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Abstract: The prevalence of type 2 diabetes mellitus has been increasing worldwide. As the thera-
peutic options for type 2 diabetes mellitus have evolved over the last 2 decades, national and global
guidelines related to type 2 diabetes mellitus pharmacotherapy issued by various organizations
have tended to vary in their recommendations. This narrative review aimed to analyze the key rec-
ommendations by major global and national guidelines on the initiation of insulin therapy in pa-
tients with type 2 diabetes mellitus over the last 20 years. Strategies for insulin therapy for titration
and intensification were also assessed. All guidelines recommend initiation of insulin (ba-
sal/premixed/other formulations) when glycemic targets are not achieved despite lifestyle measures
and oral antidiabetic drugs. In the recent decade, early initiation of insulin has been recommended
when the glycated hemoglobin levels are >10% or blood glucose levels are >300 mg/dL (16.7
mmol/L). Initiation is recommended at a dose of 10 units or 0.1-0.2 U/kg. Titration is advised to
achieve the optimal dosage, while intensification is recommended when glycemic targets are not
achieved despite titrating to an acceptable level. Glucose monitoring at periodic intervals is rec-
ommended for adequate glycemic control. The guidelines further suggest that the choice of insulin
should be individualized, considering the clinical status of patients with type 2 diabetes mellitus.
The physicians as well as patients should be a part of the decisions made regarding the therapeutic
choice of regimen, preparation, and delivery device.
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1. INTRODUCTION of developing microvascular and macrovascular complica-
tions [3]. It has been estimated that 150-200 million individ-
uals require insulin therapy globally [4]. Side effects such as
hypoglycemia and weight gain, along with insulin distress,
have often impeded the adoption and reach of insulin to pa-
tients. However, the availability of insulin analogs has im-
proved the effectiveness of insulin therapy in addition to
minimizing the risk of associated hypoglycemia [4].

Globally, type 2 diabetes mellitus was diagnosed in 537
million adults aged 20-79 years in 2021 and is projected to
affect 783 million adults by 2045 [1]. China, India, and the
United States of America were among the top three countries
with 140 million, 74 million, and 32 million adults with type
2 diabetes mellitus in 2021, respectively [1]. A systematic
review of 16 guidelines and 328 statements highlighted that
approximately 77%-100% of the published statements and
95% of the guidelines endorsed the benefit of tight glycemic
control in type 2 diabetes mellitus patients [2]. Several
landmark randomized clinical trials (RCTs) have empha-
sized the role of insulin therapy in achieving tight glycemic
control and its subsequent benefits in reducing the likelihood

Both global and national guidelines have evolved over
the years with recommendations for timely insulin initiation
in type 2 diabetes mellitus. The therapeutic options in the
management of type 2 diabetes mellitus have also widened
with the development of new oral drugs and injectables [5].
As a result, there is a need to compare and analyze the major
guidelines to understand the changes in the recommenda-
tions on insulin therapy over the last two decades. This re-
view article aims to analyze the major guidelines and high-
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light the available clinical evidence supporting the changes
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in the recommendations in those guidelines over the last two
decades. This would be one of the few comprehensive narra-
tive reviews to summarize the recommendations on insulin
therapy from all major global and national guidelines, and
will help guide physicians in choosing the most appropriate
regimen for their patients.

2. MATERIALS AND METHODS

A comprehensive literature search was carried out in
MEDLINE-PubMed and Google Scholar to identify relevant
guidelines related to pharmacological/medical management
of type 2 diabetes mellitus, which were published from Jan-
uary 2001 till date. The key guidelines that were planned to
be reviewed included those from the Research Society for
the Study of Diabetes in India (RSSDI), Endocrine Society
of India (ESI), American Diabetic Association (ADA),
American Association of Clinical Endocrinology (AACE),
World Health Organization (WHO), International Diabetes
Federation (IDF), National Institute for Health and Clinical
Excellence (NICE), Diabetes Canada, Royal Australian Col-
lege of General Practitioners (RACGP), Society for Endo-
crinology, Metabolism, and Diabetes of South Africa
(SEMDSA), and Malaysian Clinical Practice Guideline.
Guidelines from global organizations were chosen as they
are recognized as global standards in type 2 diabetes mellitus
management and are updated periodically based on the
availability of newer evidence and therapeutic innovations.
Keeping geographical variations in mind, prominent regional
guidelines from Canada, Australia, India, South Africa, and
Malaysia were also included due to their recognition as
standards for type 2 diabetes mellitus management within
the respective regions. The primary objective was to analyze
the key recommendations by major global and national
guidelines on the initiation of insulin therapy in patients with
type 2 diabetes mellitus. The secondary objective was to
review the guidelines to understand the strategies for insulin
therapy for titration and intensification.

3. RESULTS

Guidelines and consensus statements from 13 global and
regional organizations published between 2001 and 2021
were identified during the initial search (Table 1). These
were segregated based on the publishing organization and
year of publication and evaluated further for state-
ments/recommendations related to:

* Insulin initiation: timing of insulin initiation, num-
ber of oral antidiabetics to be used before initiating
insulin, other patient-centric criteria for insulin ini-
tiation, insulin regimen (basal insulin or pre-
mixed/other insulin regimens), and dose of insulin
recommended at the initiation.

* Insulin dose titration: frequency of dose titration, pa-
rameters to be considered for the dose titration, dose-
titration regimen, and maximum amount of dose to be
titrated before further intensification of insulin therapy.

* Insulin intensification: timing of intensifying insu-
lin therapy and insulin regimen (by addition of
prandial  insulin  or  switching to  pre-
mixed/coformulation).
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Table 1.  Details of the guidelines considered for evaluation.
Organization Year* Total
ADA guideline 2002-2021 20
ADA EASD consensus 2006, 2009 5
statement
ADA EASD position 2012, 2019 5
statement
AACE guidelines 2007, 2011 2
AACE/ACE consensus 2009, 2015-2018, 2020 6
statement
Malay-smn c.llnlc.al prac- 2009, 2015, 2020 3
tice guideline
NICE guidelines 2008, 2009, 2015, 2019, 2020 5
SEMDSA guidelines 2009, 2012, 2017 3
WHO guidelines 2004, 2006, 2018, 2020 4
IDF guidelines 2011-2013,2017 4
RSSDI 2017, 2019 2
RSSD-I-ESI‘chr‘ncal 2020 |
practice guidelines
Diabetes Canada 2018, 2020 2
RACGP guidelines  |2011, 2012, 2014, 2016-2018, 2020 4
GRAND TOTAL - 60

Note: *Includes guidelines that were available online.

