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Abstract

Congenital heart disease contributes substantially to chronic morbidity, growth impairment, and
repeated healthcare utilization among children. Evidence regarding nutritional burden and
outpatient healthcare patterns among pediatric patients with congenital heart disease in Indonesia
remains limited. This study aimed to evaluate clinical characteristics, nutritional status, healthcare
utilization, and factors associated with malnutrition among pediatric outpatients with congenital
heart disease at Adam Malik General Hospital, Indonesia. A retrospective observational study was
conducted using medical records of pediatric outpatients treated between January and December
2024. Demographic characteristics, cardiac diagnoses, nutritional status, complications, and
outpatient visit history were analyzed. Logistic regression analysis was performed to identify
factors associated with malnutrition. A total of 606 pediatric outpatients were included. Non
cyanotic congenital heart disease predominated the cohort, with ventricular septal defect
representing the most common diagnosis followed by patent ductus arteriosus and atrial septal
defect. Nearly half of all patients demonstrated underweight or severe underweight nutritional
status, while pulmonary hypertension emerged as the most frequent complication. Younger
pediatric age groups and higher cumulative clinical burden independently increased the odds of
malnutrition. Children with congenital heart disease at this tertiary referral center carried a
substantial nutritional and clinical burden. Early nutritional surveillance and integrated long term
outpatient management may improve growth outcomes and reduce chronic disease burden in
resource limited settings.

Keywords

Congenital heart disease; Pediatric cardiology; Malnutrition; Healthcare utilization; Outpatient
care; Indonesia
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INTRODUCTION

Congenital heart disease (CHD) represents the most common congenital anomaly in children and
remains a major contributor to pediatric morbidity and mortality worldwide. Structural
abnormalities of the heart alter normal hemodynamics from birth and often lead to chronic clinical
complications throughout childhood. Improvements in neonatal care, echocardiographic
evaluation, interventional cardiology, and pediatric cardiac surgery have increased survival rates
among children with CHD. Despite these advances, many patients in low and middle income
countries still face delayed diagnosis, limited access to specialized cardiac services, and prolonged
exposure to untreated hemodynamic disturbances. These conditions frequently impair growth,
nutritional status, and overall quality of life.[1-3]

Acyanotic lesions such as ventricular septal defect (VSD), atrial septal defect (ASD), and patent
ductus arteriosus (PDA) account for the majority of pediatric CHD cases worldwide. Persistent
left to right shunting increases pulmonary blood flow and cardiac workload which may progress
to pulmonary hypertension, recurrent respiratory tract infections, and heart failure. Cyanotic
lesions including tetralogy of Fallot (TOF) and transposition of the great arteries (TGA) produce
chronic hypoxemia that further disrupts systemic oxygen delivery and tissue metabolism. Ongoing
circulatory abnormalities increase energy expenditure while reducing feeding tolerance and
nutrient utilization. Children with CHD therefore face a substantial risk of growth failure and
malnutrition during critical periods of physical development.[1,4-6]

Malnutrition remains one of the most important comorbid conditions among pediatric patients with
CHD because nutritional impairment directly affects immune function, neurodevelopment,
surgical readiness, and long term clinical outcomes. Children with severe undernutrition often
require more frequent hospital visits and prolonged medical follow up because poor nutritional
reserve worsens susceptibility to infections and delays clinical recovery. Previous studies have
shown that younger children with CHD experience higher rates of nutritional problems due to
rapid growth demands combined with increased metabolic stress from chronic cardiac dysfunction.
The interaction between cardiac disease severity, feeding difficulty, recurrent symptoms, and
healthcare utilization creates a complex clinical burden that extends beyond the primary structural
defect itself.[4-8]

