Original Article
Clinical Care/Education

Diabetes Metab J 2015;39:154-163
http://dx.doi.org/10.4093/dmj.2015.39.2.154
PpISSN 2233-6079 - eISSN 2233-6087

DIABETES & METABOLISM ngJ
@Ef?sskéér%f

Intensive Individualized Reinforcement Education Is
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Background: We investigated whether an intensive individualized reinforcement education program could influence the pre-
vention of hypoglycemic events in patients with type 2 diabetes.

Methods: From March 2013 to September 2013, patients aged 35 to 75 years with type 2 diabetes who had not previously partici-
pated in diabetes education, and treated with insulin or a sulfonylurea-containing regimen were included in the study. After
structured group education, the patients assigned to the intensive individualized education group (IT) were requested to visit for
reinforcement. All subjects in the IT were encouraged to self-manage dose adjustments. Participants in both groups (control
group [CG, group education only; n=22] and IT [n=24]) attended follow-up visits at 2, 8, 12, and 24 weeks. At each visit, all pa-
tients were asked whether they had experienced hypoglycemia.

Results: The total study population consisted of 20 men (43.5%; mean age and diabetic duration of 55.9+11.0 and 5.1 £7.3 years,
respectively). At 24 weeks, there were no significant differences in hemoglobin Alc values between the CG and IT. The total
number of hypoglycemic events per patient was 5.26+6.5 in the CG and 2.58+2.3 times in the IT (P=0.004). Adherence to life-
style modification including frequency of exercise, self-monitoring of blood glucose, or dietary habit was not significantly differ-
ent between the groups. However, adherence to hypoglycemia management, especially the dose adjustment of medication, was
significantly higher in the IT compared with the CG.

Conclusion: Compared with the structured group education, additional IT resulted in additional benefits in terms of avoidance
of hypoglycemia and treating hypoglycemia in patients with type 2 diabetes.
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INTRODUCTION

Glycemic control and treatment of diabetes should start with
lifestyle modification (LSM). Because self-care behaviors such
as exercise and dietary habits are recognized as important tools

for the maintenance of LSM, diabetes self-management educa-
tion (DSME) needs to be emphasized for patients with diabetes
[1]. The benefits of DSME have been demonstrated by a num-
ber of successful studies. DSME is associated with improved
diabetes knowledge and self-care behavior, improved clinical
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outcomes, a reduction in body weight, improved quality of life
(QOL), healthy coping, and lower health care costs [2-4]. Both
individual and group approaches have been found effective
[5,6]. Diabetic patients must receive standardized DSME at the
time of diagnosis and as needed thereafter [1,7]. In addition,
clinical practice guidelines recommend that DSME must be
provided by a certified educator who has received professional
training or by a multidisciplinary care team [8]. Because DSME
can result in cost-savings and improved outcomes, its cost
should be supported by a third-party payer [1,7].

Hypoglycemia is a major obstacle for patients with type 2 dia-
betes trying to achieve glycemic targets [9-11]. With a steadily
growing number of people with type 2 diabetes and the increased
use of insulin or hypoglycemic agents for strict glycemic control,
the number of diabetics with severe hypoglycemia is also increas-
ing [12]. The fear of hypoglycemia is usually a barrier towards in-
creasing the dosage of medication or initiating insulin treatment
for patients with diabetes, although their glycemic status is not
adequately controlled [13].

Previously, we investigated the long-term effectiveness of a
structured intensive diabetes education program (SIDEP) in
patients with type 2 diabetes [4]. We found that the SIDEP en-
couraged people with type 2 diabetes to attain better glycemic
control, as well as better physical activity and dietary and self-
monitoring of blood glucose (SMBG) habits. In general, a dia-
betes education program, including our group-based program,
covers the knowledge and coping with hypoglycemia; however,
whether our group education program could reduce the inci-
dence of hypoglycemia remains unknown.

Therefore, we investigated the effectiveness of reinforced di-
abetes education for the prevention of hypoglycemia in pa-
tients with type 2 diabetes. After our SIDEP was delivered, pa-
tients were randomly assigned to the control group (CG) or the
intensive individualized reinforcement education group (IT).
The number of symptomatic or asymptomatic hypoglycemic
episodes was the primary outcome. Glycemic control status,
self-care skills, and adherence to the LSM were also measured.

