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IMPORTANCE Most evaluations of pay-for-performance (P4P) incentives have focused on large-
group practices. Thus, the effect of P4P in small practices, where many US residents receive care,
is largely unknown. Furthermore, whether electronic health records (EHRs) with chronic disease
management capabilities support small-practice response to P4P has not been studied.

OBJECTIVE To assess the effect of P4P incentives on quality in EHR-enabled small practices in
the context of an established quality improvement initiative.

DESIGN, SETTING, AND PARTICIPANTS A cluster-randomized trial of small (<10 clinicians) primary
care clinics in New York City from April 2009 through March 2010. A city program provided all
participating clinics with the same EHR software with decision support and patient registry func-
tionalities and quality improvement specialists offering technical assistance.

INTERVENTIONS Incentivized clinics were paid for each patient whose care met the performance
criteria, but they received higher payments for patients with comorbidities, who had Medicaid
insurance, or who were uninsured (maximum payments: $200/patient; $100 000/clinic). Qual-
ity reports were given quarterly to both the intervention and control groups.

MAIN OUTCOMES AND MEASURES Comparison of differences in performance improvement,
from the beginning to the end of the study, between control and intervention clinics for
aspirin or antithrombotic prescription, blood pressure control, cholesterol control, and
smoking cessation interventions. Mixed-effects logistic regression was used to account for
clustering of patients within clinics, with a treatment by time interaction term assessing the
statistical significance of the effect of the intervention.

RESULTS Participating clinics (n = 42 for each group) had similar baseline characteristics, with
a mean of 4592 (median, 2500) patients at the intervention group clinics and 3042 (median,
2000) at the control group clinics. Intervention clinics had greater adjusted absolute
improvement in rates of appropriate antithrombotic prescription (12.0% vs 6.1%, difference:
6.0% [95% CI, 2.2% to 9.7%], P = .001 for interaction term), blood pressure control (no
comorbidities: 9.7% vs 4.3%, difference: 5.5% [95% CI, 1.6% to 9.3%], P = .01 for interaction
term; with diabetes mellitus: 9.0% vs 1.2%, difference: 7.8% [95% CI, 3.2% to 12.4%],
P = .007 for interaction term; with diabetes mellitus or ischemic vascular disease: 9.5% vs
1.7%, difference: 7.8% [95% CI, 3.0% to 12.6%], P = .01 for interaction term), and in smoking
cessation interventions (12.4% vs 7.7%, difference: 4.7% [95% CI, −0.3% to 9.6%], P = .02 for
interaction term). Intervention clinics performed better on all measures for Medicaid and
uninsured patients except cholesterol control, but no differences were statistically significant.

CONCLUSIONS AND RELEVANCE Among small EHR-enabled clinics, a P4P incentive program
compared with usual care resulted in modest improvements in cardiovascular care processes
and outcomes. Because most proposed P4P programs are intended to remain in place more
than a year, further research is needed to determine whether this effect increases or
decreases over time.
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I nnovations in technology and a greater focus on chronic
disease management are changing the way health care is
delivered.1 The Affordable Care Act (ACA) includes pay-

ment reforms intended to facilitate substantive change and sys-
tem redesign.2 As health care evolves, it is important to un-
derstand how payment models influence performance in new
care delivery environments.

In 2005, the New York City Department of Health and Men-
tal Hygiene (DOHMH) established the Primary Care Informa-
tion Project (PCIP) to improve preventive care for chronically
ill patients in low–socioeconomic status neighborhoods.
Funded through city, state, federal, and private foundation con-
tributions of more than $60 million, PCIP codesigned and
implemented in participating practices a prevention-
oriented electronic health record (EHR) system with clinical
decision support and disease registries and offered technical
assistance and quality improvement visits.3

Most existing literature evaluates pay-for-performance
(P4P) in large-group practices.4-7 In contrast, the participat-
ing New York City practices were small (mostly 1-2 clinicians).8

Small practices, where the majority of patients still receive care
nationally,9 historically have provided lower-quality care—
especially solo practices10—and may have greater obstacles in
improving care because they lack the scale and organiza-
tional structure to do so.10,11 With widespread implementa-
tion of EHRs,1 it is possible that EHR-enabled solo and small-
group practices will be able to respond to P4P incentives and
improve quality, but this has not been demonstrated.12

To address this gap in knowledge, we performed a cluster-
randomized trial to assess the effect of P4P on preventive care
processes and outcomes among practices participating in PCIP.

