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OBJECTIVE — The Mayo Health System Diabetes Translation Project sought to assess mod-
els of community-based diabetes care and use of a diabetes electronic management system
(DEMS). Planned care is a redesigned model of chronic disease care that involves guideline
implementation, support of self-management, and use of clinical information systems.

RESEARCHDESIGNANDMETHODS — We studied adult diabetic patients attending
three primary care practice sites in Wisconsin and Minnesota. We implemented planned care at
all sites and DEMS in the practice of 16 primary care providers. We assessed quality of diabetes
care using standard indicators for 200 patients randomly selected from each site at baseline and
at 24 months of implementation. We used multivariable analyses to estimate the association
between planned care and DEMS and each quality indicator.

RESULTS — Planned care was associated with improvements in measurement of HbA1c (odds
ratio 7.0 [95% CI 4.2–11.6]), HDL cholesterol (5.6 [4.1–7.5]), and microalbuminuria (5.3
[3.5–8.0]), as well as the provision of tobacco advice (6.9 [4.7–10.1]), among other performance
measures. DEMS use was associated with improvements in all indicators, including microalbu-
minuria (3.2 [1.9–5.2]), retinal examination (2.4 [1.5–3.9]), foot examinations (2.3 [1.2–4.4]),
and self-management support (2.6 [1.7–3.8]). Although planned care was associated with im-
provements in metabolic control, we observed no additional metabolic benefit when providers
used DEMS.

CONCLUSIONS — Planned care was associated with improved performance and metabolic
outcomes in primary care. DEMS use augmented the impact of planned care on performance
outcomes but not on metabolic outcomes. Optimal identification of the best translation of
evidence to diabetes practice will require longer follow-up or new care-delivery models.
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Improvement of the quality of diabetes
care is a national priority. Practice re-
design to support patients with diabe-

tes and to ensure the delivery of evidence-
based interventions is likely to improve
the quality of diabetes care in the commu-
nity setting, where most people with dia-
betes receive medical attention (1).

The Mayo Health System Diabetes
Translation Project was a practice devel-
opment, demonstration, and continuous
quality improvement project. Its goal was
to identify methods to enhance the deliv-
ery of evidence-based diabetes care (2,3).
We studied whether practice redesign to
prospectively plan the provision of diabe-
tes care could improve adherence to na-
tional standards in a community setting.
It further studied whether this planned
care combined with the use of the diabe-
tes electronic management system
(DEMS) led to greater adherence to na-
tional standards than planned care alone.

RESEARCH DESIGN AND
METHODS — The Institutional Re-
view Boards and Ethics Committees of the
Mayo Clinic Rochester and Mayo Health
System practice sites approved the study
protocol, and all participants (patients
and physicians) gave informed consent.
We have previously described the study
design and population of the Translation
Project (3). A brief description follows.

Practice sites and patients
We chose to implement the Translation
Project in Mayo Health System practice
sites that cared for �300 patients with
diabetes, had appropriate level of infor-
mation technology support, were com-
mitted to improve their diabetes care, and
were willing to offer on-site endocrinol-
ogy and diabetes education consultations.
Three of the 11 sites fulfilled all of these
criteria and were included in the project.
Of the three sites, we randomly selected
two sites and asked the clinical leadership
at each site to nominate, without input
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from the research team or consideration
of project-specific attributes, 16 primary
care providers that could be representa-
tive of the 56 family medicine and internal
medicine providers who cared for people
with diabetes. We implemented DEMS in
the practice of these 16 providers.

We identified patients �18 years of
age with diagnoses of type 1 or type 2
diabetes (ICD-9 250.00–250.930) using
each site’s administrative data. We used a
modification of the strategy recom-
mended by the Provider Recognition Pro-
gram (PRP) of the American Diabetes
Association (ADA) and the National Com-
mittee for Quality Assurance (4) to desig-
nate patients attending the practice
regularly as attending patients. An attend-
ing patient had 1) diagnosis of diabetes for
at least 1 year, 2) at least one visit in the
last quarter of 1996 (baseline index visit)
or in the last quarter of 1999 (follow-up
index visit), and 3) at least one additional
visit 12 months before the index visit. We
reviewed the medical record to confirm
the diagnosis of diabetes and each pa-
tient’s attending status. During the base-
line year, 6,646 patients (30% of which
were attending patients) visited the prac-
tice sites in the last quarter of 1996 com-
pared with 6,336 patients (27% attending
patients) in the last quarter of 1999.

