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Comparative Study on Three Algorithms of the ICD-10 Charlson
Comorbidity Index with Myocardial Infarction Patients

Kyoung Hoon Kim

Review & Assessment Policy Institute, Health Insurance Review & Assessment Service

Objectives: To compare the performance of three International Statistical Classification of Diseases, 10th Revision translations
of the Charlson comorbidities when predicting in-hospital among patients with myocardial infarction (MI).

Methods: MI patients =20 years of age with the first admission during 2006 were identified(n=20,280). Charlson
comorbidities were drawn from Heath Insurance Claims Data managed by Health Insurance Review and Assessment Service
in Korea. Comparisions for various conditions included (a) three algorithms (Halfon, Sundararajan, and Quan algorithms), (b)
lookback periods (1-, 3- and 5-years), (c) data range (admission data, admission and ambulatory data), and (d) diagnosis range
(primary diagnosis and first secondary diagnoses, all diagnoses). The performance of each procedure was measured with the c-
statistic derived from multiple logistic regression adjusted for age, sex, admission type and Charlson comorbidity index. A
bootstrapping procedure was done to determine the approximate 95% confidence interval.

Results: Among the 20,280 patients, the mean age was 63.3 years, 67.8% were men and 7.1% died while hospitalized. The
Quan and Sundararajan algorithms produced higher prevalences than the Halfon algorithm. The c-statistic of the Quan
algorithm was slightly higher, but not significantly different, than that of other two algorithms under all conditions. There was
no evidence that on longer lookback periods, additional data, and diagnoses improved the predictive ability.

Conclusions: In health services study of MI patients using Health Insurance Claims Data, the present results suggest that the
Quan Algorithm using a 1-year lookback involving primary diagnosis and the first secondary diagnosis is adequate in
predicting in-hospital mortality.
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Table 1. ICD-10 codes included among 3 ICD-10 coding algorithms

43

Additional codes

Common codes

Halfon’s codes

Sundararajan’s codes

Quan’s codes

AIDS/HIV B20.x-B22.x
Cerebrovascular disease 169.x
Congestive heart failure  150.x

Chronic pulmonary J41.x-J47 X, J60.x-J66.x

disease

Dementia F00.x-F02.x

Diabetes without chronic E10.1, E10.9, E11.1 E11.9,
complication E13.1,E13.9, E14.1,E14.9

Diabetes with chronic
complication

E10.2-E10.4, E11.2-E11.4,
E13.2-E13.4, E14.2-E14.4

Hemiplegia or paraplegia G81.x, G82.0-G82.2

Mild liver disease K70.3, K71.7, K73.x,

K74.3-K74.6

Moderate or severe
liver disease

K72.1,K72.9, K76.6, K76.7

Any malignancy, including C00.x-C26.x, C30.x-C34.x,

leukemia and lymphoma C37.x-C41.x, C45.x-C58.x,
C60.x-C76.x, C81.x-C85.x,
C88.3, C88.7, C88.9, C90.0,
C90.1, C91.x-C93.x,
C94.0-C94.3,C94.5,C94.7,

C95.x, C96.x
Metastatic solid tumor C77.x-C79.x
Myocardial infection 125.2

Peripheral vascular
disease

[71.x,173.9, 295.8, 795.9

Peptic ulcer disease K25.4-K25.7, K26.4-K26.7,

K27.4-K27.7, K28.4-K28.7

Rheumatologic disease  MO05.x, M06.0, M32.x, M33.2,
M34.x, M35.3
Renal disease N18.x

111.0, 113.0, 113.2, 142.x, 143.x,
151.7

127.8,127.9, J68.4, J70.1,
J70.3

F03.x, G30.x, G31.0, G31.1

E10.0,E10.8, E11.0, E11.8,
E12.0,E12.1, E12.8, E12.9,
E13.0, E13.8,E14.0, E14.8

E10.5-E10.7, E11.5-E11.7,
E12.2-E12.7, E13.5-E13.7,
E14.5-E14.7

G82.3-G82.5

K71.3-K71.5, K71.8, K76.1,
B18.x

185.0, 185.9, K70.4, K71.1,
K76.5

C80.x, C88.0-C88.2, C90.2,
C94.4,C97 x, Z85.x

170.0,170.2,170.8, 170.9, 173.1,
177.1,7295.1, 795.5

M31.5

749.0-249.2,799.2

B23.x, B24.x

(G45.0-G45.2, G45.4,
(G45.8, G45.9, 160.x-166.x,
167.0-167.2, 167.4-167.9,
168.1,168.2, 168.8

