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Abstract: This prospective, randomized, real-world study aimed to examine the impact of elec-
tronic health record–based clinical decision support (CDS) tools on the management of diabetes in
small- to medium-sized primary care practices participating in Delaware’s patient-centered medical
home project. Overall, use of CDS systems was associated with greater reductions from baseline in
hemoglobin A1c and low-density lipoprotein cholesterol, and more patients achieving treatment
goals. Physicians and staff reported that the CDS toolkit empowered them to be more involved in
clinical decision-making, thereby helping to improve diabetes care. However, all cited significant
barriers to fully implementing team-based CDS, predominantly involving time and reimbursement.
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H EALTH INFORMATION TECHNOLOGY
(HIT) can help close the gap between

guideline-recommended and actual care
(Bodenheimer & Grumbach, 2003; Institute
of Medicine, 2001). Despite the implementa-
tion of HIT through the Economic and Clini-
cal Health Act in the United States, small- to
medium-sized independent practices are lag-
ging behind in its adoption, including the use
of electronic health records (EHRs) (Torda
et al., 2010). There are barriers to the adop-
tion and meaningful use of EHRs, including
cost, time, perceived lack of usefulness, data
transition, facility location, and implementa-
tion issues (Kruse et al., 2016). In contrast, fa-
cilitators for EHR adoption include efficiency,
quality, data access, perceived value, ability
to transfer information, and incentives (Kruse
et al., 2016). The combination of clinical de-
cision support (CDS) systems and EHRs may
facilitate HIT adoption and improve documen-
tation and quality of care (Berner, 2009). EHRs
can facilitate the integration of CDS systems
into clinical practice, which in turn enables
EHR users to access guidelines at the point of
care (POC) (National Quality Forum, 2010).

Results reporting the benefits of EHR-based
CDS systems for the management of chronic
diseases, such as diabetes, are mixed and of-
ten incomplete. Successful CDS systems must
provide the “right information to the right per-
son in the right format through the right chan-
nel at the right time” (Berner, 2009; Karsh,
2009; Osheroff et al., 2007). As stated by the
Patient-Centered Primary Care Collaborative,
the patient-centered medical home (PCMH)
model, which was introduced to improve
primary care, encompasses patient-centered,
comprehensive, coordinated care; accessi-
ble services; and quality and safety (Patient-
Centered Primary Care Collaborative, 2018).
Participation is being actively encouraged us-
ing financial incentives (Patient-Centered Pri-
mary Care Collaborative, 2018). More than
12 000 practices, with more than 60 000 clin-
icians, are recognized by the National Com-
mittee for Quality Assurance’s (NCQA) PCMH
evaluation program, and more than 100 pay-
ers support this recognition through financial
incentives or coaching (NCQA, 2018). The

team-based PCMH model coupled with CDS
may help improve the management of chronic
diseases because it allows CDS to be directed
to staff who can identify and address gaps in
care (Rittenhouse & Shortell, 2009).

The objective of the present real-world
study was to examine the impact of POC CDS
on diabetes management in small- to medium-
sized independent primary care practices that
had adopted the PCMH model of care (Ritten-
house & Shortell, 2009). We used quantita-
tive measures to determine whether patients
enrolled in primary care practices that uti-
lize CDS have better glycemic and lipid con-
trol than those from practices without CDS.
We used qualitative measures to understand
the main facilitators and barriers to imple-
menting CDS and achieving optimal diabetes
management.

METHODS

Study design, setting, and practice
eligibility

DECIDE (DEcision support in the context
of the patient-Centered medical home to
Improve management of diabetes for primary
care offices in DElaware) was a prospec-
tive, 1-year, cluster-randomized, longitudinal
study. The main setting was small- to medium-
sized independent primary care practices in
Delaware that were already participating in
statewide PCMH projects, of which there
were 39 at the time the study was initiated. In
addition, 10 offices in Maryland that were in
a joint Delaware-Maryland Accountable Care
Organization (which assisted offices to im-
plement PCMH principles) were also eligible.
Only offices that already had EHR systems in
place were eligible (all 49 at study start); this
enabled them to focus on implementation of
CDS during the study, and ensured practices
would have historical data in their EHRs that
could be used for pre- and postcomparisons.
There were 8 pediatric-only practices, which
were excluded. Practices already using a
robust POC CDS system were ineligible
for inclusion in the study, although, of the
offices that responded to the recruitment
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call, none used robust CDS systems. Practice
eligibility required that EHRs could connect
with the POC CDS and that the study team
would work with the primary care practice,
their information technology (IT) staff,
and the POC CDS provider to determine
interoperability—“the ability of computer sys-
tems or software to exchange and make use
of information.” Overall, 41 practices were
eligible for inclusion, of which 15 agreed to
participate, and 12 were randomized. The
research team obtained approval for the
study from the Quorum Institutional Review
Board (https://www.quorumreview.com).

