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Objective. To determine how the addition of generalist care managers and collab-
orative information technology to an ambulatory team affects the care of patients with
diabetes.
Study Setting. Multiple ambulatory clinics within Intermountain Health Care (IHC),
a large integrated delivery network.
Study Design. A retrospective cohort study comparing diabetic patients treated by
generalist care managers with matched controls was completed. Exposure patients had
one or more contacts with a care manager; controls were matched on utilization,
demographics, testing, and baseline glucose control. Using role-specific information
technology to support their efforts, care managers assessed patients’ readiness for
change, followed guidelines, and educated and motivated patients.
Data Collection. Patient data collected as part of an electronic patient record were
combined with care manager-created databases to assess timely testing of glycosylated
hemoglobin (HbA1c) and low-density lipoprotein (LDL) levels and changes in LDL and
HbA1c levels.
Principal Findings. In a multivariable model, the odds of being overdue for testing
for HbA1c decreased by 21 percent in the exposure group (n 5 1,185) versus the control
group (n 5 4,740). The odds of being tested when overdue for HbA1c or LDL increased
by 49 and 26 percent, respectively, and the odds of HbA1c o7.0 percent also increased
by 19 percent in the exposure group. The average HbA1c levels decreased more in the
exposure group than in the controls. The effect on LDL was not significant.
Conclusions. Generalist care managers using computer-supported diabetes manage-
ment helped increase adherence to guidelines for testing and control of HbA1c levels,
leading to improved health status of patients with diabetes.

Key Words. Patient care management, chronic illness, diabetes mellitus, medical
informatics

Diabetes mellitus and its complications comprise one of the most expensive
categories of chronic disease in the United States, contributing to at least
213,062 deaths in 2000 and $132 billion in costs in 2002. There is significant
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potential for improvement when appropriate medical care is provided (Amer-
ican Diabetes Association 2003). The highest potential for improvement comes
from the capability to prevent the deadly complications of this disease; careful
control of blood pressure, control of glycoslylated hemoglobin (HbA1c) and
low density lipoprotein (LDL) level, and administration of appropriate med-
ications (including ACE inhibitors, statins, aspirin, and b-blockers) have been
shown to slow, and, in many cases, stop the progression of microvascular
disease in people with diabetes (Matthews 1999; Nicollerat 2000).

However, the United States’ success in achieving tight control of HbA1c
levels and appropriate medication administration in these patients has been
limited at best (Toth et al. 2003). Despite implementation efforts at over half of
the major health systems in the United States, compliance with management
guidelines remains low. In a recent study, only 10.4 percent of patients met
HbA1c, blood pressure, and LDL goals and only 13 percent met medication
standards after guideline implementation (Toth et al. 2003). Clearly, people
with diabetes and those caring for them have difficulty adhering to these
guidelines.

Guideline compliance can be increased through improved processes of
care or disease management. One heavily studied approach involves an ad-
ditional team member called a care manager who facilitates changes in clinic
processes and patient knowledge and behaviors. Several studies have shown
that interventions involving care managers can help patients and other care
providers improve the quality of care and outcomes in diabetes (Pan et al.
1997; Tuomilehto et al. 2001; Knowler et al. 2002; New et al. 2003; Taylor
et al. 2003; The California Medi-Cal Type 2 Diabetes Study Group 2004)
and other diseases (Bond et al. 1988; Allen 1994; McGrew et al. 1995; Crystal,
Lo Sasso, and Sambamoorthi 1999; Naylor et al. 1999; Bull, Hansen, and
Gross 2000).

