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C MS maintains a database of administrative claims that is 

increasingly used in clinical research.1 Hospital claims 

submitted to CMS using International Classification of Diseases 

(ICD) codes are available in the Medicare Provider Analysis and 

Review (MedPAR) file for analysis by research groups.2 For studies 

analyzing Medicare claims, correctly interpreting coding data to 

characterize beneficiary demographics, comorbidities, procedural 

characteristics, and outcomes is essential.3

Three common methodologies are used for deriving comorbidity 

data from Medicare administrative claims. First, a subset of the 

Master Beneficiary Summary File (MBSF) known as the Chronic 

Conditions segment identifies chronic conditions using a combi-

nation of ICD codes and fee-for-service claims and maintains this 

information in its Chronic Conditions Data Warehouse (CCW).4 

Second, Medicare maintains a mapping of ICD codes to Hierarchical 

Condition Categories (HCCs), a system primarily intended to adjust 

federal payments to insurers and health systems based on expected 

spending.5 Third, the Agency for Healthcare Research and Quality 

Healthcare Cost and Utilization Project has developed a tool, known 

as Clinical Classifications Software (CCS), that uses algorithms to 

translate ICD codes into comorbidity categories.6,7

Given that CCW-reported comorbidities are stable across the 

transition from ICD, Ninth Revision (ICD-9) to ICD, Tenth Revision 

(ICD-10) and demonstrate high sensitivity rates in identifying 

chronic conditions,8-11 we have preferred using this construct in our 

analyses of administrative claims. However, one of the strengths 

of CCW-reported data (its use/reliance on fee-for-service claims) 

can also represent a significant limitation. Because fee-for-service 

claims inform the determination of CCW-reported comorbidities, 

the prevalence of these comorbidities may be systematically 

underestimated for Medicare Advantage (MA)–enrolled benefi-

ciaries whose health care provider claims are submitted to MA 

organizations rather than directly to CMS. As a result, MA-enrolled 

beneficiaries may have lower rates of recorded comorbidities in 

their CCW file vs beneficiaries with a traditional Medicare (TM) 

plan, not due to actual differences in health status but due to 

differential data availability.
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ABSTRACT

OBJECTIVES: To demonstrate the prevalence of 
comorbidities documented by Chronic Conditions Data 
Warehouse (CCW) data for Medicare beneficiaries and to 
illustrate how failing to account for differences in reported 
comorbidities can result in information bias.

STUDY DESIGN: Retrospective cohort study of Medicare 
beneficiaries who underwent coronary artery bypass 
grafting (CABG) between 2008 and 2019.

METHODS: A total of 1,158,701 Medicare beneficiaries 
underwent CABG. The prevalence of CCW-reported 
comorbidities was compared between beneficiaries enrolled 
in Medicare Advantage (MA) or traditional Medicare (TM) 
plans. Median survival differences (with 95% CIs) were 
compared in unadjusted and risk-adjusted analyses using 
overlap propensity score weighting, with and without inclusion 
of CCW-reported comorbidities during risk adjustment.

RESULTS: The proportion of MA-enrolled CABG recipients 
increased annually from 17.5% in 2008 to 38.3% in 2019. MA-
enrolled beneficiaries had fewer CCW-reported comorbidities 
than TM-enrolled beneficiaries (average standardized mean 
difference across 27 CCW comorbidities, 0.431). After risk 
adjustment for demographics, median survival differed 
minimally between MA- and TM-enrolled beneficiaries 
(10.00 vs 10.05 years; difference, –15 [95% CI, –41 to 13] 
days). However, when CCW-reported comorbidity data were 
included in risk adjustment, MA-enrolled beneficiaries 
demonstrated substantially lower median survival (9.52 vs 
10.91 years; difference, –507 [95% CI, –538 to –466] days).

CONCLUSIONS: The prevalence of CCW-reported 
comorbidities differs significantly between TM-enrolled and 
MA-enrolled beneficiaries who underwent CABG. These 
differences can introduce substantial bias in risk-adjusted 
analyses that erroneously assume equivalent CCW-reported 
comorbidity documentation across insurance types. 
Medicare outcomes research that relies on CCW-reported 
comorbidity data without accounting for insurance-related 
differences may produce biased treatment-effect estimates, 
potentially misinforming clinical or policy decisions.
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Recent reports have demonstrated that 

MA-enrolled and TM-enrolled beneficiaries have 

similar (or minimally different) rates of comor-

bidities such as obesity, hypertension, chronic 

kidney disease, and diabetes when assessed 

using objective physical examination and 

laboratory measurements.12 Therefore, the use of 

CCW-derived comorbidity data in analyses that 

include both MA- and TM-enrolled beneficiaries 

may introduce systematic bias due to differences 

in data completeness rather than actual clinical 

differences.13 As our research team focused 

on longitudinal outcomes following cardiac 

surgery, we initially observed differences in 

CCW-reported comorbidities between TM- and 

MA-enrolled beneficiaries while studying a cohort of Medicare 

beneficiaries undergoing coronary artery bypass grafting (CABG). 

This observation prompted us to systematically evaluate whether 

CCW-reported comorbidity documentation differed by insurance 

type in this population. Our objectives were 2-fold: first, to quantify 

differences in CCW-reported comorbidity burden between MA- and 

TM-enrolled CABG recipients, and second, to demonstrate the 

extent to which this information bias could influence risk-adjusted 

survival analyses in this cohort.

METHODS
Study Design

We retrospectively reviewed CMS administrative claims data from 

2008 to 2019. The institutional review board (IRB) of Baylor Scott & 

White Research Institute approved this study (IRB approval 019-270 

dated August 23, 2019). 

Study Population

A 100% sample of Medicare beneficiaries with both Part A and Part 

B insurance who had been hospitalized for CABG was identified 

from the MedPAR file using ICD procedural codes (eAppendix 

Table 1 [eAppendix available at ajmc.com]). Beneficiaries who 

underwent concomitant cardiac surgery were excluded to ensure 

our analysis was limited to isolated CABG recipients (eAppendix 

Table 2). Beneficiaries missing adequate insurance documentation 

and those missing 9-digit zip code data or with a 9-digit zip code 

lacking a corresponding Area Deprivation Index (ADI) measure 

were also excluded from the analysis to allow for enhanced risk 

adjustment.14

Beneficiary demographics on the date of surgery were ascertained 

from the MBSF. Preoperative comorbidity data were obtained from 

the CCW; diagnoses were confirmed as preexisting if the earliest 

documented date of diagnosis occurred prior to the date of surgery. 

CCW data are recorded annually; diagnoses depend on that particular 

year’s coding data (or set of years depending on the look-back period) 

and thus are not necessarily stable over time.9,10 If a comorbidity 

diagnosis was documented for a beneficiary in any of the annual 

CCW records dating back to 1999 (but before the date of surgery), 

the beneficiary was identified as having this condition.

Social Determinants of Health

Beneficiary race was ascertained from the MBSF using the CMS 

imputation algorithm.15 Imputed race codes have been shown to 

have improved sensitivity in identifying minority race based on 

third-party survey data.16

Neighborhood deprivation using the ADI metric has been 

commonly implemented as a composite measure of key social 

determinants of health impacting patient outcomes.14 National 

2015 and 2019 ADI values were used to assess deprivation; 

beneficiaries who underwent surgery between 2008 and 2015 were 

assessed using 2015 values, and those with surgery between 2016 

and 2019 were assessed using 2019 values. Critiques of ADI have 

emerged regarding its lack of standardization, which may result 

in it being reduced to a weighted average of income and home 

values.17 These findings have implications regarding whether 

ADI underestimates deprivation associated with patients living 

in urban (as opposed to rural) regions given the differences in 

income and home values.18 Our risk-adjustment models include 

ADI along with sex, race, insurance status, admission urgency, 

and state of residence; we have found that after adjusting for 

these other social determinants of health, ADI remains a strong 

predictor of both early and late outcomes following cardiac 

surgery.19 Because our models include ADI with a range of additional 

social determinants of health, we believe the aforementioned 

limitations of ADI are mitigated, especially because we explicitly 

account for state-level effects.

Hospital Medicare CABG Volumes

Annual hospital CABG volumes among Medicare beneficiaries 

were determined using the hospital CMS certification number 

associated with ICD procedural codes for CABG. Hospital volume 

was included as a variable for risk adjustment because it has been 

previously associated with survival after CABG.20

TAKEAWAY POINTS

	› Multiple methodologies exist for determining patient comorbidities using Medicare data.

	› Comorbidity data derived from the Chronic Conditions segment of the Master Beneficiary 
Summary File have advantages over those derived from Hierarchical Condition Categories 
or Clinical Classifications Software algorithms, including enhanced temporal stability and 
stability across the transition from International Classification of Diseases, Ninth Revision to 
International Statistical Classification of Diseases, Tenth Revision.

	› The prevalence of comorbidities reported by the Chronic Conditions Data Warehouse is 
substantially higher for beneficiaries with a traditional Medicare plan (for which fee-for-
service data are available) than a Medicare Advantage plan (for which fee-for-service data 
are missing).

	› Analyses using Chronic Conditions Data Warehouse comorbidity data that fail to account for 
insurance status are subject to information bias that may compromise findings.
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Primary End Point

The primary end point was all-cause mortality. Vital status and date 

of death were determined from the MBSF.

Statistical Analysis

The prevalence rates of CCW-reported preexisting comorbidities 

among MA-enrolled and TM-enrolled beneficiaries were measured. 

Three survival analyses were undertaken to evaluate whether the 

prevalence of CCW-reported comorbidities could result in information 

bias affecting risk-adjusted survival estimates among MA-enrolled 

and TM-enrolled beneficiaries: (1) unadjusted; (2) risk-adjusted for 

demographics, social determinants of health, admission urgency, 

and hospital volume but not CCW-reported comorbidities; and 

(3) risk-adjusted for demographics, social determinants of health, 

admission urgency, hospital volume, and CCW-reported comorbidities.

Year-to-year trends in the distribution of beneficiary insurance 

status were evaluated using the Cochran-Armitage test. Overlap 

propensity score weighting was performed to risk adjust for 

imbalances between MA-enrolled and TM-enrolled beneficiary 

demographics, social determinants of health, dialysis dependence, 

admission urgency, year of surgery, hospital CABG volume, and, in 

the second weighted analysis only, CCW-reported comorbidities 

(eAppendix Methods).21,22 Between-group differences were evalu-

ated using standardized mean differences (SMDs) before and after 

risk adjustment.23 Survival probabilities were estimated using the 

Kaplan-Meier method before and after risk adjustment, and 95% CIs 

for risk-adjusted Kaplan-Meier analyses and risk-adjusted median 

survival estimates were obtained using a nonparametric bootstrap 

procedure; all survival estimates are reported together with 95% CIs 

in parentheses.24 Data management was conducted using SAS 9.4 

(SAS Institute Inc), and statistical analyses were conducted with 

Stata/MP 18.0 (StataCorp LLC).

RESULTS
A total of 1,520,533 Medicare beneficiaries with both Part A and Part B 

plans were identified by ICD procedural codes as having undergone 

CABG between 2008 and 2019, of whom 1,158,701 underwent isolated 

CABG and had suitable data for analysis (Figure 1). Of these, 335,080 

(28.9%) beneficiaries were MA enrolled and 823,621 (71.1%) were 

TM enrolled at the time of CABG. The percentage of MA-enrolled 

beneficiaries increased annually from 17.5% in 2008 to 38.3% in 2019 

(Cochran-Armitage test P < .001) (Figure 2). Median (IQR) follow-up 

was 6.12 (2.97-9.27) years. 

Compared with TM-enrolled beneficiaries, MA-enrolled benefi-

ciaries were less commonly White, more commonly Hispanic, more 

likely to reside in the Western US, less likely to be dialysis dependent, 

and more likely to have undergone CABG more recently in the study 

period (Table 1). Neighborhood disadvantage (assessed by ADI) 

was similar between MA-enrolled and TM-enrolled beneficiaries.

