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iabetes affects 22.3 million
Dpeople in the United States.!

It is a major cause of heart
disease and stroke and is the seventh
leading cause of death.? Patients with
diabetes are at two to four times
greater risk of myocardial infarction
(MI) than those without diabetes,
and diabetes is the primary reason for
renal failure, blindness, and nontrau-
matic limb amputations.® Preventive
care practices can reduce the develop-
ment of severe vision loss by 50-60%,
reduce foot amputations by 45-85%,
and lower blood pressure to reduce
proteinuria, a risk factor for develop-
ing kidney disease, by ~ 35%.2 Despite
evidence that complications related
to diabetes are preventable,*’ only
52% of individuals with diabetes meet
guidelines targeting an A1C of < 7.0%,
and only 18% meet combined glyce-
mic, lipid, and blood pressure goals.¢

In addition to significant mor-

bidity, diabetes has a substantial
financial impact. Medical expenses
for people with diabetes are more
than two times higher than for those
without diabetes.? Total national
health care and related costs for the
treatment of all people with diabetes
total ~ $245 billion.! Complications
from diabetes, such as chronic
kidney disease, can cost health care
organizations $33 billion per year.?
Most diabetes care is provided in the
community in the primary care set-
ting,® and diabetes is the fourth most
frequent reason for ambulatory phy-

CLINICAL DIABETES - Volume 32, Number 3, 2014

sician visits.” A gap exists between
optimal and actual care, constitut-
ing a wide “quality chasm,” which
underscores the need for innovative
approaches to change the current
practice of diabetes care. Clinical
decision support systems (CDSSs)
have been suggested as a viable solu-
tion to these pressing issues.’

Clinical Decision Support Systems
CDSSs have been defined as systems
providing an automated process
for comparing patient-specific
characteristics against a computer-
ized knowledge base, with resulting
recommendations or reminders
presented to providers at the time of
clinical decision making.!” Studies
have used CDSSs in diabetes man-
agement for a variety of purposes,
including glycemic control,*"!12
behavioral/attitude changes, 314
combined management goals of
cardiovascular risk reduction and
glycemic control,>$>1518 and cost-
effectiveness.'22 CDSSs have been
shown to improve processes of dia-
betes care**3!1L141617 and management
Outcomes.3,7,9,10—12,18

Although CDSSs in diabetes
care may improve care processes
and delay diabetes complications,
most studies in this field do not
include cost-effectiveness analyses.
Cleveringa et al.” found that patients
in CDSS intervention groups showed
slightly more quality-adjusted life
years, but with increased total

costs incurred for their care, lead-
ing to a high cost-effectiveness
ratio when compared to control
groups. Although cost savings exist,
current results suggest that they
are modest.!”22

Unless a strategic plan is in place,
organizational and health care deliv-
ery problems may contribute to the
inability to reach current evidence-
based goals for optimal chronic
disease control.?*** CDSSs within
ambulatory/primary care practices
are at the forefront of effective stan-
dards-based care within the diabetes
population.'® However, more work
needs to be performed to determine
the effectiveness and sustainability
of CDSSs in practice.

Local Problem

Challenges exist to improve

quality across the continuum of
diabetes-related care. To address
these challenges, the American Board
of Medical Specialties launched the
Improving Performance in Practice
(IPIP) initiative in 2005.° The goal

of IPIP is to improve the quality of
care in all primary care practices
across states. North Carolina was
chosen as one of the pilot states to
focus on diabetes and asthma. To
drive the initiative, collaboration was
formed between the N.C. Area Health
Education Center and Community
Care of North Carolina. This col-
laborative defined common quality
measures tied to national diabetes
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Table 1. Summary of ADA-Recommended Treatment Goals for Most Adults

With Diabetes?®

Variables Defined Normal Values or Goals
Blood pressure (mmHg) < 130/80

AlC (%) <70

Total cholesterol (mg/dl) <200
Triglycerides (mg/dl) <150

HDL cholesterol (mg/dl) Women: > 50; Men: > 40
LDL cholesterol (mg/dl) <100

Controlled vs. uncontrolled diabetes

Controlled = A1C < 7.0%;
uncontrolled = A1C > 7.0%

measures and used a CDSS (Reach
My Doctor) to allow rapid-cycle qual-
ity techniques to be used.”

