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ABSTRACT 

Objective: To compare physician versus practice-level primary care continuity and their 

association with expenditure and acute care utilization among Medicare beneficiaries and 

evaluate if continuity of outpatient primary care at either/both physician or/and practice level 

could be useful quality measures. 

Data source: Medicare Fee-For-Service claims data for community dwelling beneficiaries without 

End-Stage Renal Disease who were attributed to a national random sample of primary care 

practices billing Medicare (2011-2017).  

Study Design: Retrospective secondary data analysis at per Medicare beneficiary per year level.  

We used multivariable linear regression with practice-level fixed effects to estimate continuity of 

care score at physician vs. practice level and their associations with outcomes.  

Data Collection/Extraction Method:  We calculated clinician and practice level Bice-

Boxerman continuity of care index scores, ranging from 0 to 1, using primary care outpatient 

claims.  Medicare expenditures, hospital admissions, emergency department visits, and 

readmissions were obtained from the Medicare Beneficiary Summary File: Cost and Utilization 

Segment. Ambulatory care sensitive conditions (ACSC) were defined using diagnosis codes on 

inpatient claims.   

Principal Findings:  We studied 2,359,400 beneficiaries who sought care from 13,926 

physicians. Every 0.1 increase in physician continuity score was associated with a $151 

reduction in expenditures per beneficiary per year (P<0.01), and every 0.1 increase in practice 

continuity score was associated with $282 decrease (P<0.01) per beneficiary per year. Both 

physician- and practice-level continuity were associated with lower Medicare expenditures 

among small, medium, and large practices. Both physician- and practice-level continuity were 



 

 

associated with lower probabilities of hospitalization, emergency department visit, admissions 

for ACSC, and readmission. 

Conclusions:  Primary care continuity of care could serve as a potent value-based care quality 

metric.  Physician- level continuity is a unique value center that cannot be supplanted by practice 

level continuity. 

Key words: primary care, continuity of care, value-based payment, population health  
  



 

 

What’s Known on this Topic: 

• Continuity of care is one of the core functions of primary care that is motivated by the holistic 

patient-centered approach to improve human health. 

• Continuity of primary care has the potential to serve as a simpler, and more effective measure to build 

trust with patients and communities and proactively manage population health. 

• The measurement of continuity of primary care is nuanced due to the complex structure of primary 

care delivery organizations and the communities they serve. 

What this Study Adds:  

• We conducted a rigorous analysis of physician and practice level continuity of care measures and 

their association with outcomes using Medicare claims data. 

• We found continuity of primary care at both physician and practice level are associated with lower 

Medicare cost and acute care utilization. 

• Continuity of primary care could serve as a potent value-based care metric.  Continuity of care with 

physician cannot be substituted by practice level continuity. 

 
  



 

 

INTRODUCTION:  

Primary care is the cornerstone of the U.S. health care system, with nearly 230,000 primary care 

physicians (PCPs) providing more than 500 million visits per year addressing preventive, acute, 

and chronic care.1–3 The positive impact of primary care on community and population health is 

well-established, due in part to the core function of providing continuous, relationship-based 

care.4 Specifically, volumes of literature show that greater continuity of care is associated with 

better performance on each of the elements of the Quintuple Aim of healthcare, including better 

clinical outcomes, less acute care utilization (including hospitalizations and ED visits), decreased 

spending (Medicare, private insurance, out-of-pocket), better patient experience,  greater 

physician wellness, and improved equity in access and utilization of healthcare services. 4–16  

Despite the importance of continuity, federal value-based payment and accountability 

programs have yet to use continuity of care measures for assessing clinician quality.  Due to its 

broad scope and substantial scale, more clinical quality measures have been implemented in 

primary care than in any other specialty.  However, most of the existing measures are disease-

specific or process measures that do not capture the core primary care functions, which are 

motivated by the holistic patient-centered approach to improve human health.  The diagnoses, 

treatment, and management of major chronic diseases like diabetes and chronic kidney disease 

are long-term processes involving multiple clinical encounters and relationships with patients, 

many of whom suffer multiple complex comorbidities.17,18 Therefore, quality payment 

mechanisms based on isolated clinical procedure measures do not necessarily lead to better 

population health.4,19,20   

Continuity of care has the potential to serve as a simpler and more effective measure that 

might capture PCP and practice efforts to build trust with patients and communities and to 



 

 

proactively manage population health.  It could also serve to counter trends toward paring down 

patient time and overfilling clinician schedules, which may result in short-term financial benefit 

but may be detrimental to patient outcomes overall, including through compromising 

continuity.21  The measurement of continuity of care is nuanced due to the complex structure of 

primary care delivery organizations and the communities they serve.  For the sake of policy 

design, the absence of continuity of care among quality metrics may be due, in part, to gaps in 

rigorous evidence-based analysis of viable potential physician and practice level measures and 

their association with outcomes.  

Prior work shows that patients with high continuity of care measured across all physician 

visit types have lower probability of hospitalization and lower spending. 4-15 One study has 

shown these benefits to be associated with continuity of care measured among primary care visits 

specifically (representing a metric over which a patient’s PCP may have greater control).11 No 

studies to our knowledge have simultaneously estimated if primary care-focused continuity of 

care for individual PCPs and/or practices is associated with better population health outcomes, 

nor compared the relative strength of association of physician vs practice level continuity.  And 

while there is evidence that primary care quality and community engagement may vary by clinic 

size, it is unknown how the association between continuity and outcomes varies by practice 

size.22,23 Continuity of care at the practice level is likely higher for medium or large practices 

than for solo or small practices  With more staff members and a greater scope of services, large 

practices may be able to maintain patient engagement with the organization more easily.  