These studies focus almost entirely on specific diseases or conditions and
are mostly efficacy-style trials of disease management, or ‘‘a coordinated sys-
tem . . . for a specific chronic illness’’ (AHM 2001), as opposed to a more
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broadly defined vision of care management, e.g., ‘‘a collaborative process of
assessment, planning, facilitation and advocacy’’ (CMSA 2003). Disease man-
agement programs frequently create specialized clinics, which represent a
highly focused setting where providers have in-depth training in a single dis-
ease whether they are specialists or trained primary care providers. In these
specialized clinics or disease-specific clinic sessions, processes can be more
easily controlled than in a general clinic where a multitude of acute and
chronic illnesses are treated. In contrast, we studied the impact when care
management was used to help treat a patient population with multiple chronic
and acute illnesses and needs; care management was characterized by gen-
eralist care managers and specially developed information technology to sup-
port collaboration during the general primary care workflow. As persons with
multiple chronic illnesses are known to suffer higher rates of complications
and mortality, the generalist approach has the theoretical advantage of treating
the whole person with one or more chronic disease rather than focusing on
one disease (Rothman and Wagner 2003; Norris and Olson 2004). In practice,
however, this approach is challenging. One study in which a broader patient
population was treated demonstrated increases in adherence to guidelines and
patient satisfaction, but did not find reductions in HbA1c in the patients with
diabetes (Wagner et al. 2001). In other studies, it was found that care man-
agement programs increased the use of resources (D’Ercole et al. 1997). This
finding is of special concern for overworked primary care clinics that fre-
quently only receive a fraction of the savings that result from improving
the health of their patients (Casalino 2003). Thus, it is important that imple-
mentation of such programs be carried out carefully, especially in real-world
settings with diverse patient populations and limited resources.

Given these concerns, we hypothesized that specialized care could
be generalized into a multidisease care management model. To do so, we
implemented Wagner’s Chronic Care Model (CCM) (Bodenheimer, Wagner,
and Grumbach 2002a, b) in a way different from many of the previous studies.
At Intermountain Health Care (IHC) in Salt Lake City, we adopted a team
approach (with the patient at the center) to encourage patient self-manage-
ment and improved connection to community resources, and created core
health care organization goals as part of a model to improve the care of chronic
illness; these interventions are all standard parts of Wagner’s CCM. Two
major capabilities from the CCM were implemented to address the need to
integrate the care management program into primary care workflow. Care
managers were placed in the clinics and trained to facilitate team collaboration
and general patient education, a more central role than advocated for in the
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CCM. In addition, existing information technology was leveraged and new
applications were created to enable the primary care teams (including the care
manager) to adopt many different guidelines at once. We hypothesized that
the use of computerized alerts, summarized patient information, and elec-
tronic communication would allow an integrated approach to successfully
meet the needs of patients with chronic illnesses without the need for spe-
cialized clinics for each disease or patient population. This information tech-
nology would aid the care manager, who would also work with the patient to
assess their readiness to change and create a specific care plan based on any of
the patient’s particular chronic illness(es) (Spencer et al. 2002; Duran 2003).
The generalist care manager, with support of the information system, can then
act as a catalyst in each clinic, creating and then helping enact the care plan
with the patient.

We also hypothesized that the care of patients with diabetes would es-
pecially improve in our multidisease, collaborative care management model
as patients with diabetes have a very high rate of co-occurring conditions that
can worsen disease outcomes (Rothman and Wagner 2003). Improvement
was measured by assessing changes in processes (such as timely testing for
disease markers), and outcomes (changes in the levels of these markers in-
dicating control) as defined by current diabetes guidelines (AACE 2000; ADA
2003; Goldstein et al. 2004; Haffner 2004). The demands and benefits of
successful multidisease care management programs that can be implemented
in the workflow of primary care clinics need to be defined, especially in dis-
eases where they have the most impact. When one attempts to integrate mul-
tidisease care management systems into primary care, one may dilute the
benefit, that might accrue to patients who are treated in a specialized setting.
Integrated care management systems offer the promise to improve quality in a
cost-effective manner. By examining the changes in adherence and outcomes
in a generalist implementation within diabetes, we hoped to determine
whether positive effects can be substantial when examining the impact on a
single disease.

METHODS

Health Care Organization

IHC is an integrated delivery network consisting of 20 hospitals and more than
1,200 employed and affiliated physicians in Utah and Idaho. The 450 phy-
sicians employed by IHC work in one of 92 clinics, and provide for more than
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three million outpatient visits each year. For this study, IHC augmented the
services of selected primary care providers in seven IHC-owned ambulatory
clinics by installing care managers on-site and adding specific information
technology. On average, each care manager serves as a resource to 6 to 10
primary care physicians and has a panel of 350 to 500 active patients. Care
managers are trained professionals; all seven in this study were either regis-
tered nurses or social workers. Four similar reference clinics without care
managers, but serving a similar patient population, were used to generate a
control population. The control clinics were matched on provider type and
experience, staffing, and variety of patient conditions. This study was ap-
proved by the local Institutional Review Board as meeting the criteria for
ethical human subjects research.

