHD
within this group of patients is rarely addressed
(21). Studies conducted with heterogeneous
CHD populations have reported increased risk
and under-treatment of psychiatric symptoms,
including anxiety and depression (19,22).
However, the prevalence of psychiatric
disorders in adolescents with critical CHD
remains under-investigated. Although studies
suggest that adolescents with critical CHD
display a higher incidence of ADHD (11,15,21),

Fundamentals of Mental Health, 2023 Jan-Feb

MOTTAGHI MOGHADDAM SHAHRI, ESLAMZADEH, AND HEYDARI YAZDI

this literature is limited by reliance on parent-
and self-report measures. This study aimed to
investigate the prevalence of ADHD in children
with CHD referred to Imam Reza hospital,
Mashhad- Iran between 2002 and 2018.

Materials and Methods

This was a retrospective cohort study
performed during 2002-2018 in all patients
with CHD referred to the pediatric cardiology
clinic of Imam Reza hospital, Mashhad, Iran.

The inclusion criteria included children and
adolescents aged less than 18 years who were
diagnosed with CHD (ICD-9-CM codes:745,
746,747.1-747.4)by a pediatrician, cardiologist,
or cardiac surgeon.

The exclusion criteria included patients with
histories of psychiatric disorders (ICD-9-CM
codes: 290-319), confirmed diagnosis of an
autism spectrum disorder that would prevent
successful completion of the planned study
testing, and scheduled to undergo major cardiac
interventions in the six months following
enrollment.

CHD definition

All patients were diagnosed with pediatric and
congenital cardiologists according to 1CD-10
and met one of the following criteria:

a) Age less than 18 years at baseline
assessment, b) had received cardiovascular care
at the Imam Reza Hospital, Mashhad, and c)
Diagnosis of CHD was performed clinically
and using an echocardiographic machine and
other cardiac imaging modalities by an
experienced pediatric cardiologist. Heart
diseases were divided into two important
(major) and non-important (minor) categories
based on the need for follow-up and
intervention.

Echocardiographic assessment

All  patients underwent M-mode, two-
dimensional, Doppler, and color Doppler
echocardiography performed on (Vivid 7 GE,
USA, and Resona7, Mindray, China) using 3-5
MHz transducer by an experienced pediatric
echocardiographist in  the  department
of pediatric and congenital cardiology of
Imam Reza hospital. Structural defects and
cardiac function were determined by using
standard and oblique views. Attention-deficit /
hyperactivity disorder assessment.

The diagnoses are based upon assessments by
a psychiatrist or child and adolescent psychiatrist
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according to DSM-IV or DSM-V criteria. The
institutional review board approved this study at
Mashhad University of Medical Sciences,
Mashhad, Iran. All parents or guardians were
requested to complete the written consent form
for enrolling in the study. All data were entered
in SPSS software Ver. 16.5.

Descriptive data were reported as count,
percent, mean, and standard deviation. For
comparing qualitative variables, the Chi-square
test was used.
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P wvalue less than 0.05 was considered
significant.

Results

During the period of study, 136 patients
enrolled in the study. The mean age of the
participants in the study was 59.12+ 45.84
months at the time of diagnosis. Twenty-nine
were female (21.3%), and others were male
(78.7%). Table 1 shows the demographic data
of patients.

Table 1. Demographic data of participants

Characteristics

Age at diagnosis of CHD (months, SD)
Sex (n, %)
Male
Female
Age group (n, %)
< 36 months
37-80 months
81-125 months
126-170 months
>171 months
Age at last visit (months, SD)
Birth weight (mean, SD) (gram)
Birth weight group (n, %)
Small for gestational age
Normal
Large for gestational age
New Weight (mean, SD) kilogram
Premature (n, %)
Consanguinity (n, %)
Delivery (n, %)
Syndrome (n, %)

59.12 + 45.84

107, 78.7
29,213

44,324
44,32.4
37,272
9,6.6
2,15
105.63+ 50.45
3075+ 603.51

24,17.6

104, 76.4
8,5.9

31.25+15.78

5,37

48, 35.3

Cesarean (74, 54.4) Vaginal (62, 44.1)
Down (3, 2.2), Noonan (2, 1.5)

Table 2 shows referring causes of patients to
the pediatric cardiology department, and Table

3 shows the clinical features of patients enrolled
in this study.