Several studies from Indonesia have described the demographic and clinical characteristics of
pediatric CHD populations in tertiary referral hospitals. Most reports consistently identify VSD,
ASD, and PDA as the predominant lesions among pediatric patients. Earlier investigations also
documented high rates of respiratory complications and nutritional impairment among affected
children. However, many available studies remain limited to descriptive profiling without
evaluating factors associated with malnutrition or healthcare burden in outpatient settings.
Evidence from Indonesia regarding the relationship between nutritional status, clinical burden, and
healthcare utilization among pediatric CHD outpatients also remains limited.
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79  Adam Malik General Hospital serves as a major tertiary referral center in North Sumatra and
80  manages a large number of pediatric cardiology cases from various regions in western Indonesia.
81  Understanding the demographic distribution, nutritional characteristics, clinical burden, and
82  healthcare utilization patterns among pediatric CHD outpatients may provide important insight
83  into disease burden and long term management challenges in resource limited settings. This study
84  therefore aimed to evaluate the clinical profile of pediatric CHD outpatients at Adam Malik
85  General Hospital in 2024 with emphasis on nutritional burden, healthcare utilization, and factors
86  associated with malnutrition.

87 METHODS
88  Study design and setting

89  This study used a retrospective observational design based on secondary data obtained from
90 medical records of pediatric outpatients with congenital heart disease at Adam Malik General
91 Hospital, Medan, North Sumatra, Indonesia. Adam Malik General Hospital functions as a tertiary
92  referral center for pediatric cardiology services in western Indonesia and receives referrals from
93  multiple districts across North Sumatra and surrounding provinces. Data collection covered
94  outpatient visits recorded between January 1 and December 31, 2024.

95  Study population and sampling

96 The study population consisted of all pediatric patients diagnosed with congenital heart disease
97  who attended the pediatric outpatient clinic during the study period. A total sampling approach
98  was applied to include all eligible patients who fulfilled the study criteria.

99 Inclusion criteria consisted of pediatric patients aged 0 to 18 years with a confirmed diagnosis of
100  congenital heart disease documented through echocardiographic evaluation in the medical record.
101  Patients were included only when demographic information, congenital heart disease
102  classification, nutritional assessment, and outpatient visit history were available.

103  Patients with incomplete core demographic data or unclear congenital heart disease diagnosis were
104  excluded from the analysis.

105 Variables and operational definitions

106  The primary outcome of this study was malnutrition status. Nutritional status classification was
107  based on pediatric anthropometric assessment routinely applied in the hospital using WHO growth
108 standards and age appropriate weight for age evaluation documented in the medical record. Normal
109 nutritional status, underweight, and severe underweight categories were classified according to
110  standardized pediatric nutritional assessment used in routine clinical practice. Patients categorized
111  as underweight or severe underweight were subsequently grouped into the malnutrition category
112 for regression analysis.
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113  Congenital heart disease was categorized into cyanotic and non cyanotic physiology. Diagnoses
114  included atrial septal defect, ventricular septal defect, patent ductus arteriosus, pulmonary stenosis,
115  coarctation of the aorta, tetralogy of Fallot, and transposition of the great arteries.

116  Demographic variables included sex and age group classification. Age categories consisted of
117  neonates, infants, young toddlers, toddlers, preschool children, school aged children, and
118  adolescents. Because of sparse observations in several extreme age categories, adolescent and
119  neonatal groups were combined during the primary multivariable regression analysis to improve
120  model stability.

121  Clinical variables included dyspnea, poor feeding, easy fatigability, cyanosis, poor weight gain,
122 pulmonary hypertension, respiratory tract infection, heart failure, failure to thrive, and
123 Eisenmenger syndrome. Healthcare utilization was assessed using the number of outpatient visits
124  documented during the study year.

125 A cumulative burden score was developed to represent overall clinical burden. The score was
126  calculated from the total number of documented symptoms and complications identified in each
127  patient. Higher burden scores indicated greater cumulative clinical burden.

128  Data collection procedure

129  Medical records were reviewed systematically using hospital registration databases and outpatient
130 cardiology records. Eligible patients were identified through diagnostic coding and
131  echocardiographic documentation. Relevant demographic, clinical, nutritional, and healthcare
132  utilization variables were subsequently extracted and entered into a structured data collection form.
133  Data cleaning and verification were performed before statistical analysis to reduce entry
134  inconsistencies and duplicate records.

135  Missing data handling

136  Data completeness was evaluated for all study variables before analysis. Demographic variables,
137  congenital heart disease classification, nutritional status, and outpatient visit history demonstrated
138  complete data availability. Symptom and complication variables showed substantial missingness
139  because retrospective clinical documentation varied between visits and treating physicians.
140  Detailed completeness assessment and proportions of missing data across study variables are
141  summarized in S1 Table.