J40.x, J67.x

F05.1
E10.5,E11.5, E13.5 E14.5

G04.1

K70.2, K74.0, K74.2

C43.x

C80.x
121.x, 122.x
179.0, R02.x

K25.0-K25.3, K25.9, K26.0-
K26.3, K26.9, K27.0-K27.3,
K27.9, K28.0-K28.3, K28.9

MO06.3, M06.9

NO3.x, N05.2-N05.6, N07.2-
NO07.4, NO1.x, N19.x, N25.x

B24.x

G45.x, G46.x, H34.0,
160.x-168.x

109.9,111.0, 113.0, 113.2, 125.5,
142.0, 142.5-142.9, 143.x, P29.0

127.8,127.9, J40.x, J67 X,
J68.4,J70.1,J70.3

F03.x, F05.1, G30.x, G31.1

E10.0, E10.6, E10.8, E11.0,
E11.6,E11.8, E12.0, E12.1,
E12.6, E12.8, E12.9, E13.0,
E13.6, E13.8, E14.0, E14.6,
E14.8

E10.5,E10.7, E11.5,E11.7,
E12.2-E12.5, E12.7, E13.5,
E13.7,E14.5, E14.7

G04.1, G11.4, G80.1, G80.2,
(82.3-G82.5, G83.0-G83.4,
G83.9

B18.x, K70.0-K70.2, K70.9,
K71.3-K71.5, K74.0-K74.2,
K76.0, K76.2-K76.4, K76.8,
K76.9, Z94.4

185.0, 185.9, 186.4, 198.2,
K70.4,K71.1, K76.5

C43.x,C88.0-C88.2, C90.2,
C94.4, C97.x

C80.x
121.x, 122.x

170.x,173.1,173.8, 177.1,179.0,
179.2, K55.1, K55.8, K55.9

K25.0-K25.3, K25.9, K26.0-
K26.3, K26.9, K27.0-K27.3,
K27.9, K28.0-K28.3, K28.9

M06.0-M06.4, M06.8, M06.9,
M31.5, M33.0, M33.1, M33.9,
M35.1, M36.0

112.0, 113.1, N03.2-N03.7,
N05.2-N05.7, N19.x, N25.0,
749.0-249.2, 794.0, 299.2

Adapted from Sundararajan et al. [10]
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Table 2. General characteristics of myocardial
infarction patients

Variable Category n(%)
Total 20,280 (100.0)
Age 61.3+11.6*

20 - 39 2,855 (14.1)
40 - 49 840 (4.1)
50 - 59 4,503 (22.2)
60 - 69 6,120 (30.2)
>70 5,962 (29.4)
Gender Male 13,746 (67.8)
Female 6,534 (32.2)
Admission type Outpatient 7,161 (35.3)
Emergency 13,119 (64.7)
In hospital mortality 1,447 (7.1)

* Mean + Standard deviation
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Table 3. Prevalence of Charlson comorbidities by version of ICD-10 codes and lookback periods using primary
diagnosis and first secondary diagnosis in admission data

