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IMPORTANCE Facing new financial incentives to reduce unnecessary spending, health care
organizations may attempt to reduce wasteful care by influencing physician practices or
selecting more cost-effective physicians. However, physicians' role in determining the use of
low-value services has not been well described.

OBJECTIVES To quantify variation in provision of low-value health care services among
primary care physicians and to estimate the proportion of variation attributable to physician
characteristics that may be used to predict performance.

DESIGN, SETTING, AND PARTICIPANTS This retrospective analysis included national Medicare
fee-for-service claims of 3159 834 beneficiaries served by 41773 generalist physicians from
January 1, 2008, through December 31, 2013 (data were analyzed in 2016 through 2018).
Multilevel modeling was used to estimate the extent of variation in service use across
physicians within their region and provider organization, adjusted for patient clinical and
sociodemographic characteristics and sampling variation. The proportion of variation
attributable to physician characteristics that may be used to predict performance (age, sex,
academic degree, professorship, publication record, trial investigation, grant receipt,
pharmaceutical or device manufacturer payment, and panel size) was estimated via
additional regression analysis.

MAIN OUTCOMES AND MEASURES Annual count per beneficiary of 17 primary care-associated
services that provide minimal clinical benefit.

RESULTS Among the 3159 834 beneficiaries (58.3% women; mean [SD] age, 73.2 [11.0]
years) served by 41773 physicians (74.9% men; mean [SD] age, 48.0 [10.1] years), the mean
annual rate of low-value services was 33.1 services per 100 beneficiaries. Considerable
variation across physicians within the same region was found (SD, 8.8 [95% Cl, 8.7-8.9];
90th:10th percentile ratio, 2.03 [95% Cl, 2.01-2.06]) and across physicians within the same
organization (SD, 6.1 [95% Cl, 6.0-6.2]; 90th:10th percentile ratio, 1.61[95% Cl, 1.60-1.63]).
The corresponding rates at the 10th percentile of physicians within region and within
organization respectively were 21.8 and 25.3 services per 100 beneficiaries. Observable
physician characteristics accounted for only 4.4% of physician variation within region and
1.4% of physician variation within organization.

CONCLUSIONS AND RELEVANCE Physician practices may substantially contribute to low-value
service use, which is prevalent even among the least wasteful physicians. Because little
variation is predicted by measured physician characteristics, direct measures of low-value
care provision may aid organizational efforts to encourage high-value practices.
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Analysis of Physician Variation in Provision of Low-Value Services

ew payment models reward health care provider or-

ganizations for reducing wasteful care. These

models include accountable care organization pro-
grams that place spending for a provider organization’s
patient population under a global budget and provide
incentives to bring spending below the budget while achiev-
ing high performance on quality measures.! Understanding
physicians’ propensity to provide unnecessary medical
services independent of their patients’ needs could promote
success under these models. For example, knowing
physicians’ practice patterns, accountable care
organizations could target more wasteful physicians for
retraining. They could also include less wasteful physicians
in their risk contracts with payers or in their referral
networks. The premise of such physician-focused strategies
is that physician-specific factors (eg, education, prefer-
ences) may influence their providing unnecessary care.
However, efforts to describe the role physicians play in gen-
erating unnecessary care have been limited.

Recent studies have demonstrated the feasibility of
directly measuring low-value services that provide minimal
benefits for patients.?"> Such direct measurement offers
distinct advantages over alternative approaches, such
as less specific measures of the use of health care services
(eg, total risk-adjusted spending per patient) or profiling
based on physician characteristics (eg, age, sex, or
training).®!® Because they do not rely on comparisons,
direct measures of low-value service use provide an
assessment of overuse for all providers, even the most
efficient providers,® and thus may reveal the full potential
for strategies to eliminate wasteful care. Direct measures are
also likely to discriminate between more and less efficient
physicians better than indirect measures. In particular,
although characteristics such as physicians’ age, sex, or
training may be correlated with practice patterns,®3° such
characteristics may account for only a small proportion of
physician-level variation. Also, nonspecific measures of use
of health care services do not distinguish between
appropriate and inappropriate variation in service use.
Thus, direct measurement could better support efforts to
identify physicians with cost-effective practices.

Prior studies have explored variation in low-value
service use among regions and organizations to understand
the potential role of markets and organizations in shaping
practice patterns. However, to our knowledge, no study has
examined variation in a broad set of low-value services
at the physician level.?-3:5:31:32 Evidence of marked
physician-level variation in wasteful practices not
attributable to patient, organizational, or regional factors
would support a role of physician-level determinants in
generating overuse. Using Medicare claims and measures of
17 low-value services commonly provided in the primary
care setting, we assessed physician-level variation in
low-value service use within regions and within provider
organizations. We also assessed the extent to which this
variation could be explained by observable physician
characteristics that may be used to predict physician
performance.
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Key Points

Questions Does extensive variation exist among physicians in the
provision of low-value health care services, and can levels of
provision be predicted by observed physician characteristics?

