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Abstract 
Aims: In the Add-on Lantus® to Oral Hypoglycaemic Agents 2 (ALOHA 2) Study in Japanese adults 
with type 2 diabetes mellitus (T2DM), data on the safety and efficacy of combination therapy with 
insulin glargine (Lantus®) and oral anti-hyperglycaemic drugs (OADs) including dipeptidyl pepti- 
dase-4 (DPP-4) inhibitors in a real-life setting were collected and analyzed. Methods: This post- 
marketing surveillance was a prospective, observational, 24-week study that complied with the 
pharmaceutical affairs law and the ministerial ordinance of “Good Post-Marketing Study Practice 
(GPSP)” in Japan. Safety, efficacy and patient-reported outcomes (PROs); patients’ satisfaction with 
treatment (DTSQs and DTSQc) and patients’ self-reported health (EQ-5D and EQ-VAS) of combina- 
tion therapy of insulin glargine and OADs were evaluated. Results: A total of 2,630 patients were 
enrolled. Of the 2,602 patients in the safety analysis population, 161 patients experienced 175 
cases of adverse drug reactions, and the major adverse drug reaction was hypoglycaemia (140 pa- 
tients, 5.38%). Out of those with hypoglycaemia, 11 patients (0.42%) had severe hypoglycaemia 
and the incidence rate (episodes per patient-year) was 0.019. Basal supported oral therapy (BOT) 
with insulin glargine substantially reduced the HbA1c, FPG and 2 hour-PPG levels for 24 weeks by 
−1.61%, −54.4 mg/dL and −74.5 mg/dL respectively. The mean weight was increased, however the 
change was +0.50 kg. In addition, the treatment satisfaction scores of DTSQs (mean treatment sa- 
tisfaction score increased 3.6 from baseline to last observation) and DTSQc, EQ-5D index scores 
and EQ-VAS scores were significantly improved. Conclusion: Insulin glargine and OADs combina- 
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tion therapy was suggested to be effective and well tolerated. Patients’ satisfaction with treatment 
and their self-reported health improved in spite of the addition of injections to oral agents. The 
combination therapy of insulin glargine and OADs including DPP-4 inhibitors is likely to be consi- 
dered an important therapeutic option in the diabetic patients. 

 
Keywords 
ALOHA 2, Insulin Glargine, Patient-Reported Outcomes, Post-Marketing Surveillance Study,  
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1. Introduction 
A basal supported oral therapy (BOT) with insulin products from the early stage in patients with inadequate gly- 
caemic control on oral anti-hyperglycaemic drugs (OADs) has rapidly become prevalent in the treatment of 
T2DM [1]. 

Insulin glargine (Lantus) is a long-acting soluble insulin analog [2]. After its subcutaneous injection, insulin 
glargine does not cause a pronounced plasma concentration peak because of its gradual absorption, and its stable 
glucose-lowering action is maintained for approximately one day [3] [4]. Insulin glargine is basal insulin that is 
frequently used for not only intensive insulin therapy but also BOT. In particular, the clinical usefulness of BOT 
with insulin glargine has been reported in clinical studies [5]-[7]. The large-scale ALOHA Study, a post-market- 
ing surveillance study was conducted in Japanese patients with T2DM to investigate the safety and efficacy of 
the combination therapy with insulin glargine and OADs in Japan between 2007 and 2009 [8]-[11]. The results 
of the ALOHA Study indicate that the combination therapy was well tolerated and had a good glycaemic con- 
trol. 

Following the recent approval of 6 DPP-4 inhibitors in Japan, they are used to treat T2DM as OADs by im- 
proving glycaemic control, while being unlikely to cause hypoglycaemia [12] [13]. In addition, these DPP-4 in- 
hibitors can be used in combination with insulin products in Japan, and these combination therapies significantly 
reduced HbA1c, FPG and PPG levels [14] [15]. It has reported that the inhibition of PPG level reduced the car- 
diovascular events, PPG inhibition is considered to be an important factor for the treatment of diabetes [16]. 

Patient-reported outcomes (PROs) as the patients’ satisfaction with treatment or their self-reported health were 
also important factors for therapeutic options since satisfaction and flexibility of dosing could result in a better 
therapy from the viewpoint of adherence. The assessment questionnaires for them were developed as Diabetes 
Treatment Satisfaction Questionnaires (status version: DTSQs and change version: DTSQc) or EuroQOL five- 
dimensions questionnaire (EQ-5D) [17]-[19]. DTSQs, DTSQc and EQ-5D were used for the evaluation of satis- 
faction with treatment or self-reported health in patients with diabetes [20]-[24]. 

In the present ALOHA 2 Study (a post-marketing surveillance study), the safety, efficacy and PROs of the 
combination therapy with insulin glargine and OADs including DPP-4 inhibitors in a real-life setting were sur- 
veyed in Japanese T2DM patients. 

2. Methods 
2.1. Subjects 
A total of 2630 patients were enrolled from 619 hospitals and clinics in Japan between January and November 
2012 and observed for 24 weeks. Insulin glargine naïve T2DM patients treated with OADs who started BOT 
with insulin glargine were enrolled if aged ≥ 20 years, with HbA1c value of ≥6.5 during previous 4 weeks, and 
provided informed consent. The patients with basal-bolus regimen ± OADs and basal-only regimen were not in- 
cluded by the protocol. 

2.2. Study Design 
This post-marketing surveillance was a prospective, observational, 24-week study that complied with the phar- 
maceutical affairs law and the ministerial ordinance of “Good Post-Marketing Study Practice (GPSP)” in Japan 
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and was conducted after a contract was signed with each medical institution participating in the survey. All 
treatment decisions were made by the attending physicians, and data regarding the administration times and 
doses (units/day) of insulin glargine including compliance as well as types and doses of OADs used in combina- 
tion treatment were collected. 