However, it is not known if practice level  continuity of care could substitute for the continuity of 

care with a single physician within the practice.24,25  



 

 

In this study, we evaluated the effectiveness of physician and practice level primary care 

continuity measures by estimating both simultaneously using a nationally representative sample 

of primary care practices.  In order to investigate the role of primary care clinic size in these 

associations, we conducted analysis among the entire study sample, the solo practice sample, the 

small to medium practice sample (2-12 physicians), and the large practice sample (13 or more 

physicians) separately. 

METHODS: 

Study design:  

We conducted a secondary data analysis using claims of Medicare beneficiaries who received 

services from a random sample of U.S. primary care practices between 2011 and 2017.  The unit 

of analysis was per beneficiary per year.  We calculated a primary care-focused continuity of 

care score for each physician as well as each primary care practice per year.  We then examined 

the associations between these two scores and annual Medicare expenditures and acute 

healthcare utilization per beneficiary. To enable within practice comparisons of individual 

physicians and obtain unbiased estimates of the practice level score, we used practice fixed 

effects to control for unobserved confounders that correlate to both care delivery patterns and 

outcomes. We also included a secondary analysis using continuity scores from the previous 

year’s data to formulate a lagged continuity of care model.  

Source of data: 

We used Medicare hospital care and outpatient clinical care claims for all beneficiaries 

attributed to a stratified random sample of 4,265 primary care practices nationwide. The sample 

of practices was generated in 2011 from among all primary care practices submitting Medicare 

claims. We then merged the claims data with two additional data sources from Centers for 



 

 

Medicare and Medicaid Services (CMS): the Medicare Beneficiary Summary File (MBSF) Cost 

and Utilization Segment that contains the summary of annual Medicare expenditures and service 

utilizations, and the Medicare Data on Provider Practice and Specialty (MD-PPAS) that contains 

characteristics of PCPs and their practices. 

To construct the sample for analysis, we started with the pool of 65,443 practices 

(defined by unique Tax Identification Number (TIN)) from the 50 states of the U.S., District of 

Columbia, and Puerto Rico that billed to Medicare in 2011.  We then limited the practices to 

those in which the majority of physicians (50% or higher) were PCPs, including family 

medicine, internal medicine, general practice, and geriatric medicine, resulting in a pool of 

50,076 TINs. We then drew a national random sample from this pool, stratified by rurality at the 

level of zip code and practice size.  We oversampled larger practices with more than twelve 

physicians and practices in rural areas. The final random sample included 4,265 practices with 

unique TINs.  Due to clinic closures and mergers in the past decade,26–29 our sample of unique 

TINs decreased year over year between 2011 and 2017 with an average 6.1% attrition rate 

annually.  While TIN is often used to identify primary care practices in empirical research,30–32 

we acknowledge the limitation of TIN as an identifier because, while multiple practices within a 

larger health system, e.g. Kaiser Permanente, may use a single TIN to bill for their services, 

physicians in other practices may bill under individual TINs. 

Sample for analysis and beneficiary attribution: 

We analyzed inpatient and outpatient physician service claims of beneficiaries who were 

ever seen for any service at one of the 4,256 practices identified by TIN between 2011 and 2017.  

The unit of analysis was per beneficiary per year.  We included beneficiaries who did not have 

End Stage Renal Disease (ESRD) as their reason for enrollment, were community-dwelling, 



 

 

were continuously enrolled in FFS Medicare for a given year, did not die during the year, and 

had at least two evaluation and management service visits within a calendar year.  The reason to 

exclude ESRD patients is they are referred and managed by nephrologists.  Primary care 

physicians diagnose and manage chronic kidney disease patients but refer the ESRD patients to 

nephrologists.  We exclude the ESRD patients to focus on the primary care patient population.  

The reason to exclude decedents is the beneficiary die across the years from Jan to Dec.   

Therefore, the time frame to calculate continuity of care is not unanimous across the sample.  To 

ensure the unbiasedness of the continuity of care score calculation, we excluded all the 

decedents.   We attributed each beneficiary to the unique physician and practice that they visited 

the most frequently and randomly assigned beneficiaries to physicians or practices to resolve ties 

in the maximum number of visits. See Technical Appendix for further details.  

Measures 

Continuity of Care 

The physician level continuity measure was constructed in two steps.  In the first step, we 

calculated a primary care-focused Bice-Boxerman Continuity of Care Index (Bice-Boxerman 

Index) per beneficiary per year.33  This index reflects the relative share of each beneficiary’s 

outpatient primary care visits during the year that were billed by distinct physicians; the index 

ranges from 0 (each visit involved a different physician) to 1 (all visits to a single physician).34 

We chose BB-COC due to the National Quality Forum’s endorsement of the BB-COC as a 

quality measure for care of children with complex needs in addition to its high correlation with 

other commonly used measures of continuity.11 In the second step, we calculated the weighted 

average of the Bice-Boxerman Index among all beneficiaries, i.e., weighting patient continuity 



 

 

scores by the total number of visits to each unique physician, who were attributed to a given 

physician defined by NPI per year as the continuity of care score of the physician.11  

Similarly, the primary care-focused practice level continuity of care score was 

constructed by first calculating the Bice-Boxerman Index as the relative share of each 

beneficiary’s outpatient primary care visits provided by a distinct practice TIN during the year. 