Rapid-cycle improvement is a
quality improvement (QI) method
that identifies, implements, and
measures changes made to improve
a process or a system.” Rapid-cycle
improvement implies that changes
are made and tested over periods of
< 3 months rather than the standard
8-12 months. One commonly used
rapid-cycle improvement strategy
is the Plan-Do-Study-Act cycle.”
Table 1 summarizes the American
Diabetes Association (ADA) treat-
ment recommendations that were
used within the CDSS for glycemic,
blood pressure, and lipid control for
most adults with diabetes.*

The ambulatory care divi-
sion of New Hanover Regional
Medical Center (NHRMUC), located
in Wilmington, N.C., provides
evidence-based primary care to its
population of patients with diabe-
tes. However, the NHRMC HIV/
Primary Care Clinic identified gaps
between the actual care it provided
and the optimal care of its patients.
Specifically, HIV patient admis-
sions had a higher rate of endocrine
disorders than the general NHRMC
inpatient population (6.16 vs. 3.28%).
Another gap identified was a lack
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of an effective registry for identify-
ing and evaluating diabetes-related
outcome measures. To address these
gaps and align the HIV/Primary
Care Clinic to NHRMCs strategic

goal of accountable quality care,

the clinic joined the IPIP initiative
using a CDSS to improve the quality
of care provided to its population

of patients with diabetes. Other
practices participated; however, no
evaluation had been made of the
CDSS’s impact on the ambulatory
care division’s population of patients
with diabetes.

Hence, the purpose of this QI
project was to evaluate the impact
of the CDSS in an ambulatory care
setting on outcome measures and
the costs of diabetes-related care. To
evaluate the alignment of care with
NHRMCs strategic goals, the ques-
tion asked was, “Does using a CDSS
improve ADA outcome measures
within the ambulatory care setting?”

Retrospective chart review
sources included EMR, paper
charts, and the CDSS

A
Identified patients with diabetes
through the CDSS registry at the
1-year time point for each
practice

!

Collected individual data at the
baseline, 6-month, and 1-year
time points for each practice

HIV/Primary Care Internal Medicine Coastal Family Medicine
Practice Practice Practice
(start date May 2010%) (start date April 2010%) (start date February 2009%)

Aggregate data analysis
performed for ambulatory
care setting

Figure 1. Workflow for evaluation arm. *Start date indicates the date the practice
started using the CDSS. EMR, electronic medical record.
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Study Methods

This was a retrospective review
providing an evaluation arm to
assess the effectiveness and costs of

a CDSS within NHRMC’s ambula-
tory care setting. Three practices
were evaluated: Coastal Family
Medicine Practice, Internal Medicine
Practice, and the HIV/Primary Care
Clinic. Inclusion criteria included

1) a diagnosis of type 1 or type 2
diabetes, 2) a history of being treated
for diabetes within the three ambula-
tory care practices, and 3) inclusion
in the IPIP CDSS database at defined
time points.

Ethical Issues

This QI project was approved by
the institutional review boards at
NHRMC and Duke University in
Durham, N.C.

Study Design

The QI project consisted of a workflow
process to evaluate the CDSS’s impact
on identified ADA measures (Figure
1). These measures included /) BMI,
2) systolic and diastolic blood pressure,
3) A1C, 4) lipid levels (total choles-
terol, triglycerides, HDL cholesterol,
and LDL cholesterol), 5) estimated
glomerular filtration rate (GFR), and
6) controlled versus uncontrolled
diabetes (controlled = A1C < 7.0%;
uncontrolled = A1C > 7.0%).

The method of evaluation
included a three-step process to
collect descriptive and outcome
measures for selected variables.

