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Introduction
Type 2 diabetes mellitus (T2DM) is recognized as a global 
pandemic and has an increasing prevalence in low- and mid-
dle-income countries (LMICSs), especially in Asia.1 Rapid 
changes in environmental, social, and lifestyle factors are some 
of the factors contributing substantially to this increased 
prevalence.2

Clinical management of T2DM depends largely on disease 
characteristics and progression at the time of diagnosis. 
Traditionally, lifestyle and dietary modifications with met-
formin as the first line of treatment are recommended follow-
ing early diagnosis of diabetes. However, given the progressive 
nature of T2DM, patients with diabetes eventually require 
exogenously administered insulin to correct the loss of β-cell 
function. In Thailand, the guidelines on insulin initiation in 
patients with T2DM are derived from International Diabetes 
Federation (IDF) recommendations3 among several others. 
While certain glycemic indices such as glycosylated hemo-
globin (HbA1c) and fasting plasma glucose (FPG) have been 
assigned fixed targets in the past to ensure glycemic control in 
T2DM, at present there is no consensus on these in the various 
guidelines and instead a patient-centric approach is advocated. 
In real-world practice, basal insulin is initiated when lifestyle 
modifications and a combination of various oral antidiabetic 

(OAD) agents fail to achieve a patient’s target HbA1c or FPG. 
Basal insulin such as neutral protamine Hagedorn (NPH) or 
insulin Gla-100 and insulin detemir are highly effective in 
maintaining normoglycemic conditions and can be combined 
with OADs or short-acting insulins to maintain glycemic con-
trol. However, to achieve target glycemic control, the dose of 
insulin has to be regularly titrated. Current recommendations 
from the IDF suggest initiating insulin at 10 U or 0.2 U/kg and 
titrating the dose once or twice weekly at 1 to 2 U each time till 
FPG is 70 to 130 mg/dL.3

Despite these recommendations, glycemic control in Asia is 
generally found to be suboptimal.4,5 One of the first studies to 
evaluate glycemic control in the Asian diabetic population fol-
lowing insulin initiation revealed that only one-third of the 
study patients achieved HbA1c < 7.0% after 6 months of basal 
insulin therapy6 and the estimate for Thailand was 15.2%.7 
Inadequate titration of insulin was one of the factors that has 
been correlated with this lack of glycemic control.6-8 Besides 
dose titration, various other factors have also been postulated to 
influence the effectiveness of insulinization.4 These factors 
need to be investigated in detail to draft guidelines and policies 
that are suitable for local management of T2DM in LMICs. In 
the Thai setting, patients with T2DM are generally attended to 
by general practitioners or specialties besides endocrinologists. 
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While the Diabetes Association of Thailand conducts routine 
training on insulinization with the primary care physicians, the 
outcome of this exercise on the real-world management of 
T2DM is largely unknown. In this study, we have evaluated the 
consequence of optimizing the dose of basal insulin in achiev-
ing glycemic control in patients with T2DM in real-life prac-
tice in Thailand.

Methods
Study design

This 24-week, national, multicenter, noninterventional, obser-
vational, prospective study was conducted in Thailand between 
April 2015 and September 2016. The primary objective was to 
evaluate and describe the glycemic control (individualized gly-
cosylated hemoglobin [HbA1c] and FPG) in real-world setup, 
following titration of the basal insulin dose to achieve optimal 
results in patients with T2DM. Secondary objectives were 
determination of the number of patients achieving 
HbA1c < 7.0% without symptomatic hypoglycemia, identifi-
cation of insulin titration pattern and evaluation of hypoglyce-
mic events.

Study sites were hospitals with laboratory testing facilities 
for estimation of HbA1c and study investigators were nonen-
docrinologists who managed patients with T2DM and had 
adequate knowledge of optimal insulin therapy. Diabetes man-
agement, including optimization of insulin dose was the inves-
tigators’ prerogative and based on their independent clinical 
judgment. The study comprised 3 visits—an inclusion visit 
(V1) and 2 follow-up visits (V2 and V3), 12 and 24 weeks after 
enrolment.

