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ABSTRACT

Background: While the association of congenital heart disease (CHD) and growth retardation
(GR) is known, data remain limited. This study investigated the incidence of GR and its
neonatal risk factors in patients with CHD using nationwide population-based claims data.
Method: The study population was extracted from Korean National Health Insurance Service
claims data from January 2002 to December 2020. We included patients diagnosed with CHD
under one year of age. GR was defined as an idiopathic growth hormone deficiency or short
stature on the claims data. We investigated the neonatal risk factors for GR.

Results: The number of patients diagnosed with CHD within the first year of birth was
133,739. Of these, 2,921 newborns were diagnosed with GR. The cumulative incidence

of GR was 4.8% at 19 years of age for individuals diagnosed with CHD at infancy. In the
multivariable analysis, the significant risk factors for GR were preterm birth, small for
gestational age, low birth weight, respiratory distress, bronchopulmonary dysplasia,
bacterial sepsis, necrotizing enterocolitis, feeding problems and cardiac procedure.
Conclusion: Several neonatal conditions were significant risk factors for GR in CHD patients,
and appropriate monitoring and treatment programs are required in CHD neonates with
these factors. Considering this study is limited to claims data, further studies are warranted,
including genetic and environmental factors affecting GR in CHD patients.

Keywords: Congenital Heart Disease; Growth Retardation; Neonatal Risk Factors

INTRODUCTION

Congenital heart disease (CHD) is present in approximately 1% of births.! The survival rate of
patients with CHD has improved dramatically in recent decades and is currently estimated to
be > 90%.2-4 As the number of long-term survivors has increased, CHD-related comorbidities
have become an emerging issue in affected patients.3,5

Growth retardation (GR) can arise in children with CHD. This is because infants with
CHD have higher rates of low birth weight or small for gestational age (SGA) than healthy
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newborns.6-8 Children with CHD also have a higher rate of nutritional deficiencies and
increased metabolic demands, which lead to GR.%10

While the association of CHD and GR is known, data remains limited.1*3 This study
investigated the incidence of GR and its neonatal risk factors in patients with CHD using
nationwide population-based claims data.

METHODS

Study population

The Korean National Health Insurance Service (NHIS) claims data from January 2002 to
December 2020 was used to extract the study population. CHD diagnoses were based on

the International Classification of Disease, Tenth Revision (ICD-10). We included patients
diagnosed with CHD under one year of age. All newborns born in Korea receive benefits from
the Korean NHIS, which contains the medical information for all newborns from birth. The
study flowchart is shown in Fig. 1.

Neonatal conditions for analysis

Neonatal conditions were defined based on ICD-10 codes. The potential neonatal

risk factors for GR selected were twins, preterm birth, birth asphyxia, SGA, large for
gestational age (LGA), low birth weight, respiratory distress, neonatal aspiration syndrome,
bronchopulmonary dysplasia (BPD), congenital viral disease, bacterial sepsis, intracranial
hemorrhage, neonatal jaundice, and necrotizing enterocolitis (NEC). And referring to the
existing literature,3,14:15 we classified cases of CHD into three groups according to their
complexity, namely, simple, moderate, and complex; these groups were analyzed for their
effects on GR. In addition, we classified cardiac procedure into non-complex and complex,
and then we also investigated the impact of cardiac procedure on GR. The ICD-10 codes for
neonatal conditions are summarized in Supplementary Table 1.

Growth retardation

GR was defined as a height impairment and data were extracted based on ICD-10 code for
patients diagnosed with idiopathic growth hormone deficiency (E23) or short stature (E34)
from NHIS claims data. A diagnosis of idiopathic growth hormone deficiency is made
when the growth hormone level is < 10 ng/mL in at least two growth hormone stimulation
tests.16 Short stature is defined as a height < 2-standard deviations for age and gender, with

Korean National Health Insurance Service
Congenital heart disease diagnosed
from January 2002 to December 2020
(N = 313,272)

v

Excluded 179,533 patients
Diagnosed after 1year of age

'

Congenital heart disease diagnosed
at the age of 0 year
(n =133,739)

Fig. 1. Study flow chart.
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no structural or functional cause.l” We examined the potential risk factors for GR among
neonatal CHD patients.

