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T he prevalence of diabetes mellitus in the United 
States increased 40% between 2007 and 2010, to 
11.9% of the population aged 20 years and older.1 

Patients with diabetes are at increased risk for microvascular 
complications including retinopathy, nephropathy and am-
putation, and macrovascular complications including stroke 
and myocardial infarction (MI). Glycemic control has dra-
matically improved microvascular outcomes in patients with 
type 1 diabetes2 and type 2 diabetes,3 but has not consistently 
been associated with improved macrovascular outcomes, 
such as cardiovascular disease (CVD). Recent studies show 
that intensive glucose control is associated with increased 
risk or no benefit.4-6 In contrast, lipid and blood pressure (BP) 
control have resulted in clear reductions in CVD in persons 
with diabetes.7-9 Moreover, the combined control of these 
risk factors reduced the risk of CVD outcomes.10,11 Notably, 
the time to onset of risk reduction can be relatively short. For 
example, smoking cessation reduces coronary events within 
6 months for patients at high risk.12

In spite of the evidence, translation of standards of care 
into a workable care protocol in primary care is challenging. 
The American Diabetes Association (ADA) has promul-
gated detailed standards of care for improving patient out-
comes, including recommendations for medical care from 
physician-coordinated teams.13 However, providing state-of-
the-art guideline care is rarely achieved.14 Although there is 
evidence that the use of an electronic health record (EHR) 
may improve process-of-care measures and intermediate 
outcome measures for diabetes15 even when guideline care is 
provided, it is unclear whether the benefits of reduced risk 
accrue and how much time is required before risk reduction 
is measurable.

A team-based model was designed to more consistently 
provide evidence-based care to patients with diabetes. This 
system of care used a 9-component bundle of diabetes mea-
sures, a workflow redesign, EHR tools, and financial incen-
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Objectives 
To determine whether a system of care with an all-or-none bun-
dled measure for primary-care management of diabetes mellitus 
reduced the risk of microvascular and macrovascular complica-
tions compared with usual care. 

Study Design
A parallel pre-post observational design was used. In 2006, a 
system of care for diabetes was implemented for some members 
of the Geisinger Health Plan. A total of 4095 primary-care patients 
were in the Diabetes System of Care group (DS) and compared 
with a propensity score–matched cohort of 4095 primary care 
patients not in the system of care (non-Diabetes System of Care 
[NDS]).

Methods
Cumulative hazard rate was measured over a 3-year period for 
retinopathy, amputation, stroke, and myocardial infarction (MI).

Results
The adjusted hazard ratios (HRs) for MI (HR, 0.77; 95% CI, 0.65-
0.90), stroke (HR, 0.79; CI, 0.65-0.97), and retinopathy (HR, 0.81; 
CI, 0.68-0.97) were all significantly lower among DS patients. 
The adjusted HR for major amputations (HR, 1.32; CI, 0.45-3.85) 
did not differ between groups, but only 17 major amputations 
occurred during the follow-up period. The necessary number of 
patients to treat in order to prevent 1 event over 3 years was 82 
for MI, 178 for stroke, and 151 for retinopathy. 

Conclusions
A system of care with an all-or-none bundled measure used in 
primary care for patients with diabetes may reduce the risk of MI, 
stroke, and retinopathy over a 3-year period. 
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tives to improve the consistency and reliability of care, as 
previously reported.16 A key aspect of this program is an 
all-or-none measure that determines physician incentives. 
We describe the impact of this system of care on risk of 
microvascular complications of retinopathy and amputa-
tion and macrovascular complications of stroke and MI 
over the first 3 years of implementation.

