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Abstract

To evaluate the clinical utility for simple patient administered dose adjustment methods of insulin
glargine during outpatient visits compared with a physician managed titration, changes in HbA1c
and total daily dose of insulin were evaluated in 23 patients by dividing patients into physician-led
(PL) group and self-titration (ST) group who were newly administered glargine basal-supported
oral therapy (BOT) while continuing oral antidiabetic drugs at the discretion of their attending
physician during regular outpatient visits. In the PL group, one month after initiation of glargine,
HbA1c followed a declining trend, although this was not significant (P = 0.07), and decreased sig-
nificantly after two and three months (P < 0.05, respectively). However, after 12 months, the sig-
nificant difference had disappeared. By contrast, in the ST group, HbA1c did not significantly de-
crease one month after initiation of glargine, but did drop markedly after two and three months,
with this trend continuing up to 12 months (P < 0.005). On examining the differences between
both groups, we found that the initial dose was significantly larger in the PL group (P < 0.05),
whereas the dose increased significantly more in the ST group after three months. While the insu-
lin dose after 12 months was large in the ST group, no statistically significant difference was noted
between the two groups (P = 0.14) whereas HbA1c was significantly low in the ST group. In con-
clusion, we believe that patient-led basal insulin dosage adjustment is an effective and useful the-
rapeutic option when they can master self-monitoring of blood glucose.
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1. Introduction

Diabetes therapy aims to maintain glycemic control and a quality of life (QOL) in diabetes patients that is equal
to that of healthy individuals. Timely review of treatment and selection of the most appropriate therapy are also
important in reducing the risk of various complications [1].

Recently, in cases where glycemic control proved difficult with oral antidiabetic drugs (OAD), the use of bas-
al-supported oral therapy (BOT), in which complementary basal insulin is injected without changing the type or
dosage of OAD, has been increasing [2]. Because BOT is administered with one injection per day, it is expected
to make it possible to introduce insulin earlier. In the Japanese sub-analysis of the CREDIT (Cardiovascular
Risk Evaluation in People with Type 2 Diabetes on Insulin Therapy) study [3] which was conducted after the
release of long-acting, soluble insulin analogues, the mean HbAlc at the time of starting insulin injection was
10.7% % 2.0% (NGSP). Whereas in the ALOHA study [4], a clinical observational study of BOT conducted five
years after the release of long-acting and soluble insulin analogues, the mean HbAlc at starting of insulin do-
sage was 9.5% * 1.2%. Thus, while the period for first introducing insulin injections tended to be earlier in the
latter, injections were still not administered at the recommended timing of when the mean HbAlc of patients
reached 8.1% (DAWN JAPAN study) [5].

On the other hand, even if insulin injections were successfully initiated, many patients were unable to increase
their dosage appropriately to achieve their target blood glucose level, thereby making it difficult to manage gly-
cemic control well. According to a survey of therapy conducted by the Japan Diabetes Clinical Data Manage-
ment (JDDM) Study Group [6], rates for achieving HbAlc of <6.5% in patients undergoing insulin therapy and
insulin therapy with OAD were 20.9% and 13.6%, respectively, indicating that those using insulin have not
necessarily achieved adequate glycemic control. In addition, hypoglycemia is also a concern when starting insu-
lin therapy and dosage optimization [7]-[9]. In everyday clinical settings, insulin dosage adjustment to achieve a
target fasting blood glucose level may not be adequately performed by patients and doctors who are concerned
about hypoglycemia [7]. Until soluble, long-acting insulin analogues were released, no peak effect [10] or effec-
tive duration of up to 24 h [11] was possible using NPH insulin as a basal insulin replacement drug, which often
made dosage adjustment difficult. Soluble, long-acting insulin analogues have improved glycemic control and
reduced the risk of hypoglycemia in diabetes patients regardless of diabetes type [12]-[15]. Insulin glargine (he-
reinafter, “glargine™) was released in Japan in 2003. This drug resulted in no clear peak and had an effective du-
ration of approximately, but no more than 24 h [11], thereby solving the problems associated with interme-
diate-acting insulin.

