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Background: In Korea, the costs associated with self-monitoring of blood glucose (SMBG) for patients with type 2 diabetes mellitus (T2DM) under insulin treatment have been reimbursed since November 2015. We investigated whether this new reimbursement program for SMBG has improved the glycemic control in the beneficiaries of this policy.
Methods: Among all adult T2DM patients with ≥3 months of reimbursement (n=854), subjects without any changes in anti-hyperglycemic agents during the study period were selected. The improvement of glycosylated hemoglobin (HbA1c) was defined as
an absolute reduction in HbA1c ≥0.6% or an HbA1c level at follow-up <7%.
Results: HbA1c levels significantly decreased from 8.5%±1.3% to 8.2%±1.2% during the follow-up (P<0.001) in all the study
subjects (n=409). Among them, 35.5% (n=145) showed a significant improvement in HbA1c. Subjects covered under the Medical Aid system showed a higher prevalence of improvement in HbA1c than those with medical insurance (52.2% vs. 33.3%, respectively, P=0.012). In the improvement group, the baseline HbA1c (P<0.001), fasting C-peptide (P=0.016), and daily dose of
insulin/body weight (P=0.024) showed significant negative correlations with the degree of HbA1c change. Multivariate analysis
showed that subjects in the Medical Aid system were about 2.5-fold more likely to improve in HbA1c compared to those with
medical insurance (odds ratio, 2.459; 95% confidence interval, 1.138 to 5.314; P=0.022).
Conclusion: The reimbursement for SMBG resulted in a significant improvement in HbA1c in T2DM subjects using insulin,
which was more prominent in subjects with poor glucose control at baseline or covered under the Medical Aid system.
Keywords: Blood glucose self-monitoring; Diabetes mellitus, type 2; Hemoglobin A, glycosylated; Insurance, health, reimbursement

INTRODUCTION
Self-monitoring of blood glucose (SMBG) is an essential tool
to ensure optimal blood glucose control. Major clinical trials
have shown that SMBG can improve glycemic control among
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patients with both type 2 diabetes mellitus (T2DM) [1,2] and
type 1 diabetes mellitus (T1DM) [3,4]. In particular, SMBG is
important for all insulin-treated patients to minimize the risks
of both hyper- and hypoglycemic episodes and to reach their
glycemic goals [5]. The American Diabetes Association first
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published guidelines for SMBG in 1987 [6] and the current
recommendations suggest regular SMBG based on the situation of each patient [7]. Considering the importance of SMBG
for diabetes care, the American Diabetes Association recommends that the government should make the process accessible
and affordable for all patients who require it. Moreover, it suggests that insurers and third-party payers reimburse the medication and supplies related to the daily care of diabetes [8].
In Korea, restricted reimbursement for SMBG was started in
July 2011 by the National Health Insurance Corporation of
Korea (NHI). As the NHI has covered the entire population
since 1989, it covered almost all reimbursements for candidates in Korea. However, at that time, the reimbursement for
SMBG was limited to glucose test strips prescribed for patients
with T1DM. In November 2015, a new nationwide reimbursement program of SMBG for T2DM patients was introduced.
The range of subjects was expanded to all diabetic patients under insulin treatment, and the covered supplies were expanded
to include blood glucose test strips, lancets, insulin syringes,
and pen needles. This extended reimbursement program of
SMBG was applied to both beneficiaries of the Medical Insurance service and those under the Medical Aid Program of the
NHI; the Medical Aid Program is provided for low-income individuals as a part of social welfare programs. The proportions
of beneficiaries of the Medical Insurance service and Medical
Aid system in the NHI are 97% and 3%, respectively [9].
The current study aimed to investigate whether the introduction of this new reimbursement program for SMBG has
improved the glycemic control in T2DM patients under insulin treatment.