142 Missing clinical documentation was considered likely related to inconsistent recording practices
143 rather than true biological absence of symptoms or complications. No imputation procedures were
144  performed because of the retrospective nature of the dataset and the non random pattern of
145  missingness. Complete case analysis was therefore applied for regression modeling.

146  Statistical analysis
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147  Statistical analysis was performed using IBM SPSS Statistics and R statistical software.
148  Categorical variables were presented as frequencies and percentages, whereas continuous variables
149  were summarized using mean, standard deviation, median, minimum value, and maximum value
150 according to data distribution.

151  Univariate analysis was conducted to describe demographic characteristics, congenital heart
152  disease subtype distribution, nutritional status, clinical manifestations, complications, and
153  healthcare utilization patterns among pediatric outpatients.

154  Associations between clinical variables and malnutrition were evaluated using logistic regression
155  analysis. Univariable logistic regression was initially performed to estimate crude odds ratios and
156  identify candidate variables associated with malnutrition. Variables considered clinically relevant
157  or demonstrating statistical association were subsequently entered into the multivariable logistic
158  regression model to obtain adjusted odds ratios with 95% confidence intervals.

159  The primary multivariable model included congenital heart disease physiology, sex, age group,
160 and burden score as covariates. Odds ratios greater than one indicated increased odds of
161  malnutrition. Statistical significance was defined using a two sided p value below 0.05.

162  Sensitivity analysis was performed using the original non collapsed age group classification to
163  evaluate robustness of the regression findings. Multicollinearity diagnostics were assessed using
164  generalized variance inflation factor values. Model performance was evaluated using Akaike
165 information criterion, Bayesian information criterion, Tjur’s R? root mean square error,
166  logarithmic score, and proportion correctly predicted.

167  Ethical consideration

168 The Health Research Ethics Committee of the Faculty of Medicine Universitas Sumatera Utara
169  approved this study with ethical clearance number 653/KEPK/USU/2025. Permission to access
170  medical records was obtained from Adam Malik General Hospital before data collection. Patient
171  confidentiality was maintained throughout the study process by anonymizing all identifiable
172  information before statistical analysis.

173

174 RESULTS

175  Baseline characteristics of the study population

176 A total of 606 pediatric outpatients with congenital heart disease fulfilled the eligibility criteria
177  and were included in the final analysis (Table 1). Female patients slightly outnumbered males with
178 319 cases (52.6%), whereas male patients accounted for 287 cases (47.4%). The largest age
179  category consisted of young toddlers with 166 patients (27.4%), followed by school aged children
180  with 138 patients (22.8%) and infants with 111 patients (18.3%). Preschool children represented
181  the smallest subgroup with 28 patients (4.6%).
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182  Table 1. Baseline Characteristics of Pediatric Congenital Heart Disease Outpatients

Characteristic Overall cohort (N = 606)
Sex

Female 319 (52.6)
Male 287 (47.4)
Age-group category
Adolescent/Neonate 77 (12.7)
Infants 111 (18.3)
Preschool children 28 (4.6)
School-aged children 138 (22.8)
Toddlers 86 (14.2)
Young toddlers 166 (27.4)
Nutritional status

Normal 308 (50.8)
Underweight 119 (19.6)
Severe underweight 179 (29.5)
Healthcare utilization

Number of outpatient visits 3.24 +2.90
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CHD physiology
Non-cyanotic CHD 575 (94.9)
Cyanotic CHD 31(5.1)

Malnutrition status

Normal nutritional status 308 (50.8)

Malnutrition 298 (49.2)

Burden score

0 422 (69.6)
1 153 (25.2)
2 26 (4.3)

3 5(0.8)

183

184  Non cyanotic congenital heart disease dominated the cohort and accounted for 575 patients
185  (94.9%), while cyanotic lesions were identified in 31 patients (5.1%). Nutritional assessment
186  demonstrated that 308 patients (50.8%) had normal nutritional status. Underweight and severe
187  underweight status were identified in 119 patients (19.6%) and 179 patients (29.5%), respectively.
188  Overall, malnutrition affected 298 patients (49.2%) within the study population.

