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espite a strong evidence base for diabetes care,'” it remains

suboptimal in routine clinical practice.® Population-based

care management . strategies—including establishment of
registries, dissemination of guidelines, self-management support, care
management;, tailored patientand provider feedback; enhanced clini-
cal information systems, and expansion of benefits—have been shown
to improve cargfb/r persons with chronic diseas\‘\é&f'8 These approaches
to care unde’ﬂ'ie the chronic care model and disé‘ase management.”
Despite optrimism regarding the benefits of interventions based on
these strategies, improved processes of care have not been consistently
linked to/improved intermediate outcomes.*'!

Between 1986 and 2007, the University of M1Ch1gan implemented
an mdeﬁendent practice association model managed care healthplan,
M- CARE The plan contracted with'the University of M1ch1gan and
42 other independent|practice Assodiationsacross southeastern Michi-
gan. Approximately 5% of primary care providers wete employed by
the University of Michigan, and 29% of patients with diabetes re-
ceived care from university providers. M-CARE intégrated several care
management strategies into a health plan—directed diabetes disease
managément -prfogram. M-CARE established a diabetes registry, dis-
seminated guidelines, incorporated nurse care management, expanded
benefits for members, and implemented targeted reminders for patients
and providers to improve processes of care (eye examinations, renal
screening, foot examinations, glycosylated hemoglobin [A1C] and lip-
ids testing, and influénza immunizations) and intermediate outcomes
of care (aspirin use, smoking cessation, angiotensin-convetting enzyme
or angiotensin receptor blocker use, and A1C and low-density lipopro-
tein [LDL] cholesterol control). M-CARE provided members access
to diabetes education and nutritional counseling with no copayments,
gave discounts for commercial weight-loss programs, covered smoking
cessation classes and pharmacologic aids to smoking cessation with no
copayments, offered self-monitoring supplies and insulin with no co-
payments, and waived referral requirements and copayments for dia-
betic eye examinations.

The objective of this study was to assess the effect of M-CARE’s

comprehensive diabetes disease man-

agement program. We determined if
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processes and outcomes of diabetes

Objective: To determine if processes and out-
comes of diabetes care improved between 2000
and 2006 in a managed care health plan with a
comprehensive diabetes disease management
program.

Study Design: Cross-sectional.

Methods: A total of 1650 randomly selected mem-
bers with diabetes mellitus completed surveys in
2000, and 1256 randomly selected members with
diabetes completed surveys in 2006. Survey and
medical record data were analyzed using multi-
variable regression and predictive probabilities
adjusted for age, education, and comorbidities.

Results: In 2006, patients were more likely to
have proteinuria assessed (85% vs 74% in 2000),
foot examinations performed (90% vs 86%),
glycosylated hemoglobin levels measured (94%
vs 87%), lipids measured (81% vs 70%), aspirin
use recommended (67% vs 56%), and influenza
immunizations administered (70% vs 63%).
Glycosylated hemoglobin levels decreased by 0.60%
(P <.001), systolic blood pressures by 3 mm Hg
(P=.002), and low-density lipoprotein cholesterol
levels by 18 mg/dL (P <.001). Those who were
continuously enrolled in the health plan were
significantly more likely to report having had
dilated retinal examinations (P =.003), aspirin use
recommendations (P =.049), influenza immuniza-
tions (P=.004), and lower low-density lipoprotein
cholesterol levels (by 6 mg/dL, P=.003).

Conclusions: Implementation of a disease man-
agement program was associated with substan-
tial improvements in processes and outcomes of
diabetes care over 6 years. Although secular trend
likely contributed somewhat, improvement in
other measures was significantly associated with
duration of enroliment in the health plan, making
secular trend an unlikely explanation for all of our
findings.

(Am J Manag Care. 2009;,15(9):575-580)
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Take-Away Points

Processes and outcomes of diabetes care improved substantially over 6 years in a managed
care health plan with a comprehensive diabetes disease management program.

W It is likely that secular trend contributed to some of the improvement in processes and

outcomes.

B Improvements in processes and outcomes were significantly associated with duration of

enrollment in the health plan.

METHODS

The study has been described elsewhere.!? It was performed
at the University of Michigan site of Translating Research
Into Action for Diabetes, a prospective observational study
of diabetes care in managed care. The University of Michigan
Institutional Review Board approved the study, and all par-
ticipants provided informed consent.