However, no clear index has yet been presented regarding the initiation of BOT and dosage adjustment. In a
study on dosage adjustment of glargine, Davies et al. [16] reported on the AT.LANTUS trial. In this trial, pa-
tients were allocated to either a self-adjusted dosage group or a physician-adjusted dosage group using a simple
algorithm to compare differences in glycemic control. HbA1c significantly improved in the patient-adjusted do-
sage group, with active dosage increases being made. However, the majority of subjects in this experiment were
Caucasian and the final mean dosage of glargine was 43 units, which differs greatly from clinical conditions in
Japan [17]. In addition, in outpatient departments in Japan, the attending physician often determines insulin do-
sage adjustments.

Therefore, we examined blood glucose values from self-monitoring of blood glucose (SMBG) until target
fasting blood glucose levels were met, and hypothesized that methods which the patient increases their own dose
of long-acting insulin are safe and better for glycemic control than methods in which adjustments are made dur-
ing outpatient visits under the guidance of a physician. This was a retrospective study of outpatient cases for
which long-acting insulin was introduced on an outpatient basis.
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2. Methods
2.1. Study Participants and Measurements

This study was examined at Hiroshima University Hospital Department of Endocrinology and Diabetes from
January 1, 2012 to December 31, 2013. Twenty-eight outpatients were identified who were newly administered
glargine (BOT) while continuing OAD at the discretion of their attending physician during regular outpatient
visits. To be included in the study, patients had to be aged more than 20 years, treated OAD therapy and started
treatment with insulin glargine as BOT. In addition, patients have HbAlc levels were more than 6.5% in the 4
weeks prior to initiation of insulin glargine therapy. The ethics committee for epidemiological studies at Hiro-
shima University approved this study.

Of these, 23 patients who continued to use the same insulin and were observed at our hospital without any
hospitalization over the course of one year were chosen as subjects.

Patients were divided into a physician-led (PL) group (n = 13), in which guidance on glargine dosage was
given and targets set during outpatient visits, and a self-titration (ST) group (n = 10), in which patients were in-
structed regarding SMBG so that they set their own target fasting blood glucose level and increased their own
glargine dosage until a target was reached. Changes in HbAlc as a result of BOT were retrospectively ex-
amined.

In the PL group, the attending physician examined past changes in glycemic control and set the initial glar-
gine dose. Subsequently, patients performing SMBG would use these glycemic control values as a reference,
and non-SMBG patients would receive guidance on insulin units based on blood glucose values taken at each
visit. Patients would then perform self-injections to improve glycemic control at home until the next outpatient
visit. In contrast, each patient in the ST group was instructed on SMBG and simultaneously taught how to use
algorithms in which the target fasting blood glucose level was set at 130 - 150 mg/dl in accordance with the sta-
tus of each individual patient. As a general rule, the initial dose of glargine was basically 3 U/day and the next
visit was scheduled for two weeks later, at which point physicians checked the patient’s understanding of the
algorithm. Subsequent visits were conducted at the same frequency as those of the PL group.

The algorithm in this study was as follows: Patients measured fasting blood glucose every morning and in-
creased their dose by one U/day until the target level was met. If the target level was reached in a single day, the
dose was fixed at the number of units of the previous day until the next outpatient visit. Attending physicians re-
viewed fasting blood glucose target levels during visits and instructed patients to perform the same self-titration
up to a minimum fasting blood glucose value of 110 mg/dl.

2.2. Statistical Analysis

Changes of HbAlc from baseline to 1, 2, 3, and 12 months were compared to examine the effects of glycemic
control targets in both groups. Results are shown as mean = the standard deviation or median and interquartile
range. As HbAlc and body mass index (BMI) did not exhibit normal distribution, logarithmic transformation
was performed prior to analysis. Both groups were compared using the chi-squared test or a sex- and
age-adjusted analysis of covariance (ANCOVA). Values before and after glargine administration in each group
were tested for significance using the paired t-test. All analyses were performed with SAS version 8.2 (SAS In-
stitute, Cary, NC).

