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I n January 2017, CMS launched the 5-year Comprehensive Primary 

Care Plus (CPC+) model in collaboration with 79 private and 

public payers. CPC+ is a new approach to payment for and 

delivery of primary care in 3070 diverse primary care practices 

in 18 regions, and it is intended to improve quality and reduce 

costs. CPC+ has 2 tracks and supports practices in both tracks with 

data feedback, learning activities, health information technology 

vendor supports, and enhanced payments (a median boost of 

10% or 15% of annual practice revenue, depending on the track).1 

Track 2 practices receive additional financial support, shift more 

from fee-for-service (FFS) toward population-based payment, and 

provide more enhanced care delivery approaches to better support 

patients with complex needs.

One of the 5 key comprehensive primary care functions targeted 

by CPC+ is “access and continuity.” Interpersonal continuity of care, 

defined as recurrent visits with the same individual practitioner over 

time, is a function of primary care because it is considered critical 

for high-quality and efficient patient care.2-5 CPC+ requires practices 

to have at least 95% of their patients empaneled to a practitioner or 

care team and to measure continuity of care for empaneled patients. 

Despite having a similar goal, the Comprehensive Primary Care (CPC 

Classic) model was not found to increase continuity of care.6,7 The 

CPC+ model, however, has more specific targets for continuity of 

care and provides more substantial payments for overall primary 

care transformation than CPC Classic. Further, study findings suggest 

that examining the inverse of continuity—fragmentation, defined 

as the receipt of care from multiple ambulatory practitioners with 

no single practitioner accounting for a substantial proportion of 

visits—can yield more nuanced results.8 Two patients can have 

the same amount of continuity (eg, 50% of visits with the most 

frequently seen provider) but different amounts of fragmenta-

tion (eg, the remaining 50% of visits spread across 2 providers vs 

4 providers).9 To date, measures of care fragmentation have not yet 

been applied to evaluations of large-scale interventions. Fragmented 

ambulatory care has been linked to undesirable consequences, 

such as increased hospitalizations and emergency department use, 

unnecessary testing, and increased medical costs.6,7,10-14 It is unclear 

Primary Care Redesign and Care Fragmentation 
Among Medicare Beneficiaries
Lori Timmins, PhD; Carol Urato, MA; Lisa M. Kern, MD, MPH; Arkadipta Ghosh, PhD; and Eugene Rich, MD

ABSTRACT

OBJECTIVES: To determine associations between a large-
scale primary care redesign—the Comprehensive Primary 
Care Plus (CPC+) Initiative—and the extent of continuity 
or fragmentation of ambulatory care for Medicare fee-for-
service beneficiaries during the first 3 years of CPC+.

STUDY DESIGN: We used a difference-in-differences 
framework with a comparison group of practices that were 
similar to CPC+ practices at baseline (eg, practice size, 
demographics, Medicare spending). Regressions controlled 
for clustering, baseline patient characteristics, and practice 
fixed effects. Our study covered January 2016 through 
December 2019 and included 1,085,707 beneficiaries 
attributed to 2883 CPC+ practices and 2,274,068 
beneficiaries attributed to 6912 comparison practices.

METHODS: We focused on beneficiaries with highly 
fragmented care at baseline because they may have 
changed the most in response to CPC+. Key outcome 
measures were the numbers of ambulatory visits and unique 
practitioners, reported by specialty category; the percentage 
of visits with the usual provider of care (measuring 
continuity); and the reversed Bice-Boxerman Index (rBBI; 
measuring fragmentation).

RESULTS: Medicare beneficiaries with high fragmentation 
(rBBI ≥ 0.85) at baseline (40% of the sample) had a mean 
of 13 ambulatory visits across 7 practitioners; the most 
frequent provider of care accounted for only 28% of visits. 
By contrast, the remaining beneficiaries had a mean of 
10 visits across 4 practitioners, with the most frequent 
provider accounting for 54% of visits. There were no 
differences in continuity or fragmentation of care for CPC+ vs 
comparison beneficiaries.

CONCLUSIONS: We find no evidence that CPC+ increased 
continuity or decreased fragmentation of care.
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how an intervention designed in part to improve continuity of care 

will affect fragmentation.

This study examines interpersonal continuity and fragmentation of 

care over time for Medicare FFS beneficiaries with highly fragmented 

care at baseline in CPC+ and comparison practices. Because CPC+ 

practices had to provide continuity of care, we hypothesize that 

CPC+ would improve care more for beneficiaries in CPC+ practices 

than for those in comparison practices. We focus on the subset of 

beneficiaries with the most fragmented care at baseline and follow 

them over time because we expect this population to have changed 

the most in response to the intervention. We also present results 

for the remaining beneficiaries to illustrate the clinical distinction 

between high and lower fragmentation of care. This study expands 

the evidence base on how large-scale primary care interventions 

can affect ambulatory care patterns for a policy-relevant population.

METHODS
Study Design

We compared Medicare beneficiaries attributed to 2883 practices 

that started CPC+ in 2017 with those attributed to 6912 comparison 

practices. We attributed beneficiaries to the practice that delivered 

the largest share of their primary care visits over the prior 2 years. 

Using an intent-to-treat design, we kept beneficiaries in the analysis 

for the baseline or intervention period after they were attributed in 

that period (see eAppendix A [eAppendices available at ajmc.com]).

We selected comparison practices separately by track using 

propensity score matching of practice, market, and beneficiary 

characteristics. By design, comparison and CPC+ practices had very 

similar observable characteristics before CPC+, such as practice size 

and electronic health record use; attributed Medicare beneficiary 

demographics, spending, and service use; and county’s median 

income and number of hospital beds, as well as whether there is a 

shortage of primary care providers.1

Data and Study Population

To construct outcomes, we analyzed Medicare claims from the CMS 

Virtual Research Data Center over the baseline period (2016) and 

the first 3 program years (January 2017 through December 2019). 

We restricted the analysis to practices that joined CPC+ in 2017 and 

their comparison practices to ensure a 3-year 

follow-up period.

Following previous studies of care frag-

mentation, we imposed a series of sample 

restrictions (Figure 1).6,7 We included beneficia-

ries attributed to CPC+ and comparison practices 

without any age restriction. We required that 

beneficiaries be observed in the same track for 

baseline and at least 1 follow-up year and be 

continuously enrolled in Medicare parts A and 

B. We used a modified version of the National 

Committee for Quality Assurance’s definition 

of ambulatory visits to identify beneficiaries with office or other 

outpatient visits (such as to rural health clinics and critical access 

hospitals) for evaluation and management; ophthalmological 

services for medical examination; and evaluation, new enrollee, 

or annual wellness visits.15,16 (eAppendix A provides details.) We 

required beneficiaries to have at least 4 ambulatory visits in the 

baseline year for inclusion in the analysis because measures of 

continuity may not be reliable if based on fewer visits.8 We relaxed 

this criterion in the intervention period, in which we required 

beneficiaries to have at least 1 ambulatory visit, to allow for the 

possibility that CPC+ affected the number of visits.8

Our final sample at baseline consisted of 490,514 and 595,193 

Medicare beneficiaries attributed to 1370 and 1513 Track 1 and 

Track 2 CPC+ practices, respectively, and 1,635,669 and 1,390,924 

beneficiaries attributed to 5236 and 3780 comparison practices in 

Tracks 1 and 2, respectively.

Outcome Measures

With our focus on interpersonal continuity and fragmentation 

of care, we examined visits to different individual practitioners, 

rather than different practices, for our main analysis. We studied 

4 key outcomes measured in each calendar year (eAppendix B 

provides details).17,18

1. Number of qualifying ambulatory visits. We summed the 

number of ambulatory visits over each year at the beneficiary 

level. In addition to the total number of visits, we also report 

visits by practitioner type: primary care physicians, specialists, 

and nurse practitioners (NPs)/physician assistants (PAs)/clinical 

nurse specialists (CNSs). We treated NPs/PAs/CNSs as primary 

care providers for attribution but studied the number of visits 

to these nonphysician practitioners separately from visits to 

primary care physicians to better understand patient care patterns.

2. Number of unique practitioners. This represents the number of 

unique practitioners the beneficiary saw over the year for the 

ambulatory visits identified above. We also report this measure 

by practitioner type.

3. Percentage of visits with the usual provider of care (UPC). This 

measures the percentage of visits with the most frequently 

TAKEAWAY POINTS

Many primary care initiatives are being tested, including the Comprehensive Primary Care 
Plus (CPC+) Initiative. CPC+’s requirements might reduce fragmentation of care.

 › Medicare beneficiaries whom we designated as having highly fragmented care (40% of 
beneficiaries) had a mean of 13 ambulatory visits across 7 practitioners in the year. The 
most frequent provider of care accounted for only 28% of visits.

 › There were no differences in the change in continuity or fragmentation of care for CPC+ vs 
comparison beneficiaries over the first 3 years of CPC+.

 › Future interventions that target fragmentation more directly may be more successful in 
changing that outcome.
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seen ambulatory practitioner, who could be a primary care 

practitioner or specialist.

4. Reversed Bice-Boxerman Continuity of Care Index. The Bice-

Boxerman Index (BBI) is based on the number of visits, the 

number of practitioners, and the distribution of visits across 

practitioners. It captures the spread of visits across practitioners 

and the relative shares of each practitioner.6,19 We reversed raw 

BBI scores, calculating 1 minus BBI, so that higher reversed 

BBI (rBBI) scores reflect more fragmentation, with scores 

ranging from 0 (least fragmentation) to 1 (most fragmentation).11 

Fragmentation scores are inherently skewed toward 1 because 

there are more permutations of visits and practitioners that yield 

fragmented care than concentrated care.12 We used a cut point 

of 0.85 or higher to designate highly fragmented care because 

it maximized discrimination between the cluster of scores at 

the skewed end of the scale and the rest. Further, values above 

this threshold have previously been associated with more 

hospitalizations, even after adjusting for beneficiaries’ clinical 

and demographic characteristics.20,21

Statistical Analysis

We used a difference-in-differences (DID) framework and compared 

the changes in mean fragmentation and continuity measures for 

Medicare beneficiaries in CPC+ practices between the 12 months 

before CPC+ (baseline) and the combined first 3 years of CPC+ 

with changes among beneficiaries in the comparison practices 

over the same period. We estimated DID models separately by 

track, reflecting the differences in care delivery requirements and 

payments. To net out prior observable differences between CPC+ 

and comparison beneficiaries not fully eliminated by matching, 

the regression models controlled for practice fixed effects and 

beneficiaries’ characteristics at baseline, such as demographics; 

Attributed and FFS 
Part A/B for 12 months 
in baseline year (2016)a

Attributed and FFS 
Part A/B for 12 months 
in an intervention year 

(2017 and/or 2018
and/or 2019)

1+ qualifying 
ambulatory visit 

in baseline year and 
in an intervention year

4+ qualifying 
ambulatory visits 
in baseline year

Fragmentation
of care 

in baseline yearb

Comparison
N = 2,380,098

CPC+
n = 860,897

CPC+
n = 705,949

Comparison
N = 2,023,193

Comparison
n = 2,015,069

CPC+
n = 601,833

Comparison
n = 1,717,703

CPC+
n = 734,615

Comparison
n = 1,635,669

CPC+
n = 490,514

Comparison
n = 1,390,924

CPC+
n = 595,193

Comparison
n = 1,960,684

CPC+
n = 586,736

Comparison
n = 1,672,431

CPC+
n = 714,846

Comparison
n = 677,333

CPC+
n = 201,585

Comparison
n = 958,336

CPC+
n = 288,929

Comparison
n = 595,647

CPC+
n = 253,502

Comparison
n = 795,277

CPC+
n = 341,691
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FIGURE 1. Sample Selection of Medicare FFS Beneficiaries in CPC+ and Comparison Practices, by Track

CPC+, Comprehensive Primary Care Plus; FFS, fee-for-service.
aBaseline refers to the year before CPC+ started (January-December 2016). 
bThe high-fragmentation group has a reversed Bice-Boxerman Index of 0.85 or greater at baseline. 

Source: Authors’ analysis of Medicare claims data for January 2016 through December 2019.
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the original reason for Medicare eligibility; the Hierarchical 

Condition Category (HCC) score, a comprehensive summary of 

demographic and clinical factors measuring risk for subsequent 

Medicare expenditures; and multiple individual chronic conditions. 

(eAppendix C lists the full set of control variables.) P values were 

2-sided and considered statistically significant at P < .05. We did not 

adjust P values for multiple comparisons but did attempt to avoid 

false positives by examining the magnitude of the estimates, the 

patterns of findings across time periods, and estimates of related 

outcomes. We performed data analyses using Stata version 16.1 

(StataCorp). Regressions accounted for clustering of the standard 

error at the practice level.

RESULTS
Characteristics of Beneficiaries With Highly 
Fragmented Care

More than 40% of beneficiaries in CPC+ and comparison practices 

had highly fragmented care (rBBI ≥ 0.85) at baseline. Beneficiaries in 

CPC+ and comparison practices were similar (Table 1). Compared 

with the remaining beneficiaries, individuals with highly fragmented 

care were more likely to be in practice sites that were larger, were 

part of a hospital or health system, and had previously participated 

in primary care transformation initiatives. They were less likely to 

be dually eligible for Medicaid or 85 years and older. There were no 

meaningful differences in mean HCC scores across the 2 fragmenta-

tion groups. (For the full set of beneficiary characteristics that we 

studied, see eAppendix Table 5 in eAppendix D.) 

Fragmentation and Continuity of Care in the 
Baseline Period

In Track 1, at baseline, beneficiaries with high fragmentation 

attributed to CPC+ practices had a mean of 13 ambulatory visits 

with 7 unique practitioners, 28% of visits with the usual provider of 

care, and a fragmentation score of 0.91. By contrast, the remaining 

beneficiaries had a mean of 10 ambulatory visits with 4 unique 

practitioners, 54% of visits with the usual provider of care, and a 

fragmentation score of 0.68 (Table 2).

Visits to specialists drove patterns of care among those with high 

fragmentation. Beneficiaries with high fragmentation had a mean 

TABLE 1. Baseline Characteristics (2016) for CPC+ and Comparison Groups, by Track and Fragmentation at Baselinea

Variables

Track 1 Track 2

High 
fragmentationb

All other 
beneficiaries

High 
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All other 
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(n

 =
 2

01
,5

85
)

Co
m

pa
ri

so
n 

(n
 =

 6
77

,3
33

)

CP
C+

 
(n

 =
 2

88
,9

29
)

Co
m

pa
ri

so
n 

(n
 =

 9
58

,3
36

)

CP
C+

 
(n

 =
 2

53
,5

02
)

Co
m

pa
ri

so
n 

(n
 =

 5
95

,6
47

)

CP
C+

 
(n

 =
 3

41
,6

91
)

Co
m

pa
ri

so
n 

(n
 =

 7
95

,2
77

)

Beneficiary characteristics

Demographics

Age categories in years

< 65 9.0 9.5 13.2 13.4 9.0 10.0 12.9 13.5

65-74 (reference category) 51.3 50.3 45.8 45.4 51.4 50.0 46.2 45.4

75-84 30.5 30.8 28.7 28.9 30.2 30.6 28.6 28.8

≥ 85 9.2 9.4 12.3 12.3 9.4 9.4 12.3 12.4

Race categories

White (reference category) 91.5 91.7 88.1 88.4 90.5 91.3 87.5 87.5

Black 4.0 4.2 5.5 5.7 4.8 4.7 5.7 6.5

All other/unknown 4.5 4.1 6.4 5.9 4.7 4.0 6.8 6.0

Gender (binary indicator for male) 40.7 40.7 40.6 40.6 41.0 41.0 40.8 40.7

Original Medicare eligibility categories

Age (reference category) 84.0 83.6 79.2 79.4 83.9 83.0 79.7 79.5

Disability only 15.5 15.9 20.4 20.3 15.6 16.4 20.0 20.1

ESRD only or ESRD with disability 0.5 0.5 0.3 0.3 0.5 0.6 0.3 0.3

Dual eligibility

Percentage with Medicare and full or partial Medicaid benefits according to 
Master Beneficiary Summary File

8.3 10.0 13.1 15.4 8.4 10.4 12.5 15.5

Risk score

HCC scorec,d 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

(continued)
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of 8 visits to 5 specialists and a mean of 3 visits to 2 primary care 

physicians. Beneficiaries with less fragmented care had more visits 

with primary care physicians (a mean of 4 visits with 1 practitioner) 

and saw fewer specialists (5 visits with 2 practitioners). The means 

and medians of our measures were similar (eAppendix Table 6 in 

eAppendix D). Results were similar for beneficiaries in comparison 

practices and across both tracks.

