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S ince the publication of several Institute of Medicine reports 
that recommended quality-based incentive programs to improve 
healthcare quality, many health plans have adopted pay-for-

performance programs (P4Ps).1,2 More than one-half of the physicians 
practicing in commercial health maintenance organizations and ap-
proximately one-quarter of all physicians in other settings participate 
in some form of P4P contract.3,4 Moreover, the Centers for Medicare 
& Medicaid Services5 have invested $21 million in P4Ps nationwide 
and plan to adopt P4Ps for health plans and physicians. Despite the 
wide use of P4Ps to improve the quality of care, few evaluations of the 
effectiveness of P4Ps are available in the literature, and most of these 
evaluations are published shortly after the P4P implementation, before 
the P4P can change physician behavior. In addition, the existing lit-
erature is mixed on the effect of P4Ps on physician behavior.6-11 Some 
studies12-14 found no effect or minimal effect, while other studies15-17 

found that P4Ps were effective in improving the quality of care.
Moreover, because most P4Ps provide monetary rewards to physicians 

for the achievement of quality-of-care processes (eg, obtaining laboratory 
testing) and not for outcomes (eg, hospitalization rates), few studies have 
assessed the ability of P4Ps to significantly improve patient outcomes. One 
study18 found that, after the implementation of a P4P in a large network 
of federally qualified health centers, patients with diabetes mellitus were 
more likely to receive 2 glycosylated hemoglobin (A1C) tests per year, as 
recommended by the American Diabetes Association; however, this im-
provement in process did not contribute to better blood glucose control.

The objectives of this study were as follows: (1) to investigate the ef-
fectiveness of a P4P in a preferred provider organization (PPO) setting on 
increasing the frequency of measured diabetes quality-of-care processes 
and (2) to assess the effect of receiving these quality-of-care processes on 
outcomes (ie, hospitalization rates) over an 8-year period.

Methods
P4P Background

The P4P, implemented by a large provider of healthcare coverage 
in Hawaii, provides participating 
physicians with financial incen-
tives (an additional 1.5%-7.5% of 
their base professional fees) to per-
form quality-of-care processes (eg, 
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Study Design: Longitudinal study of patients 
with diabetes enrolled in a preferred provider 
organization (PPO) between January 1, 1999, and 
December 31, 2006.

Methods: We used multivariate analyses to assess 
the effect of seeing P4P-participating physicians 
on the receipt of quality care (ie, glycosylated  
hemoglobin and low-density lipoprotein cho-
lesterol testing) and on hospitalization rates, 
controlling for patient characteristics.

Results: Patients with diabetes who saw P4P- 
participating physicians were more likely to 
receive quality care than those who did not  
(odds ratio, 1.16; 95% confidence interval, 1.11-1.22; 
P <.001). Patients with diabetes who received 
quality care were less likely to be hospitalized 
than those who did not (incident rate ratio, 0.80; 
95% confidence interval, 0.80-0.85; P <.001).  
During 1 year, there was no difference in hospital-
ization rates between patients with diabetes who 
saw P4P-participating physicians versus those 
who did not. However, patients with diabetes who 
saw P4P-participating physicians in 3 consecutive  
years were less likely to be hospitalized than 
those who did not (incident rate ratio, 0.75; 95% 
confidence interval, 0.61-0.93; P <.01).

Conclusions: A P4P can significantly increase the 
receipt of quality care and decrease hospitaliza-
tion rates among patients with diabetes in a PPO 
setting. Although it is possible that the differences 
observed between P4P-participating physicians 
and non–P4P-participating physicians were due to  
selection bias, we found no significant difference 
in the receipt of quality care between patients 
with diabetes who saw new P4P-participating phy-
sicians versus non–P4P-participating physicians 
during the baseline year. Further research should 
focus on defining the effect of P4Ps on intermedi-
ate outcomes such as glycosylated hemoglobin 
and low-density lipoprotein cholesterol levels.
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A1C and lipid testing), with a maximum payout cap ranging 
from $10,000 to $16,000 per physician annually. In 2001, an 
improvement bonus was introduced allowing the physician 
to earn up to an additional $6000 for improvement over the 
previous year’s performance. The physicians receive an an-
nual graphic and tabular report comparing their performance 
with that of their peers. Accompanying this report is a check 
award for their performance. Physicians who believe that an 
error was made in calculating their performance can request 
reconsideration. An annual review of the clinical measures 
and measurement algorithms is performed by the health 
plan, with clinical advisory board input to ensure accuracy 
and clinical relevance of the performance measures. More 
characteristics of this P4P have been described previously 
in detail.17,19 Because participation in the P4P is voluntary, a 
proportion of physicians elect not to participate in the pro-
gram each year. This program option enabled us to compare 
the probability of receiving the measured quality-of-care pro-
cesses (eg, A1C and lipid testing) for patients with diabetes 
who saw only P4P-participating physicians versus those who 
saw only non–P4P-participating physicians.