We then calculated the weighted average of Bice-Boxerman Index across all the beneficiaries 

attributed to a given practice per year.11 

Outcomes  

The major dependent variables included total Medicare expenditures (total of all covered 

services including inpatient care, outpatient clinical care, physician services, and skilled nursing 

facility, adjusted to 2020 dollar value based on the Consumer Price Index of Medical Care35), 

probability of any inpatient admission, probability of any emergency department visit per 

beneficiary per year, and probability of 30-day hospital readmission.  

We also examined hospital admission for ambulatory care-sensitive conditions (ACSC 

admission), defined using the primary diagnosis on the inpatient claims. We create a dummy 

variable to indicate whether each beneficiary had at least one hospital stay that met the criteria of 

Preventable Quality Indicator Overall Component published by the Agency for Healthcare 

Research and Quality, including hospital admission for diabetes complications (short-term and 

long-term), chronic obstructive pulmonary disease, hypertension, heart failure, and community-

acquired pneumonia.36   

Covariates 

We used two groups of variables to control for beneficiary health status: risk adjustment 

score and pre-existing chronic diseases.  We calculated the Centers for Medicare and Medicaid 



 

 

Services Hierarchical Condition Category risk adjustment score (HCC) based on each 

beneficiary's age, gender, Medicare eligibility status (new vs. continuous), Medicaid enrollment, 

and ICD codes for primary diagnoses on inpatient and outpatient care claims.37  We identified 

pre-existing chronic diseases from the “ever” flag in the MBSF: Chronic Condition Segment, 

including diabetes, acute myocardial infarction, Alzheimer’s Disease, congestive heart failure, 

stroke, chronic kidney disease, and cancer.  Physician characteristics including age, gender, the 

TIN of the practice they are associated with, and the total number of physicians within their 

practice were obtained from MD-PPAS. 

Analytical approach: 

We used regression models to estimate annual healthcare spending and utilization per 

year as a function of physician continuity of care score and practice continuity of care score 

controlling for patient age, race and ethnicity, number of months enrolled in Medicaid, Medicare 

Part D participation, and other prescription drugs benefits, HCC score, and pre-existing 

conditions as well as physician age and gender.   

We used ordinary least square regression (OLS) to estimate expenditures and a linear 

probability model to estimate the probabilities of hospital readmission, ED visits, ACSC hospital 

admission, and readmission.  We estimated the regression model among the entire study sample, 

the solo practice sample, the small to medium practice sample (2-12 physicians), and the large 

practice sample (13 or more physicians) separately. 

Acknowledging unobserved supply and demand-side community-level characteristics 

that may confound the relationship between continuity and outcomes, we used TIN level fixed 

and random effects to control for time-invariant practice-level confounders.  The Hausman test 

rejected the null hypothesis that the coefficients of random effects were consistent with fixed 



 

 

effect (P<0.05) so we reported fixed effect estimates to draw conclusions. Standard errors were 

nested at the practice level. For those beneficiaries for whom there were two years of Medicare 

data available, we conducted a robustness check using continuity of care from the previous year 

as a primary independent variable and estimating a fixed-effects model at the practice level.  

All analyses were conducted on the Virtual Research Data Center (VRDC) platform of 

Research Data Assistance Center of CMS using Stata Version 16.1.  This study was approved by 

the American Academy of Family Physicians Institutional Review Board.  

Sensitivity analysis: 

While we included beneficiaries with at least two primary care visits in our main analysis to 

maximize generalizability of the sample, we repeated our analysis among a subsample of 

beneficiaries with four or more visits per year as prior studies have done to optimize stability of 

the measure.38  We found slight differences in the magnitude of the regression coefficient but the 

sign of the coefficients and the conclusions of the analysis did not change.  The results of the 

sensitivity analysis are presented in the technical appendix.    

RESULTS: 

Descriptive statistics of the beneficiaries: 

Our final sample included 6,503,512 observations of 2,359,400 unique beneficiaries who sought 

care from 13,926 unique physicians from 2011 to 2017.  The average annual Medicare 

expenditures of all covered services per beneficiary was $13,408 among the sample population, 

and the rate of hospital admissions was 187.51 per 1000 beneficiaries (Table 1). The sample 

included 7.1% non-Hispanic Black beneficiaries, 2.5% non-Hispanic Asian and Pacific Islander 

beneficiaries, and 4.4% Hispanic beneficiaries.39    

Descriptive statistics of physicians and practices: 



 

 

The average continuity of care score per physician per year was 0.72, the continuity of 

care per practice per year was 0.86 (Table 2), and the distribution of the practice-level continuity 

score was more skewed to the right than the distribution of the physician- level continuity score 

(Figure 1).    

Physicians and practice characteristics differed by size (Table 2).  Solo practice 

physicians had the highest average physician continuity score at 0.85, compared with 0.79 

among small or medium practice physicians and 0.65 among large practice physicians.  The 

practice continuity scores of small and medium practices were slightly higher than those of large 

practices (0.87 vs. 0.84).  Solo practice physicians were about five years older on average (57.7) 

than the small or medium practice physicians (52.1) and more than seven years older than the 

large practice physicians (50.3).  Solo practice physicians were mostly (77.0%) male, while in 

large practices, 60.4% of physicians were male.  Large practices were most likely to serve 

beneficiaries from urban or urban/rural combination census tracts (75.7% and 15.4%), while 

small to medium practices were most likely serve beneficiaries exclusively in rural census tracts 

(21.4%).    

