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D iabetes mellitus, a disease that 1 million Americans are new-
ly diagnosed as having each year, is frequently encountered 
by primary care physicians.1 It is estimated that the care of 

persons with diabetes in the United States costs $174 billion annu-
ally.1,2 Evidence-based ambulatory guidelines have been developed for 
diabetes care, including management of glucose level,3 lipid levels,3,4 
and blood pressure.3,5

Despite high-quality studies6,7 supporting the benefit of multimodal 
intensive diabetes management, care has fallen short by all measures.8-10 
For example, it has been repeatedly shown that less than 50% of persons 
with diabetes achieve target glycosylated hemoglobin (A1C) levels.11 
One proposed method of improving diabetes care is to create incentives 
for physicians to better manage patients. Performance measurement is a 
system that can be used to provide incentives for care. With the recent 
increased focus on physician performance by the Centers for Medicare & 
Medicaid Services and by other payers, ambulatory measures of quality 
in diabetes care have been developed.3,11-13

Many experts believe that economic incentives are not aligned to 
reward higher quality of care. The financial incentives of the US primary 
care health system are based on the number of patients seen (quantity 
of care), not on quality of care. However, momentum is gaining to pro-
vide incentives for quality of care, or pay for performance. In a survey of 
252 health maintenance organizations, more than half (covering >80% 
of the total enrolled) included pay for performance in their contracts.14 
Several clinical trials have evaluated pay for performance.15-17 Lindenau-
er et al18 reported that hospitals that engaged in pay for performance 
achieved greater improvements in all composite measures of quality.

As performance measures of care have proliferated, there has been a 
drive to create summary measures of provider care. The next generation 
of performance measures may move beyond individual care goals and give 
recognition only when all composite end points have been reached.15,17,18 
The theory behind this “all-or-none” (bundled) performance measure-
ment is that, if all steps are not completed or outcomes achieved, the 
quality of care is still lacking. Models that measure bundled performance 

have been used in the measurement 
of hospital-delivered care. The Cen-
ters for Medicare & Medicaid Ser-
vices in their 8th Scope of Work19 
moved to a bundled approach in 
defining hospital care measures. For 
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Objectives: To evaluate processes and outcomes 
of diabetes care using bundled indicators from 
a primary care registry of osteopathic training 
programs.

Study Design: Retrospective cohort analysis.

Methods: This study examined care delivered 
to 7333 patients across 95 family practice and 
internal medicine residency programs (July 1, 
2005, through September 15, 2008) to determine 
diabetes care performance using measures of 
processes of care and outcomes. Two summary 
(bundled) reports of care for each measure were 
constructed. The first used the frequency of 
indicated care delivered (indicator-level bundle), 
and the second used the frequency of patients’ 
receiving all indicated care (patient-level bundle).

Results: Use of the indicator-level bundle dem-
onstrated that outcomes goals were achieved at 
a rate of 44.5%. Use of the patient-level bundle 
demonstrated that outcomes goals were achieved  
at a rate of only 16.2%, a significant difference  
(P <.001). Eight evidence-based processes of 
diabetes care were then examined using the 2 
bundling methods. The indicator-level analysis 
mean rate for the bundled processes of care was 
77.3%, whereas the patient-level analysis mean 
rate was only 33.5%. This was also significantly 
different (P <.001).

Conclusions: The method of bundling care mea-
sures can have a profound effect on the reporting 
of goals achieved. This can in turn influence the 
assessment of provider performance and oppor-
tunity gaps in diabetes care delivery. In this study, 
providers were more likely to achieve processes-
of-care goals when diabetes care was bundled 
at the indicator level than at the patient level. 
Standardization of summary reporting of diabetes 
care should be developed to enhance consistent 
interpretation of performance.
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example, this has been applied to pneumonia care, congestive 
heart failure, and acute myocardial infarction.19 In addition, 
this model has been successful in reducing surgical infection 
rates in the hospital.20 However, the effect of bundling is un-
explored in the outpatient setting.