The prevalence of CCW-reported preoperative comorbidities was 

substantially higher in TM-enrolled (vs MA-enrolled) beneficiaries, 

with an average SMD of 0.431 among the 27 documented comorbidities 

(Table 1). For reference, the prevalence of CCW-reported chronic kidney 

disease (CKD) was more than triple in TM-enrolled compared with 

MA-enrolled beneficiaries (32.3% vs 10.5%; SMD, 0.554). However, the 

prevalence of dialysis dependence (a variable maintained separately 

by CMS in the MedPAR file, independent of comorbidity data) in 

TM-enrolled beneficiaries was only modestly different compared 

with that in MA-enrolled beneficiaries (4.6% vs 2.6%; SMD, 0.106).

FIGURE 1. Patient Selection Flow Diagram for the Derivation of 
the Study Cohort

CABG, coronary artery bypass grafting; ICD, International Classification of 
Diseases.

Medicare beneficiaries with Part A and Part B 
insurance hospitalized with ICD codes specific to 

CABG (2008-2019) (N = 1,520,533)

Medicare hospitalizations for CABG (with or 
without concomitant cardiac surgery) with 

complete data including insurance status and 
social determinants of health (n = 1,472,937)

Exclude beneficiaries with missing dual insurance variable 
(n = 2140)

Exclude beneficiaries missing 9-digit zip code data 
(n = 14,397)

Exclude beneficiaries with available 9-digit zip code data, 
but zip code data are without matching area deprivation 
index assessment (n = 31,059)

Exclude concomitant procedures (based on ICD codes) 
(n = 314,236)

•	 Aortic valve repair/replacement (n = 223,542)

•	 Mitral valve repair/replacement (n = 65,711)

•	 Tricuspid valve repair/replacement (n = 2341)

•	 Pulmonic valve repair/replacement (n = 117)

•	 Ascending/arch/descending aortic repair (n = 8855)

•	 Coronary artery anomaly or fistula repair (n = 2800)

•	 Atrial septal defect repair (n = 5573)

•	 Ventricular septal defect repair (n = 883)

•	 Ventricular aneurysmectomy (n = 2636)

•	 Septal myectomy (n = 203)

•	 Heart transplant, lung transplant, or heart-lung 
transplant (n = 198)

•	 Placement of durable mechanical circulatory support 
(n = 1377)

Medicare hospitalizations with complete data 
for beneficiaries undergoing isolated CABG 

by ICD codes (n = 1,158,701)
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The prevalence of dialysis dependence and most CCW-reported 

comorbidities changed modestly over time for both our TM-enrolled 

and MA-enrolled beneficiary cohorts, without a substantial change 

across the ICD-9 to ICD-10 transition (Table 2). Most CCW-reported 

comorbidities had a low-magnitude trend of increasing prevalence, 

including hypertension, hyperlipidemia, diabetes, anemia, history 

of myocardial infarction, atrial fibrillation, asthma, hypothyroidism, 

benign prostatic hypertrophy, rheumatoid arthritis/osteoarthritis, 

depression, and dementia/Alzheimer disease. Conversely, we noted 

low-magnitude trends of decreasing prevalence in the comorbidities 

ischemic heart disease, chronic obstructive pulmonary disease, 

osteoporosis, stroke/transient ischemic attack, cataract, breast 

cancer, colorectal cancer, and lung cancer. The only large-magnitude 

trend noted was an increase in the prevalence of CKD over the study 

duration, from 22.3% to 45.9% and 8.1% to 14.3% in TM-enrolled 

and MA-enrolled beneficiaries, respectively.

Unadjusted survival analysis demonstrated a clinically insignificant 

survival advantage for MA-enrolled vs TM-enrolled beneficiaries 

undergoing CABG: median survival difference, 32 (95% CI, 4-56) days 

(10.04 vs 9.95 years, respectively) (Figure 3 [A]). Risk adjustment was 

used to account for potential confounding variables (demographics, 

neighborhood deprivation, admission urgency, year of surgery, 

hospital volume, and dialysis dependence) but not CCW-reported 

comorbidities (Table 1); no difference in risk-adjusted survival was 

noted between MA-enrolled and TM-enrolled beneficiaries (weighted 

median survival difference, –15 [95% CI, –41 to 13] days; 10.00 vs 

10.05 years, respectively) (Figure 3 [B]). Risk adjustment was then 

repeated to also include CCW-reported comorbidities; this weighted 

analysis exhibited substantially reduced survival in MA-enrolled 

compared with TM-enrolled beneficiaries (median survival difference, 

–507 [95% CI, –538 to –466] days; 9.52 vs 10.91 years) (Figure 3 [C]). 

As a sensitivity analysis, separate univariate and multivariable 

Cox regression analyses of predictors of postoperative survival are 

provided for beneficiaries with a TM plan, those with an MA plan, 

and the entire cohort (eAppendix Table 3).

DISCUSSION
This analysis evaluated the prevalence of preexisting CCW-reported 

comorbidities and postoperative survival among a 100% sample of 

Medicare beneficiaries undergoing isolated CABG between 2008 

and 2019. We report several key findings. First, the prevalence of 

CCW-reported comorbidities was substantially lower for MA-enrolled 

beneficiaries compared with TM-enrolled beneficiaries. Second, 

despite differences in CCW-reported comorbidities, both unadjusted 

and risk-adjusted survival (when adjusted for demographics but not 

FIGURE 2. Annual Trends of Insurance Status in Medicare Beneficiaries Undergoing Isolated CABG

CABG, coronary artery bypass grafting; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Statistical Classification of Diseases, Tenth 
Revision.
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TABLE 1. Baseline Demographics, Comorbidities, and Procedural Characteristics of All Medicare Beneficiaries Undergoing Isolated CABG, Stratified by 
Insurance Statusa

Characteristics

Unweighted analysis
Weighted analysis, 

comorbidities not included
Weighted analysis, 

comorbidities included

TM plan
n = 823,621

MA plan
n = 335,080 SMD TM MA SMD TM MA SMD

Age in years, mean (SD) 71.3 (8.1) 72.0 (7.2) 0.087 71.8 71.8 0.000 71.4 71.4 0.000

Age group in years, n (%)

< 65 101,758 (12.4) 33,708 (10.1) 0.073 (10.3) (10.9) 0.019 (11.0) (13.3) 0.074

65-69 231,364 (28.1) 87,887 (26.2) 0.042 (27.6) (26.7) 0.019 (29.5) (25.8) 0.083

70-74 206,701 (25.1) 92,205 (27.5) 0.055 (26.6) (26.8) 0.006 (24.4) (26.2) 0.039

75-79 160,198 (19.5) 72,125 (21.5) 0.051 (20.8) (20.8) 0.000 (20.8) (20.2) 0.015

80-84 92,299 (11.2) 37,713 (11.3) 0.002 (11.2) (11.2) 0.000 (10.8) (11.1) 0.011

≥ 85 31,301 (3.8) 11,442 (3.4) 0.021 (3.5) (3.5) 0.000 (3.5) (3.4) 0.006

Male sex, n (%) 587,914 (71.4) 236,316 (70.5) 0.019 (70.9) (70.9) 0.000 (71.4) (71.4) 0.000

Race/ethnicity, n (%)

White (non-Hispanic) 687,185 (83.4) 258,902 (77.3) 0.156 (79.9) (79.9) 0.000 (78.8) (78.8) 0.000

Black (non-Hispanic) 53,754 (6.5) 26,344 (7.9) 0.052 (7.4) (7.4) 0.000 (8.3) (8.3) 0.000

Hispanic/Latino 47,874 (5.8) 34,945 (10.4) 0.170 (8.4) (8.4) 0.000 (8.6) (8.6) 0.000

AANHPI 16,507 (2.0) 8458 (2.5) 0.035 (2.4) (2.4) 0.000 (2.3) (2.3) 0.000

AIAN 5301 (0.6) 848 (0.3) 0.058 (0.3) (0.3) 0.000 (0.4) (0.4) 0.000

Other/unknown 13,000 (1.6) 5583 (1.7) 0.007 (1.7) (1.7) 0.000 (1.6) (1.6) 0.000

Insurance status, n (%)

TM plan 823,621 (100) 0 (0.0) b (100) (0.0) b (100) (0.0) b

MA plan 0 (0.0) 335,080 (100) b (0.0) (100) b (0.0) (100) b

Dual eligible (Medicare/Medicaid) 126,897 (15.4) 48,261 (14.4) 0.028 (14.6) (14.6) 0.000 (16.2) (16.2) 0.000

Location of residence (HHS region), n (%)

1 (HQ: Boston) 35,949 (4.4) 10,667 (3.2) 0.062 (3.5) (3.5) 0.000 (3.4) (3.4) 0.000

2 (HQ: New York) 62,647 (7.6) 32,011 (9.6) 0.070 (8.6) (8.7) 0.002 (8.8) (8.9) 0.002

3 (HQ: Philadelphia) 85,982 (10.4) 33,312 (9.9) 0.016 (9.7) (9.7) 0.000 (9.9) (9.9) 0.000

4 (HQ: Atlanta) 205,704 (25.0) 80,644 (24.1) 0.021 (24.8) (24.8) 0.000 (24.7) (24.7) 0.000

5 (HQ: Chicago) 145,179 (17.6) 63,302 (18.9) 0.033 (18.4) (18.4) 0.000 (20.0) (20.0) 0.000

6 (HQ: Dallas) 120,448 (14.6) 40,953 (12.2) 0.071 (13.2) (13.2) 0.000 (14.0) (14.0) 0.000

7 (HQ: Kansas City) 49,035 (6.0) 11,515 (3.4) 0.119 (4.0) (4.0) 0.000 (4.1) (4.1) 0.000

8 (HQ: Denver) 19,891 (2.4) 6640 (2.0) 0.030 (2.1) (2.1) 0.000 (2.2) (2.2) 0.000

9 (HQ: San Francisco) 72,032 (8.8) 42,548 (12.7) 0.128 (11.7) (11.7) 0.000 (9.5) (9.5) 0.000

10 (HQ: Seattle) 26,563 (3.2) 13,459 (4.0) 0.042 (3.9) (3.9) 0.000 (3.3) (3.3) 0.000

Neighborhood deprivation (ADI), mean (SD) 53.6 (26.9) 53.8 (26.7) 0.009 53.7 53.7 0.000 55.0 55.0 0.000

Neighborhood deprivation group, n (%)

ADI 1-20 (low deprivation) 115,545 (14.0) 45,490 (13.6) 0.013 (13.6) (13.7) 0.003 (12.6) (12.6) 0.002

ADI 21-40 (low-intermediate deprivation) 166,951 (20.3) 66,902 (20.0) 0.008 (20.2) (20.0) 0.004 (19.5) (19.4) 0.003

ADI 41-60 (intermediate deprivation) 186,645 (22.7) 78,831 (23.5) 0.021 (23.3) (23.5) 0.003 (23.1) (23.3) 0.003

ADI 61-80 (intermediate-high deprivation) 185,881 (22.6) 76,399 (22.8) 0.006 (22.9) (22.9) 0.000 (23.3) (23.3) 0.001

ADI 81-100 (high deprivation) 168,599 (20.5) 67,458 (20.1) 0.008 (20.1) (20.0) 0.002 (21.5) (21.4) 0.003

Admission urgency, n (%)

Elective 402,938 (48.9) 156,387 (46.7) 0.045 (47.4) (47.4) 0.000 (46.9) (46.9) 0.000

Urgent 195,221 (23.7) 78,379 (23.6) 0.007 (23.4) (23.4) 0.000 (22.9) (22.9) 0.000

Emergent 222,298 (27.0) 99,221 (29.6) 0.058 (28.9) (28.9) 0.000 (29.8) (29.8) 0.000

Other 3164 (0.4) 1093 (0.3) 0.010 (0.3) (0.3) 0.000 (0.4) (0.4) 0.000

(continued)
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TABLE 1. (Continued) Baseline Demographics, Comorbidities, and Procedural Characteristics of All Medicare Beneficiaries Undergoing Isolated CABG, 
Stratified by Insurance Statusa

Characteristics

Unweighted analysis
Weighted analysis, 

comorbidities not included
Weighted analysis, 

comorbidities included

TM plan
n = 823,621

MA plan
n = 335,080 SMD TM MA SMD TM MA SMD

Year of surgery, median (IQR)
2013 

(2010-2016)
2014 

(2011-2017)
0.293

2014 
(2011-
2017)

