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Objective. The purpose of this study
was to evaluate glycemic control
as measured by A1C during a
2-year period after patients received
diabetes self-management education (DSME).
Methods. Patients who completed
DSME in 2009 and received medical
follow-up with A1C measurements
for at least 2 years after DSME were
included in the evaluation. Primary
endpoints were changes in A1C
from before to immediately after, 1
year after, and 2 years after DSME.
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Secondary outcomes
included the
Glycemic Teams
effects of the following factors on
change in A1C: sex, duration of diabetes, uncontrolled diabetes (A1C ≥
9%), health insurance coverage, and
self-reported education level.
Results. Forty-three patients were
included in the evaluation. Mean
A1C before DSME was 10.2 ± 3.7%.

Mean A1C after DSME was 7.8 ±
2.2% (P < 0.0001), a 23.5% reduction. Mean A1C at 1 and 2 years
after DSME was 7.8 ± 2.1% for each
year and remained unchanged from
just after DSME to 1 and 2 years
after DSME (P > 0.05). Patients with
a duration of diabetes of < 1 year had
a significantly greater reduction in
mean A1C than those with a duration of diabetes ≥ 1 year (28.7 and
20.2%, respectively, P = 0.001).
Conclusion. DSME improved glycemic control to a substantial degree,
and the effect was sustained for up
to 2 years. Although the reduction in
A1C was significant for all patients
receiving DSME, there was a significantly greater reduction for patients
who had a duration of diabetes of < 1
year than for those with a duration
of diabetes > 1 year.

Diabetes and its complications
are a significant health burden in
the United States. According to the
Centers for Disease Control and
Prevention, ~ 26 million people, or
8.3% of the U.S. population, are
affected by diabetes.1 The lifetime
risk of type 2 diabetes is now more
than one in three in the general U.S.
population.2 The American Diabetes
Association (ADA) recommends that
people with diabetes maintain an
A1C of < 7% to prevent the complications associated with diabetes.3
To achieve this, the ADA recognizes
diabetes self-management education
(DSME) as crucial to the management of diabetes and improvement
of patient outcomes.3 DSME, as
defined by the National Standards
for Diabetes Self-Management

Education, is “the ongoing process
of facilitating the knowledge, skill,
and ability necessary for diabetes
self-care.”4 This process, utilizing evidence-based standards and
population-based medicine, incorporates the needs and life experiences
of people with diabetes.
There are a multitude of methods
for delivering diabetes education
and teaching self-management skills.
The Task Force for the National
Standards of DSME does not endorse
a particular education program
or approach. One of the guiding
principles identified by the task force
recognizes that there is not a single
best method. However, the principle
does acknowledge that incorporating behavioral and psychosocial
strategies demonstrates improved
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sured by A1C during a 2-year period
after patients received DSME.
Patients and Methods
A retrospective evaluation of
patients attending DSME in 2009
was approved by the University of
Tennessee Health Science Center
institutional review board and
Regional One Health. The requirement for informed consent was
waived. The DSME program is
located in the outpatient center of
Regional One Health and is recognized by the ADA. Education is
provided in two class sessions for a
total of 10 hours of instruction. This
comprehensive program incorporates the American Association of
Diabetes Educators’ AADE7 SelfCare Behaviors,3 which include
healthy eating, being active,
monitoring blood glucose, taking
medication, problem-solving, reducing risks, and healthy coping. The
diabetes education team is multidisciplinary, consisting of pharmacists,
a nurse, and a dietitian.
Patients who attended DSME
in 2009 were identified through an
electronic diabetes education database. Only patients who completed
DSME in 2009 and received medical
follow-up and A1C measurements
for at least 2 years after DSME were
included. Medical management,
including medications, during the
2-year period was at the discretion of
the treating physician, although care
was relatively consistent in this group
practice model. Baseline demographic information, self-reported
education level, health insurance
coverage, duration of diabetes,
and A1C values before, immediately after, and 1 and 2 years after
DSME were collected. Pre-DSME
A1C values were defined as being
obtained within 3 months before
DSME. Immediately post-DSME
A1C values were defined as being
obtained within 4–to 6 months after
attending the DSME program. The
primary endpoints were the changes
in A1C from before to immediately
after, 1 year after, and 2 years after
DSME. The number of patients who
achieved an A1C treatment goal of
< 7% before DSME and throughout the study period was evaluated.
Secondary outcomes included the
Diabetes Spectrum Volume 27, Number 3, 2014