METHODS
Patients
T2DM patients who had visited the Seoul Metropolitan Government Seoul National University Boramae Medical Center
and started SMBG reimbursement between November 16,
2015, and January 29, 2016, were eligible for study inclusion.
The index date was defined as the day of the first reimbursement for SMBG. The inclusion criteria were (1) T2DM patients over 20 years old receiving treatment with insulin, (2) no
changes in the type of insulin or oral anti-diabetic drugs from
3 months before the index date to the end of the study period,
(3) available glycosylated hemoglobin (HbA1c) data from before and after ≥3 months from the index date, and (4) a
http://e-dmj.org
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HbA1c level at the index date ≥7.0%. We excluded subjects
with a duration of insulin treatment of less than 12 months before the index date or with a history of malignancy or systemic
steroid treatment. Patients with any changes in the type of insulin or oral anti-diabetic drugs from 3 months prior to the index date and during the study period were excluded, although
those with only changes in dose were allowed. For each patient,
the baseline and follow-up data until 6 months after the first
reimbursement for SMBG were collected retrospectively from
electronic medical records. This study was conducted in accordance with the provisions of the Declaration of Helsinki for the
participation of human subjects in research and was approved
by the Institutional Review Board of Seoul Metropolitan Government Seoul National University Boramae Medical Center,
and informed consent was waived for this retrospective study
(No. 20160902/26-2016-118/092).
Clinical and biochemical measurements
The plasma glucose and lipid concentrations were measured
enzymatically using a Hitachi Automatic Analyzer B2400 (Hitachi, Tokyo, Japan), and HbA1c was measured using a 200FR
system (Toshiba, Tokyo, Japan). Improvement in HbA1c was
defined as an absolute reduction in HbA1c ≥0.6% from the
baseline or an HbA1c level <7.0% at follow-up. Patients who
met this definition were classified as the improvement group;
otherwise, they were classified as the no improvement group.
A mean improvement in HbA1c of 0.6% (6.6 mmol/mol) is in
keeping with other studies of T2DM patients under insulin
treatment [10,11].
Statistical analysis
Continuous variables are described as mean±standard deviation (SD) or median values with interquartile range (IQR). Dichotomous variables are described as counts and percentages
(%). To determine the differences in baseline clinical characteristics according to the improvement in HbA1c, Pearson’s
chi-square test for categorical variables and the independent
t-test or the Wilcoxon-Mann-Whitney test for continuous variables were used. The HbA1c and fasting serum glucose levels
and the mean insulin dose at baseline and at the 3- and
6-month follow-up were examined, and the last-observationcarried-forward method was used to handle data missing because of data censoring. The glycemic profile before and after
reimbursement for SMBG was compared using paired t-tests.
Variables that were significantly associated with improvement
29
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in HbA1c in the univariate analysis (P<0.05) were subsequently entered into logistic regression models to determine the adjusted odds ratios for independent predictors of the improvement in HbA1c. Relationships between the reduction in the
HbA1c level and other parameters were evaluated using Spearman’s correlation coefficient. All statistical analyses were performed using SPSS version 20.0 (IBM Co., Armonk, NY, USA).
Missing values were handled using the last-observation-carried-forward method, and statistical significance was defined
as two-sided P values <0.05.

RESULTS
Baseline clinical characteristics of the study subjects
Among the total number of T2DM patients with reimbursement for SMBG (n=854), 409 patients with T2DM were included in the analysis (Supplementary Fig. 1). The median follow-up duration was 6.1 months (IQR, 5.6 to 6.5 months). The
median age of the study participants was 67 years (IQR, 60 to
73 years), the mean duration of diabetes was 19.1±8.0 years,
and the median HbA1c was 8.2% (IQR, 7.5% to 9.2%). Among
all study participants, 77.0% had taken insulin for >5 years.
Those under the Medical Insurance and Medical Aid systems
accounted for 88.8% (363/409) and 11.2% (46/409) of the subjects, respectively (Table 1). Patients under the Medical Aid
system were younger and had higher body mass index, higher
HbA1c and fasting serum glucose levels, higher frequency of
diabetic retinopathy, and higher daily doses of insulin than
those with Medical Insurance (Supplementary Table 1). The
most prevalent concomitant oral anti-diabetic medication was
metformin, which was taken by 74.8% of the study subjects.
Sulfonylurea and dipeptidyl peptidase-4 inhibitors were prescribed for 43.5% and 23.5% of the subjects, respectively (Supplementary Table 2).
Changes in glycemic control after reimbursement for
SMBG
After 6 months of reimbursement for SMBG, HbA1c levels
significantly decreased from a baseline value of 8.5%±1.3% to
8.2%±1.2% (P<0.001), and fasting serum glucose levels also
decreased from a baseline of 146.0±64.0 to 138.5±55.9 mg/dL
(P=0.015) (Table 2). Sensitivity analyses according to the insulin regimen confirmed that HbA1c levels significantly decreased
regardless of the type of regimen (Supplementary Table 3).
Of the 409 patients, 145 (35.5%) showed significant im30

