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eMethods 1. Cohort determination criteria 

 

Inclusion criteria using the Medicare Master Beneficiary Summary (MBSF) File (2013-2017) 

- Beneficiaries residing in CJR and non-CJR MSAs  

- Fee-for-service beneficiaries identified as those with fee-for-service Medicare coverage for 

12 months in the year 

- Beneficiaries between 65-99 years of age 

- Old age and not end-stage renal disease as a reason for Medicare entitlement 

- Beneficiaries who were alive at the end of the calendar year 

- Beneficiaries with no missing data for race, dual-eligibility, or sex 

- Beneficiaries are attributed to the MSA determined using their zip code at the end of the 

year. 

 

 

 

 

 

 

 

 

 

 

 

 

Beneficiary-year observations 
in MBSF files (2013 to 2017)

291,492,546

Observations of all races
N=89,908,299
Beneficiaries

N=25,315,251

Observations excluded:
- Not residing in CJR treatment/control MSAs (n=113,994,591)
- Not covered by fee-for-service Medicare for entire year (n=64,148,247)
- <65 years or >99 years (n=19,027,299)
- ESRD or old reason for entitlement (n=652,669)
- Expired at end of calendar year (n=3,761,420)
- Sex not classifed as male or female (n=21)
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Inclusion criteria using the Medicare Provider Analysis and Review file (MedPAR) (2013-2017) 

- Medical Severity Diagnosis Related Group (MS-DRG) codes 469 and 470 

- Meet MBSF inclusion criteria listed above  

- Short, inpatient stays 

- Hospitals reimbursed by the Inpatient Prospective Payment System 

- Medicare as the primary payor 

- Alive during the 90-day episode 

- Non-fracture related, elective stays 

- Enrolled in Parts A and B of Medicare at the time of admission 

- Hospitals not participating in Model 1 or the risk-bearing phase of Models 2 and 3 of the 

Bundled Payments for Care Improvement initiative 

- Inpatient stays for total hip replacement and total knee replacement 

- Non-duplicate inpatient stays 

- Qualifying stays that do not occur during the 90-day episode of a previous qualifying stay 

Inpatient stays in 
MedPAR files from 

2013 to 2017 
(N=89,218,592)

Inpatient stays 
(N=810,505)
Beneficiaries 
(N=713,402)

Inpatient stays excluded:
- Not admitted for MS-DRG 469/470 (n=85,578,540)
- Did not meet MBSF inclusion criteria listed above (n=2,385,064)
- Not admitted for short, inpatient stays (n=6,198)
- Not admitted to hospitals reimbursed by the Inpatient Prospective Payment System (n=1,764)
- Non-elective stays (n=182,375) 
- Medicare not primary payor for inpatient stay (n=67,677)
- Expired during 90-day episode (n=451)
- Admitted for fracture (n=7,073)
- Not enrolled in Medicare Parts A and B at admission (n=17,750)
- Admitted to hospital participating in BPCI Model 1 or in risk-bearing phase of Models 2 or 4 
(n=128,457)
- Not admitted for total hip or total knee replacement (n=5,744)
- Duplicate observation (n=103)
- Qualifying stay during the episode of previous stay (both stays/episodes dropped) (n=26,891)
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We used the 2013-2017 Medicare Provider Analysis and Review (MedPAR) inpatient 

claims files1 to identify inpatient, short-stays for fee-for-service Medicare beneficiaries residing in 

the CJR and non-CJR MSAs. We used Medical Severity-Diagnosis Related Groups (MS-DRG) 

469 and 470 to identify patients undergoing total hip/knee replacements. We excluded non-

elective stays, stays for whom Medicare was not the primary payor, if patients expired during 

the anchor stay or in the 90 days after discharge from the stay (deaths among patients 

undergoing surgeries in the last quarter of 2017 were identified using 2018 files), and if patients 

were not enrolled in Medicare Parts A and B at the time of inpatient admission. If a qualifying 

stay was initiated in a previous qualifying episode, we excluded both episodes.2 While CJR 

includes stays for fractures, we excluded these stays from our study because surgeons are 

unlikely to discriminate between patients in urgent situations.3 We also excluded stays from 

hospitals participating in the Bundled Payments for Care Improvement (BPCI) initiative (Model 1 

or risk-bearing phase of Models 2 or 4),4 and those admitted to hospitals not reimbursed by the 

Inpatient Prospective Payment System. We constructed annual beneficiary-level binary 

indicators for hip/knee replacements.  
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Inclusion criteria from merging the MBSF and MedPAR files (2013-2017) 

Note: The files were merged at the beneficiary-level. Two binary indicators (one for hip and one 

for knee replacements) were created to represent whether a beneficiary had one or more 

qualifying stay during the year. 

- Beneficiaries with joint replacements that meet CJR criteria or beneficiaries who did not 

undergo any joint replacements 

- White, Black, and Hispanic beneficiaries 

- Beneficiaries with a diagnosis of osteoarthritis / rheumatoid arthritis 

- No hip fracture claims 

Beneficiary-year cohort (2013-
2017): 

MBSF (N=89,908,299)
Medpar (N=713,402)

Observations (2013-2017)
- 23,239,775 beneficiary-year

- 9,074,191 beneficiaries
- 242,646 beneficiaries with total hip 

replacement
- 455, 257 beneficiaries with total 

knee replacement

Observations excluded:
- Beneficiaries who underwent joint replacements but the beneficiary/episode did not 
meet CJR criteria (n=228,431) 
- Not identified as non-Hispanic White, non-Hispanic Black, or Hispanic (n=6,805,406)
- Without diagnosis of rheumatoid arthritis / osteoarthritis (n=59,315,455)
- With hip fracture during the year (n=319,232)
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eMethods 2. Key variables, model estimation, and sensitivity analysis 

 

Key independent variables: Race and dual-eligibility 

We identified beneficiary race from the MBSF enrollment files in which the data 

originates from the Social Security Administration records. We identified dual-eligibility using the 

state-reported dual-eligible status code (the dual_elgble_mos_num variable in the MBSF files).5 

Beneficiaries who met dual-eligibility criteria for twelve months in the year were classified as 

dual-eligible beneficiaries. 

 

Test for parallel trends assumption for triple differences models 

To assess whether the trends in the use of joint replacements for Medicare beneficiaries 

from the various race-dual-eligibility groups were parallel in the period before the CJR was 

implemented (parallel trends assumption for the triple differences models), we estimated the 

following models (separate for hip and knee replacements). The data for these models was 

limited to 2013-2015 (pre-CJR period). 

𝑓ൣ𝐸൫𝑌௣௠௧൯൧ ൌ 𝛽଴ ൅ 𝛽ଵ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൅ 𝛽ଶ ൈ 𝐶𝐽𝑅௠ ൅ 𝛽ଷ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൈ 𝐶𝐽𝑅௠ ൅ 𝛽ସ ൈ 𝑌𝑒𝑎𝑟௧

൅  𝛽ହ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൅ 𝛽଺ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝐶𝐽𝑅௠

൅ 𝛽଻ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൈ 𝐶𝐽𝑅௠ ൅  𝛽ଽ ൈ 𝑋௣௠௧ ൅ 𝛽ଵ଴𝑀𝑆𝐴௠ 

𝑌௣௠௧  (hip_dum/knee_dum): Binary indicator of whether patient 𝑝 residing in MSA 𝑚 in year 𝑡 

underwent hip (or knee) replacement 

𝑓ሺ. ሻ: Log link function 

𝐶𝐽𝑅௠ (cjr_dum): Binary indicator of whether MSA 𝑚 was a CJR or non-CJR MSA 

𝑌𝑒𝑎𝑟௧ (year): Categorical indicator of the year 

𝑋௣௠௧ ($patient_covariates): Vector of patient covariates include age, sex, and 24 chronic 

conditions identified from the MBSF-CC file 
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𝑀𝑆𝐴௠ (msa): Fixed effects of MSA represented using a categorical indicator 

𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ (race_dual): A categorical indicator of race and dual-eligibility (White non-dual-

eligible, White dual-eligible, Black non-dual-eligible, Black dual-eligible, Hispanic non-dual-

eligible, and Hispanic dual-eligible)  

We used the Wald test to separately test for the significance of 𝛽ହ, 𝛽଺, and 𝛽଻. A p-value 

<0.05 on the test for any of the three estimates in a model represented a violation of the parallel 

trends assumption.  