METHODS

Study subjects

Type 2 diabetics aged between 35 and 75 years old who had not
previously participated in a diabetes education course and been
treated with insulin or sulfonylurea-containing drugs were in-
cluded (n=55). Patients were excluded if they were older than
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75 years of age, mentally ill, unable to participate in the recom-
mended exercise program, suffered from alcoholism, had a
malignancy, or had any severe medical illness such as sepsis,
severe infection, or shock. The study protocol was approved by
the Institutional Review Board of The Catholic University of
Korea College of Medicine. Written informed consent was ob-
tained from all participants.

Intensive individualized reinforcement education program
Previously, we organized our own diabetes education program
based on the Dusseldorf study and the Diabetes Prevention
Program [14,15]. The program was designed as group educa-
tion consisting of five to 10 patients. Our education team was
composed of a diabetologist, a certified diabetes educator, a psy-
chiatrist, and a dietician. The curriculum consisted of 6, 40 min-
utes teaching units totaling 4 hours. The curriculum contents
were structured to provide an understanding of diabetes and
teach the SMBG and injection techniques, meal planning, phys-
ical activity, stress management, and sick day care with hypogly-
cemia management (Supplementary Table 1) [4]. During the
hypoglycemia session, a diabetes educator nurse introduced the
definition and symptoms of hypoglycemia and how to correct
hypoglycemia with a glucose supplement.

Fifty-five people with type 2 diabetes were enrolled and at-
tended the group program. After the group education, the pa-
tients were randomly assigned to a CG (group education only,
n=27) or a IT (n=28) using a random number table. The pa-
tients assigned to the IT returned after 1 week for intensive in-
dividual education. The IT program consisted of hypoglyce-
mia-specific lessons totaling 1 hour taught by a diabetes edu-
cator nurse. Key components of the IT program consisted of
four parts: (1) detection of hypoglycemia symptoms; (2) cor-
rect management and re-checking of blood glucose levels after
15 minutes of hypoglycemia treatment; (3) possible causes as
assessed by the patients themselves; and (4) dose adjustment
of insulin or oral medication (Supplementary Table 2) [16].
All subjects in the IT were encouraged to self-manage dose
adjustments. Their basal insulin dose titration was performed
according to the mean fasting glucose level for the previous
three consecutive days with the algorithm [17].

Both groups were followed up at 2, 8, 12, and 24 weeks after
education. All participants continued the usual treatment pro-
vided by physicians, were scheduled for regular follow-up vis-
its, and could contact our care team anytime by phone. Patients
were asked to perform a 4-point SMBG for 14 consecutive days
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before each visit and whenever they had hypoglycemia symp-
toms. At each visit, all patients were asked whether they had
experienced hypoglycemia (Fig. 1).

Measurements of clinical parameters and adherence to LSM
Hypertension was defined as a systolic blood pressure (BP) of at
least 140 mm Hg or a diastolic BP of at least 90 mm Hg or hav-
ing a history of treatment for hypertension. The body mass in-
dex (BMI) was calculated by the individual’s weight in kilograms
divided by the square of the individual’s height in meters.

Blood samples were obtained after a minimum fasting time
of 8 hours. Hemoglobin Alc (HbAlc) values were measured
using a high-performance liquid chromatography-723 G7 sys-
tem (Bio-Rad, Montreal, QC, Canada). Serum levels of fasting
glucose, total cholesterol (T'C), high-density lipoprotein cho-
lesterol (HDL-C), triglycerides, and low density lipoprotein
cholesterol (LDL-C) were measured enzymatically using an
automatic analyzer 7600 (Hitachi, Tokyo, Japan). Diabetic ne-
phropathy was defined as an albumin-creatinine ratio>30 mg/
g creatinine using a spot urine sample.

Adherence to LSM, dietary habits, physical activity, and the
frequency of SMBG was evaluated by the subjects completing
a questionnaire when they visited the hospital. Each parame-
ter was scored using a 5-point scale based on the average status
of the individual during the recent few days [4].