Data and Sample
The study used demographic, pharmacy, inpatient, and 

outpatient administrative medical claims data from January 
1, 1999, through December 31, 2006. The study sample con-
sisted of patients with diabetes aged 18 to 75 years, as defined 
by a 2006 Healthcare Effectiveness Data and Information Set 
(HEDIS) algorithm, who saw P4P-participating physicians or 
non–P4P-participating physicians exclusively. We excluded 
patients who saw both P4P-participating and non–P4P-par-
ticipating physicians (10.0% of the total sample) to create 2 
distinct groups for a clean comparison. However, results that 
included and excluded this group of patients were found to be 
consistent in a sensitivity analysis before exclusion of these 
patients.

Dependent Variable
The outcomes of interest in this study were the number 

of hospitalizations from all causes and 
the receipt of quality care. Before choos-
ing the number of hospitalizations from 
all causes as the dependent variable, we 
performed a sensitivity analysis using 
diabetes-specific hospitalization (ie, hy-
perglycemia or hypoglycemia, infection, 
amputation, and cardiovascular events) 
and found no significant differences be-
tween these results and those using hos-
pitalizations from all causes. The receipt 

of quality care was defined as claims for at least 2 A1C tests 
and 1 low-density lipoprotein cholesterol (LDL-C) test dur-
ing 1 year. Patients who had fewer than 2 A1C tests or less 
than 1 LDL-C test during 1 year were not considered to have 
received quality care. In assessing the effect of the receipt of 
quality care on hospitalization rates, the number of hospital-
izations was the dependent variable, and the receipt of qual-
ity care was the primary independent variable.

Independent Variables
The primary independent variables in this study were 

P4P status (ie, whether the patient saw P4P-participating 
physicians vs non–P4P-participating physicians during the 
year) and the receipt of quality care (yes or no). To investi-
gate the hypothesis that seeing P4P-participating physicians 
and receiving quality care in consecutive years would have a 
strong er and more significant effect on outcomes, dichoto-
mous variables assessing whether a patient saw P4P-partici-
pating physicians in 3 consecutive years (ie, 2004-2006) and 
received quality care in 3 consecutive years (ie, 2004-2006) 
were constructed.

Covariates
Covariates used in this study included age, sex, comorbid-

ity index, the number of outpatient visits during 1 year, the 
number of distinct primary care physicians (ie, internal medi-
cine, family medicine, and geriatrics) seen during 1 year, visit 
to an endocrinologist (yes or no), insulin dependence (yes or 
no), and calendar year (ie, 1999-2006). The comorbidity in-
dex was calculated using the algorithm by Elixhauser et al20 
that is specifically adapted for administrative data sets, which 
has been shown to predict various patient outcomes, includ-
ing mortality and hospital length of stay, as well as hospital 
charges. Current coding for the comorbidity index was down-
loaded from the Agency for Healthcare Research and Qual-
ity.21 The comorbidity index was run using baseline hospital 
and physician claims. Because this study focuses on patients 
with diabetes, “diabetes without chronic complications” was 
excluded as a comorbid condition. The comorbidity index was 

Take-Away Points
A pay-for-performance program in a preferred provider organization setting may signifi-
cantly increase the receipt of quality care and decrease hospitalization rates among pa-
tients with diabetes.

n Without concurrent quality improvement interventions such as diabetes disease man-
agement programs, a pay-for-performance program may increase quality-of-care pro-
cesses but fail to improve outcomes.