 

Results of the parallel trends tests for triple differences models 

The parallel trends tests were significant for both hip and knee replacements. 

 

Model estimation for triple differences models 

We estimated the following triple differences models (separate for hip and knee 

replacements) to assess the differential effect of the CJR. The triple differences approach 

includes the estimation of three differences: First, the difference between the pre- and post-CJR 

rates for each race-dual-eligibility group in CJR and non-CJR MSAs (difference 1). Second, the 

difference in difference 1 between CJR and non-CJR MSAs for each race-dual-eligibility group 

(difference 2). Third, the difference in difference 2 between each race-dual-eligibility group 

(except for White non-dual-eligible beneficiaries) and White non-dual-eligible beneficiaries 

(difference 3).  

Because of the violation of the parallel trends assumption, we included interactions of 

𝑌𝑒𝑎𝑟௧ with 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ and 𝐶𝐽𝑅௠ to account for the differential trends in the pre-CJR period.6, 

7 This specification is similar to Comparative Interrupted Time Series models which do not 

impose the parallel trends assumption.8  
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𝑓ൣ𝐸൫𝑌௣௠௧൯൧ ൌ 𝛽଴ ൅ 𝛽ଵ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൅ 𝛽ଶ ൈ 𝐶𝐽𝑅௠ ൅ 𝛽ଷ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൈ 𝐶𝐽𝑅௠ ൅ 𝛽ସ ൈ 𝑌𝑒𝑎𝑟௧

൅  𝛽ହ ൈ 𝑃𝑜𝑠𝑡௧ ൅ 𝛽଺ ൈ 𝑃𝑜𝑠𝑡௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൅ 𝛽଻ ൈ 𝑃𝑜𝑠𝑡௧ ൈ 𝐶𝐽𝑅௠

൅ 𝛽଼ ൈ 𝑃𝑜𝑠𝑡௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൈ 𝐶𝐽𝑅௠ ൅  𝛽ଽ ൈ 𝑋௣௠௧ ൅ 𝛽ଵ଴𝑀𝑆𝐴௠

൅ 𝛽ଵଵ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൅ 𝛽ଵଶ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝐶𝐽𝑅௠

൅ 𝛽ଵଷ ൈ 𝑌𝑒𝑎𝑟௧ ൈ 𝑅𝑎𝑐𝑒_𝐷𝑢𝑎𝑙௣௠௧ ൈ 𝐶𝐽𝑅௠ 

𝑃𝑜𝑠𝑡௧ is a binary indicator for the CJR implementation phase (Years 2013-2015=0, year 

2017=1). The interpretation of other terms is similar to those described previously. During model 

estimation 𝑌𝑒𝑎𝑟௧=2017 is excluded from the model estimates due to collinearity with the 𝑃𝑜𝑠𝑡௧=1 

category. 𝛽଼ is the triple differences estimate for CJR’s association with disparities for each 

race/ethnic-dual-eligibility group as compared to White non-dual-eligible beneficiaries. 

 We used Stata/MP 16.1 for Unix to estimate the models. We used Stata’s margins and 

lincom commands to test the study hypotheses. 

 

Sensitivity analysis 

We checked for the robustness of the main findings using the following strategies. First, 

we re-estimated the main models using the cohort of 75 MSAs (intention-to-treat analysis) that 

were originally mandated to participate in the CJR.2 We used 121 control MSAs that originally 

met CJR inclusion criteria but were not selected for participation through randomization. 

Second, because the Research Triangle Institute (RTI) indicator for race is more sensitive for 

the identification of Hispanic beneficiaries, we re-estimated the main models using the RTI 

indicator. This indicator uses a combination of names and geographic locations to improve the 

identification of Hispanic and Asians/Pacific Islander beneficiaries in comparison to their 

identification from the Social Security Administration records.9, 10 Third, we redefined dual-

eligibility using the Medicare entitlement/buy-in code, which identifies dual-eligible beneficiaries 

as those with state buy-in for Parts A or B or both of Medicare.5 Fourth, the intent to implement 
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the CJR was published in July 2015, and the rule was finalized in November 2015. Because 

changes in joint replacement use patterns may have set-in in advance of the April 2016 start 

date, we re-estimated the main models by including data from 2016 in the post-CJR period. 

Fifth, to refine the identification of elective surgeries, we used Medicare’s definition for elective 

joint replacements which was designed for identifying the cohort for risk-standardized 

readmission and complication rates.11, 12 This approach uses ICD-9-PCS and ICD-10-PCS 

codes instead of MS-DRGs (used by the CJR) for identification of joint replacements. Sixth, to 

examine the effects of race and dual-eligibility separately, we estimated the differential effect 

models by interacting race (instead of race-dual-eligibility combination) with the CJR/non-CJR 

MSA and CJR phase indicators. We conducted similar analysis by interacting dual-eligibility with 

CJR/non-CJR MSA and CJR phase indicators.  Finally, to examine whether racial minorities 

may have been directed to undergo joint replacements in MSAs not participating in the CJR, we 

estimated multivariable logistic regression models that modeled a binary indicator of whether 

the patient underwent surgery in his/her residence MSA. This analysis was limited to 

beneficiaries residing in CJR MSAs. The key independent variables were the CJR phase, the 

race-dual-eligibility indicator, and the interactions between these variables. 
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eMethods 3. Weighting strategy to account for MSA selection probability 

 

We used the method by the Lewin Group to account for an MSA’s probability of selection 

into the treatment (CJR MSAs) or control (non-CJR MSAs) group.13 In this approach, the CJR 

MSAs were assigned a weight of 1 and the non-CJR MSAs were assigned weights to represent 

the CJR MSAs. These weights for the non-CJR MSAs were obtained by dividing the number of 

CJR MSAs in each of the 8 strata (constructed by the CMS using quartiles of pre-period episode 

spending and whether the MSA had above or below median population) by the number of non-

CJR MSAs in that stratum. These weights were then used in our regression models using 

Stata’s pweight option which are “weights that denote the inverse of the probability that the 

observation is included because of the sampling design.”14 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Lewin Group, CMS Comprehensive Care for Joint Replacements Model: Performance 
Year 2 Evaluation Report – Appendices, June 2019, Page 29. 
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eTable 1. Chronic conditions for Medicare beneficiaries residing in CJR and non-CJR MSAs 

with a diagnosis of rheumatoid arthritis/osteoarthritis in 2013 

 Non-CJR MSAs CJR MSAs Total p-valuec 
     

Patientsa     

N 2,421,848 2,025,357 4,447,205  

Chronic Conditionsb: % (95% CI)     

Acute myocardial infarction 
0.87  

(0.86, 0.88) 
0.87  

(0.86, 0.88) 
0.87  

(0.86, 0.88) 
0.95 

Alzheimer's disease and its 
related dementias 

14.84  
(14.79, 14.88) 