Methods
Setting and Participants
The institutional review boards at the University of Califor-
nia, San Francisco, and the New York City DOHMH approved
the study, with waivers of patient informed consent. Clinic
owners provided written informed consent for participation.
Eligible clinics were small practices (1-10 clinicians) partici-
pating in the PCIP. The PCIP provided all clinics EHR soft-
ware (eClinical Works) with clinical decision support (passive
reminders on a sidebar for each patient) for the measures in
the study, and with patient registry and quality reporting
capabilities.3,8,13 Clinic eligibility criteria were having at least
200 patients eligible for measurement, having at least 10% Med-
icaid or uninsured patients, and use of the EHR software for
at least 3 months. Clinics were randomized in March 2009. Be-
cause the effect of P4P is contingent on clinicians knowing
about the incentive, clinicians were not blinded to their group
assignment.

The PCIP provided all practices with on-site quality im-
provement assistance, including coaching clinicians on EHR
quality improvement features, supporting workflow rede-
sign, and demonstrating proper EHR documentation of the
study measures. The quality improvement coaches were
blinded to clinic group assignment.

Randomization
Practices that agreed to participate were stratified by size (1-2
clinicians, 3-7 clinicians, or 8-10 clinicians), EHR implemen-
tation date, and New York City borough.

Intervention
We randomized participating clinics to either an intervention
group receiving financial incentives and benchmarked quar-
terly reports of their performance or a control group receiv-
ing only quarterly reports. The financial incentive was paid to
the practice at the end of the study. The clinicians in each prac-
tice decided whether to divide the incentive among them-
selves or to invest in the practice.

The incentive design reflected a conceptual model from a
study by Frølich and coauthors.14 We paid the incentive to the
clinic, and we paid for a related set of measures to motivate
clinicians to use practice-level mechanisms to enhance popu-
lation-level disease management.14 Clinicians may discount
their estimates of expected revenue from the incentive if there
is uncertainty about achieving the level of performance
required.14,15 Therefore, an incentive was paid for every in-
stance of a patient meeting the quality goal, and clinicians were
not penalized for patients who did not meet the quality goal.
In addition, clinicians may better respond to incentives that
recognize the opportunity cost of achieving the incentive rela-
tive to other work (eg, spending more time with a patient to
achieve the metric rather than earning more money by seeing
an additional patient).14,15 To encourage physicians to im-
prove care even for those patients for whom changing out-
comes might require more resources (either because those pa-
tients were sicker or had lower socioeconomic status), we
structured the incentive to give a higher payment when goals
were met among patients with certain comorbidities or, as prox-
ies for socioeconomic status, had Medicaid insurance, or were
uninsured (see Table 1).

Because the differential amount of resources required to
care for these populations is not known, we chose the base-
line payment and the differential amounts based on informa-
tional interviews with clinicians and based on the Medicaid
fee-for-service reimbursement at the time for a preventive visit
for a healthy adult (approximately $18). The total amounts
available to be awarded across a clinician’s patient panel was
expected to be approximately 5% of an average physician’s an-
nual salary.16

The study period was April 2009 to March 2010. In April
2009, study staff sent e-mails and letters to all clinics regard-
ing group assignment, including materials describing perfor-
mance measures and their documentation in the EHR (all clin-
ics, eAppendix A in the Supplement) and the incentive
structure (intervention group, eAppendix B in the Supple-
ment). Quality reports were sent to all practices quarterly (see
intervention group—eAppendix C, and control group—
eAppendix D in the Supplement), with a final report deliv-
ered March 2010.

Objectives and Outcomes
The clinical areas targeted for P4P incentives were processes
and intermediate outcomes that reduce long-term cardiovas-
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cular risk (the ABCS: aspirin or antithrombotic prescription,
blood pressure control, cholesterol control, smoking cessa-
tion), summarized in Table 1. We included intermediate out-
come measures (blood pressure and cholesterol control) be-
cause they are more proximate to better population health,
whereas there is sometimes only a weak relationship be-
tween process measures and long-term outcomes.17,18

The primary outcome of interest was the differences be-
tween the incentive and control groups in the proportion of
patients achieving the targeted measures. The secondary out-
come was the differences between the incentive and control
groups in the proportion of patients achieving the targeted
measures among patients who were harder to treat because of
comorbidities or insurance status. Health Maintenance Orga-
nization (HMO) Medicaid patients were not analyzed sepa-
rately from other HMO patients because some clinics do not
distinguish HMO Medicaid patients in the EHR.