n Further research should focus on defining the effect of pay-for-performance programs 
on intermediate outcomes such as glycosylated hemoglobin and low-density lipoprotein 
cholesterol levels and on quantifying the additional benefits of quality improvement ac-
tivities such as diabetes disease management programs.
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hospitalizations, the second model used the number of hospi-
talizations in 2006 as the dependent variable, controlling for 
all covariates as already described (except calendar year). The 
third model assessed the effect of seeing P4P-participating phy-
sicians in the baseline year on the number of hospitalizations 
in the following year. The fourth model assessed the effect of 
seeing P4P-participating physicians in 3 consecutive years (ie, 
2004-2006) on the number of hospitalizations in 2006.

All random-effects models were clustered at the patient 
level to account for the intracluster correlation between ob-
servations in the same patient. Results for logit models are 
presented as odds ratios (ORs) with 95% confidence intervals 
(CIs), and results for negative binomial models are presented 
as incident rate ratios (IRRs) with 95% CIs. SAS proprietary 
software (release 9.1; SAS Institute, Cary, NC) and Stata 
(version 8.0; StataCorp LP, College Station, TX) were used 
for all statistical analyses.

ResuLts
Table 1 gives the sample size, demographic profile, and 

clinical characteristics of the patients with diabetes by calen-
dar year. The number of patients with diabetes in the health 
plan increased from 19,573 in 1999 to 32,365 in 2006. The 
percentage of patients who saw P4P-participating physicians 
also increased from 78.7% in 1999 to 94.6% in 2006. Simi-
larly, the percentage of patients who received quality care in-
creased from 42.3% in 1999 to 67.1% in 2006. The number 
of hospitalizations ranged from a low of 134 per 1000 patients 
with diabetes in 2002 to a high of 157 per 1000 patients with 
diabetes in 1999. The mean age of the patients ranged from 
57.4 to 59.5 years. Almost one-half were female, with a mean 
comorbidity index ranging from 1.7 to 2.0. The percentage of 
patients with insulin dependence ranged from a low of 12.0% 
in 2002 to a high of 14.5% in 2006.

Patients who saw P4P-participating physicians were sig-
nificantly more likely to receive quality care compared with 
patients who saw non–P4P-participating physicians (OR, 
1.16; 95% CI, 1.11-1.22; P <.001) (Table 2). Similarly, pa-
tients who saw P4P-participating physicians continuously be-
tween 2004 and 2006 were significantly more likely to receive 
quality care compared with patients who did not see P4P-
participating physicians during all 3 years (OR, 1.20; 95% CI, 
1.05-1.37; P <.01). In addition, male patients, patients with 
insulin dependence, patients with a visit to an endocrinolo-
gist, patients with a higher comorbidity index, and patients 
with more outpatient visits were significantly more likely to 
receive quality care. Patients who saw multiple distinct pri-
mary care physicians were significantly less likely to receive 
quality care.

calculated as the sum of comorbid conditions present. A co-
morbidity index of 0 indicates no other comorbid diseases (be-
sides simple uncomplicated diabetes), and a higher score on 
the comorbidity index indicates a greater burden of comorbid 
disease. Because of the skewed distribution of the variables, we 
created categorical variables for age (<45, 45-55, 56-60, 61-65, 
66-70, and >70 years), the number of outpatient visits during 
1 year (<6, 6-10, and >10), comorbidity index (1, 2, 3, and 
>3), and the number of distinct primary care physicians seen 
during 1 year (1, 2, and >2). The number of outpatient visits 
during 1 year was included as a covariate because patients who 
had more visits to physicians may have more opportunities to 
receive the indicated quality care and may have higher sever-
ity of illness. The number of distinct primary care physicians 
seen during 1 year was included as a proxy for healthcare con-
tinuity and coordination. We hypothesized that patients who 
saw multiple distinct primary care physicians would receive 
less coordinated and continued care. Insulin dependence, a 
variable used to capture the severity of diabetes, was defined as 
receiving more than a 60-day supply of insulin (captured using 
the appropriate National Drug Codes) during 1 year.