Abbreviations: ADA: American Diabetes Association; AACE: American Association
of Clinical Endocrinology; ACE: American College of Endocrinology; EASD: Euro-
pean Association for the Study of Diabetes; ESI: Endocrine Society of India; IDF:
International Diabetes Federation; NICE: National Institute for Health and Care Excel-
lence; RACGP: Royal Australian College of General Practitioners; RSSDI: Research
Society for the Study of Diabetes in India; SEMDSA: Society for Endocrinology,
Metabolism, and Diabetes of South Africa; WHO: World Health Organization.

Initiation of insulin therapy is recommended when the
glycemic goal is not maintained with combination therapy of
2-3 prior lines of oral antidiabetic (OAD) medications at
their optimized doses. Insulin as first-line therapy has been
recommended if the glycated hemoglobulin level >7.5%-
9.0% and symptomatic hyperglycemia are noted. The ma-
jority of the global guidelines, including the ADA, IDF, and
AACE recommend initiation with basal insulin [6-8]. On the
contrary, the NICE, RACGP, and RSSDI recommend initia-
tion with either basal or premixed insulin [9-12]. The dose
recommended for basal insulin at initiation can either be 10
units or may vary according to weight and glycated hemo-
globulin values.

For insulin dose titration, most guidelines recommend ti-
trating at a rate of 2-3 units of insulin every 3 days, few of
the guidelines have recommended titrating in terms of per-
centage (5%-10% or 10%-15%) of the current dose. There
have also been recommendations rarely to titrate the insulin
dose at the rate of 1 U every day. Self-titration regimen is
mostly recommended. While intensifying insulin therapy,
the majority of guidelines recommend the addition of pran-
dial insulin before the major meal followed by further addi-
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tion of prandial insulin before other meals as required. How-
ever, few guidelines also recommend intensifying insulin
therapy by switching to a premixed regimen. The basal-bolus

Table 2.
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regimen is recommended if the switch to a premixed regi-
men does not help achieve target glycemic levels. These are
enumerated in Tables 2-4.

Asian guideline recommendations regarding basal and premix insulin for type 2 diabetes mellitus.

Recommendations™®

RSSDI 2017-2020 [11-13]

Malaysian 2009 [14]

Malaysian 2015 [15]

Malaysian 2020 [16]

Timing of insulin initiation

If a study of adequate doses of
two to three noninsulin agents
for 3-6 months fails to achieve
HbA Ic targets, or if organ dys-
function contraindicates the use
of oral agents, the addition of
insulin may be justified

Patients who are not reaching
targets (HbAlc <6.5%) after
3-6 months on optimal doses
of combination therapy
[Grade C]

If targets are not met after
optimal OAD therapy,
consider adding GLP-1 RA
(if HbA1¢<10.0%) or

basal insulin /Grade A]

Initiate when diabetes is not
adequately controlled on
maximum OGLDs + GLP1-
RA. As initial therapy in
newly diagnosed T2DM,

* in the presence of symp-
tomatic hyperglycemia
and evidence of ongoing
catabolism, [Level III]

¢ when HbAlc >10% or
FPG >13.0 mmol/L

initiating insulin

Number of OADs to be used before

Two to three

Not specified; mentioned as
optimal doses of combination
therapy

Not specified; mentioned
as optimal doses of combi-
nation therapy

Not specified; mentioned as
maximum number of oral
agents

Choice of initial insulin

Insulin initiation with either a
basal or premixed/coformulation
insulin

Types of insulin regimes

* OAD agents + basal insulin
or premixed insulin once a
day

¢ Metformin + premixed
insulin more than once a
day

¢ Metformin + basal insulin
+ prandial insulin

If targets have not been
reached after optimal OAD
therapy, consider adding:
* Prebed basal insulin, or

¢ Pre-dinner premixed
insulin, or

¢ GLP-1 RA, as an alter-
native to intermediate
or long-acting insulin
with less incidence of

¢ Hypoglycemia and
weight gain (provided
the HbAlc is <10.0%)
[Level I]

Options include:
e Basal insulin [Level I
OR
¢ Premixed insulin once or
twice daily

Dose of insulin at initiation

Basal insulin: Initiate with 10 U
at bedtime and check FBSL
Premixed insulin: Initiate with
10-12 U/day or 0.1-0.2 U/kg/day

Insulin can be initiated at 10
U a day or 0.1-0.2 U/kg/day,
¢ set FPG target and
choose evidence-based
titration

Insulin can be initiated at
10 Uadayor0.1-0.2
U/kg/day,
¢ set FPG target and

choose evidence-
based titration

Insulin can be initiated at 10
U a day or 0.1-0.2 U/kg/day
[Level I]
¢ set FPG target and choose]

evidence-based titration

Dose titration

Basal insulin:

Increase dose by 1 U/day or 3 U
every 3 days by patient self-titration
till target FBSL is achieved

Premix insulin:
Split once-daily regimen to
twice-daily regimen (50:50)

Dose to be increased every
third or fourth day by 2-4
units until target FPG is
achieved

Dose to be increased every
third or fourth day by 2-4
units until target FPG is
achieved

Dose to be increased every
third or fourth day by 2-4
units until target FPG is
achieved

Dose intensification

Basal insulin:
¢ Add prandial insulin before
the largest meal

¢ Add GLPI-RA or SGLT2i
or DPP4i

¢ Switch to premix insulin
twice daily
Premix insulin:

Add 2-6 U or 10% of the total
daily dose before lunch

Add prandial insulin with the
biggest meal or add premix
insulin at breakfast, if target