There are several ways that measures can be bundled. Care 
can be bundled by the processes of care that are completed. 
This evaluates the systems built into a practice that assure 
continuity of care, such as reminders for eye examinations 
among persons with diabetes. More commonly, intermedi-
ate outcomes can be bundled to determine if all goals (eg, 
low-density lipoprotein cholesterol level, blood pressure, and 
A1C level) are achieved. This measures actions of the patient 
and of his or her physician.

Furthermore, these 2 measures can be bundled by patient 
and by indicator. This bundling method can be applied to 
processes-of-care and outcomes achievement. The indicator-
level bundle is the percentage of all processes of care indi-
cated for all patients that are performed, and the patient-level 
bundle is the percentage of all patients who have received all 
indicated processes of care. An example is given in Table 1.

The relative value of these methods depends on how the 
performance information is being used. The indicator-level 
method provides a measure of operational efficiency, where-
as the patient-level method provides a more patient-centric 
measure, potentially having more meaning to a patient and 

answering the question “what is my prob-
ability of receiving all indicated care or 
achieving all recommended outcomes?” 
The American Osteopathic Association 
developed the Clinical Assessment Pro-
gram (AOA-CAP) database to serve as 
a quality improvement tool for physi-
cians in training to evaluate the safety of 
patient care in the ambulatory setting. 
This primary care registry of osteopathic 

training programs uses evidence-based standards of care to 
consistently collect information on diabetes care.

The objective of this study was to evaluate diabetes care at 
family practice and internal medicine osteopathic residency 
training programs using the AOA-CAP database. Further-
more, we evaluated how the bundling of processes-of-care 
and outcomes measures affected the overall performance 
score. This study was approved by the Ohio State University 
Institutional Review Board.

Methods
Data Source

The AOA-CAP database, a Web-based primary care reg-
istry of osteopathic training programs, was used in this study. 
The AOA-CAP database collects information from family 
practice and internal medicine residency programs on process-
es of care and outcomes in a sample of their patients. For this 
study, we only accessed the diabetes measure data set. To enter 
information in the AOA-CAP database, residency programs 
are instructed to acquire a random sample from their diabe-
tes medical records. Residents enter data using a standard set 
of disease-specific processes-of-care and outcomes measures. 
These reported measures are guided by national standard-
setting organizations such as National Committee for Qual-
ity Assurance and the American Diabetes Association. These 

data are provided to the AOA annually from 
programs as part of the residency accredita-
tion process. Reports regarding performance 
are then provided back to the program.

Subjects and Settings
Data were abstracted from AOA fam-

ily practice and internal medicine residency 
programs between July 1, 2005, and Septem-
ber 15, 2008. Residents were instructed to 
enter only those patients having confirmed 
diagnosis of type 2 diabetes mellitus with 
at least 2 visits to the clinic in the previous 
year for diabetes. Patients treating their dis-

n Table 1. Example of Bundling by Patient and by Indication in Which 
5 Patients Are Evaluated Regarding Diabetes Carea

Take-Away Points
The quality of diabetes care in the United States falls short of national standards, and 
performance measurement is intended to improve quality of care.

n	 Bundling performance outcomes may provide a more patient-centered measure of 
quality of care.

n	 The way in which processes of care and outcomes are bundled has a significant effect 
on quality outcomes performance levels.

n	 The results of this study should inspire further discussion about the methods by which 
quality of care should be measured and reported.

Outcome

Patient 1 2 3 4 5

1 X X X X

2 X X X

3 X X X X

4 X X X X

5 X X X X X

aThe indicator-level denominator is 25 (5 patients × 5 outcomes). Using an indicator-level 
bundling method, the outcomes achieved are 20 of 25, or 80.0%. Using a patient-level 
bundling method, the denominator is 5, so the patient-level bundling of outcomes 
achieved is 1 of 5, or 20.0%.
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fined as having at least 2 visits with an International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification diagnosis 
of diabetes mellitus during the study year and being treated for 
diabetes with a medication during the study year.

