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Objectives: To evaluate the ability of claims-based risk adjustment and incremental 
components of clinical data to identify 90-day episode costs among lower extremity 
joint replacement (LEJR) patients according to the Centers for Medicare & Medicaid 
Services (CMS) Comprehensive Care for Joint Replacement (CJR) program provisions.
Data Sources: Medicare fee-for-service (FFS) data for qualifying CJR episodes in the United 
States, and FFS data linked with clinical data from CJR-qualifying LEJR episodes performed 
at High Value Healthcare Collaborative (HVHC) and Mayo Clinic in 2013. HVHC and Mayo 
Clinic populations are subsets of the total FFS population to assess the additive value of ad-
ditional pieces of clinical data in correctly assigning patients to cost groups.
Study Design: Multivariable logistic models identified high-cost episodes.
Data Collection/Extraction Methods: Clinical data from participating health care 
systems merged with Medicare FFS data.
Principal Findings: Our three populations consisted of 363 621 patients in the CMS 
population, 4881 in the HVHC population, and 918 in the Mayo population. When 
modeling per CJR specifications, we observed low to moderate model performance 
(CMS C-Stat = 0.714; HVHC C-Stat = 0.628; Mayo C-Stat = 0.587). Adding CMS-HCC 
categories improved identification of patients in the top 20% of episode costs (CMS 
C-Stat = 0.758, HVHC C-Stat = 0.692, Mayo C-Stat = 0.677). Clinical variables, par-
ticularly functional status in the population for which this was available (Mayo C-
Stat = 0.783), improved ability to identify patients within cost groups.
Conclusions: Policy makers could use these findings to improve payment adjust-
ments for bundled LEJR procedures and in consideration of new data elements for 
reimbursement.
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1  | INTRODUC TION

In the United States, the annual number of total hip arthroplas-
ties (THAs) among patients over the age of 45 years doubled over 

11 years to approximately 310 800 in 2010.1 During this same pe-
riod, the rate of total knee arthroplasties (TKAs) increased 86% to 
45.3 per 10 000 for men and 99% to 65.5 per 10 000 for women.2 
From 2005 to 2030, the number of THAs performed in the United 
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States is projected to increase by nearly 200% and the number of 
TKAs is projected to increase by over 600%.3 Lower extremity joint 
replacement (LEJR) is one of the most common procedures per-
formed among Medicare beneficiaries.4

Significant variation in spending for surgical procedures exists 
across US hospitals.5 Variability in cost is explained by the postacute 
episode of care,6,7 type of joint implant,8 geographic region,9 and 
type of medical center.9 Age,9-13 disease severity,6,10,14-16 socioeco-
nomic status and social determinants of health,9,17-19 and medical 
comorbidities are associated with increased LEJR costs.9,11,20-25 In 
an attempt to reduce cost variability, the Centers for Medicare & 
Medicaid Services (CMS) issued the Comprehensive Care for Joint 
Replacement (CJR)26 rule mandating bundled payment for LEJR in 67 
geographic areas. On August 15, 2017, CMS proposed to reduce the 
number of geographic areas required to participate in this program.27

The CJR program limited price stratifications to hip fracture, 
Medicare Severity-Diagnosis Related Group (MS-DRG), and geo-
graphic region. The final CJR rule restricted adjustment to these 
three factors arguing that no standard risk adjustment methodology 
exists for LEJR patients, commercially available risk adjustment tools 
were constructed using patients not included within the CJR model, 
and traditionally employed risk adjustment methodologies such as 
the CMS-Hierarchical Condition Category (CMS-HCC) had not been 
validated in LEJR populations. Previous work has studied the net 
difference in hospital payment under the CJR model as currently 
implemented vs the inclusion of risk adjustment for average CMS-
HCC score aggregated to the hospital level: reconciliation payments 
would be reduced by $827 (95% CI, −$1368 to −$285) per episode 
for each standard deviation increase in a hospital’s patient complex-
ity, and risk adjustment could increase reconciliation payments for 
hospitals caring for more complex patients.28