Care Delivery Design and Information Technology

Exposure to the intervention was defined as referral to, and at least one visit
with, a generalist care manager who adhered to the care management delivery
model, and used the advanced information technology applications. Patients
were referred to care managers by primary care physicians at the physicians’
discretion; the providers were encouraged to refer when the patient or their
family needed education, cognitive, and community/social support to deal
with illness. Referral was not based on specific criteria as perceived need was
felt to be the most inclusive indicator for the effectiveness study. For instance,
only a subset of patients with diabetes are sent; reasons for referral range from
out-of-control glucose levels to those with complicating conditions (e.g., non-
supportive home environment).

Once a patient is referred, the care managers offer all pertinent services
to the patients and their families, regardless of diagnosis. The general care
management program of which they are a part has several components. With
referral, a care management team is activated with the care manager acting to
provide continuity, regular follow-up, and collaboration. The care managers
meet initially with patients, providing education for disease-specific and gen-
eral problem-solving skills, motivation to encourage self-management, and
development of care specific plans, which frequently include several diseases.
The self-management component is facilitated by a care manager assessing the
patients’ readiness to change to self-managing behaviors, providing ongoing
motivation/feedback, and encouraging patient independence, usually through
a series of phone calls to patients. The care managers put the patients and their
caregivers in touch with community resources and advocate for the patient

1404 HSR: Health Services Research 40:5, Part I (October 2005)



within and beyond the immediate care team both in person at case confer-
ences and via the phone.

Substantial informational technology access was given to all team mem-
bers, whether care managers were involved or not. The information technol-
ogy provided Access to patient information, provided reminders and structures
for Best practices, and enabled virtual Communication. For Access, team members
have access to a longitudinal electronic health record (EHR). The EHR in-
cludes the option to use a summarized patient worksheet for chronic diseases.
The patient-specific electronic summary gives an overview based upon the
chronic conditions of the patient. Team members have access to computer
alerts (such as drug–drug interactions) and chronic disease reminders on the
summarized form to help support Best practices. The logic in guidelines is
extracted in order to generate reminders automatically either via active alerts
or on the patient summary as passive prompts.

For the exposure group only, care managers have an additional alerting
system that reminds them of specific process-based tasks to perform, such as
calling a set of people with diabetes when their tests are overdue. The care
management system also has a specific interface that allows care managers to
store and retrieve information specific to their workflow. For example, a
phone contact for depression has coded elements that easily link to standard-
ized mental health forms.

Finally, all team members have access to an electronic Communication
system that allows providers to exchange electronic messages that are ulti-
mately attached to a specific patient’s chart. As both control and intervention
patients cared for in this study have providers who have the option to use the
clinical information system, the information technology portion of the inter-
vention is restricted to the specific care management components and the
activities of the care managers themselves.

The diabetes-specific component of this intervention is two-fold. First, all
team members are trained in several chronic disease guidelines further de-
veloped by IHC from national sources, including ones for diabetes and hyper-
lipidemia (AACE 2000; ADA 2003; Goldstein et al. 2004; Haffner 2004).
From these guidelines, specific diabetic reminders are built into the general
information system in the summarized, structured form. In addition, tickler
lists in the care manager application display lists of patients who need follow-
up calls for missed tests and patients with high test values. Another aspect of
the care model is the specific diabetes education provided by care managers;
although two of the seven are Certified Diabetes Educators, all are trained in
basic diabetes education.
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Sample Size and Eligibility

For the purposes of this study, a diabetes registry containing 25,273 patients (as
shown in Figure 1) was created by analyzing data from patients seen in the
seven care manager clinics and four control clinics. The diabetes registry was
created by identifying patients with two or more separate ambulatory visits
within the 5-year period between January 1, 1997 and August 1, 2002 with an
ICD-9 code of 250.xx (where xx indicates a subdiagnosis of diabetes). Patients
were assigned to the exposure group if they had had any encounter with a care
manager from March 1, 2001 to September 30, 2002 (the study period). This
criterion produced a total of 1,185 exposure patients, who were seen in seven
clinics and were co-managed by any of 65 physicians and 7 care managers. Of
the 24,088 patients remaining who did not see a care manager, 9,813 had no
outpatient encounters during the study period and were excluded. The re-
maining patients (n 5 14,275) were used to match control patients in a 4:1 ratio
(n 5 4,740 matches); clinics with and without care managers contributed sim-
ilar numbers of controls.