Processes-of-Care and Outcomes Measures
Processes and outcomes measures of diabetes care were used 

to assess the adequacy of diabetes care (see eAppendix available 

ease with lifestyle modification only were not included in this 
study. Programs were asked to choose 40 randomly selected 
patients who met the inclusion and exclusion criteria for the 
AOA-CAP database. However, not all programs had 40 pa-
tients who met these criteria. Programs contributing fewer 
than 20 patients were excluded from analysis. Data entered 
into this database were deidentified. The database provides 
information on care delivered to patients with diabetes, de-

n Table 2. Diabetes Processes of Care and Outcomes Measured and the Rates of Performance

 
Variable

 
                 Numerator

 
     Denominator 

Rate of Performance,  
Mean, %

Intermediate Outcomes

A1C level <7% Patients having diabetes with A1C 
level <7% at the most recent visit

All patients having 
diabetes

44.7

LDL-C level <100 mg/dL Patients having diabetes with  
LDL-C level <100 mg/dL at the  
most recent visit

All patients having 
diabetes

54.5

BP <130 mm Hg systolic  
and <80 mm Hg diastolic

Patients having diabetes with BP  
<130 mm Hg systolic and  
<80 mm Hg diastolic at the most 
 recent visit

All patients having 
diabetes

33.3

Processes of Care

Foot examination Patients having diabetes with a  
complete foot examination within  
the past year

All patients having 
diabetes

58.4

Microalbuminuria screen Patients having diabetes with  
nephropathy or screening for  
microalbuminuria within the  
past year

All patients having 
diabetes

71.8

Ophthalmologic examination 
recommended

Patients having diabetes with  
documentation of an ophthalmo- 
logic examination performed  
or recommended during the  
past year

All patients having 
diabetes

68.4

ACE or ARB prescription in  
patients with albuminuria

Patients having diabetes  
prescribed an ACE or ARB

Patients having diabetes 
with albuminuria and 
without contraindication 
to the medications

86.2

ACE or ARB prescription in  
patients with hypertension

Patients having diabetes  
prescribed an ACE or ARB

Patients having diabetes 
with hypertension and 
without contraindication 
to the medications

84.6

A1C testing performed within  
the past year

Patients having diabetes  
with A1C testing performed  
within the past year

All patients having 
diabetes

93.4

LDL-C testing performed within  
the past year

Patients having diabetes with  
LDL-C testing performed within  
the past year

All patients having 
diabetes

87.0

Smoking cessation counseling for 
patients with a smoking history 
within the past year

Patients having diabetes with  
smoking history and documented  
smoking cessation counseling  
within the past year

Patients having diabetes 
with a smoking history

73.8

A1C indicates glycosylated hemoglobin; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure;  
LDL-C, low-density lipoprotein cholesterol. 
SI conversion factor: To convert cholesterol level to millimoles per liter, multiply by 0.0259.
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at www.ajmc.com). The processes-of-care and outcomes mea-
sures are consistent with those recommended by the National 
Quality Forum, National Committee for Quality Assurance, 
and American Medical Association Physician Consortium for 
Performance Improvement. Measures were vetted by the AOA-
CAP steering committee. Processes-of-care measures identify 
the interaction between healthcare providers and patients, in-
cluding diagnosis, surveillance of complications, and treatment 
of disease. Outcomes measures are the result of the interaction 
between patient and physician and the ability to get a patient 
to target goal. A summary of diabetes processes-of-care and out-
comes indicators is given in Table 2.

The processes-of-care and outcomes measures were bun-
dled using 2 methods. These are indicator-level and patient-
level analyses.

Processes of Care. An indicator-level processes-of-care 
bundle was created by developing a denominator of all pro-
cesses of care for which patients with diabetes were eligible 
and a numerator of the number of times the indicated pro-
cess of care was delivered. A patient-level processes-of-care 
bundle was created by using the patients as the denominator 
and the number of times the patients received all indicated 
care as the numerator.