Bundled payment programs without appropriate risk adjustment 
could lead to adverse selection among patients requiring LEJR. To in-
vestigate the ability of CMS-HCC and patient-level factors to predict 
high-cost 90-day LEJR episodes (episodes potentially most affected 
by risk adjustment), we evaluated three populations: (a) all CMS pa-
tients with a qualifying LEJR procedure; (b) patients treated at any 
High Value Healthcare Collaborative (HVHC) member organizations; 
and (c) patients at the Mayo Clinic, Rochester, Minnesota campus. 
Encouraged by governmental programs such as the Electronic 
Health Record Incentive Program (“Meaningful Use”),29 health care 
organizations are collecting patient-level information. However, 
variation exists in the availability of patient-level data across provid-
ers and health systems. Our investigation assesses the incremental 
benefit of patient-level clinical data in Medicare claims (FFS), across 
a collection of health care systems (HVHC), and within our own in-
stitution (Mayo Clinic). We evaluated the Medicare FFS-based CMS-
HCC methodology independently in an effort to improve the ability 
to identify patient populations, and then included additional claims 
and clinically derived measures to assign patients to cost groups for 
CJR-qualifying LEJR episodes. In the current analyses, the HVHC 
and Mayo Clinic populations are subsets of the total Medicare FFS 
population.

2  | METHODS

2.1 | Study population

This study performed secondary data analyses of Medicare FFS data 
for patients discharged from an acute care hospital for a CJR-qualifying 
LEJR procedure in 2013 (Figure 1). Under the CJR program, eligible ben-
eficiaries must have been discharged with a MS-DRG code of 469 (major 
replacement or reattachment of lower extremity with major complica-
tions or comorbidities) or 470 (major replacement or reattachment of 
lower extremity without major complications or comorbidities). LEJR 
procedures defined under MS-DRGs 469 and 470 include replacement, 
resurfacing, and reattachment of the hip, knee, ankle, and smaller joints 
of the lower extremities including those within the foot. Additionally, 
under the CJR beneficiaries must have had Medicare as their primary 
payer and been covered under both parts A and B FFS Medicare for the 
duration of their episode as well as the 12 months prior to their LEJR 
procedure. Medicare Part A is the entitlement portion of the Medicare 
program and includes the services under hospital care, skilled nursing 
facility, nursing home, hospice, and home health services. Medicare 
Part B coverage requires beneficiaries to pay a premium in order to re-
ceive coverage for services considered medically necessary and preven-
tive, such as outpatient care, preventive care, ambulance services, and 
durable medical equipment. Medications covered under Medicare Part 
D are not included within the CJR provisions and have therefore been 
excluded within our analyses. Episodes under which Medicare was the 
primary payer were the population included within the CJR; individuals 
with private insurance or for whom Medicare was not the primary payer 
were therefore excluded from this study.

Under the CJR program, beneficiaries were excluded if they died 
at any point during their 90-day episode, were eligible for Medicare on 
the basis of End Stage Renal Disease (ESRD), were enrolled in Medicare 
Managed Care at any time during or in the 12 months preceding the 
episode period, and were subsequently admitted to an acute care hos-
pital during the episode period which resulted in a discharge with MS-
DRG 469 or 470 (including sequential bilateral procedures). Those who 
reside within a U.S. Territory or those who underwent an LEJR proce-
dure at Maryland hospitals were also excluded due to Maryland’s par-
ticipation in CMS’ Maryland All-Payer Model. These exclusions were 
followed based on those outlined in the CJR methodology.

We utilized all Medicare beneficiaries with a qualifying LEJR found 
within CMS-claims data, and to understand the incremental value of 
more granular data sources for patient-level information, we examined 
two populations subsets: beneficiaries with qualifying LEJR performed 
within one of twelve member organizations of the HVHC in which clini-
cal and EMR data were available, and beneficiaries with a qualifying LEJR 
at the Mayo Clinic campus in Rochester, Minnesota. The patient-level 
data elements available for each population subset are listed in Figure 1.

2.2 | Patient measures

Medicare FFS data contain some patient-level information that 
may be informative in correctly assigning patients to expected cost 
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groups, which can be helpful in risk adjustment and payment stratifi-
cation. Within Medicare FFS data, there are some patient-level fac-
tors routinely collected and submitted to Medicare for qualification 
and billing purposes, including patient age, gender, dual eligibility 
status for both Medicare and Medicaid services, patient residency 
in an urban vs rural area, region of the country of which the LEJR 
procedure takes place, and patient race. Additionally, methods have 
been developed to use billing codes to attempt to understand patient 
comorbidity burden, including the Charlson comorbidity index,30 
the Elixhauser comorbidity measure,31 and the CMS-Hierarchical 
Condition Category (HCC) score.32 We focused on the CMS-HCC 
Risk Adjustment Model, version 2132 at the request of the public 
commentary for the CJR final rule. This algorithm uses a combina-
tion of basic demographic characteristics and comorbidity diagnosis 
codes from Medicare claims to calculate a prospective risk score for 