Statistical analysis

Continuous variables were described as the mean + standard deviation or median with
interquartile range, and categorical variables as counts with percentages. Student’s t-test or
the Mann-Whitney U test was used for continuous variables, and y? or Fisher’s exact tests
were used for categorical variables. The cumulative incidence of GR was calculated using

the competing risk method, with any death event regarded as a competing risk. Gray’s test
was used to estimate differences in the cumulative incidence among the groups. Variables
from univariable models with P < 0.2 were selected for the multivariable model. Statistical
significance was set at P < 0.05. Statistical analyses were conducted using R software (www.r-
project.org).

Ethics statement

This study was approved by the Institutional Review Board of Korea University Anam
Hospital (approval No. 2021AN0418), and the need for informed consent was waived owing
to the retrospective study design.

RESULTS

Selection of study population

From 2002 to 2020, 313,272 patients were diagnosed with CHD (Fig. 1) and classified
according to the complexity of the CHD diagnosis: 282,140 (90.1%), 20,835 (6.7%), and
10,296 (3.3%) patients were classified as having simple, moderate, and complex CHD,
respectively. After excluding patients diagnosed with CHD after one year of age, 133,739
patients diagnosed with CHD within the first year of their birth were included in our analyses.
Among these, 121,112 (90.6%), 7,010 (5.2%), and 5,617 (4.2%) were classified as having
simple, moderate, and complex CHD, respectively. Fig. 2 illustrates the number of patients
diagnosed with CHD per year.

Baseline characteristics

We enrolled 133,739 infants diagnosed with CHD younger than one year of age. The baseline
patient characteristics are shown in Table 1. And the number of patients corresponding to
each CHD diagnoses is attached in Supplementary Table 2. Within the study population,
2,921 newborns were diagnosed with GR. The proportion of patients with moderate and
severe CHD was significantly higher in the GR group than those in the non-GR group (P
<0.001). The rate of cardiac surgery was also significantly higher in the GR group than in
the non-GR group (40.8% vs. 25.9%; P < 0.001). The number of patients who underwent
complex cardiac procedure is presented in Supplementary Table 3. Moreover, the
proportions of premature births (< 28 weeks, 1.1% vs. 0.5%; 28-37 weeks, 12.3% vs. 9.0%;
both P < 0.001), birth asphyxia (0.7% vs. 0.3%; P < 0.001), SGA (6.4% vs. 0.6%; P < 0.001),
low birth weight (7.8% vs. 4.2%; P < 0.001), respiratory distress (11.6% vs. 9.1%; P < 0.001),
BPD (2.4% vs. 0.6%; P < 0.001), bacterial sepsis (2.3% vs. 1.6%; P = 0.004), and neonatal
jaundice (16.1% vs. 20.5%; P < 0.001) were significantly between GR and non-GR groups.
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Fig. 2. The number of CHD patients per year.
CHD = congenital heart disease.

Table 1. Baseline characteristics

Variables No. of patients (%) Pvalue
Total (N = 133,739) Growth retardation
Yes (n = 2,921) No (n = 130,818)
Sex 0.247
Male 65,676 (49.1) 1,403 (48.0) 64,273 (49.1)
Female 68,063 (50.9) 1,518 (52.0) 66,545 (50.9)
Complexity of CHD <0.001
Simple 121,112 (90.6) 2,521 (86.3) 118,591 (90.7)
Moderate 7,010 (5.2) 242 (8.3) 6,768 (5.2)
Complex 5,617 (4.2) 158 (5.4) 5,459 (4.2)
Cardiac procedure <0.001
Yes 35,037 (26.2) 1,191 (40.8) 33,846 (25.9)
No 98,702 (73.8) 1,730 (59.2) 96,972 (74.1)