2014 
(2011-
2017)

0.000
2014 
(2011-
2017)

2014 
(2011-
2017)

0.000

Hospital annual Medicare CABG volume, 
mean (SD)

188 (133) 189 (132) 0.008 188 188 0.000 189 189 0.000

Dialysis dependence,c n (%) 37,919 (4.6) 8821 (2.6) 0.106 (3.1) (3.1) 0.000 (3.2) (3.2) 0.000

Preexisting comorbidities,d n (%)

Hypertension 711,621 (86.4) 150,202 (44.8) 0.973 (86.4) (45.4) 0.960 (69.9) (69.9) 0.000

Hyperlipidemia 679,638 (82.5) 138,671 (41.4) 0.935 (82.9) (41.9) 0.931 (66.0) (66.0) 0.000

Diabetes 407,697 (49.5) 92,479 (27.6) 0.462 (50.1) (27.8) 0.471 (41.6) (41.6) 0.000

Anemia 381,959 (46.4) 62,425 (18.6) 0.620 (46.8) (18.8) 0.626 (32.4) (32.4) 0.000

Ischemic heart disease 778,901 (94.6) 108,127 (32.3) 1.696 (94.3) (32.8) 1.675 (71.9) (71.9) 0.000

Prior myocardial infarction 133,344 (16.2) 10,657 (3.2) 0.451 (16.1) (3.2) 0.447 (7.8) (7.8) 0.000

Prior heart failure episode 296,544 (36.0) 33,902 (10.1) 0.646 (35.8) (10.4) 0.635 (21.6) (21.6) 0.000

Atrial fibrillation 99,611 (12.1) 10,669 (3.2) 0.340 (12.1) (3.3) 0.339 (6.6) (6.6) 0.000

Chronic kidney disease 266,255 (32.3) 35,014 (10.5) 0.554 (33.5) (10.6) 0.579 (19.9) (19.9) 0.000

COPD 215,492 (26.2) 33,014 (9.9) 0.434 (25.6) (10.2) 0.410 (18.4) (18.4) 0.000

Asthma 87,150 (10.6) 15,312 (4.6) 0.229 (10.8) (4.6) 0.235 (8.1) (8.1) 0.000

Hypothyroidism 151,139 (18.4) 25,378 (7.6) 0.325 (18.9) (7.6) 0.340 (12.9) (12.9) 0.000

Benign prostatic hypertrophy 197,024 (23.9) 32,089 (9.6) 0.391 (24.5) (9.7) 0.401 (16.2) (16.2) 0.000

Osteoarthritis/rheumatoid arthritis 370,543 (45.0) 65,726 (19.6) 0.564 (45.7) (19.9) 0.574 (32.8) (32.8) 0.000

Osteoporosis 69,771 (8.5) 10,298 (3.1) 0.233 (8.8) (3.1) 0.246 (5.4) (5.4) 0.000

Prior hip fracture 10,261 (1.3) 1273 (0.4) 0.097 (1.2) (0.4) 0.093 (0.7) (0.7) 0.000

Depression 194,986 (23.7) 38,891 (11.6) 0.321 (23.6) (11.8) 0.312 (19.0) (19.0) 0.000

Prior stroke/TIA 116,966 (14.2) 17,946 (5.4) 0.301 (14.2) (5.5) 0.297 (9.9) (9.9) 0.000

Dementia and/or history 
of Alzheimer disease

45,294 (5.5) 5597 (1.7) 0.207 (5.6) (1.7) 0.213 (3.3) (3.3) 0.000

Cataract 417,993 (50.8) 75,082 (22.4) 0.616 (50.8) (22.9) 0.606 (35.9) (35.9) 0.000

Glaucoma 137,091 (16.6) 24,885 (7.4) 0.286 (17.1) (7.5) 0.300 (11.8) (11.8) 0.000

History of any cancer 99,026 (12.0) 16,715 (5.0) 0.254 (12.2) (5.0) 0.260 (8.2) (8.2) 0.001

History of breast cancer 16,694 (2.0) 3021 (0.9) 0.094 (2.1) (0.9) 0.101 (1.4) (1.4) 0.000

History of colorectal cancer 18,037 (2.2) 2844 (0.9) 0.110 (2.2) (0.9) 0.107 (1.5) (1.5) 0.000

History of prostate cancer 58,261 (7.1) 9958 (3.0) 0.189 (7.2) (3.0) 0.194 (4.8) (4.8) 0.000

History of lung cancer 8171 (1.0) 1009 (0.3) 0.086 (1.0) (0.3) 0.084 (0.6) (0.6) 0.000

History of endometrial cancer 3171 (0.4) 517 (0.2) 0.045 (0.4) (0.2) 0.048 (0.3) (0.3) 0.000

AANHPI, Asian American, Native Hawaiian, and Pacific Islander; ADI, Area Deprivation Index; AIAN, American Indian and Alaska Native; CABG, coronary artery 
bypass grafting; COPD, chronic obstructive pulmonary disease; HQ, headquarters; MA, Medicare Advantage; SMD, standardized mean difference between cohorts 
following overlap weighting; TIA, transient ischemic attack; TM, traditional Medicare.
aDistribution of these variables before and after 2 overlap weighting analyses are shown. Values are presented as mean (SD), median (IQR), or n (%), as appropriate, 
in the unweighted columns and as mean or (%) in the weighted columns.
bSMD unable to be calculated.
cDialysis-dependence data obtained from the Medicare Provider Analysis and Review file.
dPreexisting comorbidity data obtained from the Chronic Conditions segment of the Master Beneficiary Summary File.
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comorbidities) were similar between MA-enrolled and TM-enrolled 

beneficiaries. Third, when CCW-reported comorbidities were included 

in risk adjustment, MA-enrolled beneficiaries exhibited significantly 

lower survival compared with their TM-enrolled counterparts.

Although our analysis focused on evaluating CCW-derived 

comorbidity data, it is important to recognize that researchers using 

CMS claims can choose between several methodologies to identify 

preexisting comorbidities and/or risk adjust their analyses, including 

the HCC and CCS constructs described previously. CCW-reported 

comorbidities, although available only through purchase, offer 

several features that enhance their utility in research applications. 

These include standardized formatting that eliminates the need 

for researchers to independently implement coding algorithms, 

documentation of the initial date of diagnosis, and the incorporation 

TABLE 2. Prevalence of Reported Comorbidities From the Chronic Conditions Warehouse in Medicare Beneficiaries Undergoing Isolated CABG, Stratified by Insurance 
Type (TM Plan vs MA Plan) at the Time of Surgery, Sorted by HR for Death Derived From Cox Multivariable Regression Model of Predictors of Mortalitya

Comorbidities HR

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TM MA TM MA TM MA TM MA TM MA TM MA TM MA TM MA TM MA TM MA TM MA TM MA

Dialysis dependent 
(from MedPAR file)

4.34 3.6 2.0 4.2 2.2 4.3 2.3 4.6 2.4 4.7 2.6 4.9 2.7 4.9 2.6 5.0 2.9 5.0 2.8 5.0 2.9 5.1 2.9 4.7 2.8

Lung cancer 1.65 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 0.3 0.9 0.3 0.9 0.3 0.9 0.2

COPD 1.47 26.4 10.9 26.8 10.5 26.9 10.4 27.0 9.7 26.8 9.8 26.7 10.1 26.3 9.7 26.0 9.7 25.5 9.5 25.6 9.5 25.1 9.6 23.9 9.5

Prior heart failure 
episode

1.36 35.9 12.6 36.1 11.6 36.1 11.1 36.3 10.5 36.4 9.9 36.2 10.1 36.2 10.1 35.8 9.6 35.5 9.9 35.9 9.4 36.1 9.2 35.5 9.1

Diabetes 1.32 45.4 25.7 46.6 26.3 47.3 25.0 48.7 26.4 49.6 26.7 50.2 27.5 51.2 27.7 51.2 28.4 52.0 28.7 51.8 28.6 52.0 28.8 51.4 28.8

Chronic kidney 
disease

1.27 22.3 8.1 24.0 7.7 25.9 8.0 27.4 8.1 29.1 8.3 30.0 8.8 31.3 9.7 33.2 10.4 40.0 11.2 43.5 12.4 44.9 13.7 45.9 14.3

Prior hip fracture 1.27 1.3 0.5 1.3 0.4 1.3 0.4 1.3 0.4 1.3 0.4 1.2 0.4 1.3 0.4 1.2 0.3 1.2 0.4 1.2 0.4 1.1 0.3 1.2 0.4

Atrial fibrillation 1.25 11.2 3.5 11.4 3.6 11.9 3.5 11.8 3.1 12.3 3.3 12.1 3.1 12.4 3.2 12.6 3.1 12.2 3.0 12.5 2.9 12.8 3.2 12.7 3.0

Prior stroke/TIA 1.19 14.4 6.0 14.6 5.9 14.6 5.8 14.5 5.5 14.8 5.4 14.3 5.5 14.2 5.5 14.2 5.3 13.7 5.1 13.7 5.2 13.5 4.9 13.3 4.9

Dementia/
Alzheimer disease

1.16 5.2 1.8 5.4 1.7 5.4 1.7 5.6 1.5 5.7 1.5 5.4 1.8 5.2 1.6 5.4 1.8 5.7 1.7 5.8 1.6 5.7 1.7 5.7 1.6

Colorectal cancer 1.15 2.4 1.1 2.3 1.0 2.3 1.0 2.3 1.0 2.3 0.8 2.2 0.8 2.1 0.8 2.2 0.7 2.1 0.8 2.1 0.8 2.0 0.8 1.9 0.7

Endometrial 
cancer

1.13 0.4 0.2 0.3 0.1 0.4 0.1 0.3 0.2 0.4 0.2 0.4 0.2 0.4 0.2 0.4 0.1 0.4 0.2 0.4 0.1 0.4 0.1 0.4 0.2

Depression 1.10 19.5 9.0 20.7 9.8 21.3 10.2 22.8 10.3 23.6 10.4 23.8 10.6 24.6 11.4 25.4 11.9 26.1 12.3 26.5 12.9 26.5 13.6 26.7 13.6

Anemia 1.08 43.3 18.4 44.8 18.3 46.1 18.4 47.0 18.4 47.5 18.2 47.3 18.3 47.7 18.7 47.5 19.0 47.1 19.1 47.1 19.0 46.5 18.7 46.2 18.6

Hypertension 1.07 85.0 44.8 85.3 45.0 85.9 44.2 86.0 44.2 86.2 44.3 86.6 44.3 86.7 45.1 87.2 45.1 87.3 45.0 87.4 45.3 87.2 44.9 87.2 45.0

Breast cancer 1.05 2.1 1.0 2.1 0.9 2.0 0.9 2.1 0.9 2.0 0.8 2.1 0.9 2.0 0.9 2.1 0.9 2.1 1.0 1.9 1.0 2.0 0.8 1.9 0.8

Ischemic heart 
disease

1.03 95.1 36.2 94.7 34.6 94.9 34.0 93.8 33.1 94.4 32.1 94.8 32.2 94.7 32.3 94.5 32.1 94.7 31.5 94.3 31.5 94.5 31.3 94.2 29.6

Prior myocardial 
infarction

1.03 14.7 4.3 14.7 3.0 15.0 3.1 15.6 2.8 15.9 3.0 16.6 3.1 16.6 3.1 17.1 3.3 17.3 3.1 17.6 3.2 17.2 3.4 17.4 3.1

Prostate cancer 1.01 7.1 3.2 6.9 3.4 7.2 3.2 7.0 3.3 7.1 3.1 7.1 2.8 7.1 3.0 7.0 2.9 7.0 2.7 7.2 2.8 7.0 2.9 7.3 2.8

Asthma 0.94 9.5 4.2 10.0 4.2 9.8 4.3 10.4 4.3 11.0 4.4 10.8 4.5 10.9 4.4 11.2 4.6 11.2 4.8 11.2 4.9 10.8 4.8 10.7 4.9

Osteoporosis 0.94 8.9 3.3 9.1 3.3 9.1 3.3 9.2 3.1 8.9 3.1 8.7 3.3 8.6 3.2 8.2 3.1 7.9 3.0 7.7 3.1 7.4 2.8 7.3 2.7