3. Results

3.1. Clinical Characteristics at Baseline

Fifteen men and 8 women (age, 59.2 + 10.7 years; BMI, 24.5 + 4.2 kg/m?; duration of diabetes, 8.8 + 8.4
years for all groups) were subject to analysis. Clinical attributes of subjects are shown in Table 1. No nota-
ble differences were observed between age, BMI, duration of diabetes, systolic and diastolic blood pressure,
total and HDL cholesterol, triglyceride levels, as well as oral drugs on initiation of glargine and oral drugs
after one year of observation.

3.2. Changes in Glycemic Control

Changes in HbAlc for all subjects in each group are shown in Figure 1. In the PL group, one month after initiation
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Table 1. Clinical characteristics of study subjects at baseline.

Physician-led group (PL) Self-titration group (ST)
Men/Women 5/8 3/7
Age (years) 60.6 £ 10.9 57.3+10.7
Duration of type 2 diabetes (years) 6 (3-10) 8(2-14)
Body Mass Index(kg/m?) 23.7+35 255+49
Systolic blood pressure (mmHg) 132+ 14 129+9
Diastolic blood pressure (mmHg) 71+13 70+11
Total cholesterol (mg/dl) 192 £ 26 218 £ 78
Triglycerides (mg/dl) 155+ 139 211 +186
HDL cholesterol (mg/dl) 64 =20 57+15
Oral antidiabetic drugs (N)
Sulfonylureas 7 6
Biguanides 7 2
Alfa glucosidase inhibitors 4 2
DPP4 inhibitors 3 6
Glinides 1 0
HbAlc(%)
12 4 =0~ Physician-led
—e— Sclf-titration
11 4
10 4
94
8 g
74
6 4
0 T ryi

T T 7/ T
Baseline 1 month 2 month 3month 12 month

Figure 1. Changes in HbAlc for each group. Left column scale indicates HbA1c level.
Bars indicate standard error. HbAlc for physician-led group was 8.89 + 1.94, 8.01 +
1.02, 7.85 + 0.73, 7.68 + 0.76 and 7.77 + 0.59, while HbAlc for self-titration group
was 10.44 + 1.51, 9.37 + 1.66, 8.50 + 1.37, 7.73 £ 0.95 and 7.13 + 0.54 at baseline,
after 1, 2, 3 and 12 month."P < 0.05.

of glargine, HbAlc followed a declining trend, although this was not significant (P = 0.07), and decreased sig-
nificantly after two and three months (P < 0.05, respectively). However, after 12 months, the significant differ-
ence had disappeared (P = 0.07; HbAlc: 8.89% + 1.94%, 8.01% + 1.02%, 7.85% + 0.73%, 7.68% + 0.76%, and
7.77% + 0.59%, respectively). By contrast, in the ST group, HbAlc did not significantly decrease one month af-
ter initiation of glargine (P = 0.13), but did drop markedly after two (P < 0.01) and three months (P < 0.001),
with this trend continuing up to 12 months (P < 0.005; HbAlc: 10.44% + 1.51%, 9.37% + 1.66%, 8.50% =+
1.37%, 7.73% * 0.95%, and 7.13% = 0.54%, respectively). The course of HbAlc was compared between groups
and, on initiation of glargine, we noted that HbAlc was significantly higher in the ST group (P < 0.05), and this
difference was also evident after one month (P < 0.05). However, this significant difference disappeared after
two and three months, and after 12 months, values had become significantly lower in the ST group (P < 0.05).