189  The mean number of outpatient visits during 2024 was 3.24 + 2.90 visits per patient. Most patients
190 demonstrated low cumulative clinical burden scores. A burden score of 0 was identified in 422
191  patients (69.6%), whereas only five patients (0.8%) demonstrated the highest observed burden
192 score of 3.

193  Distribution of congenital heart disease subtypes

194  Ventricular septal defect represented the most frequently documented congenital heart disease
195  subtype and was identified in 259 patients (33.5%). Patent ductus arteriosus and atrial septal defect
196 followed closely with 218 cases (28.2%) and 217 cases (28.0%), respectively. Pulmonary stenosis
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accounted for 44 patients (5.7%). Cyanotic lesions occurred less frequently and included
transposition of the great arteries in 18 patients (2.3%) and tetralogy of Fallot in 13 patients (1.7%).
Coarctation of the aorta represented the rarest lesion with only five documented cases
(0.7%)(Table 2).

Table 2. Distribution of Congenital Heart Disease Subtypes
CHD subtype n (%)
Ventricular septal defect (VSD) 259 (33.5)
Patent ductus arteriosus (PDA) 218 (28.2)
Atrial septal defect (ASD) 217 (28.0)
Pulmonary stenosis (PS) 44 (5.7)

Transposition of the great arteries (TGA) 18 (2.3)

Tetralogy of Fallot (TOF) 13 (1.7)

Coarctation of the aorta (CoA) 5(0.7)

Abbreviations: ASD, atrial septal defect; CoA, coarctation of the aorta; PDA, patent ductus
arteriosus; PS, pulmonary stenosis; TGA, transposition of the great arteries; TOF, tetralogy of
Fallot; VSD, ventricular septal defect.

Clinical manifestations and complications

Clinical symptoms and complications varied across the cohort (Table 3). Pulmonary hypertension
emerged as the most frequently documented complication and affected 115 patients (19.0%).
Respiratory tract infection occurred in 56 patients (9.2%), while heart failure was identified in 46
patients (7.6%). Eisenmenger syndrome remained uncommon and was observed in only three
patients (0.5%).
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211 Table 3. Distribution of clinical complications among pediatric congenital heart disease
212 outpatients

Complication n (%)

Pulmonary hypertension 115 (19.0)

Respiratory tract infection 56 (9.2)

Heart failure 46 (7.6)

Eisenmenger syndrome 3(0.5)

213

214 Growth related manifestations also appeared frequently within the outpatient population. Poor
215  weight gain, feeding difficulty, dyspnea, and easy fatigability were commonly documented among
216  patients with repeated healthcare utilization and higher clinical burden scores.

217  Healthcare utilization patterns

218  Outpatient healthcare utilization demonstrated substantial variability throughout the study period.
219  The cumulative number of outpatient visits reached 2,065 visits during 2024. Monthly visit
220  frequency ranged from 137 visits in April to 201 visits in July. Higher outpatient volume also
221  appeared during October and November with 198 and 195 visits, respectively.

222  Evaluation of registration frequency per patient demonstrated that most patients attended
223 outpatient services only once during the study year. Single visit registration was identified in 238
224 patients (39.3%). Two visits and three visits occurred in 83 patients (13.7%) and 86 patients
225  (14.2%), respectively. A smaller subgroup demonstrated substantially higher healthcare
226  utilization, with several patients requiring more than 10 outpatient visits within one year. The
227  maximum recorded frequency reached 20 visits.

228  Patients with severe underweight status demonstrated broader healthcare utilization distributions
229  and higher outpatient visit frequencies compared with patients who had normal nutritional status.
230  Violin boxplot analysis also demonstrated wider variability of visit burden among malnourished
231  patients. Detailed healthcare utilization patterns according to nutritional status are illustrated in
232 Figl.

233 Fig 1. Healthcare utilization across nutritional status groups among pediatric congenital
234  heart disease outpatients.

235  Violin-boxplot distribution demonstrating outpatient healthcare utilization according to nutritional
236  status among pediatric patients with congenital heart disease. The violin component represents
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237  distribution density, whereas embedded boxplots display the median and interquartile range.
238 Individual observations are overlaid as jittered points, and yellow diamonds indicate group
239  medians.

