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1 | INTRODUCTION

Achieving target glycemic control without causing hypo-
glycemia is crucial for patients with type 2 diabetes melli-
tus (T2DM), as it is linked to preventing complications

Abstract

The objective of this study was to provide recommendations regarding effec-
tiveness, safety, optimal starting dose, optimal maintenance dose range, and
target fasting plasma glucose of five basal insulins (glargine U-300, degludec
U-100, glargine U-100, detemir, and insulin protamine Hagedorn) in insulin-
naive adult patients with type 2 diabetes in the Asia-Pacific region. Based on
evidence from a systematic review, we developed an Asia-Pacific clinical
practice guideline through comprehensive internal review and external
review processes. We set up and used clinical thresholds of trivial, small,
moderate, and large effects for different critical and important outcomes in
the overall certainty of evidence assessment and balancing the magnitude of
intervention effects when making recommendations, following GRADE
methods (Grading of Recommendations, Assessment, Development, and
Evaluation). The AGREE (Appraisal of Guidelines, Research and Evaluation)
and RIGHT (Reporting Items for practice Guidelines in HealThcare) guide-
line reporting checklists were complied with. After the second-round vote by
the working group members, all the recommendations and qualifying state-
ments reached over 75% agreement rates. Among 44 contacted external
reviewers, we received 33 clinicians' and one patient's comments. The overall
response rate was 77%. To solve the four research questions, we made two
strong recommendations, six conditional recommendations, and two qualify-
ing statements. Although the intended users of this guideline focused on cli-
nicians in the Asia-Pacific region, the eligible evidence was based on recent
English publications. We believe that the recommendations and the clinical
thresholds set up in the guideline can be references for clinicians who take
care of patients with type 2 diabetes worldwide.

KEYWORDS

Asia-Pacific region, basal insulin, clinical thresholds, evidence-based clinical practice
guideline, systematic review, type 2 diabetes

Highlights

« This is a systematic review-based clinical practice guideline. After internal
and external review, two strong recommendations, six conditional recom-
mendations, and one qualifying statement were made for insulin-naive
adult patients with type 2 diabetes. Although the guideline authors came
from the Asia-Pacific region, the eligible evidence was based on recent
English publications. The recommendations and the clinical thresholds set
up in the guideline can be used as references for clinicians worldwide.

and improving their long-term quality of life. Many
T2DM patients eventually require injectable glucose-
lowering therapy, such as glucagon-like peptide-1 recep-
tor agonist or insulin when a combination of rally admin-
istered antihyperglycemic agents (OHAs) fails to
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maintain the desired glycemic targets. Among the various
insulin options, basal insulin is recommended at the initi-
ation of insulin therapy.' To date, there are five basal
insulin preparations available for use in patients with
diabetes mellitus in the Asia-Pacific region: (1) ultra-
long-acting insulin: glargine U-300, degludec U-100;
(2) long-acting insulin: glargine U-100, detemir; and
(3) intermediate-acting insulin: insulin protamine Hage-
dorn (NPH). After a quick literature search for English
publications, there are no systematic review-based clini-
cal practice guidelines in the Asia-Pacific region on the
use of basal insulin in insulin-naive adults with T2DM
who are poorly controlled on OHAs. For example, there
is a Delphi-based consensus guideline on basal insulins
in Asia." The American Diabetes Association published
“Standards of Medical Care in Diabetes—2021,” which is
not a systematic review-based guideline.” Thus, 16 clinical
experts from Australia, China, Indonesia, Japan,
Malaysia, Singapore, South Korea, Thailand, and
Vietnam worked with three methodologists and a
research team to develop this guideline focusing on
answering the following four research questions. Deglu-
dec U-200 was produced for patients with T2DM who
need a very high insulin dose and is unavailable in most
countries. Therefore, it is not included in this guideline.

Q1. What are the differences in the effectiveness and
safety among the five basal insulin preparations after the
initiation of insulin therapy in the target population?

Q2. What are the optimal starting doses (U/kg/day) and
time of administration (morning versus bedtime) of five
basal insulins?

Q3. Among the target population, what is the optimal
maintenance dose (U/kg/day) that achieves target fasting
plasma glucose (FPG)?

Q4. After initiation of any of the five basal insulins, what
range of the target FPG can lead to the ideal glycated hemo-
globin (HbA;,) level (ie, <7.0%) in the target population?

1.1 | Target population
Nonpregnant adults with T2DM who are unable to
achieve target glycemic goals (HbA;. > 7%) on OHAs.

1.2 | Intended users

Endocrinologists, general internal medicine physicians,
family doctors, diabetes specialist nurses, and other clini-
cians who are involved in the care of the target patients
in the Asia-Pacific region.