Glaucoma 0.94 16.5 7.6 16.8 7.7 17.0 7.5 17.0 7.3 16.8 7.7 16.9 7.3 16.7 7.6 16.8 7.7 16.4 7.3 16.3 7.2 16.2 7.3 16.3 7.1

Hypothyroidism 0.93 16.2 7.1 16.7 7.2 17.2 7.2 18.0 7.0 18.3 7.4 18.6 7.2 19.0 7.8 19.3 7.7 19.7 7.9 19.7 7.8 19.5 8.0 19.7 7.9

Cataract 0.92 52.7 24.7 52.4 25.1 52.4 24.0 51.7 23.7 51.1 22.8 50.4 22.4 49.9 23.1 50.0 22.4 49.6 21.5 49.4 21.4 48.8 20.5 48.7 20.3

Osteoarthritis/
rheumatoid 
arthritis

0.91 41.3 18.8 42.5 19.4 43.2 18.9 43.9 18.7 44.5 18.9 44.6 19.3 45.3 19.5 46.2 19.5 46.8 19.8 47.7 20.2 48.1 20.3 49.0 20.7

Benign prostatic 
hypertrophy

0.90 22.2 9.4 22.4 9.6 23.0 9.7 23.3 9.3 23.2 9.2 23.9 9.7 24.3 9.8 24.4 9.3 24.9 9.6 25.0 9.6 25.9 9.8 26.2 9.7

Hyperlipidemia 0.79 79.6 39.9 80.4 40.8 81.5 40.7 82.0 40.7 82.3 40.4 82.9 41.0 83.1 41.9 83.5 42.2 83.9 41.8 84.1 42.2 84.3 42.1 84.7 41.4

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; MA, Medicare Advantage; MedPAR, Medicare Provider Analysis and Review; TIA, transient 
ischemic attack; TM, traditional Medicare.
aPreexisting comorbidity data were obtained from the Chronic Conditions segment of the Master Beneficiary Summary File. Diagnoses sorted by HR for death derived from Cox 
multivariable regression model of predictors of mortality (eAppendix Table 3).
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FIGURE 3. Post-CABG Survival Estimates for Medicare Beneficiaries

(continued)

A. Post-CABG survival estimates for Medicare beneficiaries, stratified by insurance status, unadjusted analysis

B. Post-CABG survival estimates for Medicare beneficiaries, stratified by insurance status, risk adjusted by covariates excluding CCW-reported comorbidities
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of fee-for-service claims, all of which improve both the sensitivity 

and specificity of reported diagnoses. Perhaps most notably, owing 

to their use of fee-for-service data, CCW-reported comorbidities 

remained stable across the ICD-9 to ICD-10 transition, a key advan-

tage in longitudinal analyses.9-11 For these reasons, CCW-reported 

comorbidities are often considered the gold standard for comorbidity 

identification in studies using administrative claims.11

As described in a CCW white paper, our findings are an expected 

consequence of the methodology used to derive CCW-reported 

comorbidities, which rely in part on fee-for-service claims (data that 

are not available for MA-enrolled beneficiaries).25 Our findings of 

improved risk-adjusted post-CABG survival in TM-enrolled beneficia-

ries (Figure 3 [C]) may appear counterintuitive, particularly in light 

of prior analyses demonstrating a higher prevalence of documented 

comorbidities among MA-enrolled beneficiaries when using alterna-

tive methodologies.26 Additionally, the well-documented practice of 

MA organizations upcoding diagnoses to enhance reimbursement 

may lead to an expectation that documented comorbidity burdens 

should appear higher among MA-enrolled beneficiaries.27 However, 

these expectations overlook the critical influence of data source 

and methodology on the apparent prevalence of comorbidities in 

administrative claims.

For example, data from the MedPAR file are derived from inpatient 

claims submitted directly by hospitals to Medicare Administrative 

Contractors, regardless of beneficiary insurance status. As such, 

researchers should expect minimal differences in MedPAR data 

between MA- and TM-enrolled beneficiaries. In contrast, data 

submitted by MA organizations for reimbursement purposes 

(through the CMS Risk Adjustment Processing System) as well 

as MA encounter data (which include separate files for inpatient 

and health care provider claims submitted by MA organizations 

as required by CMS since 2012) may be vulnerable to diagnosis 

upcoding and other documentation discrepancies.28 Accordingly, 

data submitted to CMS by MA organizations require careful valida-

tion prior to integration with fee-for-service claims or other data 

submitted directly to CMS by hospitals or health care providers.29

Interestingly, despite the substantial differences in CCW-reported 

comorbidity burdens among the MA- and TM-enrolled beneficia-

ries, we noted slow increases in the prevalence of most reported 

comorbidities over the decade-long study period, regardless of 

insurance status. The only substantial change in CCW-reported 

comorbidity prevalence over time was the increase in CKD, which 

we hypothesize is related to the improved ability of electronic 

health records to capture early-stage CKD. This is consistent with 

FIGURE 3. (Continued) Post-CABG Survival Estimates for Medicare Beneficiaries

CABG, coronary artery bypass grafting; CCW, Chronic Conditions Data Warehouse. 

C. Post-CABG survival estimates for Medicare beneficiaries, stratified by insurance status, risk adjusted by covariates including CCW-reported comorbidities

1-year

5-year

10-year

12-year

93.0%

79.1%

54.6%

44.5%10.91 years

91.6%

74.0%

47.6%

37.7%

9.52 years

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Su
rv

iv
al

 (%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Survival after isolated CABG in Medicare beneficiaries, stratified by insurance
status (2008-2019), risk-adjusted analysis (with CCW-reported comorbidity data)

Time since surgery (years)

Medicare Advantage plan, risk-adjusted (with CCW-reported comorbidities) 95% CI

Traditional Medicare plan, risk-adjusted (with CCW-reported comorbidities) 95% CI



VOL. 31, NO. 11    e345THE AMERICAN JOURNAL OF MANAGED CARE

Chronic Conditions Data Warehouse Comorbidities: Insurance Differences

national data showing a stable age-adjusted prevalence of CKD, 

despite rising rates of end-stage kidney disease requiring dialysis 

or transplantation.30,31

Despite our described differences in CCW-reported comorbidities at 

the time of CABG, we suspect that MA- and TM-enrolled beneficiaries 

undergoing CABG have a similar (or at least more closely balanced) 

burden of chronic disease. The results of our survival analyses 

support this hypothesis. Our unweighted survival analysis identified 

a statistically significant but clinically minimal post-CABG survival 

advantage for MA-enrolled compared with TM-enrolled beneficiaries 

(Figure 3 [A]). We then adjusted for beneficiary demographics, social 

determinants of health, dialysis dependence, admission urgency, 

year of surgery, and hospital CABG volume due to previous reports 

suggesting important demographic and geographic differences 

among beneficiaries electing to enroll in MA vs TM.32 After adjusting 

for these confounding variables, post-CABG survival was equivalent 

between MA- and TM-enrolled beneficiaries (Figure 3 [B]). Only 

with the additional adjustment of CCW-reported comorbidities did 

we identify a difference in median survival between the 2 groups.

Our hypothesis is supported by several recent reports. Oseran et 

al compared MA- and TM-enrolled beneficiaries who participated in 

the National Health and Nutrition Examination Survey and found 

that when using objective physical exam and laboratory data to 

ascertain diagnoses, the prevalence rates of comorbidities were 

largely similar between groups.12 Second, prospectively collected 

registry data from the Society of Thoracic Surgeons Adult Cardiac 

Surgery Database (STS-ACSD), cross-linked to CMS over a similar 

time frame as our study, demonstrate a prevalence of comorbidities 

similar to CCW-derived comorbidities in our TM-enrolled cohort, but 

in sharp contrast to that of our MA-enrolled cohort.33 For example, the 

STS-ACSD reported incidence rates of diabetes (45%), hypertension 

(90%), chronic lung disease (27%), and cerebrovascular disease (22%) 

are more similar to CCW-derived comorbidities in the TM-enrolled 

vs MA-enrolled beneficiaries included in our study (Table 1).

Limitations

Our study is subject to several limitations inherent to retrospec-

tive analyses of administrative claims, including susceptibility 

to unmeasured confounding, selection bias related to our cohort 

of only Medicare beneficiaries undergoing CABG, and our use of 

administrative claims to account for beneficiary comorbidities and 

procedural characteristics. Given our focus on CABG recipients, 

our findings may not be generalizable to other cohorts of Medicare 

beneficiaries; however, we can think of no apparent reason our 

findings would be limited only to the cohort under study. We lack 

a true gold standard for adjudicating the actual prevalence of 

comorbidities in our study population. However, CCW-reported 

comorbidities have been extensively validated over time and 

across the ICD-9 to ICD-10 transition, are regarded as having the 

highest sensitivity and specificity among claims-based comorbidity 

methodologies, and closely resemble clinical data of Medicare 

beneficiaries documented in the STS database.9,12,34,35

CONCLUSIONS
Large-scale retrospective analyses of Medicare claims require meticulous 

study design, including thoughtful cohort selection and appropriate 

risk adjustment. Our findings demonstrate that CCW-reported comor-

bidities can systematically underestimate disease burden among 

MA-enrolled beneficiaries, leading to distorted risk-adjusted survival 

estimates when both MA- and TM-enrolled populations are analyzed 

concurrently. We suggest that the observed 507-day median survival 

advantage for TM-enrolled beneficiaries undergoing CABG reflects the 

magnitude of bias that may be introduced by differential comorbidity 

capture between insurance types. We recommend restricting analyses 

using CCW-reported comorbidity data to TM-enrolled beneficiaries. 

Although CMS has begun releasing MA encounter data for health 

care provider–submitted claims (akin to fee-for-service claims for 

TM-enrolled beneficiaries), it remains to be seen whether these 

data will be suitable for comorbidity determination in analyses that 

include both MA- and TM-enrolled beneficiaries.36 n
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eAppendix Table 1. List of International Classification of Diseases, Ninth Revision (ICD-9) and 

International Classification of Disease, Tenth Revision (ICD-10) codes for coronary artery 

bypass grafting (CABG) used to identify Medicare beneficiary hospitalizations during which 

CABG was performed. 

ICD Version ICD Code ICD Interpretation 

ICD-9 36.10 aortocoronary bypass, not otherwise specified 

ICD-9 36.11 aortocoronary bypass of 1 coronary artery 

ICD-9 36.12 aortocoronary bypass of 2 coronary arteries 

ICD-9 36.13 aortocoronary bypass of 3 coronary arteries 

ICD-9 36.14 aortocoronary bypass of 4 or more coronary arteries 

ICD-9 36.15 single internal mammary-coronary artery bypass 

ICD-9 36.16 double internal mammary-coronary artery bypass 

ICD-9 36.17 abdominal-coronary artery bypass (e.g., gastroepiploic) 

ICD-9 36.19 other bypass for heart revascularization 

ICD-9 36.2 heart revascularization by arterial implant 

ICD-10 0210093 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; 

coronary artery 

ICD-10 0210098 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; internal 

mammary, right 

ICD-10 0210099 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; internal 

mammary, left 

ICD-10 021009C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; 

thoracic artery 

ICD-10 021009F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; 

abdominal artery 

ICD-10 021009W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous venous tissue; aorta 

ICD-10 02100A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; 

coronary artery 

ICD-10 02100A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; internal 

mammary, right 

ICD-10 02100A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; internal 

mammary, left 



ICD-10 02100AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; 

thoracic artery 

ICD-10 02100AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; 

abdominal artery 

ICD-10 02100AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; autologous arterial tissue; aorta 

ICD-10 02100Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; no device; coronary artery 

ICD-10 02100Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; no device; internal mammary, 

right 

ICD-10 02100Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; no device; internal mammary, left 

ICD-10 02100ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; no device; thoracic artery 

ICD-10 02100ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; open; no device; abdominal artery 

ICD-10 0210493 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; coronary artery 

ICD-10 0210498 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; internal mammary, right 

ICD-10 0210499 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; internal mammary, left 

ICD-10 021049C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; thoracic artery 

ICD-10 021049F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; abdominal artery 