Patients

Patients included were aged 18 to 75 years
with a diagnosis of diabetes (International
Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM], diagnosis
codes: 250) (Centers for Disease Control and
Prevention, 2018) who were “active” at a
participating practice. Although the focus of
the intervention was type 2 diabetes, we did
not exclude persons with type 1 or other
diabetes since the primary care offices did
not distinguish type 2 diabetes from type
1 or other diabetes in their ICD coding.
Within this population, there was a subgroup
of high-risk patients with ischemic vascu-
lar disease, including those with a diagnosis
of coronary artery disease (ICD-9-CM diag-
nosis codes: 410.00-414.99), cerebrovascular
disease (430.00-438.99), peripheral vascular
disease (443.89-443.99), or aortic aneurysm
(441.00-441.99). Of note, the United States
switched from ICD-9 to ICD-10 during the
study, but the software was able to trans-
pose between these 2 editions. “Active” pa-
tients were those who were listed as active in
the EHR and who had 1 or more office visits
within the 18 months prior to the study. Pa-
tients were not required to have an office visit
during the study since part of the intention of
the intervention was to bring patients to the
office for care.

Interventions

Twelve practices were randomized into 2
groups of 6 using clustered randomization

to receive either POC CDS systems imple-
mented as an add-on product to their EHRs
(CDS intervention group) or no intervention
(control group). Practices in the control
group had software installed to allow collec-
tion of data for the study, but not to receive
active clinical intervention. This ensured that
data were standardized for the 2 groups and
prevented bias due to differences in data col-
lection or definitions. Clustered randomiza-
tion was based on practice size (no minimum)
to reduce bias by office and by US state. This
required collection of preenrollment surveys
that provided precise information on practice
characteristics. There was 1 cluster of prac-
tices from the state of Maryland and 5 clusters
of practices from the state of Delaware. Fol-
lowing randomization, all intervention offices
had a baseline visit by the principal investiga-
tor and project manager (or assistant project
manager) before implementation of the CDS
system.

POC CDS was provided by third-party
software (the Crimson Care Registry, The
Advisory Board Company, Washington,
DC), which, at the time of the study, was
being used in more than 400 unique prac-
tices involving more than 3 million patient
encounters. Use of this third-party CDS
software system allows uniform protocols
to be applied across multiple unaffiliated
primary care practice settings using a variety
of EHR products, thereby eliminating any
bias related to a particular EHR. Protocols
within the CDS were aligned with the 2012
joint guidelines of the American Diabetes
Association/European Association for the
Study of Diabetes (Inzucchi et al., 2012),
which were the current guidelines at the
time of the study. All practices were required
to include protocols for glycated hemoglobin
A1c (A1C) and low-density lipoprotein choles-
terol (LDL-C). The A1C protocol was 1 or
more A1C test or more within the past 6
months, with the most recent A1C (within 12
months) less than 7.0% (or <7.5% for patients
with ischemic vascular disease, chronic renal
disease, or other microvascular complica-
tions). The LDL-C protocol was completion
of 1 or more lipid profiles within the past

https://www.quorumreview.com
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12 months, with the most recent LDL-C level
(within 12 months) less than 100 mg/dL.
Practices could also choose to include
additional protocols in other clinical decision
areas, including foot and eye examinations,
microalbumin testing, pneumococcal and
influenza immunizations, and preventive care.

The CDS system generated reports for the
practice staff before each appointment that
contain patient-specific recommendations at
the POC, indicating when tests were needed
or diabetes control was suboptimal. A sam-
ple report is shown in Figure 1. The CDS sys-
tem was goal driven rather than just process
driven. For example, if a patient with diabetes
was being seen for an office visit (regardless
of the reason for the visit) and the EHR did not
have evidence of an LDL-C being completed
within the previous year for that patient, the
report would suggest that the patient should
have a lipid panel ordered. If the most recent

LDL-C was more than 100 mg/dL, the report
would suggest that the patient’s lipids were
not optimally controlled. Each office decided
which recommendations were directed to the
clinicians and which to other staff. Those di-
rected to other staff could then be actioned by
them to save the clinician’s time. The CDS sys-
tem additionally generated retrospective re-
ports regarding quality of care for audit and
feedback, and showed the percentage of pa-
tients who were overdue for tests or services,
or whose disease control was suboptimal.