Findings In this observational study using Medicare claims data of
3159 834 beneficiaries served by 41773 generalist physicians, the
rates of low-value services were 60% higher for primary care
physicians at the 90th percentile of their provider organization
than for physicians at the 10th percentile. Only 1.4% of physician
variation within organizations could be explained by observable
physician characteristics.

Meaning Although differences in physician practice patterns may
substantially contribute to low-value service use, it is difficult to
predict which physicians are more wasteful without measuring
their behavior.

Methods

Study Population

Data and Inclusion Criteria

We assessed patient characteristics and health care use from
Medicare enrollment and claims files from January 1, 2008,
through December 31, 2013, for arandom 20% sample of Medi-
care fee-for-service beneficiaries. We assessed physician char-
acteristics from a database assembled by Doximity, an online
social network for US physicians (Doximity, Inc). This data-
base includes not only members of the networking service but
also physicians identified via the National Provider Identifier
Registry, National Plan and Provider Enumeration System, state
licensing boards, specialty societies, and collaborating hospi-
tals and medical schools. The database includes physician char-
acteristics drawn from sources including the National Plan and
Provider Enumeration System, the Association of American
Medical Colleges faculty roster database, PubMed, Clinical-
Trials.gov, the National Institutes of Health Research Portfo-
lio Online Reporting Tools database, and the Centers of Medi-
care & Medicaid Services Open Payments database. Details of
this database and its validation have been published
elsewhere.!®-333¢ Institutional review board approval was
granted by the Harvard University Committee on the Use of
Human Subjects. Informed consent was not required for the
use of publicly available data, and data were analyzed in 2016
through 2018.

For each measurement year in the 2008-2013 study pe-
riod, we included beneficiaries who were continuously en-
rolled in Medicare Parts A and B in that year (while alive for
decedents) and in the prior year, were residing in one of the
50 US states or Washington, DC, and had at least 1 of the evalu-
ation and management services that were used to attribute ben-
eficiaries to physicians. We excluded patients attributed to phy-
sicians with missing data on key characteristics in the Doximity
database (16.4% of patient-year observations) or attributed to
physicians without at least 1 attributed patient qualifying for
the denominator of each measure of low-value service use
(16.7% of remaining patient-year observations).
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Patient and Physician Attribution

In each year, each patient was attributed to the primary care
physician (physicians with specialty codes indicating general
practice, family practice, internal medicine, or geriatric medi-
cine) who accounted for the plurality of the patient’s office vis-
its (Healthcare Common Procedure Coding System codes
92201-99205, 99211-99215, 99241-99245, G0402, GO438, and
G0439). Ties were broken based on the plurality of allowed
charges for office visits. As in prior work, provider organiza-
tions were defined by taxpayer identification numbers.> Phy-
sicians were attributed to the taxpayer identification number
accounting for the plurality of the physician’s office visit counts
during the study period, with ties broken as above.

Study Variables

Measures of Low-Value Services

The primary outcome of this study was the rate of use of 17
low-value services, reported as the number of services per
100 patients per year. As detailed in prior studies using these
measures,?3” we selected services that produce minimal av-
erage clinical benefit in specific clinical situations that could
be distinguished from potentially high-value indications with
reasonable accuracy using claims and enrollment data. Sources
for measure development included the American Board of In-
ternal Medicine Foundation’s Choosing Wisely initiative,>® the
US Preventive Services Task Force D recommendations,>® the
Canadian Agency for Drugs and Technologies in Health tech-
nology assessments,*® and the peer-reviewed medical
literature.*! The evidence base for these sources has been de-
tailed previously.?37 Of note, our study period largely pre-
cedes the 2012 expansion of the Choosing Wisely campaign.

As in prior studies,® when there was discretion in defin-
ing measures, we used more specific definitions, which
reduce the probability of detecting some low-value services,
but also reduce the probability of misclassifying high-value
services as low-value. Because this study’s focus was pri-
mary care physicians, we restricted our measure set to ser-
vices whose use could be influenced substantially by a pri-
mary care physician’s treatment or referral decisions. Our
approach attributed all low-value services received by a
patient to the patient’s primary care physician, including
some services for which other physicians were responsible.
In sensitivity analyses, we therefore repeated analyses with
smaller sets of services even more likely to reflect primary
care physicians’ decisions.