240 Nutritional status across congenital heart disease subtypes

241  Nutritional impairment appeared across both cyanotic and non cyanotic congenital heart disease
242 groups. More than half of patients with tetralogy of Fallot and transposition of the great arteries
243  demonstrated underweight or severe underweight status. Among non cyanotic lesions, ventricular
244 septal defect showed the highest nutritional burden. Severe underweight and underweight
245  collectively affected more than half of patients with ventricular septal defect.

246  Patients with atrial septal defect and patent ductus arteriosus more frequently demonstrated normal
247  nutritional status compared with other lesions. Nevertheless, substantial proportions of nutritional
248  impairment still remained evident within these groups. Coarctation of the aorta demonstrated the
249  most severe nutritional profile because all affected patients exhibited malnutrition, although the
250  subgroup size remained very small.

251  Factors associated with malnutrition

252 Univariable logistic regression analysis demonstrated that high healthcare utilization, pulmonary
253  hypertension, poor feeding, and higher burden score were associated with increased odds of
254  malnutrition. Poor feeding demonstrated the strongest crude association and produced nearly
255  fourfold higher odds of malnutrition compared with patients without feeding difficulties. Detailed
256  univariable logistic regression findings are presented in S2 Table.

257  Multivariable logistic regression analysis demonstrated that younger pediatric age groups
258  exhibited consistently higher odds of malnutrition compared with the adolescent and neonatal
259  reference category (Table 4). Young toddlers demonstrated approximately 2.7 fold increased odds
260  of malnutrition with adjusted odds ratio 2.68 (95% CI 1.52-4.74; p < 0.001). Toddlers also
261  demonstrated significantly increased odds with adjusted odds ratio 2.28 (95% CI 1.21-4.34; p =
262 0.012). School aged children and infants showed elevated odds ratios, although confidence
263 intervals crossed the null value. Distribution of nutritional status across pediatric age groups is
264  illustrated in Fig 2.
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265 Table 4. Multivariable Logistic Regression Analysis of Factors Associated With Malnutrition

Variable Adjusted OR 95% CI  p-value
Cyanotic CHD 1.50 0.70-3.20 0.296
Male sex 1.10 0.79-1.52 0.579
Age group

Infants 1.66 0.91-3.05 0.103
Preschool children 0.83 0.33-2.11 0.694
School-aged children 1.74 0.98-3.12 0.062
Toddlers 2.28 1.21-4.34 0.012
Young toddlers 2.68 1.52-4.74 <0.001
Burden score 1.50 1.14-1.99 0.004

266

267  Fig 2. Distribution of nutritional status across pediatric age groups among patients with
268  congenital heart disease.

269  Younger age categories demonstrated a higher proportion of undernutrition compared with older
270 pediatric groups. Age-group classification followed pediatric clinical categorization routinely
271  applied in the study institution and consisted of neonates (0-28 days), infants (1-12 months),
272 young toddlers (13—24 months), toddlers (25-59 months), preschool children (56 years), school-
273  aged children (7-12 years), and adolescents (>12 years).

274  Higher burden score independently remained associated with malnutrition after adjustment for
275  covariates. Each incremental increase in burden score increased the odds of malnutrition by
276  approximately 50% with adjusted odds ratio 1.50 (95% CI 1.14-1.99; p = 0.004).

277  Cyanotic congenital heart disease and male sex did not demonstrate statistically significant
278  associations with malnutrition in the final model. Cyanotic physiology produced adjusted odds
279  ratio 1.50 (95% CI 0.70-3.20; p = 0.296), whereas male sex produced adjusted odds ratio 1.10
280  (95% CI 0.79-1.52; p = 0.579). Adjusted odds ratios and confidence intervals derived from the
281  final multivariable logistic regression model are visualized in Fig 3.
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282  Fig 3. Factors associated with malnutrition among pediatric congenital heart disease
283  outpatients.

284  Forest plot showing adjusted odds ratios and 95% confidence intervals derived from the
285  multivariable logistic regression model evaluating factors associated with malnutrition among
286  pediatric congenital heart disease outpatients.