2 | METHODS

The process of developing this evidence-based clinical
practice guideline includes a systematic review, interpre-
tation of the evidence by the core group (two clinical
experts [L.J., Y.L.] and one methodologist [X.Y.]), draft-
ing recommendations, an internal review by the working
group, and an external review by external reviewers who
were nominated by the working group members. The
GRADE methodology (Grading of Recommendations,
Assessment, Development, and Evaluation) was used to
assess the certainty of evidence and make recommenda-
tions.” Two guideline reporting checklists have been
adhered to: AGREE (Appraisal of Guidelines, Research
and Evaluation) and RIGHT (Reporting Items for prac-
tice Guidelines in HealThcare).*”® The systematic review
manuscript, including the literature search, study review
process, etc., is submitted separately.” This guideline has
been registered on the Guideline International Network
website.®

2.1 | Ranking importance of outcomes
Glycemic control as measured by HbA,. and incidence
of any, nocturnal, and severe hypoglycemia were rated
as “critical” outcomes; time in range, FPG control, cost-
effectiveness, weight gain, and patient-reported
outcomes were rated as “important” outcomes. When
making recommendations, we placed more emphasis on
the effects and certainty of evidence of the critical
outcomes.

2.2 | Clinical thresholds for critical and
important outcomes

Based on the GRADE guidance,’ during the medical liter-
ature search, we found two publications that mentioned
minimal important difference threshold for the change of
HbA,. (%), which was stated as 0.5%.'"'' However, we
did not find other clinical thresholds of trivial, small,
moderate, and large effects for any critical outcomes and
important outcomes, which are the base to assess the
imprecision domain of overall certainty of evidence and
to balance the magnitude of intervention effects when
making recommendations. Thus, the core group set up
the clinical thresholds for the “critical” and “important”
outcomes (Table 1). These clinical thresholds were circu-
lated among the working group to vote on to obtain a
consensus (>85% agreement rate for each outcome)
(Appendix Table S1).
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TABLE 1 Clinical thresholds for critical and important outcomes.
Outcomes Trivial effect ~ Small effect Moderate effect Large effect
HbA, < 7% <30 per 1000 30-50 per 1000 >50-100 per 1000 >100 per 1000
Mean HbA, . change value (from baseline to the end of <04 0.4-1.0 >1.0-1.5 >1.5

the study), %
Hypoglycemia <3.0 mmol/L
Hypoglycemia <3.9 mmol/L
Nocturnal hypoglycemia, hypoglycemia <3.0 or

<20 per 1000
<50 per 1000
<20 per 1000

20-50 per 1000
50-100 per 1000
20-50 per 1000

>50-80 per 1000
>100-150 per 1000
>50-80 per 1000

>80 per 1000
>150 per 1000
>80 per 1000

3.9 mmol/L

Severe hypoglycemia, hypoglycemia <3.0 or 3.9 mmol/ <5 per 1000 5-10 per 1000 >10-20 per 1000 >20 per 1000
IL

Mean FPG change value (from baseline to the end of <0.5 mmol/L 0.5-1 mmol/L >1-1.5 mmol/L >1.5 mmol/L
the study)

Mean weight change (from baseline to the end of the <2% 2%-3% >3%-5% >5%

study)

Abbreviations: FPG, fasting plasma glucose; HbA,, glycated hemoglobin.

2.3 | Internal review

The core group drafted the recommendations. The clini-
cal experts in the working group reviewed, commented,
and voted on the recommendations independently. The
core group then revised the recommendations based on
the working group's opinion. The revised recommenda-
tions were voted by the working group again until each

recommendation reached an agreement of more
than 75%.
24 | External review

Each of the clinical experts from the core and working
groups selected three potential external reviewers who
can read English and are either intended users of basal
insulin or patients with T2DM using basal insulin. The
drafted clinical practice guideline and two brief online
questionnaires (one for clinicians and one for patients)
were sent to the external reviewers. We used the ques-
tionnaire templates for external reviewers from the Pro-
gram in Evidence-based Care program of McMaster
University in Canada.'*

3 | RESULTS
3.1 | Development of the first
recommendations

The core group held five online meetings (2-5 h/meeting)
to discuss the evidence from the systematic review,
answer 12 methodological questions (such as balancing

benefits and harms) for each recommendation based on
the GRADE approach, and draft the first recommenda-
tion document.” The main evidence and justification are
reported here.

3.2 | Internal review process

The first online survey with eight recommendations and
eight qualifying statements was sent out to the clinical
experts in the working group to vote on 13 September
2022 (Appendix Table S2). By 28 September, 14 of 16 clini-
cal experts voted. Among the voting results, only five rec-
ommendations and qualifying statements reached an
over 75% agreement rate. After the core group members'
discussion and revision based on the working group
members' comments, the second online survey with five
recommendations and one qualifying statement for Q1,
one qualifying statement for Q2, one qualifying statement
for Q3, and one recommendation for Q4 was sent to the
working group to vote again on 10 October (Appendix
Table S3). By 21 October, all 16 working group clinical
members voted, and all the recommendations and quali-
fying statements reached over 75% agreement rates. After
discussion, the qualifying statement for Recommendation
1 was removed and two minor revisions were made
before external review.