Table 2. Referring causes of patients to the pediatric cardiology department

Variable

Referring groups (n, %)

Cause of Referring (n, %)

Pediatrics (77, 56.6)
Psychiatrists (3, 2.2)
Patients (28, 20.6)
Others (28, 20.6)

Clinical suspicion (8, 5.9)
Respiratory symptoms (47, 34.6)
Abnormal Chest radiography (2, 1.5)
ADHD (3, 2.2)
Cardiovascular manifestation (75, 55.1)
Other (1, 0.7)
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Table 3. Clinical features of patients

Characteristics

Tachycardia (n, %) 4,29

Click or murmur (n, %) 120, 88.2
Anemia 2,15
Sweating 4,29
Chest anomaly 5,37
Icterus 1,07
Hematologic abnormalities 4,29
Gastrointestinal abnormalities 12,8.8

Neurologic abnormalities 24,17.6
Ear nose throat abnormalities 4,29
Respiratory abnormality 15,11
Ophthalmologic abnormalities 3,22
Urogenital abnormalities 8,5.9
Orthopedic abnormalities 2,15

Two patients had frequent urinary tract Table 4. Electrocardiogram (ECG) abnormality
infection (1.5%). Cardiac abnormality is listed in was reported in 12 cases in Table 5.

Table 4. Major and minor cardiac abnormalities of patients

Major abnormalities N, %
Septal defects
Ventricular septal defect 27,199
Atrial septal defect 4,29
Atrioventricular septal defect 2,15
Arterial abnormality
Patent ductus arteriosus 8,59
Right sided obstructive lesions
Tetralogy of Fallot 6,4.4
Pulmonary valve stenosis 571
Pulmonary atresia (n, %) 1,07
Pulmonary vessel abnormality
Pulmonary hypertension 2,15
Left sided obstructive lesions
Aortic stenosis 7,5.1
Coarctation of aorta 4,29
Myocardial abnormality
Hypertrophic cardiomyopathy (n, %) 1,0.7
Complex
Double Outlet Right Ventricle (DORV) (n, %) 2,15
Transposition of great arteries (n, %) 1,0.7
Heterotaxia (n, %) 2,15
Tricuspid valve abnormality
Ebstein anomaly (n, %0) 1,0.7
Minor abnormalities N, %
Floppy mitral valve and/ or mitral valve prolapse without
mitral regurgitation 56,41.1
Patent foramen ovale 12,88
Persistent left superior vena cava 4,29
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Table 5. Electrocardiogram abnormalities

Characteristics

QRS wideness> 0.16 Sec
Right Bundle Branch Block (RBBB)

Premature Atrial Contraction (PAC), Premature Ventricular Contraction (PVC)

(Infrequent)
Sinus arrhythmia

Right Axis Deviation (RAD) and Right Ventricular Hypertrophy (RVH)
Left Bundle Branch Block (LBBB) and ST-T changes

Tachycardia
Right Atrial Hypertrophy (RAH)

1,07
3.7

o

1,07

, 2.2
, 1.5
,0.7
,0.7
,0.7

R RN W

Abnormal electroencephalogram (EEG) was
reported in three cases (2.2%). Neuropsychiatric

disorders were reported in 34 cases (25%). Table
6 shows the prevalence of these disorders.