HbA Ic is not achieved in 3-6

months

Add prandial insulin with
the biggest meal or add
premix insulin at breakfast,
if target HbA ¢ is not
achieved in 3-6 months

Basal insulin:

Add prandial insulin 4 U/meal
or 10% of basal dose or con-
vert to twice daily premixed

insulin
Premix insulin:

Uptitrate to twice daily or use

coformulation twice daily

Note: "Grade of evidence has been specified in italics wherever available.
Abbreviations: DPP4i: Dipeptidyl peptidase-4 inhibitor; FBSL: Fasting blood sugar level; FPG: Fasting plasma glucose; GLP1-RA: Glucagon-like peptide-1 receptor agonists;
OAD: Oral antidiabetic drug; OGLDs: Oral glucose-lowering drugs; RSSDI: Research Society for the Study of Diabetes in India; SGLT2i: Sodium/glucose cotransporter-2 inhibitor;

T2DM: Type 2 diabetes mellitus.
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Table 3. American guidelines* regarding basal and premix insulin for type 2 diabetes mellitus.
Recommenda- | ADA 2001-2010° [17- X AACE 2001-2020 AACE/ACE 2009 - 2020
tions 2 ADA 2011-2015" [28-33] |  ADA 2016-2020 [34-38] ADA - 2021 [39]
j {

[40, 41]

[42-46]

Timing of insulin
initiation

Early initiation of
insulin would be a
safer approach for
individuals presenting
with weight loss, more
severe symptoms, and
glucose values >250-
300 mg/dl

In patients with newly
diagnosed type 2 diabetes
and markedly symptomat-

ic and/or elevated blood
glucose levels or HbAlc,
consider initiating insulin
therapy (with or without
additional agents)

The early introduction of
insulin should be considered
if there is evidence of ongo-
ing catabolism (weight loss),
if symptoms of hyperglyce-
mia are present, or when
HbAlc levels (>10% [86
mmol/mol]) or blood glucose
levels (>300 mg/dL [16.7
mmol/L]) are very high

The early introduction of
insulin should be considered
if there is evidence of ongo-
ing catabolism (weight loss),
if symptoms of hyperglyce-

mia are present, or when

HbAlc levels (>10% [86
mmol/mol]) or blood glucose

levels (>300 mg/dL [16.7

mmol/L]) are very high

For HbAlc level >9.0%
and asymptomatic - try
dual or triple therapy
before initiating insulin;
for symptomatic patients
initiate insulin with/without
other agents. For HbAlc
level >7.5% t0 9.0% - try
dual therapy (if dual
therapy is not useful) for 3
months followed by triple
therapy for 3 months
before initiating insulin

Insulin to be initiated

among patients with

HbAlc level >8.0%
uncontrolled with dual or

triple oral agents

Number of OADs
to be used before

initiating insulin

Although three oral
agents can be used,
initiation and intensifi-
cation of insulin
therapy is preferred
based on effectiveness

and expense

If the HbAlc target is not
achieved after 3months of
metformin monotherapy,
consider one of the five
treatment options com-
bined with metformin: a
sulfonylurea, TZD, DPP-4
inhibitor, GLP-1 receptor
agonist, or basal insulin

If noninsulin monotherapy at

not achieve or maintain the
HbA 1c target after 3 months,
add a second oral agent, a
glucagon-like peptide 1
receptor agonist, or basal
insulin

maximum tolerated dose does

If the HbA ¢ target is not
achieved after approximately
3 months, metformin can be
combined with any one of the
preferred six treatment
options: sulfonylurea, thiazol-
idinedione, DPP-4 inhibitor,
SGLT?2 inhibitor, GLP-1 RA,
or basal insulin; the choice of
which agent to add is based
on drug-specific effects and
patient factors

For HbAlc level >9.0%
and asymptomatic - try
dual or triple therapy
before initiating insulin; for
symptomatic patients
initiate insulin with/without
other agents. For HbAlc
level >7.5% t0 9.0% - try
dual therapy (if dual
therapy is not useful)for 3
months followed by triple
therapy for 3 months
before initiating insulin

2or3

Choice of initial

Basal insulin considered

as the most convenient

Basal insulin considered as

Basal insulin considered as

Basal, basal-bolus,
prandial, or premixed

Preference changed from
basal, basal-bolus,
prandial, or premixed

insulin regimens

mendations

option with less flexible
dosing (2012 ADA EASD
guideline)

insulin X the most convenient regimen | the most convenient regimen . regimen in 2009 to basal
regimen regimen o
insulin from 2016 on-
wards
Long-acting basal insulin
. is the initial choice for
Basal Insulin - - - - s . . -
initiation of insulin
therapy
Twice daily premix
X insulin suggested as an Premix preferred in
Premixed/other No specific recom- 8 P

patients with adherence

issues

Dose of insulin at
initiation

10 units or 0.2 U’/kg

10 units or 0.2 U/kg

10 units per day or 0.1-0.2
units/kg/day, depending on
the degree of hyperglycemia

10 units per day or 0.1-0.2
units/kg/day, depending on
the degree of hyperglycemia

Basal insulin:
0.1-0.2 U/kg/day if
HbAlc <8%
0.2-0.3 U/kg/day if
HbAlc >8%
Premix insulin:
Administered at the
largest meal once daily or
at the 2 largest meals
twice daily

Basal insulin: 0.1-0.2
Ul/kg if HbAlc <8%; 0.2-
0.3 U/kg if HbAlc is >8%

Dose titration

Increase daily by 2
units every 3 days till
the glycemic goals are

achieved

Adjust by 10-15% or 2-4
U once-twice weekly

Adjust by 10-15% or 2-4 U
once-twice weekly

Increase 2 U every 3 days

Titrate 2 U/day every 2-3
days until glycemic goals
are reached

Insulin titration every 2-3
days by 2 U to reach

glycemic goal

Dose intensifica-
tion

Larger increments - 4
units every 3 days, can
be followed if fasting
glucose is >180 mg/dL

Add 1 rapid insulin
injection before meal; if
not controlled, consider

basal-bolus
Alternatively, change to
premix insulin twice daily

Add 1 rapid insulin injection
before meal; if not controlled,
consider basal-bolus
Alternatively, change to
premix insulin twice daily