Statistical Analysis
Univariate analyses were performed to describe the data 

and the outcomes of interest. To explore the effect of seeing 
P4P-participating physicians on the receipt of quality care, 
this study first fitted a random-effects logit model, controlling 
for age, sex, comorbidity index, the number of distinct pri-
mary care physicians seen during 1 year, visit to an endocri-
nologist, insulin dependence, and calendar year. Of note, the 
number of outpatient visits during 1 year was omitted from 
the multivariate model because of high collinearity with the 
comorbidity index. To further explore the effect of exclusively 
seeing P4P-participating physicians in 3 consecutive years, a 
separate logit model was used with the receipt of quality care 
in 2006 as the dependent variable and all covariates as al-
ready described (except calendar year).

Separate random-effects negative binomial models were 
used to assess the effect of seeing P4P-participating physi-
cians and receiving quality care on hospitalization rates. Of 
note, sensitivity analyses were performed using Poisson and 
zero-inflated models, and the results were consistent. The first 
model assessed the effect of the receipt of quality care during 
the prior year on the number of hospitalizations in the follow-
ing year for all patients with diabetes, controlling for age, sex, 
comorbidity index, the number of outpatient visits during 1 
year, visit to an endocrinologist, the number of distinct pri-
mary care physicians during 1 year, insulin dependence, and 
calendar year. To further explore the effect of receiving quality 
care in 3 consecutive years (ie, 2004-2006) on the number of 
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Patients who received quality care were significantly less 
likely to be hospitalized in the following year compared with 
patients who did not receive quality care (IRR, 0.80; 95% 
CI, 0.78-0.83; P <.001) (Table 3). Similarly, patients who re-
ceived quality care continuously between 2004 and 2006 were 
significantly less likely to be hospitalized in 2006 compared 
with patients who did not receive quality care during all 3 
years (IRR, 0.67; 95% CI, 0.61-0.75; P <.001). Of note, the 
effect of receiving quality care during all 3 years on hospitaliza-
tion rates was greater than the effect of receiving quality care 
in just 1 year. In addition, patients with insulin dependence, 
patients who saw multiple distinct primary care physicians, 
patients with 4 or more comorbid conditions, and patients 
with 6 or more outpatient visits were significantly more likely 
to be hospitalized.

During 1 year, patients who saw P4P-participating physi-
cians had no difference in hospitalization rates compared with 
patients who saw non–P4P-participating physicians (IRR, 
1.00; 95% CI, 0.95-1.05; P = .27) (Table 4). Patients who 

saw P4P-participating physicians continuously between 2004 
and 2006 were significantly less likely to be hospitalized in 
2006 compared with those who did not (IRR, 0.75; 95% CI, 
0.61-0.93; P <.01).

disCussion
This study supports previously published literature15-17 by 

showing that patients may be more likely to receive quality-of-
care processes after a P4P implementation, especially process-
es rewarded and incentivized by the P4P. Unlike the results of 
a prior study18 suggesting that improvement in quality-of-care 
processes may not necessarily translate into improvement in 
clinical outcomes, this study showed a robust, consistent, sig-
nificant, and positive association between increased receipt of 
appropriate laboratory monitoring of A1C and LDL-C levels 
and decreased hospitalization rates.

Tighter control of blood glucose and lipid levels is signifi-
cantly associated with decreased morbidity and mortality.22,23 

n Table 1. Descriptive Statistics

 
Variable

1999  
(n = 19,573)

2000  
(n = 21,636)

2001  
(n = 22,195)

2002  
(n = 25,512)

2003 
 (n = 27,770)

2004  
(n = 29,076)

2005  
(n = 30,870)

2006  
(n = 32,365)

Primary Independent Variables and Outcomes

Saw P4P-participating 
physicians, %

78.7 83.6 82.6 87.4 90.4 92.2 94.3 94.6

Receipt of quality  
care, %

42.3 45.6 49.7 59.5 57.9 60.5 66.9 67.1

Hospitalizations per 
1000 patients

        157          155 135         134          148          141        146         142

Covariates

Age, mean (SD), y 59.5 (11.2) 58.2 (11.3) 58.0 (11.2) 57.7 (11.3) 57.5 (11.2) 57.4 (11.2) 57.5 (11.1) 57.5 (11.1)