Association between continuity of care, Medicare expenditures, and acute care utilization: 

Beneficiaries attributed to physicians or practices with higher continuity scores had lower 

Medicare expenditures and lower rates of hospital admissions, ED visits, ACSC admissions, and 

readmissions per member per year (Table 3).   

Spending – Each 0.1 increase in physician continuity score was associated with $151 lower 

annual expenditure (P<0.01) while each 0.1 increase in practice continuity was associated with 

$282 lower annual expenditures (P<0.01).  Among solo practices, where the physician continuity 

score was the same as the practice continuity score, a 0.1 increase in continuity was associated 



 

 

with a $238 cost reduction (P=0.01).  Among small to medium practices, each 0.1 increase in 

physician continuity of care was associated with an average $217 reduction, and each 0.1 

increase in practice continuity of care was associated with average reduction of $136.  Among 

the large practices, every 0.1 increase in physician continuity score was associated with $129 

reduction in Medicare spending, and every 0.1 increase in practice continuity score was 

associated with $288 reduction in Medicare spending. In the lagged continuity of care model, 

each 0.1 increase in continuity of care in the previous year was significantly associated (p<0.05) 

with a reduction of either $104 (physician- level continuity metric) or $88 (practice-level 

continuity metric).  

Utilization - Both physician and practice continuity of care scores were significantly associated 

with a lower probability of hospitalization when studied among the full sample and the sample 

subsets by practice size, with the exception of practice-level continuity among large practices 

(coefficient = ⎼11, P=0.21).  Every 0.1 increase in the physician continuity score was associated 

with a 1.8 to 3.2 reduction in hospital admissions per 1000 beneficiaries.   

Continuity of care was also significantly associated with lower probability of ED admission, 

ACSC admission, and readmission. There was a larger association between physician continuity 

of care and ED visits than for practice continuity and ED visits for the overall sample (52 vs. 41, p<0.05). We also stratified by practice size and found that, while both physician level and 

practice level continuity of care scores were associated with lower ACSC admissions overall 

(coefficients at 5, p<0.05 and 4, p<0.05) and among large practices (coefficients at 7 
and 5), practice level continuity was not associated with ACSC admission among small and 

medium-sized practices.  There was a larger association between practice continuity and 

readmission probability than for physician continuity and readmission probability, both across all 



 

 

practices and when stratifying by practice size. Among solo practices, physician continuity of 

care was not associated with readmission probability. In our lagged continuity of care model, a 

0.1 increase in previous year’s physician continuity score was associated with 19 fewer hospital 

admissions per 1,000 beneficiaries, 44 fewer ED visits per 1,000 beneficiaries, 3 fewer ACSC 

admissions per 1,000 beneficiaries, and 4 fewer re-admissions per 1,000 beneficiaries (all 

p<0.05). In the same model, this increase in past year’s practice-level continuity was not 

associated with any outcomes at the p<0.05 level.    

DISCUSSION: 

This study found that continuity of care at both the physician and practice levels was 

associated with lower Medicare expenditures and lower probability of acute care utilization. The 

association of continuity of care with the studied outcomes varied by practice size.  Physician 

level continuity had a larger association than practice level continuity on spending among solo, 

small, and medium practices, while practice level continuity had a stronger association among 

the large practices.  Notably, practice level continuity had a larger association than physician 

level continuity on hospital readmission rates regardless of practice size.  

Our findings suggest that the implication of using continuity measures may vary by 

practice size.  For solo and small to medium-sized practices, individual physician practice 

patterns are the most influential factor of the practice. These practices usually face limited 

resources for care coordination and population health management, especially for complex and 

frail patients.40 Financial incentives that reward continuity of care have the potential to not only 

help these practices maintain their connections with the community, but also support their 

investment in and promotion of care coordination with specialists and hospitals.  For large 

practices that likely had more resources and greater administrative capacity, the results suggest 



 

 

that it is valuable to explore the pathways to improve physician level continuity within the 

practice for better outcomes.   

Our findings suggest a complementary role for physician and practice level continuity 

and may assuage some potential concerns about comparing physician-level continuity among 

practices of different sizes. Intuitively, these two measures capture two dimensions of continuity 

of care that could vary greatly, especially in large practices. At the same time, smaller or solo 

physician practices naturally have higher physician-level continuity of care, due to the practice 

scale and paucity of other practice physicians, such that implementing a physician- level 

continuity of care measure could risk favoring small or solo practices. However, we find that 

physician level continuity is associated with better outcomes even when controlling for practice 

level continuity, including within the subsample of the large practices.  This finding was also 

robust to analysis utilizing a lagged continuity of care score from the previous year, 

strengthening the potential impact of our findings. Our incorporation of both physician and 

practice level continuity into our models helps to distill the impact of physician behaviors within 

the practice, providing potentially useful guidance in formulating future continuity of care 

reporting measures that do not unduly favor small or solo practices.  

We focused on continuity within outpatient primary care visits since this approach could 

help simplify measurement construction for documentation and data processing.38  Such 

approach follows the  outpatient pediatric continuity of care measure that was endorsed by 

National Quality Forum recently.41  While prior studies have measured continuity across visits 

with all specialists in all clinical settings,34 we believe that future research that expands the scope 

of study to include all the services provided by PCPs in both inpatient and outpatient care 



 

 

settings will further enrich the literature on  the value of care continuity in improving population 

health, particularly for complex and frail patients.  