each beneficiary, as well as to identify hierarchically categorized in-
dividual condition categories. CMS-HCC condition categories were 
evaluated by their prevalence in the population and an assessment 
of the C-statistic produced by the univariate logistic regression with 
the HCC condition as the predictor and the dichotomized cost group 
as the response (defined in detail in the next section).

Beyond the FFS/claims-based data, health care organizations have 
varying degrees of patient-level data stored and available which may 
help create a more comprehensive picture of patient complexity. We 
therefore deployed the HVHC CJR-qualifying LEJR episodes linked 
with clinical data from a variety of hospital systems to help represent 
the data availability of a larger group of health care organizations. The 
HVHC is a consortium of health care delivery systems formed to ac-
celerate process improvements and to reduce cost.33 Data available 
from this broader set included body mass index (BMI) to understand 

F IGURE  1 Flow diagram of patient inclusion/exclusion parameters based on Medicare Comprehensive Care for Joint Replacement (CJR) 
program for these study populations: CMS Fee-for-Service CJR-qualifying episodes, HVHC CMS/Clinically Linked CJR Episodes, and Mayo 
Clinic, Rochester, Minnesota CMS/Clinically Linked CJR Episodes, and incrementally available patient-level information available for each 
study population 
Note: Patient and Provider/Hospital Exclusions are not mutually exclusive; A single LEJR episode may be excluded for more than one 
exclusion factor.
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the impact of body fat as a proxy for complexity of patient health sta-
tus and necessary recovery care, laterality of the procedure (right vs. 
left joint), and marital status as a proxy for social support.

To further our understanding of how patient-reported mea-
sures could also play a role in assignment of patients to episode cost 
groups for CJR-qualifying LEJR episodes, we chose to also analyze 
the data resources available within our own Mayo Clinic health care 
system. Mayo Clinic Rochester is a large multidisciplinary practice in 
the Midwest. The measures included questions routinely collected 
for clinical care within our system, which was not a standard practice 
among other HVHC member organizations.

2.3 | Primary outcome: 90-day episode cost

The primary outcome of interest was the total 90-day episode cost 
for the LEJR procedure, and all related services rendered during the 
episode period as outlined under the CJR. Total 90-day costs were 
calculated by aggregating Medicare FFS payments for all services 
billed to the beneficiary from the time of admission until 90 days 
postdischarge. Services deemed to be unrelated to the LEJR proce-
dure were excluded per the stipulations outlined in the CJR federal 
rule: (a) unrelated readmissions identified on the basis of MS-DRG 
codes; (b) Part B services identified using the principle diagnosis 
code on the claim line; (c) hemophilia clotting factors; (4) new tech-
nology add-on payments for drugs, technologies, and services, as 
well as Outpatient Prospective Payment System (OPPS) transitional 
pass-through payments for medical devices. Services that spanned 
outside of the defined episode period were prorated so that only 
services attributable to the 90-day episode were included in the 
total aggregated costs. This proration was carried out per the pro-
visions of the CJR federal rule. All Medicare prices were standard-
ized using the method developed by The Dartmouth Institute, which 
standardizes the prices to adjust for sources of variation that may 
not be of interest to researchers, namely “variation caused by differ-
ences in utilization and variation due to Medicare’s varying rates for 
the same medical services.”3

To understand the performance of patient-level factors on the cor-
rect assignment of patients to cost group under a stratified payment 
model such as the CJR, we chose to dichotomize CJR-qualifying LEJR 
episodes into two groups: the most expensive 20% of episodes, and 
the remaining 80%. Cut points for dichotomized 80%/20% episode 
costs were defined using the full CMS LEJR population, stratified by 
MSR-DRG (469 vs. 470), and were then applied to the other study 
population subsets (HVHC and Mayo Clinic populations) to ensure 
consistency across populations. Therefore, each of our population 
subsets deployed the same cut point for analysis. This method was 
employed to align as closely with how federal policy may work, given 
the intent to reduce variability across the CMS population at large.