Add prandial insulin at 4
IU/day or 10% of the basal
insulin
If HbAlc above target,
consider stepwise addition of
prandial insulin OR self-mixed or
split insulin regimen OR twice

daily premix insulin regimen

Prandial therapy with
GLP-1 receptor agonist,
SGLT?2 inhibitor, DPP-4

inhibitor or prandial
insulin (0.3-0.5 U/kg)

Consider adding GLP1-
RA/SGLT2i/DPP4i OR
prandial insulin for
intensification

Note: Grade of evidence has been specified in italics wherever available. “Includes ADA consensus statements for 2006 and 2009; "Includes ADA-EASD 2012 guideline.
ADA: American Diabetes Association; AACE: American Association of Clinical Endocrinology; ACE: American College of Endocrinology; DPP4i: Dipeptidyl peptidase-4 inhibitor; FPG:
Fasting plasma glucose; GLP1-RA: Glucagon-like peptide-1 receptor agonists; OAD: Oral antidiabetic drug; SGLT2i: Sodium/glucose cotransporter-2 inhibitor; TZD: Thiazolidinediones.
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Table 4. Other guidelines regarding basal and premix insulin for type 2 diabetes mellitus.
Diabet d
RACGP 2011-2012 | Diabetes Canada |, o Canada (Clin-
. NICE 2008-2020 (Clinical Practice| . . IDF 2011-2017 (SEMDSA 2009-2017
Recommendations® [51], 2014 [52], 2016~ ical Practice Guide-

[46-50]

2018 [53], 2020 [54]

Guidelines) 2018
[55]

lines) 2020 [56]

[57-60]

[61-63]

Timing of insulin
initiation

Nothing specific; how-
ever, insulin is recom-
mended following
inability to control
blood glucose with
OADs (mono- or com-

International and
Australian guidelines
suggest considering a

GLP-1 RA before
commencing insulin,

unless a person has
extreme hyperglyce-
mic symptoms or an

HbAlc of >11%.

Insulin should be

initiated in patients
with type 2 diabetes
mellitus who are
taking maximal doses
of non-insulin glu-

If glycemic targets
are not achieved
with existing anti-
hyperglycemic
medication(s),
other classes of
agents should be
added to improve
glycemic control.
[Grade B]

Insulin should be

immediately initi-
ated in people with
evidence of meta-

In people not achieving
glycemic targets on
existing noninsulin anti-
hyperglycemic medica-
tion(s) /Grade B].

Third-line therapy
When glucose control
targets are no longer
being

or add a third oral
agent.

achieved, start insulin,

Consider insulin as
first-line therapy at
diagnosis, and at any
other point in the
course of the disease,
in the setting of
metabolic decompen-
sation with any of the
following features:

¢ Catabolism
(marked weight
loss)
Fasting plasma
glucose levels
>14 mmol/l

Choice of initial
insulin

Basal insulin alone has
a slightly lower risk of
hypoglycemia, espe-
cially if the fasting
glucose is consistently
above target

above target levels.

Premixed or coformu-
lated insulin may be
more appropriate and
simpler for a patient
where fasting and
postprandial glucose
are both consistently
elevated

cation (s), the
addition of a once-
daily basal insulin
regimen should be
considered over
premixed insulin or
bolus only regi-
mens, if lower risk
of hypoglycemia
and/or weight gain
are priorities
[Grade B]

insulin regimen should
be considered over pre-
mixed insulin or bolus-
only regimens, if lower
risk of hypoglycemia
and/or preventing weight
gain are priorities
[Grade B]

inati If starting insulin, add|
bination) cose-lowering medi- [polic decompensa- basal ings ulin or use ;{amliom gll‘.lCOSC
cines and who have tion (such as premix insulin lev>els6050n518tent-
suboptimal glycemic | marked hypergly- y >16.5 mmol/L
control (HbAlc or | cemia, ketosis, or * HbAlc>10%
blood glucose above |ynintentional weight * Presence of per-
individualized target), loss) and/or symp- sistent ketogene-
whether they are | tomatic hypergly- sis, ketoacidosis,
asymptomatic or | cemia, regardless of]| or hyperosmolar
symptomatic HbAlc level nonketotic state
[Grade C]
Consider adding basal
insulin as the third
glucose-lowering drug
in patients not achiev-
ing or maintaining
Not specified. T}-w Not specified. The use of o their glycemic targets
Number of OADs to use of OADs varies . . Insulin is recom- on a two-drug oral
be used before initi- Not specified Three with the risk of O.ADS vares wi t}.l .the mended as third-line |regimen, especially if
. . s e risk of comorbidities .
ating insulin comorbidities such such as CVD therapy targets are unlikely to
as CVD ' be achieved with
other third-line op-
tions, and there are
adequate resources to
support insulin initia-
tion and titration
In people not
achieving glycemic
Basal insulin is to be | targets on existing
preferred if fasting | noninsulin antihy-
glucose is consistently| perglycemic medi- | The addition of a basal

Basal insulin should
be preferred, and it
can be temporary

If insulin is needed at
diagnosis, use either
premixed insulin
twice daily or basal-
bolus intensive insulin
therapy (specialist
referral is recom-
mended)

(Table 4) Contd...
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Diabetes Canada

RACGP 2011-2012 Diabetes Canada (Clini-
. NICE 2008-2020 (Clinical Practice . T SEMDSA 2009-2017
ecommendations N N - caj ractice Guidelines - -
R dations* [51], 2014 [52], 2016 | Practice Guidelines) [IDF 2011-2017 [57-60]
[46-50] Guidelines) 2018 [61-63]
2018 [53], 2020 [54] 2020 [56]

[55]

Initiate 10 units of
basal insulin (or 0.2
U/kg) using intermedi-
Not specified. Num-