16.17  
(16.12, 16.22) 

15.44  
(15.41, 15.48) 

<0.001 

Anemia 
32.08  

(32.02, 32.14) 
37.53  

(37.47, 37.60) 
34.56  

(34.52, 34.61) 
<0.001 

Asthma 
7.46  

(7.43, 7.49) 
7.66  

(7.62, 7.69) 
7.55  

(7.53, 7.58) 
<0.001 

Atrial fibrillation 
12.07  

(12.03, 12.11) 
12.15  

(12.10, 12.19) 
12.10  

(12.07, 12.14) 
0.015 

Benign prostatic hyperplasia 
8.44  

(8.40, 8.47) 
9.45  

(9.41, 9.49) 
8.90  

(8.87, 8.93) 
<0.001 

Breast cancer 
4.64  

(4.61, 4.67) 
4.83  

(4.80, 4.86) 
4.73  

(4.71, 4.75) 
<0.001 

Cataract 
24.37  

(24.32, 24.43) 
25.16  

(25.10, 25.22) 
24.73  

(24.69, 24.77) 
<0.001 

Chronic Kidney Disease 
21.43  

(21.38, 21.49) 
21.10  

(21.04, 21.15) 
21.28  

(21.24, 21.32) 
<0.001 

Chronic Obstructive Pulmonary 
Disease 

14.47  
(14.43, 14.52) 

14.62  
(14.57, 14.67) 

14.54  
(14.51, 14.58) 

<0.001 

Colorectal cancer 
1.53  

(1.51, 1.54) 
1.58  

(1.56, 1.60) 
1.55  

(1.54, 1.56) 
<0.001 

Congestive Heart Failure 
19.47  

(19.42, 19.52) 
21.03  

(20.98, 21.09) 
20.18  

(20.15, 20.22) 
<0.001 

Depression 
20.34  

(20.29, 20.39) 
20.97  

(20.92, 21.03) 
20.63  

(20.59, 20.67) 
<0.001 

Diabetes 
31.29  

(31.24, 31.35) 
34.18  

(34.11, 34.25) 
32.61  

(32.57, 32.65) 
<0.001 

Endometrial cancer 
0.42  

(0.42, 0.43) 
0.46  

(0.45, 0.47) 
0.44  

(0.43, 0.44) 
<0.001 

Glaucoma 
13.43  

(13.39, 13.48) 
14.71  

(14.66, 14.76) 
14.02  

(13.98, 14.05) 
<0.001 

Hyperlipidemia 
60.38  

(60.32, 60.45) 
61.92  

(61.86, 61.99) 
61.09  

(61.04, 61.13) 
<0.001 

Hypertension 
74.43  

(74.37, 74.48) 
74.50  

(74.44, 74.56) 
74.46  

(74.42, 74.50) 
0.09 

Hypothyroidism 
21.14  

(21.09, 21.19) 
21.61  

(21.55, 21.66) 
21.35  

(21.32, 21.39) 
<0.001 

Ischemic Heart Disease 
37.78  

(37.72, 37.84) 
41.62  

(41.55, 41.68) 
39.53  

(39.48, 39.57) 
<0.001 

Lung cancer 
1.04  

(1.02, 1.05) 
1.06  

(1.04, 1.07) 
1.05  

(1.04, 1.06) 
0.03 

Osteoporosis 
11.32  

(11.28, 11.36) 
12.69  

(12.64, 12.73) 
11.94  

(11.91, 11.97) 
<0.001 

Prostate cancer 3.96  3.96  3.96  0.75 
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 Non-CJR MSAs CJR MSAs Total p-valuec 
     

(3.94, 3.99) (3.93, 3.99) (3.94, 3.98) 
Stroke/ Transient ischemic 

attack 
5.44  

(5.41, 5.47) 
5.52  

(5.49, 5.55) 
5.48  

(5.45, 5.50) 
<0.001 

 

Abbreviations: CJR: Comprehensive Care for Joint Replacement Model; MSA: Metropolitan 
Statistical Area; %: Column percentage; CI: Confidence Interval 
 
Note: a Data from the 2013 Master Beneficiary Summary File – Base and Chronic Conditions 
Segment; b Chronic Conditions present at the end of the year as determined by the claims 
criteria; c p-values for Kruskal-Wallis tests (for continuous variables) or chi-square tests (for 
categorical variables) that test for the distribution of characteristics across CJR and non-CJR 
MSAs.
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eTable 2. Descriptive statistics for Medicare beneficiaries residing in CJR and non-CJR MSAs 

with a diagnosis of rheumatoid arthritis/osteoarthritis who underwent hip replacements in 2013 

 

 Non-CJR MSAs CJR MSAs Total p-valuec 
     

Patientsa     

N 25,682 20,425 46,107  
Age in years: Mean (SD) 74.57 (6.54) 74.81 (6.65) 74.68 (6.59) <0.001 

Female: % (95% CI) 
62.27  

(61.67, 62.86) 
62.11  

(61.44, 62.78) 
62.20  

(61.75, 62.64) 
0.73 

Race: % (95% CI)    <0.001 

White 
95.27  

(95.01, 95.53) 
94.76  

(94.45, 95.06) 
95.05  

(94.84, 95.24) 
 

Black 
4.52  

(4.27, 4.78) 
4.68  

(4.39, 4.97) 
4.59 

 (4.40, 4.78) 
 

Hispanic 
0.21  

(0.15, 0.27) 
0.56  

(0.47, 0.68) 
0.36  

(0.31, 0.42) 
 

Dual-eligible: % (95% CI) 
3.89  

(3.66, 4.13) 
4.41  

(4.13, 4.70) 
4.12  

(3.94, 4.30) 
0.01 

Race-Dual-eligibility: % (95% CI)    <0.001 

White non-dual 
92.26  

(91.93, 92.58) 
91.53  

(91.14, 91.91) 
91.94  

(91.68, 92.18) 
 

White dual 
3.01  

(2.81, 3.23) 
3.23  

(2.99, 3.48) 
3.11  

(2.95, 3.27) 
 

Black non-dual 
3.71  

(3.49, 3.95) 
3.87  

(3.61, 4.15) 
3.78  

(3.61, 3.96) 
 

Black dual 
0.81  

(0.70, 0.92) 
0.80  

(0.69, 0.94) 
0.80  

(0.73, 0.89) 
 

Hispanic non-dual 
0.14  

(0.09, 0.19) 
0.19  

(0.14, 0.26) 
0.16  

(0.13, 0.20) 
 

Hispanic dual 
0.07  

(0.04, 0.11) 
0.37  

(0.29, 0.47) 
0.20  

(0.16, 0.25) 
 

Chronic conditionsb: % (95% CI)     

Acute myocardial infarction 
0.69  

(0.59, 0.79) 
0.68 

 (0.57, 0.80) 
0.68  

(0.61, 0.76) 
0.95 

Alzheimer's disease and its 
related dementias 

5.24  
(4.97, 5.52) 

5.63  
(5.32, 5.96) 

5.41  
(5.21, 5.62) 