Female sex, % 47.5 47.7 47.4 46.9 47.0 47.2 47.3 47.2

Comorbidity index, 
mean (SD)a

1.7 (1.4) 1.7 (1.5) 1.7 (1.4) 1.8 (1.5) 1.9 (1.5) 1.9 (1.6) 2.0 (1.7) 2.0 (1.7)

No. of outpatient visits 
during 1 y, %

  <6 29.9 31.7 32.3 32.8 33.3 33.8 33.3 33.5

  6-10 37.7 37.4 37.9 37.0 36.7 36.6 36.1 36.3

  >10 32.4 30.9 29.8 30.2 30.0 29.6 30.9 28.7

No. of distinct primary 
care physicians seen 
during 1 y, %

  0-1 84.5 82.6 83.9 82.1 79.3 77.5 70.0 71.6

  2 12.5 13.8 13.3 14.2 15.4 17.0 22.6 21.4

  >2 3.0 3.6 2.8 3.7 5.3 5.5 7.4 7.0

Visit to an  
endocrinologist, %

8.0 8.1 8.5 9.9 10.1 10.0 10.6 10.4

Insulin dependence, % 12.5 12.1 12.1 12.0 12.3 12.7 13.4 14.5

P4P indicates pay-for-performance program. 
aCalculated using the method by elixhauser et al,20 which measures the effect of 30 different comorbid conditions. Current coding for this method was 
downloaded from the Agency for healthcare Research and Quality Web site (http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp).
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However, obtaining glucose and lipid testing is only the first 
of many steps needed to not only help patients improve their 
blood glucose and lipid levels but also prevent hospitaliza-
tion. In addition, improvements in processes of care measured 

and incentivized by a P4P may not necessarily translate into 
improved outcomes, as physicians may give disproportionate 
time and attention to ensure that measured care is performed 
(eg, obtaining A1C testing for patients with diabetes) to the 

n Table 2. Effect of Seeing P4P-Participating Physicians on the Receipt of Quality Care

Odds Ratio (95% Confidence Interval)

 
Variable

Receipt of Quality Care  
(n = 208,997 Patient-Years)a

Receipt of Quality Care in 2006  
(n = 19,193)b

Saw P4P-participating physicians  
[Reference no]

1.16 (1.11-1.22) —

Saw P4P-participating physicians  
continuously between 2004 and 2006  
[Reference no]

— 1.20 (1.05-1.37)

Female sex [Reference male sex] 0.86 (0.82-0.89) 0.90 (0.84-0.96)

Age, y [Reference <45 y]

  45-55 1.51 (1.42-1.59) 1.46 (1.30-1.65)

  56-60 1.89 (1.78-2.00) 1.69 (1.49-1.92)

  61-65 2.04 (1.92-2.17) 1.70 (1.50-1.93)

  66-70 1.02 (0.96-1.08) 1.24 (1.09-1.41)

  >70 1.03 (0.97-1.10) 1.54 (1.35-1.76)

Comorbidity index [Reference 0]c

  1 2.18 (2.09-2.27) 1.44 (1.29-1.60)

  2 2.64 (2.52-2.77) 1.53 (1.36-1.72)

  3 2.67 (2.53-2.82) 1.34 (1.17-1.54)

  >3 2.33 (2.19-2.47) 1.14 (0.99-1.31)

No. of outpatient visits during 1 y  
[Reference <6]

  6-10 2.25 (2.18-2.33) 2.16 (2.00-2.33)

  >10 2.64 (2.54-2.74) 2.35 (2.14-2.57)

No. of distinct primary care physicians seen  
during 1 y [Reference 1]

  2 0.89 (0.86-0.92) 0.91 (0.84-0.99)

  >2 0.73 (0.69-0.78) 0.74 (0.65-0.86)

Visit to an endocrinologist [Reference no] 1.80 (1.70-1.91) 1.56 (1.38-1.75)

Insulin dependence [Reference no] 1.29 (1.23-1.36) 1.17 (1.06-1.29)

Calendar year [Reference 1999]