2.4 | Statistical analysis

Descriptive statistics were calculated for all patient characteristics 
within the Medicare FFS CJR-qualifying LEJR population, as well 

as for the two subpopulations of CJR-qualifying LEJR procedures. 
Patient characteristics were presented as a prevalence estimate 
for the entire Medicare FFS CJR-qualifying LEJR population to 
understand the magnitude of the patient factors across the entire 
CMS population. Additionally, proportions of patients within each 
study population (CMS FFS LEJR population, HVHC population, 
Mayo Clinic population) were presented within 90-day episode cost 
groups as a method to understand the generalizability of the two 
population subsets (HVHC and Mayo Clinic). The distribution of the 
most prevalent and predictive individual conditions from the CMS-
HCC risk score was also calculated and presented for the CMS LEJR 
population at large, and against the dichotomized (80%/20%) epi-
sode cost groups. In order to protect the confidentiality of patient 
data, and for cell suppression requirements of Medicare data, we are 
unable to present individual Ns within each study population.

Under the CJR legislation, CMS set four target prices for each 
participating hospital based on MS-DRG and patient hip fracture 
status upon admission. To help understand the distribution of ep-
isode costs by these CJR-designated stratifications, we calculated 
the 20th percentile, median, and 80th percentile episode costs for 
the CMS CJR-qualifying LEJR population as a whole, and for our two 
subpopulations (HVHC and Mayo Clinic).

To understand the incremental value of varying types of patient-
level information in correctly assigning CJR-qualifying LEJR episodes 
to cost groups, we developed three sets of multivariable logistic 
models to compare predictive ability: (a) Base Model (CJR Program 
“as-is”), (b) Base Model plus CMS-HCC classifications, and (c) Base 
Model plus CMS-HCC plus other factors. The base model was used 
to explain the predictive power of the current CJR legislation to 
identify high-cost episodes. This base model included covariates 
currently utilized as stratification for payment under the CJR model: 
an indicator for whether or not the beneficiary had a hip fracture, 
and the location of the anchor hospitalization classified into one of 
the nine geographic regional census divisions, excluding the Mayo 
Clinic models where only one geographic regional census division is 
represented. This model was nested into each of the additional mod-
els, and the performance of this base model was compared to other 
models that included the base covariates, CMS-HCC condition cat-
egories, age, and other claims-based or clinical covariates with the 
potential to add predictive power. Models were assessed by com-
paring C-statistics, sensitivity, specificity, positive predictive values 
(PPV), and negative predictive values (NPV), as well as examining the 
ROC tables for each of the multivariable logistic models. The Youden 
Index was used to determine optimal cut points for evaluation.34 
This index optimizes the cut point by maximizing the combined sen-
sitivity and specificity measures: Youden Index = sensitivity + spec-
ificity − 1. This index was used in lieu of fixed sensitivity due to the 
nature of the binary predictors in our models limiting the ability to 
choose a fixed sensitivity.

Additionally, we estimated the same multivariate models against 
the continuous total 90-day episode cost outcome for comparison. 
Because health care costs are not normally distributed, we esti-
mated a generalized linear model with a gamma distribution and log 
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link transformation. Regression estimates were converted back to 
costs for interpretation. To examine the incremental value of the 
models, we calculated R2 estimates for generalized linear models 
using methods developed by Zhang.35 We report both estimated R2 
and the penalized R2 to adjust for additional parameters in the full 
model. Results for these supplemental analyses can be found within 
Supporting information. All analysis was carried out using SAS 9.4 
(Cary, NC).

3  | RESULTS

Our CMS population and two population subsets consisted of 
363 621 in the CMS population, 4881 in the HVHC population, 
and 918 in the Mayo Clinic population who underwent a quali-
fying LEJR procedure in 2013 (Table 1). The majority of patients 
were female (CMS 65.5%, HVHC 62.0%, Mayo Clinic 55.9%), be-
tween the ages of 65 and 79y (CMS 66.6%, HVHC 75.0%, Mayo 
Clinic 65.0%), white (CMS 91.1%, HVHC 94.3%, Mayo Clinic 
97.9%), not dual eligible with Medicaid (CMS 79.9%, HVHC 92.3%, 
Mayo Clinic 85.6%), and resided in an urban area (CMS 72.4%, 
HVHC 66.4%, Mayo Clinic 50.0%). Over half of procedures were 
performed on the knee (CMS 58.1%, HVHC 64.2%, Mayo Clinic 
58.4%), followed by on the hip (CMS 41.1%, HVHC 37.8%, Mayo 
Clinic 41.6%). Patients were discharged to the following loca-
tions: a skilled nursing facility (SNF), (CMS 36.4%, HVHC 34.8%, 
Mayo Clinic 45.2%), home with home health services (CMS 32.8%, 
HVHC 31.2%, Mayo Clinic 3.3%), home without additional ser-
vices (CMS 17.6%, HVHC 26.6%, Mayo Clinic 48.8%), and to a 
postacute rehabilitation facility (CMS 11.8%, HVHC 7.2%, Mayo 
Clinic 2.5%).