Table 6. Neuropsychiatric disorders of patients

Characteristics

Bruxism

Learning disorders

Autism
Anxiety
Enuresis

Development delay
Behavioral disorder

Hysteria
Tic
Sighing

Speech delay

Seizure

1,07
3,22
1,07
3,22
1,07
15,11
4,29
1,07
3,22
3,22
5,37
2,15

One hundred five patients underwent medical
treatment (77.2%), one of them underwent
cardiac catheterization (0.7%), and 30 of them
underwent surgery (22.1%). We followed the
patients; in their last follow-up, 96 were stable,
and 40 were missing the follow-up. There was
no significant correlation between ADHD and
congenital cardiac anomaly or malformation in
our study population (P> 0.05). ADHD in CHD
patients was less significant in any sex (P>
0.05). There was a significant correlation
between prematurity and developmental delay
(P= 0.01). The mean age was significantly
different in patients with minor rather than
those with major cardiac disorders (P< 0.05).

Discussion

Our study showed that ADHD was prevalent
in CHD patients (31.6%) in the normal
population. We also demonstrated that there
was no significant correlation between ADHD
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and special cardiac anomalies and is not sex-
dependent. Moreover, there was a significant
correlation  between  prematurity  and
developmental delay, and the mean age was
significantly different in patients with minor
rather than patients with major cardiac
disorders. Although our study was not in a
casualty design, prior investigations have
suggested that CHD can be a risk factor for
ADHD and autism. In a cross-sectional study, a
significant proportion of children between the
ages of 7 and 15 years old with CHD had
symptoms of ADHD. Their results suggest that
the prevalence of ADHD symptoms was
significantly higher in this group with CHD
(11.8%) when compared to the estimated
prevalence in children (5%). In another study,
the mean ADHD score in patients with CHD
was the same in the general population with
ADHD (22). Razzaghi et al. found that ADHD
and autism were higher in children with CHD
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than in the control group (23). Another study
determined that the number of children with
clinically significant ADHD scores among a
patient with CHD was 3-4 times higher than that
observed in the general population (24). Primary
investigations mentioned that patients with CHD
usually manifested unusual hemodynamic
changes (25,26). This can lead to impaired
cerebral blood flow (26) and abnormality in
neurodevelopment (27-29), and immunological
dysregulation (30,31), which has played an
important role in the development of ADHD and
autism (32,33). It was found in another study that
the risk of ADHD and autism spectrum disorder
was higher in children with developmental
delays (34). Flanagan et al. reported that motor
delays at the age of 6 months were associated
with the development of autism at the age of 36
months (35). Moreover, Sharma et al. reported
that young children with early developmental
disorders were more likely to be subsequently
diagnosed with ADHD (31). In another study,
the first logistic regression model showed that
children with CHD, compared with children
without CHD, had ~1.6 to 2.7 times the odds of
ADHD (36). According to previous studies,
children with CHD are at higher risk of
development and intelligence delay, with a
higher incidence of gross and fine motor
abnormalities and lower mean IQ scores than the
age-matched controls (37,38). Marino et al.
demonstrated that children with CHD were at
increased risk of developmental disorders/
disabilities and developmental delays (6).
Therefore, it is important to identify the risk for
ADHD and autism in a highly wvulnerable
subpopulation with two chronological risk
factors, one present at birth and the other
developing during early childhood. Indeed, the
presence of one risk factor led to modest
increases in risk for ADHD or autism. However,
the hazard ratio for ADHD exponentially
increased by 16.59 times (34). These results
suggested that the existence of CHD can
predispose the brain areas to dysfunction.

CHD in the neonatal period can cause
neonates to suffer adverse perinatal outcomes,
including perinatal infection, preterm delivery,
or low birth weight (39). The potential role of
these perinatal comorbid disorders that may
have a negative impact on the development of
ADHD (40) is still under debate. However, the
current study did not show any correlation
between comorbid perinatal disorders and
ADHD. An increased incidence of ADHD in the
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CHD patient population may be because of a
higher prevalence of genetic syndromes in
children undergoing heart surgery than in the
normal population. Therefore, the risk for
ADHD will, unfortunately, always be higher
than in the normal population. However, an
additional consideration is the potential impact
of interrupting cerebral blood flow during
neonatal aortic arch surgery with the subsequent
loss of dopamine receptor activity (24). Reduced
dopaminergic activity in the striatum has been
documented in ADHD patients, indicating the
possibility of a link between cardiac surgery,
hypoxia, and attention-deficit/hyperactivity
disorder (41).