  2000 1.22 (1.16-1.28) —

  2001 1.53 (1.46-1.61) —

  2002 2.89 (2.75-3.04) —

  2003 2.58 (2.46-2.71) —

  2004 2.99 (2.85-3.14) —

  2005 4.57 (4.34-4.80) —

  2006 4.64 (4.41-4.87) —

P4P indicates pay-for-performance program. 
athis model assessed the effect of seeing P4P-participating physicians on the receipt of quality care in the same year. there were 57,292 distinct 
patients over the 8 years. 
bthis model assessed the effect of seeing P4P-participating physicians continuously between 2004 and 2006 on the receipt of quality care in 2006. 
cCalculated using the method by elixhauser et al,20 which measures the effect of 30 different comorbid conditions. Current coding for this method 
was downloaded from the Agency for healthcare Research and Quality Web site (http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/ 
comorbidity.jsp).
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point of diverting resources from other important but unmea-
sured areas of care (eg, foot care and proper diet or exercise 
for glycemic control).10,24

There are 2 primary hypotheses as to why this study 
showed a significant and positive association between in-
creased receipt of measured quality-of-care processes in the 
context of a P4P and decreased hospitalization rates. First, a 

diabetes disease management program was implemented in 
2000, shortly after the P4P was launched. All patients with 
diabetes identified by an administrative-based algorithm 
(similar to the HEDIS algorithm) were stratified based on 
risk level and received interventions, including mailings and 
telephone calls according to their stratification level. Physi-
cians (regardless of P4P participation status) of patients with 

n Table 3. Effect of the Receipt of Quality Care on the Number of Hospitalizations

Incident Rate Ratio (95% Confidence Interval)

 
Variable

No. of Hospitalizations  
(n = 165,636 Patient-Years)a

No. of Hospitalizations in 2006  
(n = 19,193)b

Receipt of quality care in the previous year [Reference no] 0.80 (0.78-0.83) —

Receipt of quality care continuously between 2004  
and 2006 [Reference no]

— 0.67 (0.61-0.75)

Female sex [Reference male sex] 0.92 (0.89-0.95) 0.81 (0.73-0.90)

Age, y [Reference <45 y]

  45-55 0.99 (0.93-1.06) 0.92 (0.73-1.15)

  56-60 1.20 (1.12-1.29) 0.99 (0.79-1.25)

  61-65 1.37 (1.28-1.47) 1.17 (0.94-1.46)

  66-70 1.53 (1.43-1.63) 1.17 (0.93-1.46)

  >70 1.86 (1.75-1.99) 1.49 (1.20-1.86)

Comorbidity index [Reference 0]c

  1 1.18 (1.10-1.26) 0.98 (0.78-1.23)

  2 1.50 (1.40-1.60) 1.08 (0.86-1.36)

  3 1.99 (1.85-2.14) 1.21 (0.96-1.55)

  >3 3.41 (3.17-3.66) 2.14 (1.70-2.70)

No. of outpatient visits during 1 y [Reference <6]

  6-10 1.12 (1.07-1.18) 1.86 (1.56-2.22)

  >10 1.48 (1.41-1.55) 5.48 (4.63-6.47)

No. of distinct primary care physicians seen during 1 y 
[Reference 1]

  2 1.14 (1.10-1.19) 1.86 (1.64-2.10)

  >2 1.29 (1.22-1.37) 6.13 (5.33-7.04)

Visit to an endocrinologist [Reference no] 0.87 (0.83-0.92) 1.15 (0.99-1.32)

Insulin dependence [Reference no] 1.63 (1.56-1.70) 1.46 (1.28-1.65)

Calendar year [Reference 1999]

  2000 1.03 (0.97-1.09) —

  2001 0.97 (0.92-1.04) —

  2002 1.00 (0.94-1.06) —

  2003 0.99 (0.94-1.05) —

  2004 0.97 (0.92-1.03) —

  2005 0.90 (0.85-0.96) —

athis model assessed the effect of the receipt of quality care in the previous year (eg, 1999) on the number of hospitalizations in the following year 
(eg, 2000). therefore, calendar year 2006 was not included as a covariate. there were 48,411 distinct patients over the 8 years.  
bthis model assessed the effect of the receipt of quality care continuously between 2004 and 2006 on the number of hospitalizations in 2006. 
cCalculated using the method by elixhauser et al,20 which measures the effect of 30 different comorbid conditions. Current coding for this method 
was downloaded from the Agency for healthcare Research and Quality Web site (http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/ 
comorbidity.jsp).
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chronic conditions were also visited and were sent mailings. 
All identified patients with diabetes were considered in the 
program unless they opted out. Of note, less than 1% of pa-
tients opted out of the diabetes disease management program. 
Evidence from prior literature25,26 has suggested that other 
interventions can synergize with the P4Ps to significantly im-
prove the quality of care, and the use of P4P incentives must 