Halfon’s codes

Sundararajan’s codes

Quan’s codes

1-yr 3-yr 5-yr 1-yr 3-yr 5-yr 1-yr 3-yr 5-yr
Cerebrovascular disease 108(0.5) 177(0.9) 209(1.0) 759(3.7) 1,385(6.8) 1,730(8.5) 767(3.8) 1,401(6.9) 1,752(8.6)
Congestive heart failure 656(3.2) 1,033(5.1) 1,210(6.0) 414(2.0) 659(3.3) 781(3.9) 692(34) 1,068(5.3) 1,253(6.2)
Chronic pulmonary disease 363(1.8) 648(3.2) 760(3.8) 400(2.0) 718(3.5) 847(4.2) 401(2.0) 720(3.6) 849(4.2)
Dementia 111(0.6) 154(0.8) 173(0.9) 62(0.3) 83(0.4) 93(0.5) 101(0.5) 131(0.7) 148(0.7)
Diabetes without chronic 540(2.7) 1,015(5.0) 1,267(6.3) 561(2.8) 1,060(5.2) 1,325(6.5) 560(2.8) 1,047(5.2) 1,308(6.5)
complication
Diabetes with chronic 666(3.3) 1,156(5.7) 1,362(6.7) 402(2.0) 745(3.7) 902(4.5) 649(3.2) 1,130(5.6) 1,329(6.6)
complication
Hemiplegia or paraplegia 101(0.5) 192(1.0) 241(1.2) 91(0.5) 179(0.9) 225(1.1) 104(0.5) 198(1.0) 249(1.2)
Mild liver disease 76(0.4) 173(0.9) 229(1.1) 56(0.3) 129(0.6) 166(0.8) 160(0.8) 350(1.7) 450(2.2)
Moderate or severe liver 11(0.1) 25(0.1) 29(0.1) 8(0.0) 14(0.1) 15(0.1) 11(0.1) 26(0.1) 31(0.2)
disease
Any malignancy, including 283(1.4) 478(2.4) 578(2.9) 284(1.4) 478(2.4) 579(2.9) 284(1.4) 478(2.4) 579(2.9)
leukemia and lymphoma
Metastatic solid tumor 71(0.4) 104(0.5) 119(0.6) 71(0.4) 104(0.5) 119(0.6) 71(0.4) 104(0.5) 119(0.6)
Peripheral vascular disease 162(0.8) 273(1.4) 327(1.6) 53(0.3) 100(0.5) 125(0.6) 159(0.8) 276(1.4) 336(1.7)
Peptic ulcer disease 46(0.2) 110(0.5) 163(0.8) 222(1.1) 458(2.3) 629(3.1) 222(1.1) 458(2.3) 629(3.1)
Rheumatologic disease 27(0.1) 68(0.3) 92(0.5) 27(0.1) 68(0.3) 92(0.5) 27(0.1) 69(0.3) 93(0.5)
Renal disease 302(1.5) 409(2.0) 438(2.2) 314(1.6) 425(2.1) 459(2.3) 348(1.7) 471(2.3) 506(2.5)
AIDS/HIV 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Charlson comorbidity index
0 17,610(86.8) 16,112(79.5) 15,460(76.2) 17,535(86.5) 15,823(78.0) 15,062(74.3) 17,056(84.1) 15,207(75.0) 14,385(70.9)
1 1,285(6.3) 1,879(9.3) 2,115(10.4) 1,500(7.4) 2,324(11.5) 2,626(13.0) 1,652(8.2) 2,424(12.0) 2,739(13.5)
2 841(4.2) 1,204(5.9) 1,390(6.9) 686(3.4) 1,027(5.1) 1,200(5.9) 823(4.1) 1,224(6.0) 1,407(6.9)
3 544(2.7) 1,085(5.4) 1,315(6.5) 559(2.8) 1,106(5.5) 1,392(6.9) 749(3.7) 1,425(7.0) 1,749(8.6)

Table 4. Performance in predicting in-hospital mortality by version of ICD-10 codes, lookback periods , data range

and diagnosis range

Lookback periods

Algorithm Data range Diagnoses range
1-yr 3-yr 5-yr
Quan’s codes [16] Admission Primary + first secondary 0.701(0.671-0.739)*  0.703(0.675-0.739)  0.704(0.677-0.739)
diagnosis
All diagnoses 0.699(0.671-0.737)  0.700(0.673-0.737)  0.701(0.674-0.738)
Admission+ Primary + first secondary 0.684(0.655-0.722)  0.682(0.673-0.737) 0.701(0.674-0.738)
Amburatory diagnosis
All diagnoses 0.685(0.656-0.723)  0.681(0.652-0.718)  0.679(0.653-0.718)
Sundararajan’s Admission Primary + first secondary 0.698(0.669-0.735)  0.701(0.674-0.738)  0.701(0.674-0.738)
codes [15] diagnosis
All diagnoses 0.699(0.671-0.736)  0.699(0.672-0.737)  0.702(0.676-0.739)
Admission+ Primary + first secondary 0.685(0.658-0.723)  0.682(0.656-0.719)  0.685(0.658-0.722)
Amburatory diagnosis
All diagnoses 0.689(0.661-0.726)  0.685(0.657-0.723)  0.685(0.656-0.723)
Halfon' s codes [14]  Admission Primary + first secondary 0.698(0.669-0.737)  0.701(0.673-0.738)  0.703(0.676-0.739)
diagnosis
All diagnoses 0.698(0.670-0.735)  0.699(0.672-0.737)  0.702(0.675-0.740)
Admission+ Primary + first secondary 0.683(0.656-0.721)  0.683(0.655-0.721)  0.686(0.661-0.724)
Amburatory diagnosis
All diagnoses 0.685(0.658-0.724)  0.683(0.655-0.722)  0.684(0.657-0.722)

* The predictability was expressed as the c-statistics and its 95% Confidence Interval derived from multiple logistic regression adjusted for age, sex,
admission type and Charlson comorbidity index.
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