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ABSTRACT
Aims/Introduction: We aimed to identify factors independently associated with
greater benefit of a national reimbursement policy for blood glucose test strips in adult
patients with type 1 diabetes, in terms of glycemic control and the rate of severe hypo-
glycemia.
Materials and Methods: This was a prospective cohort study of 466 adult patients
with type 1 diabetes from five tertiary referral hospitals who registered for a national reim-
bursement program for blood glucose strips and were then followed-up for 12 months.
Factors associated with a > 5% reduction in glycated hemoglobin (HbA1c) and decreased
rate of severe hypoglycemia (SH) at 12 months from baseline were evaluated.
Results: At the end of the 12 months of follow up, 158 of 466 patients (33.9%)
achieved >5% reduction in HbA1c, and 47 of 111 patients (42.3%) had a decreased rate
of SH relative to baseline. Higher HbA1c (P < 0.001), lower total daily insulin dose at base-
line (P = 0.048) and an increase in self-monitoring of blood glucose (SMBG) frequency
during follow up (P = 0.001) were independently associated with >5% reduction in
HbA1c. A higher SMBG frequency (P < 0.001), higher rate of SH at baseline (P = 0.029)
and lack of hypoglycemic unawareness (P = 0.044) were independently associated with
an increase in the frequency of SMBG during follow up. Higher SMBG frequency at base-
line (P < 0.001) was independently associated with a decreased rate of SH.
Conclusions: Several factors, including higher SMBG frequency at baseline, were inde-
pendently associated with reduced HbA1c and a decreased rate of severe hypoglycemia,
showing that patients with these characteristics derive the most benefit from reimburse-
ment of blood glucose test strips.

INTRODUCTION
Self-monitoring of blood glucose (SMBG) is accepted as an
integral part of self-management of diabetes in order to achieve

glycemic targets and prevent diabetes-related complications1.
SMBG helps patients to detect hypoglycemia and adjust their
insulin doses appropriately, and more frequent SMBG is associ-
ated with better metabolic control for type 12 and type 2 dia-
betes being treated with insulin3. The Diabetes Control and
Complication Trial provided evidence that intensive glycemicReceived 15 February 2017; revised 23 June 2017; accepted 7 August 2017
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control facilitated by daily glucose monitoring (SMBG ≥4
times/day) in type 1 diabetes mellitus patients delayed the onset
and slowed the progression of diabetes-related microvascular
complications1. Most clinical practice guidelines4–7 recommend
carrying out SMBG for patients who are receiving insulin ther-
apy, and frequent SMBG is recommended for patients receiving
multiple-daily insulin or insulin pump therapy.
The presence of diabetes8 and diabetes-associated complica-

tions9 is associated with increased healthcare costs and decreased
work productivity10. Diabetes-related healthcare costs are known
to increase in accordance with higher glycated hemoglobin
(HbA1c)11, poor treatment adherence12 and fewer applications
of SMBG13. Even though tight glycemic control achieved
through frequent SMBG can attenuate medical costs associated
with treatment and long-term management of diabetes-asso-
ciated complications14, the frequency of daily SMBG presumably
decreases as out-of-pocket costs for blood glucose test strips
increase15. In support of this, lack of insurance coverage for
blood glucose test strips was found to be associated with poor
glycemic control in Canadian patients with type 2 diabetes16.
Although the benefits of insurance coverage for the cost of

SMBG are clear17–19, the rapidly increasing burden of national
medical costs as a result of global aging and limited resources
is becoming a great challenge in several countries. This motived
us to define the patient group who would most benefit from
reimbursement for SMBG in order to enable prioritization of
limited resources. The Korea National Health Insurance Service
(KNHIS) recently instituted a policy to reimburse the cost of
self-monitoring blood glucose test strips for use up to four
times a day for patients with type 1 diabetes. Since the intro-
duction of this policy in 2011, there has been a cumulative
increase in the number of Korean patients with adult type 1
diabetes who have registered for the reimbursement program20.
The purpose of the present prospective cohort study was to
identify factors independently associated with greater benefit of
the national reimbursement policy for blood glucose test strips
in adult patients with type 1 diabetes at 12 months after regis-
tration for the reimbursement program, in terms of glycemic
control and rate of severe hypoglycemia.