This process included /) collection
of individual patient information
on identified ADA measures at
baseline, 6 months, and 1 year; 2)
collection of individual descriptive
measures (Table 2); and 3) aggre-
gate analysis of the three practice’s
descriptive and outcome measures
at baseline, 6 months, and 1 year of
CDSS implementation.
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Table 2. Descriptive Measures

* Age
* Sex
 Insurance status
* Marital status
» Comorbidity history
o Cardiovascular disease/
coronary artery disease
o Ml/stent placement
o Congestive heart failure
o Depression
o Retinopathy
o Neuropathy
o Hypertension
o Hyperlipidemia
* BMI
» Tobacco use
» Smoking cessation counseling
* Eye examination
* On ACE inhibitor/angiotensin
receptor blocker
* Clinic care provided

Data Analysis

Data were reported as mean +
standard deviation (SD) or frequen-
cies. Variables were compared at
baseline, 6-month, and 1-year time
intervals with a repeated-measures,
mixed-effects model and using
proportions for categorical variables.
Comparison of categorical variables
before and after implementation was
completed with McNemar’s test. Data
were analyzed using SAS 9.1 (SAS
Institute, Cary, N.C.), and all tests
were two-tailed. P values < 0.05 were
considered significant.

Study Results

Data were collected on 664 patients
from three practices within
NHRMC’s ambulatory care division,
with the majority (67.6%) coming
from the Internal Medicine Practice.
Twenty-five percent of the population
came from Coastal Family Medicine,
and 7.4% came from the HI'V/
Primary Care Clinic. At baseline, the
study population was comparable

to published national averages for

AI1C, LDL cholesterol, and blood
pressure control from the 2009-2010
National Health and Nutritional
Examination Survey.”

Patient Characteristics

Patient characteristics are sum-
marized in Table 3. Slightly more
than half of the patients were female
(57.7%) and African American
(53.3%). The average age was 55.5 £

11 years, with a mean BMI of 34.1
9.1 kg/m?. Baseline BMI fell within
the World Health Organization
(WHO) obese class 1. The majority
of patients were married (32.2%) and
uninsured (32.2%), and only 8.0% had
private insurance. The most common
comorbidities reported were hyper-
tension (86.8%) and hyperlipidemia
(73.68%). Tobacco use was reported in
53.7% of the patient population.

Measured Variables

Table 4 compares selected variables
to the 2013 ADA management
guidelines. Patients’ clinical charac-
teristics did not differ significantly
from before implementation to 1

year after implementation, although
there was a nonsignificant reduction
of 2 percentage points in those with
an estimated GFR < 60 ml/min/m?
(14.1 to 12.7%, P = 0.4748) after 1 year
(Table 5). There were also no sig-
nificant differences in measurements
taken at 6 months, although there was
a nonsignificant 20-mg/dl reduction in
triglycerides (178.8 £ 233.1 to 159.7 £
178.9 mg/dl, P = 0.4472). Smoking
cessation counseling was performed
for 100% of the patient population.
Eighty-eight percent (87.9%) of the
population were taking either ACE
inhibitors or angiotensin receptor
blockers, and 81.5% of the population
received a retinal screening, which
exceeds the Agency for Healthcare
Research and Quality (AHRQ)
national average of 66.7%0.* WHO
considers individuals to be at normal
weight with a BMI of < 25 kg/m? .2
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Table 3. Patient Characteristics

Tobacco use

Variable Value
Clinic [1 (%)]
Family Medicine 166 (25.0)
HIV/Primary Care 49 (74)
Internal Medicine 449 (67.6)
Sex [ (%0)]
Female 385 (58.0)
Male 279 (42.0)
Age (mean * SD) 555+ 11.1
Race [ (%0)]
Caucasian 289 (43.7)
African American 352 (53.3)
Other 20 (3.0)
BMI (mean * SD) 34191
Insurance status [7 (%0)]
Medicare 156 (23.6)
Medicaid 108 (16.3)
Medicare/Medicaid 131 (19.8)
Private 53 (8.0)
No insurance 213 (32.2)
Marital status [ (%0)]
Married 213 (32.2)
Divorced 151 (22.8)
Separated 46 (7.0)
Widowed 70 (10.6)
Never married/single 181 (27.4)
Comorbidities [1 (%0)]
Retinopathy 11 (1.7)
Neuropathy 113 (17.1)
Cardiovascular disease/coronary 119 (18.0)
artery disease 33 (5.0)
MI/stent placement 574 (86.8)
Hypertension 487 (73.7)
Hyperlipidemia 44 (6.7)
Congestive heart failure 175 (26.5)
Depression 336 (53.7)