2.3. Safety 
To evaluate safety, adverse drug reactions and abnormal variations in laboratory test parameters (hematology 
test, clinical biochemical test, urine analysis and vital signs) were collected. When adverse events were observed, 
attending physicians assessed the events in terms of type, seriousness, outcomes, and causal relationship with 
insulin glargine. The presence or absence of hypoglycaemia, an accompanying symptom of hypoglycaemia, the 
presence or absence of care assistance, the presence or absence of nocturnal hypoglycaemia and the plasma glu- 
cose level at the incidence of hypoglycaemia were surveyed. All events besides those determined to have “no 
causal relationship with insulin glargine” were considered as adverse drug reactions. Adverse drug reactions 
were classified according to the Medical Dictionary for Regulatory Activities/Japanese version (MedDRA/J) 
16.0. Hypoglycaemia was categorized for the analysis as follows: 

1) Severe hypoglycaemia: serious or required assistance of another person; 
2) Documented symptomatic hypoglycaemia: typical symptoms of hypoglycaemia accompanied by plasma 

glucose concentration ≤ 70 mg/dL; 
3) Nocturnal hypoglycaemia: reported as nocturnal hypoglycaemia by the attending physicians. 

2.4. Efficacy 
HbA1c, FPG and 2 hour-PPG levels were collected before treatment to the endpoint, the values determined by 
LOCF method. HbA1c data were collected as JDS values or NGSP values. If the data were JDS values, they 
were converted to NGSP equivalent values by the following conversion formula: HbA1c (NGSP) = 1.02 × HbA1c 
(JDS) + 0.25% [25]. 

At the end of observation period, attending physicians classified the compliance status (good compliance ≥ 
75%, poor compliance ≥ 50%, < 75% and noncompliance < 50%) of therapies including insulin glargine treat- 
ment, exercise and diet therapies. 

2.5. PROs, Patients’ Satisfaction with Treatment and Patients’ Self-Reported Health 
PROs were evaluated before, during treatment (Weeks 6-14), and at the end of the observation using DTSQs, 
EQ-5D and EQ-VAS scores, and DTSQc was evaluated at the end of the observation only. The patients’ satis- 
faction with treatment was evaluated using DTSQs and DTSQc, and their self-reported health was evaluated us- 
ing EQ-5D and EQ-VAS [26]-[31]. Patients placed the completed questionnaires in a sealed envelope and hand- 
ed them to attending physicians, so that the physicians were blinded to the patients’ responses. 

In the DTSQs questionnaire, Questions 1 and 4-8 concern the patients’ satisfaction with treatment, these were 
concerned with general satisfaction with treatment convenience, flexibility, satisfaction with own understanding 
of their diabetes, likelihood of their recommending a treatment to others and willingness to continue present 
treatment. The scores from these 6 questions were summed to a treatment satisfaction score, ranging from 0 
(most dissatisfied) to 36 (most satisfied). Questions 2 and 3 are concerned the perceived frequency of hypergly- 
caemia and hypoglycaemia. Question 2 (hyperglycaemia) and Question 3 (hypoglycaemia) were evaluated sep- 
arately, questions are scored from 0 (not at all) to 6 (most of the time). 

DTSQc was completed at endpoint. The DTSQc uses the same questions as the DTSQs but the instructions 
ask respondents to compare their satisfaction with their current treatment with their satisfaction with the treat- 
ment used before the study began. Response options range from 3 (i.e. much more satisfied now) to −3 (i.e. 
much less satisfied now) and responses to Questions 1 and 4-8 are again summed, to produce change in satisfac- 
tion scores ranging from 18 to −18 with a midpoint of zero representing no change. P-value of satisfaction score, 
hyperglycaemia score and hypoglycaemia score were estimated by comparing the DTSQc value obtained against 
zero which is the response that would indicate no change. 

The EQ-5D consists of 2 sections which involved a 5-item method (EQ-5D index score) to assess health sta- 
tus on 5 dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) and the visual 
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assessment method (EQ-VAS, 0 - 100 points). This questionnaire was conducted to assess the outcomes on 
health condition before and during treatment (Weeks 6-14) and at the endpoint. 

2.6. Analysis Methods 
The Fisher’s exact test or Cochran-Armitage test was used for the analysis of risk factors of hypoglycaemia.  
The mean differences in HbA1c, FPG, 2 hour-PPG levels and weight from the baseline to the endpoint were 
analyzed using the paired t-test, and the changes of DTSQs, EQ-5D index and EQ-VAS scores were evaluated 
using the Wilcoxon signed-rank test. 

3. Results 
3.1. Patient Disposition 
A total of 2630 patients with T2DM from 619 institutions in Japan were enrolled (Figure 1), of whom 28 pa- 
tients were excluded for the analysis because of not returning a case report form (CRF) or having not received 
insulin glargine or having no data after initial prescription of insulin glargine. 

The remaining 2602 patients who received insulin glargine were included in the safety analysis. Of them, pa- 
tients with protocol deviations such as those being treated with other insulin before the observation, those not 
being treated with BOT during the observation (treated with basal-bolus therapy or not treated with OADs dur- 
ing the observation), those without data of HbA1c level in the 4 weeks prior to the initiation of insulin glargine 
and a few others were excluded from the efficacy analysis population. 

The efficacy analysis population included 1629 patients who were treated with OADs without insulin before the 
enrollment and started BOT with insulin glargine. PROs results were analyzed in the efficacy analysis population. 