Fragmentation and Continuity of Care Over Time

Beneficiaries with highly fragmented care at baseline had increased 

continuity of care and reduced fragmentation by the intervention 

period in CPC+ and comparison practices (Figure 2). The mean 

percentage of visits with the UPC increased from 28% at baseline 

to 36% in program year (PY) 3 for Track 1 CPC+ beneficiaries, and 

the mean rBBI decreased from 0.91 to 0.85 over the same period. 

This was due to little change in the mean number of ambulatory 

visits (approximately 13 visits at baseline and in PY 3) but a small 

decline in the number of unique practitioners seen (7.3 practitio-

ners at baseline and 6.7 in PY 3). Similar patterns can be seen for 

beneficiaries in Track 1 comparison practices and for beneficiaries 

in Track 2 CPC+ and comparison practices. Among beneficiaries 

not in the high-fragmentation group, we observe small declines in 

continuity of care and increases in fragmentation between baseline 

and the intervention period (eAppendix Figure 1 in eAppendix D).

TABLE 1. (Continued) Baseline Characteristics (2016) for CPC+ and Comparison Groups, by Track and Fragmentation at Baselinea

Variables

Track 1 Track 2
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beneficiaries

CP
C+

 
(n

 = 
20

1,
58

5)

Co
m

pa
ri

so
n 

(n
 =

 6
77

,3
33

)

CP
C+

 
(n

 =
 2

88
,9

29
)

Co
m

pa
ri

so
n 

(n
 =

 9
58

,3
36

)

CP
C+

 
(n

 =
 2

53
,5

02
)

Co
m

pa
ri

so
n 

(n
 =

 5
95

,6
47

)

CP
C+

 
(n

 =
 3

41
,6

91
)

Co
m

pa
ri

so
n 

(n
 =

 7
95

,2
77

)

Characteristics of the beneficiary’s assigned practicee

Prior transformation

Practice participated in prior primary care transformation initiatives 
(recognized as a medical home or participated in MAPCP or CPC Classic)f 

56.9 55.0 50.7 49.9 84.0 77.4 79.7 73.5

Sizeg

Small (1-2 primary care practitioners) 17.1 16.8 25.3 25.2 9.9 10.1 15.2 16.1

Medium (3-5 primary care practitioners) 31.4 33.7 32.7 34.4 29.9 31.3 33.9 33.5

Large (≥ 6 primary care practitioners) 51.5 49.5 42.0 40.4 60.3 58.6 50.9 50.5

Ownershipg

Hospital- or system-owned 57.3 58.5 49.9 50.9 61.0 62.0 54.3 55.9

Multispecialtyh

Practice is multispecialty vs primary care only 21.2 20.3 18.0 18.7 27.4 26.5 24.4 23.9

Urbanicity of practice’s countyi

Urban 76.1 74.9 69.7 70.5 80.3 77.3 73.8 73.9

Suburban 16.2 18.0 18.9 17.9 14.3 16.5 16.7 17.1

Rural 7.7 7.1 11.4 11.5 5.3 6.2 9.5 9.0

AAAHC, Accreditation Association for Ambulatory Health Care; ARF, Area Resource File; CPC+, Comprehensive Primary Care Plus; ESRD, end-stage renal 
disease; FFS, fee-for-service; HCC, Hierarchical Condition Category; MAPCP, Multi-Payer Advanced Primary Care Practice; NCQA, National Committee for Quality 
Assurance; rBBI, reversed Bice-Boxerman Index; TJC, The Joint Commission; URAC, Utilization Review Accreditation Commission.
aAll values in this table are reported as percentages (multiplied by 100), with the exception of HCC scores. 
bThe high-fragmentation group has an rBBI of 0.85 or greater at baseline and all other beneficiaries have an rBBI of less than 0.85 at baseline.
cIndividual chronic conditions for beneficiaries in each fragmentation group, by track, can be found in eAppendix Table 5. 
dThe HCC score in the baseline year is based on beneficiaries’ diagnoses in 2015. HCC scores are a measure of risk for subsequent expenditures. CMS calculates 
them such that the average for the Medicare FFS population nationally is 1.0. A patient with a risk score of 1.30 is predicted to have expenditures that would 
be approximately 30% above the average, whereas a patient with a risk score of 0.70 is expected to have expenditures that would be approximately 30% below 
the average.
ePractice is defined as a physical location or practice site.
fWe define prior transformation experience as CPC Classic or MAPCP participation, or NCQA, TJC, AAAHC, URAC, or state medical home recognition status (if the 
practice is in a medical home). 2016 data on patient-centered medical home recognition come from NCQA, TJC, AAAHC, URAC, and state-specific data sources. 
2016 data on participation in MAPCP and in CPC Classic come from CMS.
gData on practice size and ownership come from 2016 SK&A data.
hWe define multispecialty as having at least 1 practitioner, according to SK&A, with a specialty other than general practice, internal medicine, family medicine, 
or geriatrics. 
iThe urbanicity of a practice’s county (rural, urban, suburban) is derived from the 2013 (latest year available) rural-urban continuum codes, produced by the 
Economic Research Service unit of the US Department of Agriculture and available in the ARF.
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The Effect of CPC+ on Patterns of 
Ambulatory Care
CPC+ and number of ambulatory visits. For 

beneficiaries with highly fragmented care at 

baseline, regression-adjusted DID estimates 

show that CPC+ did not affect the number 

of qualifying ambulatory visits over time in 

CPC+ practices relative to those in comparison 

practices. Track 1 and Track 2 practices had 

similar changes in the mean number of visits 

for CPC+ and comparison practices (Table 3). 

Although some DID estimates are statistically 

significant, their magnitude is small, indicating 

no substantive change in the number of visits.

CPC+ and the number of unique practitioners. 

We did not find meaningful reductions in 

the number of unique practitioners seen by 

beneficiaries with highly fragmented care in 

CPC+ practices relative to those in comparison 

practices. The regression-adjusted DID esti-

mates are small for Track 1 (0.03; P = .05) and 

Track 2 (0.02; P = .12). We find similar results 

when we examine the number of unique 

practitioners by type.

CPC+ and continuity of care. We find no 

discernable difference between CPC+ and 

comparison practices in the change in the 

percentage of visits with the UPC measure 

over time. Although the regression-adjusted 

percentage increased over the course of CPC+—

from 28% to 36% for Track 1 and 2 CPC+ practice 

beneficiaries—there were similar increases for 

beneficiaries in comparison practices (Table 3).

CPC+ and fragmentation of care. Regression-

adjusted DID estimates also show that CPC+ did 

not affect fragmentation of care as measured by 

the rBBI for beneficiaries with highly fragmented 

care at baseline in CPC+ relative to comparison 

practices (Table 3).

Additional Analyses

CPC+ was not associated with changes in 

outcomes when we examined year-by-year DID 

estimates (eAppendix Table 7 in eAppendix D) 

instead of the combined 3-year estimates. When 

we derived alternative constructions of our conti-

nuity and fragmentation measures that count 

primary care physicians and NPs/PAs/CNSs 

in the attributed practice as a single provider 

to credit team-based care, we again found no 

effects of CPC+ (eAppendix Tables 8 and 9).

TABLE 2. Descriptive Statistics on Outcome Measures at Baseline (2016) for CPC+ and 
Comparison Groups, by Track and Fragmentation Group

Track 1

High fragmentationa All other beneficiariesa

CPC+ 
(n = 201,585)

Comparison 
(n = 677,333)

CPC+ 
(n = 288,929)

Comparison 
(n = 958,336)

Outcome Mean SD Mean SD Mean SD Mean SD

No. of ambulatory visitsb,c 12.6 7.4 12.5 7.3 10.1 6.2 10.1 6.2

Visits with primary care 
physicians

3.2 2.4 3.2 2.5 4.1 3.3 4.1 3.3

Visits with specialists 7.6 5.5 7.4 5.4 4.9 4.6 4.8 4.6

Visits with NPs/PAs/CNSs 1.3 1.9 1.4 2.0 0.7 1.7 0.8 1.9

No. of unique practitionersc 7.3 2.8 7.3 2.9 4.1 1.9 4.1 1.9

Primary care physicians 1.5 1.0 1.5 1.0 1.1 0.6 1.2 0.7

Specialists 4.5 2.4 4.5 2.4 2.3 1.6 2.3 1.6

NPs/PAs/CNSs 0.9 1.1 1.0 1.2 0.4 0.7 0.4 0.7

Percentage of visits with the 
usual provider of cared

27.8 6.9 27.8 7.0 53.6 16.3 53.6 16.1

rBBIe 0.91 0.04 0.91 0.04 0.68 0.19 0.68 0.19

Track 2

High fragmentationa All other beneficiariesa

CPC+
(n = 253,502)

Comparison 
(n = 595,647)

CPC+ 
(n = 341,691)

Comparison
(n = 795,277)

Outcome Mean SD Mean SD Mean SD Mean SD

No. of ambulatory visitsb,c 12.4 7.2 12.4 7.2 10.0 6.1 10.0 6.2

Visits with primary care 
physicians

3.3 2.4 3.3 2.5 4.1 3.2 4.1 3.3

Visits with specialists 7.4 5.3 7.2 5.2 4.7 4.5 4.7 4.5

Visits with NPs/PAs/CNSs 1.3 1.9 1.5 2.0 0.8 1.8 0.9 1.9

No. of unique practitionersc 7.3 2.9 7.3 2.9 4.1 1.9 4.1 1.9

Primary care physicians 1.6 1.0 1.6 1.0 1.2 0.6 1.2 0.7

Specialists 4.5 2.4 4.4 2.3 2.3 1.6 2.3 1.6

NPs/PAs/CNSs 0.9 1.1 1.0 1.2 0.4 0.7 0.5 0.8

Percentage of visits with the 
usual provider of cared

27.8 7.0 27.8 7.0 53.2 15.9 53.2 15.8

rBBIe 0.91 0.04 0.91 0.04 0.68 0.18 0.68 0.18

CNS, clinical nurse specialist; CPC+, Comprehensive Primary Care Plus; NP, nurse practitioner; PA, 
physician assistant; rBBI, reversed Bice-Boxerman Index.
aThe high-fragmentation group has an rBBI of 0.85 or greater at baseline and all other beneficiaries 
have an rBBI of less than 0.85 at baseline. 
bAmbulatory visits are defined as office or other outpatient visits (such as to rural health clinics and 
critical access hospitals) for evaluation and management, ophthalmological services for medical 
examination and evaluation, or new enrollee and annual wellness visits.
cThe sum of visits to primary care physicians, specialists, and NPs/PAs/CNSs is less than total visits 
because total visits include those to other practitioners not categorized. For this reason, the sum 
of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNSs is less than total 
unique practitioners. 
dThe percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory 
provider) measures continuity of care. 
eThe rBBI measures fragmentation of care, with higher numbers indicating more fragmented care. 

Source: Authors’ analysis of Medicare claims data for January 2016 through December 2019.
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FIGURE 2. Adjusted Means of Outcome Measures Over Time for High-Fragmentation CPC+ and Comparison Groups, by Tracka

CPC+, Comprehensive Primary Care Plus; PY, program year; rBBI, reversed Bice-Boxerman Index.
aThe high-fragmentation group has an rBBI of 0.85 or greater at baseline. Baseline refers to the year before CPC+ started (January-December 2016). Predicted means 
are regression adjusted for baseline patient characteristics (including Hierarchical Condition Category scores, which are a measure of risk for subsequent expendi-
tures) and practice fixed effects. PY 1 is January through December 2017; PY 2 is January through December 2018; PY 3 is January through December 2019. 
bAmbulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits.
cThe percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. 
dThe rBBI measures fragmentation of care, with higher numbers indicating more fragmented care. 

Source: Authors’ analysis of Medicare claims data for January 2016 through December 2019.
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TABLE 3. DID Estimates for High-Fragmentation CPC+ and Comparison Groups, by Tracka

Measure

Track 1

Baselineb mean Years 1-3 mean DID estimate 
(SE) 95% CI PCPC+c Comparisond CPC+c Comparisond

No. of ambulatory visitse,f 12.6 12.5 12.5 12.3 0.05 (0.03) 0.00-0.11 .038

Visits with primary care physicians 3.2 3.2 3.2 3.2 0.03 (0.02) 0.00-0.07 .049

Visits with specialists 7.6 7.4 7.1 6.8 0.05 (0.02) 0.01-0.08 .019

Visits with NPs/PAs/CNSs 1.3 1.4 1.5 1.6 –0.01 (0.01) –0.04 to 0.02 .643

No. of unique practitionersf 7.3 7.3 6.7 6.6 0.03 (0.01) 0.00-0.06 .047

Primary care physicians 1.5 1.5 1.3 1.3 0.01 (0.01) –0.01 to 0.03 .295

Specialists 4.5 4.5 4.0 3.9 0.03 (0.01) 0.01-0.05 .001

NPs/PAs/CNSs 0.9 1.0 1.0 1.1 0.01 (0.01) –0.01 to 0.03 .440

Percentage of visits with the usual provider of careg 27.8 27.8 35.6 35.8 –0.16 (0.11) –0.38 to 0.05 .130

rBBIh 0.91 0.91 0.85 0.85 0.00 (0.00) –0.00 to 0.00 .698

Sample size CPC+ Comparison

No. of practicesi 1371 5237        

No. of beneficiaries 202,110 677,908        

No. of beneficiary-years 745,978 2,506,006        

Measure

Track 2

Baselineb mean Years 1-3 mean DID estimate 
(SE) 95% CI PCPC+c Comparisond CPC+c Comparisond

No. of ambulatory visitse,f 12.4 12.4 12.2 12.2 0.00 (0.03) –0.05 to 0.05 .931

Visits with primary care physicians 3.3 3.3 3.3 3.3 0.02 (0.02) –0.02 to 0.05 .357

Visits with specialists 7.4 7.2 6.8 6.6 –0.01 (0.02) –0.04 to 0.03 .687

Visits with NPs/PAs/CNSs 1.3 1.5 1.5 1.7 0.00 (0.01) –0.03 to 0.03 .883

No. of unique practitionersf 7.3 7.3 6.7 6.7 0.02 (0.01) –0.01 to 0.05 .119

Primary care physicians 1.6 1.6 1.4 1.4 0.01 (0.01) –0.01 to 0.03 .183

Specialists 4.5 4.4 3.9 3.9 0.00 (0.01) –0.01 to 0.02 .662

NPs/PAs/CNSs 0.9 1.0 1.0 1.1 0.02 (0.01) –0.00 to 0.03 .078

Percentage of visits with the usual provider of careg 27.8 27.8 35.5 35.7 –0.16 (0.11) –0.36 to 0.05 .144

rBBIh 0.91 0.91 0.86 0.86 0.00 (0.00) –0.00 to 0.00 .148

Sample size CPC+ Comparison        

No. of practices 1514 3778        

No. of beneficiaries 254,035 596,154        

No. of beneficiary-years 939,219 2,206,100        

CNS, clinical nurse specialist; CPC+, Comprehensive Primary Care Plus; DID, difference-in-differences; E&M, evaluation and management; FFS, fee-for-service; 
NP, nurse practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index.
aThe high-fragmentation group has an rBBI of 0.85 or greater at baseline. 
bBaseline refers to the year before CPC+ started (January 2016-December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate 
on a DID analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in years 
1 through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run 
separate regression models for each outcome of interest.
cWe report the actual, unadjusted CPC+ mean for each time period shown in the table. 
dFor comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period. 
eAmbulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for E&M, ophthalmological services 
for medical examination and evaluation, or new enrollee and annual wellness visits.
fThe sum of visits to primary care physicians, specialists, and NPs/PAs/CNSs is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNSs is less than total unique practitioners.
gThe percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. 
hThe rBBI measures fragmentation of care, with higher numbers indicating more fragmented care. 
iThe number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries because beneficiaries can switch 
practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the baseline 
period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa). 
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When we estimated DID models separately for the remaining 

beneficiaries with less fragmented care, we found no effect of CPC+ 

on continuity and fragmentation (eAppendix Table 10).