provements in HbA1c: 136 achieved an absolute reduction in
HbA1c ≥0.6%, 47 had HbA1c levels at follow-up <7%, and 38
were satisfied with both conditions. In subjects with improvement, the mean HbA1c and fasting serum glucose levels at
baseline were 9.1% and 171.1 mg/dL, and the mean changes in
those levels during the follow-up were –1.4% and –31.9 mg/dL,
respectively (P<0.001 for both) (Table 2). In contrast, HbA1c
in the no improvement group significantly increased, from
8.2%±1.0% to 8.5%±1.0% (P<0.001). The mean daily dose of
insulin was unchanged both in subjects with and without improvement. Regarding dosage changes in oral anti-diabetic
drugs, most patients maintained the same dosage during the
study period (93.2% of the improvement group and 96.6% of
the no improvement group) (Supplementary Table 4). Moreover, there were no significant differences in the proportion of
patients with increased or decreased dosages of oral anti-diabetic drugs between the two groups.
Compared to the subjects without improvement, those with
improvement had significantly higher baseline HbA1c (9.1±
1.6 mg/dL vs. 8.2±1.0 mg/dL, P<0.001). They also showed a
higher diastolic blood pressure at baseline (Table 1); however,
the statistical significance was lost when the subgroup analysis
was performed in patients who were not taking anti-hypertensive drugs (P=0.417). Furthermore, 52.2% (24/46) of the subjects under the Medical Aid system showed improvement in
their HbA1c levels, which was a higher proportion than in
those with Medical Insurance (33.3%, 121/363; P=0.012).
We compared the trends of the change in HbA1c levels during the study period between both groups and found that subjects in the improvement group showed a significant gradual
reduction in HbA1c levels (P<0.001 from the paired t-test between baseline vs. 3 months and 3 months vs. 6 months) (Fig.
1). Considering that significantly higher baseline HbA1c levels
in the improvement group might affect the change in HbA1c
levels during the follow-up period, we also compared the
change in HbA1c levels from –3 months. HbA1c levels at –3
months were not different between the two groups (Supplementary Table 5). HbA1c levels at 6 months were significantly
lower than HbA1c levels at –3 months in the improvement
group; in contrast, the no improvement group showed significantly increased levels of HbA1c during the same period
(Supplementary Table 5). Furthermore, the amount of changes
in HbA1c levels during that period was significantly lower in
the improvement group (–0.67%±1.21% vs. 0.12%±1.03%,
P<0.001).
Diabetes Metab J 2018;42:28-42
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Table 1. Baseline characteristics according to improvement of HbA1c
Characteristic

Total

Number
Age, yr
Male sex
Body mass index, kg/m2
Duration of diabetes, yr
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
HbA1c, %
Fasting serum glucose, mg/dL
Fasting C-peptide, ng/mL
Urine albumin to creatinine ratio
BUN, mg/dL
Creatinine, mg/dL
Estimated GFR, mL/min/1.73 m2
AST, IU/L
ALT, IU/L
Total cholesterol, mg/dL
Triglyceride, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Hypertension
History of CAD
History of CVA
Diabetic retinopathy
Non-proliferative
Proliferative
Diabetic nephropathy
Microalbuminuria
Overt proteinuria
CKD stage 3
CKD stage 4–5
Duration of insulin treatment, yr
1–5
>5
Daily dose of insulin, IU
National Health Insurance service
Medical Aid
Medical Insurance
Duration of diabetes ≥20 yr
Baseline HbA1c >8.2%
Presence of hypoglycemia
<1/mo
1–3/mo
>3/mo
Use of antihypertensive drug
Use of statin

Improvementa
–

+

409
67 (60–73)
194 (47.4)
24.7 (22.8–27.4)
19.1±8.0
128.6±14.9
72.4±10.6
8.5±1.3
137 (105–175)
1.6 (0.9–2.4)
37.5 (12.3–203.8)
16 (13–22)
0.9 (0.7–1.2)
71.4±27.8
23 (19–31)
22 (16–32)
146 (129–167)
123 (91–168)
43 (37–51)
79 (65–97)
324 (79.2)
45 (11.0)
25 (6.1)
204/311 (65.6)
131/311 (42.1)
73/311 (23.5)
236/408 (57.8)
123/393 (31.3)
84/393 (21.4)
98/408 (24.0)
38/408 (9.3)