3.3 | External review process

Two online questionnaires were sent out to 44 potential
external reviewers on 11 November 2022. By
27 November, we received 33 clinicians' and one patient's
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TABLE 2 Recommendations summary.

Recommendation 1.1 (Strong Recommendation)

Among the five basal insulins, we recommend choosing any of glargine U-300, degludec U-100, glargine U-100, and detemir over NPH at
bedtime injection, depending on availability, acceptability, and affordability.

Qualifying Statement for Recommendation 1.1

The current recommendation is based on the protocol of eligible RCTs, in which the injection of the investigated insulins is all
administrated at bedtime. There is insufficient direct evidence to compare the effectiveness and safety among glargine U-300, degludec
U-100, glargine U-100, and detemir injected in the morning; there is no eligible evidence to compare morning versus bedtime injection
for glargine U-300 or degludec U-100 individually in T2DM patients who initially injected basal insulins. Future high-quality RCTs are

required to solve these issues.

Recommendation 1.2 (Strong Recommendation)

If both ultra-long-acting and long-acting insulin regimens are available, ultra-long-acting insulins (glargine U-300 and degludec U-100)
at bedtime injection should be considered to be initiated first depending on acceptability and affordability.

Recommendation 1.3 (Conditional Recommendation)

Glargine U-100 can be administered either in the morning or at bedtime. morning injection can be considered first depending on

patients’ preference.

Recommendation 1.4 (Conditional Recommendation)

For long-acting insulin, if both glargine U-100 and detemir are available,

+ Glargine U-100 at bedtime injection can be considered to be initiated first for patients who prefer achieving a HbA;. < 7% during the
same time period but may need to pay more attention to potential hypoglycemia.

« Detemir at bedtime injection can be considered to be initiated first for patients who have concerns about hypoglycemia, but a higher

dose and often twice-a-day injection may be required.

Recommendation 1.5 (Conditional Recommendation)

For ultra-long-acting insulin, either glargine U-300 or degludec U-100 can be considered to be initiated first, depending on availability,

acceptability, and affordability.

Recommendation 2 (Conditional Recommendation)

The initial dose can be considered from 0.10 to 0.20 U/kg/day for any of five basal insulins. For people with impaired kidney function or
renal insufficiency, and elderly people over 65 years, dosage for any basal insulin should be reduced as appropriate.

Recommendation 3 (Conditional Recommendation)

The maintenance dose can be considered from 0.3 to 0.5 U/kg/day for any of the five basal insulin regimens. In clinical practice,
clinicians and patients should use independent medical judgment in the context of individual clinical circumstances.

Recommendation 4 (Conditional Recommendation)

The range of controlled FPG of 3.9-6.1 mmol/L (70-110 mg/dL) can be considered for any of the five basal insulin regimens to achieve
the ideal HbA, level in adult patients with T2DM who require basal insulin therapy as clinically indicated. For individuals with a
high risk of hypoglycemia or individuals with low requirements for blood sugar control, such as severely ill patients, or individuals
with a short life expectancy, 3.9-7.0 mmol/L (70-126 mg/dL) or 4.4-7.0 mmol/L (80-126 mg/dL) of FPG may be considered as
clinically indicated. More high-quality clinical trials are required to investigate other targeted ranges of controlled FPG.

Qualifying Statement for Recommendation 4

Individuals with a high risk of hypoglycemia can be defined as patients who have experienced hypoglycemic events or repeated
hypoglycemia or are judged by a doctor, the elderly over 65 years, individuals with comorbidities, or the frailty population.
Undetectable hypoglycemia has not been evaluated by continuous glucose monitoring in clinical RCTs based on the recommended

range of 3.9-6.1 mmol/L (70-110 mg/dL) to control FPG.

Abbreviations: FPG, fasting plasma glucose; HbA;., glycated hemoglobin; NPH, insulin protamine Hagedorn; RCT, randomized controlled trial; T2DM, type 2

diabetes mellitus.

review comments from nine countries. The overall
response rate was 77%. The patient reviewer found that
the recommendations were clear and unambiguous, and
the recommendations considered issues and/or addressed
outcomes that were important to patients (Appendix
Table S4). The results of the questionnaire from clinicians

are summarized in Appendix Table S5. The main com-
ments regarding disagreement, concerns, and suggestions
from external reviewers and the guideline authors'
responses are summarized in Appendix Table S6. The
final recommendations are listed in Table 2, which
reflects the integration of the feedback obtained from the
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external reviewers, with approval by the guideline
authors.

3.4 | Recommendations, key evidence,
and justification

As a point of caution, when we compare insulin A versus
(vs.) insulin B for any outcome, insulin A is always trea-
ted as the numerator and insulin B as the denominator in
the GRADEpro software.”” Thus, for insulin A, a favored
result of the desirable outcomes is shown as risk ratio
(RR) >1, and an wundesirable outcome is shown as
RR <1. After comparison, all the point estimates crossed
at least the small effect threshold are listed in Appendix
Table S7.

