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D espite large variation across physicians in the prices paid 

by commercial insurers, it is unclear whether higher 

prices are associated with higher quality of care.1-4 Policy 

makers have become concerned that prices may be primarily 

associated with a provider’s negotiating leverage rather than 

underlying care quality.5,6 As researchers increasingly gain access 

to commercial claims data sets that report negotiated rates 

between payers and providers, a limited literature has emerged 

documenting whether physician quality is associated with price 

and generally finds a weak relationship.7,8 These studies have 

focused on a number of well-established quality measures, such 

as ambulatory care–sensitive hospital admissions and patient 

Consumer Assessment of Healthcare Providers and Systems 

survey items. However, quality is multidimensional, necessitating 

the use of a range of measures. Further, many quality measures 

require adjustments for patient risk, and this is often imperfect 

in cross-sectional claims analysis. This study adds to the limited 

literature that investigates the relationship between physician 

price and quality of care using another dimension of quality 

that is less likely to be influenced by patient risk: the provision 

of low-value services.

Low-value services are services that are thought to provide minimal 

clinical benefit and, importantly, should rarely be provided to certain 

types of patients regardless of their clinical risk status.9 Based on 

the Choosing Wisely campaign and other national guidelines, prior 

studies have constructed measures of low-value services.10,11 Previous 

work has identified physician and organizational characteristics 

associated with low-value service provision. One study found physi-

cian characteristics such as age, sex, academic degree, and patient 

panel size to be weakly associated with low-value services.12 Other 

studies have identified organizational characteristics associated 

with more low-value care, including hospital-based rather than 

office-based care.13,14 To our knowledge, no prior study has examined 

the relationship between physician prices and the provision of 

low-value services. We explore this question for general internal 

medicine (GIM) physicians, who account for the most common 

primary care specialty.
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ABSTRACT

OBJECTIVES: To assess the cross-sectional relationship 
between prices paid to physicians by commercial insurers 
and the provision of low-value services.

STUDY DESIGN: Observational study design using Health 
Care Cost Institute claims representing 3 large national 
commercial insurers.

METHODS: The main outcome was count of 19 potential 
low-value services in 2014. The secondary outcome was total 
spending on the low-value services. Independent variables 
of interest were price quintiles based on each physician’s 
mean geographically adjusted price of a mid-level office 
visit, the most commonly billed service by general internal 
medicine (GIM) physicians. We estimated the association 
between physician price quintile and provision of low-value 
services via negative binomial or generalized linear models 
with adjustments for measure, region, and patient and 
physician characteristics.

RESULTS: This study included 750,452 commercially 
insured patients attributed to 28,951 GIM physicians. In 
2014, the mean geographically adjusted price for physicians 
in the highest price quintile was $122.6 vs $54.7 for 
physicians in the lowest quintile ($67.9 difference; 95% CI, 
$67.5-$68.3). Relative to patients attributed to the lowest-
priced physicians, those attributed to the highest-priced 
physicians received 3.6, or 22.9%, fewer low-value services 
per 100 patients (95% CI, 2.7-4.7 services per 100 patients). 
Spending on low-value services attributed to the highest-
priced physicians was 10.9% higher ($520 difference per 
100 patients; 95% CI, $167-$872).

CONCLUSIONS: Commercially insured patients of 
high-priced physicians received fewer low-value services, 
although spending on low-value services was higher. More 
research is needed to understand why high-priced providers 
deliver fewer low-value services and whether physician 
prices are correlated with other measures of quality.
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METHODS
Data and Sample

We used the 2011-2014 Health Care Cost Institute 

(HCCI) database, which contains the universe of 

claims for 3 of the largest national commercial 

health insurers covering more than 50 million 

lives across all states. Critically, HCCI data 

include the allowed amount paid to providers 

for each service. Physician and practice char-

acteristics were identified by linking HCCI 

claims to the Medicare Data on Provider Practice 

and Specialty file and the IQVIA Healthcare 

Organization Services database using National Provider Identifiers 

(NPIs). The American Community Survey was merged with claims 

using patient zip codes to identify the characteristics of zip codes 

in which patients resided.

We constructed low-value services for 2014 because the publicly 

available definitions for identifying low-value services (described 

below) used International Classification of Diseases, Ninth Revision 

codes and definitions, as International Classification of Diseases, 

Tenth Revision updates had not been published. The sample was 

limited to patients aged 18 to 64 years who were continuously 

enrolled in a preferred provider organization or point-of-service 

plan in 2013-2014. Patients were attributed to physicians, regardless 

of specialty, using the logic developed by CMS for the Value-Based 

Modifier program (eAppendix Methods 1 [eAppendix available 

at ajmc.com]).15 To increase the accuracy of patient attribution, 

we limited the sample to patients with at least 3 claims for 

evaluation and management (E&M) visits rather than 1. Finally, 

the sample was limited to patients attributed to a GIM physician 

(excluding hospitalists). 

Outcomes

The primary outcome was the count of low-value services that a 

patient received, where a patient could receive multiple types of 

low-value services and multiple low-value services of the same type. 

Medicare claims-based definitions that identified 26 low-value 

services were adapted for use with HCCI claims.10 The services were 

identified as having little clinical benefit by the American Board 

of Internal Medicine Foundation’s Choosing Wisely initiative, the 

US Preventive Services Task Force D-graded recommendations, the 

National Institute for Health and Care Excellence “do not do” recom-

mendations, the Canadian Agency for Drugs and Technologies in 

Health technology assessments, or peer-reviewed medical literature. 

Of the original 26 services, we identified 19 that GIM physicians would 

likely provide directly or refer to another clinician to provide. The 

final set of 19 measures was similar to that used in a recent study 

that identified 17 low-value services for Medicare beneficiaries.12

A secondary outcome was total spending on all low-value care 

services per patient. The low-value care spending outcome included 

geographically adjusted spending for all 19 low-value services for 

a patient in 2014 and was constructed by updating a previously 

developed algorithm (eAppendix Methods 2).10

We also constructed count and spending outcomes for each 

category of low-value service, which included imaging, preopera-

tive services, and diagnostic testing. For robustness, we included a 

narrower set of 7 low-value services measures likely to be directly 

ordered by a GIM physician, as well as a limited set of high-value 

services, which were 3 diabetic high-value services defined by the 

National Committee for Quality Assurance’s Healthcare Effectiveness 

Data and Information Set program. (Measurement specifications 

for low-value and high-value services are detailed in eAppendix 

Tables 1 and 2.)

Physician Prices

The main variable of interest was a geographically adjusted measure 

of physician prices.8 The measure was based on prices paid (the 

allowed amounts) for a mid-level office visit, Current Procedural 

Terminology (CPT) code 99213. The allowed amount included the 

amount paid by the insurer and any coinsurance paid by the patient. 

This is the most commonly billed service by GIM physicians in 

HCCI data and its price is highly correlated with other E&M service 

prices (eAppendix Methods 3). Each physician’s mean CPT 99213 

price—including applicable facility fees for 0.4% of claims—was 

geographically adjusted at the county level and winsorized at the 

top and bottom 5% of the distribution to mitigate the influence of 

outliers (eAppendix Methods 3). We then divided physicians into 

quintiles, based on the adjusted price for each physician. Indicators 

for price quintiles were included in all analyses.

Covariates

The primary regression model did not include any patient and 

physician covariates because low-value services should not be 

provided irrespective of patient risk. In sensitivity analyses, 

regression models included patient and physician characteristics. 

We also included a practice characteristic, physician group size, 

in descriptive statistics. However, we did not include group size 

in the main regression analyses. An important determinant of 

price is a practice’s negotiating leverage, which is determined in 

part by group size. Our primary research question was whether a 

TAKEAWAY POINTS

This study found extensive variation in general internal medicine physician price, and that high-
priced physicians provided fewer low-value services but had higher spending on these services.

 › Between physicians in the highest and lowest price quintiles, one-fourth fewer low-value 
services were provided (12.1 vs 15.7 low-value services per 100 patients), yet the highest-
priced physicians spent 10% more on those services.

 › Higher spending on low-value services by physicians in the highest price quintile is driven 
by spending on low-value imaging services.

 › As providers attempt to limit low-value expenditures, higher-priced providers may find their 
lower utilization of low-value services insufficient to reduce spending due to their higher 
prices and higher-priced referral networks.
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physician’s price, irrespective of why a physician receives this price, 

is associated with the provision of low-value services.

Patient characteristics included risk scores, age groups (18-24, 

25-34, 35-44, 45-54, and 55-64 years), gender, and zip code–level 

median household income by quartile. Risk scores were based on 

the HHS Hierarchical Condition Category risk adjustment model, 

which is designed specifically for use with commercial claims from 

the concurrent year.16 Physician characteristics included age and 

gender and indicators for foreign medical training and attending 

a top-25 medical school in the United States. The single practice 

characteristic was a measure of physician group size (number of 

unique NPIs billing a physician’s primary tax identification number).

Statistical Analysis

All regressions were at the patient level. Negative binomial regres-

sion models were used to estimate the relationship between 

physician price quintiles and the number of low-value services 

received because the count outcome was overdispersed (likelihood 

ratio test for α = 0 was P < .001 for all models). A general linear 

model (GLM) with a log link and gamma distribution was used 

to estimate the relationship between physician price quintiles 

and a patient’s total spending on low-value 

services. All models included indicators for 

hospital referral region (HRR) and measure 

eligibility. HRR indicators were included to 

diminish between-HRR effects. Indicators 

for an individual’s measure eligibility were 

included to control for differences in patient 

panel eligibility across physicians. Further, these 

indicators help account for some patients being 

eligible for many measures relative to another 

patient. In sensitivity analyses, the patient 

and physician characteristics described in the 

previous section were included. All models 

included robust standard errors and were 

adjusted for clustering at the physician level.