The exposure group start date was defined as the first outpatient en-
counter with a care manager during the study period, and the start date of the

Patients with diabetes diagnosis
between 1/1/97–8/1/02

N=25,273

Exposure: care
manager contact
3/1/01–9/30/02

N=1,185 

No care manager
contact

N=24,088

Ineligible: No visit
3/1/01–9/30/02

N=9,813

Control: Matched
N=4,740

Excluded:
Unmatched

controls N=9,535

Figure 1: Sample Size and Eligibility
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control group as the first outpatient encounter during the study period in which
diabetes was included on the diagnosis list. Follow-up time, which began ac-
cruing after the individually defined start date, ranged from 4 to 18 months.

DESIGN

The study design was a retrospective cohort design with matched controls in a
4:1 ratio. Each case was matched to four controls by sex, age, a comorbidity
index, the testing regularity pattern (regular, irregular, no testing, or un-
known), and previous pattern for glycemic control (controlled, uncontrolled,
or unknown) of LDL or HbA1c. Ages were grouped in 10-year intervals based
on clinically significant formulations from previous studies (Turner et al. 1999;
Mokdad et al. 2003; Engelgau et al. 2004). Regularity and control definitions
were based on patient data during the 2-year period prior to the start date, and
are described in Table 1. The target goal for desirable HbA1c levels changed
from the eligibility period (2001–2002) to the study period (2002–2003) from
7.2 to 7.0 percent; this change is reflected in the differences between baseline
control and study control definitions in Table 1. The comorbidity index was
based on the work by Deyo, Cherkin, and Ciol (1992). In their approach, the
co-existing diseases in a single patient during the baseline period (represented
by ICD-9-CM codes from outpatient visit billing codes) are weighted and
summed, with a maximum score of 14 comorbidities. This scale was collapsed
into three categories (1, 2, or 3 or more comorbidities) for matching and data
analysis purposes.

Outcome Measures

Outcomes were process and health status indicators as shown in Table 1.
Process variables were adherence to established diabetic and hyperlipidemia
guidelines, including the conformity to testing frequency. Use of information
systems by the care managers was assessed by audit trails and self-report.
Beginning from the treatment initiation date, automated retrospective analysis
was carried out for each individual to determine whether laboratory tests were
current or overdue based on agreed-upon standards of care and whether
observed laboratory test values fell above or below a desired threshold. Pa-
tients were overdue for testing if 7 months (for HbA1c) or 13 months (for LDL)
had elapsed since the last abnormal test. The desired guideline thresholds
were set at HbA1c � 7.0 and LDL � 100 during the period demarcated by
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this study. Health status outcome indicators were the levels of both HbA1c
and LDL.

Statistical Analysis

The effects of generalist care managers on outcomes were assessed using
logistic and linear regression. Estimates for the main effect of care manage-
ment were adjusted for patient age (in 10-year age categories), sex, comor-
bidities, history of testing regularity, race, and history of HbA1c and LDL
control. The monthly snapshots of the data presented the potential for each
patient to have multiple observations, so variance estimation techniques clus-
tered on patient identifier were used to correct for the effects of multiple
observations (Huber 1967; White 1982). Although patients were matched on
previous control of diabetes (see Table 1) as measured by HbA1c level at
baseline, they were not matched on exact HbA1c levels as it was thought that
this would lead to overmatching. Differences in baseline levels and subsequent
changes were adjusted for possible regression to the mean using the method of
Trochim (2003). In this conservative adjustment, intraindividual correlations
(r) of change are used to estimate the proportion of change in HbA1c levels
that may be because of statistical artifacts.

RESULTS

During the study period, 4,421 patients were referred to seven care managers
by 65 physicians; of these referrals, 1,185 (26.8 percent) had diabetes and were
assigned to the exposure group. From patients with diabetes seen by physi-
cians and not care managers, 4,470 controls were matched to the study subsets
via the criteria described in the methods. The demographic information for
the exposure, control, and eligible registry patients is displayed in Table 2. For
the unmatched categorical variables (including race), the exposure group dis-
tribution was not significantly different from the control one. As an entire
group, the registry patients were different from exposure and control groups in
that they had a slightly higher disease burden (29.7 percent with two or more
diseases versus 26 percent for the other two groups), and had significantly less
follow-up and thus more missing information.