3.5 | Q1. What are the differences in the
effectiveness and safety among the five
basal insulin preparations after the
initiation of insulin therapy in adult
patients with T2DM?

3.5.1 | One insulin bedtime injection versus
another insulin bedtime injection

Glargine U-300 versus degludec U-100

Key evidence. Appendix Table S5: The BRIGHT trial with
924 intention-to-treat patients met our preplanned study
section criteria.'*'> It was a multi-center randomized con-
trolled trial (RCT) carried out in the United States,
Bulgaria, Croatia, Czechia, Denmark, France, Greece,
Hungary, Israel, Italy, Romania, Serbia, Slovakia, Sweden,
Switzerland, and the United Kingdom. Two papers
reported subgroup analyses by age (<65 years versus
>65 years)'® and by renal function (<60, >60 but <90,
>90 mL/min/1.73 m?),"” respectively.

Justification. The overall certainty of evidence was low
because based on the GRADE handbook, for one compar-
ison, if the evidence of one critical outcome has a low
certainty, the overall certainty of evidence is low.® Com-
paring with degludec U-100, glargine U-300 might lead to
slightly more patients reaching HbA;.<7.0% at
6 months and fewer hypoglycemic events at 3 and
6 months but more nocturnal  hypoglycemia
<3.9 mmol/L at 3 months. The results of other critical
outcomes at 3 or 6 months are similar between two
groups, such as HbA;. change and nocturnal hypoglyce-
mia<3.0 mmol/L at 3 months; severe hypoglycemia, noc-
turnal  hypoglycemia<3.0 mmol/L, and nocturnal

hypoglycemia<3.9 mmol/L at 6 months, etc. One sub-
group analysis showed that patients <65 years old
or > 65 years old might have consistent results with the
overall patients. Another subgroup analysis (n = 365)
showed that for patients with estimated glomerular filtra-
tion rate (eGFR) of 60-90 mL/min/1.73m?, glargine U-
300 might result in more nocturnal hypoglycemia events
but fewer hypoglycemia events (<3.0 mmol/L); for
patients with eGFR of <60 mL/min/1.73m?, glargine U-
300 demonstrated greater HbA;. reduction with potential
more nocturnal hypoglycemia (<3.0 mmol/L) at
6 months. However, we do not make recommendations
based on subgroup analysis from one study. We call on
more high-quality future research to clarify this point.
The prices for both insulins are similar in some countries
but may be different in other countries. Additionally,
they are unavailable in some areas of certain countries.
We did not find evidence for cost-effectiveness. Based on
eligible evidence and clinical experience, we made the
following recommendation:

Recommendation 1.5 (Conditional Recommendation)

For ultra-long-acting insulin, either glargine U-300 or degludec
U-100 can be considered to be initiated first, depending on
availability, acceptability, and affordability.

Glargine U-100 versus detemir

Key evidence. Appendix Table S5: Four RCTs with 1119
patients met our preplanned study section criteria. One
study was a multicenter study carried out in Europe and the
United States."® Another study was carried out in Canada.”
The third one was carried out in Turkey but did not report
its timing.”® The fourth one was a multicenter study carried
out in Argentina, India, Republic of Korea, Thailand, and
the United States.”'

Justification. The overall certainty of the evidence was low.
Compared with glargine U-100, detemir probably results in
fewer patients having hypoglycemia<3.0 mmol/L at 6 and
12 months (moderate effects), but slightly more patients hav-
ing nocturnal hypoglycemia<3.0 mmol/L at 6 months
(small effect) and fewer patients achieving HbA;. < 7% at
6 and 12 months (large and small effects respectively)."®*!
In the Rosenstock 2008 RCT 55% of patients received 2 injec-
tions at the end of the study in the detemir group.'® We did
not find evidence for cost-effectiveness. If these two insulins
are available, it would not cause an equity issue. From the
patient’s point of view, it is more favorable and cost-efficient
to inject insulin once daily compared with twice daily. Based
on eligible evidence and clinical experience, we made the
following recommendation.
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Recommendation 1.4 (Conditional Recommendation)

For long-acting insulin, if both glargine U-100 and detemir are

available,

« Glargine U-100 at bedtime injection can be considered to be
initiated first for patients who prefer achieving a HbA;. < 7%
during the same period, but may need to pay more attention
to potential hypoglycemia.

« Detemir at bedtime injection can be considered to be
initiated first for patients who have concerns about
hypoglycemia, but a higher dose and often twice-a-day
injection may be required.

Degludec U-100 versus glargine U-100

Key evidence. Appendix Table S5: Three RCTs with 2298
patients met our preplanned study section criteria.**>*
All threestudies were multicenter studies carried out in
Hong Kong, Japan, Malaysia, South Korea, Taiwan, and
Thailand?*; Brazil, Canada, China, South Africa,
Ukraine, and the United States®*; and Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France,
Germany, Norway, Serbia and Montenegro, Spain, and
the United States,** respectively.