METHODS
This research study was approved by the Geisinger 

Institutional Review Board. The evaluation of the dia-
betes system of care was completed among members of 
the Geisinger Health Plan (GHP). Approximately 45% of 
GHP members receive their care from Geisinger primary 
care physicians. GHP also contracts with non-Geisinger 
physicians who provide primary care to the other 55% of 
members. The diabetes system of care was implemented 
in all 38 Geisinger primary care sites, referred to hereafter 
as Diabetes System (DS). DS patients were compared with 
propensity score–matched primary care patients from 
other clinics in the same region, referred to hereafter as 
non-Diabetes System (NDS). One key part of the DS is 
that it was implemented in an integrated healthcare sys-
tem. This allowed for many advantages in implementa-
tion, such as a shared EHR system across all providers, 
ease of reporting to all providers without conflict, and an 
equitable application of physician incentives to all pro-
viders. The NDS system had many nonintegrated care 
characteristics, yet had numerous diabetes improvement 
programs in effect during the study period that are dis-
cussed further in the discussion section.

 
Diabetes System of Care (DS)

The DS was designed by a multispecialty, multidisci-
plinary work group. The ADA Guidelines for the Stan-
dard of Medical Care for Diabetes were used as the basis 
for the system of care.17 The team model included an all-

or-none measure with physician in-
centives awarded only when a patient 
fulfilled all 9 components of the bun-
dle (Table 1). Previous research has 
examined compliance rates within the 
DS program and found significant in-
creases in all measures of diabetes care 
within the first 12 months.18 

Beginning in January 2006, the 
all-or-none bundle was routinely 
measured in all adults with diabetes 
at Geisinger primary care sites. DS 

included delegated accountable responsibilities for each 
team member—physician, advanced practitioner, nurse, 
case manager, front office staff, and call center staff. Work-
flows were developed to be measurable, scalable, reliable, 
and not dependent on the diligence of individual provid-
ers. DS included EHR decision support, autogenerated 
patient report cards, and automated updating of a patient 
registry. During the office visit, licensed practical nurses 
and medical assistants were presented with decision sup-
port for all process-related diabetes care and had standing 
orders for influenza and pneumococcal immunizations, 
diabetes lab work, eye exam referrals, and diabetic foot 
screenings. Providers are presented with decision support 
for only those elements of diabetes bundle care that re-
quire complex medical decision making, including glycat-
ed hemoglobin (A1C), low-density lipoprotein cholesterol 
(LDL), and BP management. Patient report cards were 
generated during the office visit to be shared later with the 
patient. The individual metrics and all-or-none bundle re-
sults for each clinic team and for each individual provider 
were reported monthly. Each team had access to the indi-
vidual reports and team reports of all other physicians/
teams within Geisinger.  

Comparison Primary Care Population 
Analysis of outcomes was based on claims data ob-

tained from GHP. As previously noted, GHP members 
in the DS were compared with those in the NDS. The 
analysis was confined to GHP members because medical 
claims data on all eligible diabetes patients could be used 
to identify relevant documentation of micro- and mac-
rovascular events. Analysis was limited to the period of 
services provided and paid by GHP from January 1, 2004, 
to December 31, 2008, and was confined to patients who 
were aged 40 years or older with a diabetes diagnosis. The 
2 years of observations from 2004 to 2005 were used to es-
tablish baseline event rates in the two patient populations 
before the DS was implemented.

Take-Away Points
A diabetes system of care using an all-or-none bundled measure can reduce the micro-
vascular and macrovascular complications of diabetes in only 3 years.

n    A system of care for diabetes can reduce myocardial infarction, stroke, and retinopa-
thy in only 3 years.

n    Translation into a workable care protocol in primary care is challenging. Workflows 
were developed that were measurable, scalable, reliable, and not dependent on the 
diligence of individual providers. 

