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Abstract

Background: In addition to achieving good glycemic control, diabetes care management aims to improve the qual-
ity of life (QOL) in patients. Treatment-associated difficulties and side effects frequently cause deterioration in QOL.
Liraglutide, a GLP-1 receptor agonist, is a novel injection drug that promotes insulin secretion. It is a user-friendly,
once-daily injection with fewer hypoglycemic events. In this study, we aimed to examine the effect of liraglutide

therapy on QOL in patients.

Methods: In total, 304 insulin- and liraglutide-naive patients with type 2 diabetes were enrolled in this observational
study; they received liraglutide therapy for 12 weeks. The main outcome measure was change in QOL from baseline,
which was assessed using diabetes therapy-related QOL (DTR-QOL).

Results: At week 12, liraglutide significantly decreased HbATc levels (8.7 £ 1.5vs. 7.5 + 1.3, p < 0.001) and BMI
(279453 vs.273 £ 5.2, p <0.001). According to the QOL scores, although the treatment modality had changed
from non-injection to injection therapy, liraglutide improved patient satisfaction with treatment. Significant correla-
tions were found between change in HbA1c level and satisfaction with treatment, as well as between change in body
weight and burden on social and daily activities, anxiety and dissatisfaction with treatment, and hypoglycemia.

Conclusions: Liraglutide significantly improved glycemic control and reduced the body weight without deteriorat-

ing QOL in obese patients with type 2 diabetes.
Trial registration UMIN-CTR: UMIN0O00007159
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Background

The prevalence of type 2 diabetes mellitus (T2DM) has
been increasing worldwide. Japan is one of the coun-
tries with the highest prevalence rates in the world [1],
which was promoted by the adoption of high-fat west-
ernized diet patterns and sedentary lifestyle due to the
rise of automation. The persistent elevation of blood
glucose level causes microvascular and life-threatening
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macrovascular complications resulting in low quality of
life (QOL) in patients with diabetes.

Recent evidence suggests that good glycemic control
is necessary to prevent diabetic complications. How-
ever, many patients with T2DM have difficulty achieving
and maintaining glycemic control. One of the obstacles
is that patients have to stick to a daily routine for a long
period to maintain good glycemic control [2]. Another
possible barrier includes the side effects of medical treat-
ment including hypoglycemia or weight gain or both,
which may arouse anxiety [3], decrease motivation,
and lower the QOL [4] in patients. Patients often fail to
adhere to suitable diabetes treatment because of these
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psychological stressors, which lead to a downward spiral
of neglected diabetes care [5]. In particular, most patients
have a negative attitude towards insulin injection [6], and
consider it a critical-state treatment [7]. They become
hesitant about the initiation of insulin therapy despite
the fact that it is a reliable means to control blood glucose
[8], which may result in late insulin initiation [9]. Thus, it
is very important to attain good glycemic control without
reducing patient motivation or QOL.

Liraglutide is a glucagon-like peptide-1 (GLP-1) recep-
tor agonist. As GLP-1 receptor agonists promote insu-
lin secretion in a blood glucose-dependent fashion, they
cause fewer hypoglycemic episodes in comparison with
sulfonylureas [10]. In addition, they can achieve long-
term glycemic control with only one shot per day [11].
GLP-1 receptor agonists have other beneficial effects,
such as suppression of appetite, delayed gastric emptying,
and weight loss. These favorable features of liraglutide are
expected to solve many of the unmet medical needs asso-
ciated with T2DM treatment. However, it has been sug-
gested that patients and physicians may be reluctant to
implement liraglutide treatment because GLP-1 receptor
agonists are injection drugs [4]. Therefore, it is important
to elucidate the impact of liraglutide therapy on clinical
parameters and QOL as well as its side effects in patients
with T2DM.

We aimed to examine the effects of liraglutide on gly-
cemic control, body weight, and QOL score in obese
Japanese patients with T2DM in patient’s psychologi-
cal attitude and glycemic control effectiveness by GLP-1
(PAGEL1) study.

Methods
Research overview
We conducted a prospective, multicenter, pre-post
observational study to examine the effect of liraglutide
on QOL in Japanese patients with T2DM from Febru-
ary 2012 to September 2013 at 66 medical institutions
in Japan listed in the Additional file 1. The inclusion cri-
teria were (1) type 2 diabetes, (2) no prior use of insulin
or liraglutide, and (3) aged 15 years and older. Patients
with malignant tumors and pregnant or nursing women
were excluded from this study. At the start of the study,
only patients with dietary therapy, physical therapy, or
sulfonylurea treatment were allowed to enroll because
only they were allowed to use liraglutide under insurance
coverage in Japan. During the course of the study, oral
hypoglycemics other than sulfonylurea were reimbursed.
Therefore, patients using those drugs were enrolled at
later time points.

No pre-specified initiation or titration protocol for
liraglutide was used. The participating physicians were
allowed to determine the initial dose, maintenance dose,
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and timing of liraglutide administration by consider-
ing the patient’s condition and side effects. Clinical and
laboratory parameters and diabetes therapy-related
QOL (DTR-QOL) scores [12] were measured before (at
baseline) and 12 weeks after the initiation of liraglutide
therapy. In addition, at baseline and week 12, the hypo-
glycemic episodes that the patients experienced in the
preceding four weeks were self-reported using the DTR-
QOL questionnaire. The frequency of adverse events was
evaluated to assess the safety of liraglutide therapy. The
primary outcome measure was the change of DTR-QOL
total score from baseline. Additionally, the correlation
between changes in HbAlc and DTR-QOL scores was
evaluated. Secondarily, correlations between changes in
weight and DTR-QOL scores and those between changes
in random blood glucose levels and DTR-QOL scores
were evaluated.