Additional variables not found in claims had differential avail-
ability based on the subpopulation. We ascertained marital status 
and BMI among both the HVHC and Mayo Clinic populations, and 
a measure of functional ability (ability to climb two flights of stairs) 
among the Mayo Clinic population. The majority of the patients 
in our study reported to be married (HVHC 63.4%, Mayo Clinic 
70.0%), and half of patients had a BMI greater than 30 (HVHC 
46.0%, Mayo Clinic 50.0%). Among the Mayo Clinic population, 
20.6% reported the inability to climb two flights of stairs, 37.7% 
reported that they could climb two flights of stairs with difficulty, 
and 24.0% reported that they could climb two flights of stairs with 
no difficulty.

3.1 | Patient factors across cost categories

When patient-level factors were modeled univariately against 
the 80%/20% dichotomized 90-day episode costs, factors as-
sociated with high-cost episodes (top 20%) included our young-
est and oldest age groups (< 65 years; ≥80 years) (P < 0.0001 for 
CMS, HVHC, Mayo Clinic), dual eligibility status (CMS P < 0.0001; 
HVHC P < 0.0001; Mayo Clinic P = 0.0015), having a hip or “other” 
procedure (ie, complications of orthopedic device, fractures, or 

degeneration of the lower extremity) vs a knee or ankle procedure 
(CMS P < 0.0001; HVHC P = 0.0073, Mayo Clinic P = 0.0382), and 
residence in an urban (CMS P < 0.0001; HVHC P = NS; Mayo Clinic 
P = NS) or rural setting (CMS P = NS; HVHC P = NS; Mayo Clinic 
P = 0.0009).

Within our HVHC and Mayo Clinic subpopulations, our ability to 
look at different patient factors varied due to data availability. The 
inability to climb two flights of stairs was associated with high-cost 
episodes (Mayo Clinic, P < 0.0001). Unmarried status was associated 
with higher cost compared to married or having a life partner (HVHC: 
19.6% vs 9.3%, P < 0.0001; Mayo Clinic: 16.7% vs 9.3%, P = 0.0013). 
BMI (<30 and ≥30) was not associated with cost (HVHC: P = 0.495; 
Mayo Clinic: P = 0.2204).

The five most prevalent individual CMS-HCC groups iden-
tified were congestive heart failure, vascular disease, specified 
heart arrhythmias, dementia without complication, and chronic 
obstructive pulmonary disease (COPD). Univariate modeling of 
these individual CMS-HCC groups indicated moderate model per-
formance (range 0.539-0.559). When examining these variables 
univariately through logistic regression with total 90-day episode 
cost in the top 20%, all five conditions were associated with high-
cost episodes. The only exception to this was a non-significant 
association for vascular disease in the Mayo Clinic subpopulation 
(P = 0.0891).

3.2 | 90-day episode costs

Median total episode costs increased with the increased severity 
(MS-DRG) and hip fracture status (Table 2). Median and cost distri-
butions varied across the three populations, with the overall CMS 
population typically demonstrating higher costs than the HVHC and 
Mayo Clinic subpopulations, particularly among the MS-DRG 470 
with hip fracture group. For those patients with hip fracture grouped 
under MS-DRG 469, the HVHC and Mayo Clinic sites had higher me-
dian costs.

