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Abstract

Background:

Electronic health records (EHRs) have been implemented throughout the United States with varying degrees of
success. Past EHR implementation experiences can inform health systems planning to initiate new or expand
existing EHR systems. Key “critical success factors,” e.g., use of disease registries, workflow integration, and
real-time clinical guideline support, have been identified but not fully tested in practice.

Methods:

A pre/postintervention cohort analysis was conducted on 495 adult patients selected randomly from a diabetes
registry and followed for 6 years. Two intervention phases were evaluated: a “low-dose” period targeting
primary care provider (PCP) and patient education followed by a “high-dose” EHR diabetes management
implementation period, including a diabetes disease registry and office workflow changes, e.g., diabetes patient
preidentification to facilitate real-time diabetes preventive care, disease management, and patient education.

Results:

Across baseline, “low-dose,” and “high-dose” postintervention periods, a significantly greater proportion of
patients (a) achieved American Diabetes Association (ADA) guidelines for control of blood pressure (269 to 33.1
to 439%), glycosylated hemoglobin (48.5 to 575 to 66.8%), and low-density lipoprotein cholesterol (33.1 to 444
to 56.6%) and (b) received recommended preventive eye (26.2 to 36.4 to 58%), foot (23.4 to 40.3 to 66.9%), and
renal (38.5 to 53.9 to 71%) examinations or screens.

Conclusions:

Implementation of a fully functional, specialized EHR combined with tailored office workflow process changes
was associated with increased adherence to ADA guidelines, including risk factor control, by PCPs and their
patients with diabetes. Incorporation of previously identified “critical success factors” potentially contributed to the
success of the program, as did use of a two-phase approach.
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Introduction

The prevalence of diabetes in the United States has
reached epic proportions. The number of persons
with diagnosed diabetes in the United States quadrupled
from 1980 to 2007, and the numbers continue to rise, with
236 million people affected, or nearly 8% of the
population.! Diabetes continues as the sixth leading cause
of death in the United States and is the leading cause of
adult blindness, lower-limb amputation, kidney disease,
and nerve damage,' with substantial economic impact
estimated at $174 billion in 20072 The prevalence of
diabetes is projected to rise substantially, with estimated
projections of 483 million people with diagnosed
diabetes in the United States in 2050.3

While consistent improvements in morbidity and mortality
for adult diabetes patients who achieve evidence-based
levels of vascular risk factors, i.e., blood pressure,
glycosylated hemoglobin (HbAlc) , and low-density
lipoprotein (LDL) cholesterol, have been well established
in the literature*® routine clinical practice settings
continue to struggle to achieve these American Diabetes
Association  (ADA) established clinical = goals.5!!12
Numerous quality improvement interventions have been
developed and implemented with mixed results, including
those utilizing health information technology.*-'
Many studies that evaluated the impact of implementation
of an electronic health record (EHR) concluded that
technology alone was not sufficient to effect real
change 1

Several direct and indirect facilitators, or “critical success
factors,”® for achieving these goals have been identified.
These include system-level factors, such as provider-
targeted education initiatives, use of disease registries,
and financial/professional incentives. Provider-targeted
education initiatives focus on efficient and effective
transmission of educational information from provider to
patient. Disease registries facilitate previsit identification
of disease-specific patient groups for targeted services.
Financial and professional incentives include provider
bonuses linked to clinical/process patient outcomes,
e.g, proportion of patients with controlled diabetes risk
factors, e.g., blood pressure <130/80.14-1719

Office-level critical success factors include office workflow
process change, enhanced information for patients, real-
time clinical guideline support, and institution of care
improvement methods pre-EHR implementation.!*-171?

Integration of office workflow process change into clinic-
based interventions is critical to success, ie., improvement
of efficiencies without clinic flow disruption. Real-time
guideline support aids providers in efficient patient
management. The early introduction of care improvement
methods supports an incremental approach to process
change.