The study protocol was registered with the University
Hospital Medical Information Network (UMIN-CTR:
UMINO000007159) prior to the commencement of the
study. We adhered to the “Ethical Guidelines for Clinical
Studies” issued by the Japanese government after receiv-
ing permission from the ethical committees at each of
the participating medical facilities, and this study was
conducted in accordance with the ethical standards laid
down in the Declaration of Helsinki and its later amend-
ments. All personal information was anonymized. The
participation of patients with diabetes was obtained
through an opt-out methodology. The patients were
informed about the study and the ability to opt out via a
poster. However, a written informed consent was given if
directed by the institutional review board. To ensure data
quality in this study, we contracted external entities for
data collection, management, and statistical analysis.

DTR-QOL questionnaire

We used the DTR-QOL questionnaire for evaluating
QOL. The reliability and validity of the questionnaire
was verified psychometrically [12], and it can be used to
assess all modalities of diabetic treatment including injec-
tions. The self-administered questionnaire comprises 29
questions, and the patient answers each question using
the 7-point Likert scale ranging from “Strongly disagree”
(—7) to “Strongly agree” (1). The score of each item was
reversed so that “7” represented the highest QOL. When
calculating the scores for DTR-QOL questions 26-29,
the rating scores were reversed such that a higher score
indicated better QOL. The assessment covers each of the
following four domains: D1 “Burden on social activities
and daily activities,” D2 “Anxiety and dissatisfaction with
treatment,” D3 “Hypoglycemia,” and D4 “Satisfaction with
treatment” By comparing the DTR-QOL scores before
and after initiation of a new treatment, the influence
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and effects of the new treatment on patient QOL can
be assessed quantitatively. The total score and domain
scores were converted to a scale of 0-100 as described
previously [12]. The patients filled out the DTR-QOL
questionnaire by themselves in private, to avoid any influ-
ence of physicians and medical care providers.

Statistical analysis

Patients were excluded from the analysis if data at base-
line, week 12, or both time points were missing. We
further excluded those who dropped out of the study or
stopped liraglutide therapy owing to adverse effects. For
the analysis of hypoglycemic events, we used all data,
even when data for either of the two time points were
missing. We calculated the total score and scores for each
domain at both baseline and week 12, and compared
them using a paired ¢ test. All correlation analyses were
performed using Spearman’s rank correlation coefficient.
We conducted stratification analyses for DTR-QOL
scores. DTR-QOL scores were compared using Student’s
t test between the first and fourth groups stratified by
quartiles of changes in HbAlc or body weight. The Wil-
coxon signed-rank test was used to compare the scores of
each question of the DTR-QOL questionnaire at baseline
and week 12. The frequency of hypoglycemic events was
compared between baseline and week 12 using the Chi
squared test, and the number of hypoglycemic events per
patient was compared using the Wilcoxon rank-sum test.
A paired ¢ test was used for comparing the clinical and
biochemical characteristics at both time points.

Based on a previous study [12], power analysis was per-
formed to detect a change of 7 points in the DTR-QOL
total score (10% improvement), with two-sided alpha of
5% and beta of 7.5%. Assuming a DTR-QOL total score
at baseline +SD of 70 & 15 and a dropout rate of 30%, we
calculated that at least 300 patients were needed for this
study. All statistical tests were two-sided with an alpha
level of 0.05 and performed using the SAS 9.3 software.

Results

Subject characteristics

In total, 304 Japanese patients were enrolled in this study.
After enrollment, five cases were found to meet the
exclusion criteria, ten cases dropped out, 43 cases did
not have questionnaire data either at baseline or week
12, and 42 cases deviated from the allowance period at
week 12. Thus, we used data from 204 cases for analy-
ses (Fig. 1). The ten dropouts included three patients
who stopped hospital visits and seven who dropped out
because of adverse events: four cases presented gas-
trointestinal symptoms (constipation, loss of appetite,
gastritis, and bloating), one case showed hypersensitiv-
ity (hives), one showed hyperglycemia, and one showed
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depression. No dropouts due to hypoglycemia were
noted. The mean age was 59.4 £ 12.3 years, mean weight
was 73.9 £+ 17.0 kg, mean BMI (body mass index) was
27.9 + 5.3 kg/m? mean HbAlc was 8.7 + 1.5% (NGSP,
National Glycohemoglobin Standardization Program;
71.6 £ 16.7 mmol/mol), and the mean duration of dia-
betes was 115.0 &= 88.8 months (9.6 £ 7.4 years). In total,
55.9% of subjects used combination therapy with sulfony-
lurea during this study (Table 1). The concomitant drugs
used by these patients at baseline and week 12 are shown
in Table 2, which indicated that their medication was not
changed within 12 weeks. Concerning the dose of lira-
glutide, 91.8% of the patients started 0.3 mg/day at base-
line, and 77.0% of the patients received 0.9 mg/day after
12 weeks (Table 3).