METHODS
Study design
During the study period, the KNHIS program for the reim-
bursement of blood glucose test strips allowed all domestic
doctors of internal medicine, pediatrics and family medicine
to issue registration forms if their patients with type 1 dia-
betes mellitus met the criteria for enrollment. After registra-
tion, patients could obtain reimbursement for the cost of
blood glucose test strips used up to four times per day. Eligi-
bility for the reimbursement program was limited to those
who required insulin treatment (mandatory) and met at least
one of following criteria: (i) fasting C-peptide <0.6 ng/mL;
(ii) glucagon stimulated C-peptide <1.8 ng/mL; (iii) positive
for glutamic-acid-decarboxylase and/or other autoantibodies;

(iv) 24-h urine C-peptide level <30 lg per day; or (v) a his-
tory of diabetic ketoacidosis.
The same criteria were used as eligibility criteria for the pre-

sent prospective cohort study, which recruited adult (age
>20 years) patients with type 1 diabetes treated at one of five
university-affiliated tertiary referral hospitals (Samsung Seoul
Hospital, Severance Hospital, Asan Medical Center, Seoul
Catholic Hospital or Kangbuk Samsung Hospital in Seoul,
Korea) between January 2011 and March 2015; these patients
additionally consented to participate in this prospective cohort
study, and to provide laboratory and anthropometric data and
complete a questionnaire, which were not part of the national
reimbursement policy. After the study, participants registered
for the KNHIS reimbursement program at baseline, and bio-
chemical data at 0, 6 and 12 months from baseline were
obtained. The frequency of SMBG (times/day), and history or
experience with severe hypoglycemia (times/month) at 0, 6
and 12 months from baseline were obtained through interviews
to complete the comprehensive questionnaire. Data were gen-
erated and collected through an internet-based case report
form, and anonymously transmitted data were used in analy-
ses. This study was approved by the ethics committee of Sam-
sung Medical Center.

Anthropometric and biochemical measurements
Data were collected from patient medical records and through
the comprehensive questionnaire. The following parameters
were collected at baseline: age, sex, body composition (weight,
height), duration of diabetes, time interval between diagnosis of
diabetes and initiation of insulin treatment, regimen of insulin
therapy, and total daily dose of insulin. The results of fasting
plasma glucose (FPG), HbA1c, total cholesterol (TC), low-den-
sity lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, triglycerides (TG), blood urea nitrogen, crea-
tinine and spot urine albumin/creatinine ratio were obtained at
each visit. We obtained blood samples by venepuncture after
an overnight fast, and samples were analyzed by the certified
laboratory at each hospital.

Questionnaire-based assessment of hypoglycemia and SMBG
frequency
The definition of severe hypoglycemia (SH) was a hypo-
glycemic event in which another person’s assistance was
required to escape hypoglycemia. The degree and frequency of
hypoglycemia were established at baseline, and changes in the
rate of SH during the study period were determined by asking
patients whether there were changes in the frequency of SH
per month over the past 12 months, and to describe the num-
ber of current and previous occurrences of SH per month. The
degree of hypoglycemic unawareness at baseline was deter-
mined by answers to the following question: “Do you recognize
symptoms when you have hypoglycemia?” requiring the selec-
tion of one response from “always,” “usually,” “sometimes” or
“never.”21. Information about SMBG frequency was determined
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by asking the following question: “How often do you check
your blood glucose per day?” Changes in the frequency of
SMBG practice were determined by asking the following ques-
tion: “Were there changes in the frequency of SMBG over the
previous 6 months?; describe current and previous numbers of
SMBG per day.” The study coordinators interviewed the study
participants at 0, 6 and 12 months after baseline. The answers
to this question were used to determine if there was an increase
in the frequency of SMBG at 6 and 12 months from baseline.