Table 1 describes each low-value service measure, its
operational definition, and the denominator population to
which it applies. Operational definitions relied on informa-
tion from claims, including the presence or timing of proce-
dures, diagnoses, emergency department visits, or hospital-
izations, and on information from the annual Master
Beneficiary Summary File, such as age and diagnoses
recorded in the Chronic Condition Data Warehouse, which
draws from Medicare claims since 1999 to describe benefi-
ciaries’ accumulated burden of chronic disease.*? Defining
denominator populations for each measure allowed our
analysis to account for differences across physicians in the
number of patients who could potentially receive certain
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low-value services. For example, the analysis of low-value
preoperative testing only included patients who underwent
surgical procedures so that comparisons across physicians
would not be confounded by differences in patients’ need
for surgery. Specific diagnosis and procedure codes used for
each measure are described in eTable 1 in the Supplement.

Beneficiary Covariates

From the Medicare Master Beneficiary Summary File, we as-
sessed age, sex, race/ethnicity, disability as the initial reason
for Medicare enrollment, Medicare-Medicaid dual eligibility,
and end-stage renal disease. From the Chronic Conditions Data
Warehouse, we assessed the presence of 27 chronic condi-
tions. Finally, from the 2007-2011 American Community Sur-
vey Summary File, we assessed the following characteristics
of the elderly population in each beneficiary’s zip code tabu-
lation area*®: median income, proportion of the population be-
low the federal poverty level, proportion with a high school
degree, and proportion with a college degree.

Physician Characteristics

From the Doximity database, we assessed physicians’ age, sex,
training, academic engagement, and payment from a pharma-
ceutical or device manufacturer. Age was recorded in years as
of July 2015. Training variables included academic degree (doc-
tor of medicine vs doctor of osteopathy), graduation from a for-
eign medical school, and graduation from a medical school
ranked among the top 20 research schools in US News and
World Report in 2013.%* Academic engagement variables in-
cluded rank of academic appointment (full professorship, as-
sociate professorship, assistant professorship, or no profes-
sorship), number of authored scientific publications, an
indicator for authoring any publications, status as principal or
subinvestigator of at least 1 registered clinical trial, and status
as principal investigator with at least 1 National Institutes of
Health grant. In addition to physicians’ amount of payment
from pharmaceutical or medical device companies, we in-
cluded an indicator for any nonzero payment. More informa-
tion on these variables and their sources has been detailed
elsewhere.!9-33-26 Finally, using Medicare claims, we esti-
mated Medicare fee-for-service panel size via the attribution
methods detailed above (before exclusion of any patients or
physicians from the sample), adjusting panel sizes to account
for the 20% random sampling.

Statistical Analysis

Physician Variation in Low-Value Service Provision

Data were analyzed from November 2016 through July 2018.
Because of sampling error and nonrandom sorting of patients
to physicians,*® unadjusted variation in low-value service use
across physicians will tend to overstate the amount of varia-
tion that is due to differences in physician practice (ie, the
amount of variation that would be observed if physicians
treated an infinite number of patients and if patients were ran-
domized to physicians). Therefore, we used multilevel mod-
els to estimate physician-level variation in rates of low-value
service use net of sampling error, with techniques to adjust for
patient, regional, and organizational factors.
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Table 1. Measures of Low-Value Services Related to Primary Care

Clinical Category

Measure

Operational Definition®

Denominator Population

Cancer screening

Diagnostic and preventive
testing

Preoperative testing

Imaging

Cardiovascular testing
and procedures

Other procedures

Cervical cancer screening for
women aged 265y

Colorectal cancer screening for
adults aged >85y

PSA testing for men aged 275y

Bone mineral density testing at
frequent intervals

Hypercoagulability testing for
patients with DVT

Total or free T; level testing for
patients with hypothyroidism

Preoperative chest radiography

Preoperative echocardiography

Preoperative PFT

Routine preoperative stress tests

CT of the sinuses for uncomplicated
acute rhinosinusitis

Back imaging for patients with
nonspecific lower back pain

Screening for carotid artery disease
in asymptomatic adults

Imaging for diagnosis of plantar
fasciitis

Stress testing for stable coronary
disease

Arthroscopic surgery for knee
osteoarthritis

Spinal injection for low back pain

Screening Papanicolaou test for women aged 265 y with
no personal history of cancer or dysplasia noted in claim
or in prior claims and no diagnoses of other female
genital cancers, abnormal Papanicolaou findings, or
human papillomavirus positivity in prior claims

Colorectal cancer screening (colonoscopy,
sigmoidoscopy, barium enema, or fecal occult blood
testing) for patients aged =86 y with no history of colon
cancer

PSA testing for patients aged 275 y with no history of
prostate cancer

Bone mineral density test within 2 y of a prior bone
mineral density test for patients with an established
osteoporosis diagnosis

Laboratory tests for hypercoagulable states within 30 d
after diagnosis of lower extremity DVT or pulmonary
embolism; no prior evidence of recurrent thrombosis,
defined by diagnosis of DVT or pulmonary embolism >90
d before the testing claim

Total or free T; level measurement in a patient with a
hypothyroidism diagnosis during the year

Chest radiography not associated with inpatient or ED
care and occurring within 30 d before a low- or
intermediate-risk noncardiothoracic surgical procedure?