10 units or 0.1-0.2 L. INot specified. Number and|
ber and timing of

ate or long-acting

Dose of insulin at | Start with 10 unit or 0.2 | units/kg for premixed, | . = timing of insulin injections| Initiate insulin using a insulin (use insulins
insulin injections . L
with a low acquisition

initiation units/’kg coformulated, or basal . may vary with the clinical | self-titration regimen
i . may vary with the . . el d bi
insulin o o situation cost; clones and bio-
clinical situation ST .
similar insulins are
acceptable)
Simple titration: Once
weekly average of the
last two fasting SMBG
. . levels (use preprandial
Basal insulin: .
SMBG for premix or
Adjust the dose based bolus insulin). Simple
on previous average rapid titration: Once-
Titrate once or twice | fasting glucose levels. daily titration according
weekly at 1 to 2 units Not specified. Num- Increase by two units i
Y Increase by 2 U/kg P INot specified. Number and| Y to the last fasting

every 3 days or biweek-| SMBG level (use pre-
ly or more frequently | prandial SMBG for

each time to achieve a ber and timing of

every 3 days until the timing of insulin injections

Dose titration target fasting blood FPG is achieved insulin injections . .
target 1s achieved. ) may vary with the clinical
glucose between 3.9 and may vary with the uati (as suggested by a premix or bolus insu-
situation

7.2 mmol/L (70 and 130 clinical situation healthcare professional) lin). Aggressive titra-

mg/dL) Premix insulin: tion: Once weekly

Adjust evening dose lowest of the last 3

fasting SMBG readings

once/twice a week
based on FPB levels (use preprandial SMBG|
for premix or bolus

insulin)

GLP-1 receptor
agonist should, be
considered before

bolus insulin as
Basal plus, basal-bolus,| add-on therapy in | Add GLP1-RA, SGLT2i,
or switch to premix people onbasal | or DPP4i if target levels

insulin. insulin (with or | are not achieved. [Grade

without other |7 Progress to the addition - -

Dose intensification Not specified
agents) who require | of bolus insulin or multi-
Premix insulin: antihyperglycemic ple injections with bolus
Intensify to twice daily.| treatment intensifi- | injection at each meal

cation if there are
no barriers to af-

fordability or access

Note: ~"Grade of evidence has been specified in italics wherever available.
Abbreviations: CVD: Cardiovascular disease; DPP4i: Dipeptidyl peptidase-4 inhibitor; FPG: Fasting plasma glucose; GLP1-RA: Glucagon-like peptide-1 receptor agonists;

IDF: International Diabetes Federation; NICE: National Institute for Health and Care Excellence; OAD: Oral antidiabetic drug; RACGP: Royal Australian College of General
Practitioners; SEMDSA: Society for Endocrinology, Metabolism, and Diabetes of South Africa; SMBG: Self-monitored blood glucose; SGLT2i: Sodium/glucose cotransporter-

2 inhibitor.
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4. DISCUSSION
4.1. Recommendations on the Timing of Initiating Insulin

Insulin therapy was traditionally postponed for prolonged
periods and lifestyle and a combination of oral agents was
preferred to achieve glycemic control. However, over the
last decade, this has been revised and early initiation of insu-
lin therapy (primarily basal insulin therapy) in combination
with oral agents has been recommended [40]. While the
guidelines mention that therapeutic choices for each patient
are distinct and determined by the patient’s clinical status,
insulin has been universally recommended as a third-or
fourth-line therapy when adequate doses of two to three non-
insulin agents administered for 3-6 months fail to achieve
glycated hemoglobulin targets, or if organ dysfunction con-
traindicates the use of oral agents [12, 60]. Insulin therapy is
also recommended among individuals with glycated hemo-
globulin > 7.5% despite two or three oral antidiabetics [48].
Nevertheless, early introduction of insulin is suggested if
there is evidence of ongoing catabolism (weight loss), if
symptoms of hyperglycemia are present, or when glycated
hemoglobulin levels (>10%) or blood glucose levels (>300
mg/dL) are very high [37, 38, 61, 63]. Insulin initiation has
been recommended as the first-line approach in treatment
naive individuals if markedly symptomatic and/or elevated
blood glucose levels (>250-300 mg/dL) or glycated hemo-
globulin levels (>10%) [29, 39]. A short course of insulin for
about a month is also recommended if there is evidence of
glucose toxicity and lipotoxicity at the time of diagnosis
[13].

4.2. Recommendations on the Number of Oral Antidia-
betics to be used before Initiating Insulin

According to the AACE/ACE 2020 [8] recommendation,
dual or triple therapy should be tried in cases where glycated
hemoglobulin level is >9.0% and patients are asymptomatic
before initiating insulin; insulin can, however, be initiated in
symptomatic patients with/without other agents. Dual thera-
py for 3 months followed by triple therapy (if dual therapy is
not successful) for another 3 months should be tried in pa-
tients with glycated hemoglobulin levels >7.5%-9.0%, be-
fore initiating insulin [8]. According to the ADA 2020 and
2021 guidelines, metformin can be combined with any of the
six treatment options (sulfonylurea, thiazolidinedione, DPP-
4 inhibitor, SGLT2 inhibitor, GLP-1 RA, or basal insulin) if
the glycated hemoglobulin targets are not achieved within 3
months of metformin initiation [6, 38]. Basal insulin is con-
sidered an ideal option when glycated hemoglobulin targets
are not achieved with dual therapy [42, 60]. Insulin initiation
is also recommended in treatment naive individuals if they
have symptomatic hyperglycemia and the glycated hemo-
globulin levels are >9%. In the case of individuals with gly-
cated hemoglobulin levels > 7% and <9%, basal insulin is
suggested as a part of dual therapy or triple therapy [42].

According to the RSSDI consensus statements, there are
several newer and more effective oral antidiabetics available,
however, insulin should be considered in cases where the
patient fails to achieve or maintain glycated hemoglobulin
levels after administration of three oral antidiabetics; moreo-
ver, one of these should be a new agent. Insulin should also
be considered if the patient is intolerant to any individual
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agent or combination of agents [13]. Insulin initiation may
also be justified if organ dysfunction contraindicates the use
of oral agents [12]. Australian guidelines suggest consider-
ing a GLP-1RA before commencing insulin unless a person
has extreme hyperglycemic symptoms or a glycated hemo-
globulin level of >11% [54]. Additionally, insulin should
never be delayed if glycated hemoglobulin remains high
despite the use of newer oral agents as their glucose-
lowering potential is relatively less compared to insulin [13].