Patients were identified for inclusion using International
Classification of Diseases, Ninth Revision and Current Proce-
dural Terminology codes embedded in the EHR progress notes
(see eAppendix E in the Supplement). Patients with their cho-
lesterol levels tested in the 5 years prior were included in the
cholesterol measure. Patients were counted as achieving the
measure goal based on blood pressure values, aspirin or other
antithrombotic prescriptions, cholesterol values, and smok-
ing cessation interventions documented in structured fields
in the EHR, designed to be completed as part of clinicians’ nor-
mal workflow, as previously described.8

Data Collection
To assess baseline differences in clinic characteristics be-
tween control and intervention groups, including patient panel
size, we used data reported on the PCIP program agreements
by participating clinicians. Both baseline and end-of-study per-
formance data were collected electronically by PCIP staff at the
end of the study. Clinics that exited the study did not contrib-
ute baseline or end-of-study data. Measure achievement was
assessed using the final documentation in the EHR from the
study period. If there were multiple blood pressure measure-

ments recorded for a single patient before the study, the last
prestudy measurement was used to assess control at base-
line. If there were then multiple blood pressure measure-
ments during the study period, the last measurement in the
study period was used to determine whether end-of-study con-
trol was achieved.

Statistical Methods
Power calculations were based on the Donner and Klar
formula.19 There was no peer-reviewed literature about the
likely effects of an incentive of this size on our dependent vari-
ables, but we a priori estimated that the effect size would be
approximately a 10% increase in the absolute level of perfor-
mance. We used an intracluster correlation coefficient (ICC) of
0.1 as a conservative estimate based on prior published data
on ICC for other process and outcome measures.20 With 42 clin-
ics per group, assuming that the number of patients per clinic
per measure was an average of 50 patients and the control
group performance was 20%, using a 2-sided test and 5% level
of significance, we had 87% power to detect a 10% difference
in performance across the measures (with 77% power if the con-
trol group performance was 50%). For the subgroup analysis
of Medicaid non-HMO and uninsured patients, assuming that
the number of patients per clinic per measure was 5 and the
control group performance was 20%, we had 52% power to de-
tect a 10% difference (with 41% power if the control group per-
formance was 50%). We did not power the study to find a dif-
ference in the subgroup analysis.

For comparison of clinic and patient characteristics, the
Wilcoxon rank sum test was used.

The unit of observation in this trial was the patient, but
data were aggregated at the clinic level. Clinics that did not pro-
vide data were not included in the analysis (Figure). Patients
were clustered within clinics, with variability in the number
of patients per clinic. Because this can lead to larger clinics
dominating results, we adjusted for clinic-level clustering. To
accommodate the likely correlation of patient outcomes within
clinic and to accommodate potential repeated measures for pa-
tients presenting for care during the baseline and study mea-

Table 1. Incentive Payment Structurea

Clinical Preventive
Service Baseline Payment, $

Payment for High-Risk Patients, $

Total Possible Payment
Per Patient, $

Insurance:
Uninsured/Medicaid

Comorbidity:
IVD or DM

Combination of Insurance
and Comorbidity:

Uninsured/Medicaid
and IVD or DM

Aspirinb 20 20 20

Blood pressure controlc 20 40 40 80 80

Cholesterol controld 20 40 40 80 80

Smoking cessatione 20 20 20 20 20

Abbreviations: DM, diabetes mellitus; IVD, ischemic vascular disease.
a Maximum reward possible per patient: $200.
b Aspirin measure: patients 18 years or older with IVD or 40 years or older with

DM taking aspirin or another antithrombotic therapy (including cilostazol,
clopidogrel bisulfate, warfarin sodium, dipyridamole).

c Blood pressure control: patients aged 18 to 75 years with hypertension, with
blood pressure lower than 140/90 mm Hg (if without DM) or lower than
130/80 mm Hg (if with DM).

d Cholesterol control: male patients 35 years or older and female patients 45
years or older without IVD or DM who have a total cholesterol lower than 240
mg/dL or low-density lipoprotein lower than 160 mg/dL measured in the past
5 years (to convert cholesterol and low-density lipoprotein to millimoles per
liter, multiply by 0.0259).

e Smoking cessation: patients 18 years or older identified as current smokers
who received cessation counseling, referral for counseling, or prescription or
increased dose of a cessation aid.
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surement periods, we used multilevel mixed-effects logistic
regression to model patient-level measure performance
(achievement of the measure or failure) for each measure. The
model included random intercepts for each clinic that were as-
sumed to be constant across the baseline and the end of the
study measurements and fixed-effects predictors of study
group (intervention vs control group), time point (baseline vs
follow-up), and the interaction of study group and time point.
The primary interest lies in the interaction parameter, be-
cause it is a comparison between the study groups in the
amount of change between the time points. This approach ad-
justs for the baseline differences in performance between
groups. Computations were performed using the xtmelogit
command in STATA, version 12 (Stata Corp). To summarize the
inference from this model, we present the odds ratios (ORs)
for the interaction term together with their 95% CIs and asso-
ciated P values.