Effects of liraglutide on clinical and biochemical
parameters, and incidence of hypoglycemia

The clinical and biochemical parameters at the two
evaluated time points are shown in Table 4. The
HbAlc change was —1.2 £+ 0.1% (—13.0 &= 1.2 mmol/
mol), demonstrating a significant improvement in
glycemic control (p < 0.001). Body weight and BMI
were significantly decreased (p < 0.001 for both) by
—1.4 + 0.3 kg and —0.5 + 0.1 kg/m?, respectively. Sig-
nificant decreases were also observed in total cholesterol
(—8.4 £ 2.8 mg/dL [—0.2 & 0.07 mmol], p = 0.003), uric
acid (—0.2 = 0.1 mg/dL [—11.9 + 5.9 mmol], p = 0.025),
and HDL-C (—1.2 £+ 0.6 mg/dL [—0.03 £ 0.02 mmol],
p =0.041).

The proportion of patients experiencing hypoglycemic
events during the 4 weeks prior to baseline and week 12
were 13.8 and 15.5% (p = 0.758), respectively. The num-
ber of hypoglycemic events per patient at both time
points was 8.1 &+ 8.5 and 5.3 & 7.4 (p = 0.150), respec-
tively (Additional file 2: Figure S1).

Effects of liraglutide on DTR-QOL scores

Changes in DTR-QOL total score and each of the four
domain scores are shown in Table 5. The total score
of 198 subjects at baseline was 61.9 + 16.2, and it was
significantly improved to 69.7 + 16.8 (p < 0.001) at
week 12. Significant improvement was also seen in all
four domains (D1-D4; Table 5). The effect size [13]
for the total score was 0.48. The effect sizes for the
scores in domains D1, D2, D3, and D4 were 0.28, 0.48,
0.23, and 0.61, respectively. The effect size was the
largest for D4, followed by total score and D2, which
reflected moderate effect on QOL [14]. When assess-
ing the effect for each individual question of the ques-
tionnaire, a significant improvement was observed
for 24 of 29 questions (Table 6). However, significant
decreases were found in the scores for Q12, “Pain due
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Number of registered cases at
beginning: 304

Number of cases without conflicts in
exclusion criteria: 299

\ 4

Number of cases included: 289

4

Number of cases for which the
DTR-QOL questionnaire was collected
at baseline and week 12: 246

\ 4

Number of cases in FAS for statistical
analysis: 204

Fig. 1 Flowchart of selection of patients with T2DM for the analysis

Number of cases with conflicts in
exclusion criteria: 5

Number of cases excluded for
interruption in hospital visits or
adverse event: 10

Number of cases for which the
DTR-QOL questionnaire collected
either at baseline or week 12, or
both were missing: 43

Number of cases that deviated from
the allowance period (£3 weeks) of
week 12:42

Table 1 Patient characteristics at baseline

Characteristics Value

Age, years 594+£123
Height, cm 1626 £9.6
Duration of diabetes, months 115.0 £ 88.8
Men 119 (58.3)
Macrovascular complications of diabetes 36 (17.7)
Arteriosclerosis obliterans 8(3.9)
Coronary heart disease 19(9.3)
Stroke 15(7.3)
Diabetic microangiopathy 106 (52.0)
Diabetic retinopathy 49 (24.0)
Diabetic neuropathy 47 (23.0)
Diabetic nephropathy 83 (40.6)
Sulfonylurea before using GLP-1 123 (60.3)

n = 204 except for height (n = 203) and duration of diabetes (n = 197) because
of missing data. Data are shown as the mean =+ SD or the number of patients (%)

to my current diabetes treatment is uncomfortable,’
and Q13, “Gastrointestinal symptoms (nausea, pass-
ing gas, diarrhea, abdominal pain) due to my current
diabetes treatment are uncomfortable” No significant
changes were found for the following three questions:
Q5, “It is a burden getting up at a certain time every
morning for my current diabetes treatment,” Q15, “I
worry about low blood glucose due to my current dia-
betes treatment,” and Q25, “I am concerned that if I
continue my current diabetes treatment, the efficacy
(effectiveness) may diminish”

Correlations between changes in DTR-QOL scores

and changes in HbA1¢, body weight, and random blood
glucose

We found a significant correlation between change
in DTR-QOL total score and change in body weight
(p = —0.24, p < 0.001), but not with change in HbAlc
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Table 2 Concomitant drugs

Drugs Baseline (n =204) Week 12 (n = 204)
Antidiabetic drug 140 (68.6) 138 (67.7)
Sulfonylurea 114 (55.9) 113 (55.4)
a-Glucosidase inhibitor 19(9.3) 18 (8.8)
Biguanide 47 (23.0) 49 (24.0)
DPP-4 inhibitor 8(3.9) 7 (34)
Glinide 3(1.5) 3(1.5)
Thiazolidinedione 10 (4.9) 10 (4.9)
Other 1(0.5) 0(0.0)
Antihypertensive drug 121 (59.3) 123 (60.3)
Diuretic drug 22(10.8) 20(9.8)
Calcium channel blocker 75 (36.8) 77 (37.8)
ACE inhibitor 9(44) 8(3.9)
Angiotensin Il receptor 95 (46.6) 98 (48.0)
blocker
Direct renin inhibitor 0(0.0) 0(0.0)
a-blocker 0(0.0) 0(0.0)
B-blocker 17 (8.3) 18 (8.8)
alB-blocker 4(2.0) 5(2.5)
a2 receptor agonist 1(0.5) 1(0.5)
Other 2(1.0) 2(1.0)
Lipid-lowering agent 117 (57.4) 118 (57.8)
Statin 103 (50.5) 102 (50.0)
Fibrate 12 (5.9) 12 (5.9)
Ezetimibe 6(2.9) 8(3.9)
Probucol 0(0.0) 0(0.0)
EPA 0(0.0) 0(0.0)
Resin 0(0.0) 0(0.0)
Other 4(2.0) 4(2.0)