Similarly, we found no discernible effects when we analyzed 

subgroups of patients based on their HCC risk scores (eAppendix 

Tables 11 and 12) or based on whether the practice participated in 

an accountable care organization in the Medicare Shared Savings 

Program (which affects the type of performance-based payments 

the practice receives) (eAppendix Table 13). We found similar 

results when limiting the sample to beneficiaries 65 years and 

older (eAppendix Table 14).

DISCUSSION
Medicare beneficiaries with high fragmentation at baseline (40% of 

the sample) had a mean of 13 ambulatory visits across 7 practitioners 

(5 of them specialists), with the medians being similar to the means. 

On average, 28% of their visits were with their UPC—in sharp contrast 

to the remaining beneficiaries, for whom this was 54%. Patterns were 

similar across tracks and CPC+ vs comparison practices. Although 

we did observe improvements in continuity of care over time for 

beneficiaries in the high-fragmentation group—likely driven by a 

reversion to the mean given our categorization of beneficiaries at 

baseline—these improvements did not differ between CPC+ and 

comparison practices.

Despite previous research showing improvements in care manage-

ment approaches,1 our findings suggest that CPC+ did not meaningfully 

change continuity or fragmentation of care for Medicare beneficiaries. 

At the end of the third year, beneficiaries with highly fragmented 

care at baseline continued to seek care from many practitioners 

who delivered small proportions of their ambulatory visits. We also 

found no evidence that CPC+ affected the number of ambulatory 

visits, which is particularly noteworthy for Track 2 practices, which 

CMS has increasingly shifted toward non–visit-based payments.

There are a few possible reasons why these findings were not more 

favorable. First, practices may need more time to fully implement 

changes in care delivery. Practices can decide which care delivery 

requirements to implement first, how to implement them, and 

which staff should be involved.1 We look only at the first 3 years of 

the model, but deeper practice transformation and more familiarity 

with the CPC+ payment structure may translate into changes in key 

outcomes in the last 2 years. Second, practices may require stronger, 

tailored learning supports or greater rewards-based payments to 

directly incentivize them to strengthen continuity of care as opposed 

to the existing performance-based payments based on measures 

of patients’ experience, clinical quality measures, and utilization 

(acute hospitalizations and emergency department visits).22 Third, 

we primarily calculated fragmentation at the practitioner level, 

which may overstate true fragmentation when there is team-based 

care, but we obtained the same findings in our sensitivity analyses 

when we combined practitioners in the same primary care practice. 

Related, CPC+ aimed to expand access to care at the practice level, 

but because NPs/PAs/CNSs often handle same-day appointments, 

this might worsen fragmentation. Finally, CPC+ incentivized primary 

care practitioners but not specialists. Although care coordination 

between primary and specialist providers is necessary for effective 

care management (and fragmentation of care is sometimes appro-

priate), specialists may require incentives to engage in behaviors that 

increase continuity with primary care and decrease fragmentation, 

such as referring patients back to primary care providers, avoiding 

specialist-to-specialist referrals, and minimizing the number of 

visits for problems that could be effectively managed by primary care.

Limitations

This study has some important limitations. First, practices were not 

randomly assigned to CPC+ vs comparison group status. Therefore, 

differences in unobservable characteristics between CPC+ and 

comparison practices could influence outcomes. Second, high 

fragmentation does not mean the absence of communication 

among practitioners. Our claims data do not capture the extent 

to which practitioners coordinate beneficiaries’ care, exchange 

information, or develop a shared care plan. In addition, claims do 

not capture emails, texts, calls, and, before the pandemic, many 

video or phone visits. If such visits are concentrated among few 

practitioners, fragmentation measured using billable office visits 

may overstate gaps in communication across practitioners. Further, 

we cannot determine from our data the clinical appropriateness of 

visits with different practitioners. Finally, the generalizability of our 

findings to other large-scale initiatives may be limited because CPC+ 

was tested in the regions, payers, and practices that volunteered to 

participate and were selected by CMS. Given the flexibility of the 

CPC+ model, another set of practices might have transformed care 

differently, leading to different results.

CONCLUSIONS
We did not find evidence that CPC+ improved fragmentation or 

continuity of care among Medicare beneficiaries any more than 

in secular trends. Future interventions that target fragmentation 

more directly may be more successful in changing that outcome. n
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eAppendix A: IDENTIFYING THE ANALYTIC SAMPLE 

This supplementary appendix has 4 sections: 

• A description of the Comprehensive Primary Care Plus (CPC+) Initiative methodology for 
attributing Medicare fee-for-service (FFS) beneficiaries to practices that provide primary 
care based on the CMS methodology.1 Information in this supplementary appendix was 
excerpted from the CPC+ Second Annual Report.2 

• Propensity score matching 

• Intent-to-treat (ITT) sample definition 

• Sample restrictions 

Attribution. Every quarter, Mathematica attributes eligible beneficiaries to the practice 
where they had the most primary care visits over a 24-month lookback period that ends 
immediately prior to the start of the quarter. Attribution is performed for both CPC+ and 
comparison practices for the years 2016-2019, using claims data going back to January 2014 for 
the attribution of beneficiaries in the first quarter of 2016. This process is similar to CMS’s 
claims-based attribution process for the CPC+ model. 

First, to be eligible for attribution, beneficiaries must meet the following criteria at the start 
of the quarter:	

• Be enrolled in both Medicare Part A and Part B 

• Have Medicare as their primary payer 

• Not be covered under a Medicare Advantage or other Medicare health plan 

• Not be incarcerated 

• Be alive 

For all beneficiaries who meet the eligibility criteria listed above, physician carrier claims 
and outpatient claims (for critical access hospitals) are used to count the number of eligible 
primary care visits using the following Current Procedural Terminology (CPT) codes. A primary 
care visit must include 1 of the CPT codes found in eAppendix Table 1 from a primary care 
provider (a physician, nurse practitioner, clinical nurse specialist, or physician assistant):  
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eAppendix Table 1. Primary Care Services Eligible for Attribution 

Type of service Service  CPT codes  
All primary care Office/outpatient visit evaluation and management (E&M)  99201–99205  

99211–99215  
  Home care  99324-99328  

99334–99337  
99339–99345  
99347–99350  

  Welcome to Medicare and annual wellness visits  G0402, G0438, G0439  
  Advance care planning  99497  
  Collaborative care model  G0502–G0504a  

99492, 99493, 99494b  
  Cognition and functional assessment for patient with cognitive 

impairment  
G0505a, 99483b 

  Outpatient clinic visit for assessment and management  
(CAHs only)  

G0463  

  Transitional care management services  99495–99496  
CCM-related service CCM services  99490, 99491c   
  Complex CCM services  99487, 99488d  
  Assessment/care planning for patients requiring CCM services  G0506a 
  Care management services for behavioral health conditions  G0507a, 99484b   
  Prolonged services without face-to-face contact 99358a 

CAH indicates critical access hospital; CCM, chronic care management; CPT, Current Procedural Terminology. 
a Added effective January 1, 2017. 
b Added effective January 1, 2018. 
c Added effective January 1, 2019. 
d Discontinued effective January 1, 2017. 
Source:  Centers for Medicare and Medicaid Services’ detailed methodology for CPC beneficiary attribution. 

Primary care provider specialties include family and internal medicine, general practice, 
clinical nurse specialist, nurse practitioner, and physician assistant. 

If a beneficiary’s most recent eligible primary care visit in the 24-month lookback period 
was for chronic care management (CCM)-related services, we attribute the beneficiary to the 
practice that provided that CCM-related service. Starting in the first quarter of 2018, to align 
with changes in CMS attribution, if a beneficiary is not attributed on the basis of CCM-related 
billing, and the beneficiary had an annual wellness visit or a Welcome to Medicare visit in the 
24-month lookback period, we attribute the beneficiary to the practice that provided the most 
recent annual wellness visit or a Welcome to Medicare visit. If a beneficiary is not attributed on 
the basis of annual wellness visits, Welcome to Medicare visit, or CCM-related billing (including 
cases in which a beneficiary had CCM billed, but the most recent visit was not for CCM-related 
services), we first count the number of eligible primary care visits the beneficiary received from 
each practice that provided such services. We then attribute the beneficiary to the practice that 
provided the plurality (that is, the largest share) of eligible primary care visits during the 
lookback period. If a beneficiary has the same number of eligible primary care visits at more 
than 1 practice, we attribute the beneficiary to the practice where the beneficiary had his or her 
most recent visit. If 2 or more of these practices share the same most recent visit date, we 
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attribute the beneficiary to a practice that is on our SK&A practitioner roster over a primary care 
National Provider Identifier (NPI) that is not on the roster. We break any further ties randomly. 

Propensity score matching by track. We used propensity score matching to ensure 
similarity between CPC+ and comparison practices across pre-CPC+ practice, market, and 
attributed patient characteristics. A non-CPC+ practice could be a comparison for both Track 1 
and Track 2 practices. Note that “practice” is defined as the physical location or practice site. 
CPC+ includes 2 tracks with different levels of care delivery requirements and payment 
approaches to meet the diverse needs of participating practices. Specifically, Track 2 practices 
are required to provide more enhanced care delivery approaches to better support patients with 
complex needs. They received additional financial support and a greater shift from FFS toward 
population-based payment. These payments support the expanded breadth and depth of services 
that Track 2 practices are required to provide and give them the flexibility to deliver care in ways 
that may better address patients’ needs and align with their preferences for care.  

Given the potential for important differences across practices types, we matched separately 
by track. The resulting comparison groups had baseline characteristics comparable to the CPC+ 
practices in our analysis. Specifically, CPC+ and comparison practices had similar (1) Medicare 
FFS beneficiaries (with similar demographics, chronic conditions, Medicare expenditures, 
hospitalizations, and ED use); (2) practice characteristics (such as size, health system ownership 
status, and experience with primary care transformation and EHRs); and (3) characteristics of the 
county in which the practice was located (such as median income, rural/urban location, and 
percentage of the population in poverty).  See Ghosh et al.2 for information on the propensity 
score matching approach for the CPC+ evaluation, including the balance tables showing the 
standardized differences that assess comparability between CPC+ and comparison practices, and 
Kranker et al.3 for estimation details. 

Intent-to-treat. Our analysis sample includes all beneficiaries who were attributed to a 
CPC+ or comparison practice in the baseline and intervention periods. We assigned beneficiaries 
to the CPC+ or comparison groups at 2 points: 

1. For the baseline period (2016), we assigned beneficiaries to the CPC+ or comparison group 
based on the first practice they were attributed to during the baseline period. 

2. During the intervention period (2017 onwards), we assigned beneficiaries to the CPC+ or 
comparison group based on the first practice they were attributed to during the intervention 
period.  

Following an ITT rule, we continue to assign the beneficiary to the same practice for the 
entire intervention period, regardless of whether the beneficiary continued to receive care at 
that practice. 

Sample restrictions. We used Medicare FFS claims for baseline and the first 3 program 
years (program years 1, 2, and 3—that is, from January 2016 through December 2019) for 
measuring fragmentation of care among beneficiaries attributed to CPC+ practices that started in 
2017 and their comparison practices. Beneficiaries had to be attributed in baseline to be eligible 
for our analysis sample. In 2016, this initial Track 1 sample of beneficiaries included nearly 
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875,000 CPC+ beneficiaries and about 3 million comparison beneficiaries. For Track 2, there 
were 1 million beneficiaries assigned to CPC+ practices and nearly 2.5 million to comparison 
practices. 

To be eligible for the fragmentation of care analysis, a beneficiary had to be assigned to a 
practice and continuously enrolled throughout the entire calendar year (see Figure 1 in main 
article). Therefore, we first identified all beneficiaries who were attributed to practices in the first 
quarter of 2016 (the quarter 1 [Q1] sample) and continuously enrolled in Part A and Part B 
Medicare FFS throughout the calendar year (approximately 81% of the CPC+ 2016 sample and 
82% of the comparison 2016 sample).  

Our next step was to restrict these remaining 2016 beneficiaries to those who were in the 
ITT sample for all 12 months in any of the three program years and also remained in the same 
track. These restrictions resulted in 85 percent of Q1 2016 beneficiaries assigned to CPC+ and 
comparison practices being retained in both tracks. From the total number of beneficiaries 
attributed in 2016, 69% of the CPC+-attributed beneficiaries and 70% of comparison 
beneficiaries were selected based on these sample restrictions.  

We next identified all carrier and Federally Qualified Health Center (FQHC), Rural Health 
Center (RHC), and Critical Access Hospital (CAH) outpatient claims for the beneficiaries in the 
finder file and flagged qualifying ambulatory visits on these claims. Qualifying ambulatory visits 
included the following types of visits with either primary care practitioners or specialists: (1) 
office or other outpatient visits for evaluation and management (E&M) and (2) new enrollee and 
annual wellness visits (eAppendix Table 2). Ninety percent of qualifying ambulatory visits were 
for the office/outpatient E&M procedure codes, followed by about 8% for ophthalmology exams. 
We only allowed 1 visit per unique practitioner per day to be included in our visit tabulation for a 
beneficiary. 

eAppendix Table 2. Procedure Codes Used for the Selection of Qualifying 

Ambulatory Visits 

CPT/HCPCS Description 2016 2017 2018 2019 
99201-99205; 
99211-99215 

Office or other outpatient visit for E&M 90.6 90.4 90.2 90.1 

92002, 92004, 
92012, 92014 

Ophthalmological services: medical 
examination and evaluation 

7.7 7.7 7.7 7.8 

G0402, G0438, 
G0439 

New enrollee and annual wellness visits 1.7 1.9 2.0 2.1 

CPT indicates Current Procedural Terminology; E&M, evaluation and management; Healthcare Common Procedure 
Coding System (HCPCS)  
Source:  Authors’ analysis of Medicare claims data for January 2016–December 2019.  

After identifying unique visits on a given day by a given provider, we selected beneficiaries 
who had at least 1 qualifying ambulatory visit in the baseline period (2016) and in at least 1 
intervention year (2017, 2018, or 2019). This step selected about 67% of the continuously 
enrolled CPC+ beneficiaries and 68% of the comparison beneficiaries in both tracks. Following 
the approach in prior studies, we further restricted the cohort to beneficiaries who had at least 4 
ambulatory visits in the baseline period (2016) because measures of continuity (or its inverse, 
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fragmentation) may not be reliable if based on 3 or fewer visits.4 Approximately 83% of the 
beneficiaries that met our 1 qualifying ambulatory visit criteria were retained. Overall, we 
retained around 56% of the total sample for our analyses.  

Our final analytic sample at baseline consisted of 490,514 and 595,193 Medicare 
beneficiaries attributed to 1370 and 1513 Track 1 and Track 2 CPC+ practices, respectively, and 
1,635,669 and 1,390,924 beneficiaries attributed to 5,236 and 3,780 comparison practices in both 
tracks. Although the number of beneficiaries drops considerably from the sample used for the 
larger CPC+ evaluation because of the sample exclusions, there is only a small drop in the 
number of practices in the analysis (at baseline), from 1,373 to 1,370 in Track 1 and 5,243 to 
5,236 in its comparison group, and 1,515 to 1,513 in Track 2 and 3,783 to 3,780 in its 
comparison group. This drop occurs because there were some practices with a small number of 
attributed Medicare beneficiaries who did not meet our selection criteria.  

Beneficiaries in our sample were designated to either the high fragmentation group (a 
reversed Bice-Boxerman Index [rBBI] greater than or equal to 0.85) or the group of remaining 
beneficiaries with lower fragmentated care (rBBI less than 0.85) based on their scores in the 
baseline period (2016). In all, 41% of beneficiaries assigned to Track 1 CPC+ practices (N= 
201,585) and comparison practices (N= 677,333) had scores qualifying as high fragmentation in 
the baseline period. Track 2 beneficiaries had a slightly higher percentage assigned to the high 
fragmentation designation—43%—with 253,502 beneficiaries in the Track 2 CPC+ high 
fragmentation group and 595,647 in the corresponding comparison group.  

Differential sample attrition. Using the sample of beneficiaries that were originally 
attributed to CPC+ or comparison practices in 2016, we checked to see if the analysis could 
potentially be biased by differential sample attrition between the CPC+ and comparison groups 
as we imposed the various sample selection criteria for our analysis. Approximately 19% of 
CPC+ beneficiaries were not assigned to a practice in Q1 of 2016 and continuously enrolled 
throughout 2016, whereas 18% of comparison beneficiaries were dropped because they did not 
meet that criteria (eAppendix Table 3).  