264
67 (59–72)
121 (45.8)
24.5 (22.6–27.1)
19.0±8.3
128.0±14.9
71.6±10.8
8.2±1.0
126 (101–160)
1.6 (0.9–2.3)
36.7(11.8–173.6)
16 (13–21)
0.9 (0.7–1.2)
72.6±25.9
23 (20–30)
22 (17–33)
145 (129–163)
123 (93–162)
45 (37–52)
77 (64–94)
212 (80.3)
29 (11.0)
16 (6.10)
133/197 (67.5)
88/197 (44.7)
45/197 (22.8)
151/264 (57.2)
85/254 (33.5)
49/254 (19.3)
65/264 (24.6)
18/264 (6.8)

145
67 (60–75)
73 (50.3)
25.5 (23.2–27.8)
19.7±7.7
129.8±14.8
73.8±10.2
9.1±1.6
154 (122–202)
1.6 (0.9–2.5)
38.7(12.8–329.0)
17 (14–24)
0.9 (0.7–1.2)
69.2±31.0
22 (17–31)
21 (15–29)
151 (127–171)
120 (86–192)
43 (36–51)
84 (65–97)
112 (77.2)
16 (11.0)
9 (6.2)
71/114 (62.3)
43/114 (37.7)
28/114 (24.6)
85/144 (59.0)
38/139 (27.3)
35/139 (25.2)
33/144 (22.9)
20/144 (13.9)

94 (23.0)
315 (77.0)
34 (22–52)

61 (23.1)
203 (76.9)
34 (22–52)

33 (22.8)
112 (77.2)
32 (22–52)

P value
0.234
0.382
0.078
0.430
0.246
0.046
<0.001
<0.001
0.649
0.317
0.058
0.226
0.263
0.256
0.172
0.449
0.984
0.607
0.194
0.465
0.988
0.953
0.349

0.720

0.936

46 (11.2)
363 (88.8)
204/403 (50.6)
199 (48.7)
46/406 (11.3)
13/406 (3.2)
31/406 (7.6)
2/406 (0.5)
308 (75.3)
331 (80.9)

22 (8.3)
242 (91.7)
128/259 (49.4)
107 (40.5)
33/261 (12.6)
9/261 (3.4)
23/261 (8.8)
1/261 (0.4)
198 (75.0)
223 (84.5)

24 (16.6)
121 (83.4)
76/144 (52.8)
92 (63.4)
13/145 (9.0)
4/145 (2.8)
8/145 (5.5)
1/145 (0.7)
110 (75.9)
108 (74.5)

0.791
0.012

0.518
<0.001
0.263

0.847
0.014

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
HbA1c, glycosylated hemoglobin; BUN, blood urea nitrogen; GFR, glomerular filtration rate; AST, aspartate transferase; ALT, alanine transferase; HDLC, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; CAD, coronary artery disease; CVA, cerebrovascular accident; CKD,
chronic kidney disease.
a
Defined as absolute reduction of HbA1c ≥0.6% or HbA1c level at follow-up <7%.
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Table 2. Comparison of glycemic profile between before and after reimbursement for self-monitoring of blood glucose
Baseline

After 6 monthsa

P valueb

8.5±1.3

8.2±1.2

<0.001

146.0±64.0

138.5±55.9

0.015

41.0±28.1

40.7±26.8

0.415

8.2±1.0

8.5±1.0

134.1±50.9

140.6±51.9

0.077

42.1±28.0

42.2±25.8

0.874

Variable
Total
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day
No improvement
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day

<0.001

Improvement
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day

9.1±1.6

7.7±1.2

<0.001

171.1±78.1

139.2±63.4

<0.001

40.6±29.0

39.8±28.9

0.271

Values are presented as mean±standard deviation.
HbA1c, glycosylated hemoglobin.
a
Value at 6 months from the index date (last observation carried forward), bP value calculated by paired t-test.
9.5

Total
Improvement
No improvement

HbA1c (%)

9

a

a

8

a, b
a, b

7.5
7
0

Baseline

3 Months

6 Months

Fig. 1. The change in HbA1c during the follow-up periods.
Comparisons of the glycosylated hemoglobin (HbA1c) levels
at baseline and 3 and 6 months after the first reimbursement
for self-monitoring of blood glucose as determined by the
paired t-test. All data are expressed as mean±SEM. aP<0.05 vs.
baseline, bP<0.05 vs. 3 months.
Correlations between changes in HbA1c levels and clinical
variables
Subsequently, we investigated whether any clinical parameters
determined changes in HbA1c levels in the improvement
group. Baseline HbA1c, baseline fasting serum glucose level,
body mass index, fasting C-peptide, daily dose of insulin, and
body weight-adjusted daily dose of insulin showed significant
32