This study fills an important gap in the literature by
directly addressing specific problems identified in
previous studies of EHR implementation for chronic
disease management and integrating them into program
development and implementation. Specific problems
included (1) disease management improvement methods
instituted simultaneous to EHR implementation (versus
a phased-in approach); (2) EHR implementation without
tailored disease management modules; (3) lack of
office workflow process integration; (4) lack of explicit
explanation of EHR purpose to staff; (5) absence of
diabetes patient registry; (6) no physician/staff financial
incentives; (7) lack of provider performance monitoring;
(8) no information support to patients, e.g, use of
diabetes report card; and (9) lack of real-time clinical
guideline support for providers. These problems have
been identified as key “critical success factors” for
successful EHR implementation for chronic disease
management. The objective of this study was to examine
a specialized intervention strategy that incorporates
several key “critical success factors” identified in the
literature to improve physicians’ adherence to diabetes care
guidelines and control of patient risk factors.

Methods

The study design was a 6-year pre/postintervention
(July 2001-June 2007). A 2-year baseline period was
followed by two consecutive 2-year intervention periods.
The two intervention phases were designated “low dose”
and “high dose” and are described in detail. Table 1
lists the “critical success factors” present during each
intervention period.

Non-EHR Diabetes Management Improvement:
“Low-Dose” Intervention Period

In July 2003, in conjunction with a targeted diabetes
outreach initiative, an interdisciplinary team of
physicians, nurses, and managers began to develop a
targeted education program for primary care clinic staff
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to improve point-of-care management of diabetes patients.
The team instituted several system-level critical success
factors, including explicit explanation of the purpose
and importance of the EHR as it relates to diabetes care
management and system-wide provider education on
the ADA guidelines. Development of a diabetes patient
registry was initiated during this period, although formal
reporting structures were not added until the subsequent
“high-dose” intervention period.

The “low-dose” intervention period was also characterized
by several office-level critical success factors, including
implementation of four educational modules designed
to cue nurses and physicians to provide appropriate
diabetes care and follow established clinical guidelines.
Paper-based education modules were implemented in
three primary care clinics and included a focus on foot,
eye, and renal screening examinations, as well as self-
management of vascular risk factors, ie, blood pressure,
blood glucose, and lipids. Clinic staff was provided
training on each education module, its components, and
materials. Examination and waiting room posters on
each topic were rotated every quarter, and take-home
educational materials were provided to patients. These
improvements in patient care were accompanied by a
cultural shift, as care providers moved from a one-on-one
clinician—patient model to a team diabetes care approach
in the office setting. The “low-dose” intervention period,
therefore, included several critical success factors at the
office and system levels (see Table 1).

Electronic Health Record-Based Diabetes
Management Program Initiative: “High-Dose”
Intervention Period

At the systems level, the “high-dose” intervention period,
initiated in 2005, was characterized by implementation
of a new “fully functional” integrated EHR system,
transforming the organization’s approach to managing
patients with complex chronic medical conditions.
The EHR system was customized to generate electronically
the following components for diabetes disease management:
(1) disease registry to identify patients with diabetes;
(2) diabetes management module for point-of-care
provider alerting; (3) electronic forms for documentation
of foot and eye examinations; (4) patient report cards
with individualized patient results based on a clinic
encounter; and (5) provider patient panel reports, enabling
providers to track their performance compared with the
aggregate performance of other organization primary
care physicians and with national benchmarks. Figures 1-5
provide example EHR screen shots corresponding to the
aforementioned components.

System-level financial incentives, e.g, merit increases
tied to performance, and professional recognition, i.e.,
National Committee for Quality Assurance (NCQA)
Diabetes Physician Recognition Program, were also
offered to physicians and their staff who reached

Table 1.