Data are shown as n (%)

DPP-4 dipeptidyl peptidase-4, ACE angiotensin-converting enzyme, EPA
eicosapentaenoic acid

Table 3 Liraglutide dose

Dose (mg) Baseline (n = 204) Week 12 (n = 204)
03 186 (91.2) 19(9.3)

0.6 3(1.5) 28(13.7)

0.9 15 (7.4) 157 (77.0)

Data are shown as n (%)

(p = —0.12, p = 0.102) and random blood glucose

(p = 0.03, p = 0.702). With regard to changes in the four
DTR-QOL domain scores, we detected significant cor-
relations for the following parameters: HbAlc and D4
(p = —0.22, p = 0.002), and weight and D1 (p = —0.18,
p =0.010), D2 (p = —0.20, p = 0.006), and D3 (p = —0.22,
p = 0.002; Additional file 3: Table S1). Stratification by
HbAlc revealed significant changes between the first
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and fourth quartiles not only in D4 score (p = 0.008), but
also in the total score (p = 0.027; Fig. 2). Similarly, sig-
nificant differences were found in total, D1, D2, and D3
scores between the groups of the first and fourth quar-
tiles of weight change (p = 0.003, 0.012, 0.019, 0.016,
respectively).

Discussion

In this study, we showed the efficacy of liraglutide, and its
influence on changes in DTR-QOL scores, and the cor-
relations between changes in HbAlc/body weight/ran-
dom blood glucose levels and DTR-QOL scores in T2DM
patients who did not have prior experience with injection
therapy. Liraglutide therapy decreased HbAlc level and
body weights, and improved patient QOL as evidenced
by the increase in scores for 24 of 29 questions, covering
more than 82% of the DTR-QOL questionnaire.

When compared to patients who planned to start
first-time insulin therapy [15] or those using oral hypo-
glycemic agents (OHA) alone [16], the following fea-
tures were observed in this cohort: better glycemic
control than patients considering insulin injections
[15], but not better than those using OHA alone [16];
younger; shorter duration of T2DM; and higher BMI
[19]. With regard to high BMI, obese T2DM patients
with poor glycemic control in OHA therapy seemed to
have been selected as candidates for this study in the
hope of weight loss via liraglutide [17]. As expected, we
observed a significant reduction in weight, BMI, and
HbAlc at 12 weeks after liraglutide initiation. Nota-
bly, all four domains in DTR-QOL as well as the total
score improved, which was rather unexpected because
once-daily self-injection of liraglutide was supposed to
pose a burden for patients or negatively influence their
QOL [18]. We speculate that the improvement in clini-
cal parameters by the liraglutide treatment changed the
patients’ perception of T2DM treatment from nega-
tive to positive, even though they required additional
self-injection of liraglutide, as is clear from Table 4 and
Fig. 2. In other words, the difficulties of daily medica-
tion and additional liraglutide injection were over-
ruled by the satisfaction associated with the beneficial
outcomes generated by liraglutide. Another possibil-
ity is that patients felt that injection therapy turned
out easier than expected. However, patients reported
decreased QOL concerning side effects of liraglutide
injection such as pain due to self-injection (Q12) and
gastrointestinal symptoms (Q13). These results seem
logical because gastrointestinal symptoms are well-
known side effects of the drug, and the patients enrolled
in our study were first-time users of self-injection
therapy. Accordingly, we believe that the results of the
DTR-QOL questionnaire represent not only subjective
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Table 4 Clinical and biochemical parameters at baseline and at week 12 of liraglutide treatment

Items Mean value £+ SD n Change (SE) p value

Baseline Week 12

Weight (kg) 739+ 170 725+16.7 204 —14(03) <0.001
BMI (kg/mz) 279453 273+£52 203 —-0.5(0.1) <0.001
Systolic blood pressure (mmHg) 1311 £ 154 12944160 203 —18(1.2) 0.134
Diastolic blood pressure (mmHg) 760+ 116 764+£122 203 0.4 (0.8) 0.652
HbATc (NGSP, %) 87+£15 75+£13 203 —1.2(0.1) <0.001
Random blood glucose level (mg/dL) 199 + 80 170 £ 66 198 —29.0(5.8) <0.001
RBCs (x 10%/ul) 459 + 54 458 + 50 135 —1.1(25) 0.661
WBCs (/mm?) 6887 £ 1879 6913 £ 1876 135 264 (140.4) 0.851
Hemoglobin (g/dL) 139+ 16 1394+15 135 0.0(0.1) 0.886
Hematocrit (%) 416+ 42 418 +42 135 0.2 (0.2) 0.225
Blood platelets (><1O4/uL) 225462 23157 134 0.6 (04) 0.088
AST (IU/L) 28.1+£206 266+£193 162 —1.5(1.1) 0.176
ALT (IU/L) 36.1 £ 331 335+£290 160 —2.7(1.6) 0.090
YyGTP (IU/L) 500+ 527 50.2 +64.8 153 0229 0.943
Serum creatinine (mg/dL) 09+10 09409 162 0.0 (0.0) 0.215
Uric acid (mg/dL) 5615 54+14 151 —0.2(0.1) 0.025
TC (mg/dL) 189.1 £36.5 180.8 £ 32.2 117 —84(2.8) 0.003
HDL-C (mg/dL) 509+ 129 49.7 £125 155 —1.2(06) 0.041
TG (mg/dL) 1779 £130.3 1723 £100.8 166 —56(74) 0451