Measurement of hypoglycemia

At every visit, we evaluated the SMBG data and the number of
episodes of hypoglycemia. Hypoglycemia was defined as a
SMBG value <70 mg/dL with or without hypoglycemia symp-

Intensive
Intensive Education
group (IT)

toms [18]. If the subjects had hypoglycemic symptoms and a
glucose level check was not available, the participants were al-
lowed to eat a snack. If the hypoglycemic symptoms were re-
lieved with the snack, the event counted as hypoglycemia [18].
The cause of hypoglycemia was classified as (1) diet (delayed
or missed meal, eating less food in a meal than planned); (2)
exercise (unexpected or more vigorous exercise than usual);
(3) medication (no adjustment of medication in spite of lower
than normal glycemic range); and (4) others (concurrent ill-
ness, unknown cause).

Statistical analysis

Statistical analyses were performed using SAS version 9.2 (SAS
Institute, Cary, NC, USA). All values are presented as meanz+
standard deviation for continuous variables or number (%) for
categorical variables. Comparison of the CG and IT was per-
formed using an unpaired ¢-test, analysis of covariance, or a
chi-square test. Comparison within the groups was conducted
using a paired ¢-test. The SAS mixed procedure was used to an-
alyze the repeated measurements of hypoglycemic events for
evaluating the educational effects according to different time
intervals.

We used logistic regression analysis to test associations be-
tween the outcome (hypoglycemia episodes) and potential ex-
planatory variables after adjustment for the following prognos-
tic factors: sex, age, BMI, duration of diabetes, presence of hy-
pertension, diabetic retinopathy, or nephropathy, HbAlc, and
the use of insulin. The results are presented as an odds ratios
(ORs) and 95% confidence intervals (CIs). A P value of less
than 0.05 was considered statistically significant.

————)

0 W (group education) 2W
Control Hypoglycemia
group (CG) SMBG

8W 12W 24 W
Hypoglycemia Hypoglycemia Hypoglycemia
SMBG SMBG SMBG

HbAlc HbAlc
Adherence to

diet & exercise

Fig. 1. Summary of the study design. SMBG, self-monitoring of blood glucose; HbA1c, hemoglobin Alc.
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RESULTS

Clinical characteristics

After randomization, there were no differences between the
CG and IT in age (P=0.282), diabetic duration (P=0.125),
baseline HbAlc (P=0.824), and sex ratio (P=0.107). Within
the total population (n=55), 24 subjects in the IT and 22 sub-
jects in the CG completed the follow-up at 24 weeks (follow-up
loss, n=7 [CG, 5; IT, 2]; drop-out, n=2 [IT]). The participants’
mean age was 55.9+11.0 years. 43.5% were men, and the mean
diabetic duration was 5.1+7.3 years. The average HbAlc level

Table 1. Baseline characteristics of the study participants

Control group Intensive group Pvalue

Characteristic (n=22) (n=24)
Age, yr 56.6+£11.9 55.3+10.3 0.703
Male sex 12 (54.5) 8(333)  0.147
Duration of diabetes, yr 6.7+8.6 3.7+5.7 0.161
Body weight, kg 63.4+12.0 60.9+10.6  0.449
Body mass index, kg/m? 24.6+3.9 23.7+2.9 0.349
Hypertension 11 (50.0) 8(33.3) 0.251
Education (=high school) 14 (63.7) 11 (45.8) 0.599
Occupation 9 (40.9) 9 (37.5) 0.813
Alcohol 8(36.4) 3(12.5) 0.058
Smoking 4(18.2) 3(125) 0592
Retinopathy 5(22.7) 7(29.2) 0.619
Nephropathy 2(9.1) 3(12.5) 0.711
Diabetes treatment
Oral agents only 5(22.7) 11 (45.8) 0.091
Insulin+oral agents 17 (77.3) 13 (54.2) 0.210
Daily insulin dose, U/kg 0.57+0.23 0.62+0.16 0.328
Laboratory data
Fasting glucose, mg/dL ~ 249.3+73.5 201.0+63.5 0.023
Creatinine, mg/dL 0.81+0.3 0.71+£0.2 0.137
Total cholesterol, mg/dL  176.7+41.6 208.0+49.9 0.026
Triglyceride, mg/dL 126.1£58.4 145.0+64.4 0.306
HDL-C, mg/dL 42.0+13.0 43.5+£9.7 0.668
LDL-C, mg/dL 107.0£42.0 129.0£49.3 0.118
HbAlc, % 11.3+2.3 10.2+2.5 0.113
ACR (pg/g creatinine) 34.1+75.6 49.8+129.9  0.677

Values are presented as mean +standard deviation or number (%).
HDL-G, high density lipoprotein cholesterol; LDL-C, low density li-
poprotein cholesterol; HbAlc, hemoglobin Alc; ACR, albumin-cre-
atinine ratio.
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was 10.7%*2.5%. Regarding the baseline clinical characteris-
tics that were determined (n=46), there were no significant
differences between the CG and IT, except for fasting plasma
glucose and TC levels (Table 1).