Critical Success Factors by “Low-Dose” and
“High-Dose” Study Intervention Periods

Critical success factors

Low-dose
intervention
period

System level:

e Provider/staff explicit explanation of EHR

purpose and importance

ADA guideline education

Diabetes patient disease registry development

Office level—point of care:

Institution of diabetes care improvement

methods

° Information support for patients—paper-based
diabetes education modules (foot, eye, and
renal screening and vascular risk factor control)

° Clinical guideline support for providers—paper-
based

e Office workflow process changes development

High-dose
intervention
period

System level:

e Diabetes patient EHR-based disease registry

e Patient panel comparisons for providers

e Financial and professional incentives for
physicians/staff

e Reinforcement of provider/staff explicit
explanation of EHR purpose and importance

Office level—point of care:

e Office workflow process changes implementation

e |nformation support for patients—EHR-
based diabetes patient report card (included
individualized test results and goals for
preventive screenings and risk factor control)

e EHR-based real-time clinical guideline support
for providers

& Diabetes Registry Information Form - CIS
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changed. |

Diabetes Eye Ex

Diabetes Registry Status Diabetes Provider
@ Active L |T t, Physician ‘+ Previously entered
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Figure 1. Diabetes registry electronic form—EHR screen shot. PCP,
primary care provider
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specified goals in diabetes patient care. The importance
and purpose of the EHR were explicitly explained to all
staff in the organization.

immunizations. EHR-based real-time clinical guideline
support for providers at the office level was important
to this process. The “high-dose” intervention period,
therefore, included several critical success factors at the

At the office level,

critical success factors

included

crucial office workflow process changes designed to

improve the integration of services for diabetes patients.

Utilizing critical input from clinic staff, the EHR was
integrated into office workflow processes. Through a
diabetes disease registry link, patients were identified
prior to their office visit to enable staff to preprint
patient diabetes care summary sheets for providers and
patient report cards for patients. Staff was trained to

initiate patient education during the rooming process,

and nurses were empowered to provide protocol-driven

Diabetes Management Module:

Alerts for Providers

CISTEST, CODYCLINIC

Age72 years
DOB:3/3/1933

SexMale
MRN:91022411

Location: CSUR

** Allergies Not Recorde
Fin Number: 1008528867 Outpatient [1/6/2005 2:00

system and office levels (see Table 1).

Flowsheet |
Onders | Lot 20ape | VaaiSigns | Lab | Rodilosy | Flowsheet | Fom Browser | Nates Punfu]vu] PrSchede | MAR | Medcaion Profie | ChartSummay | Reference Text |

Patient Demogiaphics I vauu] M—w:l mum.ul PPRSmm] E:mmn] Immurizalions I Procedues Ndhu&mm]

Pending Expectations Present - March 2006 W Showsalisiers  Sortby:  [Status 2
DM:-Aspirin Monitoring 4 (verdue 3/3/2005 _;J
Aspiin Order Advised/Postponed Refused Expite Pemanently
DM-Blood Pressure Monitoring #i2 Overdue 3/3/2005
Blood Pressure Powerform Advised/Postponed
DM-Eye Exam 4 Overduc 3/3/2005
ipon Refused Expite Pemanently
DM-Foot Exam 42 Overduc 3/3/2005
tpor Refused Expire Permanenty
DM-Microalbumin Monitoring 4 Overdue 3/9/2005
Refused Expice Pemanenty Mictoalbumin Order

DM-Smoking Cessation Education Monitoring 4 Overdue 3/39/2005

Recently Satisfied Expectations

March 2004 - Present

Expectaion | Status T Administiation D | [ Priorty I I I Comments

DM Aspiin Mon.Undone 272372006 High

DM HobaTc Moni.. Satisfied 21372008 High

DM HobaTc Moni.. Satisfied 171472005 High

DM HobaTc Moni.. Satisfied 171472006 High

DM-HgbAlc Moni . Satisfied 8/15/2004 High =l

BIES [PHYSICIANPOE March 03, 2005 |7:20 P

Figure 2. Point-of-care
shot.

diabetes management module—EHR screen

& Diabetic Eye/Foot Exam - CISTEST, ERIN

E-form for Documenting Eye and

| Your Diabetes Report Card ||

Name:
Date:

“A-B-C’s” Risk Factor:

Your Goals:

Poor Diabetes Control
A My Hemoglobin Alc is _6.9%.
g “ATe® = average glucose of _144.
iDIPANE st Ao st s B et
sugars (glucose) have been running in the
past 3 months.