Statistical analysis
Normally distributed data were expressed as mean – standard
deviation, whereas unevenly distributed data was presented as
median (interquartile range: 25th to 75th percentile) for contin-
uous variables. Categorical variables were expressed as number
and proportion (%). Student’s t-test or the non-parametric
Mann–Whitney U-test was used to compare the means of con-
tinuous variables. The categorical variables of the two groups
were compared using the v2-test. Differences between the levels
of HbA1c and SMBG frequency, and the rate of SH before and
after the study period (0 vs 6 months and 0 vs 12 months)
were evaluated by the Wilcoxon signed-rank test. Spearman’s
correlation analysis and non-linear regression were carried out
to relate baseline SMBG frequency to HbA1c.
To evaluate factors associated with >5% reduction of HbA1c,

decreased rate of SH and increased SMBG frequency at
12 months from baseline, we used a binary logistic regression
analyses method. Multivariate binary logistic regression analysis
was carried out for variables with a P-value <0.2 on univariate
analysis in order to identify independent factors associated with
>5% reduction of HbA1c, decreased rate of SH and increased
SMBG frequency at 12 months from baseline. All statistical
tests were two-tailed, and the significance level was set at
P < 0.05. Analyses were carried out using SPSS (version 18.0;
SPSS Inc., Chicago, IL, USA).

RESULTS
Baseline characteristics according to the frequency of SMBG
We enrolled 466 adult type 1 diabetes patients in the present
prospective cohort study. The study population had a mean age
of 43 years, with a mean age of 32 years at the time of diagno-
sis of diabetes. The baseline characteristics of the study partici-
pants are summarized in Table 1. Detailed regimens of insulin
therapy were multiple daily insulin for 301 patients (67.9%),
continuous subcutaneous insulin infusion for 25 patients
(5.6%), premixed biphasic insulin for 71 patients (16.0%), and
neutral protamine Hagedorn insulin and regular insulin combi-
nation for 46 patients (10.5%). The proportion of patients with
intensive insulin therapy (continuous subcutaneous insulin infu-
sion or multiple daily insulin) was unchanged throughout the
study period (287 patients, 71.4% at 6 months; 239 patients,
69.1% at 12 months; P = 0.377). For study participants whose
data were available (n = 151), there was no alteration in total
daily insulin dosage during the study period (median 0.60 with

an interquartile range [IQR] of 0.47–0.76 U/kg at baseline and
median 0.65 with an IQR 0.47–0.82 U/kg at 12 months,
P = 0.145). Degree of hypoglycemic unawareness at baseline
was assessed as “never feel hypoglycemic” in four patients
(0.9%), “sometimes feel hypoglycemic” in 100 patients (21.5%),
“usually feel hypoglycemic” in 158 patients (33.9%), “always feel
hypoglycemic” in 182 patients (39.1%) and “unknown or no
response” in 22 patients (3.4%).
Of the 349 patients who answered the SMBG frequency

questionnaire, more than half of type 1 diabetes mellitus
patients (n = 201, 57.6%) carried out SMBG less than two
times per day at baseline. Younger age, higher number of
female patients, lower baseline HbA1c and a greater proportion
of participants receiving intensive insulin therapy, such as mul-
tiple daily insulin or continuous subcutaneous insulin infusion,
were observed in patients who carried out SMBG four or more
times per day (Table 1). In addition, a drop in HbA1c of
0.14 – 0.04% for one additional SMBG per day at baseline was
observed after adjusting for age, sex, diabetes duration and
intensity of insulin therapy (Figure 1; P < 0.001).

Factors independently associated with >5% reduction in
HbA1c from baseline
A small but significant reduction in HbA1c during the 12-
month follow-up period was observed after registration for the
reimbursement program. HbA1c at 6 months (median 7.6%,
IQR 6.8–8.6; P = 0.006) and at 12 months (median 7.7%, IQR
6.8–8.5; P = 0.010) decreased from that at baseline (median
7.7%, IQR 6.9–8.8; Figure 2a). The median HbA1c levels
around 1 year (mean 12 – 3 months) before the study entry
were 7.9% (IQR 6.9–8.9), which was not different from the
HbA1c levels at study entry (P = 0.057; n = 344). In subgroup
analyses according to baseline SMBG frequency, a significant
reduction in HbA1c at 6 months (median 7.8%, IQR 7.0–8.9)
from baseline (median 7.9%, IQR 7.0–9.1) was observed in
patients who carried out SMBG less than four times per day at
baseline (P = 0.010), but not in those who carried out SMBG
four or more times (Figure 2b,c).
At the end of the 12-month follow-up, 158 patients (33.9%)