3.2. Patient Characteristics 
The baseline characteristics of the safety analysis population and efficacy analysis population are shown in Ta-
ble 1. In the safety population of 2602, 60.2% were male and the mean age was 62.6 years. The weight and 
 

 
a) The number of patients overlapped between each reason; b) The number included 1 patient with 
double registration; c) The patients who received no OADs at the baseline or who treated with the 
additional insulin others during the observation; d) The patients whose clinics or hospitals had a 
incomplete contract including the period etc. and who had missing data of the administration of 
insulin others. 

Figure 1. Disposition of patients in ALOHA 2 study. 
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Table 1. Baseline characteristics. 

 
Number of patients (%) 

Safety analysis population (n = 2602) Efficacy analysis population (n = 1629) 

Sex 

Male 1566 (60.2) 1022 (62.7) 

Female 1036 (39.8) 607 (37.3) 

Age (mean, years)a) 62.6 61.8 

Weight (mean, kg)a) 64.6 65.7 

BMI (mean, kg/m2)a)b) 24.8 25.0 

Duration of diabetes (years)a) 

<1 70 (2.7) 49 (3.0) 

≥1, <5 315 (12.1) 212 (13.0) 

≥5, <10 448 (17.2) 305 (18.7) 

≥10, <15 493 (19.0) 318 (19.5) 

≥15 720 (27.7) 389 (23.9) 

Unknown/not specified 556 (21.4) 356 (21.9) 

Complications 

Diabetic nephropathy 624 (24.0) 367 (22.5) 

Diabetic retinopathy 412 (15.8) 237 (14.6) 

Diabetic neuropathy 430 (16.5) 243 (14.9) 

Hypertension 1311 (50.4) 778 (47.8) 

Dyslipidaemia 1376 (52.9) 846 (51.9) 

Ischemic heart disease 179 (6.9) 91 (5.6) 

Ischemic cerebrovascular disease 129 (5.0) 71 (4.4) 

Peripheral arterial occlusive disease 105 (4.0) 56 (3.4) 

Laboratory valuesc) 

HbA1c (mean, %)b) 9.35 9.58 

FPG (mean, mg/dL)b) 198.1 204.6 

2h-PPG (mean, mg/dL)b) 263.4 272.8 

Fasting plasma CPR (mean, ng/mL)b) 1.97 2.14 

e-GFR (mean, mL/min/1.73 m2)b) 79.0 81.2 

Treatment regimen 

Anti-diabetes drugs regimen at baseline 

Basal-bolus ± OADb) 177 (6.8) 0 (0.0) 

Basal only 93 (3.6) 0 (0.0) 

BOT 2270 (87.2) 1629 (100.0) 

Number of OAD: 1 744 (28.6) 477 (29.3) 

Number of OAD: 2 786 (30.2) 566 (34.8) 

Number of OAD: 3 558 (21.5) 438 (26.9) 

Number of OAD: ≥4 182 (7.0) 148 (9.1) 

Others 62 (2.4) 0 (0.0) 
a)The numbers of patients were age: 2547 and 1596; weight: 2232 and 1251; BMI: 2051 and 1373; and duration: 2046 and 1273 in safety population 
and efficacy population, respectively; b)BMI, body mass index; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 2h-PPG, 2h postprandial glu- 
cose; CPR, C-peptide reactivity; e-GFR, estimated glomerular filtration rate; OAD, oral anti-diabetic drugs; c)The numbers of patients were HbA1c 
levels: 2437 and 1629; FPG levels: 935 and 621; 2h-PPG levels: 615 and 416; Fasting plasma CPR: 204 and 125; e-GFR: 1644 and 1059 in safety 
population and efficacy population, respectively. 
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body mass index (BMI) prior to treatment were 64.6 kg and 24.8 kg/m2, respectively. As for complications, 24.0% 
had diabetic nephropathy, 15.8% had diabetic retinopathy, and 16.5% had diabetic neuropathy. Patients with ≥5 
years of diabetic duration accounted for 63.8%. The mean HbAlc, FPG and 2 hour-PPG levels were 9.35%, 
198.1 mg/dL and 263.4 mg/dL, respectively. At baseline, 28.6%, 30.2%, 21.5% and 7.0% of the patients used 1, 
2, 3 and ≥4 OADs, respectively. The characteristics and baseline values in the efficacy analysis population were 
similar to those of the safety analysis population. 

3.3. Concomitant Drugs with Insulin Glargine 
The percent of concomitant OADs during the study period in the safety and efficacy analysis populations is 
shown in Table 2. SUs were commonly used as concomitant OADs, while DPP-4 inhibitors were the second 
most prescribed in both populations. In the 1629 BOT patients, the ratios of patients were 70.1% at baseline and 
71.5% during study in SU and 54.3% at baseline and 60.7% during study in DPP-4 inhibitors. The administra- 
tion rate (%) of combination OADs in the ALOHA 2 Study was similar to that in previous ALOHA Study; how- 
ever, DPP-4 inhibitors were newly added to BOT in the ALOHA 2 Study. 

3.4. Doses of Insulin Glargine and Compliance Status of Therapies 
In the efficacy analysis population, treated with BOT and having had no pre-treatment insulin, the mean doses of 
insulin glargine in the initial and final administration were 6.3 U/day and 9.8 U/day, respectively (Table 3). 
Most of patients (n = 1585, 97.3%) received a mean dose of insulin glargine of 20 U/day or less. Among them, 
1482 patients (91.0%) were reported as good compliance of the insulin glargine treatment. In addition, 463 
(28.4%) and 556 (34.1%) patients were reported as good compliance as directed by physicians in exercise and 
diet therapies, respectively (Table 4). The safety analysis population had higher mean dose than the efficacy 
analysis population because the safety population included the patients who treated with other insulin products 
before the observation (data not shown). 
 