Intermediate Outcomes. An indicator-level outcomes 
bundle was created by using the denominator of all opportuni-
ties for patients to achieve goals of blood pressure, lipid levels, 
and glucose control. The numerator represents the number of 
times the goals were achieved across all patients. Similarly, a 
patient-level outcomes bundle was created by using the pa-
tients as the denominator and the number of times the pa-
tients achieved all of the following goals: blood pressure less 

than 130/85 mm Hg, low-density lipoprotein cholesterol level 
less than 100 mg/dL, and A1C level less than 7% (to convert 
cholesterol level to millimoles per liter, multiply by 0.0259).

Statistical Analysis
Percentile distributions of programs were calculated based 

on the indicator or the patient as the unit of analysis. Perfor-
mance was based on the proportion of goals achieved. SAS 
version 9.1 (SAS Institute, Cary, NC) was used in the per-
centile calculations.

The 2 methods were examined for differences in per-
formance-based goals achieved using the following 3 com-
parisons: (1) indicator-level processes-of-care bundle versus 
indicator-level outcomes bundle, (2) patient-level processes-
of-care bundle versus patient-level outcomes bundle, and (3) 
patient-level processes-of-care bundle versus indicator-level 
processes-of-care bundle. Pearson product moment correla-
tion χ2 analysis was performed. Statistical analysis was set at 
the 5% level. SPSS version 17.0 (SPSS Inc, Chicago, IL) was 
used in the calculations.

Results
A total of 95 residency programs contributed 7333 cases 

of diabetes to the study. Programs contributed a maximum 
of 818 cases and a minimum of 20 cases, with a mean of 58 
cases. The demographics of the patient sample are given in 
Table 3. The types of residency programs contributing data 
were almost evenly split, with 52.5% of cases contributed by 
family practice and the remainder by internal medicine. The 
mean age of the cohort was 56.9 years, with 56.0% of cases 
being female. All patients were treated with medication (by 
study criteria), with 64.8% of patients receiving oral hypogly-
cemic agents and the remainder receiving insulin or a combi-
nation of insulin and oral medication. White race/ethnicity 
was most frequent at 56.5%, followed by African American 
at 23.0%, Hispanic at 10.6%, and the remainder being other 
races/ethnicities or not reported.

Analysis was based on the following 2 frames: (1) the 
indicator-level bundle, which treats each process of care or 
outcome as an opportunity to provide good care, and (2) 
the patient-level bundle, which provides an estimate of the 
percentage of patients receiving all indicated care or achiev-
ing all desired outcomes. Table 2 gives the results of the pro-
cesses-of-care and outcomes measures and the mean rate of 
performance for each goal. Table 4 gives the distribution of 
performance across programs using the 2 methods described 
for measurement. The distribution of the indicator-level 
bundle was higher at all percentiles for processes and out-
comes of care.

n Table 3. Demographics of the Patient Sample

Demographic Value

Sex, %

    Female 56.0

    Male 44.0

Age, mean, y 56.9

Race/ethnicity, %

    White 56.5

    African American 23.0

    Hispanic 10.6

    Other or not reported 9.9

Residency program of  
patients, %

    Family practice 52.5

    Internal medicine 47.5
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Using the indicator-level bundle, the mean rate of perfor-
mance on processes of care across all programs was 77.3%, 
and the mean rate of performance on outcomes was 44.5% 
(P <.001) (Table 5 and Table 6). The patient-level bundle 
revealed that the mean rate of performance on processes of 
care across all programs was 33.5% and the mean rate of per-
formance on outcomes was 16.2% (P <.001). Overall, the 
distributions for patient-level bundles were lower than those 
for indicator-level bundles.

Comparing the methods of bundling for processes of care 
revealed that the method of bundling also affected perfor-
mance goals. Indicator-level processes-of-care bundle measures 
demonstrated that care was delivered 77.3% of the time across 
the population; when evaluating how many patients received 
indicated processes of care, this dropped to 33.5%, which was 
significantly lower (P = .001) (Table 5 and Table 6). A similar 
difference was found when comparing outcomes measures, with 
44.5% of the population achieving the indicator-level bundle 
with controlled blood pressure, glucose, or lipid levels, but 
this dropped to 16.2% when evaluating the percentage of pa-
tients achieving all 3 controlled (patient-level bundle). This 
difference was also statistically significant (P <.001).