The study was performed according to the principles laid 
down by the 18th World Medical Assembly9 and in compli-
ance with the guidelines for Good Epidemiological Practice 
and approval from all pertinent regulatory authorities, steering 
committee and IRBs/IECs. Ethical approval for this study has 
been obtained from all ethics committees with the following 
ethical approval reference number: CR 0032.102/9275 
(Chiangrai Prachanukroh Hospital), P015h/58 (Fort 
Mengraimaharaj Hospital), 0032.202/098 (Nakornping 
Hospital), 34/2015 (Chumphonkhetudomsakdi Hospital), 
05022558 (Songkhla Hospital), 26/02/58 (Hat Yai Hospital), 
001/58 (Nakhoncity Hospital), CTIREC 004 (Prapokklao 
Hospital), 0032.202.03/413 (Buddhasothorn Hospital), 
42/2558 (Chonburi Hospital), 016/2558 (Sanpasitthiprasong 
Hospital), HE581012 (Srinagarind Hospital), 010/2015 
(Maharat Nakhon Ratchasima Hospital), 1/2558 (Chaiyaphum 
Hospital), 04/2558 (Phra Chom Klao Hospital), R2015-002 
(Banpong Hospital), 1/2558 (Uthai Thani Hospital), 20150201 
(Anandhamahidol Hospital), Si072/2015 (Siriraj Hospital & 
Gloden Jubilee Med Center), 4/2558 (Surin Hospital), and 
070/58 (Buddhachinaraj Hospital). All study patients provided 
informed consent to participate in the study.

Patient recruitment and data collection

All patients in the registry were recruited after obtaining writ-
ten informed consent, during a 12-month period. Inclusion 
and exclusion criteria are presented in detail in Supplemental 
Table 1.

Data collected at baseline included demographics, physical 
examination, history of diabetes, current treatment for diabetes, 
prior and current laboratory reports on serum creatinine (SCR), 
HbA1C, and FPG. At week 12 and 24, data were collected on 
physical examination, current diabetes treatment, current labo-
ratory reports on HbA1c and FPG (and SCR, if available), 
hypoglycemic events, patient diary, unplanned hospitalizations, 
and final assessment (patient status and achievement of glyce-
mic control at week 24). Documented (symptomatic) hypogly-
cemia was defined as an event in which typical symptoms of 
hypoglycemia were accompanied by a measured plasma glucose 
concentration ⩽70 mg/dL (⩽3.9 mmol/L).

Insulin dose titration was classified into 2 categories—phy-
sician-driven method, where insulin dose was adjusted at each 
visit by the physician; and patient-driven method, where 
patient self-adjusted the insulin dose (based on the physician 
suggested algorithm).

Statistical analysis

Sample size calculation was made using a formula given by 
Riddle et  al.10 Assuming 60.0% of patients achieving 
HbA1c ⩽ 7.0% with each insulin type (NPH and Gla-100) with 
a 10.0% patient drop-out. A total of 300 patients were planned 
to be enrolled in the study, with margin of error (e) of 0.06.

For purpose of analysis, the study patients were categorized 
as eligible population comprising all patients enrolled, and eval-
uable population which included only those patients who had 
HbA1c and FPG values for the 24-week follow-up visit (V3).

Descriptive statistics using mean (with 95% confidence 
interval [CI]), standard deviation (SD), median, and min-max 
for continuous parameters and counts and percentages (with 
95% CI) for categorical parameters were used for data 
analysis.

Statistical testing of primary endpoints: change from base-
line to the end of titration period for HbA1c was done using 
ANCOVA and change from baseline in FPG was done using 
rank ANCOVA. Statistical testing of secondary endpoints: 
rates of hypoglycemia was done using rank ANOVA, and other 
categorical variables were tested using either Pearson’s Chi-
square or Fisher’s exact test. All statistical analyses were con-
ducted using SAS, version 9.2 (SAS Institute, Cary, NC, USA).

Results
Patient disposition and characteristics

Our study enrolled a total of 327 patients at 24 sites across 
Thailand and 3 patients were excluded due to eligibility criteria 
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during source data verification. A total number of 324 patients 
comprised the eligible population. Of these, 318 (98.2%) 
patients completed the study. Three (0.9%) patients were lost 
to follow-up and 3 (0.9%) patients withdrew consent. Outcome 
data from 313 patients were available at week 24 and were con-
sidered for the evaluable population analysis. Participants were 
further categorized according to – (1) type of basal insulin 
received and (2) dose-titration method employed and is given 
in Figure 1. Briefly, most of the participants in both the eligible 
as well as the evaluable populations were received NPH as 
basal insulin (eligible, n = 197; evaluable, n = 190) followed by 
insulin Gla-100 (eligible, n = 123; evaluable, n = 119) and insu-
lin detemir (eligible and evaluable, n = 4). In addition, physi-
cian-driven insulin dose optimization was reported in a larger 
proportion of patients (eligible, n = 190; evaluable, n = 182) than 
patient-driven dose optimization (eligible, n = 134; evaluable, 
n = 131).