O Hemoglobin Alc goal is less than 7.0%

a Fasting blood glucose of 80-120 mg/ dL.

QO You should get your Alc checked every 3
to 6 months

High Blood Pressure
My blood pressure is__120/62
This blood pressure goal is very
important in preventing the complications

B

is for “Blood
Pressure”

0 130780 or less
O You should get your blood pressure checked at
every office visit.

My BMI (body mass index) is _41 .

is for “Diet” A BMI of 23-27 is considered healthy.

of diabetes.
High Cholesterol Q Total Cholesterol Jess than 200
C o Total Cholesterol level is _134 Q Triglycerides less than 150
is for “Cholesterol” [N UIEELEES 139 HDL more than 45 (men), more than 55
o HDL(good) level is, 36 (women)
¢ LDL (bad) levelis ____70 0O LDL less than 100 (if high risk heart disease
Poor Diet and Obesity Q) Healthy eating and a healthy body weight help

keep your blood sugar and diabetes under
control.
Ideal weight: _164 — 193 lbs

Unrecognized Diabetic Eye Disease
Diabetes is the leading cause of
blindness in the U.S.

Date of last eye exam: _09/13/05

is for “Eyes”

O Get a dilated eye exam by an eyecare specialist
ONCE A YEAR.

Date eye exam due.

Unrecognized diabetic foot disease
Diabetes causes loss of sensation in the
feet and poor circulation.

i “Feet”
isiforSKeet Date of last foot exam: 01/20/06

O Get a foot exam in your doctor’s office ONCE
A YEAR.
Q Check your feet daily.

Lack of physical activity
Increased activity is a natural way of

s for “Get Active” improving your diabetes control and

Q' Exercise 30-60 minutes most days of the week.
(Increase to 60-90 minutes most days of the
week to manage body weight.)

People with diabetes have an increased

is for “Heart and
risk of heart attack and stroke.

Stroke”

overall health.
Unrecognized risk of heart disease | (0 Take an Aspirin (or other blood thinner) a day
H and stroke if you have diabetes and are over age 30.

I Influenza Vaccination
P 1 Vaccinati

Q Influenza vaccination annually
Last i Ve 10/15/04

P
Getting these vaccines can prevent

is for A
serious illness or even death

“Immunizations”

Q Pneumococcal vaccination — talk with
your care provider

Lastp 09/08/05

Unrecognized diabetic kidney
disease
My microalbumin to creatinine ratio is:
Less than 5 (Normal is less than 30)
Diabetes is the most common cause of
kidney failure in the U.S.

K

is for “Kidneys”

QO Geta yearly urine test to check if diabetes may
be affecting the kidneys.

O 1fkidney damage is found, you should take a
type of blood pressure medicine called an ACE
Inhibitor to slow down the progression.

| -
Billings Clinic.

Foot Examinations
Eye Exam Foot Exam
Performed By ﬁ] Performed By: ﬁl
pate Performed: 77— B[] Date performed: [ E[E]
v ngs: P \ (]
O No Retinopathy | (] Reduced sensation to 10 gram monofilament testing
|C Non-profferative Retinopathy
|© Proliferative Retinopathy (] Other:
O Macular Edema
>l
NextFollow-up  [77 ][] Vascular Exam:  [[]Puises paipable 2+ in dorsals pedis and posterior thaks areas L
Date: |1 Puises ciminished (1) in dorsaks pecis and posterir sk areas
[m} in dorsalis pedis areas
|C] Other:
Skin Exam: Skin is intact without rashes, calllus or ulcers noted
i it vt e of s noted
i tct v v pc red
ittt vt cobs e s00 Gclon
]Sk demonsotes et -so o
Hi |
Tl
Ready ICISTEST, ERIN PROD [JESSEN April 20, 2006 |10:09
Figure 3. Point-of-care e-forms for imputing eye and foot
examinations—EHR screen shot.