Unfortunately, less than one-fourth
(23.1%) of the patient population met
this goal. However, 94.3% of patients
received at least one A1C measure-
ment in the course of 1 year (AHRQ’s
national average is 79.4%), and 70%
of the population had an A1C mea-
sured at least twice in 1 year, again
exceeding AHRQ’s national average
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of 61.1%. There was a significant dif-
ference in guideline adherence to the
HDL cholesterol recommendation in
women 6 months after implementa-
tion compared to before and 1 year
after implementation (P = 0.0022).
Combined A1C, LDL cholesterol,
and blood pressure targets were
achieved in 24.4% at baseline, 33.6%

at 6 months, and 26.7% at 1 year after
CDSS implementation.

Glycemic Control

To evaluate patients’ glycemic
control, this study used the 2013
ADA Standards of Medical Care
guidelines® to compare controlled
and uncontrolled diabetes. Findings
are summarized in Table 5. Of the
664 patients from all clinics, 234
(35%) had a baseline and 1-year A1C
value. Of those 234 patients, 170
(72.7%) had controlled diabetes (A1C
< 7%), whereas the A1C values of

64 (27.4%) were in the uncontrolled
range. Conversely, 52 (22.4%) with
uncontrolled values at baseline
attained control, whereas 180 (77.6%)
continued to have uncontrolled A1C
values. An average AIC value of 7.8%
was consistent throughout each time
period.

There was also a significant rela-
tionship between insurance status
and glycemic control. Specifically,
trends suggest that those with
Medicare and Medicaid have higher
rates of controlled diabetes (55%)
than those with private (50%) or no
insurance (41%).

Costs of Care

Figure 2 examines Emergency
Department and inpatient utilization
and costs during three time periods:
Period 1 was 1 year before CDSS
implementation, Period 2 was the
year during implementation of the
CDSS, and Period 3 was 1 year after
the CDSS implementation. Patient
Emergency Department and inpatient
encounters were significantly higher
in Period 2 than in Periods 1 or 3

(P =0.0026). Likewise, Emergency
Department and inpatient costs

were significantly higher in Period 2
(P <0.0001) compared to Periods 1
or 3.
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Table 4. Clinical Guidelines

Variable Guideline Time Patients Meeting P*
Goal (%)
BMI <25.0 kg/m? N/A 23.1 N/A
Retinal screening Annual N/A 81.5 N/A
Smoking cessation Annual N/A 100 N/A
counseling
ACE inhibitor/ 100% N/A 879 N/A
angiotensin receptor
blocker
Estimated GFR > 60 ml/min/m? | Before 85.9 0.7019
6-month 85.9
l-year 873
Diastolic blood <130 mmHg Before 56.2 0.7573
pressure 6-month 58.6
l-year 56.9
Systolic blood <80 mmHg Before 50.2 0.4879
pressure 6-month 534
l-year 504
AlC <7.0% Before 47.0 0.7576
6-month 48.9
l-year 46.8
HDL cholesterol Women > 50 Before 16.5 0.0022
mg/dl 6-month 8.9
l-year 16.5
Men > 40 Before 7.6 0.8273
mg/dl 6-month 8.3
l-year 9.0
LDL cholesterol <100 mg/dl Before 53.5 0.7229
6-month 52.8
l-year 55.7
Total cholesterol <200 mg/dl Before 36.6 0.7706
6-month 36.8
l-year 34.5
Triglycerides < 150 mg/dl Before 58.7 0.3451
6-month 63.8
l-year 61.7

*Data collected once were not applicable to be analyzed over the time frame.

