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Background: The number of children and adolescents has decreased by more
than 3 million over the past 10 years. We analyzed changes in the number of
children and adolescents with complex chronic conditions (CCCs) and their
medical expenditures between 2011 and 2021.

Methods: We used National Health Insurance claims data of patients under the
age of 20 from 2011 to 2021. CCCs were classified as pediatric CCCs by Feudtner
et al. Patients who repeatedly utilize medical services due to CCCs were defined
as patients who sought medical care twice or more within the past 3 years. Their
sex, age, CCC categories, and the number of CCC categories were presented
using descriptive analyses.

Results: The number of children and adolescents with CCCs increased from
345,320 (3.04%) in 2011 to 451,238 (5.33%) in 2021. Patients who repeatedly
utilized medical services due to CCCs increased by 71,889 during the same
period. The proportion of patients with two or more CCC categories increased
from 35.80% in 2011 to 43.67% in 2021. In 2021, patients with other congenital
or genetic defect were most common. Medical expenditures associated with
CCCs increased from 475,654 million won (12.34%) in 2011 to 768,467 million
won (19.11%) in 2021.

Conclusion: The number of patients with CCCs and their medical expenditures
increased in Korea between 2011 and 2021. The results indicate that consistent
national efforts are required to maintain the specialized pediatric care. Further
studies are needed to identify pediatric patients who require specialized medical
services through various methods.
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Table 1. Child and adolescent patients with CCCs: 2011-2021

Year Average
growth
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 rate (%)
Tgt;l)ulation 11356974 11,115990 10853649 10580278 10,318,777 10,047,206 9,739,623 9434215 9,125924 8763406 8469666 -289
Patients
wihcocs  ¥530 30000 359655 361964 36422 360529 3856 I 40784 375288 451238 271
%) (3.04) (315) (331) (342) (353) (379) (389) (4.12) (447 (4.28) (533
Patients with
EZZT;:? 157362 167340 174005 178114 1822204 191376 196736 202853 213280 207,663 229251 383
utilization (139) (151) (160) (168) @wm (1.90) (2.02) (2.19 (2:34) (2.37) 1)
by CCCs
(%)
CCCs, complex chronic conditions.
11356974 11 115990 R
T 10580218 44318777
10,047,206 g 739,673 %33
] %325 910504 5763406
[
o T [ s
_— 4.28
 o——® 4.11
& 519 3-89
| .
%, 3.42 B-53
o— 3.31 -
h.od 3.15|
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

1 Total population

-@- Rate of patients with complex chronic conditions (%)

Figure 1. Child and adolescent patients with complex chronic conditions: 2011-2021.
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Table 2. Characteristics of child and adolescent patients with repeated medical utilization by CCCs: 2011-2021

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

No. of patients 157362 167,340 174,005 178114 182,224 191376 196,736 202,853 213,280 207,663 229251

Sex (%)
Male 55.09 5493 54.55 54.17 53.99 53.95 53.99 5391 53.86 53.50 53.63
Female 4491 45.07 4545 45.83 46.01 46.05 46.01 46.09 46.14 46.50 46.37
Age (%)
<lyr 3.67 3.71 3.96 3.81 3.83 3.68 3.75 3.90 3.84 381 3.77
1-6yr 24.32 25.68 26.34 26.68 26.77 27.22 271.25 271.52 27.04 25.86 24.80
T-12yr 26.85 26.51 25.90 25.64 25.86 26.52 2749 28.36 29.96 3151 32.92
13-19yr 45.15 44.11 43.80 43.86 43.54 42.57 41.51 40.22 39.15 38.82 3851

No. of categories of CCCs (%)

1 64.20 64.84 64.78 64.43 63.87 62.70 62.35 61.19 59.65 59.14 56.32
2 2947 28.78 28.66 28.79 29.27 30.30 30.61 31.50 32,67 32.85 35.50
=3 6.33 6.38 6.57 6.79 6.85 7.00 7.04 732 7.68 8.01 8.17

Categories of CCCs (%)

Neurologic and
neuromuscular

Cardiovascular 22.03 2221 22.36 22.64 22.82 2312 23.12 24.15 2393 2313 23.68

37.00 34.85 33.04 3150 30.62 29.45 28.87 2817 27.03 26.87 2491

Respiratory 1.87 1.96 201 2.07 2.13 2.09 2.15 2.20 240 2.55 248
R
enal ar'wd 7.25 761 7.80 7.81 799 8.27 8.50 8.66 8.76 8.78 8.82
urologic

Gastrointestinal 13.79 12.79 12.46 12.19 11.80 12.07 12.11 12.20 12.15 11.69 12.73

HEElZEE 813 813 821 827 83 831 802 79 791 7154 6715

immunologic
Metabolic 16.90 17.01 1777 18.74 19.59 2118 2234 23.09 25.11 26.04 29.14
Other congenital
or genetic 2497 26.73 2777 28.62 2877 28.79 2839 2813 29.40 30.71 32.06
defect
Malignancy 9.09 8.88 8.67 846 8.38 8.11 793 7.88 7.55 .57 7.00

Premature and

3.06 3.39 372 4.18 4.68 5.00 533 5.66 6.02 6.25 6.53
neonatal

Miscellaneous,
not elsewhere 0.08 0.09 0.09 0.08 0.09 0.09 0.08 0.08 0.08 0.08 0.08
classified

CCCs, complex chronic conditions.