Table 2. Effect of intensive education at follow-up

Control group  Intensive group ,

Variable (n=22) (n=24)
Body weight, kg 65.6%12.0 629+121 0319
A body weight (%) 2.78+7.1 2.87+7.0 0.520
Insulin dose, U/kg 0.63+1.5 0.72+1.7 0.178
Discontinued insulin 5(22.7) 10 (41.7) 0.010
Adherence to LSM
(score =4)*
Diet 15 (68.1) 20(834)  0.451
SMBG 17(77.2) 20 (83.3) 0.733
Exercise 14 (63.6) 16 (66.7) 0.732
Laboratory data
Fasting glucose, mg/dL  131.7+41.6 134.8+40.2 0.816
Creatinine, mg/dL 0.85+0.3 0.75+£0.2 0.193
Total cholesterol, mg/dL.  158.3+35.8 177.0+57.0 0.367
Triglyceride, mg/dL 134.3+73.8 130.6+74.4 0.132
HDL-C, mg/dL 46.7+9.6 44.4+10.6 0.489
LDL-C, mg/dL 87.6+£27.8 106.4+47.7 0.453
HbAlc, % at 12 wk 7.81+£1.7 7.29+1.6 0.449
HbAlc, % at 24 wk 7.16x£1.5 7.24+1.5 0.802

Values are presented as mean+standard deviation or number (%).
The differences of body weight, insulin dose, fasting glucose, creati-
nine, lipid profile, and HbA1lc between the control group (CG) and
intensive (IT) groups at 24 weeks were analyzed by analysis of covari-
ance (age, diabetic duration, fasting glucose, and total cholesterol
were adjusted).

LSM, lifestyle modification; SMBG, self-monitoring of blood glucose;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density li-
poprotein cholesterol; HbA1lc, hemoglobin Alc.

“The scoring system was as followings: dietary habits (“How well do
you follow your recommended meal plan?”) (1) irregular diet with
unlimited snacks; (2) irregular with intermittent snacks; (3) appro-
priate calories, regular diet with some snacks; (4) regular accurate
calories, but few snacks; (5) tightly controlled, with no intermittent
snacks. Physical activity (“How often do you undertake at least 20
minutes of physical activity, equivalent in intensity to brisk walk-
ing?”) (1) never; (2) <30 minutes per week (weekly); (3) <60 minutes
per week (1 to 2 times per week); (4) <120 minutes per week (3 to 4
times per week); (5) daily, >150 minutes per week. SMBG frequency
(“How often do you check your glucose levels?”) (1) never; (2)
monthly; (3) weekly; (4) 3 to 4 times per week; (5) daily.
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Effect of intensive education on glycemic control and LSM
At the 24 weeks follow-up visit, we observed significant improve-
ments in HbAlc in the CG (0 week vs. 24 weeks, 11.3%+2.3%
vs. 7.16%+1.5%, P<0.001) and the IT (0 week vs. 24 weeks,
10.2%+2.5% vs. 7.24%+1.5%, P<0.001). However, no signifi-
cant difference was found between the CG and IT at 24 weeks
(CGvs. IT, P=0.802) (Table 2). In addition, there were no signifi-
cant differences between the CG and IT in body weight and
LDL-C level at 24 weeks (Table 2).

Adherence to their self-care behavior, including the frequen-
cy of SMBG, physical activity, and dietary habits, was investi-
gated using a 5-point scale. At 24 weeks, the scores greater than
four were not different between the IT and CG for all three
items (Table 2).

Effect of intensive education on the hypoglycemic events

At 24 weeks, hypoglycemia developed 121 times in the CG and
62 times in the IT. The 87.0% of patients in the CG and 70.8% of
patients in IT experienced hypoglycemia. Total hypoglycemic
events per patient during the observation period were 5.26+6.5
events in the CG and 2.58 +2.3 events in the IT (P=0.004).