Estimates reflect differences in the outcome 

between the lowest-price quintile and other 

quintiles and were scaled to represent the 

difference per 100 patients. Differences are 

the average marginal effects.17

We also ran the main and secondary speci-

fications using outcomes for each category 

of low-value service. Robustness analyses 

included using a quasi-Poisson and ordinary 

least squares (OLS) model instead of negative 

binomial models, as well as repeating the main 

negative binomial count and GLM spending 

specifications using a narrower set of 7 low-value 

services measures likely to be directly ordered by 

a GIM physician. Secondary analyses included 

a narrow set of 3 diabetic high-value services, 

as well as the inclusion of group size as a covariate.

Analyses were conducted using SAS version 9.4 (SAS Institute) 

and Stata/MP version 15.1 (StataCorp).

RESULTS
Sample Characteristics

The final sample included 750,452 patients attributed to 28,951 GIM 

physicians in 2014 (eAppendix Figure 1). The mean adjusted price 

paid to physicians in the highest quintile for a mid-level office 

visit was more than double that for physicians in the lowest price 

quintile ($122.6 vs $54.7; $67.9 difference; 95% CI, $67.5-$68.3) 

(eAppendix Table 3).

The characteristics of patients attributed to the highest-priced 

and lowest-priced physicians were similar. For example, the 

difference in risk scores was less than 2% (highest vs lowest price 

quintile: 0.99 vs 0.98; P = .007) (Table 1). Physician and practice 

characteristics varied substantially across physician price quintiles 

(Table 2). Relative to the lowest-priced physicians, those receiving 

the highest prices were younger, more likely to be female, and more 

likely to have graduated from a top-25 medical school. Additionally, 

TABLE 1. Characteristics of Attributed Patients by GIM Physician Price Quintilea

Characteristic

GIM physician price quintile Fifth 
vs first 

quintileb

1 
(lowest) 2 3 4

5 
(highest)

Beneficiaries, n 156,177 159,284 156,733 147,678 130,580 –

Age in years, %          

18-24 4.4 4.3 4.2 4.4 4.6 0.2*

25-34 10.9 9.7 10.1 9.7 10.8 –0.1

35-44 20.2 18.8 18.6 18.6 19.9 –0.3

45-54 30.4 29.8 29.4 29.5 29.1 –1.3***

55-64 34.1 37.4 37.7 37.8 35.6 1.5***

Male, % 43.8 43.4 42.8 41.8 41.7 –2.1***

HHS-HCC score, 
mean (SD)

0.98 
(1.51)

1.01 
(1.62)

1.01 
(1.69)

1.02 
(1.63)

0.99 
(1.58)

0.02**

Zip code income, %        

Quartile 1 24.3 29.6 25.2 24.9 20 –4.3***

Quartile 2 22.8 25.8 25.4 25.5 25.6 2.8***

Quartile 3 24.2 23.7 24 25.8 28.4 4.2***

Quartile 4 28.7 20.9 25.4 23.8 26.1 –2.6***

Count of low-value 
services, per 100 patients

24.1 19.6 18.1 15.5 14.1 –10.0***

Low-value care spending 
in $, per 100 patients, 
mean (SD)

5380.5 
(28,391.9)

5516.2 
(30,209.7)

6067.7 
(33,464.2)

5787.7 
(32,719.5)

6211.4 
(35,335.1)

830.8***

GIM, general internal medicine; HHS-HCC, HHS Hierarchical Condition Category.

*P < .05; **P < .01; ***P < .001.
aEstimates are derived from 2014 data. All patient characteristics and GIM physician price 
quintiles are based on Health Care Cost Institute claims. Zip code income based on 2014 American 
Community Survey.
b“Fifth vs first quintile” reflects 2-group test of proportions for difference between the fifth and the first 
physician price quintiles. Mean-comparison (t) test used for risk score variable.
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the highest-priced physicians were much more 

likely to practice in larger medical groups 

(P < .001, χ2 test).

Low-Value Service Provision

In unadjusted comparisons, patients attributed 

to the highest-priced physicians relative to 

those attributed to the lowest-priced physicians 

received 10.0 fewer (41.5%) low-value services 

per 100 patients (24.1 vs 14.1 services per 100 

patients; P < .001) (Table 1).

Differences attenuated in the primary 

regression-adjusted results using HRR and 

measure indicators (Figure 1). Patients attrib-

uted to the highest-priced physicians received 

3.6 fewer (22.9%) low-value services per 100 

patients (P < .001) (Figure 1, panel A). The 

difference in the number of low-value services 

received between the lowest price quintile and 

all other quintiles was statistically signifi-

cant (P < .001 for all). The magnitude of these 

differences increased with each higher price 

quintile, suggesting a dose effect. Estimates 

were similar after adjusting for both patient and 

physician characteristics (Figure 1, panels B and 

C), suggesting that the provision of low-value 

services for patients eligible for low-value services is not strongly 

influenced by patient risk.

The divergence in the adjusted and unadjusted results demon-

strates the likely importance of the composition of a physician’s 

panel. For example, some physicians or regions may have a higher 

portion of patients with hypothyroidism or plantar fasciitis, and 

these patients are eligible for low-value service measures that 

have rates 2 to 4 times higher than the average low-value service 

rate (eAppendix Table 4). The regression analyses controlled for 

potential compositional differences across measures and regions.

Finally, results were similar when using the count of low-value 

services by service category (eAppendix Table 6).

Low-Value Service Spending

Unadjusted spending on low-value services was $830 (15%) higher 

per 100 patients attributed to the highest-priced physicians relative 

to patients attributed to the lowest-priced physicians ($6211 vs $5381; 

P < .001) (Table 1). In spending estimates adjusted with HRR and 

measure indicators, 100 patients attributed to the highest-priced 

physicians spent on average $520 more (10.9%) on low-value services 

than 100 patients attributed to the lowest-priced physicians (P = .004) 

(Figure 2, panel A). The differences for all other quintiles were not 

significant. Results were similar when adjusting for patient and 

physician characteristics (Figure 2, panels B and C). 

Results were similar when using the spending of low-value 

services for only imaging services. Results were not significant at 

the 5% level for preoperative services and in the opposite direction 

for diagnostic services (eAppendix Table 7).

The results of sensitivity analyses that used OLS and quasi-Poisson 

models and used a narrower set of low-value services measures 

yielded results consistent with our primary analyses (eAppendix 

Tables 11 through 14). In our secondary analysis examining a 

limited number of diabetic high-value services, patients attributed 

to the highest-priced physicians received 12.7 additional (5.8%) 

high-value services per 100 patients (P < .001) (eAppendix Table 

15). In our secondary analysis adjusting for group size, spending 

results were similar (eAppendix Table 16). Results for the count of 

low-value services were smaller in magnitude and not statistically 

significant; coefficients associated with group size were highly 

significant (eAppendix Table 17).

DISCUSSION
In this study of the relationship between the prices paid to GIM 

physicians and their provision of low-value services, insurers paid 

physicians in the highest price quintile prices that were more than 

double those paid to physicians in the lowest price quintile ($122.6 vs 

$54.7). In adjusted analyses, patients attributed to the highest-priced 

physicians received nearly one-fourth fewer low-value services 

compared with patients attributed to the lowest-priced physicians 

(12.1 vs 15.7 low-value services per 100 patients); this difference was 

driven by reductions in all categories of low-value services.

TABLE 2. Physician and Practice Characteristics by GIM Physician Price Quintilea

 

GIM physician price quintile Fifth 
vs first 

quintileb

1 
(lowest) 2 3 4

5 
(highest)

Physician characteristics

Physicians, n 5791 5790 5790 5790 5790

Age in years, mean (SD) 54.8 (9.6) 53.5 (9.7) 52.4 (9.9) 51.7 (10.1) 50.3 (10.1) –4.5***

Male, % 71.6 70.6 67.8 62.7 56.4 –15.2***

Attended top-25 
medical school, %

5.6 7.2 8.7 11.8 17.7 12.1***

Foreign trained, % 56.0 42.4 32.7 26.4 20.4 –35.6***

Practice characteristics

Practice size, %

≤ 5 physicians 83.0 66.6 37.6 19.4 8.7

—***c
6-19 physicians 8.1 11.8 12.7 9.2 5.4

20-49 physicians 3.9 8.5 12.6 10.9 7.7

≥ 50 physicians 5.0 13.1 37.1 60.5 78.2

GIM, general internal medicine.

*P < .05; **P < .01; ***P < .001.
aEstimates are derived from 2014 data. Physician and practice characteristics are based on the 
Medicare Data on Provider Practice and Specialty file and the IQVIA Healthcare Organization Services 
database. GIM physician price quintiles are based on Health Care Cost Institute claims.
b“Fifth vs first quintile” reflects 2-group test of proportions for difference between the fifth and first 
physician price quintiles. Mean-comparison (t) test used for age variable.
cChi-squared test comparing the distribution of practice size between the fifth and first physician 
price quintiles.
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Although patients attributed to the highest-priced physicians 

were less likely to receive a low-value service, total spending per 

100 patients on these services was more than 10% higher ($5266 

vs $4746). However, only spending on imaging services drove the 

increase in low-value spending.

We found that higher-priced physicians were much more likely 

to be part of larger physician groups and, in our secondary analysis 

adjusting for group size, group size rather than a physician’s price 

quintile was significantly associated with the provision of low-value 

services. This suggests that larger groups, which likely have more 

leverage to negotiate higher prices, deliver fewer low-value services. 

Large groups may have more resources to invest in information 

technology infrastructure and quality improvement activities that 

affect the provision of low-value services. Alternatively, physicians 

who provide fewer low-value services could be more likely to 

join larger groups. Future work should explore why high-priced 

providers deliver fewer low-value services. Identifying the underlying 

mechanisms may aid organizational and policy maker efforts to 

promote the reduction of low-value services.