Patient characteristics, including diabetes history, are sum-
marized in Table 1. Almost two-thirds (n = 213, 65.7%) of the 
patients were female. The median age of the eligible population 
was 58.0 (interquartile range [IQR]: 51.0–63.0) years and 258 
(79.6%) patients were aged ⩾50 years. Average (±SD) body 
mass index (BMI) of study patients was 26.97 (±4.64) and 
over half (62.7%) of the patients had BMI ⩾ 25.0 kg/m3. 
Average (±SD) systolic and diastolic blood pressure were 
133.26 (±14.40) mm Hg and 74.16 (±10.20) mm Hg, 

respectively. Commonly reported comorbidities in the eligible 
population at the time of enrolment were hypertension (n = 270, 
83.3%) and dyslipidemia (n = 250, 77.2%). Most of study 
patients had either universal coverage (48.5%) or civil servant 
medical benefit scheme (40.1%).

The average (±SD) duration of diabetes in the eligible pop-
ulation was 10.91 (±5.22) years, and 287 (88.6%) patients had 
had diabetes for ⩾5.0 years. A total of 287 (88.6%) patients 
had HbA1c ⩾ 8.0% and over half of the patients (n = 183; 
56.5%) had HbA1c in between 8.0% and 9.9%. Moreover, 220 
(68.1%) patients had FPG ⩾ 130.0 mg/dL and 30.3% of the 
patients (n = 98; 30.3%) had FPG values in between 80.0 and 
129.0 mg/dL. The eligible population had been receiving OAD 
therapy for an average (±SD) duration of 10.64 (±5.28) years 
and 280 (86.4%) patients had received OADs for ⩾5.0 years. 
The most commonly prescribed OADs were metformin 
(88.9%) and sulfonylureas (74.1%).

Glycemic control following titration of basal insulin 
dose

At 24 weeks following study inclusion, a total of 35 (11.2%) 
and 154 (49.2%) patients in the evaluable population had 
achieved their individual HbA1c and FPG targets, respectively 
(Table 2). Mean (±SD) HbA1c reduced from 9.41% (±1.23%) 
at baseline to 8.96% (±1.57%) at week 24 (P < .0001). 

Figure 1.  Summary of analysis populations in the study. NPH indicates neutral protamine Hagedorn.
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Concurrently, mean (±SD) FPG decreased from 170.09 
(±69.51) mg/dL at baseline to 150.71 (±64.63) mg/dL at 
week 24 (P < .0001; Supplemental Table 2). Overall HbA1c 
and FPG target achievement rates with physician-driven titra-
tion were 14.84% and 56.59%, respectively; while for 

patient-driven titration, the rates were 6.11% and 38.93%, 
respectively (Table 2).

In patients whose insulin dose titration was physician-driven, 
mean (±SD) HbA1c reduced from 9.22 (±1.15) at baseline to 
8.62 (±1.43) at week 24 (P < 0.0001). Similarly, mean (±SD) 

Table 1.  Demographic and baseline characteristics in eligible participants.

All insulins
N = 324

NPH
N = 197

Gla-100
N = 123

Detemir
N = 4

Age in years, mean (SD) 56.13 (8.70) 54.85 (8.81) 58.34 (7.50) 51.00 (21.40)

Gender

  Male 111 (34.26) 49 (24.87) 60 (48.78) 2 (50.00)

  Female 213 (65.74) 148 (75.13) 63 (51.22) 2 (50.00)

Weight in kg, mean (SD) 68.55 (13.74) 67.73 (14.10) 69.67 (13.19) 74.50 (10.28)

BMI in kg/m3, mean (SD) 26.97 (4.64) 26.99 (4.91) 26.92 (4.22) 27.22 (4.66)

SBP in mm Hg, mean (SD) 133.26 (14.40) 132.58 (12.98) 134.57 (16.31) 126.25 (18.41)

DBP in mm Hg, mean (SD) 74.16 (10.20) 74.20 (10.27) 74.13 (10.23) 72.75 (6.34)

HbA1c in %, n (%)

  7.0-8.4 90 (27.77) 52 (26.39) 38 (30.89) 0 (0.00)