0.06 

Anemia 
63.53  

(62.93, 64.12) 
69.66  

(69.03, 70.29) 
66.25 

 (65.81, 66.68) 
<0.001 

Asthma 
10.32  

(9.95, 10.70) 
10.21 

 (9.80, 10.63) 
10.27 

 (9.99, 10.55) 
0.70 

Atrial fibrillation 
11.55  

(11.16, 11.94) 
11.98 

 (11.54, 12.43) 
11.74 

 (11.45, 12.04) 
0.15 

Benign prostatic hyperplasia 
12.70 

 (12.30, 13.11) 
14.14  

(13.67, 14.63) 
13.34  

(13.03, 13.65) 
<0.001 

Breast cancer 
6.53  

(6.23, 6.84) 
6.26 

 (5.93, 6.60) 
6.41 

 (6.19, 6.64) 
0.24 

Cataract 
24.94  

(24.42, 25.48) 
25.65  

(25.05, 26.25) 
25.25  

(24.86, 25.65) 
0.09 

Chronic Kidney Disease 17.76  17.72  17.75  0.91 
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 Non-CJR MSAs CJR MSAs Total p-valuec 
     

(17.30, 18.24) (17.20, 18.25) (17.40, 18.10) 
Chronic Obstructive Pulmonary 

Disease 
13.23  

(12.82, 13.65) 
12.90 

 (12.44, 13.37) 
13.08  

(12.78, 13.40) 
0.30 

Colorectal cancer 
1.95  

(1.79, 2.13) 
1.95  

(1.76, 2.15) 
1.95  

(1.83, 2.08) 
0.99 

Congestive Heart Failure 
12.17  

(11.77, 12.57) 
13.15 

 (12.69, 13.62) 
12.60  

(12.30, 12.91) 
0.002 

Depression 
22.04  

(21.53, 22.55) 
21.45  

(20.89, 22.02) 
21.78  

(21.40, 22.16) 
0.13 

Diabetes 
22.97 

 (22.46, 23.49) 
24.65 

 (24.06, 25.24) 
23.71  

(23.33, 24.11) 
<0.001 

Endometrial cancer 
0.85  

(0.74, 0.97) 
0.88 

 (0.76, 1.02) 
0.87  

(0.78, 0.95) 
0.74 

Glaucoma 
11.93  

(11.54, 12.34) 
12.72  

(12.27, 13.18) 
12.28  

(11.98, 12.59) 
0.01 

Hyperlipidemia 
69.69  

(69.12, 70.25) 
70.29  

(69.65, 70.91) 
69.95  

(69.53, 70.37) 
0.16 

Hypertension 
80.47  

(79.98, 80.95) 
80.03  

(79.48, 80.58) 
80.28  

(79.91, 80.64) 
0.24 

Hypothyroidism 
23.65 

 (23.14, 24.18) 
24.09  

(23.51, 24.69) 
23.85  

(23.46, 24.24) 
0.27 

Ischemic Heart Disease 
33.56  

(32.98, 34.14) 
36.70  

(36.03, 37.36) 
34.95  

(34.51, 35.38) 
<0.001 

Lung cancer 
0.93  

(0.82, 1.06) 
1.05  

(0.92, 1.20) 
0.99  

(0.90, 1.08) 
0.20 

Osteoporosis 
12.91  

(12.50, 13.32) 
13.63 

 (13.16, 14.10) 
13.23  

(12.92, 13.54) 
0.02 

Prostate cancer 
5.64  

(5.36, 5.93) 
5.65 

 (5.34, 5.98) 
5.65  

(5.44, 5.86) 
0.97 

Stroke/ Transient ischemic 
attack 

2.98  
(2.77, 3.19) 

3.37  
(3.13, 3.63) 

3.15  
(3.00, 3.32) 

0.02 

 

Abbreviations: CJR: Comprehensive Care for Joint Replacement Model; MSA: Metropolitan 
Statistical Area; N: Number; %: Column percentage; SD: Standard deviation; CI: Confidence 
Interval 
 
Notes: a Data from the 2013 Master Beneficiary Summary File – Base Segment; b Data from the 
2013 Master Beneficiary Summary File – Chronic Conditions Segment; c p-values for Kruskal-
Wallis tests (for continuous variables) or chi-square tests (for categorical variables) that test for 
the distribution of characteristics across CJR and non-CJR MSAs. 
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eTable 3. Descriptive statistics for Medicare beneficiaries residing in CJR and non-CJR MSAs 

with a diagnosis of osteoarthritis/rheumatoid arthritis who underwent knee replacements in 2013 

 

 Non-CJR MSA CJR MSA Total p-valuec 
     

Patientsa     

N 53,977 40,574 94,551  
Age in years: Mean (SD) 73.92 (6.07) 74.13 (6.12) 74.01 (6.09) <0.001 

Female: % (95% CI) 
64.85 

 (64.45, 65.25) 
65.63 

 (65.16, 66.09) 
65.18  

(64.88, 65.49) 
0.01 

Race: % (95% CI)    <0.001 

White 
93.79  

(93.58, 93.99) 
92.56  

(92.30, 92.82) 
93.26  

(93.10, 93.42) 
 

Black 
5.27 

 (5.09, 5.46) 
5.69  

(5.47, 5.92) 
5.45  

(5.31, 5.60) 
 

Hispanic 
0.94 

 (0.86, 1.02) 
1.74 

 (1.62, 1.88) 
1.28  

(1.21, 1.36) 
 

Dual-eligible: % (95% CI) 
5.33  

(5.15, 5.53) 
6.66  

(6.42, 6.91) 
5.90  

(5.76, 6.06) 
<0.001 

Race-Dual-eligibility: % (95% CI)    <0.001 

White non-dual 
90.03  

(89.77, 90.28) 
88.38 

 (88.06, 88.69) 
89.32  

(89.12, 89.51) 
 

White dual 
3.77 

 (3.61, 3.93) 
4.18  

(3.99, 4.38) 
3.95  

(3.82, 4.07) 
 

Black non-dual 
4.32  

(4.15, 4.50) 
4.59  

(4.39, 4.79) 
4.43  

(4.30, 4.57) 
 

Black dual 
0.95  

(0.87, 1.04) 
1.11  

(1.01, 1.21) 
1.02  

(0.96, 1.08) 
 

Hispanic non-dual 
0.32  

(0.27, 0.37) 
0.37  

(0.32, 0.44) 
0.34  

(0.31, 0.38) 
 

Hispanic dual 
0.62  

(0.55, 0.68) 
1.37  

(1.26, 1.49) 
0.94  

(0.88, 1.00) 
 

Chronic conditionsb: % (95% CI)     

Acute myocardial infarction 
0.48 

 (0.42, 0.54) 
0.48  

(0.41, 0.55) 
0.48 

 (0.44, 0.52) 
1.00 

Alzheimer's disease and its 
related dementias 

4.78  
(4.60, 4.97) 

5.14  
(4.93, 5.36) 

4.94  
(4.80, 5.08) 

0.011 

Anemia 
58.95  

(58.53, 59.36) 
65.86 

 (65.39, 66.32) 
61.91  

(61.60, 62.22) 
<0.001 

Asthma 
11.99  

(11.72, 12.27) 
11.74 

 (11.43, 12.06) 
11.89  

(11.68, 12.09) 
0.24 

Atrial fibrillation 
11.41 

 (11.14, 11.68) 
11.69  

(11.38, 12.01) 
11.53 

 (11.33, 11.74) 
0.18 

Benign prostatic hyperplasia 
12.19 

 (11.92, 12.47) 
12.91  

(12.59, 13.24) 
12.50 

 (12.29, 12.71) 
0.001 

Breast cancer 
6.30 

 (6.10, 6.51) 
6.45  

(6.22, 6.70) 
6.37 

 (6.21, 6.53) 
0.35 

Cataract 
25.60 

 (25.23, 25.97) 
26.13  

(25.71, 26.57) 
25.83 

 (25.55, 26.11) 
0.06 

Chronic Kidney Disease 18.22  18.57  18.37 0.17 
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 Non-CJR MSA CJR MSA Total p-valuec 
     