be integrated with these interventions. Second, in a P4P using 
administrative claims data, a time lag of 2 to 3 years may exist 
before an effect on behavior is observed because physicians 
do not receive feedback until the beginning of year 2 for their 
performance in year 1. Although in our study there was no sig-
nificant direct effect of exclusively seeing P4P-participating 
physicians during 1 year, patients who exclusively saw P4P-

n Table 4. Effect of Seeing P4P-Participating Physicians on the Number of Hospitalizations

  Incident Rate Ratio (95% Confidence Interval)

 
Variable

No. of Hospitalizations  
(n = 165,636 Patient-Years)a

No. of Hospitalizations in 2006  
(n = 19,193)b

Saw P4P-participating physicians in the previous year 
[Reference no]

1.00 (0.95-1.05) —

Saw P4P-participating physicians continuously  
between 2004 and 2006 [Reference no]

— 0.75 (0.61-0.93)

Female sex [Reference male sex] 0.92 (0.89-0.96) 0.82 (0.74-0.91)

Age, y [Reference <45 y]

  45-55 0.98 (0.92-1.04) 0.90 (0.72-1.12)

  56-60 1.18 (1.10-1.26) 0.94 (0.74-1.19)

  61-65 1.35 (1.26-1.45) 1.11 (0.89-1.39)

  66-70 1.53 (1.43-1.64) 1.18 (0.94-1.49)

  >70 1.88 (1.76-2.00) 1.52 (1.22-1.90)

Comorbidity index [Reference 0]c

  1 1.15 (1.07-1.22) 0.95 (0.76-1.19)

  2 1.44 (1.35-1.55) 1.02 (0.81-1.28)

  3 1.92 (1.79-2.06) 1.16 (0.91-1.47)

  >3 3.30 (3.07-3.55) 2.05 (1.62-2.58)

No. of outpatient visits during 1 y [Reference <6]

  6-10 1.09 (1.04-1.14) 1.77 (1.49-2.12)

  >10 1.44 (1.37-1.50) 5.20 (4.40-6.13)

No. of distinct primary care physicians seen during 1 y 
[Reference 1]

  2 1.15 (1.10-1.20) 1.90 (1.68-2.15)

  >2 1.31 (1.23-1.38) 6.38 (5.54-7.35)

Visit to an endocrinologist [Reference yes] 0.86 (0.81-0.91) 1.11 (0.96-1.61)

Insulin dependence [Reference yes] 1.62 (1.55-1.69) 1.42 (1.25-1.61)

Calendar year [Reference 1999]

  2000 1.00 (0.95-1.07) —

  2001 0.96 (0.91-1.03) —

  2002 0.96 (0.91-1.01) —

  2003 0.93 (0.88-0.99) —

  2004 0.93 (0.87-0.98) —

  2005 0.87 (0.82-0.92) —

P4P indicates pay-for-performance program. 
athis model assessed the effect of seeing P4P-participating physicians in the previous year (eg, 1999) on the number of hospitalizations in the follow-
ing year (eg, 2000). therefore, calendar year 2006 was not included as a covariate. there were 48,411 distinct patients over the 8 years. 
bthis model assessed the effect of seeing P4P-participating physicians continuously between 2004 and 2006 on the number of hospitalizations in 
2006. 
cCalculated using the method by elixhauser et al,20 which measures the effect of 30 different comorbid conditions. Current coding for this method was 
downloaded from the Agency for healthcare Research and Quality Web site (http://www.hcup-us.ahrq.gov/ 
toolssoftware/comorbidity/comorbidity.jsp).
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participating physicians for 3 consecutive years (2004-2006) 
were significantly less likely to be hospitalized. Therefore, the 
8 years during which the P4P was implemented in this study 
was sufficient to allow physicians and healthcare systems to 
implement systematic changes to improve the quality of care 
and to positively influence outcomes.