Care managers had encounters with patients an average of 4.5 � 1.8 times
per 1 year of follow-up. Diabetes was the most frequent reason for referral (26.8
percent), followed by mental health (24 percent), and resource assistance (12
percent) needs. Comparing patients referred for diabetes with others in the care
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management group, the patients with diabetes had more visits than care-man-
aged patients with other diagnoses, or 5.8� 2.0 visits per year. In all, there were
6,876 visits completed by care managers for patients with diabetes; 39.4 percent

Table 2: Group Baseline Characteristics

Exposure Control Registry

N % N % N %

Total 1,185 100.0 4,740 100.0 14,275 100.0
Female 603 50.9 2,412 50.9 7,170 50.2

Age
18–29 52 4.4 208 4.4 787 5.5
30–39 74 6.2 296 6.2 929 6.5
40–49 199 16.8 796 16.8 2,049 14.4
50–59 264 22.3 1,056 22.3 3,053 21.4
60–69 296 25.0 1,184 25.0 3,249 22.8
70–79 219 18.5 876 18.5 2,995 21.0
801 81 6.8 324 6.8 1,213 8.5

Mean (SD), years 59.9 (15) 59.8 (15) 60.1 (16)
Racen

American Indian 2 0.2 11 0.2 28 0.2
Asian/Pacific Islander 22 1.9 111 2.4 301 2.1
Black 9 0.8 30 0.7 123 0.9
Hispanic 67 5.7 15 6.4 918 6.4
Unknown 26 2.2 106 2.2 1,268 8.9
Caucasian 1,059 89.4 3,718 88.5 11,637 81.5

Risk score
1 867 73.2 3,468 73.2 10,031 70.3
2 264 22.3 1,056 22.3 3,717 26.0
31 53 4.5 212 4.5 527 3.7

Exposure Control Registry

HbA1c (%) LDL (%) HbA1c (%) LDL (%) HbA1c (%) LDL (%)

Testing history
Unknown 0.9 6.9 0.9 6.9 8.5 15.2
Not tested 11.5 11.2 11.5 11.2 11.9 19.8
Irregular 34.3 32.1 34.3 32.1 28.2 31.8
Regular 53.2 49.8 53.2 49.8 51.4 33.1

Control history
Unknown 11.8 17.6 11.8 17.6 20.2 34.4
Uncontrolled 44.6 40.3 44.6 40.3 45.3 34.7
Controlled 43.6 42.2 43.6 42.2 34.6 30.9

nRace was not a matching variable; the race distribution between control and exposure groups was
not significantly different.

HbAlc, glycosylated hemoglobin; LDL, low-density lipoprotein.
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were via phone, 36 percent were visits with the patient, 11.9 percent were care
conferences or other advocating activities, and 5.5 percent were in a group
education session. Seventy percent of all encounters in patients with diabetes
involved diabetic education or protocol adherence checks; 14 percent of en-
counters were for financial assistance with medications, and the remaining 16
percent of encounters in patients with diabetes were solely for other diseases,
including depression, hypertension, and drug dependency. During the study
period, care managers addressed at least one other major issue besides diabetes
in 35 percent of patients with diabetes. Care managers accessed the electronic
records of every patient at least once during the study period, using the com-
puter to see laboratory and radiology test results, to read physician progress
notes, or to review measures of chronic disease adherence on the patient work-
sheet. Best practice support provided by the patient worksheet or tickler lists to
remind care managers of follow-up appointments were used daily by three (of
seven) of the care managers, used weekly by three additional care manage-
ments, and used at least monthly by all seven. In addition to phone calls,
communication among team members via the electronic messaging system was
used by care managers at twice the rate of physicians per patient seen; as their
receipt of messages was higher, physicians saw 29 percent more electronic
messages in the care of exposure patients (1.0 � 3.7 messages per patient) versus
controls (0.7� 2.1 messages per patient). Physicians of control patients used the
information system on 93 percent of all patients, including alerts, the summa-
rized worksheet, and communication between providers about patient status.
Beyond the care manager-specific applications and message log use, no signif-
icant difference in information system use by physicians was seen in the care of
exposure versus control patients.