Interventions
During the first quarter of 1997, we im-
plemented a planned care program at
each practice site. This involved the im-
plementation of practice guidelines, sup-
port for self-management, and clinical
information systems. At each site, a dia-
betes nurse educator, a local physician
leader, and local key personnel involved
in diabetes care constituted a guideline
implementation team. Each team deter-
mined goals and designed site-specific
strategies to implement the Institute for
Clinical Systems Improvement practice
guidelines for management of type 2 dia-
betes (5). Clinical information systems in-
cluded practice audit with feedback to the
providers, patient lists, referral forms to
diabetes self-management support ses-
sions, and chronic disease management
flow sheets (6).

We began to implement DEMS dur-
ing the first quarter of 1998. We have de-
scribed DEMS in detail elsewhere (7).
Designated physicians (DEMS providers)
used DEMS in the clinical care of patients,
entering information at the point of care

and incrementally adding their patients to
its database. Because many of the DEMS
providers and their team (primary care
nurse, clinical assistants, and diabetes ed-
ucator) were computer naı̈ve, each re-
ceived �4 h of general computer and
DEMS training. While delivering care,
DEMS providers received further on-the-
spot training addressing their individual
needs. After training of local personnel
and implementation of DEMS, the re-
search team met monthly with DEMS us-
ers to troubleshoot implementation
issues. After 24 months of implementa-
tion, physicians were using DEMS at dif-
ferent levels: some used it as a clinical
registry to review laboratory and vital sta-
tistics and others used it to its full poten-
tial as an electronic medical management
system.

In addition to their traditional role,
the diabetes educators were key facilita-
tors for the Translation Project, the guide-
line team, and the clinical use of DEMS as
a diabetes registry and a medical record,
serving as an on-site superuser of DEMS
(6). To fulfill these roles, the diabetes ed-
ucators received formal training in con-
tinuous quality improvement and in the
use of DEMS.

Outcome measures
To assess the quality of care provided be-
fore initiation of the project, we measured
standard performance measures (consis-
tent with those of the PRP) during the 12
months before each of the two index vis-
its. These indicators included clinical pro-
cess measures (e.g., frequency of
examination of the feet and retina), labo-
ratory measures (e.g., frequency of mea-
surement of lipids), and counseling (e.g.,
self-management support). We used the
PRP-weighted criterion score to control
for multiple clinical testing (4).

We also measured metabolic out-
comes, including all HbA1c, lipid, and
blood pressure values (up to four) ob-
tained during the 12 months before the
index visits. We used the most recent clin-
ical and laboratory parameters before
each index visit to calculate each patient’s
10-year coronary risk using the Framing-
ham coronary risk prediction score (8).
To quantify health care use, we measured
number of physician, emergency room,
and hospital visits.

Data collection
We collected performance and metabolic
outcomes and health care use data during
the 12 months before each index visit by
auditing the medical records of 200 ran-
domly selected attending patients from
each site, assuring equal representation of
patients from DEMS providers and from
providers not using DEMS. The initial au-
dit was carried out by one of the diabetes
educators. In addition, professional audi-
tors conducted an independent audit of
10% of the randomly selected medical
records. Agreement between audits was
�90%. To assess patient health status, we
mailed a generic functional health status
questionnaire (the Medical Outcomes
Study Short Form-36 [9]) to each patient
followed by repeat mailing to nonre-
sponders a month later. After these two
mailings, the response rate was 67%. Sur-
vey responders and nonresponders had
similar demographic characteristics, in-
cluding similar glycemic control, diabetes
treatments, and diabetes complications.

The information contained in DEMS
was either automatically copied into
DEMS from other electronic databases
(i.e., laboratory test results) or entered by
any member of the primary care team
while providing care to a patient. As de-
scribed above, we completed audits of the
medical record to collect several patient
data items. During these audits, we noted
for each patient how many of these items
had also been accurately entered into
DEMS (in addition to having been entered
into the medical record) by members of
the primary care team. We used this item
count as a metric of the intensity of DEMS
use by the health care team (DEMS inten-
sity score).

Before DEMS implementation and
again 2 years after implementation, we
measured the time the patient spent with
the primary care nurse and with the pro-
vider in a convenience sample of patients
of providers using DEMS.