In 2000 and again in 2006, patients with diabetes melli-
tus who were 18 years or older, community dwelling, enrolled
in the health plan for at least 18 months, not pregnant, and
had at least 1 claim for health services were sampled at ran-
dom from the health plan and were surveyed and had their
medical records reviewed. There were 3972 eligible patients
with diabetes in 2000 and 3652 eligible patients with diabe-
tes in 2006. A total of 1650 patients completed the survey
by computer-assisted telephone interview or by mail in 2000,
and 1256 patients completed the survey by mail in 2006. If
we assume that patients unable to be contacted had the same
rate of eligibility as those contacted and were counted in the
denominator, survey response rate was 69% in 2000 and 54%
in 2006. For the present analyses, we included patients who
had both survey and medical record data (1349 patients in
2000 and 1050 patients in 2006).

In 2000 and 2006, processes of care were assessed over a
12-month period (except where noted) and included dilated
retinal examinations, urine microalbumin or protein testing,
foot examinations, A1C and lipids testing, aspirin use (mea-
sured over an 18-month period) or recommendation to take
aspirin, and influenza immunization. We based performance
of dilated retinal examinations, foot examinations, and aspi-
rin use or recommendation to take aspirin on self-report or
medical record documentation. Influenza immunization was
based on self-report, and urine, A1C, and lipids testing was
based on documentation in the medical record. Intermedi-
ate health outcomes were defined as the last recorded values
for systolic and diastolic blood pressures and for A1C and
LDL and total cholesterol levels.

We stratified the populations by age and performed bivari-
ate analyses using ¢ tests for continuous variables and x? tests
for categorical variables. We also performed multivariable

regression analyses adjusted for age, education, and comor-

bidities. We used logistic regression
models to derive the adjusted (con-
ditional) predicted probabilities of
each outcome.” Conditional pre-
dicted probabilities may be inter-
preted as the percentage of persons
receiving each process of care ad-
justed for age, education, and co-
morbidities. All analyses were performed using SAS (version
9.1.3, service pack 4; SAS Institute, Cary, NC).

RESULTS

Between 2000 and 2006, the managed care organization
stopped offering Medicare managed care. As a result, the per-
centage of persons with diabetes 65 years or older decreased
from 50% to 6%, and the 2006 population was significantly
younger (mean [SD] age, 62 [14] years in 2000 vs 52 [10] years
in 2006). There were statistically significant changes in the
distribution of education, diabetes treatment, and comorbidi-
ties between 2000 and 2006 and a small increase in the mean
body mass index (Table 1).

The percentage of persons who received 6 of 7 processes
of care improved between 2000 and 2006, as did intermedi-
ate health outcomes. Among patients aged 18 to 44 years,
there was significant improvement in rates of lipids testing
and aspirin use or recommendation to take aspirin, as well as
in A1C and LDL and total cholesterol levels (Table 1). Al-
though blood pressure did not improve, the mean systolic and
diastolic blood pressures were at goal (<130 and <80 mm Hg,
respectively) at both time points. Among patients aged 45 to
64 years, there was significant improvement in urine microal-
bumin or protein, A1C, and lipids testing, as well as in aspirin
use or recommendation to take aspirin, influenza immuniza-
tion, systolic blood pressure, and A1C and LDL and total cho-
lesterol levels. Among patients 65 years or older, all processes
of care except dilated retinal examinations and aspirin use or
recommendation to take aspirin and all intermediate health
outcomes improved significantly.

After adjusting for age, education, and comorbidities, pa-
tients in 2006 were more likely to have urine microalbumin
or protein assessed, foot examinations performed, A1C tested,
and lipids evaluated and to report aspirin use or recommenda-
tion to take aspirin (Table 2). They were also more likely to
receive influenza immunizations. Statistically significant im-
provements were seen in all intermediate health outcomes.
The AIC level decreased by 0.60% (to convert A1C level
to proportion of total hemoglobin, multiply by 0.01), systolic
blood pressure by 3 mm Hg, diastolic blood pressure by 1 mm
Hg, LDL cholesterol level by 18 mg/dL, and total cholesterol
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B Table 1. Characteristics of the Study Populations With Diabetes and Diabetes Processes of Care and
Intermediate Health Outcomes in 2000 and 20062