(17.89, 18.55) (18.19, 18.95)  (18.12, 18.62) 
Chronic Obstructive Pulmonary 

Disease 
11.58  

(11.31, 11.85) 
11.79  

(11.48, 12.11) 
11.67  

(11.47, 11.88) 
0.32 

Colorectal cancer 
1.62 

 (1.51, 1.73) 
1.56  

(1.44, 1.69) 
1.59  

(1.51, 1.68) 
0.47 

Congestive Heart Failure 
11.82  

(11.54, 12.09) 
12.92 

 (12.60, 13.25) 
12.29  

(12.08, 12.50) 
<0.001 

Depression 
23.88 

 (23.52, 24.24) 
24.57  

(24.15, 24.99) 
24.17  

(23.90, 24.45) 
0.01 

Diabetes 
29.58 

 (29.20, 29.97) 
30.26 

 (29.81, 30.71) 
29.87 

 (29.58, 30.16) 
0.02 

Endometrial cancer 
0.82 

 (0.74, 0.90) 
0.82  

(0.73, 0.91) 
0.82  

(0.76, 0.88) 
0.98 

Glaucoma 
12.43 

 (12.15, 12.71) 
12.66  

(12.34, 12.99) 
12.53  

(12.32, 12.74) 
0.28 

Hyperlipidemia 
72.68  

(72.30, 73.06) 
73.21  

(72.78, 73.64) 
72.91 

 (72.62, 73.19) 
0.07 

Hypertension 
84.84  

(84.53, 85.14) 
84.67 

 (84.32, 85.02) 
84.77 

 (84.54, 84.99) 
0.48 

Hypothyroidism 
25.30 

 (24.93, 25.67) 
25.79  

(25.36, 26.22) 
25.51  

(25.23, 25.79) 
0.09 

Ischemic Heart Disease 
34.03 

 (33.63, 34.43) 
36.83  

(36.36, 37.30) 
35.23  

(34.93, 35.54) 
<0.001 

Lung cancer 
0.65 

 (0.58, 0.72) 
0.66  

(0.58, 0.74) 
0.65 

 (0.60, 0.71) 
0.86 

Osteoporosis 
11.59  

(11.32, 11.87) 
12.88  

(12.56, 13.21) 
12.15 

 (11.94, 12.36) 
<0.001 

Prostate cancer 
4.99  

(4.81, 5.18) 
4.49 

 (4.29, 4.69) 
4.78 

 (4.64, 4.91) 
<0.001 

Stroke/ Transient ischemic 
attack 

3.18 
 (3.03, 3.33) 

3.14  
(2.97, 3.32) 

3.16  
(3.05, 3.28) 

0.75 

 

Abbreviations: CJR: Comprehensive Care for Joint Replacement Model; MSA: Metropolitan 
Statistical Area; N: Number; %: Column percentage; SD: Standard deviation; CI: Confidence 
Interval 
 
Notes: a Data from the 2013 Master Beneficiary Summary File – Base Segment; b Data from the 
2013 Master Beneficiary Summary File – Chronic Conditions Segment; c p-values for Kruskal-
Wallis tests (for continuous variables) or chi-square tests (for categorical variables) that test for 
the distribution of characteristics across CJR and non-CJR MSAs. 
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eTable 4. Changes in knee replacements with CJR implementation  

Panel A: Unadjusted relative changes in knee replacements with CJR implementation 
(estimates from Table 2; column A) 

Knee 
replacements 

CJR MSAs 

 Before After % change 

    
White non-dual 2.28 2.38 4.39 

White dual 0.77 0.81 5.19 

Black non-dual 1.65 1.63 -1.21 

Black dual 0.74 0.68 -8.11 

Hispanic non-dual 1.30 1.41 8.46 

Hispanic dual 0.90 1.06 17.78 

 

Panel B: Estimated changes in knee replacement counts for Black non-dual- and dual-eligible 
beneficiaries 

 CJR MSA Non-CJR MSA Difference  

 Before After Before After  

Black non-dual-eligible 
Population count (N) 112,851 123,141 157,085 170,417  

Adjusted probability with 
95% CI (%) 

2.14  
(2.00, 2.27) 

2.13  
(1.97, 2.29) 

0.97 
(0.93, 1.01) 

1.11 
(1.05, 1.17) 

 

Surgery count (N) 2,412 2,619 1,519 1,890  

Difference (After – Before 
for each MSA treatment 
status group) 

207 370 -163 

% difference with respect to Before volume in CJR MSAs -6.77% 
      

Black dual-eligible 
Population count (N) 60,709 57,808 71,674 68,567  

Adjusted probability with 
95% CI (%) 

1.18 
(1.09, 1.28) 

1.11 
(0.97, 1.25) 

0.47 
(0.44, 0.50) 

0.58 
(0.51, 0.64) 

 

Surgery count (N) 719 643 337 396  

Difference (After – Before 
for each MSA treatment 
status group) 

-76 59 -134 

% difference with respect to Before volume in CJR MSAs -18.70% 
 

Abbreviations: CJR: Comprehensive Care for Joint Replacement model; MSA: Metropolitan 
Statistical Area; N: Number; %: Percentage; CI: Confidence Interval 

Note: Estimates rounded to the nearest two decimals or the whole number. 
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eTable 5. Adjusted odds ratios for parallel trends test from multivariable models examining the 

odds of undergoing hip and knee replacement surgeries before the Comprehensive Care for 

Joint Replacement model was implemented (2013-2015) 

 

 Hip Replacement Knee Replacement 
 Odds Ratio [95% CI] Odds Ratio [95% CI] 

Year   

2013 Ref Ref 

2014 1.04*** [1.02,1.06] 0.97*** [0.96,0.98] 

2015 1.06*** [1.04,1.08] 0.97*** [0.95,0.98] 

MSA Treatment Status   

Non-CJR MSA Ref Ref 

CJR MSA 1.46*** [1.23,1.73] 1.88*** [1.68,2.10] 

Year x MSA Treatment Status   

2014 x CJR MSA 1.00 [0.97,1.03] 1.01 [0.99,1.03] 

2015 x CJR MSA 1.03* [1.00,1.06] 1.01 [0.99,1.03] 

Race-dual-eligibility   

White non-dual Ref Ref 

White dual 0.34*** [0.31,0.36] 0.41*** [0.39,0.43] 

Black non-dual 0.50*** [0.47,0.54] 0.53*** [0.51,0.56] 

Black dual 0.23*** [0.20,0.27] 0.25*** [0.23,0.27] 

Hispanic non-dual 0.25*** [0.18,0.35] 0.61*** [0.52,0.71] 

Hispanic dual 0.07*** [0.04,0.11] 0.59*** [0.52,0.66] 

Year x Race-dual-eligibility   

2014 x White dual 1.06 [0.96,1.18] 0.98 [0.91,1.05] 

2014 x Black non-dual 0.96 [0.87,1.05] 0.99 [0.94,1.06] 

2014 x Black dual 0.92 [0.75,1.13] 1.12 [0.99,1.28] 

2014 x Hispanic non-dual 0.92 [0.56,1.52] 1.38** [1.12,1.69] 

2014 x Hispanic dual 2.00* [1.10,3.62] 1.05 [0.89,1.24] 

2015 x White dual 1.03 [0.92,1.14] 0.95 [0.88,1.01] 

2015 x Black non-dual 1.09 [1.00,1.19] 1.08* [1.02,1.15] 

2015 x Black dual 1.04 [0.85,1.27] 1.1 [0.97,1.25] 

2015 x Hispanic non-dual 1.14 [0.71,1.82] 1.15 [0.93,1.42] 

2015 x Hispanic dual 1.47 [0.78,2.78] 1.02 [0.87,1.21] 
MSA Treatment Status x Race-dual-
eligibility 

  

CJR MSA x White dual 0.82*** [0.74,0.91] 0.90** [0.84,0.97] 

CJR MSA x Black non-dual 1.15** [1.04,1.27] 1.19*** [1.12,1.27] 

CJR MSA x Black dual 1.11 [0.90,1.36] 1.35*** [1.18,1.53] 



 

© 2021 Thirukumaran CP et al. JAMA Network Open. 