One explanation for the finding that higher prices are associated 

with fewer low-value services could be the so-called target income 

hypothesis (ie, low-priced physicians provide more services overall 

to make up for the fact that they receive a lower price per service).18 

This hypothesis suggests that the low-priced physicians would 

provide more of all services irrespective of whether the services 

are of high, intermediary, or low value. However, our analysis of a 

limited number of diabetic high-value services does not support this 

explanation. We find the opposite relationship in the high-value 

setting—high prices were associated with slightly more diabetic 

high-value services—suggesting that high-priced physicians are better 

able to distinguish between high-value and low-value services than 

low-priced physicians and provide more of one and fewer of the other.

Total spending on low-value services, driven by imaging services, 

was higher for patients attributed to high-priced physicians, even 

FIGURE 1. Association Between GIM Physician Price and the Number of Low-Value Servicesa

 
Number of low-value 

services per 100 patients Difference

Base adjustments (measure and HRR)

Quintile 1 (ref) 15.7 –

Quintile 2 14.3 –1.4

Quintile 3 13.2 –2.5

Quintile 4 12.2 –3.5

Quintile 5 12.1 –3.6

Base and patient characteristic adjustments

Quintile 1 (ref) 15.7 0.00

Quintile 2 14.3 –1.4

Quintile 3 13.1 –2.6

Quintile 4 12.1 –3.6

Quintile 5 12.0 –3.7

Base, patient, and physician characteristic adjustments

Quintile 1 (ref) 15.6 0.00

Quintile 2 14.2 –1.4

Quintile 3 13.1 –2.5

Quintile 4 12.2 –3.4

Quintile 5 12.1 –3.5

GIM, general internal medicine; HRR, hospital referral region; ref, reference.
aThe figure presents the adjusted number of low-value services received per 100 patients by physician price quintile from negative binomial regression models. 
Models included HRR and measure population indicators, were clustered at the physician level, and used robust standard errors. Where noted, estimates are also 
adjusted for patient characteristics (risk scores, indicators for age groups and gender, and zip code–level median household income by quartiles) and physician 
characteristics (age and gender and indicators for foreign medical training and attending a top-25 medical school in the United States).

-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0

Difference and 95% CI in number of low-value services 
per 100 patients from quintile 1
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though they provided a lower volume of low-value services. As an 

example, for physicians with a panel of 100 patients, a high-priced 

physician provided 3.8 fewer services relative to a low-priced physi-

cian, but those fewer services cost $520 or more than 10% more. 

The higher cost could be due to the higher prices that primary care 

physicians receive or due to higher-priced primary care physicians 

referring to higher-priced providers, inside or outside their own 

practice.19 Higher spending only for imaging services suggests that 

high-priced physicians are referring their patients to higher-priced 

imaging facilities, as documented in other studies.20 As provider 

groups enter new contracts that incentivize higher-quality care 

at lower costs, practices may find that their higher prices and the 

higher prices of their referral network prevent them from reducing 

overall spending even when providing services with more value.

These results add to the mixed findings of the only 2 previous 

studies on the relationship between prices and quality of health 

care. One study found that higher practice prices were associated 

with better quality for a few process-of-care measures, including 

higher vaccination rates, but were not associated with patient ratings 

of care and ratings of their physicians.7 The second study found 

that higher physician prices were associated with higher costs but 

not with higher quality as measured by 30-day readmissions and 

potentially avoidable hospitalizations.8

This work also adds to previous limited literature on the provi-

sion of low-value services that has identified a limited number of 

physician and practice characteristics associated with low-value 

care. One study found that physician characteristics explained 

little of the variation in the provision of low-value services, but it 

did not examine physician prices.12 The same researchers found 

modest consistency within a provider organization in the provision 

of low-value care across specific services and over time.14 A final 

study found that practice location (community based vs hospital 

based), but not practice ownership, was associated with use of low-

value care.13 Our study findings suggest that the price a physician 

FIGURE 2. Association Between GIM Physician Price and Spending on Low-Value Servicesa

Low-value care spending 
per 100 patients, $ Difference, $

Adjusted for measure and HRR fixed effects

Quintile 1 (ref) 4746 –

Quintile 2 4696 –50

Quintile 3 4797 51

Quintile 4 4773 27

Quintile 5 5266 520

Adjusted for patient characteristics

Quintile 1 (ref) 4658 –

Quintile 2 4623 –35

Quintile 3 4718 60

Quintile 4 4686 28

Quintile 5 5203 545

Adjusted for patient and physician characteristics 

Quintile 1 (ref) 4643 –

Quintile 2 4615 –28

Quintile 3 4716 73

Quintile 4 4692 49

Quintile 5 5218 575

GIM, general internal medicine; GLM, general linear model; HRR, hospital referral region; ref, reference.
aThe figure presents the adjusted spending on low-value services per 100 patients by physician price quintile from GLMs with log link and gamma distribution. 
GLMs included HRR and measure population indicators, were clustered at the physician level, and used robust standard errors. Where noted, estimates are also 
adjusted for patient characteristics (risk scores, indicators for age groups and gender, and zip code–level median household income by quartiles) and physician 
characteristics (age and gender and indicators for foreign medical training and attending a top-25 medical school in the United States).

-400 -200 0 200 400 600 800 1000

Difference and 95% CI in patient spending 
on all low-value services from price quintile 1 ($)
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receives, which is typically accepted or negotiated with insurers 

at a practice or provider organization level, is correlated with the 

provision of low-value services.

Limitations

This study has 5 main limitations. First, our measures of low-value 

services do not encompass all aspects of quality. Second, our results 

are based on 1 year of data in 2014. However, previous research using 

the same commercial database found similar rates of low-value 

services over time.11 Third, our results are based on cross-sectional 

analysis and therefore should not be interpreted as causal. Fourth, 

it is possible that some of the low-value services provided were 

provided by specialist physicians rather than the GIM physician. Our 

sensitivity analysis focused on services likely to be provided only by 

GIM physicians produced similar results. Finally, our results may 

not be generalizable to other commercial insurers. Further, although 

requiring patients to have at least 3 E&M visits adds confidence on 

the attribution of care to a physician, this may limit generalizability 

to patients who interact with the health system frequently.

CONCLUSIONS
We found extensive variation in prices paid to GIM physicians and 

that high-priced physicians provided fewer low-value services but 

had higher spending on low-value services. More research is needed 

to understand why high-priced providers deliver fewer low-value 

services and whether physician prices are correlated with other 

measures of quality. n
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eAppendix Methods 1. Patient attribution 
 
We closely followed the two-step attribution logic used by the Centers for Medicare and Medicaid Services 
(CMS) for its Value-Based Payment Modifier Program. Details of the logic can be found on the CMS website: 
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-
Payment/PhysicianFeedbackProgram/Downloads/Attribution-Fact-Sheet.pdf  
 
We made three modifications to the CMS attribution logic: 
 

1. Patients needed to have three or more positive primary care physician claims.  
2. Physicians were required to have at least 15 claims for Current Procedural Terminology (CPT) code 

99213. 
3. We used a shorter list of the primary care claims that only included the following ten CPT codes: 99201-

99205 and 99211-99215. Attribution was limited to these ten CPT codes because claims associated with 
them constituted 99.76% of all the total primary care claims based on the CMS definition. 
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eAppendix Table 1. Low-Value Measure Definitions (Based on Schwartz et. al., 2014) 
 

Clinical Category Measure Operational Definition Additional restrictions Denominator Population 

Diagnostic and 
Preventive Testing 

Bone mineral density 
testing at frequent 
intervals 

Bone mineral density test less 
than two years after a prior 
bone mineral density test 

Only patients with a diagnosis of 
osteoporosis prior to the initial bone 
mineral density test 

Patients with osteoporosis 

Homocysteine testing 
in cardiovascular 
disease 

Homocysteine testing 
No diagnoses of folate or B12 
deficiencies in claim and no folate or 
B12 testing in prior claims 

All patients 

Hypercoagulability 
testing for patients 
with deep vein 
thrombosis 

Lab tests for hypercoagulable 
states within 30 days following 
diagnosis of lower extremity 
deep vein thrombosis or 
pulmonary embolism  

No evidence of recurrent 
thrombosis, defined by diagnosis of 
deep vein thrombosis or pulmonary 
embolism more than 90 days prior 
to claim 

Patients with DVT 

Parathyroid hormone 
(PTH) measurement 
for patients with stage 
1-3 CKD  

PTH measurement in patients 
with chronic kidney disease 
and no dialysis services before 
PTH testing or within 30 days 
following testing 

 
No hypercalcemia diagnosis in any 
2012-2014 claim 

CKD patients not receiving 
dialysis 

Total or free T3 level 
testing for patients 
with hypothyroidism 

Total or free T3 measurement 
in a patient with a 
hypothyroidism diagnosis 
sometime that calendar year 

  Patients with hypothyroidism  

1,25-dihydroxyvitamin 
D testing in the 
absence of 
hypercalcemia or 
decreased kidney 
function 

Calcitriol testing for patients 
without hypercalcemia  or 
secondary 
hyperparathyroidism of renal 
origin noted in claim, and 
without a history of chronic 
kidney disease 

No diagnoses indicating non-PTH 
mediated hypercalcemia  
(sarcoidosis, TB, selected 
neoplasms). No diagnosis of 
hypercalcemia in the past 30 days 

All patients 

Preoperative Testing Preoperative chest 
radiography  

Chest x-ray specified as a 
preoperative assessment or 
occurring within 30 days prior 
to a low or intermediate risk 
non-cardiothoracic surgical 
proceduree. 

No x-rays related to inpatient or 
emergency cared. 
Only x-rays that preceded a low or 
intermediate risk non-cardiothoracic 
surgical procedure (i.e. excluding x-

Patients undergoing selected 
surgeries 
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Procedures include surgeries 
of the breast, colectomy, 
cholecystectomy, 
transurethral resection of the 
prostate, hysterectomy, 
orthopedic surgeries besides 
hip and knee replacement, 
corneal transplant, cataract 
removal, retinal detachment, 
hernia repair, lithotripsy, 
arthroscopy, and 
cholecystectomy. 

rays specified as preoperative 
before other procedures). 