Our study was a cohort study that enrolled
CHD patients and followed them up. In this
study, we missed follow-up in many patients.
This study could be re-analyzed, and sub-group
analysis can help to calculate hazard ratios of the
Kaplan-Mayer test to achieve a more practical
tool for predicting ADHD in CHD patients.

Conclusion

Attention deficit hyperactivity disorder has
recently received more attention and is
commonly seen in congenital heart disease.
Cardiopulmonary  signs and  symptoms,
abnormal electrocardiogram findings, and other
associated neuropsychiatric disorders were
significantly higher in these children. This study
demonstrated that children born with congenital
heart disease are at increased risk of suffering
from attention deficit hyperactivity disorder.
Further studies with a larger sample size and
more formal attention deficit hyperactivity
disorder evaluation can help evaluate the
prevalence and risk factors in children with
congenital heart disease.

A multidisciplinary approach consisting of a
pediatrician, pediatric cardiologist, pediatric
psychiatrist, and other related specialties is
expected for timely and appropriate diagnosis
and treatment.

Acknowledgments

The authors thank the Research and
Technology Deputy of Mashhad University of
Medical Sciences for financial support. The
institutional review board approved this study at
Mashhad University of Medical Sciences,
Mashhad, Iran (IR.MUMS.MEDICAL. REC.
1397. 743). The authors declare any conflict of
interest.

http://jfmh.mums.ac.ir 16


http://jfmh.mums.ac.ir/

ADHD IN CHD MOTTAGHI MOGHADDAM SHAHRI, ESLAMZADEH, AND HEYDARI YAZDI

References

1. Zhao L, Chen L, Yang T, Wang T, Zhang S, Chen L, et al. Birth prevalence of congenital heart disease in China,
1980-2019: A systematic review and meta-analysis of 617 studies. Eur J Epidemiol 2020; 35(7): 631-42.

2. Griffin KJ, Elkin TD, Smith CJ. Academic outcomes in children with congenital heart disease. Clin Pediatr
2003; 42(5): 401-9.

3. Wray J, Sensky T. Congenital heart disease and cardiac surgery in childhood: Effects on cognitive function and
academic ability. Heart 2001; 85(6): 687-91.

4. Rosenthal A, Castaneda AR. Growth and development after cardiovascular surgery in infants and children.
Prog Cardiovasc Dis 1975; 18(1): 27-37.

5. Bass JL, Corwin M, Gozal D, Moore C, Nishida H, Parker S, et al. The effect of chronic or intermittent hypoxia
on cognition in childhood: A review of the evidence. Pediatrics 2004; 114(3): 805-16.

6. Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW, et al. Neurodevelopmental
outcomes in children with congenital heart disease: Evaluation and management: A scientific statement from the
American Heart Association. Circulation 2012; 126(9): 1143-72.

7. Diamond A. Executive functions. Ann Rev Psychol 2013; 64: 135-68.

8. Blair C, Razza RP. Relating effortful control, executive function, and false belief understanding to emerging
math and literacy ability in kindergarten. Child Dev 2007; 78(2): 647-63.

9. Diamond A, Barnett WS, Thomas J, Munro S. Preschool program improves cognitive control. Science (New
York, NY) 2007; 318(5855): 1387.

10. Bellinger DC, Wypij D, Rivkin MJ, DeMaso DR, Robertson Jr RL, Dunbar-Masterson C, et al. Adolescents
with d-transposition of the great arteries corrected with the arterial switch procedure: Neuropsychological
assessment and structural brain imaging. Circulation 2011; 124(12): 1361-9.

11. Bellinger DC, Watson CG, Rivkin MJ, Robertson RL, Roberts AE, Stopp C, et al. Neuropsychological status
and structural brain imaging in adolescents with single ventricle who underwent the Fontan procedure. J Am Heart
Assoc 2015; 4(12): e002302.