Limitation: 

Due to limitations of the claims data, we could not observe the role of primary care team 

members such as nurses despite their importance to care continuity and coordination. We are 

aware that several community level characteristics that influence continuity of care at both the 

physician and practice levels, including certain measures of beneficiary healthcare utilization, 

expenditures, and outcomes, are not observed in our sample.  These unobserved characteristics 

may include both supply side factors, such as practice infrastructure and capacity for care 

coordination (e.g., Electronic Health Records (HER) adoption and data sharing), team-based care 

capacity, and workforce professionalism, as  well as demand side factors, such as social 

determinants of health of the practicing community (e.g., transportation and food 

insecurity).16,42–46 Studies that use EHR or clinical data will help fill this gap. In addition, 

although we used practice level fixed effects to obtain the most consistent estimates of the 

relationship between continuity of care measures and outcomes, this is a cross-sectional 

observational study that is not designed to infer causality. Future research could include a more 

comprehensive sample with sophisticated stratification, including patients’ mortality and 

disability for more consistent estimates.  

Implication: 

This study affirms and builds on previous studies suggesting that continuity of care may 

be associated with lower spending and acute care utilization.47–49 In addition, results reveal novel 

approaches to measuring and comparing primary care-specific continuity at the practice level and 

at the physician level.11  



 

 

Measuring primary care-focused continuity of care may present several advantages for 

practice physicians.  These claims-based measures may require less clerical work relative to 

existing measures and serve to reward what PCPs already value: namely, longitudinal, trusting 

relationships with their patients.50,51 Existing volume-based incentives in the primary care setting 

emphasize patient access to care, leading to fuller physician schedules and, therefore, might work 

against continuity by overscheduling clinician time and making it hard for a given patient to see 

their own doctor. 15,52,53  Our results suggest that using continuity of care may be a valuable 

avenue toward improvement in population health and mitigation of system costs.   

Contrary to anxiety over continuity and patient access becoming competing priorities, the 

recent rise of digital technology has the potential to serve both, while improving the overall value 

of care.  One recent study found direct online scheduling to be associated with higher continuity 

of care at the physician level; practice and system level innovations serving both convenience 

and continuity will be essential to  future improvement in access and outcomes.54 Given the 

expanded use of telemedicine and digital care during and post the COVID-19 pandemic, future 

work should examine a broader definition of continuity that includes office visits as well as 

virtual care to inform value-based payment reform.  
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Table 1: Summary Statistics of Study Sample: Per Beneficiary Per Yeara 

  

Full Sample 
 

 

N=6,503,512 

 

 

Solo Practice 
 

 

N=1,774,438 

 

Small/medium practice 
(2-12 physicians) 

 

N=2,024,843 

 

 

Large practice  
(≥13 physicians) 

 

         N=2,704,231 

 

Healthcare cost and utilization     

Annual Medicare Expendituresb        $13,408 (24,537)c $13,990(25,498) $13,579 (24,661) $12,889 (23,778) 

Hospital admission per 1,000 beneficiaries  187.51 184.12 187.83 187.18 

Health outcomes     

E.D. visits per 1,000 beneficiaries               329.32 321.90 330.81 333.30 

ACSC hospital admission per 1,000 beneficiaries                 39.84 40.23 40.63   38.61 

30-day readmission per 1,000 admissions               151.81 154.41 153.31 149.64 

Demographics     

 Age   76.21 76.32 76.27  76.23 

 Male       40.63% 41.34% 41.12% 39.92% 

 Race and Ethnicity      

    % White  85.41 79.15  83.52  88.01 

    % Black   7.12 7.62 6.97   7.32 

    % Asian and Pacific Islander   2.53 5.41 3.42   1.35 

    % Hispanic   4.41 7.04 5.40   2.94 

    % Other   0.62 0.92 0.81   0.52 

Supplemental Insurance     

 Months Enrolled in Medicaid   1.53 1.81 1.52   0.91 

 Months Enrolled in Medicare Part D   7.67 7.72 7.73   7.65 

 Months Enrolled in other drug benefits   1.32 1.43 1.51   1.52 

Co-morbidities     

 HCC score 0.65 (0.55)b 0.68(0.58) 0.66 (0.57) 0.64 (0.54) 

 %Cancer (breast, prostate, lung)               16.31 16.21 16.33 16.33 

 %AMI 5.12 5.03 5.01 5.13 

 %Stroke 15.43 15.91 15.87 14.82 

 %CHF 26.52 29.86 28.21 24.09 

 %Diabetes 40.32 45.57 42.50 37.18 

 %Alzheimer 4.71 5.32 5.01 4.32 

 %COPD 27.02 29.41 28.51 25.02 
a: All the means and standard deviation reported are adjusted by sampling weight 
b: all the expenditures are inflated to 2020 dollar value based on the Consumer Price Index of Medical Services 

c: standard deviation in parentheses  
 
 

 
 



 

 

 

Table 2: Characteristics of physicians and practices  
 Overall 

 

N=54,971 

Solo Practice 

 

N=12,797 

Small or Medium practice  

 

N=14,286 

Large Practice 

 