Variable
Age

a

8.5

Table 3. Correlation of change in HbA1c levels with clinical
factors in the improvement group

Duration of diabetes

ra

P value

0.086

0.302

0.020

0.810

Body mass index

–0.239

0.008

HbA1c

–0.694

<0.001

Fasting serum glucose

–0.349

<0.001

C-peptide

–0.226

0.016

Urine albumin to creatinine ratio

–0.025

0.773

BUN

–0.099

0.241

Creatinine

–0.021

0.807

AST

0.044

0.597

ALT

–0.014

0.871

Total cholesterol

–0.041

0.628

Triglyceride

–0.166

0.054

HDL-C

0.106

0.221

LDL-C

–0.090

0.308

Total daily dose of insulin

–0.222

0.007

Total daily dose of insulin/body
weight

–0.204

0.024

HbA1c, glycosylated hemoglobin; BUN, blood urea nitrogen; AST,
aspartate transferase; ALT, alanine transferase; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
a
Spearman’s correlation coefficient.

negative correlations with the degree of HbA1c change (Table
3). That is, increase in these variables was associated with deDiabetes Metab J 2018;42:28-42
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Table 4. Determinants for improvement in HbA1c levels
Variable

Model 1a

Model 2b

Model 3c

Model 4d

OR (95% CI)

P value

OR (95% CI)

P value

OR (95% CI)

P value

OR (95% CI)

P value

Medical Aid vs.
Insurance

2.182
(1.176–4.049)

0.013

2.319
(1.240–4.336)

0.008

2.316
(1.213–4.419)

0.011

2.459
(1.138–5.314)

0.022

HbA1c

2.547
(1.677–3.868)

<0.001

2.710
(1.771–4.148)

<0.001

2.676
(1.737–4.123)

<0.001

2.766
(1.576–4.857)

<0.001

Fasting serum
glucose

1.010
(1.006–1.014)

<0.001

1.010
(1.006–1.014)

<0.001

1.007
(1.003–1.011)

0.001

1.009
(1.004–1.015)

0.001

Use of statin

0.537
(0.325–0.885)

0.015

0.540
(0.325–0.896)

0.017

0.565
(0.334–0.955)

0.033

0.531
(0.265–1.066)

0.075

HbA1c, glycosylated hemoglobin; OR, odds ratio; CI, confidence interval.
a
Model 1: unadjusted, bModel 2: adjusted for age and sex, cModel 3: adjusted for age, sex, benefit type of National Health Insurance service, baseline HbA1c, and use of statin, dModel 4: adjusted for age, sex, benefit type of National Health Insurance service, baseline HbA1c, and use of
statin, body mass index, presence of diabetic retinopathy, and daily insulin dose.

crease in HbA1c levels. Especially, baseline HbA1c and fasting
serum glucose levels showed moderate-to-strong inverse correlations with changes in HbA1c (r =–0.694, P<0.001; r =
–0.349, P<0.001, respectively).
Determinants for improvement of the HbA1c level
To evaluate the predictors of improvement in HbA1c, multivariate analysis was performed using the baseline clinical factors that significantly differed between those with and without
improvement, namely the type of NHI service benefit, baseline
HbA1c, fasting serum glucose, and use of statins. The baseline
HbA1c level was categorized as ≤8.2% and >8.2% according
to the median level. All the above variables remained statistically significant determinants for the improvement in HbA1c
even after adjustment for age, sex, and potential confounders
(Model 3, Table 4). In addition, to confirm the effects of the
Medical Aid system, variables with significant differences between the groups of Medical Aid and Medical Insurance, including body mass index, presence of diabetic retinopathy, and
daily insulin dose, were additionally adjusted (Model 4).
T2DM patients supported by the Medical Aid system were
about 2.5-fold more likely to show an improvement in HbA1c
levels compared to patients with Medical Insurance (odds ratio,
2.459; 95% confidence interval, 1.138 to 5.314; P=0.022).