*Pediatric patients with CCCs in one more categories were counted separately in each category.
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(%)

2011 2012 2013 2014 2015 2016

64.2 64.8 64.8 64.4 63.9 62.7

29.5 28.8 28.7 28.8 29.3 30.3

56.3

B5t5

2017 2018 2019 2020 2021

1

Figure 2. Number of categories of complex chronic conditions of child and adolescent patients with repeated

medical utilization: 2011-2021.
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Table 4. Medical spending of child and adolescent with CCCs: 2011-2021

Year Average
growth
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 rate (%)
(Tlo;?ttmmn) 3,853,408 3,884,738 3,862,704 4,028938 4,094,518 4,391,820 4,307,676 4,513,010 4,771,028 3524624 4,021,817 043
Patients
with CCCs 475654 478,767 498061 527,119 560934 601,034 638980 677,066 755413 729,844 768467 491
%) (1234 (12320 (1289) (1308) (13700 (1369  (14.83)  (1500) (1583 (2071  (19.11)
0,
Inpatients
R 1,315,174 1,310,373 1,331,389 1,430,878 1,552,286 1,700,759 1,662,988 1,802,647 1,999,887 1,556,037 1655673 233
Patients
withCCCs 298609 301,940 319582 341679 371,983 398964 428624 458432 522395 501470 506410 542
) (22700 (2304 (24000 (2388)  (2396) (2346) (2577) (2543) (26120  (3223)  (30.59)
0,
Outpatients
(Lrrionvior) 2,538,234 2,574,365 2,531,315 2,598,060 2,542,232 2,691,060 2,644,688 2,710,363 2,771,141 1968586 2,366,143  -0.70
Patients
withCcccs 177045 176826 178479 185439 188951 202071 210356 218634 233018 228374 262,057 4.00
) (698 (687 (705 (7149 (743  (751) (795  (807) (841  (1160)  (11.08)
0,
Notes: Medical spending was adjusted to the Conversion Index of hospital-level medical institution.
CCCs, complex chronic conditions.
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Appendix 1. Categories of CCCs and the corresponding ICD-10 (KCD-5/KCD-6) diagnosis codes

Category Subcategory ICD-10 (KCD-5/KCD-6)

Brain and spinal cord malformations Q00-Q07, G90.1

Mental retardation F71-F73

CNS degeneration and diseases E75.0, E75.1, E75.2, E75.4, F84.2, G11.1-G11.4, G11.8, G11.9, G12.0-
G12.2,G12.8,G12.9, G31.00, G31.08, G31.8, G31.80, G31.81, G31.82,
(G31.88,G32.8,G93.8, G93.9, G94, GI1.1, G31.9, G25.3, G95.1, G95.8,
(90.9, Q85.1

Infantile cerebral palsy G80

Neurologic and Epilepsy G40.1, G40.2, G40.3, G404, G40.8, G40.9
MEUromUSCUlar  gyer disorders of CNS G37.1,G37.2, G37.8, G81, G82, G83, G93.1, G93.5, R40.2

Occlusion of cerebral arteries
Muscular dystrophies and myopathies

Movement diseases

Devices

Transplantation

Heart and great vessel malformations
Endocardium diseases
Cardiomyopathies

Conduction disorder

Cardiovascular Dysrhythmias

Other

Devices

Transplantation
Respiratory malformations
Chronic respiratory diseases
Cystic fibrosis

Respiratory Other
Devices
Transplantation
Congenital anomalies
Chronic renal failure

Renal and Other

urologic Chronic bladder diseases
Devices

Transplantation

163.3,163.5
GT71,G72

G10, G20, G21.0, G21.1, G21.8, G23.0-G23.2, G23.8, G24.0, G24.8,
(25.3-G25.5,G25.8,G25.9, G80.3

T85.0,T85.1, 7982

N/A

Q20, Q21-Q24, Q25-Q26, Q28.2,Q28.3,Q28.9

134.0, 134.8, 136.0, 136.8, 137.0, 137.8

142,143, 151.5

144,145, 147, 148, 149.0

149.1-149.5, 149.8, 149.9, R00.1
127.0,127.1,127.2,127.8,127.9,150.9, 151.7, 151.8, 163.1, 163.2, Z95.1

T82.5,T82.1,T82.0, T82.2, T82.6, T82.7, Z45.0, 795.0, 795.2, 795.3,
795.8,795.9

T86.2,794.1

Q30-Q34, P280

GA47.3,127.8,143, J84.1, J96.1, 790.2
E84

J95.0, J95.8, 743.0, 293.0, 299.0, 799.1
294.2

Q60-Q64

N18

790.5, 790.6

(83.4,N31.2, N31.9
793.5,793.6,799.2, 743.5, 743.6, 746.6
T86.1,794.0
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Appendix 1. Continued