Statistical analyses
The primary outcome of interest was the
magnitude of improvement in perfor-
mance measures from baseline. When ap-
propriate, we used the Wilcoxon’s rank-
sum test or Fisher’s exact test to test the
hypothesis of no difference at baseline be-
tween DEMS providers and providers not
using DEMS (and their patients). We as-
sessed the impact of planned care on per-
formance measures by comparing the
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baseline to 2-year audit data from patients
whose providers did not use DEMS but
who received planned care. We used lo-
gistic regression to determine the magni-
tude of change on the performance
measures after adjusting for site differ-
ences. We used the 2-year audit data and
logistic regression to assess the impact of
DEMS (and of the DEMS intensity score in
providers using DEMS) on the perfor-
mance measures after accounting for site
differences. We compared performance
measures between low-intensity use of
DEMS (the bottom third of the distribu-
tion of DEMS intensity scores) and high-
intensity use (those in the top third of the
distribution). Using linear regression for
continuous variables, we assessed the sig-
nificance of DEMS use on metabolic out-
comes. None of these comparisons
represent within-patient changes, but
they do represent changes in the health
system assessed using cross-sectional ran-
dom samples. We used the Wilcoxon’s
rank-sum test to test the hypothesis that
time measurements were not longer for
providers when using DEMS.

RESULTS — At baseline, DEMS pro-
viders and their patients were similar to
providers not using DEMS and their pa-
tients (Table 1). Planned care had a differ-
ential impact on performance measures
after 2 years of implementation (Table 2).
Planned care was associated with im-

provements in measurement of HbA1c
(odds ratio [OR] 7.0 [95% CI 4.2–11.6]),
HDL cholesterol (5.6 [4.1–7.5]), and mi-
croalbuminuria (5.3 [3.5–8.0]), as well as
the provision of tobacco advice (6.9 [4.7–
10.1]), among other performance mea-
sures. On the other hand, planned care
was associated with significant deteriora-
tion in documentation of self-manage-
ment support. Planned care resulted in
improved performance in the ADA PRP-
weighted criterion score (P � 0.0001).

DEMS use had positive impact on all
performance measurements and was as-
sociated with a greater improvement than
that seen with planned care (Table 3).
DEMS use was associated with signifi-
cantly improved frequency of measure-
ment of microalbuminuria (OR 3.2 [95%
CI 1.9–5.2]) and documentation of retina
examination (2.4 [1.5–3.9]), foot exami-
nations (2.3 [1.2–4.4]), self-management
support (2.6 [1.7–3.8]), diet (1.9 [1.2–
3.0]), and exercise advice (2.7 [1.6 –

Table 1—Patient and provider characteristics at baseline

DEMS providers
Providers not
using DEMS P

Patients
Age (years) 68.9 (25.6–92.4) 71.8 (22.1–99.2) 0.002
Male sex (%) 44.2 40.1 0.43
SF-36 physical composite score 37.66 (12.85–63.97) 37.8 (12.1–59.7) 0.98
SF-36 mental composite score 53.44 (12.17–68.66) 54.2 (17.7–70.5) 0.61
Treatment of diabetes 0.70

Diet only 64 (16) 32 (15)
Oral agent only 182 (46) 87 (42)
Oral agent and insulin 16 (4) 11 (5)
Insulin only 137 (34) 78 (38)

Providers
Male sex (%) 78.6 88.6 0.37
Family medicine/Internal

medicine (%) 57.1/42.9 61.4/38.6 1.00
Years in practice 11.5 (3–40) 17 (6–41) 0.07
Number of patients with diabetes

per provider 126.5 (33–265) 82.5 (1–241) 0.91

Data are median (range) or n (%), unless otherwise indicated. SF-36, Medical Outcomes Study Short Form-36.

Table 2—The impact of planned care on performance measures

Performance
measures

Planned care

Baseline
(%)

2 years post-
implementation (%)

OR
(95% CI)

Tobacco advice 59 87 6.9 (4.7–10.1)
HbA1c 75 94 7.0 (4.2–11.6)
HDL cholesterol 35 75 5.6 (4.1–7.5)
Microalbuminuria 8 27 5.3 (3.5–8.0)
Retina examination 31 36 1.6 (1.2–2.1)
Triglycerides 62 75 1.6 (1.1–2.1)
Total cholesterol 75 79 1.3 (0.9–1.7)
Foot examination 67 66 1.2 (0.9–1.6)
Immunizations 61 64 1.2 (0.9–1.6)
Exercise advice 57 52 0.9 (0.7–1.2)
Diet advice 65 60 0.9 (0.6–1.1)
Self-management support 57 38 0.5 (0.3–0.6)