 

 Hip Replacement Knee Replacement 
 Odds Ratio [95% CI] Odds Ratio [95% CI] 

CJR MSA x Hispanic non-dual 1.1 [0.69,1.76] 1.03 [0.82,1.29] 

CJR MSA x Hispanic dual 1.91* [1.13,3.21] 1.02 [0.88,1.17] 
Year x Treatment Status x Race-dual-
eligibility 

  

2014 x CJR MSA x White dual 1 [0.86,1.16] 1.08 [0.98,1.19] 

2014 x CJR MSA x Black non-dual 1.01 [0.88,1.16] 0.97 [0.88,1.06] 

2014 x CJR MSA x Black dual 1.27 [0.95,1.71] 0.97 [0.81,1.16] 

2014 x CJR MSA x Hispanic non-dual 1.28 [0.66,2.48] 0.89 [0.66,1.21] 

2014 x CJR MSA x Hispanic dual 0.49* [0.25,0.97] 0.99 [0.80,1.22] 

2015 x CJR MSA x White dual 0.95 [0.82,1.11] 1.09 [0.99,1.20] 

2015 x CJR MSA x Black non-dual 0.94 [0.82,1.07] 0.98 [0.90,1.07] 

2015 x CJR MSA x Black dual 0.95 [0.70,1.27] 0.97 [0.81,1.17] 

2015 x CJR MSA x Hispanic non-dual 1.15 [0.61,2.16] 1.11 [0.82,1.50] 

2015 x CJR MSA x Hispanic dual 0.82 [0.40,1.67] 1.01 [0.82,1.25] 
    

N (patients) 13,477,505 13,477,505 

N (MSAs) 171 171 

p-value (Year x MSA Treatment Status) 0.03 0.56 

p-value(Year x Race-dual-eligibility) 0.07 0.004 
p-value (Year x MSA Treatment Status x 
Race-dual-eligibility) 

0.33 0.77 

* p<0.05, ** p<0.01, *** p<0.001 
 

Abbreviations: CI: Confidence interval; MSA: Metropolitan Statistical Area; CJR: Comprehensive 
Care for Joint Replacement model; N: Number 

Notes: Adjusted odds ratios from patient-level multivariable logistic regression models with 
robust/sandwich estimators of variance. The models controlled for age, sex, comorbidities, 
calendar year, MSA fixed effects, and MSA weights. 
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eTable 6. Full model estimates (adjusted odds ratios) from multivariable models examining the 

odds of undergoing hip or knee replacement surgeries before and after the Comprehensive 

Care for Joint Replacement model was implemented (2013-2017) 

 

 Hip Replacements Knee Replacements 
 Odds Ratio [95% CI] Odds Ratio [95% CI] 
 Differential Differential 
MSA Treatment Status    

Non-CJR MSA Ref Ref 
CJR MSA 1.54*** [1.33,1.79] 1.92*** [1.74,2.11]a 
CJR Phase   
Pre Ref Ref 
Post 1.13*** [1.11,1.15] 1.02* [1.00,1.03] 
MSA Treatment Status x Phase   

CJR MSA x Post 0.99 [0.96,1.02] 1.02* [1.01,1.04] 
Race-Dual   

White non-dual Ref Ref 
White dual 0.34*** [0.31,0.36] 0.42*** [0.40,0.44] 
Black non-dual 0.50*** [0.47,0.54] 0.54*** [0.51,0.56] 
Black dual 0.23*** [0.20,0.27] 0.25*** [0.23,0.27]a 
Hispanic non-dual 0.25*** [0.18,0.35] 0.61*** [0.52,0.71] 
Hispanic dual 0.07*** [0.04,0.11] 0.59*** [0.53,0.66] 
MSA Treatment Status x Race-Dual   

CJR MSA x White dual-eligible 0.82*** [0.73,0.91] 0.90** [0.84,0.96] 
CJR MSA x Black non-dual-eligible 1.16** [1.05,1.28] 1.20*** [1.12,1.28] 
CJR MSA x Black dual-eligible 1.11 [0.90,1.37] 1.35*** [1.19,1.54] 
CJR MSA x Hispanic non-dual-eligible 1.10 [0.69,1.76] 1.03 [0.82,1.28] 
CJR MSA x Hispanic dual-eligible 1.90* [1.13,3.20] 1.01 [0.87,1.16] 
CJR Phase x Race-Dual   
Post x White dual-eligible 1.12* [1.01,1.24] 1.00 [0.93,1.06] 
Post x Black non-dual-eligible 1.06 [0.97,1.15] 1.13*** [1.07,1.20] 
Post x Black dual-eligible 1.09 [0.90,1.33] 1.21** [1.07,1.37] 
Post x Hispanic non-dual-eligible 1.33 [0.86,2.07] 1.31** [1.07,1.60] 
Post x Hispanic dual-eligible 2.27** [1.29,3.99] 1.05 [0.90,1.24] 
MSA Treatment Status x CJR Phase x 
Race-Dual 

  

CJR MSA x Post x White dual-eligible 0.94 [0.81,1.08] 1.05 [0.96,1.16] 
CJR MSA x Post x Black non-dual-eligible 0.94 [0.82,1.07] 0.84*** [0.77,0.92] 
CJR MSA x Post x Black dual-eligible 1.05 [0.79,1.40] 0.74** [0.62,0.90] 
CJR MSA x Post x Hispanic non-dual-eligible 0.92 [0.50,1.68] 0.88 [0.66,1.19] 
CJR MSA x Post x Hispanic dual-eligible 0.49* [0.25,0.94] 1.10 [0.90,1.35] 
Age  0.95*** [0.95,0.95] 0.94*** [0.94,0.94] 
Sex   
Male Ref Ref 
Female 0.97*** [0.96,0.98] 1.11*** [1.10,1.12] 
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 Hip Replacements Knee Replacements 
 Odds Ratio [95% CI] Odds Ratio [95% CI] 
 Differential Differential 
Chronic conditions   
Acute myocardial infarction 0.71*** [0.67,0.75] 0.54*** [0.52,0.57] 
Alzheimer's disease and its related 
dementias 

0.46*** [0.45,0.47] 0.43*** [0.42,0.43] 