effects of the following factors on the
change in A1C: sex, duration of diabetes, uncontrolled diabetes (A1C ≥
9%), health insurance coverage, and
self-reported education level.
SAS 9.3 (SAS Institute, Cary,
N.C.) was used for data and statistical analyses. Repeated-measures
analysis of variance was used to
evaluate differences in A1C during
the study period and a paired t test
was used to determine significance
between time points. The Bonferroni
correction was applied to adjust for
multiple comparisons. Participants
were stratified into two groups based
on duration of diabetes defined as
diagnosis < 1 year and ≥ 1 year. The
participants were further analyzed
for differences in sex, self-reported
education level, health insurance
coverage, uncontrolled diabetes
at baseline, and attainment and
maintenance of the A1C treatment
goal of < 7%. A χ2 test was used for
categorical data in the subgroup
analyses. Unless otherwise stated,
P < 0.05 was considered statistically significant.
Study Results
A total of 133 patients attended
DSME in 2009. Ninety-two (69%)
had pre- and post-DSME A1C
measurements. Sixty-three of the 92
patients (68%) returned for medical
follow-up and had an A1C measured
1 year after DSME. Forty-three of
the 63 patients (68%) returned for
medical follow-up and had an A1C
measured at both 1 and 2 years after
DSME. These 43 patients became
the final study population evaluated.
Demographic characteristics are
outlined in Table 1. The majority
of patients were African-American
women with type 2 diabetes. Patients
were generally > 50 years of age and
had health insurance.
For the overall group, mean A1C
before DSME was 10.2 ± 3.7%,
which decreased to 7.8 ± 2.2%
immediately after the DSME program (P < 0.0001). This represented
a 23.5% A1C reduction (decrease of
2.4 ± 3.3) from the pre-DSME A1C.
Mean A1C 1 and 2 years after the
DSME program were 7.8 ± 2.1% for
each year and remained unchanged
from immediately after the DSME
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outcomes, as does incorporating culturally and age-appropriate strategies
used in a group setting.4
A large number of studies,
including randomized, controlled
trials (RCTs), support the efficacy
of DSME. Improved outcomes have
been reported for educational interventions that occurred over extended
periods of time and included followup support.3,5,6 A meta-analysis of
18 RCTs published between 1966
and 1999 found a significant decline
of 0.43% in mean A1C at a median
follow-up time of 6 months.7 By
contrast, another meta-analysis
of 31 RCTs published between
1980 and 1999 reported a mean
A1C reduction of 0.76% immediately after education; however,
this significant reduction was not
sustained in the following 15 months
(0.26% reduction).8 To examine as
broadly as possible the efficacy of
DSME, both of these meta-analyses
included interventions in all settings.
Interventions varied by provider type
(e.g., physicians, nurses, dietitians,
and pharmacists), individual or
group-based education, duration,
and intensity. A third review of 11
studies from 1988 to 2002 involving
1,532 patients assessed the effects
of group-based training in people
with type 2 diabetes from 4 to 24
months after the educational intervention. The results were significant
A1C reductions of 1.4% at 4–6
months, 0.8% at 12–14 months in 6
trials, and 1% at 2 years in 1 trial.9
Another study demonstrated a 0.5%
improvement in A1C at 12 months,
which was sustained at 36 months in
the more intensive education group.6
Although diabetes education is
recognized as being effective, there is
limited information about the maintenance of improved glycemic control
over time after education. This
maintenance of control is essential
in preventing devastating long-term
complications of diabetes. Some
studies have suggested that ongoing educational reinforcement may
be needed to sustain control.5,10,11
However, it is unclear whether additional education would be beneficial
and, if so, at what time points. Thus,
the purpose of this study was to
evaluate glycemic control as mea-

Feature Article / Nicoll et al.