The table lists performance measures in decreasing order of favorable impact of planned care (using the lower
limit of the CI) when comparing prevalence of performance measures at baseline and 2 years after planned
care implementation.
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4.5]). DEMS use was also associated with
improved compliance with the measure-
ment of HbA1c (4.5 [1.0–19.5]) and total
cholesterol (1.4 [0.8–2.3]); however, the
latter did not reach statistical significance.
The effect of DEMS was similar across
practice sites (data not shown). Com-
pared with low-intensity use of DEMS,
high-intensity use was associated with
significantly greater compliance with the
measurement of microalbuminuria (40
vs. 60%, P � 0.001), total and HDL cho-
lesterol and triglycerides (65 vs. 100%,
P � 0.001), and documentation of self-
management support (44 vs. 81%, P �
0.001). Low- and high-intensity DEMS

use did not differ in compliance with
measurement of HbA1c (96 vs. 100%, P �
0.1) and documentation of retina exami-
nation (65 vs. 77%, P � 0.06), foot exam-
ination (81 vs. 96%, P � 0.02), and
immunizations (69 vs. 89%, P � 0.02).

Planned care was associated with im-
proved metabolic outcomes and a signif-
icant reduction in the calculated 10-year
coronary risk score (Table 4). Metabolic
outcomes (Table 4) and health care use
(number of emergency room visits, fre-
quency of hospitalization, and provider
visits) did not differ between patients
whose providers used DEMS and patients
whose providers did not use DEMS. Sim-

ilarly, there were no differences in meta-
bolic outcomes between low- and high-
intensity use of DEMS (data not shown).

At baseline, patients of providers us-
ing DEMS spent a median (range) of 5
min (0–30) with the primary care nurse
and 15 min (4–45) with the provider.
Two years after DEMS implementation,
time with nurse increased to 9.5 min (0–
34) (P � 0.001) and with provider to 18
min (10–55) (P � 0.012), respectively.

CONCLUSIONS — The Mayo Health
System Translation Project demonstrated
that the delivery of planned care either
alone or in conjunction with an electronic
management system in a primary care set-
ting improved metabolic outcomes.
Planned care, as originally advocated by
Wagner et al. (1), involves redesigning the
health care delivery system to support pa-
tient self-management by using clinical
information and decision support sys-
tems (10). Consistent with others, we
found that implementation of planned
care in a primary care setting was associ-
ated with improved performance mea-
sures (11–14) and improved metabolic
outcomes (13). Few models of care, in-
cluding planned care, can consistently
improve performance measures when
more than five preventive measures (as
with diabetes) are targeted (12). We have
shown that the addition of DEMS (an
electronic information management sys-
tem) to planned care led to improvement
in all performance measures (Table 3). In

Table 3—The impact of the DEMS on performance measures

Performance
measures

Impact of DEMS use

No DEMS (%) DEMS (%) OR (95% CI)

Microalbuminuria 27 55 3.2 (1.9–5.2)
Exercise advice 52 80 2.7 (1.6–4.5)
Self-management support 38 61 2.6 (1.7–3.8)
Retina examination 36 69 2.4 (1.5–3.9)
Foot examination 66 88 2.3 (1.2–4.4)
Diet advice 60 70 1.9 (1.2–3.0)
Immunizations 64 80 1.7 (1.1–2.7)
HbA1c 94 99 4.5 (1.0–19.5)
HDL cholesterol 75 83 1.6 (1.0–2.7)
Triglycerides 75 82 5.0 (0.9–2.4)
Tobacco advice 87 94 2.0 (0.9–4.3)
Total cholesterol 79 84 1.4 (0.8–2.3)

The table lists performance measures in decreasing order of favorable impact of DEMS (using the lower limit
of the CI) when comparing prevalence of performance measures after 2 years of planned care in providers
using and not using DEMS.

Table 4—The impact of planned care and the DEMS on metabolic outcomes

Metabolic outcomes

Mean change (95% CI)

Baseline
Difference between index years

(effect of planned care)

Difference at index year 2 between
users and nonusers of DEMS

(effect of DEMS)

Glycemic control
Last HbA1c 7.3 (4.2–16) �0.5 (�0.8 to �0.3) 0.01 (�0.3 to 0.4)

Lipids (mmol/l)
Total cholesterol 5.3 (2.3–8.5) �0.3 (�5.0 to 1.7) �0.1 (�3.5 to 1.8)
LDL cholesterol 3.2 (0.9–6.5) �0.4 (�0.6 to �0.3) �0.1 (�3.0 to 1.8)
Triglycerides 2.1 (0.4–19) �0.2 (�0.5 to �0.01) 0.1 (�1.7 to 3.5)