Discussion

This QI project provided an evalua-
tion of the impact of a CDSS within
an ambulatory care setting. Although
not statistically significant, this

study demonstrated that utilization
of a CDSS improved diabetes care
processes, had a modest effect on
diabetes management, and provided a
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foundation for potential cost savings
to the organization.

Within health care settings, barri-
ers exist in making transformations
of care a reality. Previous studies
have shown that providers adhere to
quality measures for chronic illness
care only 50% of the time.* This
project demonstrated adherence to

ADA 2013 standards of care that far
exceeded AHRQ national averages.”

Numerous studies have shown the
importance of combined glycemic,
lipid, and blood pressure control in
helping to prevent both macro- and
microvascular complications of
diabetes.*>1¢3! Although not statisti-
cally significant, within 1 year, this
study noted a 2-percentage-point
increase in the number of patients
achieving combined glycemic, lipid,
and blood pressure control (24.4 to
26.7%). This finding may be helpful
when targeting the study’s popu-
lation with hypertension (86.8%)
and hyperlipidemia (73.7%) to
prevent complications associated
with diabetes.

Seventy-seven percent of the
project population was on antihy-
pertensive therapy. A systematic
review*? that evaluated the effective-
ness of lowering blood pressure in
preventing recurrent vascular events
in patients with previous stroke or
ischemic attack found that those on
antihypertensive treatment were 24%
less likely to have a stroke, 21% less
likely to have an M1, and 21% less
likely to have any kind of vascular
event. Similarly, 18% of the project
population had a stroke diagnosis,
suggesting that their risk for addi-
tional vascular events was reduced.

Modifying risk factors can also
reduce complications associated
with diabetes. A recent study®
demonstrated that controlling for
certain variables (blood pressure,
cholesterol, BMI, tobacco use, AIC,
and exercise) could reduce cardio-
vascular deaths by one-fourth and
mortality by one-half. Additionally,
Pirie et al.’* suggested that females
who quit smoking by the age of 40
years could eliminate 90% of the
excess mortality caused by smoking.
Although 53.7% of this study popu-
lation used tobacco, 100% of those
using tobacco were counseled in
smoking cessation, which highlights
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Table S. Clinical Characteristics Before and After Implementation

Variable Before 6 Months 1 Year P
Controlled diabetes 279 (49.3) 236 (50.4) 255 (48.5) 0.8279
[n (70)]
Estimated GFR [n (%0)] 0.4748
< 60 ml/min/m? 92 (14.1) 92 (14.1) 79 (12.7)
> 60 ml/min/m? 559 (85.9) 559 (85.9) 541 (87.3)
Diastolic blood pressure | 76.7+11.6 76.0+11.9 76.8 £11.6 | 0.4841
(mean mmHg + SD)
Systolic blood pressure 131.4+21.0 | 1297+£189 | 130.4+20.6 | 0.3790
(mean mmHg + SD)
AIC (mean % + SD) 78+2.1 78+2.2 7.8+2.0 0.9681
HDL cholesterol 412+ 137 423+134 42.0+157 | 0.5722
(mean mg/dl = SD)
LDL cholesterol 97.7+38.5 99.1 £36.5 96.7+36.3 | 0.7064
(mean mg/dl = SD)
Total cholesterol 169.2+474 167.8 £39.8 169.2 +46.0 | 0.8868
(mean mg/dl = SD)
Triglycerides 178.8 +233.1 | 159.7+178.9 | 170.6 £257.4 | 0.4472
(mean mg/dl £ SD)
$25,000 5.0
$20,208 2
$20,000 4.0
3.5
. $15,000 SB:& 3.0 é
§ 2.5 §
$10,000 - 20 5§
1.5
$5,000 - 1.0
0.5
$0 - 0.0
Period 1 Period 2 Period 3
mmm Average Encounter/Patient =M= Costs

Figure 2. NHRMC ambulatory patient population’s Emergency Department/
inpatient utilization and costs.

the CDSS’s effectiveness in identify-
ing and educating those at risk for
smoking complications.