Glargine U-300 versus glargine U-100

Key evidence. Appendix Table S5: The Comparison of a
New Formulation of Insulin Glargine With Lantus in
Patients With Type 2 Diabetes on Non-insulin Antidiabetic
Therapy (EDITION 3 trial) with 878 patients was a multi-
center study carried out in North America, Europe, and
Japan,>*® and another RCT with 604 patients met our
preplanned study section criteria conducted in China.”’

Justification. The overall certainty of the evidence was
low. Compared with glargine U-100, degludec U-100
may lead to less severe hypoglycemia (moderate effect)
and nocturnal hypoglycemia (small effect); Glargine U-
300 may lead to less hypoglycemia (large effect) and
nocturnal hypoglycemia (large effect), with more
patients achieving HbA;.<7.0%. However, when generic
degludec U-100 or glargine U-300 is unavailable, both
glargine U-300 and degludec U-100 are more expensive
than glargine U-100. Thus, it may affect equity and
acceptability. Based on eligible evidence and clinical
experience, we made the following recommendation.

Recommendation 1.2 (Strong Recommendation)

If both ultra-long-acting and long-acting insulin regimens are
available, ultra-long-acting insulins (glargine U-300 and
degludec U-100) at bedtime injection should be considered to
be initiated first depending on acceptability and affordability.

Glargine U-300 versus NPH

Key evidence. Appendix Table S5: One RCT with 50
patients met our preplanned study section criteria,*
which was carried out in China.

Glargine U-100 versus NPH

Key evidence. Appendix Table S5: Twelve RCTs with 4233
patients met our preplanned study section criteria.***
One study was carried out in the United States.*® The
other eight studies were part of a multicenter study carried
out in Finland and the United Kingdom®’; China, Hong
Kong, Indonesia, South Korea, Malaysia, Pakistan,
Philippines, Taiwan, Thailand and Singapore®®; the
United States, and Canada®’; European countries®;
Argentina, Brazil, Chile, Colombia, Guatemala, Mexico,
Paraguay, Peru, Uruguay, and Venezuela®’; European
countries and South Africa®*; Germany and Finland*’; and
Europe (nine sites), Asia (three sites), the Middle East
(two sites), and South America (two sites)** respectively.

Detemir versus NPH

Key evidence. Appendix Table S5: One RCT with 333
patients met our preplanned study section criteria, which
was a multicenter study carried out in Denmark, France,
Italy, The Netherlands, Norway, Spain, and the
United States.*'

Justification. The overall certainty of evidence was low.
Compared with NPH, glargine U-300 or detemir may
result in a large reduction in hypoglycemia and nocturnal
hypoglycemia; glargine U-100 may result in an increase
in patients achieving HbA,. < 7%, a reduction in hypo-
glycemia, and a large reduction in nocturnal hypoglyce-
mia. There is no eligible evidence to compare degludec
U-100 with NPH. From the indirect evidence (network
meta-analyses) between degludec U-100 and glargine
U-100,” it may be reasonable to conclude that degludec
U-100 can lead to better clinical outcomes than NPH
overall. We did not find evidence for cost-effectiveness.
However, the price of glargine U-300, degludec U-100,
glargine U-100, and detemir is more expensive than that
of NPH. Thus, it may affect equity and patients’ accept-
ability. Based on eligible evidence and clinical experi-
ence, we made the following recommendation.

Recommendation 1.1 (Strong Recommendation)

Among the five basal insulins, we recommend choosing any of
glargine U-300, degludec U-100, glargine U-100, and detemir
over NPH at bedtime injection, depending on availability,
acceptability, and affordability.
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Qualifying Statement for Recommendation 1.1

The current recommendation is based on the protocol of
eligible RCTs, in which the injection of the investigated
insulins is administrated at bedtime. There is insufficient
direct evidence to compare the effectiveness and safety
among glargine U-300, degludec U-100, glargine U-100, and
detemir injected in the morning; there is no eligible evidence
to compare morning versus bedtime injection for glargine
U-300 or degludec U-100 individually in T2DM patients who
initially injected basal insulins. Future high-quality RCTs are
required to solve these issues.

3.5.2 | One insulin morning versus another
insulin morning injection

Degludec U-100 morning versus glargine U-100

morning time

Key evidence. Appendix Table S5: One RCT with 44
patients met our preplanned study section criteria.** It
was a multicenter study carried out in Japan.

Justification. The overall certainty of evidence was low.
Because this eligible RCT had a sample size of only
44 (one group had 32 patients and another group had
12 patients), we do not make a recommendation based on
the results of this trial.

Detemir versus NPH

Key evidence. Appendix Table S5: One RCT with 86
patients met our preplanned study section criteria,*
which was a multicenter study carried out in France, and
the United Kingdom.**

Justification. The overall certainty of the evidence was
low. This paper was not a peer-reviewed journal publica-
tion, and it was published as a pharmaceutical report
with no authors indicated. Thus, we do not make a rec-
ommendation based on it.

