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Diabetes is a chronic disease charac-
terized by high blood glucose levels
and caused either by a deficiency
of insulin or a defect in the way the
body responds to insulin."? The
increased prevalence of type 2 diabe-
tes is believed to be the consequence
of an aging population, increased
physical inactivity and obesity, and
genetic factors.>* Diabetes is one
of the leading causes of blindness
and renal failure,>® and people with
diabetes who have an increased A1C
level and uncontrolled lipid levels
have increased rates of morbidity and
mortality. Complications usually fall
into three main groups: acute meta-
bolic abnormalities, microvascular
anomalies, and long-term cardiovas-
cular disorders specific to diabetes.”
The main treatment goals for
diabetes are controlling blood
glucose and cholesterol levels and
maintaining a normal blood pres-
sure.® Tight control and management
of blood glucose and blood pressure
has been proven to prevent or delay
complications of diabetes.” Involving
patients in their care through self-
management is of utmost importance
to achieving these goals. Yet, self-
management is difficult to attain and
maintain because of the complexity
of the processes involved and the
lack of motivation and skills on the
part of some patients.”” Frequently
reported barriers to self-manage-
ment''? include knowledge deficits,
poor patient-provider communica-
tion, low self-efficacy, limitations
of time or resources, financial
constraints, lack of individualized
and coordinated care, and lifestyle
differences among family members.
An extensive review of 16 studies
identified barriers from five different
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perspectives: psychosocial, socio-
economic, physical, environmental,
and cultural.’®

It is widely believed that educat-
ing patients about diabetes may
be a mechanism to encourage and
support them in assuming active
responsibility for self-management.
Based on this belief, several edu-
cational programs have been
developed.'*'* Diabetes education,
also known as diabetes self-manage-
ment training (DSMT) or diabetes
self-management education (DSME),
has been defined as a collaborative
process through which people with
diabetes gain the knowledge and
skills needed to modify behavior and
successfully self-manage the disease
and its related conditions.'®" It is an
ongoing, interactive process involv-
ing a person with diabetes and a
team of educators, including nurses,
dietitians, and pharmacists. Such
interventions aim to help patients
achieve optimal health and better
quality of life, reducing the need for
costly health care by preventing or
postponing complications.

Despite the belief in, and popu-
larity of, diabetes education, our
current understanding is inconclu-
sive regarding the effectiveness of
an educational approach in patients
with type 2 diabetes. A meta-analysis
of 31 studies looking at the effect
of self-management education on
glycemic control found little evidence
in support of such education pro-
grams.'s A recent qualitative review
of 80 studies conducted from 2004
to 2007 revealed mixed results,"’
but many studies reported posi-
tive changes. The reported positive
results of diabetes education with
regard to bioclinical factors included
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reductions in A1C (21 studies), blood
glucose (10 studies), cholesterol

(4 studies), blood pressure (8 studies),
and BMI (8 studies). Negative results
reported included unchanged or
increased A1C levels after the educa-
tion (3 studies), no effect on patients’
knowledge (2 studies), and no change
in patients’ negative health beliefs

(1 study). Some studies have reported
mixed results, showing improve-
ments in some areas and no effects

in others. For example, one study?’
found no significant improvement in
A1C but significant weight loss, bet-
ter understanding of diabetes, and
lower depression scores.

To advance our understand-
ing of this issue, further studies are
needed. Some authors point out that
the design and implementation of
education programs may confound
the findings. Few programs have
been developed in a primary care
setting, and none have been designed
specifically for patients from the
point of diagnosis.?’ Additional
studies that control for variation in
program design, we believe, may
shed light on why the findings are
inconclusive. Programs designed
on a theoretical basis tend to have
positive outcomes.?!

In addition to program design and
development, we believe other fac-
tors such as culture differences may
also have had an effect on reported
findings. Most recent studies have
been conducted in Europe, with
primarily white populations. Some
studies have dealt with barriers to
education programs, and access in
African-American and Latin com-
munities has been the most cited
concern."” These communities are
mostly located in metropolitan areas
of the United States, and diabetes is
widespread among them. In addition,
there may be a difference in program
guidelines (i.e., whether a program is
recognized by the American Diabetes
Association [ADA]), but recent stud-
ies, including meta-analyses, have
not taken this variable into account
as a potential moderator to the effec-
tiveness of DSME.

This study aims to fill this gap in
knowledge. Following a systematic
approach, we evaluated the influence
of a diabetes education program in
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a primary care setting: a large U.S.
metropolitan clinic network that cov-
ers > 2 million people and serves a
large African-American population.