TARGET:DIABETES

Focus on your future

Figure 4. Point-of-care printed patient report card for diabetes.

Diabetes Report - Departmental Summary | P Rov' D E R RE Po RT |
=,

ST T TasT TTAsTy
Clinic | Clinic | mo | Most | recent [ Last
BP | BP | Afc | recent| Atc> | 12mo
PTS <76 Y.0. | #pts | <130/80| >140/90 | Done [Atc<7.0| 9.0

WOST

LDL<10| LDL | mo mo mo
Chol Done|

WOST
recent

WOST

recent | Last 12 | Last 12 | Last 12

0 | >130 | Nephro| eye | foot [pneumo |Fiu

Goals

Dr. Feelgood
Dr. Strangelove
Dr. Foot

Dr. Eye

Dr. Kidney
Dr. All right
Dr. 0.K.

Dr. Forgetful
Dr. Illegible
Dr. Quick
Dr. Hurry
Dr. BP
Dr.A1C

Dr. Lip
Dr.Id

Dr. Quick

>35% | <35% <20% | >85%

>75%| >40%

Internal Med | 1722 _41%|

>36% >80%

Figure 5. Diabetes patient panel report card for providers—aggregate

data pulled from electronic health record.
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Study Sites

The Billings Clinic (BC) Health Care System is a
community-owned, not-for-profit medical foundation, with
a 272-bed hospital and a 225-physician multispecialty
group practice. Billings Clinic is the region’s largest
multispecialty health system, with 14,324 hospital
admissions, 34,279 emergency department visits, and
888942 outpatient clinic visits in fiscal year 2008.
The health care system includes the Billings Clinic, the
BC hospital, one local nursing home, two local satellite
clinics, and four organization-owned regional branch clinics
serving the rural population of central/eastern Montana
and northern Wyoming.

All 28 primary care providers at the three study
clinics participated in this study, which was part of an
organizational quality improvement initiative. Two local
satellite and the main outpatient clinic were represented.

Study Subjects

Included in this study were 495 eligible patients selected
randomly from a diabetes registry (1 = 3056; International
Classification of Diseases, 9th Revision = 250.00-250.99) in
study year 3. Study patient demographic and clinical
characteristics were similar to those of the entire registry.
To evaluate the interventions’ effects by age and Medicare
status, the study sample included equal proportions of
patients representing three age groups obtained through a
stratified random sampling: (1) <65 years, (2) 65-75 years,
and (3) >75 years. Power calculations indicated greater
than 90% power to detect a 20% point improvement
in study outcome measures from baseline to study year 4,
taking into account an annual attrition rate of 20% over a
5-year period.

Figure 6 displays the study patient selection method.
A random selection of 165 patients from each age
group was included if they had been seen for diabetes
by a BC provider in the past year. Exclusion criteria
comprised gestational diabetes, steroid-induced diabetes,
nursing home residents, prednisone use >2 months,
non-BC provider diabetes management, or seen more
than once by an endocrinologist for diabetes within a
data collection year or had >50% tests ordered by an
endocrinologist. In each of the 6 data collection years,
a patient had to be seen at least once by a BC primary
care provider for diabetes, or in the first 6 months of
the data collection year for new patients, to be included in
that year’s cohort. Therefore, patients were not dropped
from the study due to nonparticipation in a given study
year; this prevented selection bias of limiting the cohort
to patients with visits in all 6 years.