In addition, we report performance in the groups at base-
line and the end of the study using adjusted probabilities and
report the difference between the 2 groups in their change in
adjusted probabilities from baseline to the end of the study (dif-
ference in differences) to summarize the effect in a manner
more easily interpretable to readers. As done in other trials with
multiple tests for related outcomes with consistent results
across tests, we did not adjust for multiple comparisons.21-23

The conceptual model underlying P4P supports this, positing
that system-level interventions are required to achieve
improvements,14 and so performance changes across mea-
sures are potentially linked.22,23

We performed 2 sensitivity analyses to address potential
bias due to postrandomization drop out. First, using data from
surveys collected from each clinic upon enrollment in the trial,
we created propensity scores based on number of clinicians,
percentage of Medicaid patients, percentage of Medicare pa-
tients, percentage of uninsured patients, and time since imple-
mentation of EHRs. We used the propensity scores to match
the 7 control clinics that dropped out with 7 control clinics that

participated. We made a conservative assumption that the con-
trol clinics that dropped out had the same performance as their
propensity score-matched control clinics.24 For the missing in-
tervention clinic (closed partway through the study), we du-
plicated, for each measure, the performance of the interven-
tion clinic that had the lowest performance improvement. We
chose the lowest performances to generate the most conser-
vative estimate of the incentive effect. We then repeated the
primary analyses.

In the second sensitivity analysis, we referred to the ran-
domization strata from the original study design and as-
sumed that each clinic whose data were missing would have
performed exactly the same as the paired clinic in its random-
ization stratum. This puts a conservative bound on the ef-
fects of the intervention because data from 7 intervention clin-
ics were used to represent the data from the 7 missing control
clinics and data from 1 control clinic represented data from 1
missing intervention clinic. We then repeated the primary
analyses.

All analyses were performed using STATA, version 12. All
statistical tests were 2-sided with a 95% significance level.

Results
Patient and Clinic Characteristics
Of the 117 eligible clinics, 84 clinics agreed to participate and
were randomized. Intervention clinics reported a mean of 4592
(median, 2500) patients per clinic for a total of 179 094 pa-
tients and the control clinics reported a mean of 3042 (me-
dian, 2000) patients per clinic for a total of 118 626 patients
(P = .45 for comparison of means; Figure). Baseline clinic char-
acteristics were similar in each group (Table 2). There was low
to moderate performance at baseline in almost all measures,
except for cholesterol control, which was more than 90% in
both groups (Table 3). Baseline performance rates were higher
in the intervention group for 3 of the 7 measures (Table 3).

Figure. Flow of Clinics Through the Study

42 Clinics randomized to receive financial incentives 
and quarterly reports (total No. of patients, 
179 094; mean clinic size, 4592 patients; median 
clinic size, 2500 [IQR, 1200-4607] patients)

42 Clinics randomized to receive only quarterly 
reports (total No. of patients, 118 626; mean 
clinic size, 3042 patients; median clinic 
size, 2000 [IQR, 1100-3500] patients)

41 Clinics included in primary analysis (total No. of 
patients, 178 094; mean clinic size, 4687 patients; 
median clinic size, 2750 [IQR, 1200-4607] patients)

1 Excluded (closed 3 months into the study; clinic
size, 1000 patients)

35 Clinics included in primary analysis (total No. of 
patients, 90 801; mean clinic size, 2838 patients; 
median clinic size, 1895 [IQR, 1051-3000] patients)

7 Excluded (closed 3 months into the study; mean 
clinic size, 1000 patients)
1 Withdrew voluntarily (clinic size, 3000 patients)
6 Refused data extraction (total No. of patients, 

24 825; mean clinic size, 4138 patients; median 
clinic size, 3750 [IQR, 1625-5000] patients)

117 Clinics assessed for eligibility

33 Excluded (declined to participate)

84 Clinics randomized

IQR indicates interquartile range.
Mean and median number of patients
per clinic reflects all patients at the
clinic, based on clinician survey data.
P values for comparisons of mean
number of patients per clinic in each
group were all greater than .05.
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Information on baseline and final measure performance
was available for 41 intervention and 35 control clinics, with 1
intervention clinic closing partway through the study, 1 con-
trol clinic withdrawing after randomization, and 6 control clin-
ics choosing not to allow study personnel to collect perfor-
mance data (Figure).