287  Sensitivity analysis and model performance

288  Sensitivity analysis using the original non collapsed age group classification demonstrated findings
289  consistent with the primary model. Detailed sensitivity analysis results are presented in S3 Table.
290  Young toddlers and toddlers remained significantly associated with increased malnutrition risk,
291  while healthcare utilization also maintained statistical significance. Neonatal estimates could not
292  be reliably calculated because of sparse observations and quasi complete separation within the
293  subgroup.

294  Multicollinearity assessment demonstrated acceptable generalized variance inflation factor values
295 across included covariates. No evidence of clinically significant multicollinearity was identified
296  within the final regression model. Detailed multicollinearity diagnostics are presented in S4 Table.

297  Overall model performance demonstrated acceptable calibration and classification capability for
298  exploratory clinical association analysis. Detailed model performance metrics are summarized in
299 S5 Table. The final multivariable model produced Akaike information criterion 828.9 and Tjur’s
300 R?0.062. Calibration analysis demonstrated reasonable agreement between predicted and observed
301 probabilities of malnutrition across the range of estimated risk values. Calibration performance of
302 the final multivariable model is illustrated in S1 Fig.

303 DISCUSSION

304 This study demonstrated that non cyanotic congenital heart disease dominated the outpatient
305 pediatric population at Adam Malik General Hospital, with ventricular septal defect, patent ductus
306 arteriosus, and atrial septal defect representing the most frequently identified lesions. Nearly half
307 of all patients experienced malnutrition, while pulmonary hypertension emerged as the most
308 commonly documented complication. Younger pediatric age groups and higher cumulative
309 clinical burden demonstrated significant associations with malnutrition. Increased healthcare
310 utilization also appeared more common among malnourished children, suggesting that nutritional
311 impairment may coexist with greater disease complexity and prolonged clinical monitoring
312  requirements.

313 The predominance of ventricular septal defect, patent ductus arteriosus, and atrial septal defect
314  aligns with the global epidemiological pattern of congenital heart disease reported in both
315 developed and developing countries. Left to right shunt lesions account for the majority of
316 pediatric congenital heart disease because these defects occur more frequently during cardiac
317 embryogenesis and often allow survival into childhood without immediate life threatening
318 cyanosis. Similar distributions have been reported by previous Indonesian and international studies
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319 that consistently identified ventricular septal defect as the most common lesion among pediatric
320 cardiology populations.[1,2,9,10]

321  Young toddlers represented the largest age group within the present cohort. This distribution likely
322 reflects the period when persistent symptoms, growth disturbances, recurrent respiratory
323 infections, or delayed developmental progress become more apparent to caregivers and healthcare
324  providers. Children within this age range also undergo rapid somatic growth and increased
325 nutritional demands, making underlying hemodynamic abnormalities more clinically visible.
326  School aged children formed the second largest subgroup and may reflect long term outpatient
327  follow up among survivors with stable congenital lesions requiring periodic cardiac evaluation.
328  Earlier studies from tertiary referral centers have reported comparable age distributions with
329  continued healthcare utilization extending beyond infancy.[9,11]

330 Nearly half of the study population demonstrated underweight or severe underweight nutritional
331  status. This finding reinforces the substantial nutritional burden carried by children with congenital
332 heart disease in resource limited settings. Chronic hemodynamic stress increases resting energy
333  expenditure and frequently disrupts effective feeding patterns. Pulmonary overcirculation,
334  recurrent respiratory symptoms, and heart failure further increase metabolic demand while
335 reducing caloric intake efficiency. Recurrent illness and prolonged inflammatory stress may also
336  impair nutrient absorption and weight gain during critical periods of childhood growth.[3,4,8,12]

337  Nutritional impairment appeared across both cyanotic and non cyanotic lesions. Although cyanotic
338 congenital heart disease has traditionally been associated with severe malnutrition because of
339  chronic hypoxemia, ventricular septal defect demonstrated similarly high rates of nutritional
340 problems within this cohort. Large left to right shunts may produce persistent pulmonary
341  congestion, tachypnea, feeding intolerance, and recurrent respiratory tract infections that
342  collectively impair growth despite preserved systemic oxygenation. This observation suggests that
343  chronic hemodynamic burden may contribute to malnutrition as strongly as cyanotic physiology
344 itself[13,14]