Anemia 4.51*** [4.47,4.56] 3.82*** [3.79,3.85] 
Asthma 1.31*** [1.29,1.33] 1.54*** [1.52,1.55] 
Atrial fibrillation 1.07*** [1.05,1.08] 1.10*** [1.09,1.12] 
Benign prostatic hyperplasia 1.52*** [1.49,1.54] 1.61*** [1.60,1.63] 
Breast cancer 1.24*** [1.22,1.27] 1.27*** [1.26,1.29] 
Cataract 0.93*** [0.92,0.94] 0.97*** [0.96,0.98] 
Chronic Kidney Disease 0.72*** [0.71,0.72] 0.74*** [0.73,0.74] 
Chronic Obstructive Pulmonary Disease 0.86*** [0.85,0.88] 0.71*** [0.70,0.72] 
Colorectal cancer 1.08*** [1.04,1.11] 0.94*** [0.91,0.96] 
Congestive Heart Failure 0.64*** [0.63,0.65] 0.62*** [0.61,0.62] 
Depression 1.07*** [1.06,1.08] 1.18*** [1.17,1.19] 
Diabetes 0.60*** [0.59,0.61] 0.78*** [0.77,0.78] 
Endometrial cancer 1.56*** [1.48,1.64] 1.46*** [1.41,1.52] 
Glaucoma 0.91*** [0.90,0.92] 0.96*** [0.95,0.97] 
Hyperlipidemia 1.39*** [1.38,1.41] 1.51*** [1.50,1.53] 
Hypertension 1.52*** [1.50,1.54] 2.01*** [1.99,2.02] 
Hypothyroidism 1.05*** [1.04,1.06] 1.13*** [1.12,1.14] 
Ischemic Heart Disease 0.85*** [0.85,0.86] 0.85*** [0.85,0.86] 
Lung cancer 0.73*** [0.69,0.76] 0.52*** [0.50,0.55] 
Osteoporosis 1.14*** [1.12,1.15] 1.03*** [1.02,1.04] 
Prostate cancer 1.31*** [1.28,1.34] 1.25*** [1.23,1.27] 
Stroke/ Transient ischemic attack 0.63*** [0.61,0.65] 0.62*** [0.61,0.64] 
Year   
2013 Ref Ref 
2014 1.04*** [1.02,1.06] 0.97*** [0.96,0.98] 
2015 1.05*** [1.03,1.07] 0.96*** [0.95,0.98] 
Year x MSA Treatment Status   
2014 x CJR MSA 1.00 [0.97,1.03] 1.01 [0.99,1.03] 
2015 x CJR MSA 1.03* [1.00,1.06] 1.01 [0.99,1.03] 
Year x Race-Dual   
2014 x White dual-eligible 1.07 [0.96,1.18] 0.98 [0.92,1.05] 
2014 x Black non-dual-eligible 0.96 [0.87,1.05] 0.99 [0.94,1.06] 
2014 x Black dual-eligible 0.92 [0.75,1.13] 1.12 [0.99,1.28] 
2014 x Hispanic non-dual-eligible 0.92 [0.56,1.52] 1.38** [1.12,1.69] 
2014 x Hispanic dual-eligible 2.00* [1.10,3.62] 1.05 [0.89,1.24] 
2015 x White dual-eligible 1.03 [0.93,1.14] 0.95 [0.89,1.01] 
2015 x Black non-dual-eligible 1.09 [1.00,1.19] 1.08* [1.02,1.15] 
2015 x Black dual-eligible 1.04 [0.85,1.27] 1.10 [0.97,1.25] 
2015 x Hispanic non-dual-eligible 1.14 [0.71,1.82] 1.15 [0.93,1.42] 
2015 x Hispanic dual-eligible 1.48 [0.78,2.79] 1.03 [0.87,1.22] 
Year x MSA Treatment Status x Race-Dual   
2014 x CJR MSA x White dual-eligible 1.00 [0.86,1.16] 1.08 [0.98,1.19] 



 

© 2021 Thirukumaran CP et al. JAMA Network Open. 

 

 Hip Replacements Knee Replacements 
 Odds Ratio [95% CI] Odds Ratio [95% CI] 
 Differential Differential 
2014 x CJR MSA x Black non-dual-eligible 1.01 [0.88,1.16] 0.97 [0.88,1.06] 
2014 x CJR MSA x Black dual-eligible 1.27 [0.95,1.71] 0.97 [0.81,1.17] 
2014 x CJR MSA x Hispanic non-dual-
eligible 

1.29 [0.67,2.48] 0.89 [0.66,1.21] 

2014 x CJR MSA x Hispanic dual-eligible 0.49* [0.25,0.97] 0.99 [0.80,1.22] 
2015 x CJR MSA x White dual-eligible 0.95 [0.82,1.11] 1.09 [0.99,1.20] 
2015 x CJR MSA x Black non-dual-eligible 0.94 [0.82,1.07] 0.98 [0.90,1.07] 
2015 x CJR MSA x Black dual-eligible 0.95 [0.70,1.27] 0.97 [0.81,1.17] 
2015 x CJR MSA x Hispanic non-dual-
eligible 

1.15 [0.62,2.16] 1.11 [0.82,1.50] 

2015 x CJR MSA x Hispanic dual-eligible 0.82 [0.40,1.66] 1.01 [0.82,1.24] 
   
N (beneficiary-year) 18,403,141 18,403,141 
N (MSAs) 171 171 
p-value for triple interaction term 0.28 <0.001 

* p<0.05, ** p<0.01, *** p<0.001 
 
Abbreviations: CI: Confidence interval; MSA: Metropolitan Statistical Area; CJR: Comprehensive 
Care for Joint Replacement model; N: Number 

Notes: Adjusted odds ratios from patient-level multivariable logistic regression models with triple 
differences estimation and robust/sandwich estimators of variance. The models also controlled 
for MSA fixed effects and MSA weights. The analysis excluded data from 2016 because the 
CJR was introduced in April 2016, and this implementation precludes the classification of all 
Medicare beneficiaries into a pre- and post-cohort. Fixed effect estimates for the 171 MSAs are 
not presented in this table. For the year estimate and the year interaction estimates, estimates 
for 2017 are omitted due to collinearity. 
 
a Estimates used for supporting the pre-existing disparities between White non-dual-eligible 
beneficiaries and Black dual-eligible beneficiaries: Probability of knee replacements White dual-
eligible beneficiaries in comparison to Black non-dual-eligible beneficiaries =1/(1.92 x 0.25) = 
2.08
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eTable 7. Sensitivity analyses (1-6) - the Comprehensive Care for Joint Replacement model’s association with the probability of 

undergoing hip replacements with respect to White non-dual-eligible beneficiaries (2013-2017) 

 

Difference in adjusted probabilities of surgeries in comparison to White non-dual-eligible beneficiaries among CJR versus non-CJR 
MSAsa 

Analysis 

Main 
Analysis: 

Triple 
Differences 

Intention-to-
treat 

analysis 
(SA 1) 

RTI indicator 
for race 
(SA 2) 

Medicare 
entitlement 

for dual-
eligibility 

(SA 3) 

2016 
included in 
the post-

CJR phase 
(SA 4) 

Medicare's 
definition for 

elective 
surgeries 

(SA 5) 

Race 
interacted 
with key 

terms 
(SA 6) 

Dual 
interacted 
with key 

terms (SA 6) 

 
%-point 

difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

N 18,403,141 19,875,207 18,446,093 18,403,141 23,239,775 18,411,681 18,403,141 18,403,141 
Hip Replacements 

White dual 
-0.06  

(-0.14, 0.01) 
-0.06  

(-0.13, 0.01) 
-0.08*  

(-0.16, -0.01) 
-0.06  

(-0.14, 0.02) 
-0.06  

(-0.13, 0.01) 
-0.08*  

(-0.15, -0.01) 
  

Black non-
dual 

-0.05  
(-0.16, 0.06) 

-0.07  
(-0.17, 0.03) 

-0.05  
(-0.16, 0.06) 

-0.05  
(-0.15, 0.06) 

-0.05  
(-0.16, 0.05) 

-0.05  
(-0.16, 0.05) 

  

Black dual 
0.01  

(-0.11, 0.13) 
0.03  

(-0.09, 0.14) 
0.02  

(-0.10, 0.14) 
0.02  

(-0.11, 0.14) 
0.01  

(-0.10, 0.12) 
0.01  

(-0.11, 0.13) 
  