4.3. Recommendations on the Choice of Initial Insulin
4.3.1. Basal Insulin

Basal insulin has been recommended by the AACE/ACE
as a second-line alternative in patients with glycated hemo-
globulin >7.5%-9.0%, if dual therapy or triple therapy with
oral antidiabetics does not help achieve the glycemic target
within a period of 3 months [8]. This recommendation has
remained unchanged between 2015 and 2020. The ADA,
however, recommends the initiation of basal insulin among
patients with glycated hemoglobulin >7% [6]. This has been
consistently mentioned across all the ADA guidelines pub-
lished between 2006 and 2021 [17-38]. Furthermore, the
ADA suggests basal insulin alone as the most convenient
initial insulin regimen [38]. The AACE guidelines also sup-
port the initiation of insulin with long-acting basal insulin in
the majority of cases [42]. The NICE guidelines recommend
initiation with human neutral protamine Hagedorn (NPH)
insulin, whereas long-acting basal insulin has been suggested
for patients with a higher risk of developing hypoglycemia,
and in circumstances where twice-daily injection may be
burdensome [46]. According to the Royal Australian College
of General Practitioners (RACGP) guidelines, basal insulin
has a lesser risk of hypoglycemia and should be preferred
among patients with consistently high fasting blood glucose
(FBG) levels [54].

4.3.2. Premixed/other Insulin Regimens

According to the NICE and RACGP guidelines, initiation
with premixed or coformulated insulin may be more appro-
priate and simpler among patients with constantly elevated
fasting as well as postprandial glucose [48, 54]. The AACE
guidelines suggested premix insulin as an option for insulin
initiation between 2006 and 2010 [39, 41]. However, the
preference was changed to basal insulin instead of premix in
guidelines published after 2011. This was attributed to the
reduced dosage flexibility and increased risk of hypoglyce-
mia with premixed insulin compared to basal or basal-bolus
regimens [42].

4.4. Dose of Insulin Recommended at Initiation

Basal insulin therapy has been recommended universally
to be initiated at a dose of 10 units (U) or 0.1-0.2 U/kg. A
higher dosage (0.3-0.4 U/kg/day) is considered reasonable
for patients with severe hyperglycemia. [31] According to
the AACE guidelines, basal insulin should be initiated at a
dose of 0.1-0.2 U/kg among those with glycated hemoglobu-
lin <8%, whereas 0.2-0.3 U/kg is suggested for those with
glycated hemoglobulin >8% [8]. According to the RSSDI-
ESI guidelines, basal insulin is to be initiated at a dose of
0.1-0.2 U/kg if glycated hemoglobulin is <8%, whereas a
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dose of 0.2-0.3 U/kg is preferred if glycated hemoglobulin
>8% [12]. Premixed or coformulated insulin can be initiated
at a low dose of 10 units or 0.1-0.2 U/kg and titrated as
needed [54]. It can be given as a once-daily injection at the
main meal [13, 15].

4.5. Recommendations on Dose Titration

Self-titration regimen with an increase in the dose of two
basal insulin units every 3 days or with biweekly or more
frequent contact with a healthcare professional has been rec-
ommended by the IDF [58]. Larger increments for basal in-
sulin of up to 4 units every 3 days can be followed if fasting
glucose is >180 mg/dL [21-27]. The ADA recommendation
about the dose titration has varied between 2018 and 2021.
While according to the recommendations until 2018 [36],
advancement to combination injectable therapy was recom-
mended if the basal insulin dose was >0.5 U/kg/day, it was
modified to >0.7-1.0 U/kg in the 2019 guidelines [37]. How-
ever, in the 2020 guidelines, the upper limit of basal insulin
has been modified to >0.5 U/kg/day [6]. The guidelines cau-
tion about the possibility of overbasalization beyond this
dose, which is associated with an increased risk of hypogly-
cemia [6, 38]. The dosage of premixed insulin can be titrated
twice daily to achieve the FPG target of <110 mg/dL. The
once-daily dose can be split into equal breakfast and dinner
doses (50-50) [13].

4.6. Recommendations on Insulin Intensification

Glucose monitoring and adjustment of medications at pe-
riodic intervals are recommended if intensification of insulin
therapy is planned. Basal, along with prandial insulin ana-
logs, is preferred over NPH and regular insulin or premixed
insulin combination according to the AACE guidelines. Ba-
sal-bolus insulin regimens are recommended for intensive
insulin therapy owing to dosage flexibility [42]. The ADA
algorithm for combined injectable therapy in type 2 diabetes
mellitus changed in 2017, in which basal insulin along with
GLP-1 RA was preferred compared to basal plus rapid-
acting insulin or two daily doses of premix insulin [35].

According to the RSSDI-ESI recommendations, basal
along with prandial insulin before the meal that is associated
with the largest PPG excursion is recommended as a part of
intensification for individuals on basal regimen. This ap-
proach offers flexibility and can be further intensified if nec-
essary (for covering 2 or 3 meals). The basal-bolus regimen
is considered the most effective and physiological regimen
for intensification. However, it requires frequent monitoring
[12]. The ADA 2021 guidelines recommend intensification
by adding prandial to basal insulin. The addition of premix
insulin (twice daily) is suggested if glycated hemoglobulin
levels remain high despite adding prandial insulin [38].

According to the 2021 ADA guidelines, the addition of
prandial insulin (4 IU/day or 10% of basal dose) has been
recommended if glycated hemoglobulin remains above tar-
get levels despite the addition of basal insulin to GLP-1 RAs.
The dose of prandial insulin can be increased by 1-2 IU/day
or 10%-15% per week. Stepwise additional injections of
prandial insulin have been suggested if the glycated hemo-
globulin target is not achieved. Alternatively, switching over
to two or three doses of premixed insulin has been suggested
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in patients on basal insulin in whom additional prandial cov-
erage is desired [38]. However, reduced dosage flexibility
and increased risk of hypoglycemia are of concern with pre-
mixed insulin [42]. Intensification of premixed insulin can
be carried out by splitting the once-daily dose into twice
daily or thrice daily injections if the FPG is >110 mg/dL.
The addition of 2-6 U or 10% of the total daily premix dose
before lunch is suggested. The dosage can be split thrice a
day if further intensification is desired [13].