ICD-10 021049W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

venous tissue; aorta 

ICD-10 02104A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; coronary artery 

ICD-10 02104A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; internal mammary, right 

ICD-10 02104A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; internal mammary, left 



ICD-10 02104AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; thoracic artery 

ICD-10 02104AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; abdominal artery 

ICD-10 02104AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; autologous 

arterial tissue; aorta 

ICD-10 02104Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; no device; 

coronary artery 

ICD-10 02104Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; no device; 

internal mammary, right 

ICD-10 02104Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; no device; 

internal mammary, left 

ICD-10 02104ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; no device; 

thoracic artery 

ICD-10 02104ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, one artery; percutaneous endoscopic; no device; 

abdominal artery 

ICD-10 0211093 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; 

coronary artery 

ICD-10 0211098 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; 

internal mammary, right 

ICD-10 0211099 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; 

internal mammary, left 

ICD-10 021109C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; 

thoracic artery 

ICD-10 021109F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; 

abdominal artery 

ICD-10 021109W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous venous tissue; aorta 

ICD-10 02110A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; 

coronary artery 



ICD-10 02110A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; 

internal mammary, right 

ICD-10 02110A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; 

internal mammary, left 

ICD-10 02110AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; 

thoracic artery 

ICD-10 02110AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; 

abdominal artery 

ICD-10 0211AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; autologous arterial tissue; aorta 

ICD-10 02110Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; no device; coronary artery 

ICD-10 02110Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; no device; internal mammary, 

right 

ICD-10 02110Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; no device; internal mammary, 

left 

ICD-10 02110ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; no device; thoracic artery 

ICD-10 02110ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; open; no device; abdominal artery 

ICD-10 0211493 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; coronary artery 

ICD-10 0211498 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; internal mammary, right 

ICD-10 0211499 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; internal mammary, left 

ICD-10 021149C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; thoracic artery 

ICD-10 021149F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; abdominal artery 

ICD-10 021149W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

venous tissue; aorta 



ICD-10 02114A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; coronary artery 

ICD-10 02114A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; internal mammary, right 

ICD-10 02114A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; internal mammary, left 

ICD-10 02114AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; thoracic artery 

ICD-10 02114AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; abdominal artery 

ICD-10 02114AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; autologous 

arterial tissue; aorta 

ICD-10 02114Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; no device; 

coronary artery 

ICD-10 02114Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; no device; 

internal mammary, right 

ICD-10 02114Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; no device; 

internal mammary, left 

ICD-10 02114ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; no device; 

thoracic artery 

ICD-10 02114ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, two arteries; percutaneous endoscopic; no device; 

abdominal artery 

ICD-10 0212093 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

coronary artery 

ICD-10 0212098 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

internal mammary, right 

ICD-10 0212099 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

internal mammary, left 

ICD-10 021209C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

thoracic artery 



ICD-10 021209F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

abdominal artery 

ICD-10 021209W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous venous tissue; 

aorta 

ICD-10 02120A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

coronary artery 

ICD-10 02120A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

internal mammary, right 

ICD-10 02120A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

internal mammary, left 

ICD-10 02120AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

thoracic artery 

ICD-10 02120AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

abdominal artery 

ICD-10 0212AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; autologous arterial tissue; 

aorta 

ICD-10 02120Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; no device; coronary artery 

ICD-10 02120Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; no device; internal mammary, 

right 

ICD-10 02120Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; no device; internal mammary, 

left 

ICD-10 02120ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; no device; thoracic artery 

ICD-10 02120ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; open; no device; abdominal artery 

ICD-10 0212493 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; coronary artery 

ICD-10 0212498 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; internal mammary, right 

ICD-10 0212499 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; internal mammary, left 



ICD-10 021249C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; thoracic artery 

ICD-10 021249F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; abdominal artery 

ICD-10 021249W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous venous tissue; aorta 

ICD-10 02124A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; coronary artery 

ICD-10 02124A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; internal mammary, right 

ICD-10 02124A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; internal mammary, left 

ICD-10 02124AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; thoracic artery 

ICD-10 02124AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; abdominal artery 

ICD-10 02124AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; 

autologous arterial tissue; aorta 

ICD-10 02124Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; no device; 

coronary artery 

ICD-10 02124Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; no device; 

internal mammary, right 

ICD-10 02124Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; no device; 

internal mammary, left 

ICD-10 02124ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; no device; 

thoracic artery 

ICD-10 02124ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, three arteries; percutaneous endoscopic; no device; 

abdominal artery 

ICD-10 0213093 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; coronary artery 



ICD-10 0213098 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; internal mammary, right 

ICD-10 0213099 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; internal mammary, left 

ICD-10 021309C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; thoracic artery 

ICD-10 021309F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; abdominal artery 

ICD-10 021309W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous venous 

tissue; aorta 

ICD-10 02130A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; coronary artery 

ICD-10 02130A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; internal mammary, right 

ICD-10 02130A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; internal mammary, left 

ICD-10 02130AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; thoracic artery 

ICD-10 02130AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; abdominal artery 

ICD-10 0213AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; autologous arterial 

tissue; aorta 

ICD-10 02130Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; no device; coronary 

artery 

ICD-10 02130Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; no device; internal 

mammary, right 

ICD-10 02130Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; no device; internal 

mammary, left 

ICD-10 02130ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; no device; thoracic 

artery 



ICD-10 02130ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; open; no device; abdominal 

artery 

ICD-10 0213493 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; coronary artery 

ICD-10 0213498 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; internal mammary, right 

ICD-10 0213499 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; internal mammary, left 

ICD-10 021349C Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; thoracic artery 

ICD-10 021349F Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; abdominal artery 

ICD-10 021349W Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous venous tissue; aorta 

ICD-10 02134A3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; coronary artery 

ICD-10 02134A8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; internal mammary, right 

ICD-10 02134A9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; internal mammary, left 

ICD-10 02134AC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; thoracic artery 

ICD-10 02134AF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; abdominal artery 

ICD-10 02134AW Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; 

autologous arterial tissue; aorta 

ICD-10 02134Z3 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; no 

device; coronary artery 

ICD-10 02134Z8 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; no 

device; internal mammary, right 



ICD-10 02134Z9 Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; no 

device; internal mammary, left 

ICD-10 02134ZC Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; no 

device; thoracic artery 

ICD-10 02134ZF Med/Surg; Heart and great vessels; Bypass; Coronary 

artery, four or more arteries; percutaneous endoscopic; no 

device; abdominal artery 



eAppendix Table 2. List of International Classification of Diseases, Ninth Revision (ICD-9) and 

International Classification of Disease, Tenth Revision (ICD-10) codes for other, non-CABG 

cardiac surgery, interpreted in this study as concomitant cardiac surgery (CCS). 

ICD Version ICD Code ICD Interpretation 

ICD-9 35.52 Repair Of Atrial Septal Defect With Prosthesis; Closed Technique 

ICD-9 35.61 Repair Of Atrial Septal Defect With Tissue Graft 

ICD-9 35.71 Other And Unspecified Repair Of Atrial Septal Defect 

ICD-9 35.53 Repair Of Ventricular Septal Defect With Prosthesis; Closed 

Technique 

ICD-9 35.62 Repair Of Ventricular Septal Defect With Tissue Graft 

ICD-9 35.72 Other And Unspecified Repair of Ventricular Septal Defect 

ICD-9 37.32 Excision Of Aneurysm Of Heart 

ICD-9 37.35 Partial Ventriculectomy 

ICD-9 36.09 Other Removal Of Coronary Artery Obstruction 

ICD-9 36.91 Repair Of Aneurysm Of Coronary Vessel 

ICD-9 36.99 Other Operations On Vessel Of Heart 

ICD-9 35.13 Open Heart Valvuloplasty Of Pulmonary Valve Without 

Replacement 

ICD-9 35.25 Open And Other Replacement Of Pulmonary Valve With Tissue 

Graft 

ICD-9 35.26 Open And Other Replacement Of Pulmonary Valve 

ICD-9 35.11 Open Heart Valvuloplasty Of Aortic Valve Without Replacement 

ICD-9 35.21 Open And Other Replacement Of Aortic Valve With Tissue Graft 

ICD-9 35.22 Other Replacement Of Aortic Valve With Tissue Graft 

ICD-9 35.12 Open Heart Valvuloplasty Of Mitral Valve Without Replacement 

ICD-9 35.23 Open And Other Replacement Of Mitral Valve With Tissue Graft 

ICD-9 35.24 Open And Other Replacement Of Mitral Valve 

ICD-9 35.14 Open Heart Valvuloplasty Of Tricuspid Valve Without Replacement 

ICD-9 35.27 Open And Other Replacement Of Tricuspid Valve With Tissue Graft 

ICD-9 35.28 Open And Other Replacement Of Tricuspid Valve 

ICD-9 35.05 Endovascular Replacement Of Aortic Valve 

ICD-9 35.06 Transapical Replacement Of Aortic Valve 

ICD-9 35.97 Percutaneous Mitral Valve Repair With Implant 

ICD-9 35.09 Endovascular Replacement Of Unspecified Heart Valve 

ICD-9 39.73 Endovascular Implantation Of Graft In Thoracic Aorta 

ICD-9 39.71 Endovascular Implantation Of Graft In Abdominal Aorta 

ICD-9 38.05 Incision Of Vessels, Other Thoracic Vessels 

ICD-9 38.35 Resection Of Vessel With Anastomosis, Other Thoracic Vessels 



ICD-9 38.45 Resection Of Vessel With Replacement, Other Thoracic Vessels 

ICD-9 38.04 Incision Of Vessels, Aorta 

ICD-9 38.34 Resection Of Vessel With Anastomosis, Aorta 

ICD-9 38.44 Resection Of Vessel With Replacement, Aorta 

ICD-9 37.5 Heart Transplantation 

ICD-9 37.51 Heart Transplantation 

ICD-9 33.51 Unilateral Lung Transplant 

ICD-9 33.52 Bilateral Lung Transplant 

ICD-9 37.6 Implantation Of Heart And Circulatory Assist System(s) 

ICD-9 37.66 Implant Of An Implantable, Pulsatile Heart Assist System 

ICD-9 37.52 Implantation Of Total Internal Biventricular Heart Replacement 

System 

ICD-10 02Q50** Repair Atrial Septum; Open Approach 

ICD-10 02Q54** Repair Atrial Septum; Percutaneous Endoscopic Approach 

ICD-10 02R50** Replacement of Atrial Septum; Open Approach 

ICD-10 02R54** Replacement of Atrial Septum; Percutaneous Endoscopic Approach 

ICD-10 02U50** Supplement Atrial Septum; Open Approach 

ICD-10 02U54** Supplement Atrial Septum; Percutaneous Endoscopic Approach 

ICD-10 02W50** Revision of Synthetic Substitute in Atrial Septum; Open Approach 

ICD-10 02W54** Revision of Synthetic Substitute in Atrial Septum; Percutaneous 

Endoscopic Approach 

ICD-10 02QM0** Repair Ventricular Septum; Open Approach 

ICD-10 02QM4** Repair Ventricular Septum; Percutaneous Endoscopic Approach 

ICD-10 02RM0** Replacement of Ventricular Septum; Open Approach 

ICD-10 02RM4** Replacement of Ventricular Septum; Percutaneous Endoscopic 

Approach 

ICD-10 02UM0** Supplement Ventricular Septum; Open Approach 

ICD-10 02UM4** Supplement Ventricular Septum; Percutaneous Endoscopic 

Approach 

ICD-10 02WM0** Revision of Synthetic Substitute in Ventricular Septum; Open 

Approach 

ICD-10 02WM4** Revision of Synthetic Substitute in Ventricular Septum; 

Percutaneous Endoscopic Approach 

ICD-10 025L0** Destruction of Left Ventricle; Open Approach 

ICD-10 025L4** Destruction of Left Ventricle; Percutaneous Endoscopic Approach 

ICD-10 02BL0** Excision of Left Ventricle; Open Approach 

ICD-10 02BL4** Excision of Left Ventricle; Percutaneous Endoscopic Approach 

ICD-10 02CL0** Extirpation of Matter from Left Ventricle; Open Approach 

ICD-10 02CL4** Extirpation of Matter from Left Ventricle; Percutaneous Endoscopic 