Methods

From 2008 to 2011, > 1,000

adults > 18 years of age with type

2 diabetes were originally referred
to the Cleveland Clinic diabetes
education programs, located in

six primary care sites within the
Cleveland Clinic health care network
in Ohio: Stephanie Tubbs Jones
Clinic, Hillcrest Hospital, Euclid
Hospital, South Pointe Hospital,
Solon Clinic, and Macedonia Clinic.
All the programs are accredited

by the American Association of
Diabetes Educators (AADE). Of
these patients, 380 finished three or
four education sessions, and among
them, 220 had sufficient laboratory
data checked at the beginning of a
program and within 3—6 months
after finishing a program.

Intervention

All participants attended a series

of comprehensive self-management
classes taught by multidisciplinary
teams of diabetes educators.
Educators were all registered nurses
and dietitians with the formal train-
ing to deliver the program, and all
were certified diabetes educators.
Each participant had an initial one-
on-one assessment with a certified
nurse or dietitian to develop an
individualized plan, followed by
either three or four group sessions
that included 4-12 patients, depend-
ing on the site. Sessions were held
once weekly and spread over 3 or

4 weeks, with each session lasting

~ 2.5 hours. Thus, the total length
of the program was ~ 8-10 hours.
The programs covered both medical
nutrition therapy and DSME, but
focused mostly on DSME. In par-
ticular, the classes covered all content
areas required by ADA for education
program recognition and by AADE
for education program certification.
These topics include healthy eating,
exercise, acute and chronic complica-
tions, problem-solving, goal-setting,
and ongoing support planning. The
classes emphasized diabetes-specific
and diabetes-related care, including
blood glucose monitoring and medi-
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cation use and engaged discussions
on behavior-change strategies and
self-management.

Social workers could be consulted
and were available to the partici-
pants, but these professionals did not
attend all sessions because their pres-
ence was not built into the program.

Data Collection

Data were extracted from the
Cleveland Clinic Health System
electronic medical record systems
and included demographic, labora-
tory, and clinical data before and
after participation in a diabetes
education program. A1C, blood lipid
levels, and creatinine values, mea-
sured within 3—6 months before and
after the intervention, were obtained.
Participants’ weight, blood pressure,
and medication utilization at the
time of the first diabetes education
session and within 3—6 months after
the intervention were recorded.

Statistical Analysis

All patients who attended at least
three diabetes education sessions

and had no missing data before or
after the intervention were included.
Standard descriptive statistics were
used to depict baseline characteristics
of the study participants.

McNemar’s ) test with Yates’s
continuity correction?? were used for
the categorical variables. Considering
the finding that the continuity cor-
rection is often too conservative,??
we also conducted McNemar’s test
without the correction for compari-
son. We compared the continuous
outcome variables before and after
the educational intervention using a
paired-sample two-tailed ¢ test.

We also analyzed the between-
subject effects of sex and race using
multivariate analysis of variance
(ANOVA). We identified three clini-
cal variables on which race and sex
had significant moderating effects:
total cholesterol, LDL cholesterol,
and triglyceride levels. We then
applied the univariate ANOVA to
each of these three outcome variables
to find out how race and sex moder-
ate the effects on the variables.

Results
A total of 220 adults were included
in the study. The mean (+ SD) age of
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Table 1. Outcome Measures Before and After the Diabetes Education Program Implementation

Characteristic Before After P
Intervention Intervention

A1C (%) 8.98 £ 8.91 7.75 +9.93 <0.001
Total cholesterol (mg/dl) 178.9 + 39.96 172.6 + 37.96 0.01
LDL cholesterol (mg/dl) 100.7 + 35.04 95.63 £35.11 0.02
Triglycerides (mg/dl) 167.3 £125.70 131.5 £66.20 <0.001
HDL cholesterol (mg/dl) 46.48 +14.00 50.55+£14.21 <0.001
Creatinine (mg/dl) 0.96 £ 0.34 0.98 +0.42 0.35
eGFR (ml/min/1.73 m?) 82.45+28.33 80.91 +£26.30 0.29
Systolic blood pressure (mmHg) 131.9£16.85 129.5 £ 15.66 0.03
Diastolic blood pressure (mmHg) 75.31+9.39 74.09 +10.17 0.08
BMI (kg/m?) 33.36+6.96 32.75+7.04 <0.001

Values are expressed as mean £ SD or n (%). eGER, estimated glomerular filtration rate.

the patients was 65.7 £ 10.9 years,
60% were female, and there was
a fair representation of minorities,

with 60.5% being African American.