Episodes per patient

25
)
2
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Z 15
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=
3
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& -u IT
jan)

0 1 1 1 1

2 8 12 24
Week

Overall, the number of hypoglycemic events was significant-
ly higher in the CG compared with the IT (P=0.002), and the
difference in the mean number of hypoglycemic events be-
tween the two groups was consistent across the four time peri-
ods (P for interaction=0.674). At 12 weeks, however, hypogly-
cemic events per patient were significantly increased in the CG
compared with those in the IT (P=0.007) (Fig. 2A). The num-
ber of patients who discontinued insulin use was higher in the
IT compared with those in the CG (41.7% vs. 22.7%, P=0.010).
However, no difference was detected in the daily insulin dose
between the groups at follow-up (Table 2). The percentage of
patients who were treated with insulin was decreased in both
groups (CG vs. IT, 77.3% vs. 54.2% at baseline, P=0.210; 36.4%
vs. 12.5% at 24 weeks, P=0.060).

The cause of hypoglycemia was significantly different between
the groups (P=0.029) (Fig. 2B). Approximately half of all hypo-
glycemic episodes were preceded by meal-related events before
breakfast in the CG. However, unexpected or more vigorous ex-
ercise than usual was the most common antecedent of hypogly-
cemia in the IT.

At 24 weeks, hypoglycemia management skills, such as de-

Bl Diet

B Excercise

B Medication
Others

(5]

Fig. 2. The number of hypoglycemic events per patient at each time point and causes of hypoglycemia. (A) Episodes of hypogly-
cemia per patient were significantly lower in the intensive group (IT) compared with the control group (CG) (P=0.002), and the
difference in the mean number of hypoglycemic events between the two groups was consistent across each time point (P for in-
teraction=0.674). At 12 weeks, however, hypoglycemic events per patient were significantly higher in the CG. (B) The causes of
hypoglycemia were significantly different between the groups (P=0.029). The cause of hypoglycemia was classified as (1) diet
(delayed or missed meal, eating less food in a meal than planned); (2) exercise (unexpected or more vigorous exercise than usu-
al); (3) medication (no adjustment of medication in spite of lower than normal glycemic range); (4) others (concurrent illness,
unknown cause). *P<0.05 vs. IT.
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100

B CG

mIT

Patients (%)

SMBG  Snackintake Re-checking Dose adjustment

blood glucose

Fig. 3. Adherence to hypoglycemia management at 24 weeks.
The percentage of patients with good compliance to hypogly-
cemia management was significantly higher in the intensive
group (IT). SMBG, self-monitoring of blood glucose. *P<0.05
vs. control group (CG).

Table 4. Logistic regression analysis for potential risk factors
of frequent hypoglycemic events (=5 events) among study
subjects

Risk factor OR (95% CI) Pvalue
Male sex 2.43(0.38-15.35) 0.346
Age, yr 0.95 (0.86-1.06) 0.355
Body mass index 0.89 (0.69-1.15) 0.380
Diabetic duration, yr 1.10 (0.96-1.26) 0.156
Hypertension (yes) 0.77 (0.08-7.30) 0.818
HbAlc (per 1% increase) 0.82 (0.56-1.19) 0.299
Insulin treatment (yes) 0.18 (0.02-1.52) 0.166
Intensive education (yes) 0.13 (0.02-0.74) 0.022
Diabetic complications 2.11 (0.26-17.10) 0.486

OR, odds ratio; CI, confidence interval; HbAlc, hemoglobin Alc.

tection of hypoglycemia symptoms by SMBG, correct manage-
ment with a snack, re-checking blood glucose levels after 15
minutes, and dose adjustment of insulin or oral medication by
schedule, were assessed. The percentage of patients who ad-
hered to hypoglycemia management, especially re-checking
blood glucose and adjusting the dose of their medication, was
significantly higher in the IT compared with the CG (Fig. 3).