Quantitative outcome measurements

Quantitative data were collected over a 1-
year follow-up period and comparisons made
between the CDS intervention and control
groups. The primary endpoint was reduction
in A1C. Secondary endpoints were reduction
in LDL-C and the percentage of patients who
achieved: their personalized A1C goal (<7.5%

Figure 1. Crimson Care Registry: sample patient encounter form. A1C indicates glycated hemoglobin A1c;
BMI, body mass index; BP, blood pressure; LDL, low-density lipoprotein; NIDDM, non-insulin-dependent
diabetes mellitus (type 2 diabetes); PCP, primary care provider.
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for patients with microvascular complications
or <7.0% for those without); A1C less than
7.0% or 9.0% or less (NCQA, 2016); LDL-C less
than 100 mg/dL (Institute of Medicine, 2001).

Qualitative evaluation methods

Barriers to and facilitators of successful
implementation of CDS that achieved opti-
mal diabetes management in the context of
the PCMH were examined qualitatively by
interviewing clinicians and staff in the CDS
group. The question protocol used to conduct
the interviews, provided in the Supplemen-
tal Digital Content, available at: http://links.
lww.com/JACM/A84, included 15 questions
(mainly relating to current practices for dia-
betes care and whether diabetes care should
be incorporated into appointments for other
conditions) that were asked at baseline and
endpoint; and 15 on the CDS system that
were only asked at endpoint. The baseline
questionnaire was developed by the princi-
pal investigator, with some consultation with
an expert in survey development from the
University of Colorado, Denver. The endpoint
questionnaire was also developed by the prin-
cipal investigator. Baseline interviews were
conducted approximately 1 to 2 months be-
fore CDS (or control) implementation in each
office; endpoint interviews were conducted
approximately 1 to 2 months after the 1-year
follow-up period.

At least 1 key staff member from each office
was interviewed for the baseline survey for
the intervention and control arms. The offices
decided who was most appropriate to answer
the questionnaires. All offices chose at least
1 physician and 1 staff member. At baseline,
no offices chose to have a second physician or
staff member answer questions. The endpoint
survey only included the intervention offices.
In 4 offices, at least 1 provider and 1 key staff
member were interviewed; in 1 office, only 1
physician was interviewed. At endpoint, 2 of-
fices chose to have a second physician answer
the questionnaire and 2 offices chose to have
a second staff member answer the question-
naire. Interviews included discussion of pa-
tient and system factors that impeded optimal
care, using the concept of “patient-centered

care” (Inzucchi et al., 2012), and how the CDS
tools helped overcome barriers.

Quantitative analysis

Patient data were de-identified prior to
extraction from the practice records. The
sample size calculation was based on an as-
sumption of 12 primary care practices, with
30 patients with diabetes per practice, re-
quired to provide 90% power to detect a 0.3%
difference in A1C with a standard deviation
of 0.8 and assuming an intraclass correlation
of 5%. Bivariate analyses were conducted
to characterize the data and descriptively
compare outcome measures for patients in
the 2 groups. χ2 and t tests were used to
analyze characteristic and numeric variables,
respectively. Multivariate regression analyses
of glycemic and lipid control were used to
control for potential confounding factors,
including baseline glycemic control and
baseline LDL-C, as appropriate, clustering
of patients with clinicians, and clustering of
clinicians within practices.

Qualitative analysis

Staff at each site were interviewed and a
research assistant summarized the interview
transcripts. Dr Gill reviewed and interpreted
all results and compiled the final summary. No
formal qualitative analysis was undertaken.

RESULTS

Quantitative results

Of the 15 offices (67 clinicians) that agreed
to participate, 3 were excluded prior to ran-
domization due to failed interoperability (ie,
their EHRs were unable to connect with the
CDS). Two offices, where failed interoperabil-
ity was not detected until after randomization,
were subsequently excluded from the analy-
sis. Of the remaining 10 offices (52 clinicians),
5 (23 clinicians) were randomized as controls.
The 10 offices included 49 970 active patients
aged 18 to 75 years, of which 6386 met el-
igibility criteria for analysis. Of these, 4484
patients were in the CDS group and 1902 in
the control group. This imbalance was due

http://links.lww.com/JACM/A84
http://links.lww.com/JACM/A84
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to the clustered randomization process. Al-
though offices were cluster randomized based
on number of clinicians, by chance, the con-
trol offices had fewer patients per clinician
and fewer patients with diabetes.