N=27,558 

Physician Continuity Score 0.72 (0.21)b 0.85(0.11) 0.79 (0.15)b 0.65 (0.24)b 

Practice Continuity Scorea 0.86 (0.11)b N/A 0.87 (0.10)b 0.83 (0.14)b 

Physician Age 52.49 (11.31)b      57.68(10.12)b 52.14(10.78)b 50.30 (11.31)b 

% Male Physicians 66.81                 77.02 70.31 60.43 

Physician-Patient Panel 324.72 (274.99)b 310.34(265.20)b 389.66 (309.36)b 296.98 (254.53)b 

Census Track Region     

  %Midwest 22.06 15.22 22.80 31.18 

  %Northeast 14.23                     20.30                     15.81 11.12 

  %South 48.00 38.88 40.41 43.78 

  %West 15.49 22.74 19.89 13.67 

  % Puerto Rico 1.10 2.81 1.01 2.24 

Census Track Rurality      

  % Urban 77.88 82.89 77.49 75.74 

  % Urban Rural Combination   7.61   0.38   1.15 15.42 

  % Rural                14.51                     16.72 21.36  9.84 

 a: report of continuity score is Bice-Boxerman score at per practice per year level  

 b: standard deviation in parentheses



 

 

 
Table 3: Impact of 0.1 increase in continuity of care on Medicare expenditures and acute care utilization a 

 Overall Solo Practice Small or Medium 

Practice 

Large Practice 

Annual Medicare Expenditures     

 Physician Continuity   ⎯$151** ⎯$238**   ⎯$217** ⎯$129** 

 Practice Continuity           ⎯$282** N/A             ⎯$136* ⎯$288** 

     

Hospital admission per 1,000 beneficiaries     

 Physician Continuity  ⎯20** ⎯32**  ⎯23**  ⎯18** 

 Practice Continuity  ⎯24** N/A               ⎯13*            ⎯11 

     

E.D. visits per 1,000 beneficiaries     

 Physician Continuity  ⎯52** ⎯45**  ⎯55** ⎯51** 

 Practice Continuity  ⎯41** N/A              ⎯44** ⎯35** 

     

ACSC admission per 1,000 beneficiaries     

 Physician Continuity  ⎯5**   ⎯9** ⎯11** ⎯5** 

 Practice Continuity  ⎯4** N/A 1 ⎯7** 

     

Readmission per 1,000 beneficiaries     

 Physician Continuity  ⎯6**                                ⎯8* ⎯14** 

 Practice Continuity  ⎯11** N/A              ⎯31** ⎯43** 

a: the full results of regression analysis are presented in the technical appendix 

* statistically significant, P<0.1 

**statistically significant, P<0.05 
  



 

 

 
Table 4: Impact of 0.1 increase in continuity of care in previous year on Medicare expenditures and acute care utilization a 

 Overall Solo Practice Small or Medium 

Practice 

Large Practice 

Annual Medicare Expenditures     

 Physician Continuity   ⎯$104** ⎯127   ⎯$140** ⎯$119** 

 Practice Continuity            ⎯$88** N/A               ⎯$30 ⎯$57 

     

Hospital admission per 1,000 beneficiaries     

 Physician Continuity  ⎯19**      9  ⎯15**  ⎯25** 

 Practice Continuity              ⎯10* N/A                ⎯6            ⎯11 

     

E.D. visits per 1,000 beneficiaries     

 Physician Continuity  ⎯44** ⎯73**  ⎯37** ⎯46** 

 Practice Continuity                ⎯1 N/A               ⎯10               ⎯4 

     

ACSC admission per 1,000 beneficiaries     

 Physician Continuity  ⎯3**   ⎯4   ⎯1 ⎯6** 

 Practice Continuity                ⎯4 N/A ⎯10*               3 

     

Readmission per 1,000 beneficiaries     

 Physician Continuity  ⎯4**                  ⎯1              ⎯7** ⎯ 4** 

 Practice Continuity                ⎯1 N/A              ⎯4              ⎯ 5 

* statistically significant, P<0.1 

**statistically significant, P<0.05 
 

  



 

 

Figure 1: Distribution of Continuity of Care Scores Per Physician vs. Per Practice 
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Technical appendix: 

Technical note about beneficiary attribution: 

The beneficiary who visited multiple physicians was attributed to the physician that he or she visited the 

most. If there was a tie between physicians for the greatest number of beneficiary visits to a single 

physician per year, we randomly picked one of the physicians.  

The same principle applies to the beneficiaries who visited multiple practices.  We attributed them to the 

practice they visited the most in a year, unless there was a tie between most visited practices, we 

randomly picked one TIN number. 

Applying the above attribution methodology produced two groups of beneficiaries: those attributed to the 

physicians within the 4,256 TINS selected to be part of our 5% national random sample and those 

attributed to physicians outside of the random sample.  We limited our sample of analysis to the first 

group.  However, not all of the 4,256 TINs qualify to the be attributed TINs, only 3,856 TINs meet the 

attribution rule to form the final sample of analysis.   

In addition, the attributed practice (defined by TIN) is not necessarily the practice of the attributed 

physicians.  For example, patient Jane Doe had five visits in 2011, two with Dr. Smith within practice A, 

and three with three different physicians (Drs. Johnson, William, and Brown) within Practice B.  Our 

attribution rule assigns her to Dr. Smith of Practice A to evaluate the impact of physician quality, but to 

practice B to evaluate the impact of practice quality.  Jane Does account for 3% of the beneficiaries 

seeking care from the 3,856 TINs, and we excluded them in our analysis.   