Echocardiography not associated with inpatient or ED
care and occurring within 30 d before a low- or
intermediate-risk noncardiothoracic surgical procedure?

PFT not associated with inpatient or ED care and
occurring within 30 d before a low- or intermediate-risk
surgical procedure®

Stress electrocardiography, echocardiography, nuclear
medicine imaging, cardiac MRI, or CT angiography not
associated with inpatient or ED care and occurring within
30 d before a low- or intermediate-risk surgical
procedure?

Maxillofacial CT study with a diagnosis of sinusitis and no
complications of sinusitis,” immune deficiencies, nasal
polyps, or head and/or face trauma noted in claim and no
sinusitis diagnosis from 30 to 365 d before imaging

Back imaging with a diagnosis of lower back pain
occurring within 6 wk of initial back pain diagnosis and
with no indication of radiculopathy or other diagnoses in
claim warranting imaging®

Carotid imaging not associated with inpatient or ED care
for patients without a history of stroke or TIA and without
a diagnosis of stroke, TIA, or focal neurologic symptoms
in claim

Radiographic imaging or MRI with diagnosis of plantar
fasciitis occurring within 2 wk of initial foot pain
diagnosis

Stress testing not associated with inpatient or ED care?
for patients with an established diagnosis of acute
myocardial infarction (26 mo before testing)

Arthroscopic debridement/chondroplasty of the knee
with diagnosis of osteoarthritis or chondromalacia in the
procedure claim and no meniscal tears noted in procedure
claim

Outpatient epidural, facet, or trigger point injections for
lower back pain, excluding etanercept; no radiculopathy
diagnoses in the claim

Women aged 265y

Patients aged >85y

Men aged 275y

Patients with osteoporosis®

Patients with DVT®

Patients with hypothyroidism*®

Patients undergoing selected
surgical procedures©

Patients undergoing selected
surgical procedures©

Patients undergoing selected
surgical procedures®

Patients undergoing selected
surgical procedures®

All patients

All patients

All patients

Patients with fasciitis diagnosis©

Patients with AMI"

All patients

All patients

Abbreviations: AMI, acute myocardial infarction; CT, computed tomography;
DVT, deep vein thrombosis; ED, emergency department; MRI, magnetic
resonance imaging; PFT, pulmonary function testing; PSA, prostate-specific
antigen; T, triiodothyronine; TIA, transient ischemic attack.

@ Prior claims indicates claims for services before the day of the measured
service and during or after the prior calendar year. Unless otherwise indicated,
inpatient-associated indicates occurring during within 30 d after an inpatient
stay; ED-associated, during or 1day after an ED visit.

b Defined by the presence of Chronic Condition Data Warehouse first indication
date before December 31 of the year.

< Defined by presence of relevant diagnosis or service codes during the year.

9Includes breast procedures, colectomy, cholecystectomy, transurethral

resection of the prostate, hysterectomy, orthopedic surgical procedures other
than hip and knee replacement, corneal transplant, cataract removal, retinal
detachment, hernia repair, lithotripsy, arthroscopy, and cholecystectomy.

¢ Includes procedures listed in note e as well as coronary artery bypass graft,
aneurysm repair, thromboendarterectomy, percutaneous transluminal
coronary angioplasty, and pacemaker insertion.

f Includes inflammation of eyelid or orbit, orbital cellulitis, and visual problems.

8 |npatient-associated is defined here as occurring during an inpatient stay;
ED-associated, during or within 14 days after an ED visit.

" Exclusion diagnoses include cancer, trauma, intravenous drug abuse,
neurologic impairment, endocarditis, septicemia, tuberculosis, osteomyelitis,
fever, weight loss, loss of appetite, night sweats, and anemia.
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As in prior work,> we used a multilevel modeling ap-
proach developed by Fay and Herriot.*® This established
method has been used to analyze composite measures of health
care quality composed of multiple quality elements.*” First,
for each low-value service, we calculated scores reflecting each
physician’s covariate-adjusted rate of use. The service score
was calculated via linear regression modeling of the number
of times a beneficiary received the service as a function of ben-
eficiary covariates, indicators for year, hospital referral re-
gion fixed effects, and physician fixed effects. The physician
fixed effects yielded estimates of each physician’s score for that
service. To better account for patient factors that might affect
apatient’s likelihood of receiving a low-value service, we lim-
ited the samples for these regressions to beneficiaries satisfy-
ing the measure’s denominator criteria.