Effect of intensive reinforcement on frequency of
hypoglycemia

We divided our patients according to the frequency of hypogly-
cemia. We compared the clinical characteristics of the subjects
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Table 3. Clinical characteristics according to the frequency of
hypoglycemia

<5 times >5 times

Characteristic (n=30) (n=16) Pvalue
Age, yr 55.0+104 57.8+12.2 0.419
Male sex 13 (43.3) 7(438) 0978
Intensive education 20 (66.7) 4(25.0) 0.007
Diabetes duration 5.2+7.5 5.1+7.3 0.964
Body weight, kg 626120 612499  0.692
Insulin treatment at baseline 16 (53.3) 14 (87.5)  0.020
Daily insulin dose, U/kg 0.63£0.2  0.66+0.2 0.790
Hypertension 11 (36.7) 8(50.0) 0.382
Alcohol 7(23.3) 4(25.0)  0.900
Smoking 4(13.3) 3(18.8) 0.626
Occupation 13 (43.3) 5(31.3) 0.424
Retinopathy 9(30.0) 3(18.8) 0.408
Nephropathy 4(13.3) 1(6.3) 0.462
LSM at 24 wk (score >4)
Diet habit (score >4) 23 (76.7) 12 (75.0)  0.475
SMBG (score >4) 24(80.0)  13(81.3) 0.431
Exercise (score >4) 19 (63.3) 11(68.8) 0.892
HbA1c at baseline, % 10.2+2.5 11.8+2.2 0.038
HbAlc at 24 wk, % 7.42+1.5 6.80+1.5 0.193
AHbA1c, % 34+2.6 3.7+3.2 0.694
Hypoglycemia management, %
SMBG 70.0 87.5 0.209
Snack 85.0 93.8 0.406
Re-check 30.0 18.8 0.018
Dose adjustment 52.0 18.8 0.004

Values are presented as mean +standard deviation or number (%).
LSM, lifestyle modification; SMBG, self-monitoring of blood glucose;
HbA1c, hemoglobin Alc.

who experienced hypoglycemia <5 times and >5 times. The
patients who experienced hypoglycemia >5 times had signifi-
cantly higher baseline HbA1c levels (P=0.038) and were more
frequently treated with insulin (P=0.020). In patients who ex-
perienced hypoglycemia <5 times, 66.7% experienced inten-
sive education, but only 25.0% of those who experienced hypo-
glycemia >5 times had intensive education (Table 3). Of note,
the percent of patients who adhered to hypoglycemia manage-
ment, such as re-checking blood glucose and adjusting the dose
of medication, was significantly higher in patients who experi-
enced hypoglycemia <5 times compared with those who expe-
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rienced hypoglycemia >5 times (Table 3).

Table 4 shows the association of various risk factors with the
frequency of hypoglycemic events. After adjusting for age, sex,
diabetic duration, presence of hypertension or diabetic compli-
cations, insulin use, and HbAc level, intensive education for
hypoglycemia management was associated with the lower inci-
dence of hypoglycemic events (OR, 0.13; 95% CI, 0.02 to 0.74;
P=0.022) (Table 4).

DISCUSSION

In this study, we investigated the effectiveness of intensive in-
dividualized diabetes education for the prevention of hypogly-
cemia in patients with type 2 diabetes. Hypoglycemic episodes
were significantly decreased in patients with intensive individ-
ualized reinforcement compared with those with structured
diabetes group education only. Of note, educating individuals
about adjusting the dose of their medication after hypoglyce-
mia seems to have been important for the prevention of recur-
rent hypoglycemia.

Diabetes education is an initial and essential step for diabetes
care. Recently, care of diabetes has shifted to an approach that is
more patient centered. In a shared decision-making approach,
clinicians, and patients act as partners, and patients are involved
in the decision making [19]. In addition, DSME has changed
from a didactic approach focused on providing information to a
more theoretically based empowerment model that focuses on
helping those with diabetes make informed self-management
decisions [1]. Therefore, individualized, interactive, and rein-
forcement of diabetic education would be more helpful for pa-
tients with diabetes than simple group lessons.

Hypoglycemia is a well-known acute complication of diabe-
tes treatment and is considered a main barrier to achieving gly-
cemic goals in patients with type 2 diabetes [20-22]. When em-
phasizing the importance of strict glycemic control for the pre-
vention of diabetic vascular complications, the risk for devel-
oping hypoglycemia increased [10,11]. Older age, longer dia-
betic duration, and the presence of microvascular complica-
tions are known risk factors for severe hypoglycemia [23,24].
Detecting high risk populations early and providing specialized
diabetic education might reduce the incidence of hypoglycemic
events in patients with type 2 diabetes.