3.5.3 | One insulin morning injection versus
another insulin bedtime injection

Detemir morning time versus NPH bedtime

Key evidence. Appendix Table S5: One RCT with 329 patients
met our preplanned study section criteria, which was a multi-
center study conducted in Denmark, France, Italy, The
Netherlands, Norway, Spain, and the United States. ™!

Justification. The overall certainty of the evidence was
low. The results are consistent with that under 3.5.1 when
detemir bedtime injection was compared with NPH bedtime
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injection. That is, detemir may result in better hypoglycemia
and nocturnal hypoglycemia outcomes. Therefore, we do
not make an additional recommendation.

Glargine U-100 morning time versus NPH bedtime

Key evidence. Appendix Table S5: Two RCTs with 526
patients met our preplanned study section criteria.*"** One
study was a multicenter study carried out in European coun-
tries.*’ Another study was conducted in the United States.*

Justification. The overall certainty of the evidence was
low. The results are consistent with that under 3.5.1 when
glargine U-100 bedtime injection was compared with
NPH bedtime injection. That is, glargine U-100 may
result in an increase in patients who achieved
HbA,. < 7%, a reduction in hypoglycemia. Hence, we do
not make an additional recommendation.

354 |
injection

Same insulin morning versus bedtime

Detemir morning time versus detemir bedtime

Key evidence. Appendix Table S5: One RCT with 334
patients met study section criteria, which was a multicen-
ter study carried out in Denmark, France, Italy, The
Netherlands, Norway, Spain, and the United States.*'

Justification. The overall certainty of the evidence was low.
Based on the above magnitude of effects, there is insufficient
evidence to make a recommendation for this comparison.

Glargine U-100 morning time versus glargine U-100
bedtime

Key evidence. Appendix Table S5: Two RCTs with 521
patients met our preplanned study section criteria.**® One
study was a multi-center study carried out in European coun-
tries.*! Another study was carried out in the United States.*®

Justification. The overall certainty of the evidence was
low. For glargine U-100, morning injection may increase
the number of patients who achieved HbA,. < 7% and
reduce nocturnal hypoglycemia events. Thus, if patients
can accept morning injection, it may be a better choice.
Based on eligible evidence and clinical experience, we
made the following recommendation.

Recommendation 1.3 (Conditional Recommendation)

Glargine U-100 can be administered either in the morning or at
bedtime. Injection in the morning can be considered first
depending on patients’ acceptability.
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3.6 | Q2. What are the optimal starting
doses (U/kg/day) and time of
administration (morning versus bedtime)
of five basal insulins?
3.6.1 | Key evidence
There is no eligible RCT to compare the different initial
doses for glargine U-300, degludec U-100, or NPH to con-
trol blood glucose with acceptable side effects for adult
patients with T2DM who require basal insulin therapy.
Among the 35 included RCTs in our systematic review,
eight RCTs indicated that the initial dose for glargine U-
300 was 0.20 U/kg/day,"*"'"*>"?® for degludec U-100 was
from 0.10 to 0.20 U/kg/day,'*'"**7**** and for NPH was
from 0.11 to 0.23 U/kg/day>®>' 73330383943

One RCT with 60 patients carried out in Turkey
compared the initial dose of 0.12 U/kg/day once daily
with 0.12 U/kg/day twice daily for detemir.** Based on
the results, we do not feel confident to recommend
either strategy.” Among the 35 included RCTs in our
systematic review, six RCTs indicated the range of the
initial dose for detemir was from 0.10 to 0.20 U/kg/
day‘18—21,43,45

One RCT with 892 patients carried out in China com-
pared the initial dose of glargine U-100 0.2 U/kg/day
with glargine U-100 0.3 U/kg/day.*® The results did not
favor U-100 0.3 U/kg/day over 0.2 U/kg/day to lead to
better patient-related outcomes. Among the 35 included
RCTs, 17 RCTs indicated that the range of the initial dose

for glargine U-100 was from 0.10 to 0.20 U/kg/day.'®
26,32,33,36,38,39,42,47,48

3.6.2 | Justification

The working group members made the following consen-
sus conditional recommendation based on the data from
eligible publications and clinical experience. Considering
the simplicity of practical applications, we suggested the
same range of initial doses for any of the five basal insu-
lins. In clinical practice, clinicians and patients should
use independent medical judgment in the context of indi-
vidual clinical circumstances.

Recommendation 2 (Conditional Recommendation)

The initial dose can be considered from 0.10 to 0.20 U/kg/day
for any of five basal insulins. For people with impaired
kidney function or renal insufficiency, and the elderly people
over 65 years, dosage for any basal insulin should be reduced
as appropriate.

3.7 | Q3. Among the target population
treated with any one of the five basal
insulin preparations, what is the optimal
maintenance dose (U/kg/day) that achieves
target fasting plasma glucose?