Table 2. Oral anti-diabetic drugs used concomitantly with insulin glargine. 

 Number of patients (%) 

Concomitant drugs Safety analysis population  
(n = 2602)a) 

Efficacy analysis population  
(n = 1629) 

At baseline 

DPP-4 inhibitorsb) 1342 (51.6) 884 (54.3) 

Sulfonylureas 1460 (56.1) 1142 (70.1) 

Biguanides 1101 (42.3) 737 (45.2) 

Thiazolidinediones 327 (12.6) 249 (15.3) 

α-glucosidase inhibitors 680 (26.1) 433 (26.6) 

Insulin secretagogues 124 (4.8) 74 (4.5) 

During study period 

DPP-4 inhibitorsb) 1545 (59.4) 988 (60.7) 

Sulfonylureas 1510 (58.0) 1164 (71.5) 

Biguanides 1205 (46.3) 792 (48.6) 

Thiazolidinediones 352 (13.5) 269 (16.5) 

α-glucosidase inhibitors 780 (30.0) 490 (30.1) 

Insulin secretagogues 178 (6.8) 109 (6.7) 

a)The DPP-4 inhibitors, sulfonylureas, biguanides, thiazolidinediones α-glucosidase inhibitors and insulin secretagogues data at baseline were un-
available for 4, 6, 6, 8, 6 and 8 patients, respectively. The DPP-4 inhibitors, Sulfonylureas, Biguanides, Thiazolidinediones, α-glucosidase inhibitors 
and Insulin secretagogues data during the study were unavailable for 1, 5, 6, 8, 6 and 8 patients, respectively; b)DPP-4, dipeptidyl peptidase. 
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3.5. Adverse Drug Reactions 
Of 2602 patients in the safety analysis population, 161 patients (6.19%) experienced 175 cases of adverse drug reac-
tions (Table 5). The main adverse drug reaction was hypoglycaemia (n = 140 patients, 5.38%), which included severe 
hypoglycaemia (n = 11), documented symptomatic hypoglycaemia (n = 54) and nocturnal hypoglycaemia (n = 14). 
They occurred at the following incidence rates (episodes per patient-year): all hypoglycaemia, 0.273; severe, 0.019; 
 
Table 3. Time course and mean change in the insulin glargine dosage. 

 Efficacy analysis population (n = 1629) 

Observed period Number of patients Mean insulin glargine dosage (U/day) 

Baseline 1627 6.3 

4 week 1612 7.6 

8 week 1570 8.5 

12 week 1534 9.0 

16 week 1489 9.4 

20 week 1445 9.8 

24 week 1419 10.1 

LOCFa) 1627 9.8 
a)LOCF: last observational carried forward. 

 
Table 4. Compliance with insulin glargine treatment, exercise therapy and diet therapy. 

 Number of patients (%) 

Evaluation items Efficacy analysis population (n = 1629) 

Compliance status of insulin glargine treatmenta) 

Good compliance 1482 (91.0) 

Poor compliance 121 (7.4) 

Non-compliance 24 (1.5) 

Unknown/not specified 2 (0.1) 

Compliance status of exercise therapy 

No direction 373 (22.9) 

Good compliance 463 (28.4) 

Poor compliance 532 (32.7) 

Non-compliance 260 (16.0) 

Unknown/not specified 1 (0.1) 

Compliance status of diet therapy 

No direction 113 (6.9) 

Good compliance 556 (34.1) 

Poor compliance 699 (42.9) 

Non-compliance 260 (16.0) 

Unknown/not specified 1 (0.1) 

a)Classification: good compliance ≥ 75%; poor compliance ≥ 50%, <75%; non-compliance < 50%. 
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Table 5. Incidence of adverse drug reactions. 

 
Safety analysis population 

(n = 2602) 
Efficacy analysis population  

(n = 1629) 
Number of patients with adverse drug reactions 161 103 
Number of cases of adverse drug reactions 175 114 
Incidence (%) of adverse drug reactions 6.19% 6.32% 

Types of adverse drug reactions Incidence of adverse drug reactions by type Number of patients (%) 
Metabolism and nutrition disorders - - 

Hypoglycaemiaa) 140 (5.38) 90 (5.52) 
Severe hypoglycaemia 11 (0.42) 7 (0.43) 
Documented symptomatic hypoglycaemia 54 (2.08) 35 (2.15) 
Nocturnal hypoglycaemia 14 (0.54) 6 (0.37) 
Other hypoglycaemia 91 (3.50) 58 (3.56) 

Diabetes mellitus inadequate control 1 (0.04) 0 (0.00) 
Nervous system disorders - - 

Diabetic neuropathy 2 (0.08) 2 (0.12) 
Eye disorders 1 (0.04) 1 (0.06) 

Diabetic retinopathy 1 (0.04) 1 (0.06) 
Gastrointestinal disorders 2 (0.08) 2 (0.12) 

Diarrhea* 1 (0.04) 1 (0.06) 
Gastritis* 1 (0.04) 1 (0.06) 

Hepatobiliary disorders 2 (0.08) 1 (0.06) 
Hepatic function disorder 2 (0.08) 1 (0.06) 

Skin and subcutaneous tissue disorders 3 (0.12) 2 (0.12) 
Eczema 1 (0.04) 1 (0.06) 
Rash 1 (0.04) 1 (0.06) 
Pruritus generalised 1 (0.04) 0 (0.00) 

Renal and urinary disorder 1 (0.04) 0 (0.00) 
Dysuria* 1 (0.04) 0 (0.00) 