achieved a decrease in HbA1c >5% from baseline. In univariate
analysis, baseline higher HbA1c was associated with >5%
reduction in HbA1c from baseline. In multivariate analysis, fac-
tors independently associated with >5% reduction in HbA1c
from baseline were lower total daily insulin dose at baseline
(P = 0.048), higher baseline HbA1c (P < 0.001) and increase in
SMBG frequency (P = 0.001) during follow up (Table 2).

Factors independently associated with an increase in the
frequency of SMBG at 12 months from baseline
Among the 349 patients who answered the questionnaire about
SMBG frequency, SMBG frequency at 6 months (median 5.0,
IQR 4.0–6.3; P < 0.001) and 12 months (median 3.0, IQR 1.0–
5.3; P < 0.001) increased from that at baseline (median 2.0,
IQR 1.0–4.0; P < 0.001; Figure 2a). In addition, an increase in
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SMBG frequency at 6 and 12 months was observed, regardless
of baseline SMBG frequency (P < 0.001; Figure 2b,c). The pro-
portion of patients who carried out SMBG four or more times
per day increased from 99 of 349 patients (28.4%) at baseline
to 154 of 349 (44.1%) at 12 months (P < 0.001). In univariate
analysis, patients who carried out more frequent SMBG mea-
surement at 12 months than that at baseline were younger,
received intensive insulin therapy, had hypoglycemic unaware-
ness and had higher rates of SH at baseline (Table 3). In multi-
variate analyses, more frequent SMBG measurement
(P = 0.001), the presence of hypoglycemic unawareness
(P = 0.044) and more frequent SH (P = 0.029) at baseline were
independently associated with an increase in the frequency of
SMBG at 12 months from baseline (Table 3).

Factors independently associated with a decrease in the rate
of SH at 12 months from baseline
Of the 148 patients who answered the questionnaire about the
rate of SH, 103 (69.6%) reported that they had experienced one

or more SH events within the past month at baseline. The rate
of SH at 6 months (median 1.0 times/month, IQR 0.50–2.0)
and at 12 months (median 1.0 times/month, IQR 1.0–2.0)
decreased from that at baseline (median 1.0 times/month, IQR
0–3.0; P < 0.001; Figure 2a). The rate of SH was decreased in
47 of the 111 patients (42.3%) who had experienced one or
more SH events at baseline. In univariate analysis, factors asso-
ciated with a decreased rate of SH at 12 months were more fre-
quent SMBG measurement and experiences of SH at baseline,
lower baseline HbA1c, the presence of hypoglycemic unaware-
ness, and increased frequency of SMBG during the study per-
iod. In multivariate analyses, more frequent SMBG
measurement at baseline (P = 0.001) was independently associ-
ated with a decreased rate of SH from baseline (Table 4).

Analysis of adverse event reports
During the study period, the adverse event reports, which were
obtained both by reviewing medical records and interviews of
study participants by clinical research coordinators, included
hypoglycemic episodes requiring admission or visiting the
emergency room during the study period. At baseline, 86
patients had a history of hospital admission for various reasons
within a year. Among them, 11 patients were admitted for dia-
betic ketoacidosis management, and 35 patients were admitted
or visited the emergency room for controlling severe hypo-
glycemia. The cumulative number of patients who required
admission or an emergency room visit as a result of hypo-
glycemia during the 1-year study period at 12 months was 19
of the 466 study participants (4.1%). This proportion was sig-
nificantly lower than that of the study participants who
reported admission as a result of hypoglycemia in the recent
1 year at baseline (35 of the 459 study participants, 7.6%;
P < 0.001).