3.3 | Models identifying high-cost episodes

The base model, which included hip fracture status and pro-
vider region within each clinical population, demonstrated low 
to moderate model performance (CMS C-Stat = 0.714; HVHC 
C-Stat = 0.628; Mayo Clinic C-Stat = 0.587) (Table 3). The addi-
tion of HCC comorbidities increased model performance based 
on C-Statistics (CMS C-Stat = 0.758, HVHC C-Stat = 0.692, Mayo 
Clinic C-Stat = 0.677), as did the additional inclusion of cat-
egorized patient age (CMS C-Stat = 0.780, HVHC C-Stat = 0.721, 
Mayo Clinic C-Stat = 0.721). Independent evaluation of models 
to determine the impact of inclusion of measures of socioeco-
nomic status [SES] (CMS C-Stat = 0.784, HVHC C-Stat = 0.729, 
Mayo Clinic C-Stat = 0.737), marital status (CMS C-Stat = N/A, 
HVHC C-Stat = 0.735, Mayo Clinic C-Stat = 0.0.727), BMI (CMS C-
Stat = N/A, HVHC C-Stat = 0.718, Mayo Clinic C-Stat = 0.721), and 
patient functional status (CMS C-Stat = N/A, HVHC C-Stat = N/A, 
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TABLE  1 Characteristics of patients undergoing lower extremity joint replacement (LEJR) for three cohorts: all qualifying episodes in the 
CMS population, patients with qualifying episodes at a High Value Healthcare Collaborative (HVHC) facility, patients at Mayo Clinic, 
Rochester, Minnesota (2013) in the bottom 80% and top 20% of episode costs

CMS LEJR population

HVHC LEJR Mayo LEJR

Subpopulation Subpopulation

Bottom 80% Top 20% Bottom 80% Top 20% Bottom 80% Top 20%

Gender

Male 84.0 16.0 90.0 10.0 90.4 9.6

Female 77.9 22.1 85.0 15.0 86.9 13.1

Age

<65 years 84.1 15.9 82.2 17.8 85.3 14.7

65-79 years 87.0 13.0 90.0 10.0 92.2 7.8

80+ years 60.5 39.5 75.7 24.3 77.9 22.1

Race

White 80.4 19.6 87.3 12.7 88.3 11.7

Black 75.3 24.7 74.2 25.8 100.0 0.0

Other/Unknown 77.7 22.3 85.0 15.0 90.9 9.1

Dual eligible

No 81.5 18.5 88.0 12.0 89.8 10.2

Yes 73.9 26.1 73.4 26.6 80.3 19.7

Urban/Rural

Urban 79.1 20.9 86.4 13.6 91.8 8.2

Rural 82.4 17.6 87.1 12.9 87.4 12.6

Super Rural 82.3 17.7 88.8 11.2 81.1 18.9

Procedure type

Hip 69.2 30.8 85.1 14.9 85.9 14.1

Knee 87.8 12.2 87.9 12.1 90.3 9.7

Ankle 88.4 11.6 – – – –

Other 54.2 45.8 – – – –

Discharge disposition

Home 96.8 3.2 97.7 2.3 97.5 2.5

Home health 97.0 3.0 96.7 3.3 96.7 3.3

Hospice 70.4 29.6 – – – –

SNF 68.9 31.1 77.3 22.7 80.7 19.3

Rehab 43.5 56.5 42.5 57.5 43.5 56.5

Other 65.5 34.5 55.6 44.4 50.0 50.0

Marital Statusa

Married/Life 
Partner

– – 90.7 9.3 90.7 9.3

Unmarried – – 80.4 19.6 83.3 16.7

BMIa

<30 – – 87.7 12.3 90.1 9.9

≥30 – – 87.0 13.0 87.5 12.5

Ability to climb two flights of stairsb

Can’t at all – – – – 75.6 24.3

Can with 
difficulty

– – – – 92.2 7.8

(Continues)
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Mayo Clinic C-Stat = 0.783) showed variation in impact between 
measure group. Patient factors listed with “Not Applicable” (N/A) 
indicate that these fields were not available within each given 
population (marital status and BMI in the CMS population; patient 
functional status in the CMS and HVHC populations). SES (dual 
eligibility) had the greatest impact on C-Statistic, sensitivity, and 
PPV among the CMS population. Marital status had the greatest 
impact on C-Statistic, sensitivity, and NPV but adversely impacted 
specificity among the HVHC population. Functional status (abil-
ity to climb two flights of stairs and BMI) had the greatest impact 
on C-Statistic, sensitivity, PPV, and NPV, but adversely impacted 
specificity among Mayo Clinic LEJR patients.