General disorders and administration site conditions 9 (0.35) 6 (0.37) 
Death* 1 (0.04) 1 (0.06) 
Hunger* 1 (0.04) 1 (0.06) 
Oedema 1 (0.04) 1 (0.06) 
Injection site erythema 2 (0.08) 2 (0.12) 
Injection site induration 1 (0.04) 1 (0.06) 
Injection site pain 1 (0.04) 0 (0.00) 
Injection site pruritus 2 (0.08) 1 (0.06) 
Injection site rash 1 (0.04) 1 (0.06) 
Injection site swelling 1 (0.04) 1 (0.06) 
Injection site reaction 1 (0.04) 0 (0.00) 

Laboratory tests 9 (0.35) 5 (0.31) 
Alanine aminotransferase increased 1 (0.04) 1 (0.06) 
Aspartate aminotransferase increased 1 (0.04) 1 (0.06) 
Blood glucose level increased 3 (0.12) 1 (0.06) 
Blood pressure increased* 1 (0.04) 1 (0.06) 
HbA1c level increasedb) 1 (0.04) 1 (0.06) 
Weight increased* 1 (0.04) 0 (0.00) 
Anti-insulin antibody positive* 2 (0.08) 1 (0.06) 

*Adverse drug reactions/infections that could not be predicted according to the “Precautions”; a)Includes hypoglycaemic seizure and hypoglycaemic 
unconsciousness, which are classified as “Nervous system disorders” in the SOC; b)HbA1c, hemoglobin A1c. 
 
documented symptomatic, 0.099; and nocturnal, 0.023. Serious adverse drug reactions are presented in Table 6. In 
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Table 6. Incidence of serious adverse drug reactions. 

 Safety analysis population (n = 2602) Efficacy analysis population (n = 1629) 

Number of patients 2602 1629 

Number of patients with adverse drug reactions 14 8 

Number of cases of adverse drug reactions 15 9 

Incidence (%) of adverse drug reactions 0.54% 0.49% 

Types of adverse drug reactions Incidence of serious adverse drug reactions by type number of patients (%) 

Metabolism and nutrition disorders 9 (0.35) 4 (0.25) 

Inadequate glycaemic control 1 (0.04) 0 (0.00) 

Hypoglycaemia 8 (0.31) 4 (0.25) 

Nervous system disorders 1 (0.04) 1 (0.06) 

Hypoglycaemic seizure 1 (0.04) 1 (0.06) 

Hypoglycaemic unconsciousness 1 (0.04) 1 (0.06) 

Eye disorders 1 (0.04) 1 (0.06) 

Diabetic retinopathy 1 (0.04) 1 (0.06) 

General disorders and administration site 
conditions 1 (0.04) 1 (0.06) 

Death* 1 (0.04) 1 (0.06) 

Laboratory tests 2 (0.08) 1 (0.06) 

Blood glucose level increased 2 (0.08) 1 (0.06) 
*Adverse drug reactions/infections that could not be predicted according to the “Precautions”. 
 
14 patients, 15 cases of serious adverse drug reactions were reported, including serious hypoglycaemia (n = 8), 
hypoglycaemic seizure (n = 1) and hypoglycaemic unconsciousness (n = 1). A patient with diabetes mellitus in- 
adequate control was reported as serious due to poor glycaemic control and inpatient diabetes education. 

The incidences of adverse drug reaction in the efficacy analysis population were similar to those in the safety 
analysis population. 

There were 2 fatal cases reported in the surveillance and they were reported as the events of death and hy- 
poglycaemia. The patient with “death” for which the causative events were not identified clearly, was reported 
later from the patient’s family to the attending physician. The patient was 84 years old and the duration of dia- 
betes was 32 years at the baseline. As for another hypoglycaemia case, the attending physician reported that the 
patient’s family noticed the death of the patient and the relationship with hypoglycaemia could not be denied. 
The patient was 82 years old and the diabetes duration was 39.5 years at the baseline. 

In the major cardiovascular events, non-fatal stroke (n = 3, 0.12%) and cardiovascular death (n = 2, 0.08%) 
were observed for the observation period of 24 week. These patients had no hypoglycaemic events during the 
study. 

3.6. Hypoglycaemia Incidence According to Patient Characteristics in BOT Patients 
As mentioned above, the major adverse drug reaction was hypoglycaemia which was of the most concern in the 
insulin therapy. Using the 1629 patients treated with a BOT regimen during the study period and did not have 
pre-treated insulins, patient characteristics (mean dose, timing of administration, types of concomitant OADs, 
baseline HbA1c level, etc.) that might have influenced the occurrence of hypoglycaemia while being treated 
with a BOT regimen were investigated. 

The incidences of hypoglycaemia by baseline characteristics are shown in Table 7. Following characteristics 
significantly associated with higher risk for hypoglycaemia; female gender, renal function disorder, dyslipidae- 
mia as complications, mean dose of insulin glargine, concomitant SUs, concomitant thiazolidinediones, high 
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Table 7. Incidence of hypoglycaemia by patient characteristics in the efficacy analysis population. 