(continued to the next page)
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Table 1. (Continued) Baseline characteristics

Variables No. of patients (%) Pvalue
Total (N = 133,739) Growth retardation
Yes (n = 2,921) No (n = 130,818)

Twin 0.275
Yes 1,995 (1.5) 36 (1.2) 1,959 (1.5)
No 131,744 (98.5) 2,885 (98.8) 128,859 (98.5)

Preterm (< 28 wk) <0.001
Yes 666 (0.5) 33(1.1) 633 (0.5)
No 133,073 (99.5) 2,888 (98.9) 130,185 (99.5)

Preterm (28-37 wk) <0.001
Yes 12,182 (9.1) 360 (12.3) 11,822 (9.0)
No 121,557 (90.9) 92,561 (87.7) 118,996 (91.0)

Birth asphyxia <0.001
Yes 441 (0.3) 21 (0.7) 490 (0.3)
No 133,298 (99.7) 2,900 (99.3) 130,398 (99.7)

Small for gestational age <0.001
Yes 1,015 (0.8) 186 (6.4) 829 (0.6)
No 132,724 (99.2) 2,735 (93.6) 129,989 (99.4)

Large for gestational age 0.425
Yes 298 (0.2) 4(0.1) 294 (0.2)
No 133,441 (99.8) 2,917 (99.9) 130,524 (99.8)

Low birth weight (< 2,500g) <0.001
Yes 5,730 (4.3) 298 (7.8) 5,502 (4.2)
No 128,009 (95.7) 2,693 (92.2) 125,316 (95.8)

Respiratory distress <0.001
Yes 12,198 (9.1) 340 (11.6) 11,858 (9.1)
No 121,541 (90.9) 2,581 (88.4) 118,960 (90.9)

Neonatal aspiration syndrome 0.545
Yes 1,892 (1.4) 37 (1.3) 1,855 (1.4)
No 131,847 (98.6) 2,884 (98.7) 128,963 (98.4)

Bronchopulmonary dysplasia <0.001
Yes 805 (0.6) 70 (2.4) 735 (0.6)
No 132,932 (99.4) 2,851 (97.6) 130,083 (99.4)

Congenital viral disease 0.537
Yes 78 (0.1) 3(0.1) 75 (0.1)
No 133,661 (99.9) 2,918 (99.9) 130,743 (99.9)

Bacterial sepsis 0.004
Yes 2,188 (1.6) 68(2.3) 2,120 (1.6)
No 131,551 (98.4) 2,853 (97.7) 128,698 (98.4)

Intracranial nontraumatic hemorrhage 0.717
Yes 440 (0.3) 8(0.3) 4392 (0.3)
No 133,299 (99.7) 9,913 (99.7) 130,386 (99.7)

Neonatal jaundice <0.001
Yes 27,309 (20.4) 469 (16.1) 96,840 (20.5)
No 106,430 (79.6) 9,452 (83.9) 103,978 (79.5)

Necrotizing enterocolitis 0.098
Yes 127 (0.1) 6(0.2) 121 (0.1)
No 133,612 (99.9) 9,915 (99.8) 130,697 (99.9)

Convulsions 0.480
Yes 391 (0.3) 6 (0.2) 385 (0.3)
No 133,348 (99.7) 2,915 (99.8) 130,433 (99.7)

Feeding problems 0.068
Yes 3,770 (2.8) 99 (3.4) 3,671 (2.8)
No 129,969 (97.2) 2,829 (96.6) 127,141 (97.2)

CHD = congenital heart disease.