BL baseline, w12 week 12, RBCs red blood cells, WBCs white blood cells, BMI body mass index HbA1c hemoglobin A1c, NGSP National Glycohemoglobin
Standardization Program, AST aspartate aminotransferase, ALT alanine aminotransferase, yGTP y-glutamyl transpeptidase, TC total cholesterol, HDL-C high density

lipoprotein cholesterol, TG triglyceride
p values are the results of paired t test

Table 5 DTR-QOL total and domain scores

Domain Score n p value Effect size
Baseline Week 12

D1: Burden on social activities and daily activities 68.2 +20.2 7394198 204 <0.001 0.28

D2: Anxiety and dissatisfaction with treatment 51.1+£219 61.5+219 201 <0.001 048

D3: Hypoglycemia 754 £ 260 8154232 200 0.002 0.23

D4: Satisfaction with treatment 483 £215 614+£213 202 <0.001 0.61

Total score 619+ 162 69.7 £ 16.8 198 <0.001 048

The total score and domain scores were converted to a scale of 0-100

p values are the results of paired t test

reality, but also objective reality in patients who started
liraglutide treatment.

Among the four domains of DTR-QOL, marked
improvements were observed for D2 (anxiety and dis-
satisfaction with treatment) and D4 (satisfaction with
treatment), reflecting the achievement of satisfac-
tion with improved clinical parameters. In particu-
lar, significantly improved scores were confirmed for
all four questions in D4, indicating that patients with
liraglutide treatment were satisfied and confident

about glycemic control. A significant correlation was
observed between the change in HbAlc and D4 score
(p = —0.22, p = 0.002). Similarly, previous studies have
demonstrated a correlation between changes in QOL
score and HbAlc [19], with similar correlation coeffi-
cients [20, 21]. Furthermore, quartile-stratified analysis
showed a large difference between groups of the first
and fourth quartiles of change in HbA1lc (Fig. 2), sug-
gesting an association between the change of HbAlc
and D4.
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Table 6 Results of DTR-QOL questionnaire

Domain Questions Score n p value

Baseline Week 12

D1: burden on social Q1 My current diabetes treatment interferes with my work and activities 49+£20 55418 204 <0.001
ac?vfges and daily Q2 My current diabetes treatment limits the scope of my activities 5120 56+£17 203 <0.001
activities

Q3 Itis difficult to find places on time for my current diabetes treatment 54+£17 58+16 203 0001

Q4 My current diabetes treatment interferes with group activities and per- 54+18 58£17 204 0007
sonal friendships

Q5 Itis a burden getting up at a certain time every morning for my current 58+17 59+£15 204 0.151
diabetes treatment

Q6 With my current diabetes treatment, the restricted meal times are a 514+19 57416 204 <0.001
burden

Q7 When | eat out, it is difficult to manage my current diabetes treatment 48+19 54418 203 <0.001

Q8 | feel like my current diabetes treatment takes away the enjoyment of 43+£19 48+19 204 <0.001
eating

Q9 With my current diabetes treatment, it is hard to curb my appetite 38+20 46+19 204 <0001

Q10 The time and effort to manage my current diabetes treatment are a 50+17 53+£17 204 0018
burden

Qn I am constantly concerned about time to manage my current diabetes 52+17 56£16 204 0002
treatment

Q12 Pain due to my current diabetes treatment is uncomfortable 59+16 54+17 204 <0001

Q13 Gastrointestinal symptoms (nausea, passing gas, diarrhea, abdominal 57£17 524+19 204 0001
pain) due to my current diabetes treatment are uncomfortable

D2: anxiety and Q14 I am bothered by weight gain with my current diabetes treatment 47+£20 56417 200 <0.001
dissatisfaction with Q19 I have uncomfortable symptoms due to hyperglycemia (high blood 50+£20 54+£17 200 0012
treatment |

glucose)

Q20 I'am worried about high blood glucose 35420 46+20 199 <0.001

Q21 I am dissatisfied that my blood glucose is unstable (high and low) 39+19 47417 201 <0.001

Q22 I'am worried that complications might get worse with my current diabe- 33 £20 4.1+20 201 <0.001
tes treatment

Q23 I get anxious thinking about living while on my current diabetes treat- 39420 44+£19 201 0001
ment

Q24 I find it unbearable to think that even if | continue my current diabetes 394+19 43+18 203 <0001
treatment, my diabetes may not be cured

Q25 I'am concerned that if | continue my current diabetes treatment, the 45418 454+18 203 0.822
efficacy may diminish

D3: hypoglycemia Q15 I worry about low blood glucose due to my current diabetes treatment 53+18 55£16 201 0.100

Q16 I'am scared because of low blood glucose 56+17 60£15 200 <0.001
Q17 I'am sometimes bothered by low blood glucose 57+£17 61+£14 200 0001
Q18 Symptoms due to low blood glucose are uncomfortable 56+18 59+£16 199 0.002
D4: satisfaction with Q26 Overall, | am satisfied with my current blood sugar control 32+17 43+£18 202 <0.001
treatment Q27 With my current diabetes treatment, | am confident that | can maintain 37+16 46415 202 <0.001
good blood glucose control
Q28 I am hopeful about the future with my current diabetes treatment 45+15 49+14 204 0001
Q29 With regards to diabetes treatment, | am satisfied with current treatment 4.1+ 1.5 50+14 204 <0.001
methods