Chronic disease management in
general, and diabetes management
in particular, continue to challenge
and financially burden the health
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care system.* A recent study esti-
mated that total costs of diagnosed
diabetes have increased by 41% (from
$174 billion in 2007 to $245 billion

in 2012), accounting for more than
one in five health care dollars in the
United States.! Diabetes-associated

complications such as amputations
can also increase costs by ~ $3 billion/
year ($38,077 per amputation).’
Strategies to improve diabetes health
care in a cost-effective manner could
include risk factor modification. For
example, Medicare can save $11 bil-
lion with each 10% improvement in
predialysis care.?

Total Emergency Department
and inpatient utilization and costs
in this QI evaluation of a CDSS
implementation are detailed in
Table 6. Although emergency and
inpatient use and cost-effectiveness
were not controlled for a priori,
it was observed that there was an
increase in the frequency of encoun-
ters during CDSS implementation.
Overall, however, the proportion of
encounters and cost by NHRMC’s
ambulatory care patients (in relation
to the total patient volume) demon-
strated a decrease in emergency and
inpatient encounters, both during
and after CDSS implementation.
Although these observations must
be interpreted with caution, they
may suggest that more frequent
monitoring in the ambulatory set-
ting identified acute issues more
readily and that better preventive
care strategies may have limited
the need for extensive acute care
services in the implementation and
post-implementation phases. Similar
findings suggest that cost savings
in emergency and inpatient settings
can be realized using a CDSS in
diabetes-related care.”2%¥ Although
the average national costs of diabe-
tes-related complications far exceed
costs associated with primary pre-
ventive care measures,*® future work
is needed to determine the relation-
ship between CDSS implementation
and cost-effectiveness.

Limitations of this study included
its retrospective design, separate
systems for data entry, lack of
cost-effectiveness analysis showing
quality-adjusted life-year data, and
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Table 6. NHRMC and Ambulatory Care Clinics: Total Emergency/Inpatient Care Encounters and Associated Costs

NHRMC Ambulatory NHRMC Average Ambulatory Clinic
Encounters Clinic Encounters | Cost Per Encounter Average Cost Per Encounter
Period 1: 24,206 1,463 (17%) $39,042 $5,356 (14%)
Pre-implementation
Period 2: During 38,255 2,157 (6%) $34,492 $5,246 (15%)
implementation
Period 3: 30,214 1,393 (5%) $34,799 $4,875 (14%)
Post-implementation

the varying time frames for imple-
mentation of the CDSS within each
practice. The aim, however, was
to evaluate the impact of a CDSS
within an ambulatory care setting.
CDSSs provide a viable option to
help close the gap between actual
and optimal care and to poten-
tially reduce costs through risk
factor modification in diabetes-
related care.

Conclusion

The CDSS evaluation within the
setting described demonstrated
improved diabetes care processes,
modest effects on management, and
potential savings for NHRMC. As
a result, this project aligned with
NHRMC’s strategic goal to provide
high-value, accountable care to the
community. Establishing a founda-
tion for potential savings within the
NHRMC despite a lack of histori-
cal evaluations, this study suggests
that risk factor modification can
help reduce diabetes complica-
tions and the costs of diabetes care.
Additionally, the ambulatory care
division’s involvement with the IPTP
initiative will continue to support QI
initiatives geared toward improving
diabetes care.

Recognizing the importance of
collaboration within community
settings can sustain QI across the
continuum of diabetes care. CDSS
integration into an electronic health
record can improve the quality of
care by helping to identify subpopu-

CLINICAL DIABETES - Volume 32, Number 3, 2014

lations for disease management,
identify patients who might be lost
to care, and improve awareness of
hospital utilization patterns. In addi-
tion, using a CDSS within the setting
described allowed for the identifica-
tion of risk factors, treatment of
acute issues, and establishment of
preventive care measures, which are
accountable-care concerns for all
health care organizations.
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