n    Payers and health systems can innovate and invest together in the infrastructure to 
build similar systems of care, knowing that the benefit for their patients with diabetes 
will be prompt. 
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peripheral vascular disease, heart failure, cerebrovascular 
accident, pulmonary disease, severe liver disease, renal 
disease, malignant cancer, cardiovascular disease, and di-
alysis) up to the index date. The propensity score was used 
to match DS and to NDS diabetes patients (± 0.2 of SD of 
the propensity score, an optimal caliper usually used in 
propensity score–matching studies21) and to balance both 
groups on future risk of events of interest. Second, to ac-
count for differences in person-time of observation in the 
postsystem-of-care periods, we calculated the probability 
of being “exposed” to the post-system period. To this end, 
each patient’s age at diabetes baseline date, duration of 
person-time in the preintervention period, and comor-
bidities documented before the index dates were included 
in the conditional logistic regression model. Conditional 
logistic regression was used to control for matched pair 
variation. A score obtained for each subject represented 
the likelihood of postsystem-of-careexposure.

Person-time was excluded until a patient reached 40 
years of age. Cumulative risk was estimated using the 
weighted Cox Proportional Hazards regression model, 
which combined a traditional Cox Proportional Haz-
ard regression model with inverse probability weighting 
(IPW). The inverse of the previously described postsystem 
exposure score was used as a weight, along with age at the 
index date and gender. A patient was censored from ob-
servation if they discontinued as a GHP member, died as a 
GHP member, or incurred their first unique major micro-
vascular or macrovascular event as previously described. 
The C statistic was used to measure discriminatory capa-
bility of the model and calculated as described by Pencina 
and colleague’s method.22 The cumulative hazard of each 
outcome was predicted by the model.  Statistical analyses 
were performed using SAS version 9.2 (SAS Institute Inc, 

During the study period, individuals were in-
cluded as diabetes cases if they met Healthcare 
Effectiveness Data and Information Set (HEDIS) 
criteria19 and had 4 or more encounters with a di-
abetes International Classification of Diseases, Ninth 
Revision (ICD-9) code on different dates during the 
study period. The earliest encounter with a dia-
betes ICD-9 code was taken as the diabetes base-
line date. Patients had to have at least 180 days 
of follow-up after their diabetes baseline date to 
contribute to the analysis. 

Outcomes
We identified all inpatient and outpatient 

claims during the 5-year study period related to 
the following ICD-9 codes: retinopathy (ICD-
9 codes 250.5x and 362.xx); amputation (ICD-9 codes 
89.5x, 89.6x, 89.7x, and 99.7x); MI (ICD-9 code 410.xx); 
and stroke (ICD-9 codes 430, 431.xx-438.xx). The follow-
ing numbers of cases were identified: 2518 retinopathy; 
138 amputation; 3824 MI; and 2112 stroke. Incident mi-
crovascular or macrovascular events were identified as 
the earliest documentation of 1 of the above codes if there 
was also at least 1 year of follow-up prior to the first docu-
mentation of the claims event. This “clean-out period” 
restriction was imposed to eliminate prevalent events 
among those who became new members of GHP. In sen-
sitivity analysis, we also used a 2-year clean-out period. 
The findings were essentially the same. Using the 1-year 
criteria, we identified 519 retinopathy, 17 amputation, 714 
MI, and 445 stroke incident events. 

Chronic kidney disease, 1 of 3 serious microvascular 
diseases associated with diabetes, was not evaluated as an 
outcome because it is not reliably reported in insurance 
claims data unless a patient has end-stage disease.

Statistical Analysis
Because patients were not randomized, we used a 

2-step method to protect against inferential threats attrib-
utable to baseline differences in risk factors. First, logistic 
regression was used to calculate a propensity score20 for 
each eligible diabetes patient to balance disease burden 
for members of the DS and NDS groups at the beginning 
of intervention (January 1, 2006), which was denoted as 
the index date. If patients had pure postintervention ex-
posure, then the index date was set to be the same as the 
baseline date. Claims data from the date of enrollment to 
the index date were used to derive the propensity score 
based on patient gender and age at index date, as well as 
claims documentation of comorbidities (mild liver disease, 

n Table 1. The 9 Components of the Diabetes System of Care 

Bundle Element Quality Standard

A1C measurement Every 6 months

A1C control—patient-specific goal <7 or 7%-8%

LDL measurement Annually

LDL control—patient-specific goal <70 or <100 mg/dl

Blood pressure measurement <140 SBP, <80 DBP

Urine protein testing Annually

Influenza immunization Annually

Pneumococcal immunization Once before age 65 years, once 
after age 65 years

Smoking status assessment Nonsmoker

A1C indicates glycemic hemoglobin; DBP, diastolic blood pressure; LDL, low-
density lipoprotein; SBP, systolic blood pressure. 
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Cary, North Carolina) for the time-to-event analysis and 
relative risk comparison.