Among the participants, 12.3 and
51.8% were, respectively, current or
former smokers. The rate of cur-
rent smokers was slightly less than
the national average of 19% for all
adults,?* but the rate of former smok-
ers was representative of the adult
population 40 years ago, when
> 45% of adults were smokers.?*

Table 1 presents the main out-
come measures at baseline and after
the educational intervention. The
primary outcome variable A1C
decreased by 1.2 percentage points
(95% CI10.9-1.6, P < 0.001). BMI
decreased by 0.7 kg/m? (95% CI
0.4-1.0, P < 0.001).

After the intervention, par-
ticipants had an average decrease
in systolic blood pressure of 2.7
mmHg (95% CI0.3-5.1, P = 0.03)
and improvements in their lipid
profile, with an average decrease in
total cholesterol of 6.9 mg/dl (95%
CI1.5-12.4, P = 0.01), a decrease
in LDL cholesterol of 5.6 mg/dl
(95% C10.8-10.5, P = 0.02), and an
increase in HDL cholesterol of 3.9
mg/dl (95% CI12.3-5.5, P <0.001).
Changes in creatinine and estimated
glomerular filtration rate (eGFR)
were not statistically significant.

Table 2 shows the pattern of med-
ication change after the intervention.
Overall, the percentage of patients
who took oral antidiabetic medica-
tions increased from 39.6 to 69.1%;
insulin use increased from 15.5 to
28.2%:; statin use increased from
48.6 to 65%; and use of ACE inhibi-
tors or angiotensin receptor blockers
increased from 40.5 to 54.5%. All
of these changes were significant at
P <0.001.

We also evaluated the impact of
the diabetes education programs
on attainment of recommended
annual eye and foot examinations
and microalbuminuria measure-
ments as additional indicators of
behavioral and motivational changes
resulting from the intervention. At
baseline, 82.3% of patients had an
annual ophthalmological examina-
tion, 47.7% had a foot examination,
and 39.1% had their urine checked
for microalbuminuria. After the
intervention, an additional 15.9%
of participants received eye exams,
22.7% received foot exams, and
41.4% were evaluated for microal-
buminuria. All of these changes were
significant at P < 0.001.

Table 3 shows the results of the
ANOVA with total cholesterol, LDL
cholesterol, and triglyceride levels as
dependent variables and race and sex
as fixed factors. Race is a significant
moderator of the improvement of

Diabetes Spectrum Volume 27, Number 4, 2014

LDL and total cholesterol at P = 0.02
and P = 0.01, respectively. Sex was a
significant moderator of the improve-
ment in LDL cholesterol at P = 0.04.
The detailed changes of these
three outcomes in various subgroups
were as follows. Total cholesterol
was improved in all subgroups except
for African-American males, who
had a small, nonsignificant increase
in mean value. LDL cholesterol was
improved for all subgroups except
for African Americans, African-
American males, and males whose
ethnicities were not recorded. These
three subgroups had small, nonsig-
nificant increases in LDL cholesterol
after the intervention. Improvements
in both total and LDL cholesterol
were significant for white patients,
female patients, white males, and
those whose race was not recorded.
Triglyceride levels were improved in
all subgroups, but the improvements
were significant only for African
Americans, males, African-American
females, white males, and males
whose races were not recorded.

Discussion

In a cohort of adult patients with
type 2 diabetes, we found that
completion of three or four sessions
of a diabetes education program for
adults with type 2 diabetes resulted
in improvements in metabolic
parameters, lipid profiles, blood
pressure clinical parameters, and
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Table 2. Medication Chan
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ges After Diabetes Education

Intervention

Medication Before After P

Intervention | Intervention

(n [%]) (n [%])