Diabetes Spectrum Volume 27, Number 3, 2014

ment for 2 years after DSME. Patient
groups with a diabetes duration of
< 1 year and ≥ 1 year both had significant improvements in A1C after
DSME. Although patients with diabetes for ≥ 1 year maintained their
post-DSME A1C improvements,
their post-intervention A1C was not
at goal (< 7%). By contrast, the group
with diabetes for < 1 year maintained
improved glycemic control and consistently met the goal A1C of < 7%
after education. These results suggest
that, despite attainment of similar
A1C reductions in patients with a
baseline A1C ≥ 9%, this group may
need ongoing interventions to ensure
that their self-management strategies
will continue and result in an ongoing A1C decline to meet a goal A1C
of < 7%. Our results also suggest
that earlier education interventions
have a long-term impact in helping
patients control their diabetes and
attain a goal A1C of < 7%.
The most recent estimates from
the National Health and Nutrition
Examination Survey indicate that
~ 53% of adults achieve an A1C of
< 7%.12 The patient population that
maintained follow-up through the
study period nearly met the national
average after DSME. Before diabetes
education, only 21% of patients in the
study had an A1C at the goal of < 7%;
this number increased to 49% after
education.
The significant improvement
in mean A1C of 2.4 ± 3.3% seen
throughout the study is a much
greater improvement than the results
found in earlier meta-analyses and
reviews.7–9 This reduction reaches
a noteworthy threshold for diabetes care, but the results may have
limited external validity. The high
attrition rate may have produced
biased results. Patient demographics
changed from baseline to the end of
the 2-year study period as the sample
size decreased by 53%. Although
these changes were not statistically
significant, a greater number of
female patients with health insurance
maintained follow-up throughout the
study period. The 43 patients who
maintained follow-up might represent patients who are more likely to
meet disease goals from the outset.
The high attrition rate could be the
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larger reduction in mean A1C immediately after DSME from 13.0 ± 3.0
to 8.7 ± 2.6% (P < 0.0001). This
represents a 33.1% reduction. Patients
Characteristic
with a pre-DSME A1C < 9% had a
Age (mean years ± SD) 52 ± 11
smaller decrease in mean A1C immediately after DSME from 7.2 ± 1.0 to
Sex (n [%])
6.8 ± 0.8% (a reduction of 5.6%,
Male
16 (37)
P = NS). Mean A1C at 1 and 2 years
Female
27 (63)
after DSME, although similar to
Race (n [%])
A1C levels immediately after DSME
African-American
40 (93)
in both groups, remained signifiCaucasian
3 (7)
cantly higher in patients whose A1C
was ≥ 9% at baseline (P ≤ 0.0001).
Education level (mean 11 ± 2.6
There were no differences with
years ± SD)
regard to sex or self-reported eduDiabetes type (n [%])
cational level in the change in mean
Type 1
1 (2)
A1C during the study period. Mean
Type 2
42 (98)
pre-DSME A1C was significantly
higher in patients without health
Duration of diabetes
insurance coverage (12.2 ± 4.5%)
before DSME (n [%])
than in those with health insur< 1 year
20 (47)
ance (9.5 ± 3.2%, P = 0.0323), but
≥ 1 year
23 (53)
both groups experienced significant
Insurance status
reductions in A1C immediately after
(n [%])
DSME (7.6 ± 1.5 and 7.3 ± 2.4%,
Insured
32 (74)
respectively, P ≤ 0.0001).
Uninsured
11 (26)
Only nine patients (21%) had
achieved the ADA-recommended
program to 1 and 2 years after
A1C goal
of < 7% before DSME.
Feature
Article / Glycemic Control After
Diabetes
(P = NS).
This increased to 21 patients (49%)
Self-Management
Education
Subgroup analysis
of the change
immediately after DSME and
in mean A1C throughout the study
remained constant at 20 patients
period is shown in Table 2. Patients
(47%) and 19 patients (44%) over the
were stratified by their duration of
next 2 years (P = 0.03).
diabetes. Patients with diabetes for
≥ 1 year had a higher pre-DSME
Discussion
A1C than those with a diabetes
Although other studies have conduration of < 1 year (10.9 ± 4.0 vs.
firmed the benefit of DSME on
9.4 ± 3.2%). However, this was not
initial diabetes control, this study
statistically significant. Mean A1C
was conducted because previous
immediately after the DSME propublications had not definitively
gram was 8.7 ± 2.4% for patients
established the sustainability of
with diabetes ≥ 1 year compared to
DSME in improving glycemic control
6.7 ± 1.3% for patients with a diabeduring an extended period. In two
tes duration of < 1 year.
small studies, A1C reductions of
There was a significantly greater
0.5–1% at 2–3 years were demonreduction in A1C for patients with
strated, but benefit at 3 years was
diabetes < 1 year, with a mean
only attained in the intensive interdecrease in A1C of 2.7 percentage
vention group.6,9
points (28.7% decrease) compared
Our findings indicate that a comto 2.2 percentage points (20.2%
prehensive, multidisciplinary DSME
decrease) with diabetes ≥ 1 year
program significantly improved gly(P = 0.001). These reductions in
cemic control by achieving a 23.5%
mean A1C remained constant for the
reduction in A1C from 10.2%
following 2 years but were signifibefore DSME to 7.8% through the
cantly lower in patients with diabetes remainder of the study period. At
< 1 year (P = 0.004).
the study conclusion, nearly one-half
Patients were stratified by a preof patients were at the goal A1C of
DSME A1C < 9% or ≥ 9%. Patients
< 7%. Importantly, the majority of
with a pre-DSME A1C ≥ 9% had a
patients maintained A1C improve-