Scores are shown as the mean & SD
“7" represents the highest QOL score of each item
p values are the results of the Wilcoxon signed-rank test
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Fig. 2 Changes of DTR-QOL scores in each quartile of the change of HbA1c or body weight. The changes in the total DTR-QOL score and each
domain score between baseline and 12 weeks after the initiation of liraglutide in each quartile of change in HbA1c and body weight are shown

The combination of liraglutide therapy with OHA
treatment was expected to increase the risk and fear
of hypoglycemic events. In contrast, it resulted in the
improvement of D3 (hypoglycemia). However, the num-
ber of patients who experienced hypoglycemic events,
and the number of hypoglycemic events per patient did
not change after the initiation of liraglutide therapy. We
consider that the increase in D3 score was because of
the improvement in clinical parameters without a rise in
hypoglycemic events.

Weight change was negatively correlated with changes
in the DTR-QOL total score and D1-D3, indicating that
the greater the weight loss, the higher the QOL. Changes
in these scores were as high as 8.6-14.8 in the first quartile
groups of body weight change and as low as 0.8—4.6 in the
fourth quartile groups (Fig. 2), strongly supporting the asso-
ciation between increase of QOL and body weight reduction.

There are several limitations to this study. First, it was a
single-arm, pre-post observational study without control
arm. Owing to this limitation, we do not know whether
the results obtained include a placebo effect. A subset of
patients might lose weight in response to the self-injection
of placebo, and weight loss alone (independent of treat-
ment) could provide combined improvement in HbAlc
and QOL indicators seen in the study. Second, we excluded
the data of 43 patients for whom we did not have data at

both baseline and week 12. Therefore, it is difficult to
extrapolate the findings of this study to all T2DM patients.
Nonetheless, this study demonstrated that the injection of
liraglutide along with OHA treatment reduced the body
weight, BMI, and HbA1c level, and improved QOL, except
for the gastrointestinal symptoms and pain associated with
liraglutide injection, in obese T2DM patients. Physicians
sometimes hesitate to initiate the use of injection thera-
pies. However, this study revealed that self-injection does
not necessarily deteriorate the patient’s QOL. Based on the
routine subjective assessment of patient QOL, patients and
physicians can select better treatment options.

Conclusions

In conclusion, liraglutide is an effective treatment option
for obese T2DM patients, and it helps in reducing body
weight and improving glycemic control without deterio-
rating QOL.

Additional files

Additional file 1. List of medical facilities.

Additional file 2: Figure S1. Figure showing hypoglycemic events
before and after liraglutide treatment.

Additional file 3: Table S1. Table describing the correlation between
domain scores and HbA1c, body weight, and random blood glucose.



http://dx.doi.org/10.1186/s13098-016-0202-0
http://dx.doi.org/10.1186/s13098-016-0202-0
http://dx.doi.org/10.1186/s13098-016-0202-0

Ishii et al. Diabetol Metab Syndr (2017) 9:3

Abbreviations

QOL: quality of life; DTR-QOL: diabetes therapy-related QOL; BMI: body mass
index; T2DM: type 2 diabetes mellitus; NGSP: National Glycohemoglobin
Standardization Program.

Authors’ contributions

HI was the primary investigator, and was involved in all steps. All authors
contributed to the study design, were involved at all stages of manuscript
development, reviewed and edited the manuscript. All authors read and
approved the final manuscript.

Author details

! Department of Diabetology, Nara Medical University, 840 Shijo-cho,
Kashihara City, Nara 634-8552, Japan. 2 Department of Internal Medicine, Mat-
suyama Shimin Hospital, Matsuyama, Ehime, Japan. > Department of Medicine,
Takagi Hospital, Okawa, Fukuoka, Japan. 4 Department of Metabolism & Endo-
crinology, Shizuoka Saiseikai General Hospital, Shizuoka, Japan. > Diabetes Care
Center, Jinnouchi Hospital, Kumamoto, Japan. 6 Department of Metabolism

& Endocrinology, Juntendo University Graduate School of Medicine, Tokyo,
Japan.

Acknowledgements

The authors would like to thank Akiko Matsumoto, Hisamoto Kuroda, Akira
Yamauchi, Hiroaki Seino, Masako Togo, Masahiro Fukuda, Fuyuki Minagawa,
Setsuya Sakagashira, Hideo Takahashi, Hitoshi Akiyama, Masayo Yamada, Yoko
Matsuzawa, Ken Kurosaka, Toshiya Okamoto, Mitsuo Imura, Kumiko Hamano,
Masahiro Iwamoto, Soichi Kurioka, Koji Kashima, Shin Furukawa, Hideki
Nishimura, Hirofumi Matsuda, Nobuo Takahashi, Syuichi Takagi, Morio Aoyagi,
Katsuyuki Yanagisawa, Mamiko Tsugawa, Hiromi Ogata, Tomoaki Yoshihara,
Fumihiko Sato, Morio Aoyagi, Yasuyuki Ozawa, Satoru Okazaki, Miho Shimizu,
Masae Toyonaga, Katsunori Manaka, Junko Saito, Masanori Nishino, Hitomi
Fujii, Yoshimoto Kiyohara, Akitoshi Kawakubo, Kazuo lkeda, Shingo Iwasaki,
Keiji Nakayama, Kyuzi Kamoi, Kazuaki Yahata, Tomoko Nakagami, Tetsuji
Yamashita, Yasumi Shintani, Munehide Matsuhisa, Atsuko Ashiba, Toru Hiyoshi,
Ayumu Hoshi, Koji Nagayama, Hiroaki Sato, Etsuko Akita, Kenro Takahashi,