Growth retardation and neonatal conditions by CHD complexity
The characteristics according to CHD complexity are shown in Table 2. The rates of cardiac
surgery for simple, moderate, and complex CHDs were 19.9%, 80.5%, and 93.9%, respectively
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Table 2. Clinical characteristics according to complexity of congenital heart disease

Variables No. of patients (%) Pvalue
Simple (n =121,112) Moderate (n = 7,010) Complex (n=5,617)

Sex <0.001
Male 58,527 (48.3) 3,747 (53.5) 3,402 (60.6)
Female 62,585 (51.7) 3,263 (46.5) 2,915 (39.4)

Cardiac procedure <0.001
Yes 94,121 (19.9) 5,644 (80.5) 5,972 (93.9)
No 96,991 (80.1) 1,366 (19.5) 345 (6.1)

Twin <0.001
Yes 1,912 (1.6) 52(0.7) 31(0.6)
No 119,200 (98.4) 6,958 (99.3) 5,586 (99.4)

Preterm (< 28 wk) <0.001
Yes 658 (0.5) 4(0.1) 4(0.1)
No 120,454 (99.5) 7,006 (99.9) 5,613 (99.9)

Preterm (28-37 wk) <0.001
Yes 11,698 (9.7) 316 (4.5) 168 (3.0)
No 109,414 (90.3) 6,694 (95.5) 5,449 (97.0)

Birth asphyxia 0.017
Yes 416 (0.3) 11 (0.2) 14 (0.2)
No 120,696 (99.7) 6,999 (99.8) 5603 (99.8)

Small for gestational age <0.001
Yes 938 (0.8) 61 (0.9) 16 (0.3)
No 120,174 (99.2) 6,949 (99.1) 5,601 (99.7)

Large for gestational age 0.002
Yes 288 (0.2) 6(0.1) 4(0.1)
No 120,824 (99.8) 7,004 (99.9) 5,613 (99.9)

Low birth weight (< 2,500 g) <0.001
Yes 5,458 (4.5) 169 (2.4) 103 (1.8)
No 115,654 (95.5) 6,841 (97.6) 5,514 (98.2)

Respiratory distress <0.001
Yes 11,642 (9.6) 258 (3.7) 298 (5.3)
No 109,470 (90.4) 6,752 (96.3) 5,319 (94.7)

Neonatal aspiration syndrome <0.001
Yes 1,820 (1.5) 41 (0.6) 31(0.6)
No 119,292 (98.5) 6,969 (99.4) 5,586 (99.4)

Bronchopulmonary dysplasia <0.001
Yes 758 (0.6) 15 (0.2) 32(0.6)
No 120,354 (99.4) 6,995 (99.8) 5,585 (99.4)

Congenital viral disease 0.093
Yes 76 (0.1) 2 (0.0) 0(0.0)
No 121,036 (99.9) 7,008 (100.0) 5,617 (100.0)

Bacterial sepsis 0.001
Yes 2,013 (1.7) 119 (1.7) 56 (1.0)
No 119,099 (98.3) 6,891 (98.3) 5,561 (99.0)

Intracranial nontraumatic hemorrhage <0.001
Yes 493 (0.3) 10(0.1) 7(0.1)
No 120,689 (99.7) 7,000 (99.9) 5,610 (99.9)

Neonatal jaundice <0.001
Yes 26,042 (21.5) 930 (13.3) 337 (6.0)
No 95,070 (78.5) 6,080 (86.7) 5,280 (94.0)

Necrotizing enterocolitis 0.227
Yes 113 (0.1) 5(0.1) 9(0.2)
No 120,999 (99.9) 7,005 (99.9) 5,608 (99.8)

Convulsions 0.052
Yes 366 (0.3) 10 (0.1) 15 (0.3)
No 120,746 (99.7) 7,000 (99.9) 5,602 (99.7)

Feeding problems <0.001
Yes 3,569 (2.9) 139 (2.0) 62 (1.1)
No 117,543 (97.1) 6,871 (98.0) 5,555 (98.9)

Growth retardation <0.001
Yes 2,521 (2.1) 242 (3.5) 158 (2.8)
No 118,591 (97.9) 6,768 (96.5) 5,459 (97.9)
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(P<0.001). The proportions of GR diagnoses were 2.1%, 3.5%, and 2.8% for simple,
moderate, and complex CHD, respectively (P < 0.001). The neonatal conditions among the
three groups were significantly different in terms of twins and preterm births, birth asphyxia,
SGA, LGA, low birth weight, respiratory distress, neonatal aspiration syndrome, BPD, sepsis,
intracranial nontraumatic hemorrhage, jaundice, and feeding problems.