3.71 | Key evidence

There is no eligible RCT to compare the different ini-
tial doses for any of five insulins to lead to a satisfac-
tory control of FPG in adult patients with T2DM who
require basal insulin therapy. Among the 35 included
RCTs in our systematic review, seven RCTs indicated
that the range of the end point dose for glargine
U-300 was from 0.34 to 0.62 U/kg/day at bedtime
administration'*7*>27; seven RCTs indicated the
range of the end point dose for degludec U-100 was
from 0.28 to 0.59 U/kg/day at bedtime administra-
tion'*"'7*>2%; seven RCTs indicated the range for
detemir was from 0.19 to 0.78 U/kg/day at bedtime
administration'®"***; 20 RCTs that indicated the range
for glargine U-100 was from 0.34 to 0.62 U/kg/day'®>"*"~
3337-40.46-48. eight RCTSs that indicated the range of the end
point dose for NPH was from 0.19 to 0.66 U/kg/day at bed-
time administration®' 7!

3.7.2 | Justification

There is insufficient evidence regarding the optimal
maintenance dose range that can lead to a satisfac-
tory control of FPG. Factors associated with the deci-
sion of the initial dose in addition to age and renal
function (eg, body weight and baseline glycemic con-
trol condition, such as FPG and HbA,.) should also
be taken into consideration. The 2022 American Dia-
betes Association guideline stated that when the basal
dose is more than 0.5 U/kg/day, overbasalization
needs to be evaluated.” Another study that pooled
and analyzed patient-level data from 15 RCTs in
patients with T2DM treated with insulin glargine
indicated that increasing basal insulin doses above
0.5 IU/kg was not associated with improvement in
glycemic control.*” Thus, the working group members
made the following conditional recommendations
based on the data from eligible publications and clin-
ical experience. Considering the simplicity of practi-
cal applications, we suggested the same range of
initial doses for any of the five basal insulin regi-
mens. The individualized approach according to the
patient's clinical circumstances should be considered
thoroughly.
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Recommendation 3 (Conditional Recommendation)

The maintenance dose can be considered from 0.3 to 0.5 U/kg/
day for any of the five basal insulin regimens. In clinical
practice, clinicians and patients should use independent
medical judgment in the context of individual clinical
circumstances.

3.8 | Q4. After initiation of any of the
five basal insulins, what range of the target
FPG can lead to the ideal HbA, level (ie,
<7.0%) in the target population?

3.8.1 | Key evidence

Appendix Table S8: Three RCTs met our preplanned
study section criteria.*>*”*® One RCT with 244 patients
investigated detemir and was conducted in the
United States.*” Two other RCTs with 1018 patients
focused on glargine U-100 and were conducted in
China.*”** There is no eligible RCT to answer this
research question for glargine U-300, degludec U-100,
or NPH.

3.8.2 | Justification

The overall certainty of the evidence was low. For glar-
gine U-100, compared with 3.9 < FPG<5.6 mmol/L,
3.9 < FPG<6.1 mmol/L may result in more patients
achieving HbA;. < 7% and fewer patients experiencing
hypoglycemia and nocturnal hypoglycemia; compared
with 3.9 < FPG<7.0 mmol/L, 3.9 < FPG<6.1 mmol/L
may result in more patients achieving HbA;. < 7%
(moderate effect) without a big tradeoff of patients who
experienced hypoglycemia (trivial effect) and nocturnal
hypoglycemia (small effect). Controlling hyperglyce-
mia and preventing hypoglycemia are always tradeoffs.
Thus, whether raising the lower boundary of the
target FPG can reduce hypoglycemia risk without
compromising glycemic control should be further
investigated. Although this evidence is from glargine
U-100, the working group members believe it can be
applied to any four basal insulin regimens. The 2022
American Diabetes Association guideline stated that
the expected range of time in range is from 3.9 to
10 mmol/L  for continuous glucose monitoring.>
Hence, we made the following recommendation based
on limited evidence, their clinical experience, and
external reviewers' comments.

Recommendation 4 (Conditional Recommendation)

The range of controlled FPG of 3.9-6.1 mmol/L (70-110 mg/
dL) can be considered for any of the five basal insulin
regimens to achieve the ideal HbA,, level in adult patients
with T2DM who require basal insulin therapy as clinically
indicated. For individuals with a high risk of hypoglycemia or
individuals with low requirements for blood sugar control,
such as severely ill patients or individuals with a short life
expectancy, 3.9-7.0 mmol/L (70-126 mg/dL) or 4.4
7.0 mmol/L (80-126 mg/dL) of FPG may be considered as
clinically indicated. More high-quality clinical trials are
required to investigate other targeted ranges of controlled
FPG.

Qualifying Statement for Recommendation 4

Individuals with a high risk of hypoglycemia can be defined as
patients who have experienced hypoglycemic events or
repeated hypoglycemia or are judged by a doctor, elderly
people over 65 years, individuals with comorbidities, or the
frailty population. Undetectable hypoglycemia has not been
evaluated by continuous glucose monitoring in clinical RCTs
based on the recommended range of 3.9-6.1 mmol/L (70-
110 mg/dL) to control FPG.