Eri Kondo, Morio Aoyagi, Yasuhisa Yamamoto and Shinji Taneda for their
participation in and contribution to this study. The authors also thank Yasuaki
Hayashino for kindly reading and providing valuable comments on the manu-
script. Hirokazu Yamada of Soiken, Inc. provided editorial assistance for this
study, which was paid for by the Japan Society for Patient Reported Outcome.

Competing interests

Hl received lecture fees from Astellas Pharma Inc., AstraZeneca K.K,, Daiichi
Sankyo Co,, Ltd,, Eli Lilly Japan KK, Kowa Pharmaceutical Co, Ltd., Kyowa
Hakko Kirin Co,, Ltd., Mitsubishi Tanabe Pharma Co., MSD KK, Nippon
Boehringer Ingelheim Co,, Ltd., Novartis Pharma K K., Novo Nordisk Pharma
Ltd., Sanofi KK, Sumitomo Dainippon Pharma Co,, Ltd., Takeda Pharmaceutical
Co,, Ltd, Taisho Toyama Pharmaceutical Co, Ltd., and grant/research support
from Mitsubishi Tanabe Pharma Co., Ono Pharmaceutical Co, Takeda Pharma-
ceutical Co, Ltd,, and Taisho Toyama Pharmaceutical Co,, Ltd. Additionally, HI

is the chief director of the Japan Society for Patient Report Outcome. TN has
received lecture fees from Sanofi KK, Novo Nordisk Pharma Ltd.,, Eli Lilly Japan
KK, Astellas Pharma Inc., Ono Pharmaceutical Co, Ltd., Takeda Pharmaceutical
Co,, Ltd,, Nippon Boehringer Ingelheim Co., Ltd., Novartis Pharma K K., Mitsubi-
shiTanabe Pharma Co,, AstraZeneca KK, MSD KK, Shionogi & Co,, Ltd.,, Taisho
Toyama Pharmaceutical Co,, Ltd,, Bayer Yakuhin, Ltd., and Kissei Pharmaceuti-
cal Co, Ltd. Further, TN is a member of the Japan Society for Patient Report
Outcome. HJ has received lecture fees from MSD K K., Astellas Pharma Inc.,,
Sanofi KK., Novo Nordisk Pharma Ltd., Taisho Toyama Pharmaceutical Co, Ltd.,,
Daiichi Sankyo Co,, Ltd., Sumitomo Dainippon Pharma Co,, Ltd,, Eli Lilly Japan
KK, and Nippon Boehringer Ingelheim Co,, Ltd. and HJ is a member of the
Japan Society for Patient Report Outcome. HW has received lecture fees from
Astellas Pharma Inc,, AstraZeneca K K., Kowa Pharmaceutical Co,, Ltd., Sanofi

K K., Takeda Pharmaceutical Co., Ltd., Mitsubishi Tanabe Pharma Co., Novartis
Pharma KK, Novo Nordisk Pharma Ltd., Nippon Boehringer Ingelheim Co,, Ltd.,
MSD K K., Sumitomo Dainippon Pharma Co,, Ltd.,, research funds from Novartis
Pharma KK, Eli Lilly Japan KK, Taisho Pharmaceutical Co, Ltd., and grant/
research support from MSD KK, Astellas Pharma Inc., AstraZeneca KK, Ono
Pharmaceutical Co,, Ltd., Kyowa Hakko Kirin Co,, Ltd,, Sanofi KK, Daiichi Sankyo
Co,, Ltd,, Sumitomo Dainippon Pharma Co,, Ltd, Takeda Pharmaceutical Co.,
Ltd., Mitsubishi Tanabe Pharma Co., Terumo Co., Nippon Boehringer Ingelheim

Page 9 of 10

Co., Ltd,, Novo Nordisk Pharma Ltd., Pfizer Japan Inc., Benefit one Health care
Inc.,, Mochida Pharmaceutical Co,, Ltd., Nitto Boseki Co., Ltd. HW is an endowed
chair supported by a grant from MSD KK, Takeda Pharmaceutical Co,, Ltd., and
a director of the Japan Society for Patient Report Outcome. All other authors
declare that they have no competing interests.

Ethics approval and consent to participate

The study protocol was registered with the University Hospital Medical Infor-
mation Network (UMIN-CTR: UMIN000007159) prior to the commencement of
the study. We adhered to the “Ethical Guidelines for Clinical Studies”issued by
the Japanese government, after receiving permission from the ethical com-
mittees at each of the participating medical facilities. Informed consent was
obtained from all individual participants included in the study.

Funding

This study was funded by the Japan Society for Patient Reported Outcome
that was operated by a research fund from Mitsubishi Tanabe Pharma Co., Ono
Pharmaceutical Co,, Ltd., Novo Nordisk Pharma Ltd., AstraZeneca K.K., Sanofi
K.K., and Nippon Boehringer Ingelheim Co,, Ltd.