Variable 2000 (n = 1349) 2006 (n = 1050) P
Patient Characteristics
Age group, y, No. (%) <.001
18-44 168 (13) 245 (23)
45-64 508 (38) 737 (70)
>65 673 (50) 65 (6)
Age, mean (SD), y 61 (14) 51 (10) <.001
Male sex, No. (%) 661 (49) 513 (49) .94
Race/ethnicity, No. (%) .07
Hispanic 33 (3) 37 (4)
Black 150 (12) 120 (12)
White 1021 (79) 772 (75)
Asian/Pacific Islander 18 (1) 18 (2)
Other 77 (6) 87 (8)
Education, No. (%) <.001
<High school graduate 613 (46) 212 (20)
>Some college 719 (54) 834 (80)
Body mass index, mean (SD)® 31.6 (7.3) 33.4 (8.4) <.001
Diabetes treatment, No. (%) <.001
Diet only 60 (4) 84 (8)
Oral medication 763 (57) 551 (53)
Insulin and oral medications 169 (13) 187 (18)
Insulin only 357 (27) 228 (22)
Duration of diabetes, mean (SD), y 13 (11) 11 (10) <.001
Charlson Comorbidity Index, mean (SD) 2.45 (1.63) 1.73 (1.25) <.001

Processes of Care by Age Group

Dilated retinal examination performed, %

18-44 y 73 77 .36

45-64 y 81 82 .58

265y 81 88 .20
Urine microalbumin or protein assessed, %

18-44y 70 76 16

45-64 y 76 87 <.001

265y 74 91 .003
Foot examination performed, %

18-44 y 89 90 .62

45-64 y 87 90 .10

=65y 85 94 .04
Glycosylated hemoglobin tested, %

18-44 y 86 91 Nl

45-64 y 88 5 <.001

=65y 86 98 .004

(Continued)
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B Table 1. Characteristics of the Study Populations With Diabetes and Diabetes Processes of Care and
Intermediate Health Outcomes in 2000 and 20062 (Continued)

Variable 2000 (n = 1349) 2006 (n = 1050) P

Processes of Care by Age Group (Continued)
Lipids tested,%
18-44 y
45-64 y
265y
Aspirin use or recommendation to take aspirin, %
18-44 y
45-64 y
265y
Influenza immunization obtained, %
18-44 y
45-64 y
265y

Intermediate Health Outcomes by Age Group,
Mean (SD)

Glycosylated hemoglobin level, %
1844y
45-64 y
265y

Systolic blood pressure, mm Hg
18-44 y
45-64 y
>65y

Diastolic blood pressure, mm Hg
18-44 y
45-64 y
>65y

Low-density lipoprotein cholesterol level, mg/dL
18-44 y
45-64 y
>65y

Total cholesterol level, mg/dL
18-44 y
45-64 y
>65y

aThe number of patients varies because of missing survey responses.
bCalculated as weight in kilograms divided by height in meters squared.

level by 24 mg/dL (to convert cholesterol level to millimoles
per liter, multiply by 0.0259). The proportion of patients with
A1C level less than 7%, blood pressure less than 130/80 mm
Hg, and total cholesterol level less than 200 mg/dL improved
from 6% in 2000 to 19% in 2006.

60 70 .04
73 82 <.001
69 84 .01
26 41 .001
5¢) 69 .001
70 82 .05
50 59 .07
60 68 .005
73 86 .02
8.50 (1.89) 7.84 (1.82) <.001
8.03 (1.72) 741 (1.65) <.001
7.56 (1.47) 6.93 (1.31) .001
124 (17) 124 (16) .88
132 (18) 129 (15) .002
138 (19) 130 (15) <.001
76 (11) 75 (11) 19
77 (10) 76 (10) A3
75 (11) 72 (9) .05
106 (31) 94 (28) <.001
110 (35) 90 (30) <.001
109 (34) 85 (32) <.001
192 (40) 173 (37) <.001
196 (47) 170 (39) <.001
192 (43) 166 (42) <.001

To further assess the effect of the health plan’s comprehen-
sive diabetes disease management program on processes and
outcomes of care, we stratified respondents by duration of en-
rollment in the health plan, a measure of disease management

program exposure, and reassessed processes and outcomes of
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care. In the 2006 sur-
vey, 830 of 1256 respon-
dents (66%) reported
that they had been
continuously enrolled
in the health plan

and Comorbidities

Variable

M Table 2. Predicted Probability of Diabetes Processes of Care Occurring and Changes
in Intermediate Health Outcomes Between 2000 and 2006 Adjusted for Age, Education,