Diabetes Registry
Study YR3
n=3056
Age <65 Age 65-75 Age >75
n=1456 n="797 n=_803

v ' '

Random selection of 165 patients from each age group who meet the
following criteria:
* Established patients: Seen by BC provider for diabetes 7/1/03—

6/30/04
*  New patients: Seen by BC provider for diabetes 7/1/03—-12/31/03
EXCLUSIONS:

¢ Gestational diabetes or steroid-induced diabetes
¢ Nursing home resident
¢ Prednisone >2 months
*  Non-BC provider managing diabetes
¢ Within data collection year: seen >2 times by endocrinologist for DM or
endocrinologist-ordered >50% preventive screenings/physiologic tests

v b b

Age <65 Age 65-75 Age >75
n=165 n=165 n=165

Figure 6. Accrual of study patients (n = 495). DM, diabetes
management.

Outcome Measures

Intermediate  clinical outcome measures included
the proportion of patients with risk factors at target:
blood pressure <130/80 mm Hg, HbAlc <7%, and LDL
cholesterol <100 mg/dl using the last patient measurement
in each 2-year study period. Process outcome measures
included the proportion of patients who received
preventive screening tests, ie, documented dilated eye
examination, documented foot screen (monofilament
testing), or measured renal screen (microalbumin/creatinine
ratio) in each study year. Receipt of biannual HbAlc and
annual lipid panel tests were documented. Data were
collected through chart audits and abstracted directly
from the EHR.

Control Measures

Several additional independent variables were tested for
being potential covariates in the subsequent regression
models predicting the outcome measures, including
(1) clinic site; (2) provider specialty—family practice or
internal medicine; (3) provider type—physician, physician
assistant, or nurse practitioner; (4) comorbid conditions—
depression, hypertension, or dyslipidemia; (5) patient
gender; and (6) patient age. Measures were chosen for
inclusion based on univariable analyses results or a priori
knowledge of independent associations with the selected
dependent variables.
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Statistical Methods

The proportion of patients meeting recommended levels
of risk factor control was calculated for each study
period, e.g, baseline and intervention period rates of
blood pressure <130/80. The proportion of patients for
whom each clinical process guideline was followed was
calculated, e.g., baseline and intervention period rates of
receipt of a foot examination.

Risk factor control and clinical process guideline
adherence were compared across the three study periods
using the generalized estimating equations approach,
which accounts for within-subject correlations and
missing patient data in a given time period.? The two
intervention periods were compared with the baseline
period; the “high-dose” intervention was also compared
with the “low-dose” period. Potentially confounding
independent variables were tested in the regression
models. There were no significant covariates, but some
basic demographic characteristics were included in
the models. Because of the large number of providers
represented and the low patient-to-provider ratio (data
not shown), no substantial clustering effects by provider
were determined to be present.

This study was approved by the Institutional Review
Board of Billings.

Results

There were 495 patients included in the study sample.
At the end of study year 3, the year of sample selection,
the mean age was 64 years and 55% were female.
Most patients were seen by a physician; more than three-
quarters were seen by an internist. Eighty-three and
70% of patients had a diagnosis of hypertension and
dyslipidemia, respectively. These results are consistent
with characteristics of the larger diabetes registry
population.

Longitudinal comparisons of diabetes risk factor control
are displayed in Table 2. Baseline, low-dose, and high-
dose intervention period rates for blood pressure control
were 26.9, 33.1, and 43.9%; glycemic control rates were
48.5, 575, and 66.8%; and lipid control rates were 33.1,
444, and 56.6%, respectively. The proportion of patients
with each risk factor in control increased significantly
between the baseline and the postintervention periods by
63% among participants with controlled blood pressure
[odds ratio (OR) =2.0, 95% confidence interval (CI): 1.6-2.5],
38% among participants with controlled HbAlc levels
OR = 22, 95% CIL: 1.8-2.7), and 71% among participants
with controlled lipids (OR = 25, 95% CL 2.0-3.0).
In addition, the proportion of patients with at least two
controlled risk factors following the intervention nearly
doubled from 31 to 584% (OR = 3.0, 95% CI: 2.4-3.7).

Table 2.