This study also showed that patients who visited more than 
1 distinct primary care physician during 1 year were less likely 
to receive quality care and were more likely to be hospitalized. 
This finding supports the hypothesis that patients have better 
outcomes when they have a medical home (ie, continual care 
managed and coordinated by a single personal physician).27

This study has some limitations. First, this study assessed 
the effect of a P4P in a PPO setting, which may not be gen-
eralizable to other settings (eg, health maintenance organiza-
tions and federally qualified health centers). Second, because 
data were unavailable for the years before program implemen-
tation, we could not evaluate whether the trends observed 
after implementation existed before the program was imple-
mented. It is possible that the differences observed between 
P4P-participating physicians and non–P4P-participating phy-
sicians were due to selection bias, as physicians who followed 
recommended guidelines or were more receptive to the P4P 
strategy might be more likely to enroll in the program. To in-
vestigate the potential selection bias of high performers’ self-
selecting to join the P4P, the previous year’s performance rates 
for A1C and LDL-C testing between physicians who joined 
the program for the first time in a given year versus physicians 
who chose not to join the program were compared (Table 5); 
results revealed no significant differences. Third, we present 
herein the effects of the P4P and the receipt of quality care on 
only 1 potential outcome (ie, hospitalization rates). To address 

this limitation, we performed a sensitivity analysis using am-
putation and inpatient mortality as additional outcomes and 
found that the results were consistent and supported the find-
ings presented herein. Fourth, there were unmeasured factors 
that predict hospitalization rates (eg, blood pressure, A1C and 
LDL-C levels, smoking, and obesity) that were not controlled 
for in the multivariate analyses. Fifth, this is a claims-based 
analysis with certain potential biases, including missing data 
and coding variation among physicians. Despite these limita-
tions, administrative claims data have been used to effectively 
examine patterns of healthcare utilization,17,28 detect opportu-
nities to improve the quality of care,29 estimate incidence of 
disease,30-32 and assess outcomes.33,34

In conclusion, a P4P in a PPO setting may significantly in-
crease the receipt of quality care and decrease hospitalization 
rates among patients with diabetes. However, without con-
current quality improvement interventions such as diabetes 
disease management programs, a P4P may increase quality-of-
care processes but fail to improve outcomes. Further research 
should focus on defining the effect of P4Ps on intermediate 
outcomes such as A1C and LDL-C levels and on quantifying 
the additional benefits of quality improvement activities such 
as diabetes disease management programs on the P4P.
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n Table 5. Receipt of Quality Care (A1C and LDL-C Testing) Among Patients With Diabetes Seen by New  
P4P-Participating Physicians Versus Non–P4P-Participating Physicians

%

Calendar Year New P4P-Participating Physicians Non–P4P-Participating Physicians P, c2 Test

2000 44.3 (n = 5555) 43.7 (n = 1640) .66

2001 48.2 (n = 6296) 39.8 (n = 1071) <.001a

2002 35.2 (n = 4906) 48.0 (n = 2255) <.001a

2003 55.4 (n = 4440) 54.6 (n = 2062) .54

2004 55.5 (n = 3793) 53.4 (n = 1609) .20

2005 58.9 (n = 3158) 57.8 (n = 1956) .44

2006 65.5 (n = 3682) 63.4 (n = 860) .24

A1C indicates glycosylated hemoglobin; LdL-C, low-density lipoprotein cholesterol; P4P, pay-for-performance program. 
athe P value showed a significant difference between new P4P-participating physicians and non–P4P-participating physicians in 2001 and 2002. 
however, the direction of significance is flipped. in 2001, new P4P-participating physicians provided a higher percentage of quality care (48.2%) than 
non–P4P-participating physicians (39.8%); in 2002, new P4P-participating physicians provided a lower percentage of quality care (35.2%) than non–
P4P-participating physicians (48.0%). therefore, we conclude that there was no significant difference in performance between new P4P-participating 
physicians and non–P4P-participating physicians.
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