Approach 

ICD-10 02QL0** Repair Left Ventricle; Open Approach 

ICD-10 02QL4** Repair Left Ventricle; Percutaneous Endoscopic Approach 



ICD-10 02RL0** Replacement of Left Ventricle; Open Approach 

ICD-10 02RL4** Replacement of Left Ventricle; Percutaneous Endoscopic Approach 

ICD-10 02UL0** Supplement Left Ventricle; Open Approach 

ICD-10 02UL4** Supplement Left Ventricle; Percutaneous Endoscopic Approach 

ICD-10 025M0** Destruction of Ventricular Septum; Open Approach 

ICD-10 025M4** Destruction of Ventricular Septum; Percutaneous Endoscopic 

Approach 

ICD-10 02BM0** Excision of Ventricular Septum; Open Approach 

ICD-10 02BM4** Excision of Ventricular Septum; Percutaneous Endoscopic Approach 

ICD-10 02CM0** Extirpation of Matter from Ventricular Septum; Open Approach 

ICD-10 02CM4** Extirpation of Matter from Ventricular Septum; Percutaneous 

Endoscopic Approach 

ICD-10 02NM0** Release Ventricular Septum; Open Approach 

ICD-10 02NM4** Release Ventricular Septum; Percutaneous Endoscopic Approach 

ICD-10 02TM0** Resection of Ventricular Septum; Open Approach 

ICD-10 02TM4** Resection of Ventricular Septum; Percutaneous Endoscopic 

Approach 

ICD-10 02700** Dilation of Coronary Artery; One Artery; Intraluminal Device; 

Drug-eluting; Open Approach 

ICD-10 02C00** Extirpation of Matter from Coronary Artery; One Artery; Open 

Approach 

ICD-10 02U00** Supplement Coronary Artery; One Artery with Tissue or synthetic 

Substitute; Open Approach 

ICD-10 02710** Dilation of Coronary Artery; Two Arteries; Intraluminal Device; 

Drug-eluting; Open Approach 

ICD-10 02C10** Extirpation of Matter from Coronary Artery; Two Arteries; Open 

Approach 

ICD-10 02U10** Supplement Coronary Artery; Two Arteries with Tissue or synthetic 

Substitute; Open Approach 

ICD-10 02720** Dilation of Coronary Artery; Three Arteries; Intraluminal Device; 

Drug-eluting; Open Approach 

ICD-10 02C20** Extirpation of Matter from Coronary Artery; Three Arteries; Open 

Approach 

ICD-10 02U20** Supplement Coronary Artery; Three Arteries with Tissue or 

synthetic Substitute; Open Approach 

ICD-10 02730** Dilation of Coronary Artery; Four or more Arteries; Intraluminal 

Device; Drug-eluting; Open Approach 

ICD-10 02C30** Extirpation of Matter from Coronary Artery; Four or more Arteries; 

Open Approach 

ICD-10 02U30** Supplement Coronary Artery; Four or More Arteries with Tissue or 

synthetic Substitute; Open Approach 

ICD-10 02704** Dilation of Coronary Artery; One Artery; Intraluminal Device; 

Drug-eluting; Percutaneous Endoscopic Approach 



ICD-10 02C04** Extirpation of Matter from Coronary Artery; One Artery; 

Percutaneous Endoscopic Approach 

ICD-10 02U04** Supplement Coronary Artery; One Artery with Tissue or synthetic 

Substitute; Percutaneous Endoscopic Approach 

ICD-10 02714** Dilation of Coronary Artery; Two Arteries; Intraluminal Device; 

Drug-eluting; Percutaneous Endoscopic Approach 

ICD-10 02C14** Extirpation of Matter from Coronary Artery; Two Arteries; 

Percutaneous Endoscopic Approach 

ICD-10 02U14** Supplement Coronary Artery; Two Arteries with Tissue or synthetic 

Substitute; Percutaneous Endoscopic Approach 

ICD-10 02724** Dilation of Coronary Artery; Three Arteries; Intraluminal Device; 

Drug-eluting; Percutaneous Endoscopic Approach 

ICD-10 02C24** Extirpation of Matter from Coronary Artery; Three Arteries; 

Percutaneous Endoscopic Approach 

ICD-10 02U24** Supplement Coronary Artery; Three Arteries with Tissue or 

synthetic Substitute; Percutaneous Endoscopic Approach 

ICD-10 02734** Dilation of Coronary Artery; Four or more Arteries; Intraluminal 

Device; Drug-eluting; Percutaneous Endoscopic Approach 

ICD-10 02C34** Extirpation of Matter from Coronary Artery; Four or more Arteries; 

Percutaneous Endoscopic Approach 

ICD-10 02U34** Supplement Coronary Artery; Four or More Arteries with Tissue or 

synthetic Substitute; Percutaneous Endoscopic Approach 

ICD-10 02N00** Release Coronary Artery, One Artery, Open Approach 

ICD-10 02Q00** Repair Coronary Artery, One Artery, Open Approach 

ICD-10 02S00** Reposition Coronary Artery, One Artery, Open Approach 

ICD-10 02N10** Release Coronary Artery, Two Arteries, Open Approach 

ICD-10 02Q10** Repair Coronary Artery, Two Arteries, Open Approach 

ICD-10 02S10** Reposition Coronary Artery, Two Arteries, Open Approach 

ICD-10 02N20** Release Coronary Artery, Three Arteries, Open Approach 

ICD-10 02Q20** Repair Coronary Artery, Three Arteries, Open Approach 

ICD-10 02S20** Reposition Coronary Artery, Three Arteries, Open Approach 

ICD-10 02N30** Release Coronary Artery, Four or more Arteries, Open Approach 

ICD-10 02Q30** Repair Coronary Artery, Four or more Arteries, Open Approach 

ICD-10 02S30** Reposition Coronary Artery, Four or more Arteries, Open Approach 

ICD-10 02N04** Release Coronary Artery, One Artery, Percutaneous Endoscopic 

Approach 

ICD-10 02Q04** Repair Coronary Artery, One Artery, Percutaneous Endoscopic 

Approach 

ICD-10 02S04** Reposition Coronary Artery, One Artery, Percutaneous Endoscopic 

Approach 

ICD-10 02N14** Release Coronary Artery, Two Arteries, Percutaneous Endoscopic 

Approach 

ICD-10 02Q14** Repair Coronary Artery, Two Arteries, Percutaneous Endoscopic 

Approach 



ICD-10 02S14** Reposition Coronary Artery, Two Arteries, Percutaneous 

Endoscopic Approach 

ICD-10 02N24** Release Coronary Artery, Three Arteries, Percutaneous Endoscopic 

Approach 

ICD-10 02Q24** Repair Coronary Artery, Three Arteries, Percutaneous Endoscopic 

Approach 

ICD-10 02S24** Reposition Coronary Artery, Three Arteries, Percutaneous 

Endoscopic Approach 

ICD-10 02N34** Release Coronary Artery, Four or more Arteries, Percutaneous 

Endoscopic Approach 

ICD-10 02Q34** Repair Coronary Artery, Four or more Arteries, Percutaneous 

Endoscopic Approach 

ICD-10 02S34** Reposition Coronary Artery, Four or more Arteries, Percutaneous 

Endoscopic Approach 

ICD-10 02NF0** Release Aortic Valve; Open Approach 

ICD-10 02NF4** Release Aortic Valve; Percutaneous Endoscopic Approach 

ICD-10 02QF0** Repair Aortic Valve; Open Approach 

ICD-10 02QF4** Repair Aortic Valve; Percutaneous Endoscopic Approach 

ICD-10 02RF0** Replacement of Aortic Valve; Open Approach 

ICD-10 02RF4** Replacement of Aortic Valve; Percutaneous Endoscopic Approach 

ICD-10 02UF0** Supplement Aortic Valve created from Truncal; Open Approach 

ICD-10 02UF4** Supplement Aortic Valve created from Truncal Valve; Percutaneous 

Endoscopic Approach 

ICD-10 02WF0** Revision of Tissue or Synthetic  Substitute in Aortic Valve; Open 

Approach 

ICD-10 02WF4** Revision of Tissue or Synthetic  Substitute in Aortic Valve; 

Percutaneous Endoscopic Approach 

ICD-10 02NG0** Release Mitral Valve; Open Approach 

ICD-10 02NG4** Release Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02QG0** Repair Mitral Valve; Open Approach 

ICD-10 02QG4** Repair Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02RG0** Replacement of Mitral Valve; Open Approach 

ICD-10 02RG4** Replacement of Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02UG0** Supplement Mitral Valve; Open Approach 

ICD-10 02UG4** Supplement Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02VG0** Restriction of Mitral Valve; Open Approach 

ICD-10 02VG4** Restriction of Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02WG0** Revision of Mitral Valve; Open Approach 

ICD-10 02WG4** Revision of Mitral Valve; Percutaneous Endoscopic Approach 

ICD-10 02NJ0** Release Tricuspid Valve; Open Approach 

ICD-10 02NJ4** Release Tricuspid Valve; Percutaneous Endoscopic Approach 

ICD-10 02QJ0** Repair Tricuspid Valve; Open Approach 



ICD-10 02QJ4** Repair Tricuspid Valve; Percutaneous Endoscopic Approach 

ICD-10 02RJ0** Replacement of Tricuspid Valve; Open Approach 

ICD-10 02RJ4** Replacement of Tricuspid Valve; Percutaneous Endoscopic 

Approach 

ICD-10 02UJ0** Supplement Tricuspid Valve created from Right Atrioventricular 

Valve; Open Approach 

ICD-10 02UJ4** Supplement Tricuspid Valve created from Right Atrioventricular 

Valve; Percutaneous Endoscopic Approach 

ICD-10 02WJ0** Revision of Tricuspid Valve; Open Approach 

ICD-10 02WJ4** Revision of Tricuspid Valve; Percutaneous Endoscopic Approach 

ICD-10 02NH0** Release Pulmonary Valve; Open Approach 

ICD-10 02NH4** Release Pulmonary Valve; Percutaneous Endoscopic Approach 

ICD-10 02QH0** Repair Pulmonary Valve; Open Approach 

ICD-10 02QH4** Repair Pulmonary Valve; Percutaneous Endoscopic Approach 

ICD-10 02RH0** Replacement of Pulmonary Valve; Open Approach 

ICD-10 02RH4** Replacement of Pulmonary Valve; Percutaneous Endoscopic 

Approach 

ICD-10 02TH0** Resection of Pulmonary Valve; Open Approach 

ICD-10 02TH4** Resection of Pulmonary Valve; Percutaneous Endoscopic Approach 

ICD-10 02UH0** Supplement Pulmonary Valve; Open Approach 

ICD-10 02UH4** Supplement Pulmonary Valve; Percutaneous Endoscopic Approach 

ICD-10 02WH0** Revision of Pulmonary Valve; Open Approach 

ICD-10 02WH4** Revision of Pulmonary Valve; Percutaneous Endoscopic Approach 

ICD-10 02C70** Extirpation of Matter from Left Atrium; Open Approach 

ICD-10 02C74** Extirpation of Matter from Left Atrium; Percutaneous Endoscopic 

Approach 

ICD-10 02N70** Release Left Atrium; Open Approach 

ICD-10 02N74** Release Left Atrium; Percutaneous Endoscopic Approach 

ICD-10 02Q70** Repair Left Atrium; Open Approach 

ICD-10 02Q74** Repair Left Atrium; Percutaneous Endoscopic Approach 

ICD-10 02R70** Replacement of Left Atrium; Open Approach 

ICD-10 02R74** Replacement of Left Atrium; Percutaneous Endoscopic Approach 

ICD-10 02U70** Supplement Left Atrium; Open Approach 

ICD-10 02U74** Supplement Left Atrium; Percutaneous Endoscopic Approach 

ICD-10 021X0** Bypass Thoracic Aorta; Ascending; Open Approach 

ICD-10 02BX0** Excision of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02CX0** Extirpation of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02NX0** Release of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02QX0** Repair of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02RX0** Replacement of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02SX0** Reposition of Thoracic Aorta; Ascending/Arch; Open Approach 



ICD-10 02UX0** Supplement Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02VX0** Restriction of Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 021X4** Bypass Thoracic Aorta; Ascending; Percutaneous Endoscopic 