Cumulative incidences of growth retardation by CHD complexity and
neonatal conditions

The cumulative incidence of GR at 19 years old age with diagnoses of CHD at infancy was
4.8% (Fig. 3). Table 3 summarizes the hazard ratios of different variables in the univariate
and multivariate analyses, which were used to determine the risk factors for GR. In the
univariate analysis, the significant neonatal conditions affecting the cumulative incidence
of GR were any preterm birth, birth asphyxia, SGA, low birth weight, respiratory distress,
BPD, jaundice, feeding problems, and cardiac procedure. In the multivariable analysis, the
statistically significant risk factors for GR were any preterm birth, SGA, low birth weight,
respiratory distress, BPD, bacterial sepsis, NEC, feeding problems and cardiac procedure.
CHD complexity did not significantly affect the development of GR in the multivariate
analysis (Fig. 4). In addition, we investigated whether there was a difference in GR according
to complexity of cardiac procedure, but there was no significant difference.

DISCUSSION

In this study, we used the Korean NHIS claims data to investigate the incidence of GR in
patients with CHD based on neonatal conditions. A height impairment was considered to be
GR, defined as an idiopathic growth hormone deficiency or short stature. In patients with
CHD aged < one year, the cumulative incidence of GR development over 19 years was 4.8%.

Incidence of growth deficiency (all patients)
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Fig. 3. The cumulative incidence of growth retardation in total congenital heart disease patients.
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Table 3. Univariate and multivariate analysis for a cumulative incidence of growth retardation

Variables Univariate Multivariate
HR 95% CI P value HR 95% ClI P value
Sex 1.042 0.969-1.121 0.270
Twin 1.200 0.863-1.669 0.280
Preterm (< 28 wk) 2.900 2.046-4.112 <0.001 1.867 1.476-2.360 <0.001
Preterm (28-37 wk) 1.820 1.629-2.032 <0.001 1.498 1.367-1.640 <0.001
Birth asphyxia 2.247 1.467-3.442 <0.001 1.384 0.911-2.100 0.130
Small for gestational age 12.971 11.129-15.119 <0.001 10.814 9.533-12.270 <0.001
Large for gestational age 0.711 0.268-1.888 0.490
Low birth weight (< 2,500 g) 2.569 2.243-2.943 <0.001 1.656 1.475-1.860 <0.001
Respiratory distress 1.872 1.671-2.096 <0.001 1.418 1.281-1.570 <0.001
Neonatal aspiration syndrome 1.089 0.788-1.505 0.610
Bronchopulmonary dysplasia 4.136 3.247-5.269 <0.001 1.678 1.367-2.060 <0.001
Congenital viral disease 1.716 0.553-5.326 0.350
Bacterial sepsis 1.222 0.960-1.554 0.100 1.284 1.062-1.550 0.010
Intracranial nontraumatic hemorrhage 1.108 0.551-2.226 0.770
Neonatal jaundice 0.825 0.748-0.911 <0.001 0.950 0.873-1.030 0.230
Necrotizing enterocolitis 2.248 0.992-5.096 0.052 2.218 1.393-3.530 <0.001
Convulsions 0.837 0.377-1.855 0.660
Feeding problems 1.350 1.104-1.650 0.003 1.421 1.203-1.680 <0.001
Complexity of CHD 1.056 0.986-1.131 0.120 0.990 0.917-1.070 0.790
Simple Ref
Moderate 1.099 0.974-1.240 0.130 1.044 0.919-1.190 0.510
Complex 0.994 0.853-1.160 0.940 0.825 0.647-1.050 0.120
Cardiac procedure
None Ref
Non-complex 1.530 1.440-1.670 <0.001 1.271 1.184-1.370 <0.001
Complex 1.320 1.100-1.590 0.003 1.661 1.243-2.220 <0.001

HR = hazard ratio, Cl = confidence interval, CHD = congenital heart disease.