Discussion
The concept of pay for performance has been developed 

to reward systems of care that achieve desired outcomes and 
to limit incentives to those who do not meet standards of 
care. Using a bundled, or all-or-none, approach demands 
that systems of care be developed that incorporate a team ap-
proach and goal-focused care so that optimal care is provided. 
Proponents of the bundling method argue that it provides an 
example of best practices.

However, as shown herein, the method of bundling care 
has significant effects on performance achievement.21-24 For 

example, in this study, resident physicians were more likely 
to achieve the goal in processes of care (low-density lipopro-
tein cholesterol test ordered in the past year) as opposed to 
outcomes (low-density lipoprotein cholesterol level <100 mg/
dL). Completing a task is often easier than completing the 
task successfully. Meeting an outcome measure also involves 
factors outside of the physician’s control such as patient ge-
netics, patient adherence, and system factors such as access 
to care and formulary of medications covered to treat the dis-
ease process. The need to adjust outcomes for various patient 
and system factors outside of a physician’s processes-of-care 
control has led to risk-adjustment methods in the inpatient 
setting where outcomes such as mortality are investigated.25 
To date, performance measurement and bundling programs 
have shown mixed results for improvements in diabetes 
outcomes.26-29

In this study, there were significant differences in perfor-
mance when using different bundling methods. There was an 
absolute difference of 33.7% comparing the frequency of pro-
cesses of care when bundled by indicator level versus patient 
level. In addition, there was a 28.0% difference comparing 
the frequency of outcomes achieved when bundled by indi-
cator-level versus patient-level bundle of outcomes achieved. 
The implications for this difference need to be understood in 
the context of use of the measurement.

However, each bundling method has disadvantages. At 
the indicator level, physicians may be able to “score” higher 
but not achieve the outcomes that are most important to pa-
tients. Patients tend to care about outcomes that will affect 
the quantity or quality of their lives. In addition, patient-level 
bundling may be complicated by factors outside of the physi-
cian’s control and may inadvertently disadvantage physicians 
based on the patients for whom they provide care. This may 
lead to patient profiling and selective access to care, which 
may not prove to serve the public health interest. When ap-

n Table 4. Distribution of Rates of Performance Across 95 Programs Submitting at Least 20 Cases Using  
Indicator-Level and Patient-Level Bundles

Rate of Performance, Mean, %

 
 
Variable

Patient-Level  
Processes-of-Care  

Bundle

Indicator-Level 
Processes-of-Care 

Bundle

Patient-Level  
Outcomes  

Bundle

Indicator-Level  
Outcomes  

Bundle

Best performance 84.4 97.5 38.0 59.8

90th Percentile 73.8 94.7 28.6 56.3

75th Percentile 47.7 86.5 20.0 49.2

Median 28.1 76.6 16.0 44.4

25th Percentile 14.9 68.9 10.9 40.4

10th Percentile 6.9 62.2 8.0 35.0
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plying these bundling methods to performance review, it may 
be prudent to apply indicator-level bundling to practice and 
to apply negative reinforcements if the indicator-level bundle 
is considered the minimum basic standard. Negative rein-
forcements could include decreased reimbursement or lower 
physician rating. However, the application of the more strin-
gent patient-level bundling could be applied with positive 
reinforcements (increased reimbursement, bonuses, etc) that 
would award those who achieve best care practices.