Approach 

ICD-10 02BX4** Excision of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02CX4** Extirpation of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02NX4** Release of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02QX4** Repair of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02RX4** Replacement of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02SX4** Reposition of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02UX4** Supplement Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 02VX4** Restriction of Thoracic Aorta; Ascending/Arch; Percutaneous 

Endoscopic Approach 

ICD-10 021W0** Bypass Thoracic Aorta; Descending; Open Approach 

ICD-10 02BW0** Excision of Thoracic Aorta; Descending; Open Approach 

ICD-10 02CW0** Extirpation of Thoracic Aorta; Descending; Open Approach 

ICD-10 02NW0** Release of Thoracic Aorta; Descending; Open Approach 

ICD-10 02QW0** Repair of Thoracic Aorta; Descending; Open Approach 

ICD-10 02RW0** Replacement of Thoracic Aorta; Descending; Open Approach 

ICD-10 02SW0** Reposition Thoracic Aorta; Descending; Open Approach 

ICD-10 02UW0** Supplement Thoracic Aorta; Descending; Open Approach 

ICD-10 02VW0** Restriction Thoracic Aorta; Descending; Open Approach 

ICD-10 021W4** Bypass Thoracic Aorta; Descending; Percutaneous Endoscopic 

Approach 

ICD-10 02BW4** Excision of Thoracic Aorta; Descending; Percutaneous Endoscopic 

Approach 

ICD-10 02CW4** Extirpation of Thoracic Aorta; Descending; Percutaneous 

Endoscopic Approach 

ICD-10 02NW4** Release of Thoracic Aorta; Descending; Percutaneous Endoscopic 

Approach 

ICD-10 02QW4** Repair of Thoracic Aorta; Descending; Percutaneous Endoscopic 

Approach 

ICD-10 02RW4** Replacement of Thoracic Aorta; Descending; Percutaneous 

Endoscopic Approach 

ICD-10 02SW4** Reposition of Thoracic Aorta; Descending; Percutaneous 

Endoscopic Approach 



ICD-10 02UW4** Supplement Thoracic Aorta; Descending; Percutaneous Endoscopic 

Approach 

ICD-10 02VW4** Restriction of Thoracic Aorta; Descending; Percutaneous 

Endoscopic Approach 

ICD-10 02NF3** Release Aortic Valve; Percutaneous Approach 

ICD-10 02QF3** Repair Aortic Valve; Percutaneous Approach 

ICD-10 02RF3** Replacement Aortic Valve; Percutaneous Approach 

ICD-10 02UF3** Supplement Aortic Valve; Percutaneous Approach 

ICD-10 02WF3** Revision Aortic Valve; Percutaneous Approach 

ICD-10 02NG3** Release Mitral Valve; Percutaneous Approach 

ICD-10 02QG3** Repair Mitral Valve; Percutaneous Approach 

ICD-10 02RG3** Replacement Mitral Valve; Percutaneous Approach 

ICD-10 02UG3** Supplement Mitral Valve; Percutaneous Approach 

ICD-10 02WG3** Revision Mitral Valve; Percutaneous Approach 

ICD-10 02NH3** Release Pulmonic Valve; Percutaneous Approach 

ICD-10 02QH3** Repair Pulmonic Valve; Percutaneous Approach 

ICD-10 02RH3** Replacement Pulmonic Valve; Percutaneous Approach 

ICD-10 02UH3** Supplement Pulmonic Valve; Percutaneous Approach 

ICD-10 02TH3** Resection Pulmonic Valve; Percutaneous Approach 

ICD-10 02WH3** Revision Pulmonic Valve; Percutaneous Approach 

ICD-10 02HX3** Insertion of Device into Thoracic Aorta; Ascending/Arch; Open 

Approach 

ICD-10 02QX3** Repair Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02UX3** Supplement Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02VX3** Restriction Thoracic Aorta; Ascending/Arch; Open Approach 

ICD-10 02HW3** Insertion of Device into Thoracic Aorta; Descending; Open 

Approach 

ICD-10 02QW3** Repair Thoracic Aorta; Descending; Open Approach 

ICD-10 02UW3** Supplement Thoracic Aorta; Descending; Open Approach 

ICD-10 02VW3** Restriction Thoracic Aorta; Descending; Open Approach 

ICD-10 02YA0** Transplantation of Heart; Allogeneic; Open Approach 

ICD-10 0BYC0** Transplantation of Right Upper Lung Lobe; Allogeneic; Open 

Approach 

ICD-10 0BYD0** Transplantation of Right Middle Lung Lobe; Allogeneic; Open 

Approach 

ICD-10 0BYF0** Transplantation of Right Lower Lung Lobe; Allogeneic; Open 

Approach 

ICD-10 0BYG0** Transplantation of Left Upper Lung Lobe; Allogeneic; Open 

Approach 

ICD-10 0BYH0** Transplantation of Lung Lingula; Allogeneic; Open Approach 

ICD-10 0BYJ0** Transplantation of Left Lower Lung Lobe; Allogeneic; Open 

Approach 



ICD-10 0BYK0** Transplantation of Lung; Right; Allogeneic; Open Approach 

ICD-10 0BYL0** Transplantation of Lung; Left; Allogeneic; Open Approach 

ICD-10 0BYM0** Transplantation of Lungs; Bilateral; Allogeneic; Open Approach 

ICD-10 02HA0** Insertion of Implantable Heart Assist System into Heart; Insertion of 

Biventricular Short-term External Heart Assist System into Heart; 

Insertion of Short-term External Heart Assist System into Heart; 

Insertion of Other Device into Heart; Intraoperative; Open Approach 

ICD-10 02HA4** Insertion of Implantable Heart Assist System into Heart; Insertion of 

Biventricular Short-term External Heart Assist System into Heart; 

Insertion of Short-term External Heart Assist System into Heart; 

Insertion of Other Device into Heart; Intraoperative; Percutaneous 

Endoscopic Approach 

ICD-10 02HK0** Durable mechanical circulatory support: VAD; Right Ventricle; 

Open Approach 

ICD-10 02HK4** Durable mechanical circulatory support: VAD; Right Ventricle; 

Percutaneous Endoscopic Approach 

ICD-10 02HL0** Durable mechanical circulatory support: VAD; Left Ventricle; Open 

Approach 

ICD-10 02HL4** Durable mechanical circulatory support: VAD; Left Ventricle; 

Percutaneous Endoscopic Approach 

 



eAppendix Methods 

Overlap-weighting (OW) is a form of propensity score analysis that has been validated as 

perhaps the preferred methodology to handle extreme propensity scores (thereby avoiding 

excessive variance) when using time-to-event outcomes. OW was undertaken in this analysis to 

risk-adjust for potentially confounding patient- and procedure-related characteristics. Two 

separate OW analyses were performed to highlight the potential for introducing bias when 

comorbidity data for Medicare Advantage-enrolled beneficiaries are included in the weights: 

1. The first OW analysis specifically accounted for the imbalances in characteristics available 

from MedPAR data including age, gender, race, state of residence, neighborhood deprivation 

(area deprivation index, matched from 9-digit zip code), insurance status (whether beneficiary 

was (Medicare/Medicaid) dual-eligible), dialysis dependence, admission urgency, year of 

surgery, and hospital yearly Medicare CABG volume. Comorbidity data was NOT included: 

1. Age (modeled as a cubic spline with 5 spline knots) 

2. Gender (male/female) 

3. Race (White, Black, Hispanic, AANHPI, AIAN, Other/Unknown) 

4. Location of residence (all 50 states, District of Columbia, and outside US) 

5. Area deprivation index (ADI, modeled as a cubic spline with 5 spline knots) 

6. Insurance status ((Medicare/Medicaid) dual eligible) 

7. Dialysis dependence (variable from MedPAR) 

8. Admission urgency (Elective, Urgent, Emergent, Other/Unknown) 

9. Year of Surgery  

10. Hospital yearly Medicare CABG Volume (modeled as a cubic spline with 3 spline 

knots) 



2. As a second OW analysis, the previous OW analysis was repeated using the above variables 

available from MedPAR data, but also including comorbidities documented in the chronic 

conditions segment of the master beneficiary summary file: 

11. Preexisting Medical Conditions (obtained from the chronic conditions segment of the 

Master Beneficiary Summary File): hypertension, hyperlipidemia, diabetes, anemia, 

ischemic heart disease, history of acute myocardial infarction, history of heart failure 

episode, atrial fibrillation, chronic kidney disease, chronic obstructive pulmonary disease, 

asthma,  hypothyroidism, benign prostatic hypertrophy, rheumatoid- or osteo-arthritis, 

osteoporosis, history of hip fracture, depression, stroke or transient ischemic attack, 

history of dementia or Alzheimer’s disease, cataract, glaucoma, history of breast cancer, 

history of colorectal cancer, history of prostate cancer, history of lung cancer, history of 

endometrial cancer 

 

Note: In table 1 the standardized mean difference was not equal to zero for several variables 

included in the weighted comparison between Medicare advantage and traditional Medicare 

enrolled beneficiaries. This occurred for continuous variables that were modeled as cubic splines 

(age, ADI, hospital volume) due to the fact that OW was performed on the cubic splines of age, 

ADI, and hospital volume, and not on the values themselves. As well, OW was performed using 

the state of residence, and since Table 1 shows location of residence by HHS region as opposed 

to state, some minor differences in SMD are also noted when grouping beneficiaries by HHS 

region. 

  



eAppendix Table 3. Cox regression analyses (both univariate and multi-variable) for all covariates used during risk-

adjustment with overlap propensity score weighting. The association of CC-reported comorbidities with survival can be 

assessed for the entire cohort, as well as stratified by insurance status. 
Univariate Cox Regression Multivariable Cox Regression 

Entire Cohort 
N=1,158,701 

Traditional Plan 
N=823,621 

Advantage Plan 
N=335,080 

Entire Cohort 
N=1,158,701 

Traditional Plan 
N=823,621 

Advantage Plan 
N=335,080 

Age 1.032 [1.031-1.032] 1.029 [1.029-1.030] 1.039 [1.038-1.040] 1.045 [1.044-1.045] 1.041 [1.041-1.042] 1.052 [1.051-1.053] 

Male gender 0.88 [0.87-0.89] 0.88 [0.87-0.88] 0.89 [0.88-0.90] 1.08 [1.07-1.09] 1.11 [1.10-1.12] 1.02 [1.00-1.03] 

Race 

White Reference Reference Reference Reference Reference Reference 

Black 1.26 [1.24-1.27] 1.29 [1.27-1.30] 1.19 [1.16-1.22] 0.92 [0.91-0.93] 0.92 [0.91-0.94] 0.92 [0.89-0.94] 

Hispanic 1.03 [1.02-1.05] 1.08 [1.06-1.09] 0.96 [0.94-0.99] 0.78 [0.77-0.79] 0.78 [0.77-0.80] 0.78 [0.76-0.79] 

AANHPI 0.87 [0.85-0.89] 0.89 [0.86-0.91] 0.84 [0.80-0.88] 0.74 [0.73-0.76] 0.75 [0.73-0.77] 0.75 [0.71-0.78] 

AIAN 1.26 [1.20-1.31] 1.28 [1.22-1.34] 1.10 [0.96-1.24] 0.98 [0.94-1.02] 0.99 [0.95-1.04] 0.93 [0.82-1.06] 

Other/Unknown 0.77 [0.74-0.79] 0.78 [0.75-0.81] 0.73 [0.68-0.78] 0.85 [0.82-0.88] 0.87 [0.84-0.91] 0.79 [0.74-0.84] 

Medicare Advantage Plan 0.98 [0.97-0.99] *** *** 1.32 [1.31-1.33] *** *** 

Dual Eligible (Medicare/Medicaid) Insurance  1.39 [1.38-1.40] 1.41 [1.39-1.42] 1.34 [1.32-1.37] 1.21 [1.20-1.23] 1.20 [1.19-1.21] 1.25 [1.23-1.27] 

Location of residence (HHS region) 

1 (HQ: Boston) Reference Reference Reference Reference Reference Reference 

2 (HQ: New York) 1.07 [1.05-1.09] 1.09 [1.06-1.11] 1.03 [0.99-1.07] 1.02 [1.00-1.05] 1.01 [0.99-1.03] 1.05 [1.01-1.10] 

