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E lectronic medical records (EMRs) hold great promise for 
changing care management by improving implementation 
of care guidelines and providing data and decision support 

to prompt and facilitate action.1,2 Electronic tools utilizing EMR data 
such as alerts, reminders, and other embedded guideline advice have 
proved effective at improving clinical practice.3 However, many tools 
address a single group or a small group of care needs, and depend on a 
defined patient encounter (visit or phone call) to be useful to practi-
tioners. The need for more global tools to harness data and technol-
ogy stored in EMRs is particularly evident when treating patients with 
chronic diseases. For example, patients with diabetes mellitus (DM) or 
cardiovascular disease (CVD) receive only about 50% of the recom-
mended care for which they are eligible.4-7 These pervasive care gaps 
in screening, monitoring, preventive medication use, and risk factor 
control7-11 result in unnecessary morbidity, mortality, and healthcare 
costs.5-7 

We evaluated the effect of a new tool, the panel-support tool (PST),12 
on delivery of care recommendations by primary care providers (PCPs) 
for patients with DM and/or CVD. The PST uses EMR data to graphi-
cally display “care gaps” for each patient based on current evidence and 
provides summary information to assist practitioners and care teams in 
evaluating these gaps and ordering needed services. Such tools have 
been referred to as “quality dashboards”13,14 and are becoming integrated 
into available EMRs15 or are in the development phase in homegrown 
systems.14,16-21 However, despite their potential to be of enormous use to 
managed care organizations, published reports evaluating their success 
are limited.21

Methods
Study Setting and Data Sources

The study was conducted in 2008 at Kaiser Permanente Northwest, 
a nonprofit group-model health maintenance organizations (HMO) op-
erating in southern Washington and northern Oregon, with 15 medical 
clinics and 485,000 members. Members are demographically similar to 
the area population.22 Electron-
ic databases provided informa-
tion on clinician characteristics 
and patient membership, demo-
graphics, diagnoses, medications 
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Objective: To evaluate the effect of a patient panel-
support tool (PST) on care delivery for diabetes 
mellitus (DM) and cardiovascular disease (CVD). 

Study Design: Retrospective longitudinal cohort 
study among primary care providers (PCPs), 
with 2005 as the preintervention, 2006 as the 
implementation, and 2007 as the postintervention 
period. 

Methods: We estimated the intervention effect 
using electronic medical record data and hierarch-
ical linear models. The intervention was a PST 
displaying “care gaps” and recommendations for 
glycosylated hemoglobin, low-density lipopro-
tein cholesterol, and blood pressure screening 
and control; retinopathy, nephropathy, and 
foot screening; aspirin, statin, and angiotensin-
converting enzyme inhibitor or beta-blocker use; 
and influenza and pneumococcal vaccination. 
Participants were qualifying PCPs and health 
maintenance organizations’ patients. Patients had 
DM or CVD and 12 months of membership (n = 
30,273 DM; 26,414 CVD). Main measures were 
mean percentages of care recommendations that 
were met by PCPs per patient per month (the care 
score).

Results: From 2005 to 2007, the mean care score 
(95% confidence interval) increased for both 
DM and CVD, from 63.5 (62.7, 64.3) to 70.6 (69.8, 
71.4) and from 67.9 (67.2, 68.7) to 72.6 (71.9, 73.3), 
respectively. After adjustments, DM and CVD 
patients had improvements in the care score of 
7.6 and 5.1, respectively, in 2007 compared with 
2005 (P <.001). 

Conclusions: Delivery of care recommendations 
for DM and CVD improved after implementation 
of a PST. More research is necessary to optimize 
results and determine whether patient outcomes 
improve.
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dispensed, over-the-counter medication 
documented by clinicians, blood pressure 
(BP), laboratory results, and procedures 
from inpatient and outpatient settings. 
These data captured more than 95% of 
all medical care and pharmacy services 
received by members.22 A fully electron-
ic medical record (Kaiser Permanente 
HealthConnect, Epic System Inc) has 
been in place since 1996. A 99.5% spe-
cific diabetes registry23 has existed since 1989; its sensitivity is 
estimated at 99% compared with expert chart review. A CVD 
registry derived from diagnoses and procedures (including 
acute myocardial infarction, ischemic heart disease or angina, 
coronary artery bypass procedures, percutaneous transcoronary 
angioplasty, stroke, and peripheral vascular disease) also has 
been in place since 1996. The study site’s clinical guidelines 
for diabetes and CVD care are consistent with the American 
Diabetes Association (ADA) guidelines8 and the American 
Heart Association’s guidelines.24 During the study period (and 
as implemented in the PST), the ADA recommended aspirin 
for primary prevention in DM in those older than 40 years. 
More recent evidence led the ADA to recommend aspirin 
only in the presence of at least 1 additional CVD risk factor.25 
Other than the implementation of the PST, care processes for 
patients with DM and CVD remained stable during the study 
period.