Among the remaining beneficiaries, we further examined whether there were any 
differences between the CPC+ and comparison beneficiaries for the following hierarchical 
categories: 

1. Assigned in Q1 of an intervention year (2017, 2018, or 2019). 

2. Stayed in the same CPC+ track between 2016 (baseline) and their intervention period 
assignment. We impose these criteria because we estimate models separately by track, and 
this analysis focuses on beneficiaries we observe in both the baseline and intervention period. 
(Note that with the intent-to-treat approach to assignment, beneficiaries cannot switch 
practices during the baseline period or during the intervention period. ITT rules out any 
contamination of the comparison group during the intervention period. However, going from 
the baseline to the first year of the intervention period, beneficiaries can switch practices—
within the CPC+ or comparison group or across groups—since the intent-to-treat rule is 
applied separately in each period. This does not pose a risk of contamination because there 
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was no intervention during the baseline period. In our analysis, we allow beneficiaries to stay 
in our sample if they switch practices within the same track.)  

We found similar rates of beneficiaries were dropped from our CPC+ and comparison group 
samples (8 percentage points) because they were not attributed in Q1 of either 2017, 2018, or 
2019. A similar percentage of beneficiaries were dropped from our CPC+ and comparison group 
samples because they changed track between baseline and intervention periods. We also 
examined the percent of remaining beneficiaries that changed group (CPC+ and comparison) 
between the baseline period and the intervention period. (As noted above, beneficiaries cannot 
change their practice assignment in the intervention period to prevent contamination of the 
comparison sample.) These beneficiaries were kept in our analysis because they remained in the 
same track over time (not shown). Less than 0.2% of CPC+ beneficiaries switched to the 
comparison group in the intervention period and less than 0.1% of comparison beneficiaries were 
in the CPC+ group for the intervention period.  

Our continuous enrollment requirement (beneficiaries had to be continuously enrolled in 
both Medicare Parts A and B for all 12 months of baseline and all 12 months in at least one of 
the three intervention years) naturally leads to beneficiaries not dying at baseline and fewer 
beneficiaries dying in the followup period.  We do allow a beneficiary in the sample to die 
during the followup period, so long as they were continuously enrolled in the baseline period and 
at least one program year. However, this restriction is applied to beneficiaries in both the CPC+ 
and comparison groups, and the CPC+ evaluation has found no effect of CPC+ on the mortality 
rate.5 Therefore, this restriction is unlikely to lead to differential selection of beneficiaries in the 
CPC+ versus the comparison group. Also, as shown in eAppendix Table 3 below, this restriction 
results in the exclusion of a similar proportion of beneficiaries from the CPC+ and comparison 
groups, further minimizing the possibility of selection bias in the analysis.  

eAppendix Table 3. Reasons for Sample Attrition, by Track and CPC+ Status 

 Track 1 Track 2 

Percentage of sample kept at each selection step CPC+ Comparison CPC+ Comparison 
No. of beneficiaries assigned to a practice in 2016 874,096 2,900,814 1,067,162 2,462,838 
No. of practices at baseline 1,373 5,243 1,515 3,783 
Assigned in Q1 2016 84.9 86.5 85.0 86.5 
Continuously enrolled in 2016 80.8 82.0 80.7 82.1 
Assigned in Q1 of any program year (PY 1, PY 2, or PY 3) 73.1 73.7 73.0 74.0 
Same track in baseline and in any program yeara 72.3 73.0 72.3 73.2 
Continuously enrolled in any program year 68.9 69.5 68.8 69.7 
At least 1 qualifying ambulatory visit 67.1 67.6 67.0 67.9 
At least 4 qualifying ambulatory visits 56.1 56.4 55.8 56.5 
Final number of beneficiaries in our analytic sample 490,514 1,635,669 595,193 1,390,924 
Final number of practices in our analytic sample at 
baseline 

1370 5236 1513 3780 

CPC+ indicates Comprehensive Primary Care Plus Initiative; PY, program year; Q1, quarter 1. 
a Baseline refers to the year before CPC+ started (January through December 2016). PY 1 is January through 
December 2017; PY 2 is January through December 2018; PY 3 is January through December 2019. 
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019.  



 

10 

Similarity of baseline characteristics. We ran checks to see if baseline beneficiary and 
practice characteristics were well balanced across CPC+ and comparison group beneficiaries in 
each of the fragmentation groups (high and remaining beneficiaries), by track and by Medicare 
Shared Savings Program (SSP) status. The standardized difference, calculated as the difference 
in weighted means between the CPC+ and comparison groups on the standard deviation scale, is 
the accepted metric for assessing balance in a matched comparison group. Standardized 
differences less than 0.25 in absolute value are typically considered adequate to proceed with 
impact analysis, using regression adjustment to account for differences that persist after 
matching.6 We found all the standardized differences were less than 0.1 (results not shown).  
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eAppendix B: DESCRIPTION OF CLAIMS-BASED OUTCOME MEASURES 

This supplementary appendix defines the key claims-based outcome measures used in this 
study. 

Key Outcomes 

Number of qualifying E&M visits. After identifying unique visits on a given day by a given 
provider, the sum of qualifying E&M visits (see eAppendix Table 2) in a measurement year at 
the beneficiary level.  

Number of unique practitioners. The number of unique NPIs providing the qualifying E&M 
visits at the beneficiary level. 

Practitioner type. The National Plan and Provider Enumeration System (NPPES) specialty 
taxonomy code was merged onto the qualifying ambulatory visits using the practitioner NPI. 
Number of visits and number of providers are examined overall and by the following 4 
categories of practitioner specialties that were created: 

1. Primary care physician. This category of specialties includes family medicine, internal 
medicine, family practice, general practitioner, geriatric medicine, and pediatrics. 

2. Specialist. This category identifies physicians with specific training and includes a long 
list of medical specialties including (but not limited to) surgery, cardiovascular and 
pulmonary disease, urology, psychiatry, podiatry, gastroenterology, rheumatology, 
dermatology, gynecology, and physical medicine and rehabilitation. 

3. Nurse practitioner, physician assistant, and clinical nurse specialist. Non-physician 
providers are captured in this category. 

4. All other. This catch-all category includes specialties such as counselor, psychologist, 
nutritionist, registered nurses, and chiropractors, to name a few. 

Percentage of visits with the usual provider of care (UPC). This measure is the proportion of 
visits with the most frequently seen ambulatory provider.1,2 The percentage of visits with the 
UPC was created for beneficiaries with 1 or more ambulatory visits. Kern et al.3 found that 
decreases in the percentage of visits with the most frequently seen provider is associated with 
increased fragmentation. The formula for the measure is the following: 

!"#	(&!/()	over all i providers 

where 

ni is the number of ambulatory visits to provider i (NPI) during the measurement year, and  

N is the total number of all ambulatory visits the beneficiary had during the measurement 
year. 
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Reversed BBI. The Bice-Boxerman Index (BBI) incorporates the total number of ambulatory 
visits, the total number of ambulatory providers, and the distribution of visits across those 
providers.4  

BBI is defined as (∑&!" − ()/[((( − 1)],  

where  

ni = number of visits that the patient had with the ith practitioner, and  

N is the total number of all ambulatory visits the patient had during the measurement year. 

The BBI shows the extent to which a beneficiary’s total number of visits over the calendar 
year are with individual practitioners, reflecting both the spread of ambulatory visits across 
practitioners and the relative share of visits by each practitioner. We required beneficiaries to 
have at least 4 ambulatory visits to qualify for inclusion in the BBI because measures of 
continuity may not be reliable if based on 3 or fewer visits.5 

To measure fragmentation, we reversed raw BBI scores, calculating 1 minus BBI. On this 
rBBI, higher scores reflect more fragmentation (many providers with a relatively low proportion 
of ambulatory visits by each provider). rBBI values range from 0 (all visits made to the same 
practitioner) to 1 (each visit made to a different practitioner). Beneficiaries with rBBI scores of 
0.85 or higher are flagged as having highly fragmented care in our analyses. We selected this 
cutpoint based on the observed distribution of scores because it maximized discrimination 
between the cluster of scores at the skewed end of the scale and the rest. 

Measuring the percentage of visits with the UPC alongside the rBBI is useful because the 
UPC facilitates interpretation. As above, interpretation of the difference between 2 rBBI scores 
(eg, 0.9 vs 0.7) may not be intuitive. However, presenting the average percentage of visits with 
the UPC for any group of beneficiaries (eg, 30% of visits vs  50% of visits with the most 
frequently seen provider), alongside the rBBI, can make the meaning of the results more 
transparent.  
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eAppendix C: DIFFERENCE-IN-DIFFERENCES ANALYSIS FRAMEWORK 

This supplementary appendix discusses the estimation of the difference-in-differences (DD) 
regression model. Information on weighting, clustering, and control variables in this 
supplementary appendix was excerpted from the CPC+ Second Annual report.1,2 

Difference-in-differences estimation. We estimated the impact of CPC+ on continuity and 
fragmentation of care by using DD regressions. These regressions compare changes in mean 
outcomes for the CPC+ and comparison groups during the 12 months before CPC+ and the first 
3 years of CPC+ while controlling for patient characteristics and practice fixed effects. These 
models net out any remaining observable pre-existing differences in outcomes between the 
CPC+ and comparison beneficiaries at baseline that propensity score matching did not account 
for. 

We estimated impacts separately for Track 1 and Track 2, given that participating practices 
face track-specific requirements, payments, and incentives, which may yield very different 
impacts. 

In our main DD estimation approach, we estimated the cumulative impact of CPC+ over the 
first 3 intervention years by using a single intervention period indicator for the 3 CPC+ program 
years combined. The year immediately preceding the start of CPC+ was the reference category for 
obtaining the DD impact estimates; that is, the impact estimate was the CPC+ and comparison 
difference in an outcome in the intervention period minus the average CPC+ and comparison 
difference in the baseline year. We run separate regression models for each outcome of interest. 
Our main estimation approach is shown in Equation 1. 

(1)    0!#$ = 2 + 45!# + 67# + 8 ∙ 0:";$ + <=;:"=!:&=# ∙ 7>?=$ + @!#$, 

where 

Y = outcome variable for beneficiary i, in practice j, in year t. 

X = vector of beneficiary-level controls measured in the pre-intervention period (see section 
below on control variables). 

P = fixed effects for practice j.  

Year = is an intervention period indicator that takes the value of 1 during a specific 
intervention year, for instance Year 1, and 0 otherwise. 

treatment = binary indicator of treatment status, that is, of being in a CPC+ practice. 

Post = binary indicator for whether year t is in the intervention period versus the pre-
intervention year. 

 = the idiosyncratic error term. ijte
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The coefficient on the Post dummy (8) captures changes in the comparison group in the 
intervention period, and the DD impact estimate is (<). The practice fixed effects account for 
time-invariant practice characteristics. Note that the treatment indicator is collinear with the 
practice fixed effects; therefore, the difference between CPC+ and comparison practices at 
baseline, or the main effect of treatment status, cannot be estimated. However, the model can 
estimate the interaction term between treatment and Post, that is, the DD estimate. We estimated 
the model using ordinary least squares.  

All P values were 2-sided and considered statistically significant at P < 0.05. There was no 
formal statistical adjustment of P values for having multiple comparisons; therefore, these results 
should be considered exploratory. Although we did not apply a multiple comparison adjustment, 
we followed best practices in terms of avoiding over-reliance on P values alone to draw 
conclusions from our findings. Specifically, we examined both the magnitude and the pattern of 
the difference-in-differences estimates across outcomes, together with P values to draw 
conclusions. This approach is supported by the ASA’s statement on statistical significance, 
which recommends that policy decisions should not be based entirely on whether a P value 
passes a specific threshold and further argues that P values cannot entirely measure the 
importance of a result.3 Data analyses were performed using STATA version 16.1 (StataCorp). 
All regressions accounted for clustering of the standard error at the practice level. 

Control variables. Each regression controlled for beneficiary characteristics and practice 
fixed effects. For observations in the intervention period, beneficiary-level control variables were 
measured directly before the start of CPC+ (that is, based on data from calendar year 2016). For 
observations in the baseline period, beneficiary-level control variables were measured directly 
before the start of the yearlong baseline period (based on data from calendar year 2015). The 
practice fixed effects are indicators or dummy variables—1 for each practice in the CPC+ and 
comparison groups. Including these effects controls for any inherent, time-invariant differences 
between the CPC+ and comparison practices—whether such differences are observed or 
unobserved. Including practice fixed effects ensured that we accounted for any remaining 
imbalance in the practice-level variables used in matching and in any other unmeasured practice 
characteristics at baseline, when obtaining the difference-in-differences impact estimates. We did 
not incorporate changes over time in observed practice characteristics as control variables 
because the intervention might affect practice characteristics. 

Beneficiary-level control variables for Medicare analysis. We show in eAppendix Table 
4 the beneficiary-level control variables used in the regressions. These control variables included 
demographics (age categories, race categories, and gender); original reason for Medicare 
entitlement; dual eligibility status; and Hierarchical Condition Category (HCC) score. For 
comprehensive risk adjustment, the regression additionally includes indicators for specific 
chronic conditions (21 individual HCCs and the Chronic Conditions Warehouse [CCW] 
indicator for Alzheimer’s or dementia) that are prevalent in the CPC+ sample (collapsing 
categories, where appropriate) defined by applying the HCC or CCW algorithm on Medicare. 
We also included interactions between the HCC score and each intervention year from the 
second year onward, as well as interactions between the specific chronic conditions and the 
intervention year.  
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eAppendix Table 4. Beneficiary Control Variables for the Difference-in-Differences 

Regressions  

Baseline characteristic category  Variablesa 
Demographics Age categories 

< 65  
65–74 (reference category) 
75–84 
≥ 85  

Race categories 
White (reference category) 
Black 
All other/unknown 

Gender (binary indicator for male) 

Original reason for Medicare 
eligibility 

Original Medicare eligibility categories 
Age (reference category) 
Disability only 
ESRD only or ESRD with disability 

Dual eligibility  Indicator for dual status (where dual is defined as those with full or partial 
Medicaid benefits according to Master Beneficiary Summary File) 

Chronic conditions HCCs:b 
HCC 8 – Metastatic Cancer and Acute Leukemia 
HCC 18 – Diabetes with Chronic Complications 
HCC 21 – Protein-Calorie Malnutrition 
HCC 22 – Morbid Obesity  
HCC 23 – Other Significant Endocrine and Metabolic Disorders  
HCC 85 – Congestive Heart Failure 
HCC 96 – Specified Heart Arrhythmias 
HCC 106 – Atherosclerosis of the Extremities with Ulceration or Gangrene  
HCC 111 – Chronic Obstructive Pulmonary Disease  
HCC 173 – Traumatic Amputations and Complications  
HCC 186 – Major Organ Transplant or Replacement Status  
HCC 40 or 47 – Rheumatoid Arthritis and Inflammatory Connective Tissue 
Disease or Disorders of Immunity 
HCC 46 or 48 – Severe Hematological Disorders, or Coagulation Defects 
and Other Specified Hematological Disorders 
HCC 54 or 55 – Drug/Alcohol Psychosis or Dependence 
HCC 57 or 58 – Schizophrenia or Major Depressive, Bipolar, and Paranoid 
Disorders 
HCC 70 or 71 – Quadriplegia or Paraplegia 
HCC 80 or 82 – Coma, Brain Compression/Anoxic Damage or Respirator 
Dependence/Tracheostomy Status 
HCC 86, 87, or 88 – Acute Myocardial Infarction, Unstable Angina and 
Other Acute Ischemic Heart Disease, or Angina Pectoris 
HCC 99 or 100 – Cerebral Hemorrhage, or Ischemic or Unspecified Stroke 
HCC 107 or 108 – Vascular Disease, with Complications 
HCC 157 or 158 – Pressure Ulcer of Skin with Necrosis Through to Muscle, 
Tendon, or Bone; or of Skin with Full Thickness Skin Loss 
Chronic Conditions Warehouse indicator: 
Alzheimer’s disease or dementia 

Chronic condition indicators interacted with follow-up year from second 
follow-up year onward 
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Baseline characteristic category  Variablesa 
Risk score HCC score  

Indicator for whether HCC score was assigned a new enrollee HCC score 
(ie, HCC score was calculated on the basis of demographic characteristics 
only) 
HCC score interacted with follow-up year from second follow-up year 
onward 
Indicator for being assigned a new enrollee HCC score interacted with 
follow-up year from second follow-up year onward 

CPC+ indicates Comprehensive Primary Care Plus Initiative; ESRD, end-stage renal disease; HCC, Hierarchical 
Condition Category. 
a Beneficiary-level control variables were measured either directly before the start of CPC+ (for the intervention period 
observations) or directly before the start of the yearlong baseline period (for the baseline-period observations). The 
yearlong baseline period is 2016 for the practices that started CPC+ in 2017. 
b We selected a small subset—21 of the 79 HCCs—created by the HCC model for inclusion as control variables, 
based on the relative weight of specific HCCs in HCC score calculation as well as their prevalence in our analysis 
sample. We also included an indicator for Alzheimer’s disease or dementia from the Chronic Conditions Warehouse 
(because there is not an HCC for Alzheimer’s disease or dementia). 