All antidiabetic 87 (39.6) 152 (69.1) <0.001
medications
Sulfonylureas 44 (20.0) 60 (27.3) 0.02
Biguanides 65 (29.5) 117 (53.2) <0.001
Thiazolidinediones 17 (7.7) 18 (8.2) 1.00
Glucagon-like. peptide-1 1(0.5) 6(2.7) 0.07
receptor agonists
Dipeptidyl peptidase-4 11 (5.0) 19 (8.6) 0.08
inhibitors
Any insulin 34 (15.5) 62 (28.2) <0.001
Rapid-acting insulin 14 (6.4) 20 (9.1) 0.08
Short-acting insulin 4 (1.8) 7 (3.2) 0.45
Intermediate-acting insulin 7 (3.2) 8 (3.6) 1.00
Long-acting insulin 20 (9.1) 46 (20.9) <0.001
Premixed insulin 3(1.4) 5(2.3) 0.40
ACE inhibitors and/or 89 (40.5) 120 (54.5) <0.001
ARBs
ACE inhibitors 58 (26.4) 78 (35.5) 0.00
ARBs 36 (16.4) 46 (20.9) 0.03
B-Blockers 64 (29.1) 82 (37.3) 0.01
Calcium channel blockers 57 (25.9) 74 (33.6) <0.001
Other antihypertensive 84 (38.2) 113 (51.4) <0.001
agents
Aspirin 76 (34.5) 109 (49.5) <0.001
Clopidogrel 14 (6.4) 18 (8.2) 0.20
Statins 107 (48.6) 143 (65.0) <0.001
Fibrates 5(2.3) 8 (3.6) 0.25
Niacin 11 (5.0) 12 (5.5) 1.00
Other lipid-lowering 23 (10.5) 33 (15.0) 0.03
medications

AR B, angiotensin receptor blocker.

weight loss and an increase in the
number of diabetes, hypertension,
and cholesterol medications used.
We observed a significant reduc-
tion in A1C (1.2 percentage points)
that is likely to be associated with

reduced risk of micro- and macro-
vascular complications. According to
the U.K. Prospective Diabetes Study,
each 1% reduction in mean A1C was
associated with a 37% decrease in
risk for microvascular complica-
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tions and a 21% reduction in
risk for any diabetes-related compli-
cation or death.?

Most diabetes medications can
reduce A1C by 1 percentage point.
This has been confirmed by a recent
review?” of 166 clinical studies
published between January 1996
and April 2010 on the effective-
ness of medications for adults with
type 2 diabetes. In our study, we
found an overall reduction that is
more than the medication effect.

To further confirm this finding, we

performed an additional analysis on
the 49 patients who did not use any

antidiabetic medications. Their A1C
level was reduced by 0.53 percentage
point, which was statistically signifi-
cant (P = 0.001, 95% CI10.23-0.83).

Lipid profiles improved in parallel
with improvement in A1C. Total
cholesterol, LDL cholesterol, and
triglycerides decreased significantly.
HDL cholesterol increased signifi-
cantly, conferring a lower risk for
coronary heart disease and other
cardiovascular complications.

Creatinine and eGFR did not
change significantly. This is con-
sistent with previous findings from
similar studies demonstrating no
significant benefit of intensive
blood glucose control on microvas-
cular diseases.?®

Implications and Limitations
These results provide evidence that
structured education poses potential
benefits to patients with diabetes
and to clinical practices overall. The
patient-centered approach to diabetes
care in these programs demonstrates
the importance of public awareness
and education in health care in our
society. This study has shown that
involving patients in their own care
through education is essential to the
successful management and control
of diabetes and, ultimately, to reduc-
ing risks for complications later on.
This study focused on improve-
ments in clinical outcomes. To
maintain these improvements in the
long run, however, patients’ attitudes
are as important as their knowl-
edge and self-management skills.
Encouraging and supporting patients
to assume active responsibility for
control of their diabetes-related
conditions is crucial.??=** Future stud-
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Table 3. Subgroup Analysis of Effects by Race and Sex on Total Cholesterol, LDL Cholesterol,

and Triglyceride Levels

Total Cholesterol F LDL Cholesterol P Triglycerides P
Race B -0.41 0.02 1.11 0.01 —24.25% 0.54
(-7.62 t0 6.79) (=5.33 to 7.59) (—46.46 to -2.05)
A\ -13.91* -13.70* -44.30
(-22.41 to -5.40) (-21.19 to -6.20) (=70.09 to -18.50)
O -28.00 —41.00 -18.00
(-96.36 to 40.36) (-101.20 to 19.20) (-226.70 to 190.70)
Sex M -12.49 0.25 -2.87 0.04 —84.89* 0.15
(=29.57 to 4.59) (=17.95 to 12.22) (-137.07 to =32.69)
F —29.04* -32.89* -19.99
(=53.48 to —4.61) (-54.40 to -11.38) (=94.58 to 54.60)
Sub- B,M 4.03 0.02 3.68 0.03 -19.24 0.04
group (=7.53 to 15.58) (=6.65 to -14.00) (=55.03 to 16.56)
B,F -4.86 -1.46 -29.27*
(-13.47 to 3.76) (-9.12 t0 6.29) (—=55.56 to -2.98)
W, M -23.50* -18.29* -80.90*
(-35.98 to -11.02) (-29.66 to —6.91) (=119.00 to —42.80)
W, F -4.31 -9.11 —7.69
(-15.87 to 7.24) (-18.87 to 0.66) (—42.48 to 27.09)

*Change significant at P = 0.05.