 Incidence of hypoglycaemia 

 
Total number of 

patients 
% of patients with  

hypoglycaemia Analysisa)b) 

Analysis population 1629 5.52 - 
Sex 

Male 1022 4.40 p = 0.0132* 
Female 607 7.41  

Age (years) 
<20 0 - p = 0.0726 n.s. 
≥20, <30 11 0.00  
≥30, <40 65 4.62  
≥40, <50 197 4.06  
≥50, <60 352 4.26  
≥60, <70 506 5.73  
≥70, <80 363 6.61  
≥80 102 6.86  
Unknown/not specified 33 12.1 - 

Age (years, elderly patients) 
<65 903 4.54 p = 0.0938 n.s. 
≥65 693 6.49  
Unknown/not specified 33 12.1 - 

Duration of diabetes (years) 
<1 49 4.08 p = 0.0542 n.s. 
≥1, <5 212 5.19  
≥5, <10 305 3.93  
≥10, <15 318 6.92  
≥15 389 7.71  
Unknown/not specified 356 3.65 - 

Complications 
Hepatic function disorder 

Absent 1313 5.41 p = 0.6809 n.s. 
Present 316 6.01  

Renal function disorder 
Absent 1251 4.88 p = 0.0404* 
Present 378 7.67  

Diabetic nephropathy 
Absent 1262 4.91 p = 0.0513 n.s. 
Present 367 7.63  

Diabetic retinopathy 
Absent 1392 5.17 p = 0.1642 n.s. 
Present 237 7.59  

Diabetic neuropathy 
Absent 1386 5.05 p = 0.0658 n.s. 
Present 243 8.23  

Hypertension 
Absent 851 4.94 p = 0.2801 n.s. 
Present 778 6.17  

Dyslipidaemia 
Absent 783 3.58 p = 0.0010** 
Present 846 7.33  

Dose and the administration time of insulin glargine 
Mean dose of insulin glargine (unit/day) 

<5 302 9.60 p = 0.0004*** 
≥5, <10 832 5.41  
≥10, <15 358 3.35  
≥15, <20 93 4.30  
≥20, <30 38 0.00  
≥30, <40 4 0.00  
≥40 0 -  
Unknown/not specified 2 0.00 - 
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Continued 
Mean insulin glargine per day (unit/kg of actual weight) 

<0.05 50 6.00 p = 0.0733 n.s. 
≥0.05, <0.1 491 7.74  
≥0.1, <0.2 788 4.70  
≥0.2, <0.3 164 3.66  
≥0.3, <0.4 39 7.69  
≥0.4, <0.5 4 0.00  
≥0.5 0 -  
Unknown/not specified 93 3.23 - 

Administration time of insulin glargine at baseline 
Once daily p = 0.6830 n.s. 

Morning 739 6.09  
Day time 34 2.94  
Night 241 6.22  
Before bedtime 612 4.74  

Twice daily 
Morning and night 1 0.00  
Morning and before bedtime 0 -  
Unknown/not specified 2 0.00 - 

Administration time of insulin glargine at LOCFc) 
Once daily p = 0.3121 n.s. 

Morning 741 6.07  
Day time 29 0.00  
Night 241 7.05  
Before bedtime 599 4.51  

Twice daily 
Morning and night 9 0.00  
Morning and before bedtime 8 12.5  
Unknown/not specified 2 0.00 - 

Concomitant OADsc) 
DPP-4 inhibitorsc) 

Absent 641 5.77 p = 0.7399 n.s. 
Present 988 5.36  

Sulfonylureas 
Absent 465 3.01 p = 0.0039** 
Present 1164 6.53  

Biguanides 
Absent 837 5.62 p = 0.9138 n.s. 
Present 792 5.43  

Thiazolidinediones 
Absent 1360 4.93 p = 0.0271* 
Present 269 8.55  

α-glucosidase inhibitors 
Absent 1139 5.09 p = 0.2395 n.s. 
Present 490 6.53  

Insulin secretagogues 
Absent 1520 5.66 p = 0.5152 n.s. 
Present 109 3.67  

Number of concomitant OADs at baselinec) 
1 477 3.77 p = 0.0709 n.s. 
2 566 5.83  
3 438 6.85  
≥4 148 6.08  
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Continued 
Number of concomitant OADs at LOCFc) 

1 424 3.77 p = 0.0647 n.s. 
2 611 5.40  3 433 7.16  ≥4 137 5.84  Laboratory values 

HbA1c (%) at baselinec) 
<6.5 4 0.00 p = 0.1515 n.s. 
≥6.5, <7.5 123 8.94  ≥7.5, <8.5 343 6.71  ≥8.5, <9.5 420 5.00  ≥9.5, <10.5 308 3.90  ≥10.5, <11.5 205 6.34  ≥11.5, <12.5 104 3.85  ≥12.5 122 4.92  FPG (mg/dL) at baselinec) 
<80 4 0.00 p = 0.0277 * 
≥80, <110 22 0.00  ≥110, <130 46 2.17  ≥130, <160 112 2.68  ≥160 437 6.64  Unknown/not specified 1008 5.65 - 

Change in HbA1c from baseline to the endpoint (%)c) 
<0.5 417 5.28 p = 0.4450 n.s. 
≥0.5, <1 225 5.33  ≥1, <2 394 4.82  ≥2 484 6.61  Unknown/not specified 109 4.59 - 

Status of blood glucose self-monitoring 
Absent 575 4.52 p = 0.2126 n.s. 
Present 1053 6.08  Frequency of self-monitoring p = 0.5664 n.s. 

Every day 814 5.53  1 - 6 times/week 184 7.61  <1 time/week 12 0.00  Unknown/not specified 1 0.00 - 
a)n.s.: not significant,*<0.05, **<0.01, ***<0.001; b)The ratios of patients were analyzed. The analysis was conducted with Fisher’s exact test, or Coch-
ran-Armitage test; c)LOCF: last observational carried forward; OAD, oral anti-diabetic drugs; DPP-4, dipeptidyl peptidase; HbA1c, hemoglobin A1c; 
FPG, fasting plasma glucose. 
 
baseline FPG. 