4.7. Recommendation on Monitoring Glycemic Control
with Insulin

Self-monitored blood glucose (SMBG) has been recom-
mended for monitoring glycemic control by various guide-
lines [12, 15, 17, 54]. Structured SMBG, along with appro-
priate therapeutic interventions, has been suggested to be
associated with greater HbAlc reduction compared to ap-
proaches without structured SMBG [12]. The guidelines also
acknowledge the role of continuous glucose monitoring (CGM)
in the improved management of type 2 diabetes mellitus and
have predicted significant usage of CGM in the future [12,
15, 38].

4.8 Note on Hypoglycemia Prevention

The risk of hypoglycemia is one of the major concerns
that limit the usage of insulin both among practitioners as
well as patients. While the majority of the recommendations
do recommend periodic monitoring of HbAlc levels to en-
sure optimal control of blood glucose levels, identification of
an optimal level for a particular population is challenging
owing to individual differences in ethnicity, dietary practic-
es, lifestyle, hypoglycemia risk, and other adverse effects.
Therefore, counseling about the risk of hypoglycemia and
steps to recognize, prevent, and treat hypoglycemia has been
recommended for all patients for whom initiation of insulin
is planned. Adequate guidance about SMBG, CGM, dose
adjustments, storage, and administration should also be pro-
vided to all patients and caregivers.

5. LIMITATIONS

The current review article includes only a limited number
of globally established guidelines considered as global
standards in type 2 diabetes mellitus management and a few
regional guidelines that are accepted within the respective
regions. The guidelines considered in the current review
article may, however, not entirely reflect the insulin usage
protocols/practices followed across all countries and indi-
vidual institutions/hospitals across the globe in the manage-
ment of type 2 diabetes mellitus. Nevertheless, an attempt
has been made to capture all guidelines that are relevant to
most of the geographical regions of the world.

CONCLUSION

Initiation of insulin (basal/premixed/other formulations)
has been universally recommended if glycemic targets are
not achieved despite lifestyle measures and oral antidiabet-
ics. Notably, early initiation of insulin has been recommend-
ed in the recent decade when the glycated hemoglobulin
levels are >7% despite optimization of 2-3 prior lines of oral
antidiabetics. The choice of insulin, dosage, titration, and
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intensification is influenced by the clinical status of the pa-
tients and needs to be individualized. Therapy with basal
insulin is recommended in view of its ease and convenience
of initiation, flexible-dose titration regimens, and low risk of
hypoglycemia, more so in patients with elevated fasting glu-
cose. Furthermore, basal insulin intensification via a step-
wise addition of prandial insulin is a more physiological and
flexible intensification strategy. Premix/coformulation insu-
lin can be used in patients having both fasting and postpran-
dial hyperglycemia together and also to reduce the number
of injections at the time of intensification. Healthcare pro-
viders should emphasize the importance and utility of insulin
in maintaining glycemic control. Educating and empowering
patients is an important step in improving the acceptability
of insulin. Furthermore, physicians as well as patients should
be part of decisions regarding the therapeutic choice of insu-
lin regimen, preparation, and delivery device.

DISCLOSURE

All authors had full access to the articles reviewed in this
manuscript, have read and reviewed the final draft of this
manuscript, and take complete responsibility for the integrity
and accuracy of this manuscript. The content published here-
in solely represents the views and opinions of the authors.
The details published herein are intended for informational,
educational, academic, and/or research purposes and are not
intended to substitute for professional medical advice, diag-
nosis, or treatment.

LIST OF ABBREVIATIONS

ADA = American Diabetic Association

AACE = American Association of Clinical En-
docrinology

ACE = American College of Endocrinology

CVD = Cardiovascular Disease

DPP4i = Dipeptidyl Peptidase-4 Inhibitor

EASD = European Association for the Study of
Diabetes

ESI = Endocrine Society of India

FBSL = Fasting Blood Sugar Level

FPG = Fasting Plasma Glucose

GLPI-RA = Glucagon-like Peptide-1 Receptor Ag-
onists

IDF = International Diabetes Federation

NICE = National Institute for Health and Clini-
cal Excellence

OAD = Oral Antidiabetic Drug

OGLDs = Oral Glucose-lowering Drugs

RACGP = Royal Australian College of General
Practitioners

RCTs = Randomized Clinical Trials

RSSDI = Research Society for the Study of Dia-

betes in India

92

e160123212777

Chadha et al.
SEMDSA = Society for Endocrinology, Metabo-
lism, and Diabetes of South Africa
SGLT2i = Sodium/glucose Cotransporter-2 Inhibi-
tor
SMBG = Self-monitored Blood Glucose
T2DM = Type 2 Diabetes Mellitus
TZD = Thiazolidinediones
WHO = World Health Organization

CONSENT FOR PUBLICATION

All named authors meet the International Committee of
Medical Journal Editors (ICMJE) criteria for authorship for
this article, take responsibility for the integrity of the work as
a whole, and have given their approval for this version to be
published.

FUNDING

This initiative was supported by Sanofi India. Medical
writing and open access-related charges were paid for by
Sanofi India. The authors received no honoraria from Sanofi
directly or indirectly related to the development of this pub-
lication.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

We would like to acknowledge BioQuest Solutions Pvt.
Ltd., Bangalore for providing medical writing and editorial
support in the preparation of this manuscript, paid for by
Sanofi India.

REFERENCES

[1] IDF diabetes atlas. 2021. Available from:
https://diabetesatlas.org/regional-factsheets/[Accessed on 26 Aug
2022].