Limitations of this study include self-reporting of the dia-
betes data without an external audit. Residency programs 
are required to participate in this registry, but performance is 
not used to accredit or grade the residents or their program. 
Therefore, there is no reason to believe that the data are inac-
curate because of that pressure. In addition, previous perfor-
mance measurement programs that rely only on external data 

collection have proven to be 
problematic.30 Furthermore, the 
AOA-CAP database was not 
developed to evaluate pay-for-
performance evaluation, and 
the program may have been de-
veloped differently if developed 
for this purpose. Previous re-
search has also raised questions 
regarding the reliability of indi-
vidual physician report cards, 
especially when these report 
cards are reporting outcomes 

data that can be affected by patient factors and by issues of 
sufficient power to determine the difference.22,23,30,31

However, there have been some early successes in use of 
bundling in outpatient diabetes care. Weber et al26 used bun-
dling of processes of care and outcomes and an electronic 
medical record to improve diabetes care for an entire health 
system within a calendar year. In that study, there was a sta-
tistically significant increase in the number of patients who 
reached goal A1C level and blood pressure and who had re-
ceived a pneumococcal vaccine. Projects such as these are 
proactive and, if reproducible, could provide stimulus for 
greater use of bundling care to improve outcomes.

Bundling of care can be useful in clinical care and in per-
formance measurement. When dealing with large numbers 
of patients or physicians, bundling can provide a summary 
statistic that can be used over time to track progress and to 

n Table 5. Rates of Performance on Bundling by Patient Level and Indicator Level 
and by Processes of Care and Outcomes Achieved

n Table 6. Rates of Performance on Bundling by Patient Level and Indicator Level Using 3 Methods of Comparison

Variable Met Goal, Mean, % P

Indicator-Level Bundle (n = 40,331)

Processes of care 77.3
<.001a

Outcomes 44.5

Patient-Level Bundle (n = 7333)

Processes of care 33.5
<.001b

Outcomes 16.2

aVersus patient-level processes-of-care bundle and indicator-level outcomes bundle. 
bVersus patient-level outcomes bundle.

Variable Mean, %

Patient-Level Processes-of-Care Bundle vs Patient-Level Outcomes Bundlea

Patient-Level Processes-of-Care  
Measures (n = 7333)

Patient-Level Outcomes Measures  
(n = 7333)

Met goal 33.5 16.2

Did not meet goal 66.5 83.8

Indicator-Level Processes-of-Care Bundle vs Indicator-Level Outcomes Bundlea

Indicator-Level Processes of Care  
(n = 40,331)

Indicator-Level Outcomes  
(n = 40,331)

Met goal 77.3 44.5

Did not meet goal 22.7 55.3

Patient-Level Processes-of-Care Bundle vs Indicator-Level Processes of Carea

 Patient-Level Processes of Care  
(n = 7333)

Indicator-Level Processes of Care  
(n = 40,331)

Met goal 33.5 77.3

Did not meet goal 66.5 22.7

aStatistically significant at P <.001.
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demonstrate performance improvement. This could be used 
by physicians to market their practice or to provide head-to-
head comparison with other regional physicians.

Unfortunately, a shortcoming of bundling of care is the 
assumption that each component of the bundle is of equal 
importance. Furthermore, bundling of outcomes will require 
some adjustment for factors outside of a physician’s control 
and may penalize those physicians who serve underserved 
communities. Scholle et al30,31 suggest that a reliability score 
should be applied when using composite measures for physi-
cians. If financial incentives are tied to the bundling process, 
it is critical that they are applied uniformly and are directed 
toward behaviors that help to improve quality of care for the 
individual and for the general public. Synder et al32 recom-
mend that performance measurement should be used only 
when several actions have been enacted, including ensuring 
transparency, measuring those elements that are important 
to patients, and monitoring and intervening for unwanted 
physician behavior (such as deselection of patients or gaming 
the system).

In conclusion, the method of bundling in this study—
whether processes of care versus outcomes or indictor level 
versus patient level—statistically changed performance re-
sults. In addition, this study demonstrated that the AOA-
CAP database can be a powerful tool for quality performance 
programs and can assist in the bundling of performance mea-
sures. Because bundling methods will be used in the future, 
physicians need to address patient-level and system-level 
variables to make significant changes in achieving these goals. 
We recommend that a careful and thorough evaluation of the 
bundling process should be explored before these methods are 
implemented into the healthcare system.
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