Effectiveness of Incentive
Performance improved in both groups during the study, with
positive changes from baseline for all measures (Table 3), with
larger changes in the unadjusted analysis (eTable 1 in the
Supplement). The adjusted change in performance was sta-

tistically significantly higher in the intervention group than the
control group for aspirin or antithrombotic prescription for pa-
tients with diabetes or ischemic vascular disease (adjusted ab-
solute change in performance, 12.0% for the intervention group
vs 6.1% for the control group; absolute difference in perfor-
mance change between intervention and control, 6.0% [95%
CI, 2.2% to 9.7%]; P = .001 for interaction term OR) and blood
pressure control in patients with hypertension but without dia-
betes or ischemic vascular disease (adjusted absolute change
in performance, 9.7% for the intervention group vs 4.3% for
the control group; absolute difference, 5.5% [95% CI, 1.6% to
9.3%]; P = .01 for interaction term OR). There also was greater

Table 2. Baseline Characteristics of Intervention and Control Clinics and Patients

Characteristics, mean (SD)a Intervention Group Control Group P Valueb

Patient characteristics

Age, y 45.8 (6.7) 46.6 (4.8) .62

Male, % 42.0 (8.6) 39.8 (10.5) .48

Clinic characteristics

Clinicians, median (IQR) 1 (1-2) 1 (1-2) .77

Patients 4592 (8241) 3042 (2978) .45

Median (IQR) 2500 (1200-4607) 2000 (1100-3500)

Time since EHR implementation, mo 9.93 (4.47) 9.57 (4.44) .81

Quality improvement specialist visits 5.17 (3.43) 4.24 (2.73) .25

Insurance, %

Commercial 33.8 (23.9) 32.1 (21.6) .89

Medicare 25.6 (22.0) 26.8 (17.6) .32

Medicaid 35.3 (28.3) 35.7 (24.8) .88

Uninsured 4.3 (4.8) 4.7 (4.9) .60

Abbreviation: IQR, interquartile
range.
a Data are reported for the clinics

randomized (42 intervention clinics,
42 control clinics).

b Comparisons made with Wilcoxon
rank sum testing.

Table 3. Change in Performance in Incentive and Control Groups for All Insurance Typesa

Baseline Performance, % (95% CI)
End-of-Study Performance, %

(95% CI) Between-Group Differences, % (95% CI)

Controlb Interventionb Controlb Interventionb Absolute Change Odds Ratioc P Valuec

Aspirin therapy, with
IVD or DM

54.4
(47.6 to 61.2)

52.6
(46.0 to 59.1)

60.5
(54.0 to 67.0)

64.6
(58.7 to 70.5)

6.0
(2.2 to 9.7)

1.28
(1.10 to 1.50)

.001

Blood pressure
control

No IVD or DM 31.8
(20.6 to 43.1)

52.1
(40.2 to 64.0)

36.1
(24.1 to 48.0)

61.8
(50.5 to 73.0)

5.5
(1.6 to 9.3)

1.23
(1.05 to 1.44)

.01

IVD 46.0
(31.1 to 60.7)

68.4
(55.7 to 81.2)

57.3
(43.1 to 71.5)

70.8
(59.5 to 82.2)

−9.1
(−22.1 to 3.9)

0.71
(0.40 to 1.24)

.23

DM 10.4
(5.8 to 15.0)

16.8
(10.4 to 23.3)

11.6
(6.6 to 16.6)

25.8
(17.4 to 34.4)

7.8
(3.2 to 12.4)

1.52
(1.12 to 2.07)

.007

IVD or DM 16.9
(10.2 to 23.6)

28.9
(19.8 to 38.0)

18.6
(11.5 to 25.7)

38.4
(28.2 to 48.6)

7.8
(3.0 to 12.6)

1.37
(1.07 to 1.75)

.01

Cholesterol control 90.5
(88.6 to 92.5)

91.4
(89.4 to 93.3)

92.0
(90.6 to 93.4)

91.6
(90.1 to 93.1)

−1.2
(−3.2 to 0.7)

0.86
(0.67 to 1.09)

.22

Smoking cessation
interventiond

19.1
(12.5 to 25.7)

17.1
(11.1 to 23.2)

26.8
(18.6 to 35.0)

29.5
(21.0 to 38.1)

4.7
(−0.3 to 9.6)

1.30
(1.04 to 1.63)

.02

Abbreviations: DM, diabetes mellitus; IVD, ischemic vascular disease.
a All values are adjusted for clustering within clinics using mixed-effects logistic

regression modeling. Unadjusted values and numerators and denominators
are in eTable 1 in the Supplement. The statistical model creates odds ratios,
and we changed this to more easily interpretable adjusted percentages using
the predicted estimates from the model. The P values indicate whether the
effects are statistically significant.