Second, a physician’s composite score was calculated as
a weighted sum of the physician’s service-specific scores
(eMethods in the Supplement). Third, we fit multilevel mod-
els to those composite scores to estimate variation across phy-
sicians, adjusted for sampling error. These models produced
final estimates of between-physician variation (ie, SD) in rates
of low-value services. To facilitate interpretation, we present
SDs and their corresponding ratios of 90th to 10th percen-
tiles, calculated based on the properties of normal distribu-
tions and physicians’ mean rate of low-value service provi-
sion. For example, a 90th:10th percentile ratio of 2.0 would
suggest twice the rate of low-value services per patient per year
for physicians at the 90th percentile of low-value service use
than for physicians at the 10th percentile.

Examining within-region and within-organization varia-
tion allowed us to estimate whether substantial variation in
physician practices existed even when holding constant all
market-level or organization-level factors. The inclusion of hos-
pital referral region fixed effects in this analysis yielded esti-
mates of variation across physicians within the same geo-
graphic service area. To estimate within-organization variation,
we repeated the analysis with physicians nested within an ad-
ditional level, provider organizations, in our multilevel model.
This model also allowed us to estimate the extent of between-
organization variation in low-value services. To gauge the ex-
tent to which our estimates of physician-level variation in low-
value service provision reflected variation in patients’ clinical
characteristics, we conducted a sensitivity analysis without ad-
justment for chronic conditions.

Proportion of Variation Predicted by Physician Characteristics

To calculate the proportion of variation in low-value service
provision predicted by physician characteristics, we com-
pared the magnitude of variation observed in the preceding
analyses to the magnitude of variation that would be pre-
dicted by differences in physician characteristics alone. This
process entailed estimating associations between physician
characteristics and low-value service use, predicting each phy-
sician’s rate of low-value service use based on the physician’s
characteristics, and measuring the variation across physi-
ciansin those predicted rates of low-value services (eMethods
in the Supplement). Again, we predicted variation within their
region and the provider organization. The proportion of
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low-value service variation attributable to physician charac-
teristics was calculated as the ratio of the variance of these pre-
dictions to the variance in observed rates of low-value
services from the prior analysis.

. |
Results

Overall, 3159 834 beneficiaries (58.3% women and 41.7% men;
mean [SD] age, 73.2 [11.0] years) served by 41773 physicians
(25.1% women and 74.9% men; mean [SD] age, 48.0 [10.1]
years) in 6771 provider organizations distributed across 306
regions were included in this study, with 10 199 293 beneficiary-
year observations (Table 2). Physicians’ mean rate of low-
value service provision was 33.1 services per 100 beneficia-
ries per year. Without adjustment for patient, regional, or
organizational factors, the SD was 14.4 services per 100 ben-
eficiaries per year, corresponding to a 90th:10th percentile
ratio of 3.54.

The Figure displays the distribution of low-value service
rates across physicians within the same geographic service
(Figure, A) and within the same provider organization (Figure,
B), both adjusted for patient characteristics. Within region, the
estimated SD was 8.8 services per 100 beneficiaries per year
(95% CI, 8.7-8.9), which corresponds to a 90th:10th percen-
tile ratio of 2.03 (95% CI, 2.01-2.06) and a 10th percentile of
21.8 services per 100 beneficiaries per year. Within the same
provider organizations, the estimated SD was 6.1 services per
100 beneficiaries per year (95% CI, 6.0-6.2), corresponding to
a90th:10th percentile ratio of 1.61(95% CI, 1.60-1.63) and a 10th
percentile of 25.3 services per 100 beneficiaries per year. The
estimated SD in low-value service rates across organizations
was 7.7 services per 100 beneficiaries per year. Estimates of
variation were not substantially affected by excluding adjust-
ment for patients’ comorbidities (within-region adjusted 90th:
10th percentile ratio, 2.13 [10th percentile, 21.1]; within-
organization adjusted 90th:10th percentile ratio, 1.66
[10th percentile, 24.9]). Table 3 presents this comparison in
tabular form.

The Figure also presents the smaller magnitude of varia-
tion in low-value service rates across physicians that would be
predicted by differences in physician characteristics. Table 4
presents the estimated associations between physician char-
acteristics and low-value service rates used to calculate the pre-
dicted distributions. Within regions, 10 of 15 physician char-
acteristics were predictive of low-value service use. Within
organizations, 7 of 15 physician characteristics were predic-
tive of low-value service use. Together, all physician charac-
teristics accounted for 4.4% of within-region physician varia-
tion in low-value service provision (Figure, C) and 1.4% of
within-organization variation (Figure, D).

Sensitivity analyses using narrower sets of low-value
services that were more likely ordered by primary care phy-
sicians demonstrated similar results (eFigures 1-2 and
eTables 2-3 in the Supplement). For example, for a narrower
set of 12 low-value service measures (mean rate, 25.5 ser-
vices per 100 beneficiaries per year), the adjusted 90th:10th
percentile ratio of low-value service rates within region was
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Table 2. Beneficiary and Physician Characteristics?