Preoperative 
echocardiography 

Echocardiogram specified as a 
preoperative assessment or 
occurring within 30 days prior 
to a low or intermediate risk 
non-cardiothoracic surgical 
procedure (See above) 

No echocardiograms related to 
inpatient or emergency cared. 
Only echocardiograms that 
preceded a low or intermediate risk 
non-cardiothoracic surgical 
procedure. 

Patients undergoing selected 
surgeries 

Preoperative 
pulmonary function 
testing (PFT) 

Defined analogously to above, 
but with additional surgical 
procedures (CABG, aneurysm 
repair, 
thromboendarterectomy, 
PTCA, pacemaker insertion) 

No PFTs related to inpatient or 
emergency cared. 
Only PFTs that preceded a low or 
intermediate risk surgical 
procedure. 

Patients undergoing selected 
surgeries 

Routine preoperative 
stress tests 

Stress electrocardiogram, 
echocardiogram,  nuclear 
medicine imaging, cardiac MRI 
or CT angiography specified as 
a preoperative assessment or 
occurring within 30 days prior 
to a low or intermediate risk 
non-cardiothoracic surgical 
proceduree  

No testing related to inpatient or 
emergency cared. Only testing that 
preceded a low or intermediate risk 
non-cardiothoracic surgical 
proceduree. 

Patients undergoing selected 
surgeries 

Imaging Computed 
tomography (CT) of 
the sinuses for 

Maxillofacial CT study with a 
diagnosis of sinusitis in the 
imaging claim 

 No current complications of 
sinusitis (eyelid inflammation, acute 
inflammation of orbit, orbital 
cellulitis, visual disturbances or low-

All patients 
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uncomplicated acute 
rhinosinusitis  

vision), immune conditions (cystic 
fibrosis, HIV, other immune 
disorders), nasal polyps or 
head/face trauma noted in claim.  
No chronic sinusitis patients, 
defined by presence of sinusitis 
diagnosis between 30 and 365 days 
prior to imaging. 

Head imaging in the 
evaluation of syncope  

CT or MR Imaging of the head 
with a diagnosis of syncope in 
the imaging claim 
  

No current diagnosis of  epilepsy, 
stroke/TIA, head trauma, 
convulsions, altered mental status, 
nervous system symptoms, speech 
problems, history of stroke. 

Syncope patients 

Head imaging for 
uncomplicated 
headache 

 Brain CT/MRI with non-post-
traumatic, non-thunderclap 
headache diagnosis. 

No diagnoses in claim warranting 
imaging. 
Exclusion diagnoses include  
epilepsy, giant cell arteritis,  head 
trauma, convulsions, altered mental 
status, nervous system symptoms 
(e.g. hemiplegia) , disturbances of 
skin sensation, speech problems,  
stroke/TIA, history of stroke, cancer 
or history of cancer. 

All patients 

Electroencephalogram 
for headaches 

EEG with headache diagnosis 
in the claim 

No epilepsy or convulsions noted in 
current or prior claimsb All patients 

Back imaging for 
patients with non-
specific low back pain  

Back imaging  with a diagnosis 
of back pain 

No exclusion diagnoses warranting 
imaging.  
Exclusion diagnoses include cancer, 
trauma, intravenous drug abuse, 
neurological impairment, 
endocarditis, septicemia, 
tuberculosis, osteomyelitis, fever, 
weight loss, loss of appetite, night 
sweats, anemia, radiculitis and 
myelopathy.  Imaging occurred 
within 6 weeks of the first diagnosis 
of back pain. 

All patients 
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Screening for carotid 
artery disease in 
asymptomatic adults 

Carotid imaging for patients 
without a history of stroke or 
transient ischemic attack (TIA) 
and without a diagnosis of 
stroke, TIA, or focal 
neurological symptoms in 
claim  

Test did not occur during an 
inpatient stay or within 14 days of 
an  ER visit. 

All patients 

Screening for carotid 
artery disease for 
syncope 

Carotid imaging with syncope 
diagnosis 

No history of stroke or TIA. 
No stroke, TIA, or focal neurological 
symptoms noted in claim. 

Syncope patients 

Imaging for diagnosis 
of plantar fasciitis 

Radiographic or MR imaging 
with diagnosis of plantar 
fasciitis 

Imaging was within two weeks of 
the first appearance of a relevant 
foot pain diagnosis  

Patients with plantar fasciitis 
diagnosis that year 

Cardiovascular 
testing and 
procedures 

Stress testing for 
stable coronary 
disease 

Stress electrocardiogram, 
echocardiogram,  nuclear 
medicine imaging, cardiac MRI 
or CT angiography with an 
established diagnosis of 
ischemic heart disease or 
angina (at least 6 months prior 
to the stress test) and thus not 
done for screening purposes. 
 
Test not associated with 
inpatient or emergency care, 
which might be indicative of 
unstable angina. 

 
Only patients with a past diagnosis 
of myocardial infarction in order to 
exclude patients with a history of 
non-cardiac chest pain inaccurately 
coded as angina (i.e., those with no 
underlying ischemic heart disease 
who might benefit from screening 
and optimization of medical 
management) 

Patients with ischemic heart 
disease 

Percutaneous 
coronary intervention 
with balloon 
angioplasty or stent 
placement  for stable 
coronary disease 

Coronary stent placement or 
balloon angioplasty for 
patients with an established 
diagnosis of ischemic heart 
disease or angina (at least 6 
months prior to the 
procedure) 
 
Procedure not associated with 
an ER visit,k which might be 

Only patients with a past diagnosis 
of myocardial infarction in order to 
exclude patients with a history of 
non-cardiac chest pain inaccurately 
coded as angina  

Patients with ischemic heart 
disease 
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indicative of acute coronary 
syndrome. 

Renal artery 
angioplasty or 
stenting 

Renal/visceral angioplasty or 
stent placement  

Diagnosis of renal atherosclerosis or 
renovascular hypertension, and no 
diganosis of fibromuscular dysplasia 
of renal artery, in procedure claim 

Patients with hypertension 

Carotid 
endarterectomy for 
asymptomatic 
patients 

Carotid endarterectomy for 
patients without a history of 
stroke or TIA and without 
stroke, TIA, or focal 
neurological symptoms noted 
in claim. Operation not 
associated with an ER visit. 

 
Only female patients All patients 

Other surgery 

Spinal injection for 
low-back pain 

Epidural (not indwelling), 
facet, or trigger point 
injections for lower back pain 
not associated with an 
inpatient stay (within 14 
days). 

Not etanercept, no diagnoses 
indicating radiculopathy in the claim All patients 

 
Note: To construct 2014 measures, preceding years were used where appropriate including back to 2011 for conditions requiring as long a history 
as possible. 
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eAppendix Table 2. High-Value Measure Definitions (Based on 2014 HEDIS definitions) 
 

Clinical Category Measure Operational Definition Additional restrictions Denominator Population 

Diabetes 

Hemoglobin A1c 
(HbA1c) testing  

An HbA1c test performed 
during 2014 as identified 
by claim/encounter or 
automated laboratory data 

 NA 

Diabetic patients 

Eye exam (retinal) 
performed  

Screening or monitoring 
for diabetic retinal disease 
as identified by 
administrative data. 
Screening/monitoring 
include:  
• A retinal or dilated eye 
exam by an eye care 
professional (optometrist 
or ophthalmologist) in 
2014.  
• A negative retinal or 
dilated eye exam (negative 
for retinopathy) by an eye 
care professional in 2013.  
• Bilateral eye enucleation 
anytime during the 
member’s history from 
January 1 2011 through 
December 31 of 2014.  

 NA 

Diabetic patients 

Medical attention for 
nephropathy  

A nephropathy screening 
or monitoring test or 
evidence of nephropathy, 
as documented through 
administrative data. 
Screening/monitoring or 
evidence of nephropathy in 
2014 include:  

 NA 

Diabetic patients 
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• A nephropathy screening 
or monitoring test  
• Evidence of treatment for 
nephropathy or ACE/ARB 
therapy, stage 4 chronic 
kidney disease, ESRD, or 
kidney transplant.  
• A visit with a 
nephrologist.  
• At least one ACE 
inhibitor or ARB 
dispensing event  
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eAppendix Methods 2. Low-value spending measure 
 
To construct spending on low-value services, we must first include all professional and outpatient services 
relevant to the low-value service. For example, in order to identify homocysteine testing in cardiovascular 
disease in claims, we only need to identify a homocysteine chemistry (or folate or B12 testing). To accurately 
capture total spending on homocysteine testing, we should also include the venipuncture (CPT 36415).  
 
Authors of Schwartz et al (2014) shared their 2012 Medicare spending algorithm. This algorithm identified CPT 
codes typically billed while performing a low-value service, but not needed to identify the low-value service.  
 
We modified the original spending algorithm by adding/modifying new 2014 CPT codes and identifying 
additional relevant CPT codes in our commercial claims data. To identify commercial specific CPT codes, we 
first identified all codes billed on the relevant days of a low-value service. We identified over 15,000 CPT codes 
across all measures (number is at the CPT-measure level since one CPT codes may be relevant to one 
measures, but not another measure). Second, we identified a subset of CPT codes that represented high total 
spending during 2014 (we defined this as the highest spending CPT codes up to 80% of total spending within 
the low-value care 15,000 CPT codes). Finally, physician researchers (F.T. and L.C.) reviewed these CPT codes 
to determine whether they should be included in the spending measure. 
 