Value

Predicted Probability, %

Processes of Care, % 2000 2006
for 5 years or longer. : : o
L Dilated retinal examination performed 80 81
After adjusting for
. Urine microalbumin or protein assessed 74 852
age, education, and
comorbidities. those Foot examination performed 86 Q0P
who were continuous- Glycosylated hemoglobin tested 87 942
ly enrolled were sig- Lipids tested 70 812
nificantly more likely Aspirin use or recommendation to take aspirin 56 672
to have had dilated Influenza immunization obtained 63 70b
retinal - examinations Intermediate Health Outcomes Change in 2006 vs 2000 P
(odds ratio [OR], 1.66; Glycosylated hemoglobin level, 9% 0.60 001
cosylated hemoglobin level, -0. <.
95% confidence in- Y .y 2 °
terval [CI], 1.19-2.30, Systolic blood pressure, mm Hg -2.55 .002
P = .003) and influ- Diastolic blood pressure, mm Hg -1.27 .01
enza immunizations Low-density lipoprotein cholesterol level, mg/dL -1795 <.001
(OR, 1.51; 95% CI, Total cholesterol level, mg/dL —24.23 <.001

1.14-2.00, P = .004)

and to report aspirin

ap < 001.
bp <01

use or recommenda-
tion to take aspirin
(OR, 1.32;95% CI, 1.00-1.75, P = .049). They also had lower
diastolic blood pressure (by 2 mm Hg, P = .009) and lower
LDL (by 6 mg/dL, P = .003) and total (by 7 mg/dL, P = .02)
cholesterol levels than those who had been continuously en-

rolled for less than 5 years but longer than 18 months.

DISCUSSION

After 6 years of comprehensive diabetes disease manage-
ment, 6 of 7 diabetes processes of care and all measured inter-
mediate health outcomes improved significantly. In 2006, the
mean systolic and diastolic blood pressures and LDL choles-
terol levels for the population were at goal. Longer duration
of enrollment in the health plan, a measure of exposure to
care management, was associated with a greater likelihood of
having dilated retinal examinations, influenza immunizations,
lower diastolic blood pressure, and LDL cholesterol levels and
of reporting aspirin use or recommendation to take aspirin.

Many of the components of the disease management
program were initiated between 1995 and 1999, including
establishment of a registry, dissemination of guidelines to pro-
viders and patients, enhanced clinical information systems,
and care management. Improvements in the targeting and
tailoring of patient and provider feedback and expansion of
benefits occurred largely between 2001 and 2005. Therefore,

our initial cross-sectional survey in 2000 assessed the effect of
care enhanced by traditional elements of care management,
and the follow-up survey in 2006 assessed the effect of further
improvements in delivery system design, including waiving
copayments and expanding benefits. Our results suggest that
these population-based care management strategies, includ-
ing innovative changes in insurance benefit design, may im-
prove the processes and outcomes of diabetes care. Future
studies should explore the independent contribution of tra-
ditional care management strategies and more innovations in
delivery system design.

We acknowledge that the population changed dramati-
cally from 2000 to 2006, driven by the fact that the managed
care organization stopped offering Medicare managed care in
2002. In our multivariable models, we adjusted for the major
population differences in age, education, and comorbidities.
We also conducted a sensitivity analysis for persons younger
than 65 years and found that this did not change the esti-
mates or P values (data not shown).

Because of the lack of a formal control group, we can-
not say with certainty that the disease management program
caused the observed changes. In addition, because the disease
management program incorporated numerous interventions
and was implemented over several years, we cannot quan-
tify the effect of individual interventions on outcomes. It is
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likely that some of the observed improvements in processes
and outcomes of care were due to secular trend. The finding
that continuous health plan enrollment was associated with
improvement in some processes and outcomes of care and the
degree to which outcomes improved make secular trend an
unlikely explanation for all of our findings.

Acknowledgments

This study was jointly funded by Program Announcement 04005 from
the Centers for Disease Control and Prevention (Division of Diabetes Trans-
lation) and the National Institute of Diabetes and Digestive and Kidney
Diseases. The conclusions of this study are those of the authors and do not
necessarily represent the views of the funding organizations. Members of the
Translating Research Into Action for Diabetes (TRIAD) Study Group con-
tributed to this study. The authors gratefully acknowledge the contribution of
our health plan partner.