The protocol for this study was approved by the institu-
tional review board within the study HMO. 

Panel Support Tool
The PST (Figure 1) has been previously described in de-

tail.12 It is Internet-based and graphically displays care gaps 
for each patient in a PCP’s panel, based on current evidence 
of recommended care.8,24,26 Sorting functions allow care teams 
to select patients for follow-up based on several parameters. 
The PST provides data on gaps in screening, medication use, 
monitoring, risk factor control, and immunizations, coded 
by color and number according to urgency. Gaps in medi-
cation use and risk factor control were emphasized through 
use of higher care gap scores for these services. For preven-
tive needs, green indicates up-to-date; yellow, due soon; and 
red, overdue. For cardiovascular risk factor control, green in-
dicates good control (eg BP, <135/85 mm Hg; glycosylated 
hemoglobin [A1C] <7%; low-density lipoprotein cholesterol 
[LDL-C] <100 mg/dL); yellow indicates modest elevations; 
and red indicates poor control. Prompts recommend conduct-
ing a screening test, considering starting/restarting a preven-
tive medication, adjusting a medication dose, or adding an 
additional control medication, as indicated. Sets of clinical 

orders addressing each care gap facilitate clinician follow-up. 
Graphical displays allow care teams to compare their perfor-
mance with that of other teams. Primary care providers and 
teams were trained in use of the PST and were expected by 
the HMO to use it to maximize team-member contributions 
during the implementation year (2006). Use of the PST by 
PCP teams gradually increased to 50% of teams by August 
2006, 65% by December 2006, and more than 95% by Feb-
ruary 2007. Although the PST was designed for use during 
clinic visits and for patient outreach, during the study period 
the training and implementation protocols were for use of the 
tool during visits. 

Study Design and Population
This retrospective longitudinal cohort study evaluated the 

effectiveness of the PST at improving rates at which PCPs 
met care recommendations for patients with DM or CVD. 
Our unit of analysis was the PCP. Separate analyses were con-
ducted for DM and CVD, and patients could be in one or 
both analyses. 

We identified all 204 adult PCPs (in internal medicine or 
family practice) who had patient panels during all 3 time pe-
riods: the pre-PST period (2005), the PST implementation 
period (2006), and the post-PST period (2007). To achieve 
stability in our estimates, we limited analyses to the 167 PCPs 
who had at least 20 eligible DM patients during each study 
month and the 143 PCPs who had at least 20 eligible CVD 
patients each study month. 

The study period was divided into 36 months, and data for 
each PCP were extracted monthly based on eligible patients 
in that month. Patients were eligible if they were at least 18 
years of age and known to have DM or CVD. To enable the 
collection of covariates and outcomes, we also required that 
patients be continuous members during and 11 months before 
the study month. 

Study Variables
The primary outcome was the mean percentage of care 

recommendations met by PCPs per member per month (for 
their eligible patient panel each month) or the “care score,” 

Take-Away Points
The effect of a patient panel-support tool (PST) on care delivery for diabetes mellitus (DM) 
and cardiovascular disease (CVD) was evaluated in a retrospective longitudinal cohort 
study among primary care providers.

n		 The mean percentage of care recommendations met (care score) increased for DM 
and CVD from 63.5 to 70.6 and from 67.9 to 72.6, respectively.

n		 Future work is needed to maximize the effects of PSTs on care recommendations met 
and to determine whether improvements in recommendations met translate to improved 
patient outcomes.



e258 n www.ajmc.com n	 OCTOBER 2010

n cLINIcAL n

with national guidelines8,24 and 
mirrored the decision support con-
structed in the PST (Table 1). We 
included all screening, preventive 
medication use, risk factor control, 
and immunizations relevant to the 
care of DM or CVD that also were 
addressed by the PST: A1C, LDL-
C, BP screening and control (un-
measured values were considered 
to be uncontrolled); retinopathy, 
nephropathy, and foot screening; 
aspirin, HMG-CoA reductase in-
hibitor (statin), angiotensin-con-
verting enzyme (ACE) inhibitor 
or beta-adrenergic blocker (beta-
blocker) use; and influenza and 
pneumococcal vaccinations. Care 
recommendations not specific to 
this population were excluded (eg, 
cancer screening). To aggregate 
data at the PCP level for the care 
score, we determined the total 
number of services for which each 
member of the PCP’s patient panel 
was eligible and the percentage of 
those services that were met each 
month. Results for each individual 
care score component (percent 
met) also were calculated.