Blood pressure (mmHg)
Systolic blood pressure 140 (92–220) �0.1 (�3 to 2.6) �0.8 (�5.0 to 3.4)
Diastolic blood pressure 75 (40–110) 0.2 (�1.2 to 1.7) �0.6 (�2.4 to 1.1)

Calculated coronary disease risk
Framingham coronary risk score 12 (�8 to 21) �1.0 (�2.0 to 0.0) �0.3 (�1.4 to 0.9)
10-year coronary risk (%) 23.3 (0.4–75.6) �4.8 (�7.9 to �1.8) �2.1 (�1.1 to 5.3)

Data are median (range), unless otherwise indicated.
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particular, DEMS use improved docu-
mentation of self-management support,
diet and exercise counseling, and immu-
nizations—performance measures that
did not improve (instead they deterio-
rated) with the implementation of
planned care alone. Finally, the impact of
practice redesign is better assessed at the
population level. For instance, a 10% in-
crease in immunizations (similar to the
change from 64 to 80% associated with
DEMS use in this study) could mean, in a
population of 1,000 patients with diabe-
tes followed for 1 year, two fewer deaths
and one fewer hospitalization due to
pneumonia (15).

The expanded role of the diabetes
nurse educator in this project provides an
example of the role played by members of
the health care team in quality improve-
ment activities (3,11–13). All members of
the team actively participated in the adop-
tion of guidelines and assisted in the plan-
ning of multifaceted interventions. The
diabetes nurse educator also served as li-
aison between specialty and primary care
providers (3,16). Because of present lim-
itations of information systems, reorgani-
zation of the practice was necessary for
successful implementation of DEMS. In
the present study, training of a primary
care nurse in DEMS use at each practice
site proved to be an effective means of
collecting data at the point of care before
each patient encounter with a DEMS pro-
vider (7,17).

The present data indicate that effec-
tive clinical information systems can be
integrated into the clinical process in a
primary care setting. Quality improve-
ment requires attention not only to pro-
cesses but also to outcomes. While use of
DEMS was associated with global im-
provements in all measures of perfor-
mance, DEMS use was not associated with
clinically significant improvements in
metabolic outcomes. Long-term improve-
ments in patient outcomes remain elusive
(13,18–21). Unfortunately, many “final”
reports of health services evaluations lack
power to demonstrate improvements in
patient outcomes. Largely, this is due to
funding limitations and changes in fund-
ing priority (13). Our study was large
enough to detect the incremental impact
of DEMS over that of planned care on per-
formance measures. The ability to detect
an impact on metabolic outcomes, how-
ever, may require a longer study period.
Also, DEMS was not designed to provide

detailed advice about changes in medica-
tions and other management decisions
that could intuitively lead to improve-
ment in metabolic outcomes. We have
conducted and described pilot imple-
mentations of an alternative model of gen-
eralist-specialist interaction and decision
support using telemedicine and DEMS
(3,6). In this model, specialists advised
generalists about medication changes and
other management strategies that, when
followed, appeared to impact glycemic
control. Thus, facilitated generalist-
specialist communication and decision
support systems may be effective in im-
proving patient outcomes.

The before-after study design and the
lack of control practice sites (which im-
pair our ability to account for secular
trends and regression to the mean)
weaken the inferences we can draw about
the true association between planned care
and improved diabetes care. We chose
this study design because it was the only
one acceptable to the participants at eligi-
ble practice sites and to the research team,
all of whom were committed to optimal
delivery of diabetes care. The sites that
were not eligible could not serve as con-
trol sites because they did not have effec-
tive strategies to collect data during the
study period. Lack of randomized alloca-
tion, which limits our ability to account
for imbalances in known and unknown
prognostic factors between patients from
providers using and not using DEMS,
weakens our inferences about the true
association between use of DEMS and im-
proved diabetes care. However, the infer-
ence that DEMS use improves diabetes care
is strengthened by the positive association
between greater intensity of use of DEMS
and improved performance measures.

In summary, the Mayo Health System
Translation Project results indicate that
the way in which health care services are
organized and delivered can improve
documentation of clinical activity, adher-
ence to performance measures, and met-
abolic outcomes. Further studies will be
required to determine whether such ser-
vices can decrease the cost of care and
improve the long-term quality of life of
diabetic individuals by preventing or de-
laying the complications of diabetes.
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