345  Pulmonary hypertension represented the most common complication identified in the study
346  population. Persistent exposure to increased pulmonary blood flow in untreated or
347  hemodynamically significant shunt lesions likely contributed to this finding. Pulmonary vascular
348 remodeling may develop progressively when left to right shunting remains uncontrolled over
349  prolonged periods. Previous studies have also documented pulmonary hypertension as a frequent
350 complication among pediatric patients with congenital heart disease, especially in settings where
351  delayed diagnosis or limited access to definitive intervention remains common.[3,6,12]

352  Healthcare utilization patterns demonstrated wide variability across the cohort. Most patients
353  attended outpatient services only once or twice during the study year, whereas a smaller subgroup
354  required repeated follow up with substantially higher visit frequencies. Patients with severe
355 underweight status showed broader healthcare utilization distributions compared with children
356  who maintained normal nutritional status. This pattern may indicate that malnutrition coexists with
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357 more severe symptoms, recurrent clinical instability, or persistent feeding difficulties requiring
358 closer monitoring. Higher outpatient visit frequency may therefore reflect cumulative disease
359  burden rather than routine surveillance alone.

360 Multivariable regression analysis identified young toddlers and toddlers as the age groups with the
361  highest odds of malnutrition. Early childhood represents a vulnerable developmental period
362  characterized by rapid growth velocity and increased nutritional demand. Children with congenital
363 heart disease may struggle to meet these metabolic requirements because chronic cardiac
364  dysfunction limits effective energy utilization and feeding capacity. Transition from exclusive
365 milk feeding toward more varied dietary intake may also contribute to nutritional instability in
366  younger children with persistent respiratory symptoms or fatigue during feeding.[4,8,12]

367  Higher burden scores independently increased the odds of malnutrition in the final regression
368 model. This finding supports the concept that nutritional deterioration in congenital heart disease
369 reflects cumulative clinical stress rather than a single isolated manifestation. Recurrent respiratory
370  symptoms, feeding problems, pulmonary hypertension, and repeated healthcare encounters may
371 interact synergistically and progressively worsen nutritional reserve. Burden based assessment
372  may therefore provide a broader representation of disease complexity among pediatric congenital
373  heart disease outpatients.

374  Cyanotic physiology did not demonstrate a statistically significant association with malnutrition
375  after adjustment for covariates. Several explanations may account for this finding. First, the
376 relatively small number of cyanotic cases reduced statistical power for subgroup comparison.
377  Second, non cyanotic lesions with substantial left to right shunting may produce severe metabolic
378  stress and feeding dysfunction comparable to cyanotic lesions. Third, outpatient survivors with
379  cyanotic congenital heart disease may already represent a relatively stable subgroup receiving long
380 term specialized care. Similar observations have been reported by studies demonstrating that
381 nutritional impairment in congenital heart disease depends not only on oxygen saturation status
382  but also on hemodynamic severity and chronic symptom burden.

383  The present study has several limitations. The retrospective design relied on medical record
384  documentation that demonstrated substantial missingness within symptom and complication
385 variables. Detailed completeness assessment and proportions of missing data across study
386  variables are summarized in S1 Table. Echocardiographic severity parameters, surgical history,
387  socioeconomic conditions, and detailed dietary assessments were not consistently available for
388 analysis. The study also originated from a single tertiary referral center, which may limit
389  generalizability to broader community populations. Despite these limitations, the study included a
390 relatively large outpatient cohort and integrated nutritional assessment, healthcare utilization
391  analysis, and multivariable modeling within a pediatric congenital heart disease population from a
392  resource limited setting.

393  The findings highlight the importance of early nutritional surveillance and integrated long term
394  outpatient management among children with congenital heart disease. Younger children with
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395  recurrent symptoms and higher cumulative clinical burden may require more intensive nutritional
396  monitoring and multidisciplinary follow up to reduce complications and improve long term growth
397  outcomes.

398 CONCLUSION

399  Pediatric outpatients with congenital heart disease at Adam Malik General Hospital were
400 predominantly affected by non cyanotic lesions, with ventricular septal defect, patent ductus
401  arteriosus, and atrial septal defect representing the most common diagnoses. Malnutrition affected
402 nearly half of the study population and remained closely associated with younger age groups,
403  higher cumulative clinical burden, and increased healthcare utilization. Pulmonary hypertension
404  emerged as the most frequently documented complication, reflecting the substantial hemodynamic
405  burden carried by patients with persistent shunt lesions.