Table 2. Beneficiary and Physician Characteristics® (continued)

Characteristic Data Characteristic Data
Beneficiaries No. of organizations 6771
No. of beneficiaries 3159834 No. of physicians per organization, 6.2 (10.2)
. mean (SD) pery
No. of beneficiary-years observed 10 199 293
Abbreviations: CCW, Chronic Conditions Data Warehouse; DO, doctor of
A2 W 30 P2 {0 osteopathy; FFS, fee-for-service; FPL, federal poverty level; MD, doctor of
Female, % 58.3 medicine; NIH, National Institutes of Health; ZCTA, zip code tabulation area.
Race/ethnicity, % 2 Estimates are derived from 2008-2013 data. All means (SDs) and percentages
are unadjusted.
White 90.1 R o S -
Refers to beneficiaries for whom disability was the original reason for
Black 6.9 Medicare eligibility.
Hispanic 0.8 € Chronic conditions include the following 27 conditions from the CCW: acute
oth a0 myocardial infarction, Alzheimer disease, Alzheimer disease and related
er ’ disorders or senile dementia, anemia, asthma, atrial fibrillation, benign
Medicaid recipient, % 14.3 prostatic hyperplasia, breast cancer, cataracts, chronic kidney disease, chronic
. ob obstructive pulmonary disease, colorectal cancer, depression, diabetes,
Disabled, % 18.5 . . X R
endometrial cancer, heart failure, hip or pelvic fracture, glaucoma,
End-stage renal disease, % 0.8 hyperlipidemia, hypertension, hypothyroidism, ischemic heart disease, lung
No. of CCW conditions® cancer, osteoporos_ls, pfostatelcancer. rheumatoid arthritis or osteoarthritis,
and stroke or transient ischemic attack.
Total, mean (SD) 5.4 (2.6)
26, % 47.7
>0 % 18.5 2.10 services per 100 beneficiaries per year, with a 10th per-
E=h 20 : . . . . .
= - centile of 16.4 services per 100 beneficiaries per year; the
Qualified low-value service measure 6.7 (1.6)

denominators, mean (SD)

ZCTA characteristics for those
aged 265y

Median income (SD), $

39532(13947)

Below FPL, % 8.2
With high school degree, % 77.3
With college degree, % 20.7
Physicians
No. of physicians 41773

Medicare panel size FFS
beneficiaries per y, mean (SD)

Age, mean (SD), y

Female, %

MD (vs DO) academic degree, %
Foreign medical school graduate

Graduate of medical school in US News
and World Report 2013 top 20 rank, %

Academic title, %
Full professor
Associate professor
Assistant professor
No professorship
Publication author, %
No. of publications authored, mean (SD)
Clinical trial investigator, %
NIH grant recipient, %

Recipient of pharmaceutical/device company
payments, %

Mean (SD) pharmaceutical/device company
payments, $

No. of low-value services per 100 beneficiaries,

mean (SD)

275.6 (170.2)

48.0(10.1)
25.1

94.0

17.7

7.8

0.5

1.0

2.7

95.8
17.7
1.1(6.9)
0.4

03

54.7

665.1(8216.8)

33.1(14.4)

jamainternalmedicine.com

(continued)

adjusted 90th:10th percentile ratio of low-value service
rates within organization was 1.67 services per 100 benefi-
ciaries per year, with a 10th percentile of 19.1 services per
100 beneficiaries per year (eFigure 1 in the Supplement).
Physician characteristics accounted for 4.6% of within-
region variance and 1.8% of within-organization variance.

|
Discussion

In this study of low-value services received by Medicare ben-
eficiaries, we observed substantial variation among primary
care physicians, of which a small fraction was attributable to
observable physician characteristics. Even within the same pro-
vider organization, low-value service use varied substan-
tially among physicians. Adjusted rates of low-value services
for patients served by physicians at an organization’s 90th per-
centile were 61% greater than those for patients served by phy-
sicians at the organization’s 10th percentile. Adjustment for
patient’s comorbidities had minimal effect on this variation,
suggesting that differences in low-value service use between
patients served by different physicians were not primarily
driven by differences in clinical needs. These findings of ex-
tensive physician-level variation not attributable to patient,
organizational, or regional factors suggest that physician prac-
tice patterns may contribute substantially to overuse. Accord-
ingly, strategies to identify and remediate wasteful practices
at the physician level may be effective for provider organiza-
tions participating in alternative payment models.

We also observed substantial rates of low-value services
even among physicians whose patients received the fewest low-
value services. In a typical region, patients served by physi-
cians at the 10th percentile of low-value service use still re-
ceived more than 20 low-value services per 100 patients
annually. Thus, strategies to reduce levels of overuse among
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Figure. Variation in Low-Value Health Care Services Across Physicians
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A and B, Distributions of annual rates of low-value services (predicted modes)
adjusted for beneficiary sociodemographic and clinical characteristics, local area
economic and educational characteristics, year, and hospital referral region, as
well as health care provider organization (B only). These graphs represent

adjusted rates of low-value services for physicians practicing within the same
region (A) and within the same health care provider organization (B). Cand D,
Corresponding predicted distributions of annual rates of low-value services,
adjusted for the same factors, based on physician characteristics.