The number of patients needed to treat (NNT) was 
calculated based on risk reduction, which was estimated 
from the above Cox proportional hazard model; that is, 
the 3-year survival rate was estimated from the model for 
DS and NDS group, respectively, and the difference repre-
sented the 3-year risk reduction. The NNT is the inverse 
of the risk reduction.  

RESULTS
The initial study cohort of 16,086 GHP members met 

the criteria for diabetes diagnosis. (Figure 1). After ap-
plying exclusion criteria (<180-day follow-up, age <40, 
only preintervention exposure or prevalent outcome), 
the sample was reduced by 3421 of the 8355 patients in 
the DS group clinics and by 3634 of the 7734 in the NDS 
group clinics. After applying propensity score–matching 
criteria, 4095 DS subjects were matched to 4095 NDS sub-
jects. Before matching (Table 2), DS group members were 
significantly older, had proportionately more of their per-
son-time in the postintervention period, and had a longer 
follow-up period than NDS members. After matching, DS 
and NDS members still differed on duration of follow-up 

time in the postintervention period. The 2 groups were 
similar on the risk score derived at baseline and up to the 
time of the index date. The adjusted hazard ratio (Table 3) 
for MI was 0.77 (95% CI, 0.65-0.90); for stroke, 0.79 (95% 
CI, 0.65-0.97); and for retinopathy, 0.81 (95% CI, 0.68-
0.97). The risk of the macrovascular and microvascular 
events were significantly lower among DS patients com-
pared with NDS patients (Figure 2 includes cumulative 
hazard plots). These hazard plots show that the reduction 
in macrovascular outcomes (MI and stroke) is most pro-
nounced after year 1 of the DS, and that the microvas-
cular outcome retinopathy is evident after approximately 
18 months. The risk of developing retinopathy, MI, and 
stroke among DS patients was significantly less than that 
of NDS patients in the 3-year follow-up period. The NNT 
to prevent 1 event over 3 years was 82 (95% CI, 37-133) for 
MI; 178 (95% CI, 57-681) for stroke; and 151 (95% CI, 47-
512) for retinopathy. 

DISCUSSION
This analysis of claims data from a propensity-matched 

observational design shows a statistically significant lower 
risk of macrovascular and microvascular disease end points 
in the first 3 years of a diabetes system of care that included 

n  Figure 1. Flow Diagram Describing Patients With Type 2 Diabetes Who Are Eligible for Analysis of Macrovascular 
and Microvascular Events

Total type 2 diabetes
subjects assessed for eligiblity

 N = 16,086  

DS
N = 8355  

1. HEDIS diabetes definition
2. ≥4  Diabetes ICD-9 at different dates
3. January 1, 2004, to December 31, 2008

Exclude subjects with follow-up
≤180 days or age <40 years or
only preintervention exposure