DISCUSSION
In the present prospective cohort study, higher baseline HbA1c,
lower total daily insulin dose and an increase in SMBG
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(SMBG) frequency and glycated hemoglobin (HbA1c) at baseline.
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Figure 2 | (a) Overall changes in glycated hemoglobin (HbA1c; %), self-monitoring of blood glucose (SMBG) frequency (times/day) and the rate of
severe hypoglycemia (SH; times/month) after registration for the national reimbursement program for blood glucose test strips. (b–c) Changes in
HbA1c (%), SMBG frequency and the rate of SH in the subgroups with SMBG frequency at baseline of (b) four or more times/day and (c) less than
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(whisker). *P-value <0.05, **P-value <0.01.
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frequency during follow up were independently associated with
>5% reduction in HbA1c. Higher SMBG frequency at baseline
and a higher rate of SH at baseline were independently associ-
ated with an increase in the frequency of SMBG at 12 months
from baseline. Higher SMBG frequency at baseline was inde-
pendently associated with a decreased rate of SH.
The participants evaluated in the present study were predom-

inantly patients with adult-onset type 1 diabetes mellitus, in
contrast to previous studies in Western countries that mostly
included people aged <18 years2,22. The vast majority of our
study sample had clinical features of typical type 1 diabetes
mellitus rather than latent autoimmune diabetes of adults, eval-
uated in terms of the time interval between diagnosis and initi-
ation of insulin. Analyses of baseline characteristics in the
present study showed a close association between the frequency
of SMBG and HbA1c in type 1 diabetes mellitus adult patients
after adjusting for demographic and anthropometric

confounders. This result is consistent with those of previous
studies in which the majority of the study sample was made up
of individuals with child-onset type 1 diabetes mellitus; these
individuals experienced a 0.20–0.26% drop in HbA1c per each
additional daily SMBG2,23. Among these previous studies, anal-
ysis of the T1D Exchange Clinic Registry (n = 20,555) showed
that mean HbA1c was approximately 9.0% in adult participants
(age of 26–50 years) with an SMBG frequency of zero to two
per day, and approximately 8.5% in those with an SMBG fre-
quency of three to four per day22. In adult participants of the
T1D Exchange Clinic Registry aged >50 years, the mean
HbA1c was approximately 8.5% in those with an SMBG fre-
quency of zero to two per day, and approximately 8.2% in
those with an SMBG frequency of three to four per day22.
Because the reimbursement policy in the present study covered
up to four SMBGs per day, we expected the reduction in
HbA1c might be similar to that of the difference in HbA1c

Table 2 | Factors associated with >5% reduction in glycated hemoglobin at 12 months from baseline

Univariate Multivariate†

OR (95% CI) P-value Adjusted OR (95% CI) P-value

Baseline SMBG frequency (times/day) 1.01 (0.92–1.11) 0.804
Changes in SMBG frequency (times/day) 1.16 (1.00–1.34) 0.059 1.38 (1.14–1.68) 0.001
Baseline HbA1c (%) 1.86 (1.60–2.16) <0.001 2.52 (1.95–3.26) <0.001
Total daily insulin dose (IU/day/kg) 2.10 (0.89–4.93) 0.090 0.26 (0.07–0.99) 0.048
Rate of SH at baseline (times/month) 0.93 (0.81–1.07) 0.293
Presence of hypoglycemic unawareness 1.12 (0.71–1.78) 0.618
Sex (men) 1.17 (0.80–1.71) 0.432
Age (years) 1.00 (0.98–1.01) 0.206
Duration of diabetes (years) 1.00 (0.97–1.02) 0.575
Intensive insulin therapy (MDI or CSII) 0.97 (0.62–1.51) 0.883

†Binary logistic regression analysis. The covariates were included in the multivariate analysis model when the P-value was <0.2 in the univariate
model. CI, confidence interval; CSII, continuous subcutaneous insulin infusion; HbA1c, glycated hemoglobin; MDI, multiple daily insulin; OR, odds
ratio; SH, severe hypoglycemia; SMBG, self-monitoring of blood glucose.