b Baseline rates differed between control vs intervention clinics (P < .05) for
blood pressure control, no comorbidities, blood pressure control in patients
with IVD, and blood pressure control for IVD or DM.

c Odds ratios and P values for the interaction term of study group and study
year, with odds ratios greater than 1 indicating that the intervention group had
greater improvement compared with baseline than the control group and
odds ratios less than 1 indicating that the control group had greater
improvement compared with baseline than the intervention group. P values of
less than .05 were considered statistically significant.

d Smoking cessation interventions measure: patients 18 years or older identified
as current smokers, receipt of cessation counseling, referral for counseling, or
prescription or increased dose of a cessation aid, documented in the electronic
health record.
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improvement in the intervention group on blood pressure con-
trol in patients with hypertension and diabetes (adjusted ab-
solute change in performance, 9.0% for the intervention group
vs 1.2% for the control group; absolute difference, 7.8% [95%
CI, 3.2% to 12.4%]; P = .007 for interaction term OR), hyper-
tension and diabetes or ischemic vascular disease (adjusted ab-
solute change in performance, 9.5% for the intervention group
vs 1.7% for the control group; absolute difference, 7.8% [95%
CI, 3.0% to 12.6%]; P = .01 for interaction term OR), and smok-
ing cessation interventions (adjusted absolute change in per-
formance, 12.4% for the intervention group vs 7.7% for the con-
trol group; absolute difference, 4.7% [95% CI, −0.3% to 9.6%];
P = .02 for interaction term OR). There was no statistically sig-
nificant difference between groups on cholesterol control in
the general population (adjusted absolute difference, −1.2%
[95% CI, −3.2% to 0.7%]; P = .22 for interaction term OR)
(Table 3).

For uninsured or Medicaid (non-HMO) patients, changes
in measured performance were higher in the intervention clin-
ics than the control clinics (range of adjusted absolute differ-
ences, 7.9% to 12.9%), except in cholesterol control (absolute
adjusted difference, −0.33%), but the differences were not sta-
tistically significant (Table 4 [adjusted] and eTable 2 in the
Supplement [unadjusted analyses]).

Each intervention clinic received 1 end-of-study pay-
ment, with a total of $692 000 paid across all intervention clin-
ics. The range of payments to clinics was $600 to $100 000 (me-
dian, $9900; interquartile range [IQR], $5100-$22 940), with
a cap of $100 000 per clinic. Although payments were not made
directly to clinicians, potential amounts per clinician across

practices ranged from $600 to $53 160 per clinician (median,
$6323 per clinician; IQR, $3840-$11 470).

Propensity score matching resulted in a better balance of
practice-level variables (eTable 3 and eTable 4 in the Supple-
ment). The propensity-matched sensitivity analysis results were
similar to the primary analyses, with larger incentive effects or
effects within less than 1 percentage point of the effect sizes from
the primary analyses. In the second sensitivity analysis, in which
8 clinics perform the same as the opposite group, the 3 mea-
sures that remain statistically significant show that the inter-
vention has an effect (eTable 5 in the Supplement).

Discussion
In this cluster-randomized study of P4P incentives, we found
that EHR-enabled small practices were able to respond to in-
centives to improve cardiovascular care processes and inter-
mediate outcomes.

To our knowledge, this is the first clinical trial of P4P in-
centives to focus specifically on independent small-group prac-
tices. The largest prior P4P studies that included small prac-
tices were observational studies of the Quality and Outcomes
Framework in the United Kingdom. It is difficult to general-
ize those findings to the US context, because small practices
in the United Kingdom are nested in a national health system
that employs the physicians, resulting in less fragmentation
of payers, regulations, and incentives than in the United States.

In terms of small practices in the United States, there has
been concern that such clinics might not be able to respond to

Table 4. Change in Performance in Incentive and Control Groups for Medicaid (non-HMO) and Uninsured Patientsa

Baseline Performance, % (95% CI)
End-of-Study Performance, %

(95% CI) Between-Group Differences, % (95% CI)b

Controlc Interventionc Controlc Interventionc Absolute Change Odds Ratiod P Valued

Aspirin therapy, with
IVD or DM

42.0
(31.8 to 52.1)

39.4
(30.7 to 48.2)

49.6
(40.2 to 59.0)

56.4
(48.0 to 64.8)

9.4
(−2.0 to 20.8)

1.46
(0.92 to 2.33)

.11

Blood pressure control

No IVD or DM 32.4
(20.4 to 44.5)

45.1
(32.7 to 57.6)

38.5
(26.2 to 50.8)

58.1
(46.2 to 70.1)