3.3. Changes in Insulin Dose

Mean doses of glargine at baseline, after one, two, three, and 12 months were 5.00 + 2.16, 5.69 + 2.43, 6.62 +
2.69, 6.46 + 2.54, and 7.69 £ 3.43 U/day, respectively, in the PL group, and 3.30 £ 0.67, 15.40 + 9.17, 19.90 £
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15.24, 21.60 + 16.06, and 16.70 + 17.30 U/day, respectively, in the ST group. Significant increases were ob-
served except after one month in the PL group when compared with initial dose, whereas significant increases
were seen in the ST group throughout observation times (Figure 2). On examining the differences between both
groups, we found that the initial dose was significantly larger in the PL group (P < 0.05), whereas the dose in-
creased significantly more in the ST group after 1, 2 and 3 months (P < 0.005, respectively). While the insulin
dose after 12 months was large in the ST group, no statistically significant difference was noted between the two
groups (P = 0.103).

3.4. Weight Changes and Safety from Risk of Hypoglycemia

Weight increased from 68.1 + 15.4 kg at the start of the experiment to 70.7 + 15.8 kg after 12 months, although
this increase was not significant (P = 0.23 vs. 0 months). This relation was the same in an intra-group examina-
tion (PL group, from 64.2 + 12.8 kg to 66.2 £ 12.1 kg; ST group, from 73.6 = 17.7 kg to 76.0 + 17.5 kg), and an
inter-group examination revealed no significant difference. BMI was also examined at the same time, but no
significant changes were noted. In addition, no severe hypoglycemia was observed in any patients during the
study period and no patients complained of hypoglycemia.

4. Discussion

We conducted a retrospective study in which glargine was introduced to Japanese type 2 diabetes outpatients as
their first insulin therapy, and patient-led and physician-led insulin dose increases and glycemic control were
compared. We demonstrated that equivalent or even superior glycemic control could be achieved with pa-
tient-led insulin dose increases. The results of this study revealed that patient-led insulin adjustment using glar-
gine on an outpatient basis might be an effective method for glycemic control in Japanese people, who com-
monly require smaller doses of insulin than do patients in Western countries.

BOT is recommended as the first step when initiating insulin therapy in the consensus algorithm of the
American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) [18]. Many
reports have also examined the effect of BOT introduction on type 2 diabetes patients for whom glycemic con-
trol with OADs is insufficient [19]-[21].

Even if BOT only temporarily improves glycemic control at the start of therapy, maintaining good glycemic
long-term control is difficult without adequately adjusting the dosage to achieve a target fasting blood glucose
level. In the Treat-to-Target trial [22], HbAlc decreased from 8.6% at baseline to 7.0% over 24 weeks; however,

Total daily dose
(Unit/day) [ Physician-led

*dk [ Self-titration

*%

304
55 wk
20 4
15

10 4

yem N IN'IN

T T T
Baseline 1 month 2 month 3month 12 month

Figure 2. Changes in total glargine dose for each group. Left column scale indicates
total glargine dose. Bars indicate standard error. Total daily glargine dose for physi-
cian-led group was 5.00 + 2.16, 5.69 + 2.43, 6.62 + 2.69, 6.46 + 2.54 and 7.69 + 3.43,
while total daily glargine dose for self-titration group was 3.30 * 0.67, 15.40 + 9.17,
19.90 + 15.24, 21.60 + 16.06 and 16.70 + 17.30 at baseline, after 1, 2, 3 and 12 month.

P < 0.05, P < 0.005.
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this was thought to be the result of actively adjusting dosage to achieve a fasting blood glucose level of 100
mg/dl. Meta-analyses [23] conducted in numerous clinical studies in the literature suggest that correcting fasting
blood glucose level greatly contributes to improving HbA1c as well as reduces the mortality risk from malignant
tumors, vascular lesions, and other conditions. Furthermore, maintaining fasting blood glucose level at a level
close to normal may aid in the functional recovery of endogenous insulin secretion. Meier et al. [24] reported
improvements in postprandial blood glucose level and postprandial serum C-peptide response, which are indi-
cators of endogenous insulin secretion. Meier et al. [24] also reported improved fasting blood glucose in type 2
diabetes patients with poor control during oral hypoglycemic drug therapy as a result of normalizing fasting
blood glucose to a target of <100 mg/dl with 8 weeks of glargine combination therapy. While such studies
demonstrate the benefits of correcting fasting blood glucose, active basal insulin dosage adjustment is not com-
monly conducted in outpatient care, particularly in Japan.