Table 3. Estimates of Across-Physician Variation, With and Without Chronic Condition Adjustment

90th:10th Percentile

Model® SD (95% Cl) Ratio (95% Cl) 10th Percentile (95% Cl) 90th Percentile (95% Cl)
Baseline
Adjusted for beneficiary characteristics 8.8 (8.7-8.9) 2.03(2.01-2.06) 21.8(21.6-22.0) 44.3 (44.2-44.5)
and region
Adjusted for beneficiary characteristics, 6.1 (6.0-6.2) 1.61(1.60-1.63) 25.3(25.2-25.4) 40.8 (40.7-41.0)
region, and organization
Without adjustment for chronic conditions
Adjusted for beneficiary characteristics 9.3(9.2-9.5) 2.13(2.10-2.16) 21.1(21.0-21.3) 45.0 (44.8-45.2)
and region
Adjusted for beneficiary characteristics, 6.4 (6.3-6.5) 1.66 (1.65-1.67) 24.9 (24.7-25.0) 41.3 (41.1-41.4)

region, and organization

2 Units of SD, 10th percentile, and 90th percentile are presented as number of
low-value services per 100 beneficiaries per year. All models contain
adjustments for beneficiary sociodemographic characteristics, local area
economic and educational characteristics, year, and hospital referral region.
Estimates are presented for models with and without adjustments for the
following 27 conditions: acute myocardial infarction, Alzheimer disease,
Alzheimer disease and related disorders or senile dementia, anemia, asthma,

atrial fibrillation, benign prostatic hyperplasia, breast cancer, cataracts, chronic
kidney disease, chronic obstructive pulmonary disease, colorectal cancer,
depression, diabetes, endometrial cancer, heart failure, hip or pelvic fracture,
glaucoma, hyperlipidemia, hypertension, hypothyroidism, ischemic heart
disease, lung cancer, osteoporosis, prostate cancer, rheumatoid arthritis or
osteoarthritis, and stroke or transient ischemic attack.
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Table 4. Association Between Physician Characteristics and Low-Value Services

Within-Organization Analysis®
Additional Services per 100

Within-Region Analysis®
Additional Services per 100

Physician Characteristic Beneficiaries per Year (95% CI) P Value Beneficiaries per Year (95% CI) P Value
Academic degree (MD vs DO) -1.10 (-1.66 to -0.55) <.001 -1.05(-1.54 to 0.55) <.001
Foreign medical graduate 1.80(1.37t02.23) <.001 0.71(0.38to 1.04) <.001
Graduate of medical school in US News -0.39 (-0.88 t0 0.09) 11 -0.41 (-0.83t0 0.01) .05
and World Report 2013 top 20 rank
Age© 0.23(0.10to 0.36) .001 0.16 (0.05 t0 0.27) .004
Female 0.82(0.54t01.11) <.001 1.13(0.88t0 1.37) <.001
Academic title (vs no professorship)

Full professor -4.80 (-6.01 to -3.59) <.001 -0.95 (-2.09t0 0.19) .10

Associate professor -4.14 (-5.38 to -2.90) <.001 -0.86 (-2.00t0 0.27) .14

Assistant professor -3.03 (-3.66t0-2.41) <.001 -0.38 (-0.99t0 0.24) 23
Any publication authorship -0.13(-0.49t00.22) 47 -0.16 (-0.44 t0 0.120) .25
No. of publications authored 0.01 (-0.01 to 0.03) 45 0.01 (-0.01t0 0.02) 24
Clinical trial investigator -0.22 (-2.82t02.37) .87 -0.08 (-1.90t0 1.73) .93
NIH grant recipient -0.49 (-2.94 t0 1.96) .69 -0.34 (-2.05t0 1.38) .70
Any pharmaceutical and/or device company payments 1.86(1.60t02.12) <.001 0.43(0.18 t0 0.699) .001
Pharmaceutical and/or device company payment amount?  0.11 (0.03 to 0.19) .01 0.09 (0.03 t0 0.15) .002
Medicare FFS panel size® 10.59 (8.14 to 13.05) <.001 2.53(0.72t0 4.34) .006

Abbreviations: DO, doctor of osteopathy; FFS, fee-for-service; MD, doctor of
medicine; NIH, National Institutes of Health.

2 n addition to patient sociodemographic and clinical characteristics, this model
contains indicators for each patient hospital referral region, effectively
comparing physicians within the same geographic service area. Confidence
intervals were estimated using robust variance estimators, clustered at the
physician level.