Weighting. All of our regressions are weighted. We applied weights to the observations in 
the regressions to ensure that the CPC+ and comparison groups were comparable. The regression 
weight was the same as the covariate-balancing propensity score-based weights used to balance 
the CPC+ and comparison practices on their baseline characteristics. Specifically, to select the 
final comparison group, we used a propensity score weighting method to reweight the potential 
comparison practices separately by track. As is typical for propensity score weighting, we fixed 
the weights for the intervention practices at 1, meaning that each intervention practice would 
count equally in practice-level analysis and each intervention beneficiary would count equally in 
beneficiary-level analysis. However, to achieve better balance between the intervention and 
comparison practices, we allowed the comparison practice weights to vary based on the 
practice’s similarity to the intervention group practices.4 

Adjusting for clustering. Standard errors were adjusted for clustering at the practice level, 
accounting for correlation in an outcome across beneficiaries attributed to the same practice—
both within and across time periods.  
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eAppendix D: ADDITIONAL ESTIMATION MODELS 

This supplement describes the additional tests we ran and their results.  

Descriptive statistics. Beneficiaries in CPC+ and comparison practices were similar on 
baseline characteristics (eAppendix Table 5). Compared with the remaining beneficiaries, 
individuals with highly fragmented care were more likely to be in practice sites that were 
larger, were part of a hospital or health system, and had previously participated in primary 
care transformation initiatives. They were less likely to be dually eligible for Medicaid or 
85 years and older. The prevalence of certain chronic conditions were slightly higher 
amongst beneficiaries with highly fragmented care (eg, congested heart failure, specified 
heart arrythmias, vascular disease), while other chronic conditions were less prevalent (eg, 
drug/alcohol psychosis or dependence, Alzheimer’s disease or dementia), compared with 
the remaining beneficiaries. However, there were no meaningful differences in mean HCC 
scores across the 2 fragmentation groups. 
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eAppendix Table 5. Baseline Characteristics (2016) for CPC+ and Comparison Groups, by Track and 
Fragmentation at Baselinea 

Variables 

Track 1 Track 2 

High fragmentationb All other beneficiaries High fragmentationb All other beneficiaries 

CPC+ 
(N = 201,585) 

Comparison 
(N = 677,333) 

CPC+ 
(N = 288,929) 

Comparison 
(N = 958,336) 

CPC+ 
(N = 253,502) 

Comparison 
(N = 595,647) 

CPC+ 
(N = 341,691) 

Comparison 
(N = 795,277) 

Beneficiary characteristics 
Demographics         

Age categories in years         
<65 9.0 9.5 13.2 13.4 9.0 10.0 12.9 13.5 
65-74 (reference category) 51.3 50.3 45.8 45.4 51.4 50.0 46.2 45.4 
75-84 30.5 30.8 28.7 28.9 30.2 30.6 28.6 28.8 
≥85 9.2 9.4 12.3 12.3 9.4 9.4 12.3 12.4 

Race categories         
White (reference category) 91.5 91.7 88.1 88.4 90.5 91.3 87.5 87.5 
Black 4.0 4.2 5.5 5.7 4.8 4.7 5.7 6.5 
All other/unknown 4.1 3.5 5.8 5.1 4.4 3.4 6.1 5.3 

Gender (binary indicator for 
male) 

40.7 40.7 40.6 40.6 41.0 41.0 40.8 40.7 

Original Medicare eligibility 
categories 

        

Age (reference category) 84.0 83.6 79.2 79.4 83.9 83.0 79.7 79.5 
Disability only 15.5 15.9 20.4 20.3 15.6 16.4 20.0 20.1 
ESRD only or ESRD with 
disability 

0.5 0.5 0.3 0.3 0.5 0.6 0.3 0.3 

Dual eligibility         
Percentage with Medicare 
and full or partial Medicaid 
benefits according to Master 
Beneficiary Summary File 

8.3 10.0 13.1 15.4 8.4 10.4 12.5 15.5 

Chronic conditionsc         
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Variables 

Track 1 Track 2 

High fragmentationb All other beneficiaries High fragmentationb All other beneficiaries 

CPC+ 
(N = 201,585) 

Comparison 
(N = 677,333) 

CPC+ 
(N = 288,929) 

Comparison 
(N = 958,336) 

CPC+ 
(N = 253,502) 

Comparison 
(N = 595,647) 

CPC+ 
(N = 341,691) 

Comparison 
(N = 795,277) 

Diabetes with chronic 
complications (HCC 18) 

13.7 13.7 14.0 14.0 14.4 13.8 14.7 14.3 

Morbid obesity (HCC 22) 5.2 5.0 5.1 4.6 5.3 5.3 4.9 4.8 
Other significant endocrine 
and metabolic disorders 
(HCC 23) 

4.5 4.6 3.0 3.1 4.6 4.7 3.1 3.1 

Congestive heart failure 
(HCC 85) 

11.5 11.3 10.0 10.0 11.7 11.4 10.0 9.9 

Specified heart arrhythmias 
(HCC 96) 

17.0 16.9 13.5 13.3 17.4 17.2 13.5 13.5 

Chronic obstructive 
pulmonary disease (HCC 
111) 

12.5 12.0 13.1 12.6 11.9 12.0 12.4 12.2 

Rheumatoid arthritis and 
inflammatory connective 
tissue disease or disorders 
of immunity (HCC 40 or 47) 

10.1 9.6 7.6 7.0 9.7 9.6 7.3 7.0 

Severe hematological 
disorders, or coagulation 
defects and other specified 
hematological disorders 
(HCC 46 or 48) 

5.9 5.6 4.6 4.3 5.9 5.6 4.6 4.5 

Drug/alcohol psychosis or 
dependence (HCC 54 or 55) 

1.7 1.7 2.1 2.1 1.8 1.8 2.2 2.3 

Schizophrenia or major 
depressive, bipolar, and 
paranoid disorders (HCC 57 
or 58) 

6.9 7.7 7.8 8.5 7.5 8.0 8.5 8.9 

Acute myocardial infarction, 
unstable angina and other 
acute ischemic heart 
disease, or angina pectoris 
(HCC 86, 87, or 88) 

6.2 5.5 4.9 4.4 6.0 5.5 4.8 4.3 
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Variables 

Track 1 Track 2 

High fragmentationb All other beneficiaries High fragmentationb All other beneficiaries 

CPC+ 
(N = 201,585) 

Comparison 
(N = 677,333) 

CPC+ 
(N = 288,929) 

Comparison 
(N = 958,336) 

CPC+ 
(N = 253,502) 

Comparison 
(N = 595,647) 

CPC+ 
(N = 341,691) 

Comparison 
(N = 795,277) 

Cerebral hemorrhage, or 
ischemic or unspecified 
stroke (HCC 99 or 100) 

3.6 3.7 3.5 3.4 3.8 3.6 3.5 3.4 

Vascular disease, with 
complications (HCC 107 or 
108) 

18.6 18.1 15.6 15.4 18.6 18.0 15.6 15.5 

Chronic Conditions 
Warehouse indicator for 
Alzheimer disease or 
dementia 

5.0 4.8 5.8 5.7 4.9 4.8 5.9 5.7 

Risk score         
HCC scored  1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 
Percentage of beneficiaries 
assigned a new enrollee 
HCC score (ie, HCC score 
was calculated on the basis 
of demographic 
characteristics only) 

1.8 1.8 1.9 2.0 1.8 1.8 2.0 2.0 

Characteristics of the beneficiary’s assigned practicee 
Prior transformation         

Practice participated in prior 
primary care transformation 
initiatives (recognized as a 
medical home or participated 
in MAPCP or CPC Classic)f  

56.9 55.0 50.7 49.9 84.0 77.4 79.7 73.5 

Sizeg         
Small (1-2 primary care 
practitioners) 

17.1 16.8 25.3 25.2 9.9 10.1 15.2 16.1 

Medium (3-5 primary care 
practitioners) 

31.4 33.7 32.7 34.4 29.9 31.3 33.9 33.5 

Large (≥6 primary care 
practitioners) 

51.5 49.5 42.0 40.4 60.3 58.6 50.9 50.5 
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Variables 

Track 1 Track 2 

High fragmentationb All other beneficiaries High fragmentationb All other beneficiaries 

CPC+ 
(N = 201,585) 

Comparison 
(N = 677,333) 

CPC+ 
(N = 288,929) 

Comparison 
(N = 958,336) 

CPC+ 
(N = 253,502) 

Comparison 
(N = 595,647) 

CPC+ 
(N = 341,691) 

Comparison 
(N = 795,277) 

Ownershipg         
Hospital- or system-owned  57.3 58.5 49.9 50.9 61.0 62.0 54.3 55.9 

Multispecialtyh         
Practice is multispecialty vs 
primary care only 

21.2 20.3 18.0 18.7 27.4 26.5 24.4 23.9 

Urbanicity of practice’s countyi         
Urban 76.1 74.9 69.7 70.5 80.3 77.3 73.8 73.9 
Suburban 16.2 18.0 18.9 17.9 14.3 16.5 16.7 17.1 
Rural 7.7 7.1 11.4 11.5 5.3 6.2 9.5 9.0 

AAAHC, Accreditation Association for Ambulatory Health Care; ARF, Area Resource File; CPC+, Comprehensive Primary Care Plus; ESRD, end-stage renal 
disease; FFS, fee-for-service; HCC, Hierarchical Condition Categories; MAPCP, Multi-Payer Advanced Primary Care Practice; NCQA, National Committee for 
Quality Assurance; rBBI, reversed Bice-Boxerman Index; TJC, The Joint Commission; URAC, Utilization Review Accreditation Commission. 
aAll values in this table are reported as percentages (multiplied by 100), with the exception of HCC scores.  
bThe high-fragmentation group has an rBBI of 0.85 or greater at baseline and all other beneficiaries have an rBBI of less than 0.85 at baseline. 
cSeveral chronic conditions were identified for less than 1% of the sample and had no differences between the CPC+ and comparison groups. They are the 
following: metastatic cancer and acute leukemia (HCC 8); protein calorie malnutrition (HCC 21); atherosclerosis of the extremities with ulceration or gangrene 
(HCC 106); traumatic amputations and complications (HCC 173); major organ transplant or replacement status (HCC 186); quadriplegia or paraplegia (HCC 70 or 
71); coma, brain compression/anoxic damage or respirator dependence/tracheostomy status (HCC 80 or 82); and pressure ulcer of skin with necrosis through to 
muscle, tendon, or bone; or of skin with full thickness skin loss (HCC 157 or 158).  
dThe HCC score in the baseline year is based on beneficiaries’ diagnoses in 2015. HCC scores are a measure of risk for subsequent expenditures. CMS 
calculates them such that the average for the Medicare FFS population nationally is 1.0. A patient with a risk score of 1.30 is predicted to have expenditures that 
would be approximately 30% above the average, whereas a patient with a risk score of 0.70 is expected to have expenditures that would be approximately 30% 
below the average. 
ePractice is defined as a physical location or practice site. 
fWe define prior transformation experience as CPC Classic or MAPCP participation, or NCQA, TJC, AAAHC, URAC, or state medical home recognition status (if 
the practice is in a medical home). 2016 data on patient-centered medical home recognition come from NCQA, TJC, AAAHC, URAC, and state-specific data 
sources. 2016 data on participation in MAPCP and in CPC Classic come from CMS. 
gData on practice size and ownership come from 2016 SK&A data. 
hWe define multispecialty as having at least 1 practitioner, according to SK&A, with a specialty other than general practice, internal medicine, family medicine, or 
geriatrics.  
iThe urbanicity of a practice’s county (rural, urban, suburban) is derived from the 2013 (latest year available) rural-urban continuum codes, produced by the 
Economic Research Service unit of the U.S. Department of Agriculture, and are available in the ARF. 
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Track 1 beneficiaries with highly fragmented care, on average, had larger numbers of 
ambulatory visits and saw more unique practitioners than the remaining beneficiaries 
(eAppendix Table 6). They had more visits with specialists relative to other beneficiaries and 
saw more unique specialists. Beneficiaries with highly fragmented care had a lower percentage 
of ambulatory visits with their most frequently seen practitioner and a higher rBBI score than 
beneficiaries without highly fragmented care. These differences in ambulatory care patterns 
between beneficiaries receiving highly fragmented care and remaining beneficiaries were 
consistent throughout the distributions (the 25th percentiles, the medians, and the 75th 
percentiles).  

Beneficiaries in Track 2 practices (eAppendix Table 6) had nearly identical ambulatory care 
patterns as those in Track 1 across the distribution of measures for both the highly fragmented 
group and the remaining beneficiaries.  
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eAppendix Table 6. Descriptive Statistics on Outcome Measures at Baseline (2016) for CPC+ and Comparison 
Groups, by Track and Fragmentation Group 

Outcome 

Track 1 

High fragmentationa All other beneficiariesa 

CPC+ 
(N = 201,585) 

Comparison 
(N = 677,333) 

CPC+ 
(N = 288,929) 

Comparison 
(N = 958,336) 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

No. of ambulatory 
visitsb,c  

7 11 16 7 11 16 6 8 13 6 8 13 

Visits with primary 
care physicians 

2 3 4 2 3 4 2 4 5 2 4 5 

Visits with specialists 4 6 10 4 6 10 2 4 7 2 4 6 
Visits with 
NPs/PAs/CNSs 

0 1 2 0 1 2 0 0 1 0 0 1 

No. of unique 
practitionersc 

5 7 9 5 7 9 3 4 5 3 4 5 

Primary care 
physicians 

1 1 2 1 1 2 1 1 1 1 1 1 

Specialists 3 4 6 3 4 6 1 2 3 1 2 3 
NPs/PAs/CNSs  0 1 1 0 1 2 0 0 1 0 0 1 

Percentage of visits 
with the usual provider 
of cared 

22.7 27.3 33.3 22.7 27.3 33.3 41.7 50.0 60.0 41.7 50.0 60.0 

rBBIe 0.88 0.90 0.93 0.88 0.90 0.93 0.60 0.73 0.81 0.60 0.73 0.81 
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Outcome 

Track 2 

High fragmentationa All other beneficiariesa 

CPC+ 
(N = 253,502) 

Comparison 
(N = 595,647) 

CPC+ 
(N = 341,691) 

Comparison 
(N = 795,277) 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

25th 
percentile Median 

75th 
percentile 

No. of ambulatory 
visitsb,c  

7 11 16 7 10 16 6 8 12 6 8 12 

Visits with primary 
care physicians 

2 3 4 2 3 4 2 4 5 2 4 5 

Visits with specialists 4 6 10 4 6 9 2 4 6 2 4 6 
Visits with 
NPs/PAs/CNSs 

0 1 2 0 1 2 0 0 1 0 0 1 

No. of unique 
practitionersc 

5 7 9 5 7 9 3 4 5 3 4 5 

Primary care 
physicians 

1 1 2 1 1 2 1 1 1 1 1 1 

Specialists 3 4 6 3 4 6 1 2 3 1 2 3 
NPs/PAs/CNSs  0 1 1 0 1 2 0 0 1 0 0 1 

Percentage of visits 
with the usual provider 
of cared 

22.7 27.3 33.3 22.7 27.3 33.3 41.7 50.0 60.0 41.7 50.0 60.0 

rBBIe 0.88 0.90 0.93 0.88 0.90 0.93 0.60 0.74 0.81 0.61 0.74 0.81 

CNS indicates clinical nurse specialist; CPC+, Comprehensive Primary Care Plus Initiative; E&M, evaluation and management; NP, nurse practitioner; PA, 
physician assistant; rBBI, reversed Bice-Boxerman Index. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline, and all other beneficiaries have an rBBI of less than 0.85 at baseline.  
b Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for E&M, ophthalmological services 
for medical examination and evaluation, or new enrollee and annual wellness visits. 
c The sum of visits to primary care physicians, specialists, and NPs/PAs/CNSs is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNSs is less than total unique practitioners.  
d The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care.  
e The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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Annual DD estimates. To derive the DD estimates of CPC+ in each program year, we 
estimated the DD model where we allow treatment effects to vary by year (eAppendix Table 7). 
In this model, we use a separate time dummy for each program year (as opposed to just 1 
intervention period indicator as in the main specification) and we interact each program year 
with the treatment (CPC+) indicator. As in the combined model, the year immediately preceding 
CPC+ serves as the reference category for obtaining the DD estimates; that is, the DD estimate in 
any intervention year is the CPC+-comparison difference in an outcome in the intervention year 
minus the average CPC+-comparison difference in the baseline year.  
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eAppendix Table 7. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups 
(Annual Model), by Tracka 