We included a series of co-
variates (PCP and patient panel 
characteristics and measures of 
healthcare utilization) that could 
impact the likelihood of care qual-
ity improvement resulting from the 
PST. The PCP demographics were 
determined at baseline (January 
2005) and included age, sex, num-
ber of years employed at study site, 
adult primary care specialty (fam-
ily practice or internal medicine), 
and degree type (medical doctor 

or allied health [nurse practitioner, physician’s assistant]). At 
the beginning of each study year, we determined the following 
PCP patient panel characteristics: size, percentage of patients 
with condition of interest (DM or CVD), mean age of patients, 
percentage of patients who were nonwhite, and percentage of 
the DM or CVD population with an annual family income of 
less than $40,000. Individual racial categories were obtained 

with all included care recommendations weighted equally. 
Therefore, the care score could range from 0 (none of patients’ 
care recommendations were met) to 100 (100% of patients’ 
care recommendations were met). The composite outcome 
mirrored that used by others in DM and CVD21,27 and in anal-
yses that aimed to measure improvement over multiple clini-
cal care needs.28,29 The care recommendations were consistent 

n Figure 1. Complete Panel and Patient Detail View of the Panel Support Tool
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from electronic databases for 23,453 (78.1%) patients with 
DM and 23,647 (90.1%) patients with CVD, and missing 
race information was geocoded (estimated from neighborhood 
measures of socioeconomic status using the census-tract block 
corresponding to each subject’s mailing address).30 Family in-
come also was obtained from geocoded data.

For healthcare utilization variables that were likely to 
change more frequently and that provided opportunities for 
meeting care needs, at the beginning of each study month we 
determined the following additional PCP patient panel char-
acteristics, using eligible patients of interest (DM or CVD) 
that month: mean number of outpatient specialty visits likely 
to impact outcomes (ie, endocrinology, cardiology, pulmon-

ology, nephrology), mean number of outpatient visits to the 
assigned PCP, mean number of outpatient visits to other PCPs 
(per patient), percentage of patients with a hospitalization, 
and percentage of patients in selected care management 
programs likely to impact outcomes (specifically, nurse and 
pharmacist cardiovascular risk factor management, lipid or 
diabetes programs) in the prior year.

Statistical Methods
We used 3-level hierarchical linear models to determine 

whether the care score changed across the 3 time periods 
(pre-PST year, PST implementation year, and post-PST year), 
controlling for relevant factors. The first level of the model in-

n Table 1. Panel Support Tool Care Recommendation by Clinical Target Group 
 

 
Care Recommendation Category

Measure of Whether  
Recommendation Is Met

Clinical Target Group

DM CVD

Screening

  A1C If last result is <7%; measure in 
last 12 mo

All NA

  If last result is 7%-8.9%;  
measure in last 6 mo

  If last result is >9%; measure in 
last 4 mo

  LdL-C Measure in last 12 mo All All

  BP Measure in last 12 mo All All

  Retinopathy If no retinopathy, eye exam  
in last 24 mo

  If retinopathy, eye exam in last 12 mo All NA

  Nephropathy Urine microalbumin/creatine  
in last 12 mo

All NA

  Foot exam Foot exam in last 12 mo All NA

Medication use

  Aspirin documentation of use in  
last 12 mo

Age 40-80 y Age 40-80 y

  statin dispense in last 6 mo Age 40-80 y Age 40-80 y

  ACe inhibitor/ARB dispense in last 6 mo Age 55-80 y or  
proteinuria or ChF

Age 55-80 y or  
proteinuria or ChF

  Beta-blocker dispense in last 6 mo MI or ChF MI or ChF

Control

  BP Last measure <135/85 mm hg All All

  LdL-C Last measure <100 mg/dL All All

  A1C Last measure <7.0% All NA

Vaccination

  Influenza Received in last 12 mo All All

  Pneumococcal Received once All All

A1C indicates glycosylated hemoglobin; ACe, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; beta-blocker, beta-adrenergic 
antagonist; BP, blood pressure; ChF, congestive heart failure; CVd, cardiovascular disease; dM, diabetes mellitus; LdL-C, low-density lipoprotein 
cholesterol; MI, myocardial infarction; NA, not applicable.