  8.5-9.9 130 (40.12) 75 (38.07) 53 (43.08) 2 (50.00)

  10.0-11.4 79 (24.38) 57 (28.93) 21 (17.07) 1 (25.00)

  ⩾11.5 25 (7.71) 13 (4.01) 11 (8.94) 1 (25.00)

FPG in mg/dL, n (%)

  <80.0 5 (1.54) 3 (1.52) 2 (1.63) 0 (0.00)

  80.0-129.0 98 (30.25) 64 (32.49) 34 (27.64) 0 (0.00)

  130-199.0 137 (42.28) 76 (38.57) 59 (47.96) 2 (50.00)

  200.0-299.0 65 (20.06) 43 (21.82) 20 (16.26) 2 (50.00)

  ⩾300.0 18 (5.55) 11 (5.58) 7 (5.69) 0

Duration (in years) since detection of diabetes, mean (SD) 10.91 (5.22) 10.74 (5.04) 11.32 (5.47) 6.54 (4.35)

Presence of comorbidities, n (%)

  Hypertension 270 (83.33) 161 (81.73) 108 (87.80) 1 (25.00)

  Dyslipidemia 250 (77.16) 153 (77.66) 95 (77.24) 2 (50.00)

Duration (in years) since OAD treatment commenced, mean (SD) 10.64 (5.28) 10.45 (5.08) 11.07 (5.59) 6.54 (4.35)

OAD therapy

  Metformin 288 (88.89) 180 (91.37) 105 (85.37) 3 (75.00)

  Sulfonylurea 240 (74.07) 150 (76.14) 86 (69.92) 4 (100.0)

  Thiazolidinedione 88 (27.16) 57 (28.93) 30 (24.39) 1 (25.00)

  DPP-4 inhibitor 41 (12.65) 9 (4.57) 32 (26.02) 0 (0.00)

  α-glucosidase inhibitor 35 (10.80) 21 (10.66) 14 (11.38) 0 (0.00)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; DPP, dipeptidyl peptidasel; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; NPH, neutral 
protamine Hagedorn; OAD, oral antidiabetic; SD, standard deviation; SBP, systolic blood pressure.
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FPG in these patients decreased from 163.85 (±60.44) at base-
line to 140.33 (±57.54) at Week 24. In patients who performed 
self-titration of their insulin dose, mean (±SD) HbA1c reduced 
from 9.67 (±1.29) at baseline to 9.44 (±1.64) at week 24 
(P = 0.0730); and mean (±) FPG decreased from 178.82 
(±79.95) at baseline to 165.14 (±71.09) at Week 24 (P = 0.0618; 
Supplemental Table 2).

The proportion of patients achieving HbA1c target at Week 
24 without any symptomatic hypoglycemia was 5.8%. The 

proportion of patients achieving HbA1c target at Week 24 
without any symptomatic hypoglycemia in the physician-
driven titration group was 8.2% and 2.3% in the patient-driven 
titration group (Table 3).

Hypoglycemic events

Overall, a total of 64 (20.45%) patients experienced at least one 
hypoglycemic event during the course of the study. The average 
event rate at Week 12 and Week 24 were 3.39 (95% CI: 3.00-
3.84) events per person-year and 1.71 (95% CI: 1.51-1.94) 
events per person-year, respectively (Table 4).

Titration patterns

In the evaluable population, between baseline to Week 12, the 
insulin regimen in 6 patients (5 patients receiving NPH and 
one patient receiving detemir) was shifted to Gla-100. In addi-
tion, one patient on NPH stopped insulin treatment. In 
between Week 12 and Week 24, 3 patients who were previously 
on NPH were switched to Gla-100 while 8 patients previously 
on NPH were switched to non-basal insulin. Moreover, 1 Gla-
100 user was switched to NPH and 6 Gla-100 users were 
switched to non-basal insulin.

In 182 patients (58.2%), the basal insulin titration was phy-
sician-driven, while in the remaining 131 (41.8%), patients 
self-titrated their basal insulin. Over the course of the study, 
the total daily basal insulin dose moved from 20.9 U/day to 

Table 2.  Summary of HbA1c and FPG target achievement in 
evaluable patients at Week 24 and by dose-titration method applied.