 

 

  



Appendix Table 1: Regression results of the impact of continuity of care on Annual Medicare Expenditure 

 Whole Sample Solo Practice Small practice Large Practice 

Continuity of care with physician -1,512.43** -2,382.52** -2,171.82** -1,291.16** 

Continuity of care with Practice -2,820.78** N/A -1,361.36** -2,887.67** 

Demographics     

Age -292.29** -442.86** -246.95** -201.00** 

Age^2/100 -11.61 80.55** -42.22*  -68.71** 

Male -544.29** -572.18** -562.21** -550.02** 

Race: black -119.67** -166.01** -135.46*  -114.03** 

Race: Asian and Pacific Islander -2,372.09** -2,222.10** -2,500.02** -2,526.84** 

Race: Hispanics -830.95** -1,028.34** -746.16** -733.47** 

Race: Others -1,100.99** -1,264.65** -1,076.54** -968.84** 

Supplemental Insurances     

Part D coverage months 232.19** 218.43** 232.26** 234.05** 

Other Rx Benefit coverage months -4.53 6.22 3.70 -0.70 

Medicaid coverage months 224.46** 230.60** 213.95** 228.74** 

Existing chronic diseases     

HCC score 12,572.80** 12,909.86** 12,722.28** 12,537.88** 

Cancer 3,789.91** 3,907.19** 3,764.03** 3,703.56** 

AMI 6,766.77** 7,547.66** 6,746.82** 6,218.95** 

Stroke 5,512.70** 5,887.15** 5,517.62** 5,228.02** 

CHF 8,665.64** 8,241.87** 8,512.43** 9,073.53** 

COPD 4,789.72** 4,838.44** 4,826.79** 4,678.36** 

Physician characteristics     

Physician Age -6.78** 409.55** -10.85** -17.85** 

Male Physician -43.88 -1,521.70** 22.09 25.65 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 

  



Appendix Table 2: Regression results of the impact of continuity of care on hospital admission 

 Whole Sample Solo Practice Small Practice Large Practice 

Continuity of care with physician -0.0198** -0.0321** -0.0226** -0.0185** 

Continuity of care with Practice -0.0244** 0.0000 -0.0128 -0.0110 

Demographics     

Age -0.0145** -0.0166** -0.0142** -0.0131** 

Age^2/100 0.0084** 0.0097** 0.0082** 0.0075** 

Male -0.0102** -0.0109** -0.0102** -0.0101** 

Race: black -0.0128** -0.0135** -0.0135** -0.0128** 

Race: Asian and Pacific Islander -0.0321** -0.0320** -0.0314** -0.0330** 

Race: Hispanics -0.0106** -0.0107** -0.0108** -0.0108** 

Race: Others -0.0203** -0.0200** -0.0210** -0.0210** 

Supplemental Insurances     

Part D coverage months 0.0005** 0.0005** 0.0005** 0.0006** 

Other Rx Benefit coverage months -0.0002** -0.0001 -0.0003** -0.0001 

Medicaid coverage months -0.0003** -0.0006** -0.0003** -0.0001 

Existing chronic diseases     

HCC score 0.1435** 0.1406** 0.1449** 0.1477** 

Cancer 0.0318** 0.0324** 0.0312** 0.0316** 

AMI 0.1292** 0.1356** 0.1291** 0.1242** 

Stroke 0.0967** 0.0964** 0.0967** 0.0966** 

CHF 0.1239** 0.1132** 0.1218** 0.1329** 

COPD 0.0816** 0.0797** 0.0831** 0.0813** 

Physician characteristics     

Physician Age -0.0002** 0.0031** -0.0003** -0.0002** 

Male Physician 0.0027** -0.0143 0.0022** 0.0033** 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 

  



Appendix Table 3: Regression results of the impact of continuity of care on the probability of ED visit 

 Whole Sample Solo Practice Small practice Large Practice 

Continuity of care with Physician -0.0519** -0.0454** -0.0552** -0.0513** 

Continuity of care with Practice -0.0410** 0.0000** -0.0442** -0.0351** 

Demographics     

Age -0.0299** -0.0314** -0.0297** -0.0286** 

Age^2/100 0.0204** 0.0211** 0.0203** 0.0196** 

Male -0.0301** -0.0318** -0.0299** -0.0295** 

Race: black 0.0427** 0.0360** 0.0425** 0.0447** 

Race: Asian and Pacific Islander -0.0552** -0.0546** -0.0539** -0.0583** 

Race: Hispanics 0.0142** 0.0125** 0.0149** 0.0143** 

Race: Others -0.0206** -0.0272** -0.0191** -0.0162** 

Supplemental Insurances     

Part D coverage months 0.0000  -0.0001  -0.0002** 0.0000  

Other Rx Benefit coverage months -0.0016** -0.0010** -0.0016** -0.0016** 

Medicaid coverage months 0.0049** 0.0041** 0.0047** 0.0056** 

Existing chronic diseases     

HCC score 0.1140** 0.1137** 0.1141** 0.1189** 

Cancer 0.0212** 0.0217** 0.0213** 0.0205** 

Ami 0.1221** 0.1261** 0.1232** 0.1177** 

Stroke 0.1403** 0.1381** 0.1411** 0.1409** 

CHF 0.1295** 0.1209** 0.1266** 0.1377** 

COPD 0.1022** 0.0977** 0.1004** 0.1059** 

Physician characteristics     

Physician Age -0.0003** 0.0069** -0.0004** -0.0004** 

Male Physician 0.0015** -0.0286** 0.0013  0.0026** 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 