.
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n Table 2. Primary Care Provider Baseline and Panel Patient Characteristics by Year by Target Clinical Group

Variable DM  CVD

PCP characteristics

Number 167 143

Age, mean, y (95% CI) 49.1 (48.0, 50.3) 49.5 (48.3, 50.7)

Female sex, No. (%) 69 (41.3) 47 (32.9)

Years at site, mean  
(95% CI)

12.5 (11.5, 13.6) 13.0 (11.9, 14.1)

Specialty, No. (%)

  Family practice 81 (48.5) 67 (46.9)

  Internal medicine 86 (51.5) 76 (53.2)

Degree, No. (%)

  Allied health  
  (nurse practitioner/   
  physician assistant)

26 (15.6) 8 (5.6)

  Medical doctor 141 (84.4) 135 (94.4)

PCP panel patient 
characteristicsa

 
2005

 
2006

 
2007

 
2005

 
2006

 
2007

Size and demographics

  total panel size, mean 1476.7  
(1418.7, 1534.7)

1538.8 
(1487.7, 1589.9)

1574.7  
(1525.6, 1623.8)

1500.3  
(1440.2, 1560.4)

1552.7 
(1498.1, 1607.3)

1594.5 
(1543.8, 1645.2)

  Panel patients with  
  dM/CVd, %

9.0  (8.33, 9.7) 9.3 (8.72, 9.9) 10.0 (9.4, 10.5) 8.7 (7.8, 9.5) 9.5 (8.7, 10.3) 10.2 (9.4, 11.0)

  Age of dM/CVd  
  patients, y, mean 

60.7 (59.9, 61.5) 60.9 (60.2, 61.7) 61.4 (60.7, 62.1) 69.7 (69.2, 70.3) 70.0 (69.5, 70.6) 70.3 (69.8, 70.8)

  dM/CVd patients who  
  were nonwhite, %b 

11.8 (10.4, 13.2) 12.0 (10.6, 13.4) 12.0 (10.6, 13.5) 7.0 (5.9, 8.1) 7.1 (6.0, 8.2) 7.4 (6.2, 8.6)

  dM/CVd patients with  
  family income  
  <$40,000, %c 

18.5 (17.3, 19.7) 18.2 (17.1, 19.3) 18.2 (17.0, 19.4) 17.2 (15.9, 18.6) 17.2 (16.0, 18.4) 17.2 (16.0, 18.3)

Utilization

  Mean annual number  
  of outpatient specialty  
  visits per dM/CVd  
  patientd 

0.5 (0.5, 0.5) 0.5 (0.4, 0.5) 0.5 (0.5, 0.5) 0.9 (0.8, 0.9) 0.9 (0.8, 0.9) 0.8 (0.8, 0.9)

  Mean annual number of  
  outpatient visits per    
  dM/CVd patient to  
  assigned PCP

2.3 (2.2, 2.3) 2.2 (2.2, 2.3) 2.0 (2.0, 2.1) 2.4 (2.3, 2.4) 2.3 (2.3, 2.4) 2.2 (2.1, 2.2)

  Mean annual number of  
  outpatient visits to  
  other PCPs per  
  dM/CVd patient

0.7 (0.6, 0.7) 0.6 (0.5, 0.6) 0.5 (0.5, 0.6) 0.7 (0.6, 0.8) 0.6 (0.6, 0.7) 0.6 (0.6, 0.6)

  dM/CVd patients  
  with a hospitalization 
  in a year, % 

13.9 (13.2, 14.5) 13.8 (13.3, 14.4) 14.0 (13.3, 14.6) 24.4 (23.7, 25.1) 23.0 (22.4, 23.7) 22.3 (21.7, 23.0)

  dM/CVd patients in  
  selected care  
  management programs 
  in a year, %e 

8.1 (7.5, 8.8) 8.0 (7.4, 8.7) 7.5 (6.9, 8.2) 14.5 (13.5, 15.5) 13.0 (12.1, 14.0) 11.9 (11.0, 12.8)