Patient demographics and baseline charac-
teristics are summarized in the Table. Patients
in the CDS group were significantly older with
better glycemic control and lower LDL-C than
those in the control group. The 2 groups
were similar in terms of gender and diabetes
complications.

In the A1C subgroup (2041 CDS and 723
control patients with baseline and follow-
up A1C), there was no significant difference
in A1C change from baseline between the
2 groups (CDS −0.08% ± 1.15% vs control
−0.14% ± 1.51%; P = .41). After controlling
for baseline differences, the CDS group had
a greater reduction in A1C, with an adjusted
between-group difference of 0.12% (95%
confidence interval [CI] 0.02-0.22; P = .02;
Figure 2A).

In the LDL-C subgroup (2793 CDS and 931
control patients with baseline and follow-up
LDL-C), patients in the CDS group had a sig-
nificantly greater decrease in LDL-C (−4.35
± 24.54 mg/dL vs −1.70 ± 26.16 mg/dL;
P = .0067). The CDS group also had a signifi-
cantly greater reduction in LDL-C in multivari-
ate analysis, with an adjusted between-group
difference of 3.57 mg/dL (95% CI 1.80-5.34;
P < .0001; Figure 2B).

In the A1C subgroup, patients in the CDS
group had 52% greater odds of achieving per-
sonalized A1C goals (adjusted odds ratio [aOR]
1.52, 95% CI 1.24-1.86; P < .0001) and 56%
greater odds of achieving A1C less than 7.0%
(aOR 1.56, 95% CI 1.27-1.91; P < .0001) than
those in the control group (Figure 3). There
was no difference in the percentage of pa-
tients with A1C 9.0% or less (aOR 1.07, 95%
CI 0.75-1.52; P = .71). In the LDL-C sub-
group, the CDS group had 34% greater odds of
achieving the LDL-C goal (aOR 1.34; 95% CI
1.11-1.61; P = .002) (Figure 3).

Table. Patient Demographics and Baseline Characteristics

Intervention Group Control Group
Category (n = 4484) (n = 1902) P Value

Gender, n (%)
Female 2208 (49.2) 938 (49.3) .9564
Male 2276 (50.7) 964 (50.6)

Age group, n (%), y
<30 48 (1.0) 26 (1.3)
30–44 293 (6.5) 161 (8.4) <.0001
45–54 697 (15.5) 322 (16.9)
55–64 1284 (28.6) 637 (33.4)
≥65 2162 (48.2) 756 (39.7)

Age, mean (SD), y 61.6 (10.6) 59.9 (10.9) <.0001
A1C, mean (SD)a % 7.25 (1.50) 7.51 (0.68) <.0001
At A1C goal, n/N (%) 1569/2732 (57.4) 536/1068 (50.1) <.0001
LDL-C, mean (SD)a, mg/dL 93.5 (34.5) 96.7 (37.3) .0086
At LDL-C goal, n/N (%) 2211/3513 (62.9) 717/1227 (58.4) .0052
Complicationb, n (%)

Yes 825 (18.3) 369 (19.4) .3477
No 3659 (81.6) 1533 (80.5)

Abbreviations: A1C, glycated hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.
aAmong patients with baseline values available.
bPatients with ischemic vascular disease or chronic renal disease or other microvascular diseases.



LWW/JACM JACM-D-18-00022 February 14, 2019 4:1

Electronic CDS in PCMH to Improve Management of Diabetes in Primary Care 111

Figure 2. Adjusted changes from baseline to
1-year follow-up in A1C (A) and LDL-C (B) in the
A1C and LDL-C subgroups, respectively. A1C in-
dicates glycated hemoglobin A1c; CDS, clinical
decision support; LDL-C, low-density lipoprotein
cholesterol.

Qualitative results

At baseline, few offices had any system
in place for incorporating a team-based ap-
proach into clinical decision-making. All prac-
tices, regardless of randomization assignment,
reported that the responsibility for ordering or
implementing a test was solely with the clin-
ician (physician, nurse practitioner, or physi-
cian assistant). However, by the end of the
study, all 5 practices in the CDS group re-
ported that staff checked the need for an A1C

test. Two practices, neither of which were
doing POC A1C testing prior to the study, im-
plemented standing orders for the medical as-
sistant to conduct a POC A1C test at patient vis-
its, if necessary. During qualitative interviews,
participants agreed that CDS and PCMH were
important mechanisms to improve quality of
care. At endpoint, 4 of the 5 intervention of-
fices reported using the automated alerts pro-
vided by the intervention (see the top left of

Figure 3. Odds of achieving A1C and LDL-C goals
after 1 year of CDS versus control (in the A1C and
LDL-C subgroups, respectively). A1C indicates gly-
cated hemoglobin A1c; CDS, clinical decision sup-
port; LDL-C, low-density lipoprotein cholesterol.