Control of Diabetes Risk Factors (RF) and Adherence to Guidelines Pre/Postintervention by Dose over Time
(n = 495)°

Risk factor Baseline period Low-dose intervention High-dose intervention Odds ratio low Odds ratio high

(%) period (%) period (%) vs baseline vs baseline

Blood pressure 26.9 33.1 43.9 1.3* 2.0t
Glycemic control 48.5 57.5 66.8 1.5t 2.2f
LDL cholesterol control 3341 44.4 56.6 1.5 2.5t
Two or more RF in control 31.0 42.5 58.4 1.67 3.07

Clinical process guideline
Annual lipid profile 71.4 78.6 87.0 1.4* 2.67
Biannual HbA1c test 99.9 100 100 1.0 1.0
Annual eye exam 26.2 36.4 58.0 1.41 3.07
Annual foot screen 23.4 40.3 66.9 211 5.8"
Annual renal screen 38.5 53.9 71.0 1.87 3.5t
(microalbumin/creatinine test)
Recelvgd all three preventive 43 15.0 39.2 3.4t 11.0t
screening exams

@ All measures controlled for age, gender, clinic, and physician specialty.

*p < 0.01.

Tp < 0.0001.
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Regression models were controlled for age and gender of
patient, clinic site, and clinician type and specialty—none
of which emerged as independent predictors of risk factor
control. Stratifying the analysis by age group or clinic
site did not identify a subgroup with noticeably different
improvements.

Longitudinal comparisons of receipt and documentation
of preventive screening examinations also demonstrated
significant improvements. Baseline, low-dose, and high-
dose intervention period rates for receipt of an annual
lipid profile were 714, 78.6, and 87%; eye examination
rates were 26.2, 36.4, and 58%; foot examination rates
were 234, 40.3, and 669%; and renal screen rates were
38.5, 539, and 71%, respectively. Patients’ receipt of an
annual lipid profile increased by 22% (p < 0.0001) between
baseline and high-dose periods. The proportion of study
patients receiving the recommended semiannual HbAlc
tests did not demonstrate significant improvements due
to baseline rates of nearly 100%.

The proportion of patients who received recommended
preventive examinations increased significantly from
baseline to the high-dose period by 121, 186, and 84%
for eye, foot, and renal examinations, respectively. The
proportion of patients who received all three preventive
examinations increased by 812% (p < 0.0001).

Discussion

Study findings indicate that there have been significant
improvements in diabetes control and documentation
of preventive services since implementation of an initial
nonelectronic health record-based diabetes management
initiative followed by the implementation of an EHR-
based diabetes management program. At study’s end,
subjects were 3.5 to 6 times more likely to receive a
preventive screening examination and 11 times more
likely to receive all three recommended tests than they
were at baseline. They were also two to three times
more likely to have controlled clinical risk factors, i.e.,
blood pressure, blood glucose, and lipids, at levels
recommended by the ADA.>?' Evidence suggests that
these are valid intermediate measures of adverse vascular
clinical events.??

These findings reinforce previous studies that have
concluded that implementation of an EHR is necessary,
but not sufficient, for a successful chronic disease
management program. Following recommendations
stated in numerous published studies, " this program
incorporated several critical components into its

design. During the “low-dose” intervention period, full
EHR implementation was preceded by a paper-based
education component, a diabetes patient registry, and
office workflow process changes in anticipation of the
impending implementation of a fully functional EHR.

During the “high-dose” intervention period, the technology
component of the diabetes disease management program
was developed and implemented to fit into tailored office
workflow process changes that reflected the realities of
individual primary care practices. The EHR-integrated
diabetes-specific components were point of care focused;
administrative components enhanced patient care and
galvanized providers, including a diabetes patient report
card, diabetes patient disease registry, real-time clinical
guideline support, and comparative patient panel reports
for providers. Additional financial and professional
incentives were available to providers meeting specified
goals in diabetes patient care.