Similar findings were observed in the continuous outcome mod-
els with increased explanatory ability (ie, higher R2 and penalized 
R2) as measured of interest were added. Additional detail regarding 
these results can be found in the online technical appendices.

4  | DISCUSSION

We observed that younger (<65 years) and older (≥80 years) age, 
dual eligibility status, having a nonknee or ankle procedure, and resi-
dence in an urban setting for the entire CMS cohort, and residence 

in a rural setting for the Mayo Clinic cohort were associated with 
higher episode costs. We observed that adding CMS-HCC catego-
ries improved our ability to identify patients who were in the top 
20% of episode costs. We also observed that variables derived from 
administrative data and clinical sources, particularly functional sta-
tus, improved our ability to identify patients within different cost 
groups.

Our findings add to the extant literature by demonstrating that 
CMS-HCC increases the ability to identify patients who are higher 
cost in a population of patients undergoing LEJR. Concerns have 
existed about the accuracy of the CMS-HCC for predicting patient 
care costs.36-38 CMS had not included CMS-HCC risk adjustment in 
the CJR rule because it had not been validated in a group of patients 
undergoing LEJR. Our data provide support to the inclusion of CMS-
HCC risk adjustment in future bundled payment models for patients 
undergoing LEJR.

Our data suggest that the inclusion of clinical factors such as 
functional status may improve the ability to predict patients with 
greater episode costs. C-statistics greater than 0.70 are considered 
good and clinically relevant, and C-statistics greater than 0.80 are 
considered strong.39 The highest C-statistic we observed was for 
the base model in addition to CMS-HCC and functional status (de-
fined as being ability to climb two flights of stairs) in the Mayo Clinic 

CMS LEJR population

HVHC LEJR Mayo LEJR

Subpopulation Subpopulation

Bottom 80% Top 20% Bottom 80% Top 20% Bottom 80% Top 20%

Can with no 
difficulty

– – – – 97.7 2.3

CMS-HCC categories

Congestive heart failure

Present 64.0 36.0 71.0 29.0 69.7 30.3

Not present 82.2 17.8 90.6 9.4 88.7 11.3

Vascular disease

Present 66.6 33.5 83.8 16.2 76.3 23.7

Not present 82.1 17.9 89.1 10.9 88.1 11.9

Specified heart arrhythmias

Present 69.7 30.3 80.8 19.2 78.9 21.1

Not present 81.9 18.1 89.9 10.1 88.3 11.7

Dementia without complication  

Present 45.5 54.5 70.4 29.6 60.6 39.4

Not present 81.7 18.4 89.0 11.0 87.4 12.6

COPD

Present 70.2 29.8 74.7 25.3 77.1 22.9

Not present 81.5 18.6 89.9 10.1 87.6 12.3

BMI, body mass index; CMS, Centers for Medicare and Medicaid Services; CMS-HCC, Centers for Medicare and Medicaid Services—Hierarchical 
Condition Category; COPD, chronic obstructive pulmonary disease; HVHC, high value healthcare collaborative; LEJR, lower extremity joint replace-
ment; SNF, skilled nursing facility.
aData only available for HVHC, Mayo Clinic subpopulations. 
bData only available for Mayo Clinic subpopulation. 

TABLE  1  (Continued)
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population (C-statistic 0.783). The addition of functional status to 
the base model and CMS-HCC increased the sensitivity for detect-
ing patients with high-cost episodes. In other words, if patients are 
able to climb two flights of stairs prior to joint surgery, they are less 
likely to be in the top 20% of episode costs. The CMS-HCC model 
does not include adjustments for functional impairment. Previous 
researchers have identified that the CMS-HCC model is likely to 
underpredict expenses for Medicare beneficiaries with functional 
status impairment, and that the level of disability accounts for a 
substantial portion of the difference between actual and predicted 
expenses.38

The inclusion of clinical variables into a risk adjusted CMS 
payment model would require substantial resources and infra-
structure and is perhaps not justified based upon its impact in 
models in the LEJR population we evaluated. However, func-
tional status may have more of impact on predicting cost in other 
populations with multiple medical comorbidities who may be 
considered for future bundled payment. Fortunately, CMS has 
expressed interest in the collection of patient-reported infor-
mation in the Merit-based Incentive Payment Systems (MIPS) 
and Alternative Payment Models (APMs) under Medicare Access 
and Children’s Health Insurance Program Reauthorization Act 
of 2015 (MACRA), and has listed patient-reported measures as 
a priority focus outcome measure.40 Collection and application 
of measures such as patient ability to climb two flights of stairs 
could help to facilitate the appropriate adjustment for the poten-
tial risk that providers of care may face and safeguard patients 
from adverse selection.