Figure 1 for an example of the alerts produced
prior to the appointment), at least to some ex-
tent, but 3 reported problems (eg, inaccura-
cies) with the alerts, which limited their value.
Problems primarily revolved around the po-
tential inaccuracy of alerts (eg, lack of records
of testing performed by specialists, such as
endocrinologists) or inaccuracies in the com-
munication of data between the EHR and the
CDS. Such inaccuracies resulted in additional
work to confirm results in patient charts; this
resulted in 1 practice abandoning the use
of alerts halfway through the study. Barri-
ers that impeded the full implementation of
the CDS system included time and reimburse-
ment, with insurers not paying for the staff
and time required to implement team-based
care. Despite this, participants were generally
positive that, as CDS systems become more ac-
curate and payers compensate adequately for
CDS and PCMH, they would have a positive
impact on quality of care.

DISCUSSION

The DECIDE study examined whether CDS
has a positive impact on quality measures for
adults with diabetes, when used in the con-
text of the PCMH in small- to medium-sized
primary care practices. Quantitative mea-
sures showed that the use of the electronic
CDS system resulted in small but statistically
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significant reductions in both A1C and LDL-C.
There were also statistically significant, clin-
ically meaningful increases in the odds of
achieving personalized A1C and LDL-C goals
in the CDS group.

Prior randomized controlled studies of
electronic CDS systems have shown mixed
results for diabetes care quality measures.
Several studies have shown improvements
in providers ordering appropriate tests
(Demakis et al., 2000; Lobach & Hammond,
1997; Meigs et al., 2003; Montori et al.,
2002), but no improvements in metabolic
control (Meigs et al., 2003; Montori et al.,
2002). A more recent randomized trial found
that EHR-based CDS resulted in significantly
better mean reduction in A1C (−0.26%) and
better systolic blood pressure control, but
no improvement in LDL-C (O’Connor et al.,
2011). However, this study was conducted
in a single large health care system with
physicians using a common EHR. The previ-
ous studies mentioned were also conducted
either in single large health care systems
(Demakis et al., 2000; Montori et al., 2002) or
in single clinics (Lobach & Hammond, 1997;
Meigs et al., 2003).

What is unique about the present study is
that it was conducted in independent small- to
medium-sized primary care practices, which
is where the majority of primary care is de-
livered in the United States (Kane, 2017;
Mostashari, 2016). Previous studies of elec-
tronic CDS in these settings have not nec-
essarily shown favorable results (Gill et al.,
2009). One reason could be that previous
studies of CDS have targeted the alerts and
reminders to clinicians, who are often too
busy to attend to these alerts (Nanji et al.,
2018; Schnipper et al., 2008). Our study tar-
geted the alerts (eg, A1C test due) to nonclin-
icians (ie, nurses and medical assistants) in
the context of the PCMH. These staff, who
routinely work alongside a clinician for each
patient visit, received the alerts prior to the
patient arriving. The PCMH relies on a “team-
based” approach, where care is delivered by
staff as well as physicians, and occurs both
during and outside of office visits (Ritten-
house & Shortell, 2009). This study suggests

that, when done in the context of the PCMH,
electronic CDS can improve diabetes care
even in small, independent practices. Such im-
provements are increasingly important in the
era of value-based and pay-for-performance
reimbursement.

Although this study did show statistically
significant improvements in diabetes care,
one might question whether mean reductions
of 0.12% (A1C) and 3.6 mg/dL (LDL-C) are
clinically meaningful. There are several rea-
sons why the results may not have been more
robust. The present study was conducted in
real-world conditions in a broad patient popu-
lation, in which delivery and implementation
of the intervention required complex logistics
and a high level of technical sophistication.
As a result, not all data were captured in the
EHR, and critical information involving test-
ing by another clinician was not always trans-
ferred to the primary care office. Such issues
sometimes resulted in CDS alerts not accu-
rately reflecting the most recent test results,
despite comprehensive efforts by the inves-
tigators to assist practice teams and conduct
quality checks. Interoperability problems be-
tween the office EHR and the study CDS sys-
tem also led to 5 of 15 initially recruited of-
fices being ineligible. It also restricted some
outcome measures for the study (eg, the “like-
lihood of having tests up to date” could not be
studied due to problems with interoperabil-
ity). This suboptimal interoperability is not an
isolated issue in the context of the present
study; rather, it is a major barrier to the mean-
ingful implementation of HIT to support clin-
ical decision-making across the United States
(Samal et al., 2016). Finally, it needs to be
noted that, although the absolute differences
were small for both A1C and LDL between
these 2 groups, patients in the CDS group had
over 50% greater odds of achieving personal-
ized A1C goals or A1C less than 7%, and 34%
greater odds of achieving their LDL-C goal.