Target 
achievement n (%)

HbA1c

  All evaluable patients, N = 313 35 (11.2)

    Physician-driven, N = 182 27 (14.8)

    Patient-driven, N = 131 8 (6.1)

FPG

  All evaluable patients, N = 313 154 (49.2)

    Physician-driven, N = 182 103 (56.6)

    Patient-driven, N = 131 51 (38.9)

Abbreviations: FPG, fasting plasma glucose; HbA1c, glycated hemoglobin.
Individualized HbA1c and FPG targets were set by physicians at baseline.

Table 3.  Summary of HbA1c ⩽ 7.0% target achievement without documented hypoglycemia in evaluable patients at Week 24 by dose-titration 
method.

All types
N = 313

Physician-driven
N = 182

Patient-driven
N = 131

Achieved target HbA1c ⩽ 7.0% 18 (5.75) 15 (8.24) 3 (2.29)

  N 18 15 3

  Mean (SD) 6.57 (0.52) 6.65 (0.33) 6.17 (1.12)

  Median (p25-p75) 6.7 (6.5-6.9) 6.7 (6.5-6.9) 6.6 (4.9-7.0)

  Min-Max 4.9-7.0 5.7-7.0 4.9-7.0

Abbreviations: HbA1c, glycated hemoglobin; SD, standard deviation.

Table 4.  Summary of hypoglycemic events in evaluable patients at Week 24 by titration method.

Number of 
hypoglycemic events

Number of 
patients n (%)

Person-
years

Event rate 
per person-
year

CI95% of event 
rate per 
person-year

All evaluable patients, N = 313 253 64 (20.5) 147.82 1.71 1.51-1.94

By titration method

  Physician-driven, N = 182 200 39 (21.4)   85.54 2.34 2.04-2.69

  Patient-driven, N = 131   53 25 (19.1)   62.28 0.85 0.65-1.11

Abbreviation: CI, confidence interval.
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25.6 U/day in the physician-driven group (+4.7 U), while in 
the patient-driven group, it increased from 25.3 U/day to 
29.7 U/day (+4.4U) (Table 5). Overall, the average (±SD) 
total daily dose at Week 24 increased by 4.48 U (±6.93) in 
comparison to baseline (P < .0001). The dose increase tended 
to be the highest at Week 24, irrespective of basal insulin type 
or dose-titration method. Following insulin dose titration, no 
increase in body weight was reported at Week 12 and Week 24 
compared to baseline, irrespective of type of basal insulin or 
dose-titration strategy.

Discussion
This study aimed to evaluate and describe the effect of a 
24-week titration of the dose of basal insulin on target achieve-
ment rate of glycemic indices, HbA1c and FPG, in real-world 
settings in Thailand. NPH and insulin glargine are the pre-
ferred basal insulins and used in most of the patients. Data 
showed that basal insulin titration is physician-driven in most 
of the patients, indicating a scope for more patient education 
and empowerment for patient-driven titration, as has been evi-
denced by the recent studies11-13 and recommended by the cur-
rent American Diabetes Association (ADA) guidelines.14 
Overall target achievement was poor in this real-world study, 
with almost 90% of the patients failing to achieve their 

individualized HbA1c targets. This may be, in part, due to the 
suboptimal dose titration of basal insulins. Overall, 20.45% of 
the patients experienced at least 1 hypoglycemic event during 
the study period, and the proportions were matched irrespec-
tive of the type of basal insulin or titration method.

Various studies report a wide range in HbA1c target achieve-
ment rate following initiation of basal insulin treatment.15-17 
However, various treat-to-target (TTT) studies have shown 
that titration of the insulin dose is vital for attaining glycemic 
targets.10,11,18-20 However, in our study, the target achievement 
rate for glycemic indices was far from desirable even after a 
24-week period. Certain factors regarding the study design, 
especially the investigators and patients, need to be considered 
to put these findings in context. The study investigators were 
nonendocrinologists, but physicians most routinely responsible 
for providing care to patients with T2DM. There could have 
been a possibility of variation in the standard of care/ titration 
algorithms being used by these physicians. From the currently 
available treatment options, basal insulin analogues have been 
shown to be better than NPH in multiple trials, especially in 
terms of reduction of the risk of hypoglycemia and weight 
gain.21 Despite this fact, we found that NPH was being used in 
more patients. This perhaps is largely out of economic consid-
eration and insurance policies. Moreover, patients in this study 
had an average duration of T2DM >10 years, almost 90.0% of 
them had HbA1c >8.0%, and all of them had failed to achieve 
HbA1c <7.0% while being on basal insulin. Hence, it could 
also be possible that most of our patients were refractory to 
moderate dose titration and required further treatment intensi-
fication. Also, it is important to put into perspective that this 
study was not aimed or powered to compare and contrast 
between different insulins or different titration regimens or 
methods, but to describe the current status and overview of 
basal insulin use pattern in the real-world. There was no rand-
omization and patients were not entirely comparable on base-
line characteristics or on the management followed. Therefore, 
no comparative analysis between groups could be attempted. 
This study provides a snapshot of current basal insulin use and 
provides insights into likely gaps and ways to improve glycemic 
control in T2DM patients.