In total we reviewed over 400 CPT codes, however we only made updates to only 5 low-value services and 
added or modified less than 20 CPT codes. For two services, we updated CPT codes as CPT codes change year 
over year. For another two services, we added CPT codes based on the above description of CPT codes with 
high spending. For the single service, Total or free T3 level testing for patients with hypothyroidism, we added 
four CPT codes that represented high spending and three CPT codes that represented differential billing by 
low and high-priced physicians. That is we included three codes where the incidence of the CPT code billing 
was different between the patient populations in the 1st and 5th physician price quintile (mean-comparison (t) 
test where P<0.05). These three codes should not have been added for this study’s research question as these 
CPT codes could drive differential spending between high and low-priced physicians. We therefore reran all 
main spending analyses without Total or free T3 level testing for patients with hypothyroidism and found 
similar results (results available upon request). The results without the single service appear reasonable as this 
service had low prices (see eTable 5).  
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eAppendix Methods 3. GIM physician prices 
 
Our measure of a physician’s price for CPT 99213 was their average geographically-adjusted allowed amounts 
for a physician’s CPT 99213 claims - including applicable facility fees: 
 

!!" 	=
∑ ( !"

GeoRatio#" +
/"

GeoRatio$")	
%!
"&'

1(
 

 
Where !!"  is the mean price for physician i across all their provided services 1(  and individual services are 
indexed by c. 

!!:  Allowed amount for a physician CPT 99213 claim 

"!:  Allowed amount for facility claim corresponding to a CPT 99213 claim    

-Note that there were approximately 13,000 of these facility claims, approximately 0.40% of all 
CPT 99213 claims in our sample 

GeoRatio:  Ratio of actual Medicare fee-for-services spending for E&M services in the county where the 
service was provided to nationally standardized Medicare fee-for-service spending for those same E&M 
services. Numbers come from the CMS Geographic Variation Public Use File. The ratio captures 
Medicare’s geographic price differences where Medicare’s geographic price differences attempt to 
capture the local costs of providing care.1 

*":  Quantity of a physician’s CPT 99213 claims 

 
eAppendix Table 3 Adjusted Physician Price by Price Quintile 
 

  GIM Physician Price Quintile 
Characteristic 1 2 3 4 5 1st vs 5th Quintile (95% CI)a 

  Physician Price (SD) 
$54.7 
(3.9) 

$66.0 
(3.2) 

$78.4 
(3.8) 

$93.0 
(5.2) 

$122.6 
(13.9) $67.9 (67.5, 68.3) 

 
Abbreviations: GIM, General Internal Medicine, SD, standard deviation; CI, confidence interval 
a “1st vs. 5th Quintile” reflects mean-comparison (t) test for difference between the 1st and the 5th physician 
price quintiles. Difference significant at P<0 

The Pearson correlation coefficient was estimated for the prices paid for CPT 99213 and CPT 99214 among 
physicians with claims for both codes, and for CPT 99213 and CPT 99215 among physicians with claims for 
both of these codes. The estimated coefficient was 0.98 for CPT 99214 and CPT 99213, and 0.93 for CPT 99213 
and CPT 99215. 

 
1 For more details see Institute of Medicine (U.S.), Committee on Geographic Adjustment Factors in Medicare Payment, Edmunds M, 
Sloan FA. Geographic Adjustment in Medicare Payment. Phase I. National Academies Press; 2012. Accessed August 27, 2018. 
http://site.ebrary.com/lib/aunigeria/Doc?id=10565366 
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eAppendix Figure 1. Diagram of Study Sample Selection 
 

 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
Notes:  GIM indicates general internal medicine; PPO/POS, Preferred Provider Organization/Point of Service 
 
  

1,061,726 patients attributed to GIM 
physicians 

Excluded 20 patients with negative allowed 
amounts in 2014 

17,390,970 patients continuously 
enrolled in a PPO/POS plan for 12 

months in 2014 

Excluded 10,475,624 patients who had fewer 
than three primary care claims in 2014 

6,915,346 patients with three or more 
positive primary care claims in 2014 

 Excluded 5,853,620 patients who were 
attributed to a non-GIM physician in 2014 

1,061,706 patients attributed to GIM 
physicians in 2014 

Excluded 276,190 patients without 12-month 
continuous enrollment in PPO/POS plans in 

2013 785,516 patients attributed to GIM 
included in the study 

Exclude 35,064 patients with missing patient 
characteristics (i.e., gender and zip-code) 

and/or physician characteristics 
750,452 patients attributed to GIM 

included in the study 
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eAppendix Table 4. Number of Low- and High-Value Services per 100 patients by 
GIM Physician Price Quintile 
 

  GIM Physician Price Quintile   
  1 2 3 4 5 N Low-Value Care           

  Bone mineral density testing at frequent intervals 5.60 5.38 5.75 5.93 5.01 14,448 

  Parathyroid hormone (PTH) measurement for 
patients with stage 1-3 CKD  11.29 13.44 13.43 14.24 13.10 31,000 

  Preoperative chest radiography  17.44 14.56 13.35 10.72 10.26 45,345 

  Preoperative echocardiography 2.50 1.63 1.59 1.26 1.19 45,345 

  Preoperative pulmonary function testing (PFT) 1.12 0.72 0.95 0.79 0.67 46,774 

  Routine preoperative stress tests 2.09 1.79 1.74 1.50 1.65 45,345 

  Computed tomography (CT) of the sinuses for 
uncomplicated acute rhinosinusitis  0.32 0.34 0.34 0.33 0.27 750,452 

  Head imaging in the evaluation of syncope  14.33 14.89 14.30 13.69 11.11 15,283 

  Stress testing for stable coronary disease 0.75 1.02 0.92 1.02 1.01 62,180 

  Back imaging for patients with non-specific low back 
pain  3.98 4.07 3.92 3.90 3.56 750,452 

  Head imaging for uncomplicated headache 2.55 2.43 2.43 2.37 2.25 750,452 

  Electroencephalogram for headaches 0.08 0.07 0.06 0.04 0.03 750,452 

  Screening for carotid artery disease for syncope 12.16 9.46 8.60 6.99 5.98 15,283 

  Screening for carotid artery disease in 
asymptomatic adults 3.19 2.05 1.61 1.19 1.05 750,452 

  Homocysteine testing in cardiovascular disease 0.76 0.87 0.71 0.43 0.46 750,452 

  Hypercoagulability testing for patients with deep 
vein thrombosis 7.89 7.33 7.88 7.31 8.52 11,436 
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  Total or free T3 level testing for patients with 
hypothyroidism 

76.79 48.71 46.11 39.08 42.22 67,466 

  Imaging for diagnosis of plantar fasciitis 33.21 33.37 32.54 29.53 24.70 19,220 

  1,25-dihydroxyvitamin D testing in the absence of 
hypercalcemia or decreased kidney function 

2.13 1.66 1.53 0.95 0.78 750,452 

High-Value Care       

  Hemoglobin A1c (HbA1c) testing 91.99 92.25 93.22 93.92 94.79 91,224 
  Eye exam (retinal) performed 41.23 41.97 44.25 48.47 51.14 91,224 
  Medical attention for nephropathy 84.29 83.96 85.09 85.28 87.79 91,224 

 
 



15 
 

eAppendix Table 5. Mean and Median price of Low-Value Services 
 

LVS 
Categorya Low-Value Service Mean ($) Std ($) Median ($) 

cardio   Stress testing for stable coronary disease 266 499 111 

diagnostic   Bone mineral density testing at frequent intervals 174 154 110 

diagnostic   Hypercoagulability testing for patients with deep vein thrombosis 80 101 51 

diagnostic   Parathyroid hormone (PTH) measurement for patients with stage 1-3 CKD  70 77 41 

diagnostic   1,25-dihydroxyvitamin D testing in the absence of hypercalcemia or decreased kidney function 62 74 38 

diagnostic   Homocysteine testing in cardiovascular disease 38 43 23 

diagnostic   Total or free T3 level testing for patients with hypothyroidism 24 30 15 

image   Head imaging for uncomplicated headache 713 799 437 

image   Computed tomography (CT) of the sinuses for uncomplicated acute rhinosinusitis  480 487 296 

image   Electroencephalogram for headaches 354 237 296 

image   Head imaging in the evaluation of syncope  574 686 254 

image   Screening for carotid artery disease in asymptomatic adults 363 398 232 

image   Screening for carotid artery disease for syncope 373 425 230 

image   Back imaging for patients with non-specific low back pain  290 515 78 

image   Imaging for diagnosis of plantar fasciitis 59 104 36 

preop   Preoperative echocardiography 604 655 349 

preop   Routine preoperative stress tests 665 952 316 

preop   Preoperative chest radiography  126 294 50 

preop   Preoperative pulmonary function testing (PFT) 62 72 40 
 
Notes: Price was defined as the total spending -- all relevant professional and outpatient services – for a given low-value service (see eMethods 2). Summary statistics based on all 2014 low-value 
services. See eTable 4 for N. 
a Category based on Schwartz et al 2014 definitions. 
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eAppendix Table 6. Adjusted Association between Physician Price and Number of Low-Value Services Per 
100 Patients by Service Category (Negative binomial) 
 

Imaging 

Number of low-
value care 

services per 100 
patients  Difference P-value 95% CI 

Adjusted for measure and HRR            
  Quintile 1 (ref) 9.8 0.0 - - - 
  Quintile 2 9.0 -0.8 <0.001 -1.2 -0.4 
  Quintile 3 8.4 -1.3 <0.001 -1.7 -1.0 
  Quintile 4 8.1 -1.6 <0.001 -2.0 -1.3 
  Quintile 5 8.0 -1.8 <0.001 -2.2 -1.3 
Adjusted for patient characteristics           