DISCUSSION
Korea’s newly introduced reimbursement program of SMBG
significantly improved glycemic control in T2DM patients
treated with insulin. In particular, patients with high baseline
http://e-dmj.org

Diabetes Metab J 2018;42:28-42

HbA1c levels had a greater reduction in HbA1c, and those reimbursed under the Medical Aid system were more likely to
achieve improvement in glycemic control. Furthermore,
HbA1c reduction was maintained for 6 months after the initiation of the reimbursement program.
SMBG is crucial for evaluating drug response, adjusting insulin doses, and preventing hypoglycemia. It helps control diabetes in a number of ways, including providing information
regarding the appropriate food choices and quantities, assisting
in insulin dosing, and identifying dynamic blood glucose profiles that can lead to improvements in glycemic control [12,13],
lower risks of long-term diabetic complications [4,14], and reduce health care costs [8]. A negative association between the
frequency of SMBG and the blood glucose levels was also reported among insulin-treated T2DM patients [15] as well as
T1DM [3,16], although current evidence regarding the usefulness of SMBG in those with T2DM who do not take insulin is
insufficient [16-19].
Despite the clinical importance of SMBG in insulin-treated
diabetic patients, reimbursement policies vary between countries [20]. In China, glucometers and test strips for SMBG are
currently not covered by government-provided medical insurance [21]. In contrast, many European and North American
countries largely cover the cost for SMBG, even for those without insulin treatment. The United States and Canada offer 75%
to 80% reimbursement for SMBG equipment and supplies, although the amount of supplies that are covered differs between
insulin-dependent and non-insulin-dependent beneficiaries
[22,23]. Similarly, in Australia, patients with diabetes are eligible for reimbursement; however, those with T2DM who do not
33
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use insulin are reimbursed only for the initial 6 months due to
limited evidence of the benefits of SMBG in this population
[24]. France and Italy provide reimbursement for all T2DM
patients under insulin treatment without any restrictions, with
the exception of the number of tests for T2DM patients without insulin treatment [25].
A limited number of studies have investigated the cost-effectiveness of the reimbursement of SMBG. Our data provide evidence that each country’s reimbursement policies should be
refined considering the population distribution of the socioeconomic status and burden of diabetes, as well as the merits of
improving glycemic control. Interestingly, the patients covered
by the Medical Aid system were more likely to achieve improvement in glycemic control in our study, suggesting that the
cost of SMBG is an important barrier for poorer patients and
that the amount of reimbursement or the refinement of the
beneficiaries of this health policy should be adjusted after analysis of the long-term cost-effectiveness.
In this study, glucose control in T2DM patients under insulin treatment was improved by reimbursement for SMBG, although there was no difference in the dose of insulin or oral
anti-diabetic drugs after the reimbursement, even in the improvement group. This suggests that the observed improvement might be caused by modified behavior, including food
intake, exercise, and taking medication regularly, rather than
increasing doses of medication. In particular, subjects with
high HbA1c levels showed greater improvement in HbA1c after reimbursement. This significant correlation remained when
we analyzed the data according to the relative proportions of
the improvement of HbA1c.These results suggest that the new
reimbursement program may provide motivation to improve
diabetic care, especially in uncontrolled diabetic patients with
previously poor compliance.
Some possible limitations of our study need to be discussed.
First, we did not analyze the actual frequency of SMBG in our
study subjects before and after the reimbursement, which resulted in the inability to confirm that reimbursement for
SMBG increased the frequency of SMBG. Second, as all T2DM
patients under insulin treatment are eligible for the reimbursement, our study could not have control subjects, that is, subjects without reimbursement. Instead, we compared the glucose level before and after the reimbursement for SMBG in
each subject and analyzed the factors affecting the amount of
change in glucose levels. Assessment of the improvement glucose levels in each patient might also be important, as the ben34

efit from the reimbursement for SMBG in each individual can
be assessed and there is a lower risk of confounders. Furthermore, analysis of the change in glucose levels after the reimbursement for SMBG without considering the actual frequency of SMBG in each patient might be more suitable to appraise
the benefits of reimbursement for SMBG policy in the realworld setting. Third, there was a difference in baseline HbA1c
levels between the groups of Medical Aid and Medical Insurance, and it can be a confounder. However, we could overcome
this factor by adjusting the HbA1c level in the multivariate
analysis. In addition, considering a higher baseline HbA1c in
the improvement group compared to the no improvement
group, we compared the change in HbA1c levels not only from
the baseline but also from the –3 months; there was no difference between the two groups, confirming that the current definition of improvement of HbA1c could successfully differentiate individuals with HbA1c improvement among the study
subjects. Finally, this study analyzed glucose levels for only 6
months after the initiation of reimbursement for SMBG. The
long-term benefits should be assessed in future studies, as the
health policy associated with the reimbursement for SMBG
might need to be adjusted accordingly.
In conclusion, the new reimbursement program for SMBG
in Korea improved the glycemic control in T2DM patients under insulin treatment; this improvement was especially prominent in subjects with poor glycemic control at the baseline or
covered under the Medical Aid system.
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Supplementary Table 1. Baseline characteristics according to the type of National Health Insurance service
Characteristic