In multivariate analysis, the significant risk factors for GR among the different neonatal
conditions assessed were any preterm birth, SGA, low birth weight, respiratory distress,
BPD, bacterial sepsis, NEC, feeding problems and cardiac procedure. Contrary to what
was expected, CHD complexity was not a significant risk factor for GR and there was no
difference according to complexity of cardiac procedure.

Newborns with CHD are more likely to have been born as SGA than general neonates.6:18,19
Even after birth, cardiac lesions, the general condition of the patient, and other associated
factors can lead to persistent weight, height, and head circumference growth problems.911,13
In particular, studies have reported that while the infant’s weight may gradually increase with
age after birth, while height does not catch up well compared to weight.%20 The causes of GR
in patients with CHD are multifactorial.%10 Increased metabolic demand, insufficient calorie
intake, and feeding difficulty are important factors that may cause GR.9:10 Additionally,
cardiac lesions, genetic factors, and hormonal changes may also play a role.%,10,21

Growth hormone deficiency is known to have a close relationship with cardiovascular
disease.?2-25 Impairment of the GH/IGF-1 axis is a key mechanism that increases the risk

of cardiovascular disease in growth hormone deficiency.2224 IGF-1 has the function of
improving myocardial contractility and delaying cardiomyocyte apoptosis.22:26 And it has
been reported that myocardium and vessels have more GH receptor genes than other tissues,
so GH has a direct effect on the heart and vessels.2%28 The patients of growth hormone
deficiency are at increased risk of cardiovascular disease and heart failure due to increases

in body fat and insulin resistance, hypertriglyceridemia.?? In addition, growth hormone
deficiency increases systemic vascular resistance, decreases nitric oxide production, and
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Fig. 4. The cumulative incidence of growth retardation according to neonatal conditions.
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affects the sympathetic nervous system.24 It has been reported that young adults with growth
hormone deficiency have decreased LV ejection fraction, stroke volume index, and cardiac
index, and that GH treatment has a positive effect on the recovery of this decline in cardiac
function.29:30 Paajanen et al.31 also reported that short stature increased cardiovascular
morbidity and mortality. These influences of GR on cardiovascular disease will not be
different for CHD patients, and may be more vulnerable. Therefore, GR in patients with CHD
has the potential to influence the surgical outcome and prognosis of the CHD.? And growth
hormone therapy for CHD patients with GR may reduce the risk of cardiovascular disease.

In this study, the percentage of diagnosed GR increased most sharply between the ages of 5
and 12 years. At age five, 1% of CHD patients were diagnosed with GR, at age ten, 3.3%, and
at age twelve, 4.1%. So, it seems that the number of CHD patients diagnosed with GR is the
most, especially between the ages of five and twelve. Patients with CHD have a much higher
risk of comorbidities, such as cardiovascular disease, than the general population; therefore,
GR is an important factor to be considered for the long-term prognosis of CHD patients, and
appropriate monitoring and treatment strategies are essential.3,%11
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This study investigated the incidence of GR in patients with CHD using large-scale
population-based data. Several neonatal conditions were found to be significant risk factors
for future height impairment in patients with CHD diagnosed under the age of one. The
cumulative incidence of height impairment in patients with CHD by 18 years of age was
4.8%. Among the neonatal conditions assessed, SGA was determined to be the most potent
risk factor for GR. Since the proportion of SGA in patients with CHD is approximately 15%,
which is higher than that of the general population; careful attention and monitoring for
GR is therefore necessary for patients with CHD born SGA.%18 NEC is also a significant risk
factor for GR. It is known that NEC can occur in 1.6% to 6% of full-term infants with CHD.32
Bowel hypoperfusion and ischemia have been suggested as mechanisms that increase the risk
of NEC in CHD patients.32 The complexity of CHD and cardiac surgery have been reported
as risk factors, and also still controversial, there are studies on the association between the
use of prostanglandin or enteral feeding, and NEC in patients with CHD.32-35 Since CHD
increases the risk of NEC due to its pathophysiology and it is also associated with GR in the
future, special attention to NEC in CHD patients will be needed. In addition, respiratory
problems, such as BPD and respiratory distress, low birth weight, preterm births (28-37
weeks), feeding problems, and cardiac surgery were determined to be risk factors for GR.