  



 

Appendix Table 4: Regression results of the impact of continuity of care on the probability of ACSC 

admission 

 Whole Sample Solo Practice Small practice Large Practice 

Continuity of care with Physician -0.0053** -0.0086** -0.0111** -0.0052** 

Continuity of care with Practice -0.0051** 0.0000 0.0040 -0.0069* 

Demographics     

Age -0.0109** -0.0115** -0.0112** -0.0103** 

Age^2/100 0.0068** 0.0071** 0.0069** 0.0064** 

Male -0.0042** -0.0041** -0.0045** -0.0040** 

Race: black 0.0039** 0.0029** 0.0036** 0.0042** 

Race: Asian and Pacific Islander -0.0043** -0.0040** -0.0052** -0.0037** 

Race: Hispanics 0.0013** 0.0016** 0.0019** 0.0004 

Race: Others -0.0003  -0.0009 -0.0005 0.0007 

Supplemental Insurances     

Part D coverage months 0.0000  0.0000 0.0000 0.0000 

Other Rx Benefit coverage months -0.0001** -0.0002** -0.0001** 0.0000 

Medicaid coverage months 0.0006** 0.0003** 0.0007** 0.0008** 

Existing chronic diseases     

HCC score 0.0459** 0.0465** 0.0456** 0.0461** 

Cancer 0.0021** 0.0025** 0.0020** 0.0020** 

Ami 0.0282** 0.0323** 0.0289** 0.0247** 

Stroke 0.0132** 0.0144** 0.0145** 0.0113** 

CHF 0.0604** 0.0534** 0.0600** 0.0658** 

COPD 0.0466** 0.0454** 0.0473** 0.0466** 

Physician characteristics     

Physician Age -0.0002** -0.0007** -0.0002** -0.0001** 

Male Physician 0.0019** 0.0072 0.0019** 0.0016** 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 

 

  



Appendix Table 5: Regression results of the impact of continuity of care on the probability of readmission 

 Whole Sample Solo Practice Small practice Large Practice 

Continuity of care with physician -0.0059** -0.0051 -0.0085** -0.0059** 

Continuity of care with Practice -0.0108** 0.0000** -0.0084** -0.0138** 

Demographics     

Age -0.0019** -0.0025** -0.0022** -0.0011** 

Age^2/100 0.0005** 0.0009** 0.0006** 0.0000 

Male -0.0026** -0.0025** -0.0030** -0.0024** 

Race: black -0.0005* 0.0003 -0.0015** -0.0006 

Race: Asian and Pacific Islander -0.0038** -0.0044** -0.0035** -0.0031** 

Race: Hispanics -0.0010** -0.0008 -0.0018** -0.0006 

Race: Others -0.0016** -0.0009 -0.0017 -0.0024 

Supplemental Insurances     

Part D coverage months 0.0000** 0.0000 0.0000 0.0000 

Other Rx Benefit coverage months -0.0002** -0.0002** -0.0002** -0.0002** 

Medicaid coverage months -0.0002** -0.0004** -0.0002** -0.0002** 

Existing chronic diseases     

HCC score 0.0525** 0.0529** 0.0527** 0.0531** 

Cancer 0.0063** 0.0063** 0.0065** 0.0062** 

Ami 0.0403** 0.0426** 0.0407** 0.0379** 

Stroke 0.0210** 0.0208** 0.0219** 0.0204** 

CHF 0.0348** 0.0310** 0.0344** 0.0379** 

COPD 0.0196** 0.0189** 0.0202** 0.0194** 

Physician characteristics     

Physician Age 0.0000** 0.0014** -0.0001** -0.0001** 

Male Physician 0.0006** -0.0012 0.0009** 0.0007** 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 

 

 

  



Appendix Table 6: Sensitivity analysis about the impact of 0.1 increase in Bice-Boxerman score on outcomes, among the beneficiaries with 4 or more primary care visits per year 

 Overall 
 

N=3,634,706 

Solo Practice 

 

N=1,124,495 

Small or Medium 
Practice 

N=1,146,894 

Large Practice 

 

N=1,146,894 
 

Annual Medicare Expenditures     

 Physician Continuity                  ⎯$238** ⎯$290**   ⎯$306** ⎯$199** 

 Practice Continuity                ⎯$241** N/A                   ⎯$93* ⎯$236** 

     

Hospital admission per 1,000 beneficiaries     

 Physician Continuity   ⎯26** ⎯34**  ⎯35**  ⎯23** 

 Practice Continuity   ⎯19** N/A                   ⎯11*                   ⎯1 

     

E.D. visits per 1,000 beneficiaries     

 Physician Continuity  ⎯58** ⎯50**  ⎯60**  ⎯56** 

 Practice Continuity  ⎯39** N/A                   ⎯43** ⎯27** 

     

ACSC admission per 1,000 beneficiaries     

 Physician Continuity  ⎯6**                   ⎯9** ⎯11**  ⎯7** 

 Practice Continuity                        ⎯5 N/A                       ⎯1 ⎯8* 

     

Readmission per 1,000 beneficiaries     

 Physician Continuity  ⎯9**                   ⎯5                  ⎯13*   ⎯8** 

 Practice Continuity  ⎯7** N/A                  ⎯10**                        ⎯3* 

* statistically significant, P<0.1 

**statistically significant, P<0.05 

 