3 (HQ: Philadelphia) 1.04 [1.02-1.06] 1.03 [1.01-1.05] 1.08 [1.03-1.12] 1.05 [1.03-1.07] 1.05 [1.02-1.07] 1.05 [1.01-1.10] 

4 (HQ: Atlanta) 1.06 [1.04-1.08] 1.06 [1.04-1.08] 1.07 [1.03-1.11] 1.06 [1.04-1.08] 1.06 [1.04-1.08] 1.07 [1.03-1.11] 

5 (HQ: Chicago) 1.04 [1.02-1.06] 1.07 [1.05-1.09] 0.97 [0.93-1.01] 1.01 [0.99-1.03] 1.05 [1.02-1.07] 0.93 [0.89-0.97] 

6 (HQ: Dallas) 1.14 [1.12-1.17] 1.15 [1.12-1.17] 1.14 [1.09-1.19] 1.14 [1.12-1.16] 1.14 [1.12-1.17] 1.15 [1.10-1.20] 

7 (HQ: Kansas City) 1.04 [1.02-1.07] 1.04 [1.01-1.06] 1.08 [1.02-1.13] 1.06 [1.04-1.08] 1.06 [1.04-1.09] 1.06 [1.01-1.12] 

8 (HQ: Denver) 0.93 [0.90-0.96] 0.94 [0.91-0.97] 0.89 [0.84-0.95] 1.05 [1.02-1.08] 1.08 [1.05-1.12] 0.97 [0.91-1.03] 

9 (HQ: San Francisco) 1.10 [1.08-1.13] 1.10 [1.07-1.12] 1.12 [1.08-1.17] 1.12 [1.10-1.14] 1.08 [1.05-1.10] 1.20 [1.15-1.25] 

10 (HQ: Seattle) 0.93 [0.91-0.96] 0.96 [0.93-0.99] 0.88 [0.83-0.92] 1.04 [1.01-1.06] 1.07 [1.04-1.10] 0.97 [0.92-1.02] 

Neighborhood Deprivation (ADI) 1.0032 [1.0031-1.0033] 1.0033 [1.0032-1.0035] 1.0029 [1.0026-1.0031] 1.0029 [1.0027-1.0030] 1.0027 [1.0026-1.0029] 1.0033 [1.0030-1.0035] 

Admission Urgency 

Elective Reference Reference Reference Reference Reference Reference 

Urgent 1.26 [1.25-1.27] 1.26 [1.25-1.27] 1.27 [1.25-1.29] 1.17 [1.16-1.17] 1.15 [1.14-1.16] 1.20 [1.18-1.22] 

Emergent 1.42 [1.41-1.43] 1.41 [1.40-1.43] 1.44 [1.42-1.46] 1.30 [1.29-1.31] 1.28 [1.27-1.30] 1.34 [1.32-1.36] 

Other 1.30 [1.24-1.38] 1.31 [1.23-1.39] 1.29 [1.15-1.45] 1.22 [1.16-1.29] 1.23 [1.16-1.31] 1.18 [1.06-1.33] 

Year of Surgery 

2008 Reference Reference Reference Reference Reference Reference 

2009 1.00 [0.99-1.01] 1.01 [0.99-1.02] 0.98 [0.96-1.01] 0.99 [0.98-1.00] 0.99 [0.98-1.01] 1.00 [0.98-1.03] 

2010 1.00 [0.99-1.01] 1.01 [0.99-1.02] 0.97 [0.94-0.99] 0.98 [0.97-0.99] 0.98 [0.97-0.99] 0.99 [0.96-1.02] 

2011 1.02 [1.01-1.03] 1.02 [1.01-1.04] 1.00 [0.97-1.03] 0.99 [0.98-1.00] 0.98 [0.97-0.99] 1.02 [1.00-1.05] 

2012 1.03 [1.02-1.05] 1.04 [1.03-1.06] 1.01 [0.98-1.04] 1.00 [0.99-1.01] 0.99 [0.97-1.00] 1.04 [1.01-1.07] 

2013 1.02 [1.01-1.04] 1.03 [1.01-1.04] 1.01 [0.98-1.04] 0.99 [0.97-1.00] 0.97 [0.96-0.99] 1.03 [1.00-1.06] 

2014 1.01 [0.99-1.03] 1.02 [1.01-1.04] 0.98 [0.95-1.01] 0.98 [0.96-0.99] 0.97 [0.95-0.98] 1.01 [0.97-1.04] 

2015 1.03 [1.01-1.04] 1.03 [1.01-1.05] 1.03 [0.99-1.06] 0.99 [0.97-1.00] 0.96 [0.94-0.98] 1.05 [1.01-1.08] 

2016 0.99 [0.97-1.01] 0.99 [0.97-1.01] 0.99 [0.96-1.03] 0.94 [0.92-0.96] 0.91 [0.89-0.93] 1.01 [0.98-1.05] 

2017 0.97 [0.95-0.99] 0.95 [0.93-0.98] 1.01 [0.97-1.04] 0.91 [0.90-0.93] 0.87 [0.85-0.89] 1.02 [0.98-1.06] 

2018 0.97 [0.94-0.99] 0.96 [0.93-0.99] 0.98 [0.94-1.02] 0.92 [0.90-0.94] 0.88 [0.86-0.91] 1.00 [0.96-1.04] 

2019 0.92 [0.89-0.94] 0.90 [0.87-0.93] 0.95 [0.90-1.00] 0.88 [0.85-0.90] 0.83 [0.80-0.86] 0.96 [0.92-1.01] 

Hospital Volume .99987 [.99984-.99989] .99986 [.99984-.99989] .99987 [.99982-.99992] .99987 [.99984-.99990] .99986 [.99983-.99989] .99989 [.99984-.99994] 

Dialysis dependence 3.82 [3.77-3.86] 3.77 [3.72-3.82] 4.04 [3.93-4.16] 3.46 [3.41-3.51] 3.21 [3.16-3.26] 4.34 [4.20-4.47] 

Preexisting Comorbidities 

Hypertension 1.50 [1.49-1.52] 1.84 [1.81-1.86] 1.40 [1.38-1.42] 1.11 [1.10-1.13] 1.17 [1.15-1.19] 1.07 [1.05-1.10] 

Hyperlipidemia 1.21 [1.20-1.22] 1.24 [1.23-1.25] 1.23 [1.22-1.25] 0.78 [0.77-0.79] 0.78 [0.77-0.79] 0.79 [0.77-0.80] 

Diabetes 1.56 [1.55-1.57] 1.60 [1.59-1.61] 1.51 [1.49-1.53] 1.26 [1.25-1.27] 1.24 [1.23-1.25] 1.32 [1.29-1.34] 

Anemia 1.80 [1.78-1.81] 1.93 [1.91-1.94] 1.61 [1.59-1.63] 1.14 [1.14-1.15] 1.17 [1.16-1.18] 1.08 [1.06-1.11] 

Ischemic heart disease 1.24 [1.23-1.25] 1.55 [1.52-1.59] 1.35 [1.33-1.37] 0.91 [0.90-0.93] 0.86 [0.84-0.88] 1.03 [1.01-1.05] 

Prior myocardial infarction 1.57 [1.55-1.58] 1.59 [1.58-1.61] 1.48 [1.43-1.52] 1.15 [1.14-1.16] 1.16 [1.15-1.18] 1.03 [1.00-1.07] 

Prior heart failure episode 2.26 [2.25-2.28] 2.47 [2.45-2.48] 2.01 [1.97-2.04] 1.56 [1.54-1.57] 1.60 [1.58-1.61] 1.36 [1.33-1.39] 

Atrial fibrillation 1.83 [1.82-1.85] 1.85 [1.83-1.87] 1.82 [1.77-1.87] 1.28 [1.27-1.29] 1.28 [1.27-1.29] 1.25 [1.21-1.29] 

Chronic kidney disease 2.17 [2.15-2.18] 2.28 [2.26-2.30] 2.03 [1.99-2.07] 1.37 [1.36-1.38] 1.39 [1.38-1.40] 1.27 [1.24-1.30] 

Chronic obstructive pulmonary disease 1.94 [1.93-1.96] 2.00 [1.99-2.02] 1.86 [1.82-1.89] 1.49 [1.48-1.50] 1.49 [1.48-1.51] 1.47 [1.44-1.50] 

Asthma 1.40 [1.39-1.42] 1.40 [1.39-1.42] 1.40 [1.36-1.44] 0.95 [0.94-0.96] 0.95 [0.94-0.96] 0.94 [0.92-0.97] 

Hypothyroidism 1.27 [1.25-1.28] 1.27 [1.25-1.28] 1.27 [1.24-1.30] 0.94 [0.93-0.95] 0.94 [0.94-0.95] 0.93 [0.91-0.95] 

Benign prostatic hypertrophy 1.17 [1.16-1.18] 1.16 [1.15-1.18] 1.19 [1.17-1.22] 0.91 [0.90-0.92] 0.91 [0.91-0.92] 0.90 [0.88-0.92] 

Osteoarthritis/rheumatoid arthritis 1.28 [1.27-1.28] 1.29 [1.28-1.30] 1.26 [1.24-1.28] 0.92 [0.91-0.92] 0.92 [0.91-0.93] 0.91 [0.89-0.93] 

Osteoporosis 1.40 [1.38-1.42] 1.40 [1.39-1.42] 1.38 [1.34-1.43] 1.00 [0.99-1.02] 1.02 [1.01-1.03] 0.94 [0.91-0.98] 

Prior hip fracture 2.18 [2.12-2.23] 2.19 [2.13-2.25] 2.00 [1.85-2.17] 1.30 [1.27-1.33] 1.30 [1.27-1.34] 1.27 [1.17-1.38] 

Depression 1.39 [1.38-1.40] 1.41 [1.40-1.42] 1.30 [1.27-1.32] 1.12 [1.11-1.13] 1.13 [1.12-1.14] 1.10 [1.07-1.12] 

Prior stroke/transient ischemic attack 1.69 [1.68-1.71] 1.70 [1.69-1.72] 1.69 [1.65-1.74] 1.17 [1.16-1.18] 1.17 [1.16-1.18] 1.19 [1.16-1.23] 

Dementia and/or history of Alzheimer’s dz 2.06 [2.03-2.09] 2.09 [2.06-2.11] 1.87 [1.79-1.94] 1.26 [1.25-1.28] 1.28 [1.26-1.30] 1.16 [1.11-1.21] 

Cataract 1.35 [1.34-1.36] 1.38 [1.37-1.39] 1.32 [1.31-1.34] 0.95 [0.94-0.96] 0.97 [0.96-0.98] 0.92 [0.90-0.94] 

Glaucoma 1.22 [1.21-1.23] 1.22 [1.21-1.23] 1.22 [1.20-1.25] 0.98 [0.97-0.99] 0.99 [0.98-1.00] 0.94 [0.91-0.96] 

History of Breast Cancer 1.32 [1.29-1.35] 1.31 [1.27-1.34] 1.41 [1.33-1.50] 1.04 [1.02-1.06] 1.05 [1.02-1.08] 1.05 [0.99-1.12] 

History of Colorectal Cancer 1.52 [1.49-1.55] 1.50 [1.47-1.54] 1.59 [1.50-1.69] 1.12 [1.09-1.14] 1.11 [1.09-1.14] 1.15 [1.08-1.22] 

History of Prostate Cancer 1.21 [1.19-1.22] 1.20 [1.18-1.22] 1.25 [1.21-1.29] 1.04 [1.03-1.05] 1.05 [1.03-1.06] 1.01 [0.97-1.05] 

History of Lung Cancer 2.50 [2.43-2.57] 2.51 [2.44-2.58] 2.38 [2.18-2.59] 1.75 [1.70-1.80] 1.76 [1.71-1.82] 1.65 [1.51-1.80] 

History of Endometrial Cancer 1.51 [1.44-1.59] 1.50 [1.42-1.58] 1.58 [1.38-1.82] 1.11 [1.05-1.17] 1.12 [1.06-1.18] 1.13 [0.98-1.30] 
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