There are some clinical studies, mostly in type 1 diabetics,
showing the effect of diabetes education on the development of
hypoglycemia. A new education program for treating diabetic

160

patients with hypoglycemia problems (HyPOS) aimed to avoid
hypoglycemia by optimizing insulin therapy for type 1 diabet-
ics [16]. When compared with a CG, hypoglycemia awareness
significantly improved HyPOS after a 6-month follow-up peri-
od. Additionally, blood glucose awareness training (BGAT)
was a psychoeducational programmatic intervention designed
to improve the accuracy of patients’ detection and interpreta-
tion of relevant blood glucose symptoms. BGAT led to a signif-
icant improvement in the detection of low and high blood glu-
cose levels [25]. The dose adjustment for normal eating (DAF-
NE) trial was a course that taught flexible intensive insulin
treatment combined with dietary freedom and insulin adjust-
ment in type 1 diabetics in the United Kingdom [26]. Despite
an increase in the number of insulin injections and encourage-
ment to increase glucose monitoring, HbAlc was significantly
improved without an increased risk of hypoglycemia in the
DAFNE group compared with the CG. Therefore, diabetic edu-
cation per se is an effective tool for the treatment of hypoglyce-
mia in patients with type 1 diabetes. However, the effect of
structured education on the prevention of hypoglycemia in pa-
tients with type 2 diabetes has not been well studied.

In our present study, we performed a specialized individual-
ized reinforcement education program on hypoglycemia man-
agement after structured group education for patients with type
2 diabetes. Subjects in the IT were taught hypoglycemia man-
agement skills including frequent SMBG, glucose supplementa-
tion, re-checking of blood glucose after hypoglycemic episodes,
and adjusting the dose of their medication. There were no dif-
ferences in the adherence to self-care behaviors and glycemic
improvement between the groups; however, hypoglycemic
events were remarkably decreased after reinforcement educa-
tion. We found that our program significantly improved the
management skills for hypoglycemic symptoms and dose ad-
justment according to fasting glucose levels. The percentage of
patients with adherence to hypoglycemia management was sig-
nificantly higher in patients who experienced hypoglycemia less
frequently. Therefore, in spite of a significant improvement in
glycemic control and LSM with a structured group education
program, we found that reinforcement of hypoglycemia man-
agement and dose adjustment skills would be additional bene-
fits for the prevention of hypoglycemia in patients with type 2
diabetes.

There are some limitations in our study. Our study popula-
tion included a small number of subjects, and the length of fol-
low-up was only 6 months. We did not perform a QOL assess-
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ment related to hypoglycemia management. If hypoglycemic
events were reduced with a hypoglycemia management pro-
gram by patients themselves, we believe that the fear or anxi-
ety for hypoglycemia would be decreased, and compliance to
their diabetic medication or QOL would be much improved.

In summary, compared with the control (group education)
group, intensive education for hypoglycemia provided addi-
tional benefits in terms of avoiding and managing hypoglyce-
mia in patients with type 2 diabetes. Skill training in dose ad-
justment seemed to be a preferential target. Like an individu-
alized glycemic goal according to one’s individual clinical situ-
ation, the education curriculum should be individualized, or
reinforcement should be focused on particular patient groups
for the prevention of hypoglycemia. In the future, practical
guidelines for the selection of high risk patients, a specific edu-
cation program, and reinforcement are needed.
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Supplementary Table 1. Group education program for both the intensive and control groups

dm]

Lesson Title Educator Time, min
1 About diabetes, glycemic goal, diabetic complication Endocrinologist 40
2 SMBG, insulin use, hypoglycemia (understanding and detecting, management with carbohydrate) Educator nurse 40
3 Diet therapy Dietician 40
4 Lunch buffet Dietician 40
5 Exercise and foot care Educator nurse 40
6 Stress management Psychiatrist 40

Supplementary Table 2. Education program for the intensive
individualized education group by educator nurse

Lesson Title Time, min
1 Understanding of hypoglycemia 5
2 Detection of hypoglycemia symptoms 10
3 Correct management and re-checking blood 15
glucose after 15 min
4 Assessment of possible causes 15
Dose adjustment of medication by schedule 15
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