Author Affiliations: From the Department of Internal Medicine (LNM,
VCH, WHH), and the Department of Epidemiology (WHH), University of
Michigan, Ann Arbor, MI; and M-CARE (EMN-K, GJK, KGS, WHH), Ann
Arbor, MI.

Funding Source: This study was jointly funded by Program Announce-
ment 04005 from the Centers for Disease Control and Prevention (Division
of Diabetes Translation) and the National Institute of Diabetes and Digestive
and Kidney Diseases.

Author Disclosures: The authors (LNM, VCH, EMN-K, GJK, KGS,
WHH) report no relationship or financial interest with any entity that would
pose a conflict of interest with the subject matter of this article.

Authorship Information: Concept and design (EMN-K, GJK, KGS,
WHH); acquisition of data (EMN-K, WHH); analysis and interpretation of
data (LNM, VCH, WHH); drafting of the manuscript (LNM, VCH, GJK,
KGS, WHH); critical revision of the manuscript for important intellectual
content (LNM, VCH, WHH); statistical analysis (LNM); provision of study
materials or patients (GJK, KGS, WHH); obtaining funding (WHH); admin-
istrative, technical, or logistic support (EMN-K, GJK, WHH); and supervi-
sion (EMN-K, WHH).

Address correspondence to: William H. Herman, MD, MPH, Depart-
ment of Internal Medicine, University of Michigan, 1500 E Medical Center
Dr, 3920 Taubman Ctr, SPC 5354, Ann Arbor, MI 48109. E-mail: wher-

man@umich.edu.

REFERENCES

1. Julius S, Majahalme S, Palatini P. Antihypertensive treatment of
patients with diabetes and hypertension. Am J Hypertens. 2001;14(11,
pt 2):310S-316S.

2. Hansson L, Zanchetti A, Carruthers SG, et al; HOT Study Group. Ef-
fects of intensive blood-pressure lowering and low-dose aspirin in pa-
tients with hypertension: principal results of the Hypertension Optimal
Treatment (HOT) randomised trial. Lancet. 1998;351(9118):1755-1762.

3. Collins R, Armitage J, Parish S, Sleigh P, Peto R; Heart Protection
Study Collaborative Group. MRC/BHF Heart Protection Study of cho-
lesterol-lowering with simvastatin in 5963 people with diabetes: a ran-
domised placebo-controlled trial. Lancet. 2003;361(9374):2005-2016.
4. Diabetes Control and Complications Trial Research Group. The effect
of intensive treatment of diabetes on the development and progres-
sion of long-term complications in insulin-dependent diabetes mel-
litus. N Engl J Med. 1993;329(14):977-986.

5. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33) [published correction appears in Lancet.
1999;354(9178):602]. Lancet. 1998;352(9131):837-853.

6. Saaddine JB, Cadwell B, Gregg EW, et al. Improvements in dia-
betes processes of care and intermediate outcomes: United States,
1988-2002. Ann Intern Med. 2006;144(7):465-474.

7. Bodenheimer T, Wagner EH, Grumbach K. Improving primary care
for patients with chronic illness. JAMA. 2002;288(14):1775-1779.

8. Bodenheimer T, Wagner EH, Grumbach K. Improving primary care
for patients with chronic illness: the chronic care model, part 2. JAMA.
2002;288(15):1909-1914.

9.Ward MM, Yankey JW, Vaughn TE, et al. Physician process and pa-
tient outcome measures for diabetes care: relationships to organiza-
tional characteristics. Med Care. 2004;42(9):840-850.

10. Mangione CM, Gerzoff RB, Williamson DF, et al; TRIAD Study
Group. The association between quality of care and the intensity of di-
abetes disease management programs. Ann Intern Med. 2006;145(2):
107-116.

11. Selby JV, Swain BE, Gerzoff RB, et al; TRIAD Study Group. Under-
standing the gap between good processes of diabetes care and poor
intermediate outcomes: Translating Research Into Action for Diabetes
(TRIAD). Med Care. 2007;45(12):1144-1153.

12.TRIAD Study Group. The Translating Research Into Action for Dia-
betes (TRIAD) study: a multicenter study of diabetes in managed care.
Diabetes Care. 2002;25(2):386-389.

13. Rothman KJ, Greenland S. Modern Epidemiology. Philadelphia,
PA: Lippincott-Raven; 1998. B

580

= www.ajmc.com m

SEPTEMBER 2009