Hispanic 
non-dual 

-0.001  
(-0.29, 0.29) 

0.01  
(-0.29, 0.28) 

-0.07  
(-0.20, 0.07) 

-0.01  
(-0.29, 0.26) 

0.00  
(-0.27, 0.27) 

-0.02  
(-0.31, 0.26) 

  

Hispanic dual 
-0.14  

(-0.29, 0.01) 
-0.13  

(-0.26, 0.001) 
-0.02  

(-0.12, 0.07) 
-0.13  

(-0.28, 0.01) 
-0.12  

(-0.25, 0.01) 
-0.17*  

(-0.32, -0.02) 
  

Black       
-0.03  

(-0.12, 0.07) 
 

Hispanic       
-0.11  

(-0.32, 0.10) 
 

Dual        -0.05  
(-0.11, 0.02) 

* p<0.05, ** p<0.01, *** p<0.001 
 
Abbreviations: MSA: Metropolitan Statistical Area; CJR: Comprehensive Care for Joint Replacement model; SA: Sensitivity analysis; 
RTI: Research Triangle Institute; CI: Confidence interval; N: Number; %: Percentage 
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Notes: Adjusted probabilities from patient-level multivariable logistic regression models with robust/sandwich estimators of variance. 
The models assessed CJR’s association with the probability of surgeries for each race/dual group (versus White non-dual-eligible 
beneficiaries) in CJR MSAs versus non-CJR MSAs. The models controlled for age, sex, comorbidities, calendar year (and 
interactions with CJR MSA indicator and race/dual-eligibility indicator), MSA fixed effects, and MSA weights. The probabilities and 
the change in probabilities were obtained using Stata’s margins and lincom commands. 
 
a Percentage point difference in the probability of surgeries for each race/dual group (versus White non-dual-eligible beneficiaries) in 
CJR MSAs with CJR implementation versus non-CJR MSAs (“triple difference”). 
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eTable 8. Sensitivity analyses (1-6) - the Comprehensive Care for Joint Replacement model’s association with the probability of 

undergoing knee replacements with respect to White non-dual-eligible beneficiaries (2013-2017) 

 

Difference in adjusted probabilities of surgeries in comparison to White non-dual-eligible beneficiaries among CJR versus non-CJR 
MSAsa 

Analysis 

Main 
Analysis: 

Triple 
Differences 

Intention-to-
treat 

analysis 
(SA 1) 

RTI indicator 
for race 
(SA 2) 

Medicare 
entitlement 

for dual-
eligibility 

(SA 3) 

2016 
included in 
the post-

CJR phase 
(SA 4) 

Medicare's 
definition for 

elective 
surgeries 

(SA 5) 

Race 
interacted 
with key 

terms 
(SA 6) 

Dual 
interacted 
with key 

terms (SA 6) 

 
%-point 

difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

%-point 
difference  
(95% CI) 

N 18,403,141 19,875,207 18,446,093 18,403,141 23,239,775 18,411,681 18,403,141 18,403,141 
Knee Replacements 

White dual 
0.01  

(-0.10, 0.12) 
0.02  

(-0.09, 0.12) 
-0.03  

(-0.15, 0.09) 
0.02  

(-0.10, 0.13) 
0.01  

(-0.10, 0.12) 
-0.02  

(-0.13, 0.10)   
Black non-
dual 

-0.25**  
(-0.40, -0.10) 

-0.21** 
(-0.35, -0.07) 

-0.24**  
(-0.39, -0.09) 

-0.24**  
(-0.38, -0.09) 

-0.24**  
(-0.39, -0.09) 

-0.25*  
(-0.40, -0.10)   

Black dual 
-0.27**  

(-0.45, -0.10) 
-0.24*  

(-0.40, -0.07) 
-0.30*  

(-0.47, -0.13) 
-0.31*  

(-0.48, -0.13) 
-0.27*  

(-0.44, -0.10) 
-0.28*  

(-0.45, -0.11)   
Hispanic 
non-dual 

-0.04  
(-0.65, 0.57) 

-0.12  
(-0.70, 0.46) 

-0.01  
(-0.25, 0.24) 

-0.01  
(-0.60, 0.58) 

-0.04  
(-0.62, 0.53) 

-0.03  
(-0.64, 0.58)   

Hispanic dual 
0.23  

(-0.10, 0.55) 
0.33* 

(0.02, 0.64) 
0.29* 

(0.07, 0.51) 
0.21  

(-0.12, 0.54) 
0.22  

(-0.09, 0.53) 
0.25  

(-0.07, 0.58)   

Black 
      

-0.28*** 
(-0.41, -0.15)  

Hispanic 
      

0.13  
(-0.29, 0.55)  

Dual 
       

-0.02  
(-0.12, 0.08) 

* p<0.05, ** p<0.01, *** p<0.001 
 
Abbreviations: MSA: Metropolitan Statistical Area; CJR: Comprehensive Care for Joint Replacement model; SA: Sensitivity analysis; 
RTI: Research Triangle Institute; CI: Confidence interval; N: Number; %: Percentage 
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Notes: Adjusted probabilities from patient-level multivariable logistic regression models with robust/sandwich estimators of variance. 
The models assessed CJR’s association with the probability of surgeries for each race/dual group (versus White non-dual-eligible 
beneficiaries) in CJR MSAs versus non-CJR MSAs. The models controlled for age, sex, comorbidities, calendar year (and 
interactions with CJR MSA indicator and race/dual-eligibility indicator), MSA fixed effects, and MSA weights. The probabilities and 
the change in probabilities were obtained using Stata’s margins and lincom commands. 
 
a Percentage point difference in the probability of surgeries for each race/dual group (versus White non-dual-eligible beneficiaries) in 
CJR MSAs with CJR implementation versus non-CJR MSAs (“triple difference”).
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eTable 9. Sensitivity analysis (7) – the Comprehensive Care for Joint Replacement model’s 

effect on the probability of undergoing surgery in the MSA of residence 

 

Difference in the adjusted probabilities of undergoing surgeries in MSA of 
residence with CJR implementation 

 Hip Replacement Knee Replacement 

 
%-point difference   

(95% CI) 
%-point difference   

(95% CI) 
N 90,935 173,310 
White non-dual 0.44 (-0.05, 0.92) -0.46* (-0.82, -0.10) 
White dual 0.14 (-1.90, 2.18) -1.42* (-2.79, -0.04) 
Black non-dual 0.79 (-0.90, 2.48) 0.32 (-0.73, 1.37) 
Black dual 0.22 (-3.52, 3.95) 0.11 (-2.22, 2.44) 
Hispanic non-dual 3.79 (-3.58, 11.17) -0.42 (-4.10, 3.26) 
Hispanic dual -0.64 (-5.86, 4.59) 0.54 (-1.21, 2.29) 

* p<0.05, ** p<0.01, *** p<0.001 
 
Abbreviations: CJR: Comprehensive Care for Joint Replacement model; MSA: Metropolitan 
Statistical Area; CI: Confidence interval; N: Number; %: Percentage 

Notes: Cohort is limited to beneficiaries residing in CJR MSAs. Adjusted probabilities from 
patient-level multivariable logistic regression models with robust/sandwich estimators of 
variance. Outcome was a binary indicator of whether the patient underwent surgery in the MSA 
of residence among CJR MSAs. The key independent variables were the CJR phase, the 
race/dual-eligibility indicator, and the interaction between these variables. The models controlled 
for age, sex, comorbidities, calendar year, MSA fixed effects, and MSA weights. The differences 
in probabilities were obtained using Stata’s lincom command. 
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