  Quintile 1 (ref) 9.6 0.0 - - - 
  Quintile 2 8.8 -0.7 0.001 -1.2 -0.3 
  Quintile 3 8.3 -1.3 <0.001 -1.7 -0.9 
  Quintile 4 8.0 -1.6 <0.001 -2.0 -1.2 
  Quintile 5 7.9 -1.7 <0.001 -2.1 -1.2 
Adjusted for patient and all physician characteristics            
  Quintile 1 (ref) 9.4 0.0 - - - 
  Quintile 2 8.8 -0.6 0.002 -1.1 -0.2 
  Quintile 3 8.3 -1.1 <0.001 -1.5 -0.7 
  Quintile 4 8.1 -1.4 <0.001 -1.7 -1.0 
  Quintile 5 8.0 -1.4 <0.001 -1.8 -0.9 
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Preop 

Number of low-
value care 

services per 100 
patients  Difference P-value 95% CI 

Adjusted for measure and HRR            
  Quintile 1 (ref) 13.8 0.0 - - - 
  Quintile 2 13.1 -0.7  0.165 -1.8 0.3 
  Quintile 3 12.6 -1.2 0.027 -2.4 -0.1 
  Quintile 4 11.4 -2.4 <0.001 -3.5 -1.2 
  Quintile 5 12.1 -1.7 0.016 -3.1 -0.3 
Adjusted for patient characteristics           

  Quintile 1 (ref) 13.3 0.0 - - - 
  Quintile 2 12.6 -0.7  0.175 -1.7 0.3 
  Quintile 3 12.1 -1.2 0.031 -2.2 -0.1 
  Quintile 4 11.1 -2.2 <0.001 -3.3 -1.1 
  Quintile 5 11.8 -1.5 0.028 -2.9 -0.2 
Adjusted for patient and all physician characteristics            
  Quintile 1 (ref) 13.0 0.0 - - - 
  Quintile 2 12.5 -0.5  0.317 -1.5 0.5 
  Quintile 3 12.1 -0.9  0.121 -1.9 0.2 
  Quintile 4 11.2 -1.8 0.001 -2.9 -0.7 
  Quintile 5 12.0 -1.0  0.156 -2.4 0.4 
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Diagnostic 

Number of low-
value care 

services per 100 
patients  Difference P-value 95% CI 

Adjusted for measure and HRR            
  Quintile 1 (ref) 3.6 0.0 - - - 
  Quintile 2 3.2 -0.4 0.027 -0.8 0.0 
  Quintile 3 2.7 -0.8 <0.001 -1.2 -0.5 
  Quintile 4 2.4 -1.2 <0.001 -1.6 -0.9 
  Quintile 5 2.3 -1.3 <0.001 -1.8 -0.8 
Adjusted for patient characteristics           

  Quintile 1 (ref) 3.6 0.0 - - - 
  Quintile 2 3.2 -0.4 0.019 -0.8 -0.1 
  Quintile 3 2.7 -0.9 <0.001 -1.2 -0.5 
  Quintile 4 2.3 -1.3 <0.001 -1.6 -0.9 
  Quintile 5 2.3 -1.3 <0.001 -1.8 -0.8 
Adjusted for patient and all physician characteristics            
  Quintile 1 (ref) 3.6 0.0 - - - 
  Quintile 2 3.2 -0.4 0.021 -0.8 -0.1 
  Quintile 3 2.7 -0.9 <0.001 -1.2 -0.5 
  Quintile 4 2.3 -1.3 <0.001 -1.6 -0.9 
  Quintile 5 2.3 -1.3 <0.001 -1.8 -0.8 

 
Note: Figure presents the adjusted number of low-value services received per 100 patients by physician price quintile from negative binomial 
regression models. Models included hospital referral region and measure population indicators, were clustered at the physician level and used robust 
standard errors. Where noted, estimates are also adjusted for patient characteristics (risk scores, indicators for age groups and gender, and zip-code 
level median household income by quartiles) and physician characteristics (age and gender and indicators for foreign medical training and attending a 
top 25 medical school in the US). N for imaging and diagnostic services is the same as the main regressions (N=750,452), while the preoperative 
services N is 46,774 as patients had to be eligible for specific procedures. 
LVS, Low-value Service; CI, confidence interval 
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eAppendix Table 7. Adjusted Association between Physician Price and Low-Value Care Spending, by Service 
Category (GLM log-link) 
 

Image 
Low-value care 

spending per 
patient, $ Difference P-value 95% CI 

Adjusted for measure and HRR fixed effects           
  Quintile 1 (ref) 42.9 0.0 - 0.00 0.00 
  Quintile 2 42.0 -0.9  0.458 -3.33 1.50 
  Quintile 3 43.6 0.7  0.555 -1.73 3.22 
  Quintile 4 43.3 0.5  0.720 -2.08 3.01 
  Quintile 5 46.6 3.7 0.023 0.51 6.94 
Adjusted for patient characteristics           

  Quintile 1 (ref) 41.6 0.0 -  - - 
  Quintile 2 40.9 -0.6  0.611 -3.0 1.8 
  Quintile 3 42.3 0.8  0.541 -1.6 3.1 
  Quintile 4 42.1 0.5  0.676 -1.9 3.0 
  Quintile 5 45.9 4.4 0.006 1.2 7.5 
Adjusted for patient, physician and practice characteristics            
  Quintile 1 (ref) 41.3 0.0 - - - 
  Quintile 2 40.8 -0.5  0.690 -2.8 1.9 
  Quintile 3 42.3 1.0  0.414 -1.4 3.4 
  Quintile 4 42.2 0.9  0.483 -1.6 3.4 
  Quintile 5 46.2 4.9 0.002 1.7 8.1 
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Preop 
Low-value care 

spending per 
patient, $ Difference P-value 95% CI 

Adjusted for measure and HRR fixed effects           
  Quintile 1 (ref) 37.5 0.0 - 0.0 0.0 
  Quintile 2 36.1 -1.4  0.692 -8.2 5.4 
  Quintile 3 39.8 2.3   0.542 -5.0 9.6 
  Quintile 4 41.0 3.4   0.415 -4.8 11.7 
  Quintile 5 46.7 9.2   0.080 -1.1 19.4 
Adjusted for patient characteristics           

  Quintile 1 (ref) 35.4 0.0  - - - 
  Quintile 2 34.4 -1.0  0.765 -7.5 5.5 
  Quintile 3 36.5 1.2   0.746 -5.8 8.1 
  Quintile 4 38.4 3.1   0.438 -4.7 10.9 
  Quintile 5 42.0 6.7   0.158 -2.6 16.0 
Adjusted for patient, physician and practice characteristics            
  Quintile 1 (ref) 35.1 0.0 - - - 
  Quintile 2 34.3 -0.8   0.812 -7.1 5.7 
  Quintile 3 36.1 1.0   0.779 -5.9 7.9 
  Quintile 4 38.2 3.2   0.428 -4.7 11.0 
  Quintile 5 42.6 7.6   0.115 -2.0 17.2 
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Diagnostic 
Low-value care 

spending per 
patient, $ Difference P-value 95% CI 

Adjusted for measure and HRR fixed effects           
  Quintile 1 (ref) 1.7 0.0 - 0.0 0.0 
  Quintile 2 1.6 -0.2  0.280 -0.5 0.1 
  Quintile 3 1.2 -0.6 <0.001 -0.8 -0.3 
  Quintile 4 1.0 -0.7 <0.001 -1.0 -0.4 
  Quintile 5 1.0 -0.8 <0.001 -1.1 -0.4 
Adjusted for patient characteristics           

  Quintile 1 (ref) 1.7 0.0 -  - - 
  Quintile 2 1.5 -0.1 0.340 -0.4 0.2 
  Quintile 3 1.1 -0.6 <0.001 -0.821 -0.3 
  Quintile 4 1.0 -0.7 <0.001 -0.970 -0.4 
  Quintile 5 0.9 -0.8 <0.001 -1.1 -0.5 
Adjusted for patient, physician and practice characteristics            
  Quintile 1 (ref) 1.6 0.0 - - - 
  Quintile 2 1.5 -0.1 0.481 -0.1 0.2 
  Quintile 3 1.1 -0.5 <0.001 -0.5 -0.2 
  Quintile 4 1.0 -0.6 <0.001 -0.6 -0.4 
  Quintile 5 0.9 -0.7 <0.001 -0.7 -0.4 

 
Note: Figure presents the adjusted spending on low-value services per 100 patients by physician price quintile from general linear models (GLM) 
with log link and gamma distribution. GLM models included hospital referral region and measure population indicators, were clustered at the 
physician level and used robust standard errors. Where noted, estimates are also adjusted for patient characteristics (risk scores, indicators for age 
groups and gender, and zip-code level median household income by quartiles) and physician characteristics (age and gender and indicators for 
foreign medical training and attending a top 25 medical school in the US). N for imaging and diagnostic services is the same as the main regressions 
(N=750,452), while the preoperative services N is 46,774 as patients had to be eligible for specific procedures. 
LVS, Low-value Service; CI, confidence interval 
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eAppendix Table 8. Unadjusted Provision of Diabetic High-Value Services by GIM Physician Quintile 
 

  GIM Physician Price Quintile 5th vs 1st 
Quintilea  1 

(Lowest) 2  3  4  
5 

(Highest) 
  Count of high-value services,         
    per 100 patients 217.5 218.2 222.6 227.7 233.7 16.2*** 

 
Note: Estimates derived from 2014 data. All patient characteristics and GIM physician price quintiles based on Health Care Cost Institute (HCCI) 
claims. Zip-code income based on 2014 American Community Survey. 
a “5th vs. 1st Quintile” reflects two-group test of proportions for difference between the 5th and the 1st physician price quintiles.  
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eAppendix Table 9. Adjusted Association between Physician Price and Number of Low- and 
High-Value Services Per 100 Patients, full regression (Negative binomial) 
 

  

Low-Value Care 
(with measure 

and HRR 
indicators only)  

Low-Value Care 
(with patient 

characteristics)  

Low-Value Care 
(with patient 

and MD 
characteristics) 

High-Value 
Care (with HRR 
indicators only)  

High-Value 
Care (with 

patient 
characteristics)  

High-Value 
Care (with 

patient and MD 
characteristics) 

  IRR SE IRR SE IRR SE IRR SE IRR SE IRR SE 

Price quintile                         

Q1 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.910 
*** 0.0246 0.908 

*** 0.0245 0.912 
*** 0.0249 1.004 0.005 1.004 0.005 1.002 0.005 

Q3 0.839 
*** 0.0221 0.835 

*** 0.0221 0.843 
*** 0.0231 1.021 

*** 0.005 1.019 
*** 0.005 1.015 

** 0.005 

Q4 0.775 
*** 0.0199 0.770 

*** 0.0197 0.780 
*** 0.0211 1.036 

*** 0.005 1.035 
*** 0.005 1.028 

*** 0.005 

Q5 0.765 
*** 0.0286 0.761 

*** 0.0284 0.775 
*** 0.0308 1.058 

*** 0.006 1.058 
*** 0.006 1.049 

*** 0.006 

Patient 
Characteristics                         

Age category                         

18-25     Ref. Ref. Ref. Ref.     Ref. Ref. Ref. Ref. 