Patient awareness and education is a critical part of long-
term management of chronic diseases. In insulinized T2DM 
patients, the responsibility of daily administration of the rec-
ommended insulin dose as well as routine monitoring for blood 
glucose levels and hypoglycemic events is largely borne by the 
patients themselves. Various TTT trials such as the Canadian 
INSIGHT trial11 and the AT.LANTUS trial,12 have shown 
that the patient-driven titration process results in improved 
glycemic control with a lower incidence of hypoglycemia and 
higher treatment satisfaction. These findings have been repro-
duced in the Asian context in the ATLAS trial.13 In this study, 
the incidence of hypoglycemia was lower in patients who self-
titrated, in accordance with the TTT trials.

Table 5.  Comparison of total daily dose of basal insulin in evaluable 
patients at baseline and Week 24, by titration method.

Baseline Week 24

All evaluable patients, N = 313

  N 313 298

  Mean insulin dose, Units (SD) 22.7 (14.3) 27.2 (16.1)

  Min, Max 4, 9 4, 1

    P value <.0001*

By titration method

  Physician-driven, N = 182

    N 182 178

    Mean (SD) 20.9 (12.1) 25.60 (15.0)

    Min, Max 4, 70 4, 82

      P value <.0001*

Patient-driven, N = 131

  N 131 120

  Mean (SD) 25.3 (16.6) 29.7 (17.3)

  Min, Max 4, 9 6, 1

    P value <.0001*

Abbreviations: SD, standard deviation; NA, not available.
*Significant P value using Wilcoxon sign-rank test.
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Taking findings from this study into consideration, espe-
cially in the context of studies that have been previously pub-
lished, it becomes obvious that newer strategies and options are 
required for improving glycemic control with basal insulin in 
Thailand. Various titration algorithms for optimizing basal 
insulin dose22 have been validated and these need to be tested 
for appropriateness in the Thai settings. Being a multimodal 
disease, the management of T2DM requires participation from 
the patient and their family, as well as the physician and other 
medical personnel. Certain initiatives like family-oriented pro-
grams for diabetes control23 or the use of current Internet- and 
gadget-based technologies5 could also be very helpful in 
spreading education and awareness. Early insulinization, espe-
cially in combination with existing treatments24 or with newer 
agents such as glucagon-like peptide 1 receptor antagonists25-27 
or the introduction of newer basal insulins such as glar-
gine-30028-30 are also clinical interventions that could improve 
glycemic control in Thai patients with diabetes.

Conclusion
This study provides important insights in the real-world sce-
nario with regard to basal insulin use in routine clinical settings 
in Thailand. It shows that a substantially low proportion of 
patients achieve their glycemic targets, with minimal dose titra-
tion over time. This may underlie the suboptimal basal insulin 
titration in the real-world scenario. These findings could be 
useful in creating more relevant strategies such as physician 
education and patient empowerment to safely and effectively 
titrate insulin for successful management of T2DM in Thailand.

Limitation
While this study highlights a couple of key issues regarding 
glycemic control in the Thailand context, certain others were 
beyond the scope of the study and hence limit the interpreta-
bility of the results. Given the choice of patients and investiga-
tors, we could not assess target achievement in the entire 
spectrum of diabetic patients in Thailand. In addition, given 
the noninterventional and observational nature of this study, as 
well as differences in key baseline and treatment characteristics, 
we cannot statistically compare and interpret the target 
achievement rates in between the groups as these factors may 
have an additional impact on glycemic control, thereby con-
founding the results. Moreover, we could not follow-up patients 
to ascertain the further course of action taken by the investiga-
tors. This study also did not ascertain factors that affect the 
outcome of insulin dose titration such as patient adherence, 
investigators’ knowledge and practices, and time since first 
insulinization; therefore, we can only hypothesize on possible 
reasons for low target achievement.
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