With regard to age, the incidence of hypoglycaemia in elderly patients (≥65 years) was higher than that in pa- 
tients aged < 65 years though not statistically significant (p = 0.0938). The risk for hypoglycaemia in patients 
with longer diabetes duration was higher but without statistical significance. The patients with diabetic compli- 
cations did not have a higher incidence rate. There was no significant difference between the incidence of hy- 
poglycaemia and the type of concomitant OADs except for SUs and thiazolidinediones or the numbers of com- 
bined OADs, or the status of self-monitoring of blood glucose. Among the OADs, SUs and thiazolidinediones 
showed significant differences, on the other hand, DPP-4 inhibitors did not show it. There were no significant 
differences in the administration timing of insulin glargine; however, the results were from all hypoglycaemia 
including daytime hypoglycaemia and nocturnal hypoglycaemia. With regard to nocturnal hypoglycaemia, of 
the 1629 BOT patients, nocturnal hypoglycaemia in 6 patients (7 events) was observed. The timings of adminis- 
tration when nocturnal hypoglycaemia occurred were before bedtime in 4 patients (5 events) and at the time of 
breakfast and dinner in 1 patient (1 event, each). Of the 6 patients (7 events), 1 patient (2 events) was reported to 
be in a serious condition, and excessive alcohol use was considered as one of the other possible causes of the 2 
cases for this patient. As for the other 5 of the 5 patients, only 1 event was observed in each patient, and the 
treatment was continued after each patient experienced the event. 

3.7. Efficacy 
In the 1629 efficacy population, BOT with insulin glargine significantly reduced HbA1c, FPG and 2 hour-PPG 
levels from the baseline to the endpoint with −1.61%, −54.4 mg/dL and −74.5 mg/dL (p < 0.0001, Table 8). The 
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mean weight increased over the study period; however the mean change was +0.5 kg (Table 8). 

3.8. Effect on PROs, Patients’ Satisfaction with Treatment and Patients’ Self-Reported Health 
The effect of BOT with insulin glargine on patients’ satisfaction with treatment according to the DTSQs and 
DTSQc as well as patients’ self-reported health according to the EQ-5D and EQ-VAS scores is shown in Table 9. 

In DTSQs, the mean treatment satisfaction score (the sum of Questions 1 and 4-8) was increased by 3.6 (p < 
0.0001) from the baseline to the endpoint. The scores of Questions 2 and 3 in DTSQs represent patients’ satis- 
faction with respect to hyperglycaemia and hypoglycaemia, respectively; a higher score indicates greater per- 
ceived frequency of hyperglycaemia and hypoglycaemia. Compared to the baseline score, the mean hypergly- 
caemia score at the endpoint was decreased by −1.1 (p < 0.0001). The mean hypoglycaemia score was increased 
by 0.4 (p < 0.0001). 

In DTSQc, the mean treatment satisfaction score (the sum of Questions 1 and 4-8) was 9.3, on a scale from 18 
(much more satisfied now) to −18 (much less satisfied now). Also, the hyperglycaemia and hypoglycaemia scores 
were −0.2 and −0.5, respectively on scales ranging from 3 (much more often now) to −3 (much less often now), and 
these results meant that patients reported a reduced frequency of hyperglycaemia and hypoglycaemia(p < 0.0001). 

The EQ-5D index and EQ-VAS scores were significantly improved from 0.890 and 61.5 at baseline to 0.909 
 
Table 8. Incidence of hypoglycaemia by patient characteristics in the efficacy analysis population. 

 Mean  
Evaluation items Number of patients Baseline LOCFa) (LOCFa)-Baseline) Analysisb) 

HbA1c (%)a) 1520 9.56 7.94 −1.61 p < 0.0001 

FPG (mg/dL)a) 402 203.0 148.6 −54.4 p < 0.0001 

2h-PPG (mg/dL)a) 269 267.0 192.5 −74.5 p < 0.0001 

Weight (kg) 1251 65.7 66.1 0.5 p < 0.0001 

a)LOCF: last observational carried forward; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 2h-PPG, 2h postprandial glucose; b)p-value: 
paired t-test. 
 
Table 9. Results of patient satisfaction with treatment and patients’ subjective health conditions in patients. 

 Mean  

Evaluation items 
Number 

of  
patients 

Baseline LOCFa) (LOCFa)-Baseline) Analysisb) 

DTSQsa) 

Treatment satisfaction (Sum of Questions 1, 4-8) 856 21.9 25.5 3.6 p < 0.0001 

Perceived frequency of hyperglycaemia (Question 2) 890 3.9 2.7 −1.1 p < 0.0001 

Perceived frequency of hypoglycaemia (Question 3) 884 1.0 1.4 0.4 p < 0.0001 

DTSQca) 

Change in treatment satisfaction (Sum of Questions 1, 4-8) 978 - 9.3 - p < 0.0001 

Change in perceived frequency of hyperglycaemia (Question 2) 987 - −0.2 - p < 0.0001 

Change in perceived frequency of hypoglycaemia (Question 3) 984 - −0.5 - p < 0.0001 

EQ-5Da) and EQ-VASa) 

EQ-5D Index score 856 0.890 0.909 0.019 p = 0.0005 

EQ-VAS score 879 61.5 69.4 7.8 p < 0.0001 

a)LOCF: last observational carried forward; DTSQs and DTSQc, Diabetes Treatment Satisfaction Questionnaire, status and change editions; EQ-5D 
and EQ-VAS, EuroQol Health-Related Quality of Life Questionnaire and Visual Analogue Scale; b)p-value: Wilcoxon signed-rank test. 
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(p = 0.0005) and 69.4 (p < 0.0001) at the endpoint, respectively. 
From these results, BOT with insulin glargine significantly improved patients’ satisfaction as shown by the 

DTSQs and DTSQc, and also improved patients’ self-reported health on the EQ-5D index and EQ-VAS scores. 