Table 3 | Factors associated with an increase in the frequency of self-monitoring of blood glucose at 12 months from baseline

Univariate Multivariate†

OR (95% CI) P-value Adjusted OR (95% CI) P-value

Baseline SMBG frequency (times/day) 1.09 (1.00–1.20) 0.065 1.35 (1.11–1.65) 0.003
Baseline HbA1c (%) 1.00 (0.87–1.14) 0.977
Total daily insulin dose (IU/day/kg) 1.04 (0.40–2.71) 0.930
Rate of SH at baseline (times/month) 1.18 (1.04–1.35) 0.012 1.17 (1.02–1.35) 0.031
Presence of hypoglycemic unawareness 0.46 (0.27–0.79) 0.005 0.34 (0.12–0.97) 0.044
Sex (men) 0.93 (0.60–1.42) 0.725
Age (years) 0.98 (0.96–0.99) 0.006 1.00 (0.96–1.03) 0.842
Duration of diabetes (years) 0.99 (0.96–1.01) 0.246
Intensive insulin therapy (MDI or CSII) 2.33 (1.38–3.96) 0.002 1.62 (0.56–4.70) 0.379

†Binary logistic regression analysis. The covariates were included in the multivariate analysis model when the P-value was <0.2 in the univariate
model. BMI, body mass index; CI, confidence interval; CSII, continuous subcutaneous insulin infusion; HbA1c, glycated hemoglobin; MDI, multiple
daily insulin; OR, odds ratio; SH, severe hypoglycemia; SMBG, self-monitoring of blood glucose.
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between those with an SMBG frequency of zero to two per day
and three to four per day as reported in the T1D Exchange
Clinic Registry. Therefore, we chose a 5% reduction in HbA1c
as the cut-off value for a significant reduction in HbA1c during
the study period.
In the present study, a lower total daily insulin dose was

independently associated with a > 5% reduction in HbA1c dur-
ing the study period after adjustment for changes in SMBG fre-
quency and baseline HbA1c (Table 2). Notably, ≥25% of the
study participants with an SMBG frequency of less than four
times per day and four or more times per day in the present
study had a total daily insulin dose of <0.2 IU/kg/day
(Table 1). In a previous study24, there was a U-shaped associa-
tion between 18-month average HbA1c and body mass index
in Korean patients with type 1 diabetes. In that study, the
higher HbA1c in the study participants with lower body mass
index was explained by the use of an inadequately low dose of
insulin in participants with high insulin sensitivity, for whom
even small errors in insulin dosing could result in severe
changes in blood glucose level. Although patients with extre-
mely low total daily insulin doses frequently require adjustment
of <1 unit dose for mealtime bolus insulin, adjustment of a < 1
unit dose of insulin is not possible in most Korean people with
type 1 diabetes, because insulin pumps are not insured in
Korea25. Therefore, it is possible that study participants with
low total daily insulin doses in the current study could include
patients for whom adjustment of insulin dose was most chal-
lenging, for whom increasing the SMBG frequency would be
most helpful for better glucose control.
In the present study, a higher rate of prior SH at baseline

was independently associated with an increased frequency of
SMBG practice during the study period. Higher rates of prior
SH at baseline might motivate individuals to increase SMBG
frequency. Ziegler et al.2 reported that the rate of hypoglycemia
was positively associated with the frequency of daily SMBG

among 267,232 children and adolescents with type 1 diabetes
mellitus, which shows that experience with hypoglycemia is
likely to encourage patients to monitor their blood glucose
levels more frequently. The participants in the current study
who had prior experience of SH at baseline might have been
more motivated than the other patients to increase their SMBG
frequency, and be more likely to benefit from the reimburse-
ment policy.
The independent association between the presence of hypo-