®|n addition to patient sociodemographic characteristics, clinical characteristics,
and hospital referral region, this model also contains indicators for provider
organization tax identification number, effectively comparing physicians

within the same provider organization. Confidence intervals were estimated
using robust variance estimators, clustered at the physician level.

¢ Coefficient is scaled to represent the additional services per 100 beneficiaries
that are associated with a 10-year increase in age.

d Coefficient is scaled to represent the additional services per 100 beneficiaries
that are associated with a $5000 increase in pharmaceutical and/or device
company payments.

¢ Coefficient is scaled to represent the additional services per 100 beneficiaries
that are associated with an increase of 100 patients per year.

all physicians may achieve greater gains than strategies rely-
ing on existing variation to identify and focus on physicians
exhibiting the most wasteful practice patterns.

Extending prior work,> we demonstrated substantial varia-
tion in rates of low-value services across different provider or-
ganizations even after accounting for variation across physi-
cians. Despite the considerable variation we observed across
physicians within the same organization, the variation across
organizations in the use of low-value services was much greater
than would be expected due to chance. This finding is consis-
tent with the hypothesis that provider organizations shape
and/or select for the practice patterns of affiliated physicians,
which is a premise of organization-focused reforms such as ac-
countable care organizations. Possible mechanisms include dif-
ferences across organizations in recruitment, training, or com-
pensation of physicians or in practice guidelines, environment,
and management of low-value care specifically.

Although we observed associations between several phy-
sician characteristics and rates of low-value services, the as-
sociations were weak and accounted for a minimal fraction of
the physician variation we observed. This finding suggests po-
tential advantages of directly assessing physician perfor-
mance on measures of low-value care rather than on their per-
sonal characteristics. Indeed, only 1 physician characteristic,
greater size of patient panel, predicted substantially higher

jamainternalmedicine.com

rates of low-value services. This association must be inter-
preted with caution, in part because our estimates of panel size,
based on visits, may have been inflated for physicians more
eager to schedule follow-up appointments. Furthermore, be-
cause physician characteristics are not randomly distributed
among physicians, associations between characteristics and
low-value services should not be interpreted causally.

Limitations

Our study had several additional limitations. First, the obser-
vational design did not support firm causal conclusions about
the amount of low-value service use owing to physicians. If
patients were randomized to physicians and physicians were
randomized to provider organizations, we may have found dif-
ferent magnitudes of variation across physicians in rates of low-
value service use. For example, some proportion of the varia-
tion we observed could be attributable to differences in patient
characteristics such as preferences regarding the receipt of low-
value services. However, prior research has indicated that
patient preferences are unlikely to be a strong driver of
overuse,>*%49 and many of the services we studied are not
likely to be familiar to patients. Although unmeasured pa-
tient clinical characteristics could explain some proportion of
the variation we observed, our results were similar with and
without adjustment for patient chronic conditions. Further-
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more, we isolated physician variation within regions or orga-
nizations, accounting for systematic differences in patient
populations that we could not observe. Although unmea-
sured differences in patients across physicians could lead to
overestimation of physician variation, the tendency of physi-
cians with similar practice styles to work in similar organiza-
tions or regions, (ie, homophily) could lead to underestima-
tion of physician variation.

Second, our study examined only one dimension of qual-
ity of care: overuse. The overall value of services delivered by
a physician depends on additional dimensions such as diag-
nostic accuracy and provision of necessary treatments. Fur-
thermore, physicians with high use of the measured services
may or may not be consistently high users of other low-value
services. Our estimates of variation do not support conclu-
sions regarding the strength of association between physi-
cians’ use of different low-value services.

Third, some high-value services may have been misclas-
sified as low-value in our study. This error would not have
induced bias in our estimates if the misclassification were
random across physicians. However, bias would have
resulted if the misclassification frequency was greater
among certain physicians or among physicians with certain
characteristics. Fourth, low-value services may have been
misattributed to a primary care physician if they were

Analysis of Physician Variation in Provision of Low-Value Services

ordered or requested by physicians (eg, specialists) other
than the primary care physician. However, sensitivity analy-
ses focusing on tests and studies more likely to be ordered
by primary care physicians produced estimates of variation
that were similar to our main results. Moreover, even if phy-
sicians other than the patients’ attributed primary care phy-
sicians were responsible for some services, one could still
reasonably interpret the variation we measured as driven by
physician-level factors.

. |
Conclusions

New financial incentives for provider organizations to
reduce spending have spurred efforts to discourage low-
value service use and to identify more and less wasteful
organizations. Our study suggests that physician practices
may drive much of low-value care and that low-value prac-
tices are prevalent even among the least wasteful physi-
cians. Because physician characteristics explain little varia-
tion in low-value care, profiling physicians using direct
measures of low-value care may be useful in supporting
efforts to incentivize more cost-effective practices through
targeted retraining of physicians or selective inclusion of
physicians in networks and risk contracts.
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