Table 3 shows the unadjusted and adjusted odds ratio (OR) for the
exposure group versus the control group in adherence to the diabetes guide-
lines. Before adjustment for other variables, the patients in the exposure group
had 20 percent lower odds of being overdue for HbA1c testing, were 42 and 20
percent more likely to be tested for HbA1c and LDL if overdue, and were 24
percent more likely to have an HbA1c under the goal threshold of 7.0. All of
these values were significant at the po.01 level in both the single and mul-
tivariable model except LDL testing when overdue (p 5 .10 for single and
p 5 .04 for multivariable models).

In the multivariable model, the exposure group was 21 percent less
likely to be overdue for HbA1c testing (OR 0.79, 95 percent confidence in-
terval [CI] 0.72–0.85), and 31 percent more likely to have an HbA1c under
7.0 percent, as shown in Table 3. Also significant in the model were testing
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regularity, age (with the very young and the very old at higher risk of being
overdue), and increasing comorbidity index score. The group of patients
whose past testing was irregular or nonexistent had 2.5 and 10.9 times the odds
of being overdue, respectively, versus patients in whom testing had been
regular (no previous tests: OR 10.85, 95 percent CI 8.47–13.87; irregular
testing: OR 2.48, 95 percent CI 2.28–2.71; p 5o.01).

Exposure to care managers significantly increased the odds of complet-
ing the testing once the patient was overdue for HbA1c (OR 1.49; 95 percent
CI 1.3–1.71) and LDL (OR 1.26; 95 percent CI 1.02–1.57) testing, as seen in
Table 3. Patients in the exposure and control groups with age between 20 and
29 (younger) and older than 80 years (very old), higher risk patients, and those
with an irregular testing history had worse odds of being tested when overdue
for HbA1c. Being of younger and very old age also decreased the odds of
being tested for LDL by 40–50 percent.

Table 4 compares the absolute and relative differences in HbA1c and
LDL levels between the care-managed (exposure) and control groups. The
average changes between the initial and final levels for HbA1c and final levels
of LDL were significantly lower for the exposure group as compared with the
control group (as shown in Table 4). Despite matching on history of glycemic
control, the initial level of HbA1c in the exposure group was 0.25 percentage
units higher than that of the matched controls. The correlation (r) between
pretest and posttest was 0.64, and the maximum amount of decline in HbA1c
levels because of regression from the mean is expected to be 0.09 percent
HbA1c greater in the exposure than the control group; the 0.09 percent is
subtracted from the exposure groups’ difference. The odds of the HbA1c
being in the controlled range were also significantly higher for the exposure
group (Table 3; OR 1.19, 95 percent CI 1.10–1.28). Again, younger age,
higher risk, and irregular testing history all lowered the odds of being in
control; a history of being uncontrolled or being of nonwhite or unknown race
also lowered the odds that the current test result demonstrated control. No
significant difference was seen between the two groups for odds of LDL below
100 mg/dl.

DISCUSSION

This study demonstrates a statistically significant improvement in adherence
to diabetic guidelines when generalist care managers with enhanced computer
support are involved in the care of people with diabetes as compared with

Generalist Care Manager Impact in Diabetes 1413



T
ab

le
4:

R
ed

uc
ti

on
in

H
b

A
1c

an
d

L
D

L
L

ev
el

s
in

C
as

e-
M

an
ag

ed
ve

rs
us

R
ef

er
en

ce
P

at
ie

n
ts

H
bA

1c
L

D
L

M
ea

n
(S

D
)

R
ed

uc
ti

on
A

dj
.R

ed
uc

ti
on

n

M
ea

n
(S

D
)

R
ed

uc
ti

on
B

as
el

in
e

P
os

t
B

as
el

in
e

P
os

t

C
ar

e
m

an
ag

em
en

t
7.

96
(1

.7
4)

7.
41

(1
.3

8)
0.

55
%

�
0.

46
%

10
2.

8
(3

2.
7)

96
.7

(2
8.

3)
�

6.
1

m
g/

d
l

R
ef

er
en

ce
7.

71
(1

.5
3)

7.
53

(1
.3

6)
0.

18
%

�
0.

18
%

w
10

4.
3

(3
3.

2)
10

0.
6

(3
0.

4)
�

3.
7

m
g/

d
l

D
if

fe
re

n
ce

0.
25

(�
0.

12
)

(�
0.

37
)

(�
0.

28
)

(�
1.

5)
(�

3.
9)

(�
2.