Values shown under each bioclinical variable are mean changes and 95% Cls of the variable resulting from the

intervention for each subgroup.

B, black; F, female; M, male; O, other; W, white.

ies may also take into account the
quality of patients’ psychological life,
as well as bioclinical variables such
as those recommended by the World
Health Organization.?*

Although some studies have
compared average outcome values
between a control group and an
intervention group using ANOVA,
this study compared outcome
measures before and after an inter-
vention for each participant using a
paired-sample test. There are some
differences between the two meth-
ods. First, it is necessary but difficult
to control the timing of measuring
values for patients in the control
group to match those of patients in
the intervention group; observations
made in 1 year cannot be compared
with those made in 3—4 months.
Second, when using ANOVA,
outliers can potentially inflate or
deflate group means, and the result
becomes dependent on the selection
of participants, rendering a random-

ized experiment design necessary.
Neither of these issues was properly
addressed in previous studies because
of the difficulty in implementing
such a design.

In contrast, when using a paired-
sample test, we compared patients
to themselves over time, and thus
the results are less sensitive to the
selection of participants. In particu-
lar, we tracked the change of each
outcome variable for each subject
at baseline and within 3—-6 months
after the intervention and then used
McNemar’s ¥ and paired sample ¢
tests to compute each participant’s
changes. In this way, excessive
improvement or deterioration in one
patient does not offset intervention
effects on others, and a significant
number of patients must show
improvement for the intervention to
be declared effective as a whole.

This study was conducted on
education programs in six primary
care sites within the Cleveland Clinic
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health care network and focused
equally on African-American
(60.5%) and white populations.

The subjects were demographically
representative of the population of
diabetes patients in metropolitan
areas in the United States. This study
found some significant moderat-

ing effects of race and sex on three
clinical outcomes, including total
cholesterol, LDL cholesterol, and
triglyceride levels. In particular, it
found that the intervention was effec-
tive for white and female patients

of all races in improving total and
LDL cholesterol and for African
Americans and male patients of all
races in improving triglycerides. This
finding may suggest why previ-

ous studies have been inconclusive
regarding the effectiveness of inter-
ventions. At the very least, it suggests
that future studies should pay atten-
tion to populations with different
ethnicities and cultural backgrounds.
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The study is also important to
future diabetes care practice because
of its applicability to patients in
typical U.S. metropolitan areas. It
has two direct applications. First,
its findings proving the benefits of
diabetes education beyond medi-
cal therapy will encourage patients
to participate in DSME programs.
Second, our results will inform the
development and design of future
diabetes intervention programs. As
we showed, the intervention helped
white patients and female patients,
but not African-American patients
and male patients, in reducing total
and LDL cholesterol. However,
the latter groups showed signifi-
cant improvements in triglycerides.
Therefore, future programs should
consider target bioclinical outcomes
and be tailored to participants’ race
and sex to improve effectiveness.

Finally, we recognize a limita-
tion of the study: we did not track
dropouts and analyze the effects of
dropouts on the findings. Among
the 1,000 patients referred to the
education program, 170 did not
participate, and among those who
did, only 380 finished three or four
sessions. The overall dropout rate
was ~ 60% of referred patients and
54% of those who initially partici-
pated. We did not survey the reasons
for no-shows or attrition. A lack
of involvement and support by the
team social workers might have
been a contributing factor. A recent
study® found that the most com-
monly cited reasons for dropping out
were scheduling conflicts, patients’
confidence in their own knowledge
and ability when managing their
diabetes, apathy towards diabetes
education, distance to the education
site, forgetfulness, regular physi-
cian consultations, low perceived
seriousness of diabetes, and lack of
familiarity with the program and its
services.

Note that the same limitation
existed in similar studies, and the
impact of dropouts is unclear. We
believe the impact is smaller in our
studies than that in other studies that
used ANOVA. Paired ¢ tests compare
patients to themselves over time,
whereas ANOVA compares patients
in different groups, and dropouts
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constitute a source of selection bias
by resulting in only compliant and
self-conscious patients in one group.
Of course, a further empirical study
is needed to quantify the potential
effects of dropouts. In particular,
evaluation of the following groups
is recommended: noncompliant
patients, patients who were not
referred to the education program,
and patients who successfully fin-
ished the program.
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