12. Gaynor JW, Ittenbach RF, Gerdes M, Bernbaum J, Clancy RR, McDonald-McGinn DM, et al.
Neurodevelopmental outcomes in preschool survivors of the Fontan procedure. J Thorac Cardiovasc Surg 2014;
147(4): 1276-83.

13. Cassidy AR, White MT, DeMaso DR, Newburger JW, Bellinger DC. Executive function in children and
adolescents with critical cyanotic congenital heart disease. J Int Neuropsychol Soc 2015; 21(1): 34-49.

14. Calderon J, Jambaqué I, Bonnet D, Angeard N. Executive functions development in 5-to 7-year-old children
with transposition of the great arteries: A longitudinal study. Dev Neuropsychol 2014; 39(5): 365-84.

15. Yamada DC, Porter AA, Conway JL, LeBlanc JC, Shea SE, Hancock-Friesen CL, et al. Early repair of
congenital heart disease associated with increased rate of attention deficit hyperactivity disorder symptoms. Can
J Cardiol 2013; 29(12): 1623-8.

16. Goldberg CS, Mussatto K, Licht D, Wernovsky G. Neurodevelopment and quality of life for children with
hypoplastic left heart syndrome: current knowns and unknowns. Cardiol Young 2011; 21 Suppl 2(02): 88-92.
17. Neal AE, Stopp C, Wypij D, Bellinger DC, Dunbar-Masterson C, DeMaso DR, et al. Predictors of health-
related quality of life in adolescents with tetralogy of Fallot. J Pediatr 2015; 166(1): 132-8.

18. DeMaso DR, Labella M, Taylor GA, Forbes PW, Stopp C, Bellinger DC, et al. Psychiatric disorders and
function in adolescents with d-transposition of the great arteries. J Pediatr 2014; 165(4): 760-6.

19. Luyckx K, Rassart J, Goossens E, Apers S, Oris L, Moons P. Development and persistence of depressive
symptoms in adolescents with CHD. Cardiol Young 2016; 26(6): 1115-22.

20. Matte B, Anselmi L, Salum GA, Kieling C, Gongalves H, Menezes A, et al. ADHD in DSM-5: A field trial in
a large, representative sample of 18- to 19-year-old adults. Psychol Med 2015; 45(2): 361-73.

21. Hansen E, Poole TA, Nguyen V, Lerner M, Wigal T, Shannon K, et al. Prevalence of ADHD symptoms in
patients with congenital heart disease. Pediatr Int 2012; 54(6): 838-43.

22. Kovacs AH, Saidi AS, Kuhl EA, Sears SF, Silversides C, Harrison JL, et al. Depression and anxiety in adult
congenital heart disease: predictors and prevalence. Int J Cardiol 2009; 137(2): 158-64.

23. Razzaghi H, Oster M, Reefhuis J. Long-term outcomes in children with congenital heart disease: National
Health Interview Survey. J Pediatr 2015; 166(1): 119-24.

Fundamentals of Mental Health, 2023 Jan-Feb http://jfmh.mums.ac.ir 17


http://jfmh.mums.ac.ir/

ADHD IN CHD MOTTAGHI MOGHADDAM SHAHRI, ESLAMZADEH, AND HEYDARI YAZDI

24. Shillingford AJ, Glanzman MM, Ittenbach RF, Clancy RR, Gaynor JW, Wernovsky G. Inattention,
hyperactivity, and school performance in a population of school-age children with complex congenital heart
disease. Pediatrics 2008; 121(4): e759-e67.

25. Rosenthal GL. Patterns of prenatal growth among infants with cardiovascular malformations: Possible fetal
hemodynamic effects. Am J Epidemiol 1996; 143(5): 505-13.

26. Donofrio M, Bremer Y, Schieken R, Gennings C, Morton L, Eidem BW, et al. Autoregulation of cerebral
blood flow in fetuses with congenital heart disease: the brain sparing effect. Pediatr Cardiol 2003; 24(5): 436-43.
27. Rollins CK, Watson CG, Asaro LA, Wypij D, Vajapeyam S, Bellinger DC, et al. White matter microstructure
and cognition in adolescents with congenital heart disease. J Pediatr 2014; 165(5): 936-44.