Measure 
Intervention 

year 

Track 1 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
Confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

No. of ambulatory visitse,f PY 1 12.6 12.5 12.4 12.3 0.02 (0.02) (-0.03, 0.07) 0.406 
PY 2 12.6 12.5 12.5 12.3 0.06 (0.03) (0.01, 0.12) 0.029 
PY 3 12.6 12.5 12.6 12.4 0.09 (0.03) (0.02, 0.15) 0.009 

Visits with primary care physicians  PY 1 3.2 3.2 3.3 3.3 0.02 (0.01) (-0.01, 0.05) 0.163 
PY 2 3.2 3.2 3.2 3.2 0.04 (0.02) (0.00, 0.08) 0.033 
PY 3 3.2 3.2 3.2 3.2 0.04 (0.02) (-0.00, 0.08) 0.081 

Visits with specialists PY 1 7.6 7.4 7.2 7.0 0.04 (0.02) (-0.00, 0.07) 0.062 
PY 2 7.6 7.4 7.1 6.8 0.06 (0.02) (0.02, 0.10) 0.006 
PY 3 7.6 7.4 6.9 6.7 0.05 (0.02) (-0.00, 0.09) 0.063 

Visits with NPs/PAs/CNSs PY 1 1.3 1.4 1.3 1.5 -0.01 (0.01) (-0.03, 0.01) 0.368 
PY 2 1.3 1.4 1.5 1.6 -0.02 (0.02) (-0.05, 0.02) 0.305 
PY 3 1.3 1.4 1.6 1.8 0.01 (0.02) (-0.03, 0.05) 0.574 

No. of unique practitionersf PY 1 7.3 7.3 6.6 6.6 0.02 (0.01) (-0.01, 0.05) 0.151 
PY 2 7.3 7.3 6.7 6.6 0.04 (0.02) (0.00, 0.07) 0.024 
PY 3 7.3 7.3 6.8 6.7 0.03 (0.02) (-0.00, 0.07) 0.066 

Primary care physicians PY 1 1.5 1.5 1.4 1.4 0.01 (0.01) (-0.00, 0.03) 0.141 
PY 2 1.5 1.5 1.3 1.3 0.01 (0.01) (-0.01, 0.03) 0.181 
PY 3 1.5 1.5 1.3 1.3 0.00 (0.01) (-0.02, 0.03) 0.803 

Specialists PY 1 4.5 4.5 4.1 4.0 0.03 (0.01) (0.01, 0.04) 0.007 
PY 2 4.5 4.5 4.0 3.9 0.04 (0.01) (0.02, 0.06) 0.000 
PY 3 4.5 4.5 3.9 3.8 0.03 (0.01) (0.01, 0.05) 0.010 

NPs/PAs/CNSs PY 1 0.9 1.0 0.9 1.0 0.00 (0.01) (-0.01, 0.02) 0.589 
PY 2 0.9 1.0 1.0 1.1 0.00 (0.01) (-0.02, 0.02) 0.835 
PY 3 0.9 1.0 1.1 1.2 0.02 (0.01) (-0.01, 0.04) 0.164 

Percentage of visits with the usual 
provider of careg 

PY 1 27.8 27.8 35.5 35.6 -0.14 (0.11) (-0.36, 0.08) 0.204 
PY 2 27.8 27.8 35.6 35.9 -0.19 (0.12) (-0.43, 0.04) 0.101 
PY 3 27.8 27.8 35.6 35.8 -0.16 (0.12) (-0.39, 0.07) 0.181 
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Measure 
Intervention 

year 

Track 1 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
Confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

rBBIh  PY 1 0.91 0.91 0.85 0.85 0.00 (0.00) (-0.00, 0.00) 0.541 
PY 2 0.91 0.91 0.85 0.85 0.00 (0.00) (-0.00, 0.00) 0.468 
PY 3 0.91 0.91 0.85 0.86 -0.00 (0.00) (-0.00, 0.00) 0.767 

Sample size   CPC+ Comparison           
No. of practicesi  1,371 5,237           
No. of beneficiaries  202,110 677,908           
No. of beneficiary-years  745,978 2,506,006           

 

Measure 
Intervention 

year 

Track 2 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

No. of ambulatory visitse,f PY 1 12.4 12.4 12.2 12.1 -0.01 (0.02) (-0.05, 0.04) 0.772 
PY 2 12.4 12.4 12.2 12.1 -0.01 (0.03) (-0.07, 0.04) 0.696 
PY 3 12.4 12.4 12.3 12.2 0.03 (0.03) (-0.04, 0.09) 0.374 

Visits with primary care physicians  PY 1 3.3 3.3 3.4 3.4 0.03 (0.01) (-0.00, 0.06) 0.056 
PY 2 3.3 3.3 3.3 3.3 0.01 (0.02) (-0.02, 0.05) 0.505 
PY 3 3.3 3.3 3.2 3.2 0.00 (0.02) (-0.04, 0.05) 0.865 

Visits with specialists PY 1 7.4 7.2 7.0 6.8 -0.01 (0.02) (-0.04, 0.03) 0.689 
PY 2 7.4 7.2 6.8 6.6 -0.01 (0.02) (-0.05, 0.03) 0.665 
PY 3 7.4 7.2 6.7 6.5 -0.01 (0.02) (-0.05, 0.04) 0.828 

Visits with NPs/PAs/CNSs PY 1 1.3 1.5 1.4 1.5 -0.01 (0.01) (-0.03, 0.01) 0.327 
PY 2 1.3 1.5 1.5 1.7 -0.00 (0.02) (-0.04, 0.03) 0.759 
PY 3 1.3 1.5 1.7 1.8 0.03 (0.02) (-0.01, 0.06) 0.190 

No. of unique practitionersf PY 1 7.3 7.3 6.6 6.6 0.02 (0.01) (-0.01, 0.04) 0.278 
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Measure 
Intervention 

year 

Track 2 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

PY 2 7.3 7.3 6.7 6.6 0.02 (0.02) (-0.01, 0.05) 0.202 
PY 3 7.3 7.3 6.8 6.7 0.04 (0.02) (-0.00, 0.07) 0.054 

Primary care physicians PY 1 1.6 1.6 1.4 1.4 0.02 (0.01) (0.00, 0.03) 0.042 
PY 2 1.6 1.6 1.4 1.4 0.01 (0.01) (-0.01, 0.03) 0.167 
PY 3 1.6 1.6 1.3 1.3 0.00 (0.01) (-0.02, 0.03) 0.657 

Specialists PY 1 4.5 4.4 4.0 3.9 0.01 (0.01) (-0.01, 0.03) 0.399 
PY 2 4.5 4.4 3.9 3.8 0.00 (0.01) (-0.02, 0.02) 0.765 
PY 3 4.5 4.4 3.9 3.8 0.00 (0.01) (-0.02, 0.03) 0.895 

NPs/PAs/CNSs  PY 1 0.9 1.0 0.9 1.0 0.01 (0.01) (-0.01, 0.02) 0.477 
PY 2 0.9 1.0 1.0 1.1 0.01 (0.01) (-0.01, 0.03) 0.211 
PY 3 0.9 1.0 1.1 1.2 0.03 (0.01) (0.01, 0.06) 0.010 

Percentage of visits with the usual 
provider of careg 

PY 1 27.8 27.8 35.4 35.5 -0.11 (0.10) (-0.31, 0.10) 0.313 
PY 2 27.8 27.8 35.6 35.8 -0.17 (0.12) (-0.40, 0.07) 0.162 
PY 3 27.8 27.8 35.5 35.7 -0.20 (0.12) (-0.44, 0.03) 0.087 

rBBIh  PY 1 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.217 
PY 2 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.122 
PY 3 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.205 

Sample size   CPC+ Comparison           
No. of practicesi  1,514 3,778           
No. of beneficiaries  254,035 596,154           
No. of beneficiary-years  939,219 2,206,100           

CNS indicates clinical nurse specialist; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; FFS, fee-for-service; NP, nurse practitioner; 
PA, physician assistant; PY, program year; rBBI, reversed Bice-Boxerman Index; SE, standard error. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline. 
b Baseline refers to the year before CPC+ started (January 2016–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on a DD 
analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 through 3 
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compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run separate 
regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table. 
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We obtain 
the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in that same 
time period. 
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. 
h The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care. 
I The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries can 
switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the baseline 
period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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DD estimates for the alternative construction of measures of continuity of care and 
fragmentation. We estimated the DD model for beneficiaries with an rBBI of 0.85 or greater at 
baseline, using an alternative construction of continuity of care and fragmentation as key 
outcomes. To construct these measures, we calculate the rBBI and the percentagc of visits with 
the usual provider of care by counting primary care practitioners in the beneficiary’s attributed 
primary care practice as a single provider. In effect, this gives credit to primary care practice 
sites providing team-based care to an attributed beneficiary. For the DD estimation, the 
regression model is the same as the one described in Supplement 3. As in our main analyses, 
where we examine outcome measures based on visits to individual NPIs (results shown in Table 
3 in main manuscript), there is no evidence to suggest that CPC+ affected the outcomes of 
interest (Appendix eTable 8 for the combined 3-year model and eAppendix Table 9 for the 
annual model).  
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eAppendix Table 8. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Group using 
Alternative Constructions of Continuity of Care and Fragmentation, by Tracka 

Measure 

Track 1 

Baselineb Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P 

CPC+ 
meanc 

Comparison 
meand 

CPC+ 
meanc 

Comparison 
meand 

Percentage of visits with the 
usual provider of caree 31.5 31.6 38.0 38.3 -0.18 (0.12) (-0.41, 0.05) 0.129 
Reversed Bice-Boxerman Indexf  0.88 0.88 0.83 0.83 0.00 (0.00) (-0.00, 0.00) 0.435 
Sample size CPC+ Comparison           
No. of practicesg 1371 5237           
No. of beneficiaries 202,110 677,908           
No. of beneficiary-years 745,978 2,506,006           

 

Measure 

Track 2 

Baselineb Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P 

CPC+ 
meanc 

Comparison 
meand 

CPC+ 
meanc 

Comparison 
meand 

Percentage of visits with the 
usual provider of caree 32.5 32.4 38.9 38.9 -0.09 (0.13) (-0.35, 0.17) 0.495 
Reversed Bice-Boxerman Indexf 0.87 0.87 0.83 0.83 0.00 (0.00) (-0.00, 0.00) 0.895 
Sample size CPC+ Comparison           
No. of practicesg 1,514 3,778           
No. of beneficiaries 254,035 596,154           
No. of beneficiary-years 939,219 2,206,100           

CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; E&M, evaluation and management; FFS, fee-for-service; rBBI, reversed Bice-
Boxerman Index; SE, standard error. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline (constructed using the rBBI from the main analysis).  
b Baseline refers to the year before CPC+ started (January 2016–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on a DD 
analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 through 3 
compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run separate 
regression models for each outcome of interest. 
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c We report the actual, unadjusted CPC+ mean for each time period shown in the table.  
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We obtain 
the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in that same 
time period.  
e The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. In this sensitivity analysis, 
we count visits to primary care practitioners in the beneficiary’s attributed practice as a single provider to give credit to practices with team-based care. 
f The reversed Bice-Boxerman Index measures fragmentation of care, with higher numbers indicating more fragmented care. In this sensitivity analysis, we count visits 
to primary care practitioners in the beneficiary’s attributed practice as a single provider to give credit to practices with team-based care. 
g The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries because beneficiaries can switch 
practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the baseline period can 
have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019.  
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eAppendix Table 9. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups using 
Alternative Constructions of Continuity of Care and Fragmentation, (Annual Model), by Tracka 

Measure 
Intervention 

year 

Track 1 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
Confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

Percentage of visits with the usual 
provider of caree 

PY 1 31.5 31.6 38.0 38.3 -0.15 (0.11) (-0.37, 0.07) 0.190 
PY 2 31.5 31.6 37.7 38.0 -0.18 (0.14) (-0.45, 0.09) 0.201 
PY 3 31.5 31.6 38.3 38.6 -0.21 (0.15) (-0.51, 0.09) 0.173 

rBBIf  PY 1 0.88 0.88 0.83 0.83 0.00 (0.00) (-0.00, 0.00) 0.379 
PY 2 0.88 0.88 0.84 0.83 0.00 (0.00) (-0.00, 0.00) 0.485 
PY 3 0.88 0.88 0.83 0.83 0.00 (0.00) (-0.00, 0.00) 0.653 

Sample size   CPC+ Comparison           
No. of practicesg  1,371 5,237           
No. of beneficiaries  202,110 677,908           
No. of beneficiary-years  745,978 2,506,006           

 

Measure 
Intervention 

year 

Track 2 

Baselineb Intervention year 

DD estimate  
(SE) 

95% 
confidence 

interval P-value 
CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

Percentage of visits with the usual 
provider of caree 

PY 1 32.5 32.4 38.9 38.9 -0.02 (0.12) (-0.26, 0.22) 0.886 
PY 2 32.5 32.4 38.5 38.5 -0.09 (0.16) (-0.40, 0.23) 0.594 
PY 3 32.5 32.4 39.2 39.3 -0.17 (0.17) (-0.50, 0.17) 0.322 

rBBIf  PY 1 0.87 0.87 0.83 0.83 -0.00 (0.00) (-0.00, 0.00) 0.755 
PY 2 0.87 0.87 0.83 0.83 0.00 (0.00) (-0.00, 0.00) 0.842 
PY 3 0.87 0.87 0.82 0.82 0.00 (0.00) (-0.00, 0.00) 0.756 

Sample size   CPC+ Comparison           
No. of practicesg  1,514 3,778           
No. of beneficiaries  254,035 596,154           
No. of beneficiary-years  939,219 2,206,100           
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CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; FFS, fee-for-service; PY, program year; rBBI, reversed Bice-Boxerman Index; SE, 
standard error. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline (constructed using the rBBI from the main analysis). 
b Baseline refers to the year before CPC+ started (January 2016–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on a DD 
analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 through 3 
compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run separate 
regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table. 
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We obtain 
the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in that same 
time period. 
e The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. In this sensitivity analysis, 
we count visits to primary care practitioners in the beneficiary’s attributed practice as a single provider to give credit to practices with team-based care. 
f The reversed Bice-Boxerman Index measures fragmentation of care, with higher numbers indicating more fragmented care. In this sensitivity analysis, we count visits 
to primary care practitioners in the beneficiary’s attributed practice as a single provider to give credit to practices with team-based care. 
g The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries can 
switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the baseline 
period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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DD estimates for the remaining beneficiaries not in the high fragmentation group. We 
estimated the DD model for the remaining beneficiaries with an rBBI less than 0.85 at baseline. 
In contrast to the pattern observed for beneficiaries with highly fragmented care, we observe 
small declines in continuity of care and increases in fragmentation over time for the remaining 
beneficiaries (eAppendix Figure 1). As noted in the main text, this is likely from reversion to the 
mean due to the categorization of beneficiaries into the high fragmentation group at baseline. For 
the DD estimation, the regression model is the same as is described in Supplement 3. We find 
that just like beneficiaries with highly fragmented care at baseline, there is no evidence to 
suggest that CPC+ affected the outcomes of interest in any meaningful way (eAppendix Table 
10).  