Medical Aid

Number

46

Age, yr
Male sex
Body mass index, kg/m2
Duration of diabetes, yr
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
HbA1c, %
Fasting serum glucose, mg/dL
Fasting C-peptide, ng/mL
Urine albumin to creatinine ratio
BUN, mg/dL
Creatinine, mg/dL
Estimated GFR, mL/min/1.73 m2
AST, IU/L
ALT, IU/L
Total cholesterol, mg/dL
Triglyceride, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Hypertension
History of CAD
History of CVA
Diabetic retinopathy
Non-proliferative
Proliferative
Diabetic nephropathy
Microalbuminuria
Overt proteinuria
CKD stage 3
CKD stage 4–5
Duration of insulin treatment, yr
1–5
>5
Daily dose of insulin, IU
Duration of diabetes ≥20 yr
Baseline HbA1c >8.2%
Presence of hypoglycemia
<1/mo
1–3/mo
>3/mo
Use of antihypertensive drug

64.5 (54.8–71.3)
20 (43.5)
26.7 (24.2–29.2)
17.9±7.5
128.2±15.2
74.4±12.9
9.2±1.9
161 (126–194)
1.2 (0.8–2.5)
35.8 (15.2–135.7)
16 (12–24)
0.9 (0.7–1.2)
71.0±30.3
21 (16–31)
19 (14–28)
153 (137–171)
130 (94–189)
46 (35–51)
85 (70–101)
40 (87.0)
5 (10.9)
3 (6.5)
33/41 (80.5)
20/41 (48.8)
13/41 (31.7)
31/46 (67.4)
16/43 (37.2)
9/43 (20.9)
16/46 (34.8)
4/46 (8.7)

Medical Insurance

P value

363
67.0 (60.0–73.0)
174 (47.9)
24.4 (22.7–27.1)
19.4±8.2
128.6±14.8
72.1±10.3
8.4±1.2
134 (103–168)
1.6 (0.9–2.4)
38.1 (12.2–213.1)
17 (14–22)
0.9 (0.7–1.2)
71.5±27.5
23 (19–30)
22 (16–32)
145 (127–165)
122 (90–167)
43 (37–52)
78 (64–93)
284 (78.2)
40 (11.0)
22 (6.1)
171/270 (63.3)
111/270 (41.1)
60/270 (22.2)
205/362 (56.6)
107/350 (30.6)
75/350 (21.4)
82/362 (22.7)
34/362 (9.4)

0.037
0.569
0.002
0.245
0.862
0.255
0.014
0.003
0.775
0.878
0.910
0.623
0.913
0.105
0.093
0.089
0.374
0.717
0.076
0.170
0.976
0.752
0.031
0.086
0.164

0.595
12 (26.1)
34 (73.9)
43 (30–64)
21/45 (46.7)
25 (54.3)
3/46 (6.5)
0/46 (0.0)
3/46 (6.5)
0/46 (0.0)
40 (87.0)

Use of statin

36 (78.3)

82 (22.6)
281 (77.4)
32 (22–50)
183/358 (51.1)
174 (47.9)
43/360 (11.9)
13/360 (3.6)
28/360 (7.8)
2/360 (0.6)
268 (73.8)
295 (81.3)

0.009
0.574
0.412
0.275

0.052
0.625

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
HbA1c, glycosylated hemoglobin; BUN, blood urea nitrogen; GFR, glomerular filtration rate; AST, aspartate transferase; ALT, alanine transferase;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; CAD, coronary artery disease; CVA, cerebrovascular accident; CKD, chronic kidney disease.
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Supplementary Table 2. Baseline characteristics of types of prescription drugs according to improvement of glycosylated hemoglobin
Characteristic

Total

Improvementa
–

+

171 (41.8)

118 (44.7)

53 (36.6)

75 (18.3)

48 (18.2)

27 (18.6)

180 (44.0)

109 (41.9)

715 (49.0)

52 (12.7)

37 (14.0)

15 (10.3)

Type of insulin
Insulin glargine
NPH
Mixed insulin
Rapid/short-acting insulin

0.262

Type of oral antidiabetic drug

0.126

Metformin

306 (74.8)

204 (77.3)

102 (70.3)

Sulfonylurea

178 (43.5)

126 (47.7)

52 (35.9)