4. Discussion 
In the ALOHA 2 Study, post-marketing surveillance, the combination therapy of insulin glargine and OADs in- 
cluding DPP-4 inhibitors significantly reduced not only HbA1c and FPG levels but also PPG levels. The inci- 
dence of adverse drug reactions was generally low, and the major adverse drug reactions included hypoglycae- 
mia (5.38%; with severe hypoglycaemia, 0.42%). They occurred at the following incidence rates (episodes per 
patient-year): all hypoglycaemia, 0.273; severe, 0.019; documented symptomatic, 0.099; and nocturnal, 0.023, 
and the combination therapy was tolerated. The incidence of severe hypoglycaemia in this present study was 
similar to that in previous reports. The incidence of severe hypoglycaemia in insulin glargine [14] and insulin 
detemir [32] in patients with type 2 diabetes was 0.32% and 0.4%, respectively. 

The effects of insulin glargine used in BOT on glycaemic control have already been reported in several pre- 
vious studies [8] [33]. In Japan, the ALOHA Study, which we conducted as a mandatory post-marketing sur- 
veillance, well described the usefulness of BOT; however, the context of the concomitant OADs had been 
changed from the period of this study followed by the approval of DPP-4 inhibitors [8]. Several studies have 
reported that the combination therapy with DPP-4 inhibitors and insulin resulted in a low incidence of hypogly- 
caemia and achieved good glycaemic control through the inhibition of HbA1c, FPG and PPG levels [15] [34]. 
Also, in the observational study with 1,483 T2DM subjects with metformin and DPP-4 inhibitors, the HbA1c 
and FPG levels decreased by −1.15% and −47.3 mg/dL, respectively, with the initiation of insulin glargine dur- 
ing 20 weeks [14]. In the present ALOHA 2 Study, DPP-4 inhibitors were administered to approximately 60% 
of the patients during the study period, and the 2 hour-PPG levels were also significantly reduced together with 
HbA1c and FPG levels in spite of no high mean dose of insulin glargine in 24 weeks. Furthermore, the decrease 
in HbA1c levels was a little larger in the present ALOHA 2 Study (−1.61%) than in the previous ALOHA Study 
(−1.43%). 

In addition to the significant improvement of glycaemic control, the treatment satisfaction scores of DTSQs 
and DTSQc, EQ-5D index and EQ-VAS scores were improved in this study although insulin was added to oral 
agents. The perceived frequency of hypoglycaemia score with DTSQc was a minus score that meant lower fre- 
quency of hypoglycaemia, and had a different trend from that of DTSQs. It is possible that patients did give 
these contrary responses due to halo effects of being pleased with other outcomes associated with BOT or be- 
cause different patients were included in the two analyses. In any case, the changes with each assessment were 
both small, so it was considered that the change of the frequency of hypoglycaemia was not as large as the pa- 
tients’ actual feeling. From the result of EQ-5D, little changes were observed throughout the study. It might be 
because most of the patients had “no problems” with their condition at baseline. The proportions of the patients 
who had “no problems” at baseline ranged from 75.3% to 94.4% in the 5 questions. However, one of the impor- 
tant points was that these scores were not decreased in spite of the addition of injections to oral agents; therefore, 
it might result in a high compliance rate of insulin glargine treatment. From these PROs results, BOT with insu- 
lin glargine was acceptable for the patients and could be a good option for diabetes. 

In the assessment of risk factors for hypoglycaemia showed in Table 7, DPP-4 inhibitors and biguanides were 
not associated with hypoglycaemia while SUs and thiazolidinediones were associated. Although this could be 
potentially expressing superior safety of BOT regimen with DPP-4 inhibitors and biguanides, conclusive causal 
relationship cannot be referred by these analyses primarily because of not adjusting confounders. The effective- 
ness and safety profile of the BOT regimen with different OADs need to be analyzed in the precise secondary 
analysis. Similarly, we cannot suggest any other conclusive causal relationship between patient characteristics 
and hypoglycaemia even on the factors with statistical significance in Table 7. However, higher risk for hypog- 
lycaemia observed with low mean dose of insulin glargine and high FPG at baseline should especially be noted. 
Potentially, low mean dose of insulin may have been caused by preceding event of hypoglycaemia, and high 
FPG may have been the representation of large blood glucose variability. These should be also addressed in 
secondary analyses. As to the higher risk with low mean dose, when comparing the characteristics of the patients 
by doses, there were tendencies that the age and duration of diabetes become younger and shorter, respectively, 
according to increased dosage of insulin glargine (data not shown). In Table 7, the tendency of more frequent 
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hypoglycaemia was observed in the patients for whom the age and the duration of diabetes become older and 
longer respectively (without statistical significance), and these results also supported it. Additionally, there were 
no significant differences in the mean daily dose (units/day) of insulin glargine. 

5. Conclusion 
In the present ALOHA 2 Study, BOT with insulin glargine including DPP-4 inhibitors was suggested to be ef- 
fective and well tolerated. In addition, it is suggested to improve the patients’ satisfaction and their self-reported 
health in spite of the addition of injections to oral agents. From these points, BOT with insulin glargine includ- 
ing DPP-4 inhibitors is likely to be considered an important therapeutic option in diabetic patients. However, 
combination therapy needs to be continuously evaluated in clinical trials or large sample analysis mainly due to 
the limitations of observational study/post-marketing surveillance and because OADs with new mechanisms 
have recently become available. 
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