  



 

39 

eAppendix Figure 1. Adjusted Means of Outcome Measures over Time for 
Beneficiaries not in the High Fragmentation Group at Baseline in CPC+ and 
Comparison Practices, by Track a 
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CPC+ indicates Comprehensive Primary Care Plus Initiative; PY, program year; rBBI, reversed Bice-Boxerman Index. 

a The beneficiaries not in the high fragmentation group have an rBBI of less than 0.85 at baseline. Baseline refers to 

the year before CPC+ started (January through December 2016). Predicted means are regression adjusted for 

baseline patient characteristics (including Hierarchical Condition Category scores, which are a measure of risk for 

subsequent expenditures) and practice fixed effects. PY 1 is January through December 2017; PY 2 is January 

through December 2018; and PY 3 is January through December 2019.  

b Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access 

hospitals) for: evaluation and management, ophthalmological services for medical examination and evaluation, or 

new enrollee and annual wellness visits. 

c The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) 

measures continuity of care.  

d The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  

Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 

 



 

41 

eAppendix Table 10. Difference-in-differences Estimates for Beneficiaries not in the High Fragmentation CPC+ 
and Comparison Groups, by Tracka 

Measure 

Track 1 

Baselineb Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P-value CPC+ meanc 

Comparison 
meand CPC+ meanc 

Comparison 
meand 

No. of ambulatory visitse,f 10.1 10.1 10.3 10.2 0.06 (0.02) (0.01, 0.10) 0.008 
Visits with primary care 
physicians  4.1 4.1 3.6 3.6 0.03 (0.02) (-0.01, 0.08) 0.103 

Visits with specialists 4.9 4.8 5.0 4.9 0.03 (0.01) (0.00, 0.06) 0.027 
No. of E&M visits with 
NPs/PAs/CNSs 0.7 0.8 1.1 1.2 -0.01 (0.01) (-0.04, 0.02) 0.398 

No. of unique practitionersf 4.1 4.1 4.7 4.7 0.00 (0.01) (-0.02, 0.02) 0.911 
Primary care physicians 1.1 1.2 1.2 1.2 -0.01 (0.00) (-0.02, 0.00) 0.131 

Specialists 2.3 2.3 2.6 2.6 0.02 (0.01) (0.00, 0.03) 0.013 

NPs/PAs/CNSs 0.4 0.4 0.7 0.7 -0.01 (0.01) (-0.03, 0.00) 0.073 

Percentage of visits with the 
usual provider of careg 53.6 53.6 48.7 48.6 0.05 (0.10) (-0.13, 0.24) 0.579 

rBBIh  0.68 0.68 0.74 0.75 -0.00 (0.00) (-0.00, 0.00) 0.098 

Sample size CPC+ Comparison           

No. of practicesi 1,371 5,238           

No. of beneficiaries 289,455 958,833           

No. of beneficiary-years 1,058,879 3,520,556           
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Measure 

Track 2 

Baseline Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P-value CPC+ mean 

Comparison 
mean CPC+ mean 

Comparison 
mean 

No. of ambulatory visitse,f 10.0 10.0 10.1 10.1 0.06 (0.02) (0.01, 0.10) 0.009 
Visits with primary care 
physicians  4.1 4.1 3.7 3.6 0.04 (0.02) (-0.00, 0.08) 0.083 

Visits with specialists 4.7 4.7 4.9 4.8 0.03 (0.01) (0.00, 0.06) 0.034 
Visits with NPs/PAs/CNSs  0.8 0.9 1.1 1.2 -0.02 (0.01) (-0.05, 0.01) 0.228 

No. of unique practitionersf 4.1 4.1 4.8 4.8 0.01 (0.01) (-0.01, 0.03) 0.298 
Primary care physicians 1.2 1.2 1.2 1.2 0.01 (0.00) (-0.00, 0.02) 0.121 
Specialists 2.3 2.3 2.6 2.6 0.02 (0.01) (0.01, 0.03) 0.006 
NPs/PAs/CNSs  0.4 0.5 0.7 0.7 -0.02 (0.01) (-0.03, -0.00) 0.019 

Percentage of visits with the 
usual provider of careg 53.2 53.2 48.2 48.1 -0.02 (0.10) (-0.21, 0.17) 0.815 

rBBIh  0.68 0.68 0.75 0.75 -0.00 (0.00) (-0.00, 0.00) 0.961 

Sample size CPC+ Comparison           
No. of practicesi 1,514 3,780           
No. of beneficiaries 342,197 795,773           
No. of beneficiary-years 1,253,078 2,924,200           

CNS indicates clinical nurse specialists; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; FFS, fee-for-service; NP, nurse 
practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index; SE, standard error. 
a The beneficiaries who are not in the high fragmentation group have an rBBI of less than 0.85 at baseline. 
b Baseline refers to the year before CPC+ started (January–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on 
a DD analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 
through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run 
separate regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table.  
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period.  
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
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g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care.  
h The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  
I The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries 
can switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the 
baseline period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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Separate regressions by track and by beneficiary health risk. The impacts of CPC+ 
could differ for different types of beneficiaries. Therefore, we estimated the effects of the 
program on subsets of beneficiaries for whom CPC+ is likely to have especially large effects, 
such as those with greater health risks. For these subgroup analyses, we included in the 
regressions interactions of variables denoting subgroup membership with the indicator for CPC+ 
versus comparison status, the intervention year indicator, and the CPC+ indicator interacted with 
the intervention year indicator.  

We looked at the effect of CPC+ for beneficiaries by whether they are in the highest quartile 
of Hierarchical Condition Category (HCC) scores, which are a measure of risk for subsequent 
expenditures (eAppendix Table 11). We also examined the effect of CPC+ for beneficiaries in 
the highest HCC decile and/or who have dementia (eAppendix Table 12). In both subgroup 
analyses, we do not find evidence that CPC+ affected fragmentation and continuity outcomes.  
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eAppendix Table 11. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups, 
by Track and by Patients in the Highest Quartile of the HCC Score Distributiona 

Measure 

In 
highest 

HCC 
quartile 

Track 1 patients in the highest quartile of the HCC score distribution 

Baselineb Years 1–3 

DD estimate  
(SE) 

95% 
confidence 

interval 
P-

value 

DD estimate 
difference across 
subgroup P-value 

CPC+ 
meanc 

Comparison 
meand 

CPC+ 
meanc 

Comparison  
meand 

No. of ambulatory 
visitse,f 

No 11.1 11.0 11.0 10.9 0.08 (0.03) (0.03, 0.13) 0.004 0.092 
Yes 16.7 16.4 15.8 15.5 -0.01 (0.05) (-0.11, 0.09) 0.799 

Visits with primary 
care physicians  

No 2.9 2.9 3.0 3.0 0.04 (0.02) (0.00, 0.07) 0.033 0.918 
Yes 3.9 4.0 3.8 3.9 0.03 (0.02) (-0.01, 0.08) 0.170 

Visits with specialists No 6.5 6.4 6.1 6.0 0.06 (0.02) (0.02, 0.10) 0.001 0.055 
Yes 10.4 10.0 9.2 8.8 -0.01 (0.04) (-0.09, 0.06) 0.710 

Visits with 
NPs/PAs/CNSs  

No 1.2 1.3 1.3 1.4 -0.00 (0.01) (-0.03, 0.03) 0.802 0.776 
Yes 1.6 1.8 1.9 2.1 -0.01 (0.02) (-0.05, 0.03) 0.675 

No. of unique 
practitionersf 

No 6.8 6.8 6.2 6.2 0.04 (0.02) (0.01, 0.07) 0.010 0.117 
Yes 8.6 8.6 7.8 7.8 0.01 (0.02) (-0.04, 0.05) 0.817 

Primary care 
physicians 

No 1.5 1.5 1.3 1.3 0.01 (0.01) (-0.01, 0.03) 0.188 0.409 
Yes 1.6 1.6 1.4 1.4 0.01 (0.01) (-0.02, 0.03) 0.600 

Specialists No 4.1 4.1 3.6 3.6 0.04 (0.01) (0.02, 0.06) 0.000 0.211 
Yes 5.6 5.5 4.8 4.7 0.02 (0.02) (-0.02, 0.05) 0.330 

NPs/PAs/CNSs  No 0.8 0.9 0.9 1.0 0.01 (0.01) (-0.01, 0.03) 0.299 0.466 
Yes 1.1 1.2 1.1 1.3 0.00 (0.01) (-0.02, 0.03) 0.766 

Percentage of visits 
with the usual provider 
of careg 

No 28.4 28.4 36.5 36.7 -0.18 (0.12) (-0.41, 0.06) 0.138 0.595 
Yes 26.2 26.3 33.4 33.6 -0.13 (0.11) (-0.34, 0.09) 0.259 

rBBIh  No 0.91 0.91 0.85 0.85 0.00 (0.00) (-0.00, 0.00) 0.650 0.530 
Yes 0.90 0.90 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.994 

Sample size   CPC+ Comparison             
No. of practicesi 1,371 5,237             
No. of beneficiaries 202,099 677,895             
No. of beneficiary-years 742,432 2,494,046             
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Measure 

In 
highest 

HCC 
quartile 

Track 2 patients in the highest quartile of the distribution of HCC score distribution 

Baselineb Years 1–3 

DD estimate  
(SE) 

95% 
confidence 

interval P-value 

DD estimate 
difference across 

subgroup P-
value 

CPC+ 
meanC 

Comparison  
meand 

CPC+ 
meanC 

Comparison  
meand 

No. of ambulatory 
visitse,f 

No 10.9 10.9 10.8 10.8 -0.00 (0.03) (-0.05, 0.05) 0.902 0.828 
Yes 16.3 16.2 15.4 15.3 0.01 (0.05) (-0.09, 0.11) 0.867 

Visits with primary 
care physicians  

No 3.0 2.9 3.0 3.0 0.02 (0.02) (-0.01, 0.05) 0.215 0.783 
Yes 4.0 4.1 3.9 3.9 0.01 (0.03) (-0.04, 0.06) 0.590 

Visits with specialists No 6.4 6.2 5.9 5.8 -0.01 (0.02) (-0.05, 0.02) 0.520 0.910 
Yes 10.0 9.7 8.9 8.6 -0.02 (0.04) (-0.09, 0.06) 0.660 

Visits with 
NPs/PAs/CNSs  

No 1.2 1.3 1.3 1.5 0.00 (0.01) (-0.03, 0.03) 1.000 0.559 
Yes 1.7 1.9 1.9 2.1 0.01 (0.02) (-0.03, 0.05) 0.622 

No. of unique 
practitionersf 

No 6.8 6.8 6.2 6.2 0.02 (0.02) (-0.01, 0.05) 0.236 0.452 
Yes 8.6 8.6 7.8 7.8 0.03 (0.02) (-0.01, 0.08) 0.124 

Primary care 
physicians 

No 1.5 1.5 1.3 1.3 0.01 (0.01) (-0.00, 0.03) 0.097 0.593 
Yes 1.7 1.7 1.5 1.5 0.01 (0.01) (-0.01, 0.03) 0.407 

Specialists No 4.1 4.0 3.6 3.5 0.00 (0.01) (-0.02, 0.02) 0.999 0.664 
Yes 5.5 5.4 4.7 4.6 0.01 (0.02) (-0.02, 0.04) 0.663 

NPs/PAs/CNSs  No 0.9 1.0 0.9 1.0 0.01 (0.01) (-0.00, 0.03) 0.114 0.435 
Yes 1.1 1.2 1.2 1.3 0.02 (0.01) (-0.00, 0.04) 0.059 

Percentage of visits 
with the usual provider 
of careg 

No 28.4 28.4 36.4 36.6 -0.16 (0.12) (-0.39, 0.07) 0.173 0.919 
Yes 26.3 26.3 33.3 33.5 -0.15 (0.11) (-0.37, 0.07) 0.180 

rBBIh  No 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.250 0.467 
Yes 0.90 0.90 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.065 

Sample size  CPC+ Comparison       
No. of practicesi 1,514 3,778             
No. of beneficiaries 254,018 596,134             
No. of beneficiary-years 934,665 2,195,738             

CNS indicates clinical nurse specialist; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; FFS, fee-for-service; HCC, Hierarchical 
Condition Category; NP, nurse practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index; SE, standard error. 
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a The high fragmentation group has an rBBI of 0.85 or greater at baseline.  
b Baseline refers to the year before CPC+ started (January–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on 
a DD analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 
through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run 
separate regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table.  
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period.  
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care.  
h The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  
I The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries 
can switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the 
baseline period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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eAppendix Table 12. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups, 
by Track and by Patients Who Either Are in the Highest Decile of the Distribution of HCC Scores or Have 
Dementiaa 

Measure 

In highest 
HCC decile 

or has 
dementia 

Track 1 patients who either are in the highest decile of the distribution of HCC score or have dementia 

Baselineb Years 1–3 

DD estimate  
(SE) 

95% 
confidence 

interval P-value 

DD 
estimate 

difference 
across 

subgroup  
P-value CPC+ meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

No. of ambulatory 
visitse,f 

No 11.9 11.8 11.9 11.7 0.08 (0.03) (0.03, 0.13) 0.002 0.031 
  Yes 17.2 16.9 15.7 15.5 -0.08 (0.07) (-0.23, 0.06) 0.259 

Visits with primary 
care physicians  

No 3.0 3.1 3.1 3.1 0.03 (0.02) (0.00, 0.07) 0.047 0.709 
  Yes 4.0 4.1 3.8 3.9 0.04 (0.03) (-0.02, 0.10) 0.164 

Visits with specialists No 7.1 6.9 6.7 6.5 0.06 (0.02) (0.03, 0.10) 0.001 0.010 
  Yes 10.6 10.2 9.2 8.8 -0.07 (0.05) (-0.18, 0.03) 0.163 

Visits with 
NPs/PAs/CNSs  

No 1.2 1.4 1.4 1.5 -0.01 (0.01) (-0.04, 0.02) 0.663 0.842 
  Yes 1.7 1.9 1.9 2.1 -0.00 (0.03) (-0.05, 0.05) 0.946 

No. of unique 
practitionersf 

No 7.1 7.1 6.5 6.5 0.04 (0.01) (0.01, 0.06) 0.018 0.220 
  Yes 8.7 8.7 7.7 7.6 -0.00 (0.03) (-0.06, 0.06) 0.963 

Primary care 
physicians 

No 1.5 1.5 1.3 1.3 0.01 (0.01) (-0.01, 0.03) 0.329 0.349 
  Yes 1.6 1.7 1.4 1.4 0.02 (0.01) (-0.01, 0.05) 0.184 

Specialists No 4.4 4.3 3.9 3.8 0.04 (0.01) (0.02, 0.06) 0.000 0.140 
  Yes 5.7 5.5 4.7 4.6 0.00 (0.02) (-0.04, 0.05) 0.921 

NPs/PAs/CNSs  No 0.9 1.0 0.9 1.0 0.01 (0.01) (-0.01, 0.03) 0.392 0.868 
  Yes 1.1 1.2 1.1 1.3 0.01 (0.01) (-0.02, 0.03) 0.660 

Percentage of visits 
with the usual provider 
of careg 

No 28.0 28.1 35.7 35.9 -0.18 (0.11) (-0.40, 0.04) 0.116 0.511 
  Yes 26.2 26.3 34.9 35.1 -0.09 (0.14) (-0.37, 0.19) 0.519 

rBBIh  No 0.91 0.91 0.85 0.85 0.00 (0.00) (-0.00, 0.00) 0.815 0.469 
 Yes 0.90 0.90 0.85 0.85 0.00 (0.00) (-0.00, 0.00) 0.437 

Sample size   CPC+ Comparison             
No. of practicesi 1,371 5,237             
No. of beneficiaries 202,099 677,895             
No. of beneficiary-years 742,432 2,494,046             



 

49 

 

Measure 

In highest 
HCC decile 

or has 
dementia 

Track 2 patients who either are in the highest decile of the distribution of HCC score or have dementia 

Baselineb Years 1–3 

DD 
estimate  

(SE) 

95% 
confidence 

interval P-value 

DD estimate 
difference 

across 
subgroup  
P-value 

CPC+ 
meanc 

Comparison  
meand 

CPC+ 
meanc 

Comparison  
meand 

No. of ambulatory 
visitse,f 

No 11.7 11.7 11.6 11.6 -0.01 (0.03) (-0.06, 0.04) 0.840 0.670 
  Yes 16.8 16.8 15.4 15.4 0.03 (0.07) (-0.12, 0.17) 0.716 