Table 1. Baseline Patient
Characteristics (n = 43)
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Table 2. Mean A1C Before, Immediately After, 1 Year After, and 2 Years After DSME
Pre-DSME

Immediately
Post-DSME

1 Year
Post-DSME

2 Years
Post-DSME

10.2 ± 3.7

7.8 ± 2.2*

7.8 ± 2.1*

7.8 ± 2.1*

Male (n = 16)

11.2 ± 4.6

7.1 ± 1.4*

7.7 ± 2.2*

7.3 ± 1.9*

Female (n = 27)

9.5 ± 3.0

8.2 ± 2.4*

7.8 ± 2.1*

8.1 ± 2.1*

Diabetes < 1 year (n = 20)

9.3 ± 3.2

6.7 ± 1.0*†

6.8 ± 1.1*†

6.9 ± 1.7*†

Diabetes ≥ 1 year (n = 23)

10.9 ± 4.0

8.7 ± 2.4*

8.6 ± 2.4*

8.6 ± 2.0*

Education < 12 years (n = 19)

9.4 ± 3.2

7.7 ± 2.5

7.4 ± 1.9*

7.6 ± 2.1*

Education ≥ 12 years (n = 24)

10.7 ± 4.1

7.8 ± 1.9*

8.1 ± 2.4*

7.9 ± 2.1*

Insured (n = 32)

9. 5 ± 3.2†

7.8 ± 2.4*

7.6 ± 1.9*

7.8 ± 2.1*

Uninsured (n = 11)

12.2 ± 4.5

7.6 ± 1.5*

8.3 ± 2.6*

7.8 ± 2.1*

Patients with pre-DSME
A1C < 9% (n = 21)

7.2 ± 1.0†

6.8 ± 0.8†

6.8 ± 0.9†

6.9 ± 1.6†

Patients with pre-DSME
A1C ≥ 9% (n = 22)

13.0 ± 3.0

8.7 ± 2.6*

8.7 ± 2.5*

8.7 ± 2.1*

All patients (n = 43)
Subgroups:

result of multiple factors, including
moving from the geographical area,
changes in health care providers,
nonadherence, or changes in health
insurance coverage.
The benefits of A1C reduction have been well established in
people with type 2 diabetes, who
are at elevated risk for a number of
serious health problems. The U.K.
Prospective Diabetes Study demonstrated that a 1% reduction in A1C
was associated with a 21% decrease
in diabetes-related endpoints, an
18% decrease in combined fatal
and nonfatal myocardial infarction,
a 12% decrease in stroke, a 37%
decrease in microvascular endpoints,
a 25% reduction in diabetes-related
deaths, and a 7% reduction in allcause mortality.13 The magnitude
of the A1C reduction in this study
210

suggests the possibility of similar
benefits over time. Our individualized, focused DSME program
attained remarkable results demonstrating sustained efficacy.
Conclusion
DSME improved glycemic control to
a substantial degree, and the effect
was sustained for up to 2 years.
Before undertaking this study, there
was a question as to whether patients
reach a time point beyond diabetes
education at which they begin to lose
the maximal benefits of DSME and
would gain from additional education or a refresher course. It appears
that patients who were diagnosed
with diabetes for ≥ 1 year before
DSME do not have as significant a
reduction in A1C as patients with
diabetes for < 1 year, and their A1C
Diabetes Spectrum Volume 27, Number 3, 2014

remained higher for 2 years. These
patients may benefit from additional
education.
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