CI indicates confidence interval; CVd, cardiovascular disease; dM, diabetes mellitus; PCP, primary care provider. 
aContinuous data are summarized as mean and 95% CI. Utilization means and 95% CIs across monthly data pulls reflect prior year. 
bIncludes black and “other” race. Race was available at individual level in 23,453 (78.1%) and 23,647 (90.1%) in the dM and CVd cohorts, respectively. the 
missing information was geocoded. 
cBased on geocoded information. Family income is in dollars per annum. 
doutpatient specialty visits (endocrinology, cardiology, pulmonary, nephrology). 
eCare management programs: nurse and pharmacist cardiovascular risk factor management program, lipid program, or diabetes program.
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cluded variables that were measured monthly (time in months 
and utilization measures); the second level included variables 
that were measured annually (panel size and patient demo-
graphics and indicators of the PST period [PST implementa-
tion vs pre-PST, post-PST vs pre-PST]); and the third level 
included characteristics of the PCP. To achieve parsimonious 
models, we used a stepped process to determine variables to 
retain in the models. First, we developed the list of variables 
that could impact the likelihood of care quality improvement 
resulting from the PST, as noted above. Then at the first level 
of the model, we retained those utilization covariates (mean 
number of PCP visits, mean number of specialty care visits, and 
percentage of patients in selected care management programs) 
that made a significant contribution to the care score. Next, 
we added the second level to the model, retaining the panel 
characteristics (for DM/CVD patients: number per PCP, the 
proportion of DM/CVD patients in the PCP’s panel, mean age, 
and the proportion that were nonwhite) that were significant. 
In the last step, the third level of the model was added, retain-
ing characteristics of the PCP (PCP age, years in the plan, and 
degree) that were significant. This stepped approach allowed us 
to include theoretically relevant variables as covariates without 
overfitting the model. Time (in months) by period (pre-PST, 
PST implementation, post-PST) interaction was included in 
the model to test whether the rate of change from January to 
December of each year differed for the 3 periods. We expected 
to see very little monthly change in the pre-PST period; a great-
er monthly change during the PST implementation period, as 
more clinics and PCPs were trained; and a leveling off of the 
monthly change in the post-PST period. A base rate for time 
by period interaction was included to test whether differences 
between periods (in monthly rates of change) varied according 
to PCPs’ starting care score. All analyses were conducted with 
SAS 9.1 (SAS Institute Inc., Cary, NC) or HLM 6.0 for Win-
dows (Raudenbush SW, Bryk AS, Congdon R. Lincolnwood, 
IL: Scientific Software International, Inc; 2004). 

ResULts
A mean of 20,705 (SD = 1369; range 18,401-22,574) pa-

tients per month across all PCPs and a mean of 123 (SD = 55; 
range 22-285) patients per month per PCP qualified for the 
DM analysis. A mean of 17,840 (SD = 1464; range = 15,168-
19,473) patients per month across all PCPs and a mean of 124 
(SD = 61; range 23-302) patients per month per PCP qualified 
for the CVD analysis. A total of 30,473 unique DM patients 
and 26,414 CVD patients were included in the monthly calcu-
lations across the 3 time periods (8543 were in both analyses). 

Characteristics of PCPs and their patients are presented in 
Table 2. The PCPs in both analyses were similar in mean age 

and years of practice. The PCP panel patient characteristics 
were fairly stable through the study period. The mean total 
panel size was approximately 1500 patients, and PCP panels 
were about 9% DM and 8.7% CVD patients. The mean age of 
DM patients was 61 years, compared with 70 years for CVD 
patients. The DM patients were about 12% nonwhite, com-
pared with 7% of CVD patients, and nearly 20% of patients 
in both analyses had a family income of less than $40,000 per 
year. Both patient groups had similar numbers of mean annual 
visits to primary care clinics, but CVD patients used selected 
specialty visits, hospitalizations, and care management pro-
grams at nearly double the rate of DM patients.

Table 3 shows the unadjusted care scores and the individual 
components of the composite measure across the study years. 
The care scores across the study years (95% confidence inter-
val) increased for DM patients from 63.5 (62.7, 64.3) pre-PST 
in 2005 to 65.7 (64.9, 66.6) during implementation in 2006, 
and to 70.6 (69.8, 71.4) post-PST in 2007. Corresponding in-
creases for CVD patients were from 67.9 (67.2, 68.7) to 69.4 
(68.7, 70.2), and then to 72.6 (71.9, 73.3). Improvements in 
the composite measure were largely due to improvements in 
rates of nephropathy screening, foot exams, all medications 
used for secondary prevention (clinician documentation of 
aspirin use and dispensing of statins, beta-blockers, and ACE 
inhibitors/angiotensin II receptor blockers), LDL-C con-
trol, and pneumococcal vaccine use. Blood pressure control 
showed small improvements, and A1C control declined.