The inclusion of specific critical success factors identified
in the literature enabled us to surpass diabetes-related
successes associated with EHR implementation reported
in the literature. O’Connor and colleagues found that EHR
use led to an increased number of HbAlc and LDL tests,
but not to better metabolic control.”” Another study found
better diabetes care among medical practices without an
EHR in terms of following diabetes care guidelines for
process, treatment, and intermediate outcomes.”* Orzano
and associates demonstrated significant improvements
in attainment of clinical targets associated with the use
of identification/tracking systems for blood pressure and
LDL, but not for HbAlc!® These authors did not find the
presence of an EHR to be associated with attainment of
clinical targets. All of these studies identified the lack
of one or more critical success factors as causal in their
suboptimal study findings. We incorporated many of
these same critical success factors into our program and
demonstrated improved clinical and process outcomes.

This study’s primary limitation was the lack of a direct
comparison population. Logistical, ethical, and financial
barriers prevented study patient randomization. However,
a comparison of findings to nationally established
benchmarks during similar time periods *?* enabled us
to rule out a type I error, which would have occurred
if we falsely attributed study findings solely to national
trends. Comparisons to national trends enabled us to
demonstrate degrees of improvement that far exceeded
those demonstrated at state and national levels (see
Table 3).
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Table 3.

Guideline Adherence and Risk Factor Control

Outcomes Compared with State and National
Outcomes (% Change over Time)

Process Billings Clinic Billings Clinic Montana
outcomes intervention intervention BRFSS?
2001-2007 2001-2005 2001-2005P
Annual eye 145.9% 107.0% -2.0%
exam
Annual
comprehensive 277.9% 197.0% -5.7%
foot exam
Billings Clinic d
Clinical outcomes intervention 2NH'1AN2ES4
2001-2007 e
Blood pressure control® 63.2% 0.6%
Glycemic control (HbAlc <7%) 39.4% 15.0%
Glycemic out of control 45 49 _ o
(HbATC >9%) 42.4% 30.3%
Lipids control® 71.0% 51.4%
@ Behavioral Risk Factor Surveillance System.
b Age-adjusted percent change.
¢ Blood pressure and lipids control data from NHANES
1990-2000.%¢
9 National Health and Nutrition Examination Survey.

Another procedural limitation may have resulted in
less than expected improvements in study outcome
measures. Provider panel report card benchmarks, based
on the NCQA national guidelines, were low relative to
improvements in this patient population. For example,
the national benchmark goal for patient blood pressure
control rate was 35%. If a provider met this goal, it was
indicated on his/her panel report for that measure that
the goal had been met. This approach provided little
further incentive for improvement. Similarly, benchmark
goals for patient glycemic and lipid control rates were
low at 40 and 36%, respectively.

This observation suggests a need to develop more
appropriate provider incentives, such as composite all-
or-none measures that sum performance across several
indicators for an individual patient, as have been
implemented by the Minnesota health care community.?®
Composite measures have demonstrated success in
incentivizing physicians to take action, but are not yet
widely utilized in the ambulatory setting.

Although we demonstrated marked improvements in
preventive screenings, we cannot necessarily distinguish
between the receipt and the documentation of preventive

screening tests. It is possible that documentation
improved but that the number of tests conducted
remained static. Finally, due to the multifaceted nature
of the intervention, we were unable to determine
which attribute, or combination of attributes, was most
responsible for the observed results.

Conclusions

This study demonstrated a clear shift in the proportion
of patients both with controlled risk factors and with
documented receipt of recommended preventive screening
tests. Implementation of an intervention that included key
critical success factors, ie, EHR implementation preceded
by institution of diabetes care improvement processes,
tailored clinic workflow process changes and technology
implementation to fit directly into new workflow, use of
a diabetes patient registry, real-time clinical guideline
support, comparative patient panel reports for providers,
a diabetes patient report card, and provider financial
incentives, appears to have had a beneficial effect on
diabetes care in the organization. Since the conduct of
this study, the diabetes management program has been
expanded to rural clinic sites, which are arguably even
more in need of this type of intervention. Preliminary
reports are promising and efforts are under way
to rigorously evaluate this expansion to the rural
community.
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