7.0
(−2.6 to 16.6)

1.30
(0.86 to 1.96)

.22

IVD 61.8
(27.3 to 96.3)

65.6
(35.1 to 96.2)

56.3
(24.6 to 87.9)

65.2
(39.3 to 91.2)

5.2
(−37.3 to 47.6)

1.23
(0.20 to 7.52)

.81

DM 15.1
(6.9 to 23.2)

21.4
(12.7 to 30.1)

13.5
(6.7 to 20.4)

30.5
(21.1 to 40.0)

10.8
(−0.6 to 22.1)

1.84
(0.82 to 4.14)

.14

IVD or DM 21.2
(11.3 to 31.2)

26.4
(16.3 to 36.5)

18.8
(10.3 to 27.4)

37.0
(26.2 to 47.8)

12.9
(1.0 to 24.9)

1.90
(0.96 to 3.75)

.07

Cholesterol control 91.2
(85.6 to 96.8)

90.5
(85.7 to 95.3)

92.2
(89.2 to 95.2)

91.2
(88.2 to 94.2)

−0.3
(−7.5 to 6.8)

0.95
(0.40 to 2.28)

.91

Smoking cessation
interventione

8.42
(2.1 to 14.8)

11.3
(3.6 to 19.0)

17.1
(6.4 to 27.8)

27.9
(13.5 to 42.2)

7.9
(−2.7 to 18.5)

1.35
(0.74 to 2.47)

.32

Abbreviations: DM, diabetes mellitus; HMO, health maintenance organization;
IVD, ischemic vascular disease.
a All values are adjusted for clustering within clinics using mixed-effects logistic

regression modeling. Unadjusted values and numerators and denominators
are in eTable 2 in the Supplement. The statistical model creates odds ratios,
and we changed this to more easily interpreted adjusted percentages using
the predicted estimates from the model.

b The absolute between-group differences in performance change between the
intervention and control groups indicate whether the incentive overall
changed the performance on each measure.

c Baseline rates did not differ between control vs intervention clinics (P > .05 for all).

d Odds ratios and P values are for the interaction term of study group and study
year, with positive values indicating that the intervention group had greater
improvement compared with baseline than the control group and negative
values indicating that the control group had greater improvement compared
with baseline than the intervention group. The P values in the last column
indicate whether the effects are statistically significant.

e Smoking cessation interventions: patients 18 years or older identified as
current smokers, receipt of cessation counseling, referral for counseling, or
prescription or increased dose of a cessation aid, documented in the electronic
health record.
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P4P incentives.10,11 This is important because 82% of US physi-
cians practice in groups of fewer than 10 clinicians.9 Under the
Centers for Medicaid & Medicare Services (CMS) Meaningful Use
program and the ACA value-based payment modifier
programs,1,2 small practices are facing financial and regulatory
pressure to abandon paper-based records and to improve chronic
disease management. Thus, although the small practices in our
study may have had greater information technology capacity
relative to their peers, they likely are more representative of what
small practices will look like in the future.

Our study does not address the issue of whether small and
large practices achieve different results. However, the im-
provements in the intervention group compared with the con-
trol group were similar to, or better than, results from clinical
trials in large medical group settings for process outcomes, such
as use of smoking cessation interventions (4.7% change in our
study compared with 0.3% change25 and 7.2% change26 in pre-
vious studies), cholesterol testing,27 and prescription of ap-
propriate medications (no effect on appropriate asthma
prescription28 compared with the 6.0% increased antithrom-
botic prescriptions in our study in the intervention group). Fur-
ther research designed to directly compare large practices with
EHR-enabled small practices will be needed to determine
whether modern small practices can achieve results similar to
larger practices.

The P4P literature varies in how incentives are paid and
what influence they have.29 Our study provides new evi-
dence on approaches that have not previously been tried.30

These include paying for performance on each patient, rather
than paying based on percentage performance within the prac-
tice panel. This means that patients in whom meeting the tar-
get may be difficult do not threaten the panel-wide reimburse-
ment. Depending on whether the effect sizes found in our study
are considered clinically meaningful, the greater improve-
ments in the intervention group compared with the control
group on blood pressure control in all patients and smoking
cessation in all patients provide supporting evidence that this
incentive structure can be effective in the context of EHR-
enabled small practices.

In addition, to our knowledge, this is the first trial in which
there is greater payment for meeting a target when patient fac-
tors make meeting the target more difficult. We found that im-
provement for patients with diabetes or with multiple comor-
bidities was similar to that of the population without
comorbidities (Table 3). This implies that this incentive struc-
ture may have been effective, in that clinicians were success-
ful with patients who are often considered harder to treat. Be-
cause we did not have a group with nontiered incentives, we
cannot know whether the incentive design explains the out-
comes achieved in patients who are difficult to treat.