Received: 5 August 2016 Accepted: 27 December 2016
Published online: 07 January 2017

References

1. International Diabetes Federation. IDF diabetes atlas. 6th ed. Brussels:
International diabetes federation; 2013.

2. Delahanty LM, Halford BN. The role of diet behaviors in achieving
improved glycemic control in intensively treated patients in the diabetes
control and complications trial. Diabetes Care. 1993;16:1453-8.

3. The DCCT Research Group. Epidemiology of severe hypoglycemia in the
diabetes control and complications trial. Am J Med. 1991;90:450-9.

4. Rombopoulos G, Hatzikou M, Latsou D, Yfantopoulos J. The prevalence
of hypoglycemia and its impact on the quality of life (QoL) of type
2 diabetes mellitus patients (The HYPO Study). Hormones (Athens).
2013;12:550-8.

5. Polonsky WH, Anderson BJ, Lohrer PA, et al. Assessment of diabetes-
related distress. Diabetes Care. 1995;18:754-60.

6. Hunt LM, Valenzuela MA, Pugh JA. NIDDM patients'fears and hopes
about insulin therapy. The basis of patient reluctance. Diabetes Care.
1997,20:292-8.

7. Ratzmann KP.The psychological aspects of diabetics with the secondary
failure of sulfonylurea therapy. Dtsch Med Wochenschr. 1991;116:87-90.

8. Nathan DM, Buse JB, Davidson MB, et al. Management of hyperglycemia
in type 2 diabetes: a consensus algorithm for the initiation and adjust-
ment of therapy: a consensus statement from the American Diabetes
Association and the European Association for the Study of Diabetes.
Diabetes Care. 2006;29:1963-72.

9. Ishii H, lwamoto Y, Tajima N. An exploration of barriers to insulin initiation
for physicians in Japan: findings from the diabetes attitudes, wishes and
needs (DAWN) Japan study. PLoS ONE. 2012;7:36361.

10. SeinoY, Rasmussen MF, Zdravkovic M, Kaku K. Dose-dependent improve-
ment in glycemia with once-daily liraglutide without hypoglycemia or
weight gain: a double-blind, randomized, controlled trial in Japanese
patients with type 2 diabetes. Diabetes Res Clin Pract. 2008;81:161-8.

11. Inoue K, Maeda N, Fujishima'y, et al. Long-term impact of liraglutide, a
glucagon-like peptide-1 (GLP-1) analogue, on body weight and glycemic
control in Japanese type 2 diabetes: an observational study. Diabetol
Metab Syndr. 2014,;6:95.

12. Ishii H. Development and psychometric validation of the diabetes ther-
apy-related QOL (DTR-QOL) questionnaire. J Med Econ. 2012;15:556-63.

13. Fayers P, Machin D. Quality of life: assessment, analysis and interpretation.
Chichester: Wiley; 2000.

14. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale: L Erlbaum Associate, Erlbaum; 1988.

15. Ishii H, lwase M, Seino H, et al. Assessment of quality of life in patients
with type 2 diabetes mellitus before and after starting biphasic insulin
aspart 30 (BIAsp 30) therapy: IMPROVE study in Japan. Curr Med Res Opin.
2011,27:643-50.



Ishii et al. Diabetol Metab Syndr (2017) 9:3 Page 10 of 10

16. Oishi M, Yamazaki K, Okuguchi F, et al. Changes in oral antidiabetic pre- 20. Ming H, Zhiguang Z, Fang Z, et al. Effects of frequency of follow-up on
scriptions and improved glycemic control during the years 2002-2011 in quality of life of type 2 diabetes patients on oral hypoglycemics. Diabetes
Japan (JDDM32). J Diabetes Investig. 2014;5:581-7. Technol Ther. 2012;14:777-82.

17. Davies MJ, Bergenstal R, Bode B, et al. Efficacy of liraglutide for weight loss 21. Bode BW, Testa MA, Magwire M, et al,, for the LEAD-3 Study Group
among patients with type 2 diabetes: the SCALE diabetes randomized Patient-reported outcomes following treatment with the human GLP-1
clinical trial. JAMA. 2015;314:687-99. analogue liraglutide or glimepiride in monotherapy: results from a ran-

18. The Diabetes Control and Complications Trial Research Group. The effect domized controlled trial in patients with type 2 diabetes. Diabetes Obes
of intensive treatment of diabetes on the development and progression Metab. 2010;12:604-12.

of long-term complications in insulin-dependent diabetes mellitus. N
Engl J Med. 1993,;329:977-86.

19. Ishii H, Anderson JH Jr, Yamamura A, et al. Improvement of glycemic
control and quality-of-life by insulin lispro therapy: assessing benefits by
ITR-QOL questionnaires. Diabetes Res Clin Pract. 2008;81:169-78.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Improvement of quality of life through glycemic control by liraglutide, a GLP-1 analog, in insulin-naive patients with type 2 diabetes mellitus: the PAGE1 study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Research overview
	DTR-QOL questionnaire
	Statistical analysis

	Results
	Subject characteristics
	Effects of liraglutide on clinical and biochemical parameters, and incidence of hypoglycemia
	Effects of liraglutide on DTR-QOL scores
	Correlations between changes in DTR-QOL scores and changes in HbA1c, body weight, and random blood glucose

	Discussion
	Conclusions
	Authors’ contributions
	References