In the present study, a fasting blood glucose level of <130 - 150 mg/dl (at which the risk of hypoglycemia is
considered low) was set as the initial target in the ST group and an algorithm in which the patients adjusted the
dosage themselves was used. The insulin dose was consequently significantly higher in the ST group than in the
PL group throughout the observation period, and HbAlc had significantly decreased after 12 months despite
markedly higher HbAlc values at the start of the study. HbAlc therefore continuously improved despite gradu-
ally decreasing the dosage, particularly between 3 and 12 months. However, no significant weight changes were
recorded. This glycemic control may have been due to glucotoxicity being removed by replacing the appropriate
amount of insulin over a short time, as well as to the patients’ understanding of the significance of insulin ther-
apy, and to the patients’ positive attitudes and/or behavioral change toward therapy. In contrast, glycemic con-
trol tended to deteriorate slightly from three months onward in the PL group. A number of factors may have
been involved in this, including patients” unwillingness to increase their dose of insulin due to fear of hypogly-
cemia, and a tendency to psychologically shy away from increasing doses. It is often difficult to determine the
optimum insulin dose for each individual patient; however, the patient-led dosage adjustment performed here
allowed for relatively safe adjustment without hypoglycemia by gradually decreasing the target fasting glucose
level under a physician’s supervision. Of course, patient-led insulin dosage adjustment such as that used in this
study is accompanied by risk unless the therapy is fully understood, i.e., dealing with low blood glucose and
strictly complying with dietary therapy. However, once patients are able to adjust their own insulin dosage and
understand the significance of insulin replacement, we believe that they can earn a sense of accomplishment and
satisfaction at having actively participated in the therapy and achieved good glycemic control. These are some of
the factors responsible for glycemic control improving over the relatively long observation period of 12 months.

Of particular note is that while the insulin dosage in the PL group was increased over the 12 months, the insu-
lin dosage in the ST group was increased up to a level close to that of the maintenance dose after three months
and this fast improvement in glycemic control actually meant that insulin doses were decreased after 12 months.
To achieve the type of therapy aimed for in the Treat-to-Target trial, self-titration is an effective treatment me-
thod when introducing BOT on an outpatient basis. The AT.LANTUS trial that examined dosage adjustment
methods and particularly the ATLAS trial [25] that examined Asian patients using a similar study design, both
presented by the ADA in 2013, revealed that patient-led groups were better at significantly reducing HbAlc and
markedly increasing insulin dosage. These results are consistent with those of the present study.

Furthermore, the duration of effect of glargine used in our experiment was approximately 24 h, which may
have enabled daily small dosage adjustments to reach the target fasting blood glucose level. Large-scale clinical
trials such as the ORIGIN [26] and EASIE [27] also achieved good glycemic control with a very low frequency
of hypoglycemia by targeting a fasting blood glucose level of <100 mg/dl. No severe hypoglycemia was ob-
served during the study period in the present study, suggesting that the highly regulatable glargine is appro-
priately safe.

The limitations of this study include it being a retrospective and observational study, using an insufficient
sample size, having a limited number of implementation facilities, the target blood glucose level of <110 mg/dI
limiting dosage adjustments, and the fact that adjustment of oral drugs being left to the discretion of the physi-
cian despite no significant changes seen during the observation period may have affected results. We therefore
hope to conduct a prospective study to verify the results of the present study in a larger sample size.

We examined the effects of introducing soluble, long-acting insulin analogues on glycemic control on an out-
patient basis by dividing patients into two groups, PL and ST, according to the method of dosage adjustment.
Glycemic control improved as a result of introducing glargine in both groups, but the improvement was faster in
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the group that used an algorithm whereby patients themselves adjusted the dosage than in the physician-led
group. The effect of glargine was clearly observed over a 12-month period. We believe that patient-led basal in-
sulin dosage adjustment is a useful therapeutic option when they can be taught SMBG.
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