Exclude subjects with 
prevalent outcomes

1-to-1 matching of subjects
from DS and NDS

NDS
N = 7734  

DS
N = 7377  

NDS
N = 6581  

DS
N = 4934  

NDS
N = 4100  

DS
N = 4095  

NDS
N = 4095  

Inclusion criteria

DS indicates patients with Diabetes System of Care; HEDIS, Healthcare Effectiveness Data and Information Set; ICD-9, International Classifica-
tion of Diseases, Ninth Revision; NDS, patients without Diabetes System of Care.
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an all-or-none bundled measure compared with primary 
care without this intervention. The impact was substantial, 
with only 82 patients needed to treat to prevent 1 MI event, 
178 to prevent 1 stroke, and 151 to prevent 1 case of reti-
nopathy. Perhaps the most notable finding is the apparent 
early impact of the care model.  The findings suggest an im-
pact in the first 3 years with the possibility that a reduction 
in risk began to emerge after the first year. This finding is 
consistent with prior randomized controlled trials indicat-
ing that reduction in risk of cardiovascular outcomes can 
be achieved. 4-7,10  However, the early impact of an all-or-
none diabetes system of care on microvascular and mac-
rovascular conditions has not been previously described. 

The finding of a reduction of MI, stroke, and retinopa-
thy in only 3 years through a risk factor intervention 
is supported by prior studies on individual risk factors 

such as smoking cessation, BP control, and influenza im-
munization.12,23-26 Multiple trials have also shown statis-
tically significant improvements in microvascular and 
macrovascular outcomes in 3 to 5 years of follow-up in 
programs designed to reduce cardiovascular risk.4-7,10 This 
study showed improvement in a shorter period of follow-
up. Observing statistically significant differences strongly 
depends on sample size, and showing statistically signifi-
cant differences does not indicate when the benefits of an 
intervention first emerge. These previous trials were de-
signed to show that the intervention had an effect, not to 
determine the earliest point at which the effect occurred. 
The current observational study included multiple simul-
taneous interventions which could have amplified the 
early benefits in risk reduction when compared with other 
studies using a single intervention.

n Table 2. Profile of the Diabetes DS Patients Compared With Diabetes NDS Patients in the Clinics, Before and 
After Matching Criteria Were Imposed

 
Variable

DS  
(N = 4934)

NDS  
(N = 4100) 

 
P

Profile of diabetes patients before matching

    Percent female 51.1 51.5 .67

    Mean (SE) age at first diagnosis during study period 61.2 (9.8) 60.6 (9.8) .005

    Mean (SE) age at diabetes first bundle care 62.3 (9.9) 61.5 (9.9) .0003

    Percent of time “exposed” to postbundle period 0.72 (0.2) 0.75 (0.2) <.001

    Mean (SE) length of follow-up after diabetes diagnosis in days 1216 (490) 1066 (498) <.001

    Mean (SE) number of comorbidities* at onset date 0.3 (0.6) 0.3 (0.6) .57

    Percent with stroke 7.0 7.8 .15

    Percent with MI 11.5 12.7 .09

    Percent with macrovascular disease 16.2 17.5 .09

    Percent with retinopathy 10.0 9.8 .75

    Percent with amputation 0.28 0.2 .39

Profile of diabetes patients after matching (N = 4095)  (N = 4095) 

    Percent Female 51.6 51.6 1.0

    Mean (SE) age at diagnosis 60.4 (9.8) 60.6 (9.7) .48

    Mean (SE) age at diabetes first bundle care 61.5 (9.9) 61.5 (9.9) .96

    Percent of time “exposed” to postbundle period 0.7 (0.2) 0.7 (0.2) .22

    Mean (SE) Length of follow-up after diabetes diagnosis in days 1202 (495) 1066 (498) <.001

    Mean (SE) number of comorbiditiesa at index date 0.3 (0.7) 0.3 (0.7) .11

    Percent with stroke 5.1 5.7 .28

    Percent with MI 8.1 9.3 .05

    Percent with macrovascular disease 11.5 12.5 .17

    Percent with retinopathy 7.0 7.6 .27

    Percent with amputation 0.27 0.15 .22

DS indicates patients with Diabetes System of Care; MI, myocardial infarction; NDS, patients without Diabetes System of Care; SE, standard error. 
aComorbidities include: mild liver disease, peripheral vascular disease, heart failure, cerebrovascular accident, pulmonary disease, severe liver 
disease, renal disease, malignant cancer, cardiovascular disease, and dialysis.