Table 4 presents modeling results of the care score (in DM 
and CVD analyses), adjusting for selected healthcare utiliza-
tion, PCP, and patient panel size and demographic charac-
teristics. For DM, the main effect for time period shows that, 
controlling for other variables, during the PST implementa-
tion year PCPs had an absolute improvement in the mean 
care score of 2.3 (coefficient or b = 2.3, P <.001) compared 
with the pre-PST year; in the post-PST year, the care score 
improved 7.6 (b = 7.6, P <.001). For CVD, PCPs had an ab-
solute improvement in the care score of 1.6 during the imple-
mentation year (b = 1.6, P <.001) and of 5.1 in the post-PST 
year (b = 5.1, P <.001). The difference in care score predicted 
by the models with covariates is very similar to the observed 
unadjusted difference in care scores between the periods 
(DM: improvement of 2.2 in the implementation year and 7.1 
post-PST; CVD: improvement of 1.5 in the implementation 
year and 3.2 post-PST). Time-by-period interactions reveal 
that during PST implementation, the care score began to in-
crease at a rate of 1.7 per month in DM (b = 1.7, P <.001) 
and 2.1 per month in CVD (b = 2.1, P <.001) compared with 
the prior year. These findings, which are graphically displayed 
in Figure 2, confirm our hypothesized pattern of results: flat 
performance pre-PST, rapid improvement during implemen-
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tation, and a slower continued rate of improvement postim-
plementation. A separate sensitivity analysis including only 
CVD patients without DM found the same pattern (data not 
shown).

Several other factors significantly affected the care scores 
for both patient cohorts. The PCPs with higher baseline care 
scores had smaller increases in the rate of monthly change 
from pre-PST to PST implementation period for both DM 
(b = -0.02, P <.001) and CVD (b = -0.03, P <.001). Hav-
ing more selected DM- and CVD-relevant outpatient spe-
cialty visits, being enrolled in care management programs, 
and higher number of visits to the patient’s assigned PCP per 
month were associated with higher care scores (P <.001 for 
all). The care score was 1.9 higher in DM patients and 1.4 
higher in CVD patients for each additional specialty visit, 
and it was 2.6 higher in DM patients and 1.5 higher in CVD 
patients for each additional visit to the patient’s PCP. Also, 

for each additional year of mean panel age, the care score 
was 0.41 higher in DM (P <.001) and 0.39 higher in CVD 
(P <.001).   

dIsCUssIoN 
We found that implementation of a PST increased the 

percentage of care recommendations that were met (the care 
score) for patients with DM and/or CVD. In the post-PST 
year (2007), patients with DM had an absolute improvement 
in the mean care score of 7.6, and CVD patients had an abso-
lute improvement in the mean care score of 5.1. The absolute 
improvements observed from the start of implementation to 
the end of the study period represent a relative improvement 
in the care score of about 14.3% in DM and 10.6% in CVD. 
The fact that the CVD group started with a higher baseline 
care score suggests a possible ceiling effect, rather than that 

n Table 3. Unadjusted Mean Care Score and Score Components by Primary Care Provider for DM and CVDa

DM CVD 

 
 
Measure

 
2005  

Pre-PST

2006  
PST- 

implementation

 
2007  

Post-PST

 
2005  

Pre-PST

2006  
PST- 

implementation

 
2007  

Post-PST

Care score, total percentage 
met 

63.5 (62.7, 64.3) 65.7 (64.9, 66.6) 70.6 (69.8, 71.4) 67.9 (67.2, 68.7) 69.4 (68.7, 70.2) 72.6 (71.9, 73.3)

Screening component

  BP 95.0 (94.9, 95.2) 95.2 (95.1, 95.3) 95.1 (95.0, 95.3) 95.7 (95.5, 95.8) 95.7 (95.6, 95.8) 96.0 (95.9, 96.1)

  A1C 90.4 (90.2, 90.6) 91.0 (90.9, 91.2) 91.5 (91.3, 91.7) NA NA NA

  LdL-C 79.7 (79.4, 80.1) 84.1 (83.8, 84.3) 86.5 (86.3, 86.8) 74.1 (73.8, 74.5) 78.0 (77.7, 78.4) 81.4 (81.1, 81.6)

  Retinopathy 79.6 (79.3, 79.9) 81.9 (81.7, 82.2) 79.8 (79.5, 80.0) NA NA NA

  Nephropathy 41.0 (40.2, 41.7) 51.7 (50.9, 52.5) 63.4 (62.8, 64.0) NA NA NA

  Foot exam 17.9 (17.2, 18.5) 25.5 (24.6, 26.4) 54.3 (53.3, 55.2) NA NA NA

Medication use (secondary prevention) component

  AsA 82.8 (82.3, 83.3) 86.5 (86.0, 86.9) 89.1 (88.8, 89.4) 77.3 (76.7, 77.8) 77.8 (77.3, 78.3) 83.8 (83.4, 84.3)

  statin 60.5 (59.9, 61.0) 65.6 (65.0, 66.1) 70.4 (70.0, 70.9) 70.2 (69.8, 70.5) 71.6 (71.2, 72.0) 74.8 (74.4, 75.2)