Although there were greater performance improvements
in the intervention group for Medicaid non-HMO patients and
uninsured patients (Table 4), these differences did not reach
statistical significance. Although the interpretation must be
that this study identified no significant associations with per-
formance improvement in this subgroup, it is possible that the
study was underpowered to identify a difference. A larger trial
might have been able to detect a significant difference.

An important aspect of this study was providing incen-
tives to improve intermediate outcomes, rather than just pro-
cesses, and doing so specifically in patients with more risk fac-
tors. Achieving better blood pressure control is an especially
important goal, incorporated into major public health pro-
grams such as Healthy People 2020.31 For instance, in the UK
Prospective Diabetes Study (UKPDS) trial, the number needed
to treat (NNT) for controlling blood pressure to prevent 1 dia-
betes-related death was 15, and the NNT to prevent 1 compli-
cation was 6.32 However, it has been difficult to achieve im-
provements in blood pressure control.31,33 In our study,
although the effect of the intervention was lower than the 10%
improvement that we estimated a priori, the absolute risk re-
duction for blood pressure control among patients with dia-
betes was 7.8% (NNT, 13). This suggests that, for every 13 pa-
tients seeing incentivized clinicians, 1 more patient would
achieve blood pressure control. The 7.8% absolute change in
blood pressure control for patients with diabetes mellitus rep-
resents a 46% relative increase in blood pressure control among
intervention patients compared with the baseline of 16.8%. Fur-
ther research is needed to determine whether this effect of the
P4P intervention on blood pressure control increases or de-
creases over time. However, this NNT to achieve blood pres-
sure control through incentives, taken together with the large
relative increase in percentage of patients with blood pres-
sure control and the potential effect of blood pressure control
on risk of ischemic vascular events, suggests a reasonable op-
portunity to reduce morbidity and mortality through P4P as
structured in this study.

Several limitations of this study warrant mention. Some
clinics exited the program after randomization, with more con-
trol clinics leaving than intervention clinics. This may intro-
duce a bias, if there are differential outcomes between miss-
ing and nonmissing clinics. The estimates of the effects of the
intervention were robust to sensitivity analyses. The sensitiv-
ity analysis assuming that the control clinics with missing data
performed similarly to propensity-matched control clinics did
not change the number of statistically significant findings or
their direction. In the sensitivity analysis based on the more
extreme assumption that clinics with missing data per-
formed exactly the same as clinics in the opposite study group,
we found that 3 of the 5 statistically significant effects in the
primary analysis remained significant. In a prior quality re-
porting program, HMOs that dropped out had lower
performance,24 so it is possible that the missing clinics had
lower performance than the analyzed control clinics. If a simi-
lar reporting bias was present in our study, this would under-
estimate the incentive effect. However, if the missing clinics
did not perceive the need to stay in the program because they
were high performers, their performance may have been higher
than what we assumed in our sensitivity analyses, which would
have led to an overestimate of the incentive effect.

Additionally, this intervention occurred in the setting of
a voluntary quality improvement program. This may reflect a
high level of intrinsic motivation to improve among practices
in the study, as demonstrated by engagement with the qual-
ity improvement specialists (Table 2). Even though it is pos-
sible that the quality improvement visits contributed to over-
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all improvement, the similar number of visits among
intervention and control groups indicates that the incentive
likely acted through an additional mechanism for improve-
ment and that access to quality improvement specialists does
not explain the differential improvement seen in the inter-
vention group.

Another study within the PCIP program found that clini-
cian documentation for some of the measures did not iden-
tify all eligible patients and all patients who achieved the goals.8

However, most measures were well documented in the prior
study,8 and the improvement in both groups on the measures
over time implies that there may have been improved docu-
mentation in both groups, rather than only in the interven-
tion group.

There have been reports that incentives can have unin-
tended consequences.34 Examples include causing clinicians
to focus on what is measured and incentivized at the expense

of other important clinical activities and undermining of in-
trinsic motivation through an emphasis on the financial ratio-
nale for performing well.35,36 In this study, we have no data
about whether the incentives used caused these effects. Fur-
ther research is needed to determine the balance between the
positive effects we could measure and any potential unin-
tended consequences.

Conclusion
We found that a P4P program in EHR-enabled small practices
led to modest improvements in cardiovascular processes and
outcomes. This provides evidence that, in the context of in-
creasing uptake of EHRs with robust clinical management tools,
small practices may be able to improve their quality perfor-
mance in response to an incentive.
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