e180	 n  www.ajmc.com  n	 JUNE 2014

CLINICAL

 A limitation of this study is that the DS group interven-
tion did not occur in isolation. After the initiation of the 
DS, other performance improvement projects were initiat-
ed, including reporting of diabetic foot examination rates, 
diabetic eye examination rates, aspirin use, and angioten-
sin-converting enzyme inhibitor/angiotensin II receptor 

blocker use. However, it is unlikely that these other initia-
tives contributed to the early separation in risk observed in 
the DS clinics compared with the NDS clinics. The NDS 
sites also had other ongoing care improvements sponsored 
by the health plan. These included Web-based registry tools 
and outreach programs based on HEDIS measures for 

n Table 3. Adjusteda Hazard Ratios Comparing Serious Macrovascular and Microvascular Events in Matchedb 
Patients With Diabetes From DS and NDS (overall period survival)

Events

 
Outcomes

 
DS N (%)

Median Survival 
Time (days) 

 
NDS N (%)

Median Survival 
Time (days)

Hazard Ratio 
(95% CI)

NNT  
(95% CI)

MI 332 (8.1) 425 382 (9.3) 415 0.77 (0.65-0.90) 82 (37-133)

Stroke 211 (5.1) 522 234 (5.7) 477 0.79 (0.65-0.97) 178 (57-681)

Macrovascular disease 469 (11.5) 437 510 (12.5) 415 0.8 (0.70-0.92) 100 (32-122)

Retinopathy 286 (7.0) 426 313 (7.6) 474 0.81 (0.68-0.97) 151 (47-512)

Amputation 11 (0.3) 550 6 (0.2) 456 1.33 (0.46-3.88) NA
aVariables were included in the model: Age at onset, gender, percentage of postbundle exposure, propensity score. 
bMatched on propensity score ±0.2 standard deviation unit. 
DS indicates patients with Diabetes System of Care; N/A, not applicable; NDS, patients without Diabetes System of Care; MI, myocardial infarction; 
NNT, number of patients needed to treat. 

n  Figure 2. Cumulative Hazard for Macrovascular and Microvascular Events

DS indicates patients with Diabetes System of Care; MI, myocardial infarction; NDS, patients without Diabetes System of Care.
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diabetes, which could have resulted in improved diabetes 
outcomes, but in a less substantial manner than in the DS 
sites. The DS intervention included many interventions, 
including physician and staff monetary incentives. These 
were used at the DS sites to focus attention and promote 
team attainment of goals. NDS sites also received a Physi-
cian Quality Summary bonus from GHP, but the monetary 
incentives were less than what was provided the DS sites 
and not related to an all-or-none improvement. The extent 
to which these varying monetary incentives contributed to 
the success of the intervention was not studied. 

Finally, patients in the DS care arm were more likely 
to be cared for in practices that are a part of an integrated 
health system and in sites that have an EHR. While we 
used propensity score matching at the time of the index 
date to balance the “intervention” and control arms, 
there is the possibility that the separation of the time-to-
event curves for micro- and macrovascular disease risk 
was explained by unmeasured confounding attributable 
to a host of factors that are simply correlated with the ef-
fectiveness of delivering the diabetes care.15,27 

This diabetes system of care had multiple interven-
tions, and the impact of each will require further research. 
Determining the best combination of bundled measures, 
work flow redesign, financial incentives, and the relative 
impact of each aspect of the system of care are ongoing.28,29 
Analysis of the impact of the system of care on overall 
mortality and total cost of care is planned.

Prior evidence indicates that it is possible to improve 
process of care measures for diabetes in clinical prac-
tice,30 and document small to modest improvements in 
glycemic control.31 There is a single report of reduced 
adverse events (amputations, retinopathy, and MI) using 
a diabetes disease management program.32 If substanti-
ated, our findings that a DS reduces the microvascular 
and macrovascular complications of diabetes in only 3 
years have potentially important implications for pa-
tients, providers, and payers. 33 
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