  ACe inhibitor/ARB 68.1 (67.6, 68.6) 71.2 (70.7, 71.6) 74.3 (73.9, 74.7) 54.3 (53.9, 54.8) 56.0 (55.6, 56.4) 60.3 (59.9, 60.8)

  Beta-blocker 69.2 (68.3, 70.2) 71.9 (71.0, 72.9) 75.3 (74.5, 76.1) 77.8 (77.3, 78.4) 79.9 (79.4, 80.3) 81.1 (80.7, 81.5)

Risk factor controlb component

  BP 53.9 (53.6, 54.2) 55.5 (55.2, 55.8) 56.4 (56.1, 56.7) 57.7 (57.4, 58.1) 58.9 (58.6, 59.2) 59.4 (59.1, 59.7)

  LdL-C 45.1 (44.7, 45.6) 47.8 (47.4, 48.3) 52.3 (51.9, 52.8) 46.1 (45.7, 46.5) 46.7 (46.3, 47.0) 51.4 (51.0, 51.8)

  A1C <7% 50.9 (50.6, 51.2) 44.5 (44.2, 44.5) 43.3 (43.0, 43.6) NA NA NA

Vaccination component

  Influenza 55.0 (54.5, 55.5) 55.7 (55.2, 56.2) 57.6 (57.0, 58.1) 63.2 (62.8, 63.7) 64.1 (63.6, 64.6) 64.9 (64.3, 65.4)

  Pneumococcal 60.1 (59.3, 60.9) 61.9 (61.2, 62.7) 75.7 (75.1, 76.3) 69.6 (69.0, 70.2) 71.4 (70.8, 72.0) 80.2 (79.7, 80.7)

A1C indicates glycosylated hemoglobin; ACe, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; AsA, aspirin; beta-blocker, beta-
adrenergic antagonist; BP, blood pressure; ChF, congestive heart failure; CVd, cardiovascular disease; dM, diabetes mellitus; LdL-C, low-density lipoprotein 
cholesterol; MI, myocardial infarction; NA, not applicable; Pst, panel support tool; statin, hMG-CoA reductase inhibitor. 
adata are summarized as mean percentage of care recommendations met per patient per month and 95% confidence interval. 
bUnmeasured in the recommended interval was considered uncontrolled.
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the PST is less effective at increasing the number of recom-
mendations met in this group. This implies that managed care 
organizations with lower baseline performance may achieve 
greater benefit for their CVD patients by using a PST. 

Findings from clinical trials support the significance of 
improvements in preventive medication use and control of 
3 of the 4 CVD risk factors that we observed. Aspirin,31,32 
statins,33-36 and ACE inhibitors37,38 reduce morbidity and mor-
tality in high-risk patients; beta-blockers improve outcomes 

in patients with heart failure24; and control of BP and LDL-C 
are proven strategies for delaying the progression of micro-
vascular disease in patients with diabetes and macrovascular 
complications in both groups.8

In this study, A1C did not improve and in fact worsened post-
PST. We are unable to say definitively why this occurred, but 
the study site guidelines and protocols may have more strongly 
emphasized the use of aspirin, ACE inhibitors, and statins as op-
posed to improving glycemic control alone. Alternatively, given 

n Table 4. Model of Primary Care Physician Care Score, Adjusted for Utilization, Panel, and Primary Care  
Provider Characteristicsa

DM CVD

Variable Coefficient 95% CI P Coefficient 95% CI P

Time and utilization measures

time in months (1-12) -0.01 -0.05, 0.03 .664 0.03 -0.01, 0.06 .163

Mean number of selected  
outpatient specialty visitsb

1.88 0.88, 2.89 <.001 1.35 0.60, 2.11 .001

Mean number of outpatient  
visits to assigned PCP 

2.61 2.02, 3.21 <.001 1.47 1.10, 1.83 <.001

Percentage in selected care  
management programs  
(CVRFM, lipid, dM)