25-34     1.143 
*** 0.0258 1.143 

*** 0.0257     1.035 0.0232 1.035 0.0231 

35-44     1.275 
*** 0.0269 1.275 

*** 0.0269     1.094 
*** 0.0232 1.095 

*** 0.0232 

45-54     1.310 
*** 0.0274 1.311 

*** 0.0275     1.138 
*** 0.0240 1.139 

*** 0.0240 

55-64     1.305 
*** 0.0276 1.308 

*** 0.0277     1.197 
*** 0.0252 1.199 

*** 0.0252 

Female     1.091 
*** 0.0091 1.096 

*** 0.009     1.015 
*** 0.002 1.010 

*** 0.002 

Income                         

Quartile 1     Ref. Ref. Ref. Ref.     Ref. Ref. Ref. Ref. 

Quartile 2     0.996 0.0110 0.998 0.0111     1.013 
*** 0.0030 1.012 

*** 0.0029 

Quartile 3     1.013 0.0127 1.017 0.0128     1.017 
*** 0.0033 1.016 

*** 0.0033 

Quartile 4     1.027 0.0160 1.033 * 0.0161     1.029 
*** 0.0039 1.027 

*** 0.0039 

HCC score     1.041 
*** 0.0018 1.041 

*** 0.0018     0.999 0.0004 0.999 0.0004 

Physician 
Characteristics                       

  
Age          1.000 0.001         0.999 0.0001 

Male          1.024 0.019         0.975 0.0027 

Top 25 
medical school          0.935 * 0.026         1.012 0.0046 

Foreign 
trained          1.029 0.021         0.993 0.0029 

N 750,452 750,452 750,452 91,224 91,224 91,224 

*** P< 0.001, ** P < 0.01, * P < 0.05 All regressions include Hospital-Referral Region and measure population 
indicators. 



24 
 

eAppendix Table 10. Adjusted Association between Physician Price 
and Low-Value Care Spending, full regression (GLM log-link) 
 

  With measure and 
HRR indicators 

With patient 
characteristics  

With patient and 
MD 

characteristics 

  Exponentiated 
coefficients SE Exponentiated 

coefficients SE Exponentiated 
coefficients SE 

Price quintile             
Q1 Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.989 0.0273 0.992 0.0276 0.994 0.0277 

Q3 1.011 0.0278 1.013 0.0279 1.016 0.0284 

Q4 1.006 0.0288 1.006 0.0288 1.01 0.0293 

Q5 1.109 ** 0.0395 1.117 ** 0.0397 1.124 ** 0.0408 

Patient Characteristics             
Age category             

18-25     Ref. Ref. Ref. Ref. 

25-34     1.147 ** 0.0508 1.147 ** 0.0507 

35-44     1.182 *** 0.0479 1.183 *** 0.0479 

45-54     1.194 *** 0.0471 1.198 *** 0.0473 

55-64     1.174 *** 0.0464 1.182 *** 0.0467 

Female     1.157 *** 0.0168 1.163 *** 0.0172 

Income             

Quartile 1     Ref. Ref. Ref. Ref. 

Quartile 2     0.963 0.0191 0.964 0.0191 

Quartile 3     0.948 * 0.02 0.950 * 0.02 

Quartile 4     0.933 ** 0.0223 0.937 ** 0.0224 

HCC score     1.125 *** 0.0054 1.125 *** 0.0054 

Physician and Practice 
Characteristics             

Physician age         0.998 ** 0.0009 

Male         1.038 * 0.018 

Top 25 medical school         0.99 0.0283 

Foreign trained         1.034 0.0187 

N 750,452 750,452 750,452 

*** P< 0.001, ** P < 0.01, * P < 0.05 All regressions include Hospital-Referral Region and 
measure population indicators. 
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eAppendix Table 11. Adjusted Association between Physician Price and Number of Low-Value 
Services per 100 patients (Quasi-Poisson model) 
 

Extra Poisson 
Number of low-

value care services 
per 100 patients  Difference P-value 95% CI 

Adjusted for measure and HRR            

  Quintile 1 (ref) 16.3 0.0 - - - 
  Quintile 2 14.6 -1.7 <0.001 -2.0 -1.4 

  Quintile 3 13.5 -2.8 <0.001 -3.1 -2.4 

  Quintile 4 12.5 -3.8 <0.001 -4.2 -3.4 
  Quintile 5 12.4 -3.9 <0.001 -4.3 -3.4 

Adjusted for patient characteristics           

  Quintile 1 (ref) 16.3 0.0 - - - 

  Quintile 2 14.6 -1.7 <0.001 -2.0 -1.4 
  Quintile 3 13.5 -2.8 <0.001 -3.2 -2.5 

  Quintile 4 12.4 -3.9 <0.001 -4.3 -3.5 

  Quintile 5 12.4 -3.9 <0.001 -4.4 -3.5 
Adjusted for patient and all physician characteristics            

  Quintile 1 (ref) 16.2 0.0 - - - 

  Quintile 2 14.5 -1.7 <0.001 -2.0 -1.3 

  Quintile 3 13.5 -2.7 <0.001 -3.0 -2.3 
  Quintile 4 12.4 -3.8 <0.001 -4.1 -3.4 

  Quintile 5 12.5 -3.7 <0.001 -4.2 -3.3 
 
Note: Figure presents the adjusted number of low-value services received per 100 patients by physician price quintile from quasi-Poisson regression models. Models included hospital referral region and 
measure population indicators, were clustered at the physician level and used robust standard errors. Where noted, estimates are also adjusted for patient characteristics (risk scores, indicators for age 
groups and gender, and zip-code level median household income by quartiles) and physician characteristics (age and gender and indicators for foreign medical training and attending a top 25 medical 
school in the US). 
LVS, Low-value Service; CI, confidence interval 
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eAppendix Table 12. Adjusted Association between Physician Price and Number 
of Low- and High-Value Services per 100 patients (OLS model) 

  
Low-Value Care 
(measure and 

HRR indicators) 

Low-Value Care 
(with patient 

characteristics)  

Low-Value Care 
(with patient, 

MD, and 
practice 

characteristics) 

High-Value Care 
(HRR indicators)  

High-Value Care 
(with patient 

characteristics)  

High-Value Care 
(with patient, 

MD, and practice 
characteristics) 

  Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE 

Price quintile                         

Q1 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 -2.56 
*** 0.711 -2.60 

*** 0.71 -2.54 
** 0.737 0.82 1.094 0.774 1.082 0.337 1.084 

Q3 -3.92 
***  0.62 -4.01 

***  0.621 -3.89 
***  0.678 4.510 

*** 1.084 4.191 
*** 1.073 3.229 

** 1.083 

Q4 -5.23 
*** 0.603 -5.36 

*** 0.605 -5.19 
*** 0.685 7.829 

*** 1.105 7.612 
*** 1.094 6.123 

*** 1.11 

Q5 -5.08 
*** 0.76 -5.20 

*** 0.761 -4.94 
*** 0.867 12.689 

*** 1.271 12.613 
*** 1.259 10.631 

*** 1.287 

Patient Characteristics                         

Age category                         

18-25     Ref. Ref. Ref. Ref.     Ref. Ref. Ref. Ref. 

25-34     1.13 
*** 0.262 1.13 

*** 0.262     6.925 4.336 6.973 4.335 

35-44     2.38 
*** 0.259 2.38 

*** 0.261     18.307 
*** 4.112 18.425 

*** 4.112 

45-54     2.42 
*** 0.286 2.44 

*** 0.291     26.267 
*** 4.073 26.900 

*** 4.073 

55-64     1.88 
*** 0.253 1.91 

*** 0.254     38.029 
*** 4.061 38.452 

*** 4.062 

Female     1.47 
*** 0.146 1.52 

*** 0.136     3.408 
*** 0.471 2.183 

*** 0.48 

Income                         

Quartile 1     Ref. Ref. Ref. Ref.     Ref. Ref. Ref. Ref. 