4
m

g/
d

l)
p-

va
lu

e
o

.0
1

.0
2

o
.0

01
o

.0
1

N
S

o
.0

1
.0

9

n
A

d
ju

st
ed

fo
r

re
gr

es
si

on
to

th
e

m
ea

n
;

fo
r

d
et

ai
ls

,s
ee

D
av

is
(1

97
6)

or
T

ro
ch

im
(2

00
3)
.

w T
h

e
b

as
el

in
e

va
lu

e
fo

r
th

e
lo

w
er

m
ea

n
d

oe
s

n
ot

ch
an

ge
in

th
e

m
et

h
od

.

H
b

A
lc

,g
ly

co
sy

la
te

d
h

em
og

lo
b

in
;

L
D

L
,l

ow
-d

en
si

ty
lip

op
ro

te
in

.

1414 HSR: Health Services Research 40:5, Part I (October 2005)



usual care——including computer support——for matched controls. In addition,
the average values for LDL and HbA1c were ultimately lower for the care-
managed group versus the controls, and the odds of having glycemic control
were higher in the care-managed group. These improvements, if sustained, are
predicted by previous studies to lead to a 15–20 percent reduction in com-
plications (Viberti 2003; Vinik and Vinik 2003). A notable exception to these
positive results were the very old (age 80 and older), who were less likely to
achieve adherence to the guidelines at each step. These results are tempered
by the nature of our effectiveness study, which makes it difficult to measure
individual components of the intervention.

Evaluating our generalist care management system on a set of patients
with diabetes——an expensive, complicated chronic disease with effective ther-
apies——is an important component of the overall success of the system, es-
pecially given that patients with diabetes were only approximately 26 percent
of the patients treated. Several recent studies demonstrate the differences be-
tween this study design and the current literature (Pan et al. 1997; Tuomilehto
et al. 2001; Knowler et al. 2002; New et al. 2003; Taylor et al. 2003; The
California Medi-Cal Type 2 Diabetes Study Group 2004). Most used an ide-
alized trial format, with separate diabetes clinics, endocrinologists, and/or
nurse specialists to improve out-of-control blood pressure and lipid levels in
people with diabetes. These investigators have been able to show improve-
ment in control, adherence, and even mortality of diabetics randomized to
treatment clinics versus control. The effectiveness format in the present study
uses a different implementation method. No specialized clinics were created;
rather, the usual day-to-day activities of PCPs were augmented by the pres-
ence of the generalist care managers in a team-based approach. Wagner et al.
(2001) conducted trials with both frail geriatric and diabetic patients using
chronic care clinics that were closer to our approach (although still disease
specific). Unlike the current study, the diabetic arm of Wagner’s study showed
improvement in adherence but no change in HbA1c in the intervention
(N 5 278) versus control patients (Wagner et al. 2001).

Our approach has a strong basis in theory; the care managers receive
training in and apply the stages of change model (Prochaska 2003), the
coaching model (Koenigsberg, Bartlett, and Cramer 2004), and Wagner’s
CCM (Wagner et al. 2001), as they care for patients with a variety of illnesses.
Our implementation of the CCM is different from most, however, in that it
adds several aspects of information system components. The care managers
and other team members have access to and use multiple features of a shared
electronic medical record, specifically a summarized, structured form with
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patient-specific results; the success of the team approach with generalist care
managers may indeed depend on this distributed, longitudinal technology,
which enables the team to apply multiple guidelines with ease. Components
that facilitate this process included the ability to access the entire patient
record easily, specific decision support mechanisms that help them to effi-
ciently address the needs of a population by providing lists of alerts for patients
who require attention, and patient-specific electronic communication. Im-
portantly, this intervention allows for smoother integration into the primary
care workflow, as information technology helps facilitate communication and
the application of multiple disease guidelines and other resources in a single
visit rather than the creation of specialized clinics or additional visits for other
comorbidities. Studies indicate that this is an important factor in the ineffi-
ciency of primary care clinics (Flocke, Frank, and Wenger 2001; Rothman and
Wagner 2003). In addition, the generalist approach may allow the care man-
agers to focus more on the needs of the patient than the needs of one particular
disease, improving patient-centric care delivery and prioritizing care delivery
(Allen 1994; Crystal et al. 1999; Naylor et al. 1999; Bull et al. 2000). Finally,
this generalist implementation had all of the elements of the CCM, including
health care organization, self-management support, clinical information sys-
tems, decision support, connection to the community, and delivery system
redesign. We focused on delivery system redesign with team care and infor-
mation system support; a previous study found the care delivery design to be
the most influential component (Sperl-Hillen et al. 2004) but the information
technology element included in our implementation is very broad and may
contribute significantly to the success of our program, as described by Ca-
salino et al. (2003).