Our qualitative findings point to areas
where the process could be modified to bet-
ter implement the CDS system and potentially
result in more robust improvements. Inade-
quate payment for PCMH from insurers cre-
ates barriers to practices being able to fully
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implement electronic CDS and team-based
care, which likely diminishes its impact. Physi-
cians and staff in our study felt that insurers
were not paying for staff training or the time
to run retrospective reports and contact pa-
tients. This could be why retrospective CDS
reports were markedly less used than POC
alerts, and why the use of retrospective re-
ports did not increase, and in 1 case declined,
over the study. However, with more finan-
cial support, use of EHR-based CDS systems
could grow in independent practices, which
could help overcome barriers to optimal di-
abetes management. Meigs and Solomon re-
ported that EHR systems needed to be more
user-friendly and adaptable to the workflow
of individual clinics, and also that clinicians
believe that EHR use does not improve the
quality of patient care (Meigs & Solomon,
2016), which is not supported by our own
findings. We also noted barriers related to
office workflow; however, 1 reason for im-
plementing CDS in the context of PCMH is
that a team-based approach increases the like-
lihood that processes will be completed. This
system relies on lower-level staff having re-
sponsibility for basic decisions, with complex
decisions reserved for clinicians. Our inter-
views suggested that practices moved toward
increased decision-making by ancillary staff,
including POC A1C testing based on stand-
ing orders in some offices. These team-based
changes required time and training, indicat-
ing that appropriate compensation needs to
be provided to support the PCMH model. The
system must ensure that results are captured
appropriately in the EHR, and ultimately the
CDS. Otherwise, this impacts on its utility for
clinical decision-making and its inclusion in
quality measure determination.

Another limitation of this study is the im-
balance between the study groups, includ-
ing larger numbers of patients with diabetes
and significantly better baseline A1C control
in the CDS group versus the control group.
These differences could reflect different prac-
tice patterns. For example, clinicians in the
CDS group may have been more proactive
with diabetes care even prior to the study. Al-
though these imbalances were adjusted for us-

ing multivariate analyses, there may have been
some unmeasured differences that we were
not able to adjust for. Furthermore, patients
with both baseline and follow-up A1C mea-
surements may have been more motivated
than those with one or both measurements
missing, although this is likely to have affected
both groups similarly. In addition, it was not
possible to quantify how often the CDS was
actually used, nor to identify whether patients
moved between practices (and therefore po-
tentially between systems).

However, the main limitation of this study
was the amount of missing A1C and LDL-C
data. Although some of these missing data
were due to patients not undergoing the
relevant tests at suitable time points (as would
be expected in a real-world study), most were
due to problems of interoperability. A lack of
interoperability also resulted in the exclusion
of 5 offices. These findings are valuable as
they highlight potential problems that should
be considered prior to implementing a CDS
system. It should be recognized that the
implementation of a successful CDS system
is complex, and excellent IT support is
required. External support may be needed
to help small offices without an expert IT
team to build and customize EHR and CDS
systems. In addition, all staff will require
proper training to use the system correctly,
which has obvious cost implications. Lastly,
the data need to be entered correctly into the
EHR in order for the CDS system to recognize
them and use them successfully. Overall, the
introduction of CDS systems into small, inde-
pendent practices can be hampered by a lack
of resources, as well as the suboptimal inter-
operability across IT systems. Hence, further
work aimed at making these systems more
interoperable could be beneficial, especially
in the setting of small independent practices
that are the backbone of the US health care
system.

CONCLUSION

This prospective, cluster-randomized, real-
world study supports electronic CDS for im-
proving diabetes management in the context
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of the team-based PCMH care model. How-
ever, the study has also identified difficulties
in implementing such a system in small- to

medium sized practices, and may thereby pro-
vide valuable information to those consider-
ing setting up such a system.
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