Contrary to our expectations, CHD complexity was not a significant risk factor for GR. The
GR rates were 2.1%, 3.5%, and 2.8% for simple, moderate, and complex CHD, respectively
(Table 2). The incidence of GR in the complex CHD group was lower than that in the
moderate CHD group. The low survival probability in patients with severe CHD may have led
to the low incidence of GR. To confirm this, we analyzed the incidence of GR by adjusting
for the risk of death as a competing risk factor. While CHD complexity was not a risk factor
for GR, cardiac procedure affected the incidence of GR. In other words, regardless of cardiac
complexity, the risk of GR was significantly higher in patients with CHD requiring cardiac
procedure than in those with a mild form of CHD not requiring cardiac procedure. Moreover,
although complex cardiac surgery had a higher HR for NEC than non-complex cardiac
surgery, the difference was not statistically significant (Fig. 4). Although cardiac procedure is
arisk factor for GR in patients with CHD, the effect of complexity of cardiac procedure was
not confirmed within the procedure group. It is presumed that there was an influence of the
relatively small number of patients who underwent complex cardiac surgery and unknown
confounding variables, and further research is needed on this in the future.

In patients with CHD, GR development may also be closely related to the risk of subsequent
cardiovascular diseases.?22-25,31 Therefore, appropriate strategies for the management of long-
term cardiovascular complications are needed to improve the progress of GR in patients with
CHD. Due to their increased caloric requirements and frequent feeding difficulties, specialized
nutrition programs are required for patients with CHD.10 In addition, by identifying the risk
factors for GR, early interventions such as hormone therapy may be helpful for high-risk
patients diagnosed with GR through close-monitoring. Further investigations are warranted to
develop effective treatment strategies for GR in patients with CHD.

This study had several limitations. First, this was a retrospective study, increasing the
likelihood of an information bias. The primary outcome of this study was height impairment,
and idiopathic growth hormone deficiencies and short stature were the target diseases.
However, the diagnostic criteria for idiopathic growth hormone deficiency and short

stature may differ depending on the clinician. Second, the classification criteria for CHD
complexity were based on the diagnostic codes in the claims data. These diagnostic codes
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may bias the clinical severity of CHD. In addition, although we classified CHD complexity
based on the previous literature, CHD is a very heterogenous disease. Even within the same
complexity, the pathophysiology of each CHD may be different, and the effect on GR may
also be different. Third, we cannot exclude the possibility that some confounding variables
such as genetic and environmental factors may affect GR. We were unable to include factors

Growth Retardation in Infants With Congenital Heart Disease

that were most likely to affect GR, such as parental height or nutritional status, BMI. These
variables are important factors that can affect GR, and additional studies including these
variables are needed in the future.

Several neonatal conditions were significant risk factors for GR in CHD patients, and
appropriate monitoring and treatment programs are required in CHD neonates with these
factors. Considering this study is limited to claims data, further studies are warranted,
including genetic and environmental factors affecting GR in CHD patients.
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