glycemic unawareness and lack of increase in the frequency of
SMBG during the study period (Table 3) is an unexpected
finding. As we used a simple screening questionnaire that was
used in several previous studies21, we speculate that these
results are not confirmatory and should be validated in further
studies using a more intensive scoring system, such as Clarke
or Gold scores26,27. If confirmed in further studies, the results
might show that reimbursement of the test strips without addi-
tional support for the stepwise approach to problematic hypo-
glycemia26 is not effective in patients with hypoglycemic
unawareness, because these patients require more intervention
than simply reducing the cost of SMBG. Rather than simply
increasing SMBG frequency, a stepwise approach starting from
a structural education typically requiring a 30- to 4-h group
learning curriculum, and then use of a technological approach,
such as real-time continuous glucose monitoring and/or an
insulin pump, and finally islet or pancreas transplantation, has
been recommended for these patients26.
The independent association between higher SMBG fre-

quency at baseline and both the increase in SMBG frequency
and decrease in the rate of SH during the study period is
another novel finding of the present study. In the analysis of
the 20,555 participants of the T1D Exchange Clinic Registry22,
a continuous trend toward lower mean HbA1c was observed
with increasing SMBG frequency (up to 10 per day). Recent
guidelines suggest very frequent (6 to ≥10 times daily including

Table 4 | Factors associated with a decreased rate of severe hypoglycemia at 12 months from baseline

Univariate Multivariate†

OR (95% CI) P-value Adjusted OR (95% CI) P-value

Baseline SMBG frequency (times/day) 2.63 (1.71–4.04) <0.001 2.15 (1.35–3.43) 0.001
Change in SMBG frequency (times/day) 1.97 (1.35–2.88) <0.001 1.09 (0.75–1.58) 0.649
Baseline HbA1c (%) 0.78 (0.62–0.99) 0.047 0.88 (0.68–1.13) 0.312
Total daily insulin dose (IU/day/kg) 0.86 (0.19–3.91) 0.848
Rate of SH at baseline (times/month) 1.32 (1.08–1.62) 0.007 1.12 (0.91–1.37) 0.284
Presence of hypoglycemic unawareness 0.28 (0.11–0.70) 0.007 0.47 (0.16–1.41) 0.179
Sex (men) 0.71 (0.33–1.50) 0.366
Age (years) 1.00 (0.97–1.03) 0.787
Duration of diabetes (years) 1.00 (0.96–1.04) 0.953
Intensive insulin therapy (MDI or CSII) 0.65 (0.27–1.55) 0.330

†Binary logistic regression analysis. The covariates were included in the multivariate analysis model when the P-value was <0.2 in the univariate
model. CI, confidence interval; CSII, continuous subcutaneous insulin injection; HbA1c; glycated haemoglobin; MDI, multiple daily insulin; OR, odds
ratio; SMBG, self-monitoring of blood glucose.
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before meals, before exercise, at bedtime, upon suspected hypo-
glycemia and before driving) SMBG in most patients on inten-
sive insulin regimens5,7. The results of the current study suggest
that an increase in the frequency of SMBG in motivated
patients who already carry out SMBG more frequently at base-
line is one of the most important benefits of the national reim-
bursement policy.
There were several limitations to the present study that

should be discussed. First, our results were drawn from patients
enrolled at just five hospitals, and were not representative of all
type 1 diabetes mellitus Korean patients. Therefore, the results
of the present study should not be extrapolated to patients in
primary care settings. Second, the SH and SMBG frequencies
were self-reported, and subjective recall could have biased the
results. Although it has been observed that analysis based on
self-reported SMBG measurements per day and the analytic
results of the data from clinic meter downloads were similar in
the participants subset of the T1D Exchange Clinic Registry22

and we used a questionnaire similar to that used in the T1D
Exchange Clinic Registry, we did not validate our study popula-
tion due to the lack of availability of clinical meter downloads
data. Therefore, the present study shares the limitation of lack-
ing objective measurement of SMBG frequency with several
previous questionnaire-based outpatient studies22,28. Third,
changes in dietary and exercise behaviors after adopting a reim-
bursement policy was not assessed in the study.
In conclusion, several factors, including higher SMBG fre-

quency at baseline, were independently associated with greater
effectiveness of the KNHIS reimbursement program in terms of
decreasing HbA1c level and the frequency of severe hypo-
glycemia. These results can potentially be used to identify those
patients that might benefit most from reimbursement for glu-
cose test strips for SMBG.
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