Several potential biases exist in this study. First, referral bias may create
differences between this population and other pertinent populations. Al-
though attempts were made to match control and exposure variables based on
available pertinent variables and risk factors, there are possibly other factors
that would contribute to the effect seen in this paper. While it is possible that
the patients who did not receive care management were in some way different
from those who did, the matching variables were chosen to ensure similar
previous outcomes and baseline probability of adherence and control of di-
abetes. Also, utilization was matched by determining the eligibility of controls
based on previous visit history. Most biases in referral for this system (patients
who are more ill or more difficult to control, for example) would favor a result
of no differences between the groups. The higher baseline HbA1c confirms
the direction of these biases; the correction for regression to the mean provides
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an appropriate perspective given this bias. The inclusion of both Type I (es-
timated at o5 percent of the study population) and Type II diabetes as well as
a broad range of ages indicates a number of potential different subpopulations
who might have very different treatment recommendations. To account for
these different subpopulations, the chosen process and control measures are
the same in the various guidelines that cover these groups, while the differing
treatment recommendations were largely excluded from analysis. Thus, rec-
ommendations exist to measure LDL in even the youngest groups with di-
abetes, but treatment recommendations differ. Adjusting for age and
estimated Type I diabetics did not affect the significance of the results. An-
other source of bias was the initial selection of HbA1c 7.2 percent as the cutoff
for control; at the start of the study, and this was the internal guideline at the
health system under study; it was selected during a period when external
guidelines were shifting from 8.0 to 7.0 percent as the goal. The results do not
differ with control criteria set at 7.0 or 7.2 percent; for generalizability, 7.0
percent is given in the results.

Biases based on environmental variables, such as clinic milieu or other
provider care, were minimized by including a large proportion of control
patients who were seen in the same or similar clinics or by the same physicians
but not referred. Biases as a result of information system effects were also
minimized by ensuring that all clinicians included had access to and generally
used the clinical information system. The effect of individual components of
the care management system described in this study is difficult to disambiguate
because of the study design. For instance, five of the care managers were not
certified diabetic educators; although a separate analysis indicates that out-
comes did not differ in these five care managers, the relative role of diabetic
education is difficult to discern. All patients had access to diabetes education
through groups and individual educators, but the kind, amount, and quality of
diabetic education may differ; part of this difference is as a result of the design
of the system, however. Finally, some of the improvements may be because of
the increased scrutiny of these patients (Hawthorne effect) and could attenuate
over time.

The averaged difference in HbA1c and LDL between the groups is
consistent with previous studies, despite the fact that both the initial and final
HbA1c levels of both our groups were lower than most studies. Many patients
with out-of-control HbA1c and LDL levels were likely excluded from the
control group in this study because they were never tested (substantiated by
the data on irregular and unknown testing)——the effect of care manager is
likely underestimated because of this difficulty in study design.
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It would be important to study the persistence of this effect through a
long-term prospective study to determine assessment of the reasons for re-
ferral and overall satisfaction with the system. The independent effect of
computer assistance and other intervention components is also of interest;
technological assistance likely contributes to the ability of the care managers to
positively impact patient outcomes by facilitating access to patient data rel-
evant to multiple guideline compliance, by meeting specific information needs
of care managers, and through the messaging abilities of the system. In ef-
fectiveness studies such as this one, the generalizability of the intervention arm
and the comparability of the control arm are important. In this study, the
information system components are more advanced than many other systems;
however, the improvement beyond the information systems indicates that
such systems are not enough: a broader care management system can further
improve care. As a significant problem in health care delivery is the inad-
equate application of known treatments for chronic diseases and most patients
with chronic diseases received their health care from primary care providers,
models that can improve adherence to guidelines of care in this setting are
important (Glasgow, Vogt, and Boles 1999; Rothman and Wagner 2003).
Overall, this study represents an important first step in evaluating a generalist
multidisease care management program in a real-world setting.
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