28. Khalil A, Bennet S, Thilaganathan B, Paladini D, Griffiths P, Carvalho JS. Prevalence of prenatal brain
abnormalities in fetuses with congenital heart disease: A systematic review. Ultrasound Obstet Gynecol 2016;
48(3): 296-307.

29. Donofrio MT, Massaro AN. Impact of congenital heart disease on brain development and neurodevelopmental

outcome. Int J Pediatr 2010; 2010: 359390.
30. Madhok AB, Ojamaa K, Haridas V, Parnell VA, Pahwa S, Chowdhury D. Cytokine response in children

undergoing surgery for congenital heart disease. Pediatr Cardiol 2006; 27(4): 408-13.

31. Sharma R, Bolger AP, Li W, Davlouros PA, Volk H-D, Poole-Wilson PA, et al. Elevated circulating levels of
inflammatory cytokines and bacterial endotoxin in adults with congenital heart disease. Am J Cardiol 2003; 92(2):
188-93.

32. Oades RD, Dauvermann MR, Schimmelmann BG, Schwarz MJ, Myint A-M. Attention-deficit hyperactivity
disorder (ADHD) and glial integrity: S100B, cytokines and kynurenine metabolism-effects of medication.
Behav Brain Funct 2010; 6(1): 1-14.

33. Wei H, Zou H, Sheikh AM, Malik M, Dobkin C, Brown WT, et al. IL-6 is increased in the cerebellum of
autistic brain and alters neural cell adhesion, migration and synaptic formation. J Neuroinflammation 2011; 8:
52.

34. Tsao P-C, Lee Y-S, Jeng M-J, Hsu J-W, Huang K-L, Tsai S-J, et al. Additive effect of congenital heart disease

and early developmental disorders on attention-deficit/hyperactivity disorder and autism spectrum disorder: A
nationwide population-based longitudinal study. Eur Child Adolesc Psychiatry 2017; 26(11): 1351-9.

35. Flanagan JE, Landa R, Bhat A, Bauman M. Head lag in infants at risk for autism: A preliminary study. AmJ
Occup Ther 2012; 66(5): 577-85.

36. Gonzalez VJ, Kimbro RT, Cutitta KE, Shabosky JC, Bilal MF, Penny DJ, et al. Mental health disorders in
children with congenital heart disease. Pediatrics 2021; 147(2): €20201693.

37. Mari MA, Cascudo MM, Alchieri JC. Congenital heart disease and impacts on child development. Braz J
Cardiovasc Surg 2016; 31(1): 31-7.

38. Lata K, Mishra D, Mehta V, Juneja M. Neurodevelopmental status of children aged 6—30 months with
congenital heart disease. Indian Pediatr 2015; 52(11): 957-60.

39. Almeida LFG, Araujo Janior E, Crott GC, Okido MM, Berezowski AT, Duarte G, et al. [Epidemiological risk
factors and perinatal outcomes of congenital anomalies]. Rev Bras Ginecol Obstet 2016; 38(7): 348-55.
(Portuguese)

40. Pringsheim T, Sandor P, Lang A, Shah P, O'Connor P. Prenatal and perinatal morbidity in children with
Tourette syndrome and attention-deficit hyperactivity disorder. J Dev Behav Pediatr 2009; 30(2): 115-21.

41. Decker MJ, Rye DB. Neonatal intermittent hypoxia impairs dopamine signaling and executive functioning.
Sleep Breath 2002; 6(4): 205-10.

Fundamentals of Mental Health, 2023 Jan-Feb http://jfmh.mums.ac.ir 18


http://jfmh.mums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/?term=Gonzalez%20VJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kimbro%20RT%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cutitta%20KE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shabosky%20JC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bilal%20MF%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Penny%20DJ%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7849200/