3.9 | Recommendations summary

We summarized these recommendations in Table 2 and
reordered the sequence of the recommendations for end
users to easily find and implement.

4 | DISCUSSION AND FUTURE
RESEARCH

As we had summarized from the available clinical evi-
dence, compared with NPH, in addition to longer long-
acting time, basal insulin analogs also have more flat-
tened pharmacokinetic and pharmacodynamic profiles
that are attributable to less hypoglycemic risk, especially
nocturnal hypoglycemia. But because all basal insulin
analogs have peaks and troughs in their blood glucose
lowering effects, the hypoglycemic risk of that insulin
preparation might be different if the insulin were admin-
istered at a different time of the day (ie, morning or bed-
time). Although we found 35 eligible papers after a
systematic literature search, to date, there is insufficient
evidence to conduct a direct comparison between detemir
and glargine U-300 or degludec U-100 at bedtime. Addi-
tionally, there is insufficient direct evidence to compare
the effectiveness and safety among glargine U-300, deglu-
dec U-100, glargine U-100, and detemir injected in the
morning. Although some researchers indicated that the
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mean 24-h glucose curves were smooth for the glargine
U-300 group irrespective of morning or evening injection
in patients with TIDM,”! there is no eligible evidence
comparing morning versus bedtime injection for glargine
U-300 or degludec U-100 individually in T2DM patients
who initially injected basal insulins. Furthermore, there
is no paper among the 35 papers discussing overbasaliza-
tion. Seven papers (7 RCTs) recruited only Asian-Pacific
patients; 6 papers (5 RCTs) mixed Asian-Pacific patients
but without subgroup analyses for Asian patients;
22 papers (19 RCTs) did not include Asian-Pacific
patients. The studies conducted in the non-Asia-Pacific
region, recruited some patients who came from the Asia-
Pacific region; however, there was no subgroup analysis
for Asian-Pacific patients. Because the 16 clinical experts
from working group members for this guideline came
from nine countries in the Asia-Pacific region and the
34 external reviewers from nine countries, and the initial
doses and maintenance doses were reported in units/kilo-
gram/day from the original studies, the recommenda-
tions of this guideline can be implemented in any
country in the Asia-Pacific region and even in the world
if the basal insulins are available.

It should be noted that clinical significance is differ-
ent from statistical significance.”® For example, when
glargine U-300 was compared with glargine U-100, there
were 54 more patients/1000 that reached HbA,. < 7.0%
at 12 months (95% confidence interval [CI], 5 fewer to
127 more) in the glargine U-300 group. Because the point
estimate of 54 is higher than our clinical threshold of the
moderate effect (50 patients/1000), its upper boundary of
95% CI was 127, which was higher than the clinical
threshold of the large effect (>100 patients/1000), and its
lower boundary of the 95% CI was 5 fewer, which was
lower than the clinical threshold of small effect
(30 patients/1000) to favor glargine U-100, we can con-
sider that it may be clinically significant favoring deglu-
dec U-100 even though it was not statistically significant.
A few external reviewers disagreed with our recommen-
dations largely because they considered statistical signifi-
cance rather than clinical significance for the result of an
outcome. Thus, setting up clinical thresholds is a very
important step in developing clinical practice guidelines.
This point is emphasized in the current GRADE publica-
tion.” In the diabetes community, this is the first guide-
line to set up clinical thresholds of trivial, small,
moderate, and large effects for critical and important out-
comes, which can be regarded as references for future
researchers to consider and modify according to their
individual contexts if needed.

In clinical practice, every patient has his/her own
individual conditions (such as age, weight, duration of
diabetes, morbidities, and accessibility of insulins). Thus,

the recommendations and qualifying statements in this
guideline should be used only as references. Clinicians
should make the appropriate modifications when imple-
menting them for each patient. Additionally, when the
evidence with continuous glucose monitoring is avail-
able, these recommendations may be changed.

We understand that with low certainty of evidence,
different working group members may make different
recommendations regarding wording and strength based
on their context. Thus, keeping the process of developing
this guideline transparent, we hope that users will more
easily be able to implement any of the recommendations
in their daily clinical practice based on their individual
contexts. Future high-quality research is called to investi-
gate the issues discussed and fill gaps in knowledge.

5 | GUIDELINE LIMITATIONS

First, the cost-effectiveness of the five basal insulins was
not assessed because of the lack of evidence that met our
study selection criteria. In addition, different countries
may need the country-specific cost-efficacy analysis
owing to the availability of these five basal insulins. Sec-
ond, we did not recruit patient representatives in the
working group and found only one patient representative
as an external reviewer due to the time limitation. Thus,
the patients' values may not be reflected in our recom-
mendations sufficiently. Third, due to the time limitation,
the working group was unable to include several large
countries in the Asia-Pacific region, such as India, the
Philippines, etc., and were unable to get more external
reviewers to complete the online survey, which may limit
this study's generalizability.

6 | UPDATING

When new evidence changes any of the recommenda-
tions, this guideline will be updated by the authors as
soon as possible.
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