Quartile 2     0.12 0.214 0.13 0.219     2.787 
*** 0.644 2.693 

*** 0.643 

Quartile 3     0.06 * 0.234 0.06 * 0.233     3.664 
*** 0.721 3.386 

*** 0.72 

Quartile 4     0.98 
** 0.3 1.05 

*** 0.296     6.454 
*** 0.856 6.009 

*** 0.857 

HCC score     1.29 
*** 0.066 1.29 

*** 0.065     -0.082 0.096 -0.067 0.096 

Physician and Practice 
Characteristics                         

Age         -0.002 0.017         -0.102 
** 0.032 

Male         0.266 0.448         -5.648 
*** 0.624 

Top 25 medical school          -1.39 
** 0.488         2.803 

** 1.03 

Foreign trained          0.193 0.481         -1.660 * 0.641 

N 750,452 750,452 750,452 91,224 91,224 91,224 

R2 0.133 0.134 0.134 0.0213 0.0358 0.0376 

*** P< 0.001, ** P < 0.01, * P < 0.05 All regressions include Hospital-Referral Region and 
measure population indicators. 
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eAppendix Table 13. Adjusted Association between Physician Price 
and Number of Low-Value Services Per 100 Patients, narrow set of 
services, full regression (Negative-binomial) 

  
With measure and HRR 

indicators 
With patient 

characteristics 

With patient, MD, 
and practice 

characteristics 

  IRR  SE IRR  SE IRR  SE 

Price quintile             

Q1 Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.890 *** 0.0265 0.887 *** 0.0264 0.893 *** 0.0268 

Q3 0.816 *** 0.0235 0.811 *** 0.0235 0.821 *** 0.0245 

Q4 0.757 *** 0.0213 0.752 *** 0.0212 0.764 *** 0.0225 

Q5 0.752 *** 0.0303 0.747 *** 0.0300 0.763 *** 0.0324 

Patient Characteristics             

Age category             

18-25     Ref. Ref. Ref. Ref. 

25-34     1.117 *** 0.0262 1.117 *** 0.0262 

35-44     1.236 *** 0.0271 1.236 *** 0.0271 

45-54     1.243 *** 0.0274 1.244 *** 0.0275 

55-64     1.228 *** 0.0273 1.230 *** 0.0273 

Female     1.127 *** 0.0108 1.135 *** 0.0108 

Income             

Quartile 1     Ref. Ref. Ref. Ref. 

Quartile 2     0.990 0.0120 0.992 0.0120 

Quartile 3     1.010 0.0138 1.014 0.0139 

Quartile 4     1.017 0.0174 1.025 0.0176 

HCC score     1.045 *** 0.0020 1.045 *** 0.0020 

Physician Characteristics             

Age         0.99 0.0010 

Male         1.03 0.018 

Top 25 medical school         0.92 * 0.0286 

Foreign trained         1.03 0.0200 

N 750,452 750,452 750,452 

Pseudo R2 0.0947 0.0963 0.0965 

*** P< 0.001, ** P < 0.01, * P < 0.05 All regressions include Hospital-Referral Region and measure population indicators. Narrow set of low-
value services includes total or free T3 level testing for patients with hypothyroidism, 1,25-dihydroxyvitamin D testing in the absence of 
hypercalcemia or decreased kidney function, back imaging for patients with nonspecific low back pain, screening for carotidartery disease in 
asymptomatic adults, head imaging in the evaluation of syncope, head imaging for uncomplicated headache, screening for carotid artery 
disease for syncope.  
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eAppendix Table 14. Adjusted Association between Physician Price 
and Low-Value Care Spending, narrow set of services, full regression 
(GLM log-link) 
 

  With HRR indicators With patient 
characteristics  

With patient and MD 
characteristics 

  
Exponentiated 

coefficients SE Exponentiated 
coefficients SE Exponentiated 

coefficients SE 

Price quintile         
    

Q1 Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.983 0.0286 0.986 0.0289 0.988 0.0291 

Q3 0.993 0.0289 0.995 0.029 0.999 0.0295 

Q4 0.985 0.0299 0.984 0.0299 0.991 0.0305 

Q5 1.079 * 0.0401 1.085 * 0.0402 1.096 * 0.0414 

Patient Characteristics             

Age category             

18-25     Ref. Ref. Ref. Ref. 

25-34     1.130 ** 0.0525 1.130 ** 0.0525 

35-44     1.179 *** 0.0501 1.181 *** 0.0502 

45-54     1.186 *** 0.0491 1.191 *** 0.0493 

55-64     1.164 *** 0.0484 1.173 *** 0.0488 

Female     1.182 *** 0.0181 1.191 *** 0.0186 

Income             

Quartile 1     Ref. Ref. Ref. Ref. 

Quartile 2     0.957 * 0.0201 0.958 * 0.0201 

Quartile 3     0.948 * 0.0211 0.948 * 0.0211 

Quartile 4     0.928 ** 0.0234 0.935 ** 0.0235 

HCC score     1.120 *** 0.0057 1.120 *** 0.0057 

Physician and Practice Characteristics             

Physician age         0.997 ** 0.0009 

Male         1.048 * 0.0192 

Top 25 medical school         0.969 0.0296 

Foreign trained         1.037 0.0199 

N 750,452 750,452 750,452 

*** P< 0.001, ** P < 0.01, * P < 0.05 All regressions include Hospital-Referral Region and measure population indicators. Narrow set of low-
value services includes total or free T3 level testing for patients with hypothyroidism, 1,25-dihydroxyvitamin D testing in the absence of 
hypercalcemia or decreased kidney function, back imaging for patients with nonspecific low back pain, screening for carotidartery disease in 
asymptomatic adults, head imaging in the evaluation of syncope, head imaging for uncomplicated headache, screening for carotid artery 
disease for syncope. 
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eAppendix Table 15. Association between GIM Physician Price and the Number of Diabetic High-
Value Services 
 

High value care count (negative binomial) 
High value care 
count, per 100 

patients Difference P-value 95% CI 
Adjusted for HRR            
  Quintile 1 (ref) 218.4 0.0 - 0.0 0.0 
  Quintile 2 219.2 0.8 0.43 -1.3 3.0 
  Quintile 3 222.9 4.5 <0.001 2.4 6.7 
  Quintile 4 226.2 7.8 <0.001 5.7 10.0 
  Quintile 5 231.1 12.7 <0.001 10.2 15.2 
Adjusted for patient characteristics           
  Quintile 1 (ref) 218.3 0.0   - - 
  Quintile 2 219.2 0.9 0.45 -1.3 2.9 
  Quintile 3 222.6 4.3 <0.001 2.1 6.3 
  Quintile 4 226.0 7.7 <0.001 5.5 9.8 
  Quintile 5 231.0 12.7 <0.001 10.2 15.1 
Adjusted for patient, physician and practice characteristics            
  Quintile 1 (ref) 219.2 0.0 - - - 
  Quintile 2 219.6 0.4 0.72 -1.8 2.5 
  Quintile 3 222.5 3.3 0.003 1.2 5.4 
  Quintile 4 225.4 6.2 <0.001 4.0 8.4 
  Quintile 5 229.9 10.7 <0.001 8.1 13.2 
Note: Figure presents the adjusted number of high-value services received per 100 patients by physician price quintile from negative binomial regression models. 
Models included hospital referral region indicators, were clustered at the physician level and used robust standard errors. Where noted, estimates are also 
adjusted for patient characteristics (risk scores, indicators for age groups and gender, and zip-code level median household income by quartiles) and physician 
characteristics (age and gender and indicators for foreign medical training and attending a top 25 medical school in the US). 
HVS, High-value Service; CI, confidence interval 
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eAppendix Table 16. Association between GIM Physician Price and Low-Value Services Spending, 
including physician group size as covariate 
 
Panel A: Average Marginal Effects for Physician Price quintile 

Low value care spending (GLM) 

Low-value care 
spending 

per100 patients, 
$ Difference P-value 95% CI 

Adjusted for patient and all physician 
characteristics, including group size           
  Quintile 1 (ref) 4,442 0 - - - 
  Quintile 2 4,488 50 0.717 -202 293 
  Quintile 3 4,737 300 0.036 19 572 
  Quintile 4 4,839 400 0.012 86 707 
  Quintile 5 5,449 1,010 <0.001 585 1,430 

 
Panel B: Coefficients associated with Physician practice size 

Low value care spending (GLM) exp(b) P value 95% CI 
Physician practice size         

<=5 (ref.) 1.000 - - - 
6-19 0.975 0.403 0.918 1.035 
20-49 0.917 0.007 0.860 0.977 
>=50 0.900 <0.001 0.857 0.945 

 
Note: Table Panel A presents the adjusted spending on low-value services per 100 patients by physician price quintile and Panel B 
presents coefficients associated with practice size from GLM log link gamma models. Model included hospital referral region and 
measure population indicators, patient characteristics (risk scores, indicators for age groups and gender, and zip-code level median 
household income by quartiles) and physician characteristics (age and gender and indicators for foreign medical training and attending 
a top 25 medical school in the US) as well as physician group size. Model was clustered at the physician level and used robust 
standard errors.  
LVS, Low-value Service; CI, confidence interval 
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eAppendix Table 17. Association between GIM Physician Price and the Number of Low-Value 
Services, including physician group size as covariate 
 
Panel A: Average Marginal Effects for Physician Price quintile 

Low value care count (Negative Binomial) 

Number of low-
value care 

services per 100 
patients  Difference P-value 95% CI 

Adjusted for patient and all physician 
characteristics, including group size           
  Quintile 1 (ref) 13.9 0.0 - - - 
  Quintile 2 13.3 -0.6 0.113 -1.37 0.15 
  Quintile 3 13.3 -0.7 0.114 -1.53 0.16 
  Quintile 4 13.1 -0.9 0.053 -1.76 0.01 
  Quintile 5 13.4 -0.5 0.433 -1.77 0.76 

 
Panel B: Coefficients associated with Physician practice size 

Low value care count (Negative Binomial) IRR P value 95% CI 
Physician practice size         

<=5 (ref.) 1.000 - - - 
6-19 0.889 <0.001 0.849 0.931 
20-49 0.823 <0.001 0.783 0.866 
>=50 0.774 <0.001 0.741 0.809 

 
Note: Table Panel A presents the adjusted number of low-value services received per 100 patients by physician price quintile and 
Panel B presents coefficients associated with practice size from negative binomial regression model. Model included hospital referral 
region and measure population indicators, patient characteristics (risk scores, indicators for age groups and gender, and zip-code level 
median household income by quartiles) and physician characteristics (age and gender and indicators for foreign medical training and 
attending a top 25 medical school in the US) as well as physician group size. Model was clustered at the physician level and used 
robust standard errors.  
LVS, Low-value Service; CI, confidence interval 
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