Category

Subcategory

ICD-10 (KCD-5/KCD-6)

Gastrointestinal

Hematologic or
immunologic

Metabolic

Other congenital
or genetic
defect

Malignancy

Congenital anomalies
Chronic liver disease and cirrhosis
Inflammatory bowel diseases
Other

Devices

Transplantation

Hereditary anemias

Aplastic anemias

Hereditary immunodeficiency
Coagulation/hemorrhagic
Leukopenia

Hemophagocytic syndromes
Sarcoidosis

Acquired immunodeficiency

Polyarteritis nodosa and related
conditions

Diffuse diseases of connective tissue
Other

Devices

Transplantation

Amino acid metabolism
Carbohydrate metabolism

Lipid metabolism

Storage disorder

Other metabolic disorders

Endocrine disorders

Devices
Transplantation
Chromosomal anomalies

Bone and joint anomalies

Diaphragm and abdominal wall
Other congenital anomalies
Neoplasms

Devices

Transplantation

Q39.0-Q39.4, Q41-Q45

K73, K74, K75.4, KT60-K763, K765, K768
K50, K51

182.0, K55.1, K56.2, K59.3, 798.0, 790.3, 790.4
K94.20, K94.22, K94.23, K94.29, 793.1-793.4, 743.1-743 4, 746.5
T86.4,794.4

D55-D58

D60-D61, D71

D80-D89, D72.0, M30.3, M35.9

D66, D68.2, D69.4

D70

D76.1-D76.3

D86

B20-B24

M30.0, M31.0, M31.1, M31.3, M31.4, M31.6

M32.1, M33.9, M34.0, M34.1, M34.9

N/A

E70.0,E70.2, E70.3,E70.8, E70.9, ET1.0-E715, E72.0-E724,ET2.8,ET29
E74.0-E74.4,E74.8, ET49

E75,E77.0,E77.1, ET8.0-E78.4, ET8.5-E78.9, E88.1, E88.8
E76.0-E76.3, E85

E79.1, E79.8, EB0.4-E80.7, E83.0, E83.1, E83.3, E83.4, D84.1, E88, H49.8

E00.9, E22.2, E23.0, E23.2, E23.3, E23.7, E24.0, E24.2, E24.3, E24.8,
£24.9,£26.8, E25 (E25.0, E25.8, E25.9)

746.81, 79641
N/A
Q90-Q99

E34.3, M41.0, M41.2, M41.30, M41.8, M41.9, M43.30, M96.5, Q72.2,
Q75.0,Q75.2,Q75.9, Q76.0-Q76.2, Q76.4-Q76.7, Q77, Q78

K44.9,Q79.0-Q79.5,Q79.9

Q81, Q87.1-Q87.4, Q87.8, Q89.7, 089.9, Q99.2
C00-C96, DO0-D0Y, D37-D48, Q85.0

N/A

186.0, 294.8

(Continued on next page)
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Appendix 1. Continued

Category Subcategory

ICD-10 (KCD-5/KCD-6)

Fetal malnutrition
Extreme immaturity
Cerebral hemorrhage at birth

Spinal cord injury at birth
Premature and

neonatal Birth asphyxia

Respiratory diseases

Hypoxic-ischemic encephalopathy

Other
Miscellaneous, Devices
not elsewhere
classified Transplantation

P05 (P05.0, P05.1, P05.2, P05.9)

P07.0, PO7.2

P10 (P10.0, P10.1, P10.4), P52.4, P52.8

P115

P21.0,P219

P25 (P25.0-P25.3, P25.8), P27 (P27.0, P27.1, P27.8)
P91.6

P35.0, P35.1, P25.2, P56.0, P57 (P57.0, P57.8), P61.3, P61.4, P77,
P83.2,P91.2

T84.0,T84.1, T84.4, T84.5, T84.6, T84.7, T86.8, T86.9, T87.0, T87.1,
T87.2,Y83.1,Y83.3,799.8

T86.8, T86.9

Adapted from the article of Kim et al. [14] (J Korean Med Sci. 2018;33(1):e1) under the terms of the Creative Commons Attribution Non-Com-

mercial (CC BY-NC 4.0) license.

CCCs, complex chronic conditions; ICD-10, International Classification of Diseases, 10th revision; KCD, Korean Standard Classification of Diseases; CNS,

central nervous system; N/A, not applicable.
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