Visits with primary 
care physicians  

No 3.1 3.1 3.2 3.1 0.01 (0.02) (-0.02, 0.04) 0.453 0.199 
  Yes 4.1 4.2 3.9 4.0 0.05 (0.03) (-0.01, 0.11) 0.124 

Visits with specialists No 6.9 6.8 6.5 6.3 -0.01 (0.02) (-0.05, 0.02) 0.547 0.782 
  Yes 10.3 10.0 8.8 8.6 -0.03 (0.05) (-0.13, 0.08) 0.622 

Visits with 
NPs/PAs/CNSs  

No 1.3 1.4 1.4 1.6 0.00 (0.01) (-0.02, 0.03) 0.859 0.963 
  Yes 1.8 2.0 2.0 2.1 0.00 (0.03) (-0.05, 0.05) 0.959 

No. of unique 
practitionersf 

No 7.1 7.1 6.5 6.5 0.02 (0.01) (-0.01, 0.05) 0.287 0.123 
  Yes 8.7 8.8 7.7 7.7 0.06 (0.03) (0.00, 0.12) 0.040 

Primary care 
physicians 

No 1.5 1.6 1.4 1.4 0.01 (0.01) (-0.01, 0.03) 0.302 0.014 
  Yes 1.7 1.7 1.5 1.5 0.03 (0.01) (0.01, 0.06) 0.009 

Specialists No 4.3 4.2 3.8 3.7 0.00 (0.01) (-0.02, 0.02) 0.991 0.555 
  Yes 5.6 5.5 4.7 4.5 0.01 (0.02) (-0.03, 0.06) 0.549 

NPs/PAs/CNSs  No 0.9 1.0 1.0 1.1 0.02 (0.01) (-0.00, 0.03) 0.073 0.972 
  Yes 1.1 1.3 1.2 1.3 0.02 (0.01) (-0.01, 0.04) 0.230 

Percentage of visits with 
the usual provider of 
careg 

No 28.0 28.1 35.6 35.8 -0.14 (0.11) (-0.36, 0.08) 0.208 0.383 
  Yes 26.2 26.3 34.7 35.0 -0.25 (0.14) (-0.52, 0.02) 0.075 

rBBIh  No 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.292 0.017 
 Yes 0.90 0.91 0.86 0.85 0.00 (0.00) (0.00, 0.00) 0.004 

Sample size   CPC+ Comparison       
No. of practicesi 1,514 3,778             
No. of beneficiaries 254,018 596,134             
No. of beneficiary-years 934,665 2,195,738             

CNS indicates clinical nurse specialist; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; HCC, Hierarchical Condition Category; 
NP, nurse practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index; and SE, standard error. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline.  
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b Baseline refers to the year before CPC+ started (January–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on 
a DD analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 
through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run 
separate regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table.  
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period.  
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care.  
h The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  
I The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries 
can switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the 
baseline period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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Separate regressions by track and by Medicare Shared Savings Program status. Within 
each track, we also estimated impacts separately by baseline SSP participation status to 
investigate whether participating in both CPC+ and an SSP Accountable Care Organization had a 
different impact than participating in CPC+ alone. Given that SSP participation is a critical 
dimension on which participating CPC+ practices differ, we estimated separate regressions, by 
SSP status, for all outcomes (eAppendix Table 13). We find some DD estimates are statistically 
significant, but their size is very small and not clinically meaningful.  
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eAppendix Table 13. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups, 
by Track and Shared Savings Program Participationa 

Measure 

Track 1 SSP Track 1 Non-SSP 

Baselineb Years 1–3 
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No. of ambulatory visitse,f 13.0 12.8 12.9 12.6 0.07 
(0.04) 

(0.00, 
0.14) 0.042 12.2 12.2 12.1 12.0 0.04 

(0.04) 
(-0.04, 
0.11) 0.366 

Visits with primary care 
physicians  3.2 3.2 3.2 3.2 0.01 

(0.02) 
(-0.03, 
0.06) 0.511 3.1 3.2 3.2 3.2 0.05 

(0.02) 
(0.01, 
0.10) 0.030 

Visits with specialists 8.0 7.6 7.5 7.1 0.04 
(0.03) 

(-0.01, 
0.09) 0.094 7.1 7.1 6.6 6.5 0.05 

(0.03) 
(-0.01, 
0.11) 0.090 

Visits with NPs/PAs/CNSs  1.2 1.4 1.4 1.6 0.02 
(0.02) 

(-0.01, 
0.06) 0.175 1.4 1.5 1.6 1.7 -0.04 

(0.02) 
(-0.09, 
0.01) 0.081 

No. of unique 
practitionersf 7.4 7.4 6.8 6.8 0.03 

(0.02) 
(-0.01, 
0.07) 0.125 7.1 7.2 6.5 6.5 0.03 

(0.02) 
(-0.01, 
0.08) 0.183 

Primary care physicians 1.5 1.5 1.3 1.3 -0.01 
(0.01) 

(-0.04, 
0.01) 0.273 1.5 1.5 1.3 1.3 0.04 

(0.01) 
(0.01, 
0.07) 0.011 

Specialists 4.7 4.6 4.2 4.0 0.03 
(0.01) 

(0.00, 
0.05) 0.036 4.3 4.4 3.8 3.8 0.04 

(0.02) 
(0.01, 
0.07) 0.011 

NPs/PAs/CNSs  0.8 1.0 0.9 1.0 0.03 
(0.01) 

(0.01, 
0.05) 0.001 1.0 1.0 1.0 1.1 -0.02 

(0.02) 
(-0.05, 
0.01) 0.134 

Percentage of visits with 
the usual provider of careg 27.6 27.7 35.1 35.3 -0.15 

(0.13) 
(-0.41, 
0.11) 0.263 28.0 28.0 36.2 36.3 -0.19 

(0.17) 
(-0.53, 
0.15) 0.268 

rBBIh  0.91 0.91 0.86 0.86 0.00 
(0.00) 

(-0.00, 
0.00) 0.786 0.91 0.91 0.85 0.85 0.00 

(0.00) 
(-0.00, 
0.00) 0.737 

Sample size CPC+ 
Comp-
arison      CPC+ 

Comp-
arison      

No. of practicesi 736 2,979           635 2,258           
No. of beneficiaries 107,935 413,515           94,943 268,809           
No. of beneficiary-years 396,159 1,518,098           349,819 987,908           
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Measure 

Track 2 SSP Track 2 Non-SSP 

Baselineb Years 1–3 
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No. of ambulatory visitse,f 12.4 12.6 12.2 12.4 0.04 
(0.04) 

(-0.04, 
0.11) 0.342 12.4 12.2 12.3 12.0 -0.03 

(0.03) 
(-0.09, 
0.04) 0.411 

Visits with primary care 
physicians  3.2 3.3 3.2 3.3 0.03 

(0.02) 
(-0.01, 
0.08) 0.159 3.3 3.2 3.3 3.3 0.00 

(0.02) 
(-0.05, 
0.05) 0.993 

Visits with specialists 7.5 7.4 7.0 6.9 -0.03 
(0.03) 

(-0.08, 
0.03) 0.333 7.2 7.0 6.7 6.5 0.01 

(0.03) 
(-0.04, 
0.06) 0.745 

Visits with 
NPs/PAs/CNSs  1.3 1.4 1.4 1.6 0.02 

(0.02) 
(-0.02, 
0.05) 0.403 1.4 1.5 1.6 1.7 -0.01 

(0.02) 
(-0.05, 
0.03) 0.613 

No. of unique 
practitionersf 7.3 7.4 6.8 6.7 0.07 

(0.02) 
(0.02, 
0.11) 0.002 7.2 7.2 6.6 6.6 -0.02 

(0.02) 
(-0.05, 
0.02) 0.425 

Primary care physicians 1.6 1.6 1.4 1.4 0.03 
(0.01) 

(0.01, 
0.05) 0.016 1.6 1.6 1.4 1.4 -0.00 

(0.01) 
(-0.03, 
0.02) 0.748 

Specialists 4.6 4.5 4.1 3.9 0.00 
(0.01) 

(-0.03, 
0.03) 0.927 4.4 4.3 3.8 3.8 0.01 

(0.01) 
(-0.02, 
0.03) 0.603 

NPs/PAs/CNSs  0.9 1.0 1.0 1.0 0.03 
(0.01) 

(0.01, 
0.06) 0.017 1.0 1.1 1.0 1.1 0.00 

(0.01) 
(-0.02, 
0.03) 0.797 

Percentage of visits with 
the usual provider of careg 27.6 27.7 34.8 35.3 -0.36 

(0.14) 
(-0.64, 
-0.07) 0.014 28.0 27.9 36.0 36.0 0.03 

(0.15) 
(-0.26, 
0.32) 0.850 

rBBIh  0.91 0.91 0.86 0.86 0.00 
(0.00) 

(0.00, 
0.01) 0.002 0.91 0.91 0.85 0.86 -0.00 

(0.00) 
(-0.00, 
0.00) 0.419 

Sample size CPC+ 
Comp-
arison      CPC+ 

Comp-
arison      

No. of practicesi 636 1,817           878 1,961 
     

No. of beneficiaries 119,172 315,138           135,989 284,613 
     

No. of beneficiary-years 437,559 1,156,636           501,660 1,049,464 
     

CNS indicates clinical nurse specialist; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; E&M, evaluation and management; FFS, 
fee-for-service; NP, nurse practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index; SE, standard error; SSP, Shared Savings Program. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline.  
b Baseline refers to the year before CPC+ started (January–December 2016). Estimates are regression-adjusted for baseline patient characteristics (including 
Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each estimate on 
a DD analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in Years 1 
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through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. We run 
separate regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table.  
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period.  
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care.  
h The rBBI measures fragmentation of care, with higher numbers indicating more fragmented care.  
I The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries at baseline because beneficiaries 
can switch practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the 
baseline period can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa).  
Source: Authors’ analysis of Medicare claims data for January 2016–December 2019. 
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Separate regressions by track for beneficiaries 65 years and above. The impacts of 
CPC+ on continuity of care and fragmentation could differ for older versus younger Medicare 
beneficiaries. Specifically, younger patients enrolled in Medicare may have very different 
clinical conditions, such as ESRD or disability, and care needs than beneficiaries who age into 
the Medicare program upon turning 65. Therefore, we estimated the effects of the CPC+ program 
on beneficiaries who were at least 65 years old (i.e., excluding those under 65 years old), using 
the same DD model outlined in Supplement 3. As in the main analysis that uses the full sample 
of Medicare beneficiaries, we do not find evidence that CPC+ affected fragmentation and 
continuity outcomes in this smaller sample (eAppendix Table 14).  
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eAppendix Table 14. Difference-in-differences Estimates for High Fragmentation CPC+ and Comparison Groups, 
restricted to Medicare beneficiaries 65 years and above, by Tracka 

Measure 

Track 1 

Baselineb Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P-value 

CPC+ 
meanc 

Comparison 
meand 

CPC+ 
meanc 

Comparison 
meand 

No. of ambulatory visitse,f 12.5 12.3 12.4 12.2 0.07** (0.02) (0.02, 0.12) 0.005 
Visits with primary care 
physicians  3.1 3.1 3.2 3.2 0.04* (0.02) (0.00, 0.07) 0.033 
Visits with specialists  7.5 7.4 7.1 6.8 0.06** (0.02) (0.03, 0.10) 0.001 
Visits with NPs/PAs/CNSs  1.2 1.3 1.4 1.5 -0.01 (0.01) (-0.04, 0.02) 0.569 

No. of unique practitionersf 7.2 7.2 6.7 6.6 0.03* (0.01) (0.01, 0.06) 0.012 
Primary care physicians 1.5 1.5 1.3 1.3 0.01 (0.01) (-0.01, 0.03) 0.225 
Specialists 4.5 4.5 4.0 3.9 0.04** (0.01) (0.02, 0.06) 0.000 
NPs/PAs/CNSs 0.9 1.0 0.9 1.0 0.01 (0.01) (-0.01, 0.02) 0.528 

Percentage of visits with the 
usual provider of careg 27.8 27.9 35.4 35.6 -0.19 (0.10) (-0.39, 0.02) 0.075 
Reversed Bice-Boxerman Indexh  0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.646 
Sample size CPC+ Comparison           
No. of practicesi 1,371 5,234           
No. of beneficiaries 185,088 615,506           
No. of beneficiary-years 683,940 2,278,539           
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Measure 

Track 2 

Baselineb Years 1–3 

DD estimate 
(SE) 

95% confidence 
interval P-value 

CPC+ 
meanc 

Comparison 
meand 

CPC+ 
meanc 

Comparison 
meand 

No. of ambulatory visitse,f 12.3 12.2 12.1 12.0 0.01 (0.02) (-0.03, 0.06) 0.550 
Visits with primary care 
physicians 3.2 3.2 3.3 3.3 0.02 (0.02) (-0.01, 0.05) 0.258 
Visits with specialists 7.3 7.2 6.8 6.6 0.00 (0.02) (-0.03, 0.03) 0.956 
Visits with NPs/PAs/CNSs 1.3 1.4 1.4 1.6 0.00 (0.01) (-0.02, 0.03) 0.878 

No. of unique practitionersf 7.2 7.2 6.7 6.6 0.03* (0.01) (0.00, 0.06) 0.042 
Primary care physicians 1.5 1.5 1.4 1.4 0.01 (0.01) (-0.00, 0.03) 0.174 
Specialists 4.5 4.4 4.0 3.9 0.01 (0.01) (-0.01, 0.03) 0.312 
NPs/PAs/CNSs 0.9 1.0 1.0 1.0 0.02 (0.01) (-0.00, 0.03) 0.070 

Percentage of visits with the 
usual provider of careg 27.8 27.9 35.3 35.5 -0.19 (0.11) (-0.40, 0.02) 0.074 
Reversed Bice-Boxerman Indexh 0.91 0.91 0.86 0.86 0.00 (0.00) (-0.00, 0.00) 0.079 
Sample size CPC+ Comparison           
No. of practices 1,513 3,777           
No. of beneficiaries 232,530 542,094           
No. of beneficiary-years 861,177 2,009,340           

CNS indicates clinical nurse specialists; CPC+, Comprehensive Primary Care Plus Initiative; DD, difference-in-differences; E&M, evaluation and management; 
FFS, fee-for-service; NP, nurse practitioner; PA, physician assistant; rBBI, reversed Bice-Boxerman Index; SE, standard error. 
a The high fragmentation group has an rBBI of 0.85 or greater at baseline who is 65 years and above. 
b Baseline refers to the year before CPC+ started (January 2016–December 2016). Estimates are regression-adjusted for baseline patient characteristics 
(including Hierarchical Condition Category scores, which are a measure of risk for subsequent expenditures) and baseline practice fixed effects. We based each 
estimate on a DD analysis, and it reflects the difference in the regression-adjusted average outcome for attributed Medicare FFS beneficiaries in CPC+ practices in 
Years 1 through 3 compared with baseline relative to the same difference over time for attributed Medicare FFS beneficiaries in matched comparison practices. 
We run separate regression models for each outcome of interest. 
c We report the actual, unadjusted CPC+ mean for each time period shown in the table. 
d For comparison group practices, we report the actual, unadjusted mean during the baseline period but the adjusted mean during each intervention period. We 
obtain the adjusted mean by subtracting the regression adjusted difference between the CPC+ and comparison means in each time period from the CPC+ mean in 
that same time period. 
e Ambulatory visits are defined as office or other outpatient visits (such as to rural health clinics and critical access hospitals) for: evaluation and management, 
ophthalmological services for medical examination and evaluation, or new enrollee and annual wellness visits. 
f The sum of visits to primary care physicians, specialists, and NPs/PAs/CNS is less than total visits because total visits include those to other practitioners not 
categorized. For this reason, the sum of unique practitioners to primary care physicians, specialists, and NPs/PAs/CNS is less than total unique practitioners. 
g The percentage of visits with the usual provider of care (that is, the most frequently seen ambulatory provider) measures continuity of care. 
h The reversed Bice-Boxerman Index measures fragmentation of care, with higher numbers indicating more fragmented care. 
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i The number of practices included in the regression analysis may differ from the number of practices with attributed beneficiaries because beneficiaries can switch 
practices between the baseline and the intervention period, so practices with no attributed beneficiaries meeting the sample selection criteria in the baseline period 
can have some attributed beneficiaries meeting the criteria in the intervention period (and vice versa). 
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