Previous investigators have suggested that the financially dom-
inant strategy for most hospitals under CJR would be to accept 
Medicare penalties and not make any investments in CJR or care 

management.41 This result is partially driven by the significant 
upfront investments in care redesign and the inability to recover 
these costs for low-volume hospitals. However, for commoditized 
procedures like LEJR, significant cost reductions can be obtained 
through interventions which do not require potentially expensive 
care redesign efforts such as reducing implant costs or avoiding 
higher cost postacute care.42 Our findings provide information 
that could enhance the tailoring of care management pathways to 
reduce costs for patients more likely to incur greater costs. An un-
intended consequence is that our findings could be used to offer 
procedures to lower-risk, lower-cost patients. Indeed, a previous 
study has observed a statistically significant decrease in the aver-
age age and comorbidity of patients undergoing LEJR among aca-
demic centers during the risk-bearing period of bundled payment 
for LEJR.43 The inclusion of HCC risk scores in LEJR reconciliation 
payments would lead to annual reductions in payments by as much 
as $146 360 for hospitals caring for the least medically complex 
patients and increases as large as $114 184 for hospitals with 
the most medically complex patients.28 These financial shifts in a 
cost-neutral approach to reimbursement for CMS programs would 
serve to decrease the likelihood of adverse patient selection for 
higher cost patients.

Several limitations to our analysis exist. First, data availability 
varied across the three study cohorts used in our analysis due to 
the nature of data collection from Medicare claims, across differ-
ing HVHC member organizations, and at Mayo Clinic. This limited 
our power for detecting differences between groups and limited 
our ability to capture the potential effects of certain patient factors. 
Limited sample sizes, particularly after linking claims to administra-
tive and clinical variables from HVHC and Mayo Clinic, also forced us 
to collapse certain categorical variables. Conversely, within our body 

TABLE  2 Episode cost summaries for lower extremity joint replacement (LEJR) among the CMS, HVHC, and Mayo Clinic populations 
(2013) as grouped according to the CMS Comprehensive Care for Joint Replacement (CJR) program

CMS LEJR population (N = 363 621) HVHC LEJR subpopulation (N = 4881) Mayo LEJR subpopulation (N = 918)

20th 
percentile Median

80th 
percentile

20th 
percentile Median

80th 
percentile

20th 
percentile Median

80th 
percentile

MS-DRG 
470, No 
HF

$17 437 $20 331 $28 663 $16 181 $19 565 $28 114 $14 624 $17 288 $24 920

MS-DRG 
470, HF

$27 500 $37 005 $48 284 $20 100 $27 825 $42 608 $22 887 $29 941 $41 914

MS-DRG 
469, No 
HF

$28 058 $36 915 $50 646 $26 879 $36 802 $52 594 $23 932 $31 058 $50 281

MS-DRG 
469, HF

$39 593 $49 710 $63 356 $36 181 $57 153 $72 098 $35 968 $50 504 $65 607

Overall $17 790 $21 818 $33 146 $16 276 $19 808 $28 807 $14 672 $17 881 $26 097

CMS, Centers for Medicare and Medicaid Services; HF, hip fracture; HVHC, high value healthcare collaborative; MS-DRG, Medicare severity-diagnosis 
related group.
MS-DRG 470: Episodes billed under “Major Joint Replacement or Reattachment of Lower Extremity Without Major Complication or Comorbidity 
(MCC).”
MS-DRG 469: Episodes billed under “Major Joint Replacement or Reattachment of Lower Extremity With Major Complication or Comorbidity (MCC).”
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of claims population, we had a very large sample size which allowed 
for potentially irrelevant differences to be detected.

Our study provides approaches for improving the identification 
of high-cost episodes among patients undergoing LEJR. Appropriate 
risk adjustment may increase the likelihood that provider organiza-
tions elect to participate in bundled payment models. If bundles be-
come part of the future health care landscape, policy makers should 
incorporate improved risk adjustment of payments for LEJR to mini-
mize adverse selection of patients and limiting their access to neces-
sary procedures to reduce pain and improve function.
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