96 (23.5)

60 (22.7)

36 (24.8)

DPP4 inhibitor
GLP-1 agonist

1 (0.2)

1 (0.4)

SGLT2 inhibitor

15 (3.7)

5 (1.9)

10 (6.9)

Thiazolidinedione

12 (2.9)

11 (4.2)

1 (0.7)

α-Glucosidase inhibitor
Use of antihypertensive drug
ACE inhibitor

P value

0

11 (2.7)

6 (2.3)

5 (3.4)

308 (75.3)

198 (75.0)

110 (75.9)

0.847

256 (62.6)

167 (63.3)

89 (61.4)

0.707

β-Blocker

95 (23.2)

62 (23.5)

33 (22.8)

0.868

Use of statin

331 (80.9)

223 (84.5)

108 (74.5)

0.014

Values are presented as number (%).
NPH, neutral protamine Hagedorn; DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium/glucose cotransporter 2;
ACE, angiotensin-converting enzyme.
a
Defined as absolute reduction of HbA1c ≥0.6% or HbA1c level at follow-up <7%.
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Supplementary Table 3. Comparison of glycemic profile between at baseline and 6 months after reimbursement for self-monitoring of blood glucose according to the type of insulin regimen
Variable

Baseline

After 6 monthsa

P valueb
<0.001

Basal-only insulin (n=178)
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day

8.4±1.2

8.1±1.1

135.7±47.1

135.1±49.8

0.874

28.0±13.3

28.6±13.8

0.148

8.7±1.4

8.2±1.2

159.0±76.1

141.7±61.7

0.005

47.0±27.4

46.8±27.7

0.737

8.7±1.3

8.4±1.2

0.037

143.5±62.0

139.4±54.9

0.654

65.2±42.6

61.4±36.9

0.104

Premixed insulin (n=180)
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day

<0.001

Basal-bolus (MDI) (n=51)
HbA1c, %
Fasting serum glucose, mg/dL
Mean insulin dose, IU/day

Values are presented as mean±standard deviation.
HbA1c, glycosylated hemoglobin; MDI, multiple daily injection.
a
Value at 6 months from the index date (last observation carried forward), bP value calculated by paired t-test.
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Supplementary Table 4. Dosage changes in insulin and oral anti-diabetic drugs during the study period according to improvement in glycosylated hemoglobin
Dosage change

Improvement

P value

– (n=264)

+ (n=145)

246 (93.2)

140 (96.6)

0.157

5 (1.9)

3 (2.1)

1.000

Oral anti-diabetic drugs
Maintenance
Increase
Metformin/SU/metformin+SU

2/3/0

1/1/1

11 (4.2)

2 (1.4)

Metformin/SU/metformin+SU/AGI

0/7/4/0

1/0/0/1

Increase (SU) and decrease (metformin)

2 (0.8)

Decrease

0

0.150
0.541

Values are presented as number (%).
SU, sulfornylurea; AGI, α-glucosidase inhibitor.
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Supplementary Table 5. The trends of the change in HbA1c during the study period in subjects with and without improvement
in HbA1c
HbA1c

Variable

P valuea

No improvement

Improvement

–3 Months

8.3±1.1

8.3±1.4

0.626

0 Month

8.2±1.0

9.1±1.6b

<0.001

+3 Months

8.5±1.2b,c

8.1±1.3c

0.002

+6 Months

b,c

8.4±1.1c

7.7±1.2

<0.001

Change from –3 months

0.12±1.03

–0.67±1.21

<0.001

Change from the baseline

0.17±0.61

–1.36±1.04

<0.001

Values are presented as mean±standard deviation.
HbA1c, glycosylated hemoglobin.
a
Compared subjects with and without improvement using independent t-test, bP<0.05 compared to the HbA1c levels at –3 months using paired
t-test, cP<0.05 compared to the HbA1c levels from the baseline using paired t-test.
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854 T2DM patients with insulin treatment
who started to be reimbursed for SMBG
between 16 November 2015 and 29 January 2016

278 Changes in the type of insulin or OAD
63 Duration of insulin treatment <12 months
34 History of malignancy of systemic steroid
3 Insufficient data of HbA1c
67 HbA1c <0.7%

409 Patients included
in the present analysis

Supplementary Fig. 1. Flow chart of patients included in the study. T2DM, type 2 diabetes mellitus; SMBG, self-monitoring of
blood glucose; OAD, oral antidiabetic drug; HbA1c, glycosylated hemoglobin.
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