406  Young toddlers and toddlers demonstrated the highest odds of malnutrition, indicating that early
407  childhood represents a vulnerable period for nutritional deterioration among children with
408 congenital heart disease. Increased outpatient visit frequency among malnourished patients also
409  suggested greater long term disease complexity and clinical monitoring needs. These findings
410 emphasize the importance of integrated nutritional surveillance and multidisciplinary outpatient
411 management to improve growth outcomes and reduce chronic disease burden among pediatric
412  congenital heart disease patients in resource limited settings.
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484 Supporting information

485 S1 Table. Completeness assessment of variables included in the retrospective pediatric
486 congenital heart disease cohort. Abbreviations: CHD, congenital heart disease. Data
487  completeness was evaluated across all study variables included in the retrospective outpatient
488  cohort. Symptom- and complication-related variables demonstrated substantial missingness
489  because of inconsistent retrospective clinical documentation. No imputation procedures were
490 performed, and complete-case analysis was applied for multivariable regression modeling.

491  S2 Table. Univariable logistic regression analysis of factors associated with malnutrition
492  among pediatric congenital heart disease outpatients. Odds ratios (ORs) greater than 1 indicate
493  increased odds of malnutrition.

494  S3 Table. Sensitivity analysis using the original age-group classification in multivariable
495 logistic regression. Sensitivity analysis was performed using the original age-group classification
496  to evaluate the robustness of the primary multivariable logistic regression findings. Adjusted odds
497  ratios (ORs) with 95% confidence intervals (Cls) were derived from logistic regression models
498  with malnutrition as the dependent variable. Reference categories were non-cyanotic CHD, female
499  sex, and preschool-aged children. Odds ratios greater than 1 indicate increased odds of
500 malnutrition. *NE = not estimable with reliable precision because of sparse observations and
501  quasi-complete separation in the neonatal subgroup (n = 4). Despite instability in this subgroup,
502  the overall direction and magnitude of associations remained consistent with the primary analysis,
503  supporting the robustness of the primary findings.

504 S4 Table. Multicollinearity diagnostics for the multivariable logistic regression model.
505 *GVIF = generalized variance inflation factor. Adjusted GVIF was calculated as GVIF(/2PD) to
506 account for variables with multiple degrees of freedom. Higher adjusted GVIF values indicate
507  greater collinearity among predictors. All adjusted GVIF values remained below 5, suggesting no
508 evidence of clinically significant multicollinearity within the final multivariable regression model.
509 Df denotes degrees of freedom for each variable.

510 S5 Table. Overall performance metrics of the multivariable logistic regression model. Model
511  performance metrics were calculated to evaluate overall goodness-of-fit, explanatory performance,
512  and classification accuracy of the final multivariable logistic regression model. Lower AIC, AlCc,
513 BIC, RMSE, and log-loss values indicate improved model fit. Tjur’s R? reflects explanatory
514  performance for binary outcomes, whereas PCP represents the proportion of correctly classified
515 observations. Collectively, these metrics suggested acceptable overall model performance for
516  exploratory clinical association analysis.

517  S1 Fig. Calibration plot of the final multivariable logistic regression model for malnutrition
518 among pediatric congenital heart disease outpatients. Calibration plot demonstrating
519 agreement between predicted and observed probabilities of malnutrition derived from the
520 multivariable logistic regression model. The dashed diagonal line represents perfect calibration,
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indicating exact agreement between predicted and observed risk estimates. Blue points and the
solid calibration curve represent bootstrap-corrected calibration estimates generated using 1,000
bootstrap resamples. Overall, the model demonstrated acceptable calibration across the observed
range of predicted probabilities, although minor deviation from perfect calibration was observed
at higher predicted probabilities.
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Healthcare Utilization Across Nutritional Status Groups

Distribution of outpatient visits according to nutritional status
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Nutritional Status Across Pediatric Age Groups

Distribution of nutritional categories within each pediatric age group
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Factors Associated With Malnutrition

Multivariable logistic regression analysis
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