0.11 0.06, 0.17 <.001 0.10 0.05, 0.15 <.001

Implementation period, panel size, and demographic characteristics

Pst implementation vs pre-Pst 
period

2.34 2.01, 2.66 <.001 1.64 1.33, 1.95 <.001

Post-Pst period vs pre-Pst period 7.64 7.07, 8.22 <.001 5.10 4.57, 5.63 <.001

time by Pst implementation vs 
pre-Pst interaction

1.66 0.93, 2.39 <.001 2.13 1.30, 2.96 <.001

time by post-Pst vs pre-Pst 
interaction

0.17 -0.43, 0.77 .584 0.48 -0.05, 1.02 .079

Mean age of dM/CVd patients 0.41 0.22, 0.60 <.001 0.39 0.20, 0.59 <.001

Patients per PCP -0.001 -0.002, 0.000 .054 -0.001 -0.002, 0.000 .017

Proportion of panel with dM/CVd -0.05 -0.19, 0.09 .476 0.05 -0.06, 0.16 .364

Proportion of dM/CVd patients 
who were nonwhite 

-0.04 -0.09, 0.02 .203 -0.04 -0.10, 0.02 .231

Provider characteristics

Age (10 y) −1.62 −2.47, −0.77 <.001 NA NA NA

Years in KP (10 y) 2.54 1.26, 3.82 <.001 NA NA NA

degree: Md vs allied health (NP/
PA)

NA NA NA 3.98 1.68, 6.28 .001

Base rate by time by Pst imple-
mentation vs pre-Pst interaction

-0.02 -0.03, −0.01 <.001 -0.03 -0.04, −0.02 <.001

Base rate by time by post-Pst vs 
pre-Pst interaction

0.002 -0.007, 0.011 .698 -0.005 -0.013, 0.002 .156

CI indicates confidence interval; CVd, cardiovascular disease; CVRFM, nurse and pharmacist cardiovascular risk factor management program; dM, 
diabetes mellitus; KP, Kaiser Permanente; NA, not applicable; NP, nurse practitioner; PA, physician assistant; PCP, primary care provider; Pst, panel 
support tool. 
aInterpretation of all variables is the effect controlling for all other variables in the model. 
boutpatient specialty visits (endocrinology, cardiology, pulmonary, nephrology).
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limited resources, some care improvements occur at the expense 
of others. However, in light of recent studies showing no cardio-
vascular benefit from intensive glycemic control, focusing atten-
tion on proven therapies may be the better choice.39-41 

Improvements in screening and immunizations were less 
consistent relative to improvements in medication use and 
risk factor control. These areas are somewhat de-emphasized 
by the PST, which may explain the outcome. Frequency of 
foot exams in DM patients improved, as did nephropathy 
screenings and receipt of pneumococcal vaccines.26,42,43 

This study builds on the findings of prior studies evaluating 
effects of alerts, reminders, and other decision-support tools 
on treatment of patients with DM or CVD.44-47 Our process-
measure results are similar to those recorded in systematic 
reviews of trials of computer-assisted management systems in 
these populations. One review noted that 5 of 7 trials (71%) 
in DM and 5 of 13 (38%) in CVD showed improvements 
in care44; process improvements were generally in the 12% 
to 20% range.46 However, evaluations of the effects of such 
systems have generally been limited to assessing either DM 
or CVD, and have included only small groups of physicians 

and patients.44 One study included nearly 
7000 patients and addressed both DM and 
CVD,27 and a Veterans Administration 
reminder study included nearly 13,000 pa-
tients and several care prompts relevant to 
both groups.29 A recent observational study 
of a quality-dashboard tool and planned 
chronic illness visits improved diabetes 
quality measures, but the separate effect of 
the dashboard could not be assessed.21 

One notable difference between other 
studies and ours is that patient outcomes in 
other studies, when reported, largely did not 
improve, with the exception of improve-
ment in diastolic BP in 1 study48 and lipid 
levels in another.49 Although we cannot 
say absolutely why BP and LDL-C control 
improved in our study, an advantage of the 
PST is that staff assisting clinicians can ac-
cess care gaps and act on them at office vis-
its, by telephone, and by electronic mail. 

This study has limitations. Although 
the study has a strong quasi-experimental 
design accounting for preintervention 
trends, it is not a randomized controlled 
trial. As a result, we cannot completely 
eliminate the possibility that concomitant 
unmeasured factors may explain some of 
the observed changes. However, other pro-

cesses and services for patients with DM and CVD remained 
stable during the study. Also, our study was conducted at a 
single integrated HMO, and our findings may not be gener-
alizable to other settings. However, a PST can certainly be 
implemented in most managed care settings with an EMR. 

In summary, to our knowledge this is the first study to find 
that a PST can be successfully integrated into care of large 
populations of patients with DM and CVD to improve de-
livery of patient care recommendations. Given that gaps in 
delivery of care for these complex patients are common, the 
implementation of a PST could have a substantial impact on 
patient care. Future studies should evaluate optimization of 
the tool, its effect on other clinical domains, and which prac-
tices may further improve results.
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n Figure 2. The Care Score by PST Perioda

CVd indicates cardiovascular disease; dM, diabetes mellitus; Pst, panel-support tool.
a the care score is the percentage of care recommendations met by primary care providers by 
month (mean per person).
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