[2] Rodriguez-Gutiérrez R, Montori VM. Glycemic control for patients
with type 2 diabetes mellitus: Our evolving faith in the face of evi-
dence. Circ Cardiovasc Qual Outcomes 2016; 9(5): 504-12.
http://dx.doi.org/10.1161/CIRCOUTCOMES.116.002901
27553599

[3] Swinnen SG, Hoekstra JB, DeVries JH. Insulin therapy for type 2
diabetes. Diabetes Care 2009; 32(S2): S253-9.
http://dx.doi.org/10.2337/dc09-S318 PMID: 19875560

[4] Garg SK, Rewers AH, Akturk HK. Ever-increasing insulin-requiring
patients globally. Diabetes Technol Ther 2018; 20(S2): 1-4.
http://dx.doi.org/10.1089/dia.2018.0101 PMID: 29873518

[5] Khardori R. Type 2 diabetes mellitus guidelines. Available from:
https://emedicine.medscape.com/article/117853-guidelines
[Accessed on 18 March 2021].

PMID:

[6] 9. Pharmacologic Approaches to Glycemic Treatment: Standards of
Medical Care in Diabetes-2020. Diabetes Care 2020; 43(S1): S98-
S110.
http://dx.doi.org/10.2337/dc20-S009 PMID: 31862752

[7] International diabetes federation. recommendations for managing

type 2 diabetes in primary care. 2017. Available from:
www.idf.org/managing-type2-diabetes

[8] Garber AJ, Handelsman Y, Grunberger G, ef al. Consensus state-
ment by the American association of clinical endocrinologists and
American college of endocrinology on the comprehensive type 2



Guideline Recommendations on Insulin Therapy

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

diabetes management algorithm - 2020 executive summary. Endocr
Pract 2020; 26(1): 107-39.

http://dx.doi.org/10.4158/CS-2019-0472 PMID: 32022600
National institute of health and care excellence. type 2 diabetes in
adults: Management Available from:
www.nice.org.uk/guidance/ng28 [Accessed on 2 July 2021].
Management of type 2 diabetes: A handbook for general practice.
East Melbourne, Vic: RACGP 2020.

Bajaj S. RSSDI clinical practice recommendations for the man-
agement of type 2 diabetes mellitus 2017. Int J Diabetes Dev Ctries
2018; 38(S1): 1-115.

http://dx.doi.org/10.1007/s13410-018-0604-7 PMID: 29527102
Madhu SV, Chawla R, Makkar BM, Ghosh S, Saboo B, Kalra S.
RSSDI-ESI clinical practice recommendations for the management
of type 2 diabetes mellitus 2020. Indian J Endocrinol Metab 2020;
24(1): 1-122.

http://dx.doi.org/10.4103/ijem.IJEM_225 20 PMID: 32699774
Chawla R, Makkar BM, Aggarwal S, et al. RSSDI consensus rec-
ommendations on insulin therapy in the management of diabetes.
Int J Diabetes Dev Ctries 2019; 39(S2): 43-92.
http://dx.doi.org/10.1007/s13410-019-00783-6

Mustapha FI, Ghani RA, Tan A, Wan Mohamed WMI, Siew Swee
WC. A summary of the malaysian clinical practice guidelines:
Management of type 2 diabetes mellitus. J ASEAN Fed Endocr
Soc 2014; 26: 20.

Kamaruddin NA. Clinical practice guidelines: Management of type
2 diabetes mellitus. In: Members of Malaysian Clinical Practice
Guidelines Development Group. 6" Ed. 2020. Available from:
https://www.moh.gov.my/moh/resources/Penerbitan/CPG/Endocrin
e/3a.pdf [Accessed 20 May 2021].

Siew Pheng C, Wan Bebakar WM, Hussein Z. Clinical practice
guidelines: Management of type 2 diabetes mellitus. In: Members
of Malaysian Clinical Practice Guidelines Development Group. 5th
Ed. 2015. Available from:
http://mems.my/wpcontent/uploads/2021/01/CPG_T2DM_6th Edi-
tion_2020.pdf [Accessed 20 May 2021].

American Diabetes Association. Standards of medical care for
patients with diabetes mellitus. Diabetes Care 2002; 25(1): 213-29.
http://dx.doi.org/10.2337/diacare.25.1.213 PMID: 11772918
American Diabetes Association. Standards of medical care for
patients with diabetes mellitus. Diabetes Care 2003; 26(S1): s33-
50.

http://dx.doi.org/10.2337/diacare.26.2007.S33 PMID: 12502618
American Diabetes Association. Standards of medical care for
patients with diabetes mellitus. Diabetes Care 2004; 27: S15-35.
http://dx.doi.org/10.2337/diacare.27.2007.S15

American Diabetes Association. Standards of medical care for
patients with diabetes mellitus. Diabetes Care 2005; 28: S4-S36.
http://dx.doi.org/10.2337/diacare.28.suppl_1.S4

American Diabetes Association. Standards of medical care in dia-
betes-2006. Diabetes Care 2006; 29(S1): 4-42.
http://dx.doi.org/10.2337/diacare.29.s1.06.s4 PMID: 16373931
Nathan DM, Buse JB, Davidson MB, et al. Management of hyper-
glycemia in type 2 diabetes: a consensus algorithm for the initiation
and adjustment of therapy: A consensus statement from the ameri-
can diabetes association and the european association for the study
of diabetes. Diabetes Care 2006; 29(8): 1963-72.
http://dx.doi.org/10.2337/dc06-9912 PMID: 16873813

American Diabetes Association. Standards of medical care in dia-
betes-2007. Diabetes Care 2007; 30(S1): S4-S41.
http://dx.doi.org/10.2337/dc07-S004 PMID: 17192377

American Diabetes Association. Standards of medical care in dia-
betes-2008. Diabetes Care 2008; 31: S12-54.
http://dx.doi.org/10.2337/dc08-S012 PMID: 18165335

American Diabetes Association. Standards of medical care in dia-
betes-2009. Diabetes Care 2009; 32(S1): S13-61.

PMID: 19118286

Nathan DM, Buse JB, Davidson MB, et al. Medical management
of hyperglycemia in type 2 diabetes: A consensus algorithm for the
initiation and adjustment of therapy: A consensus statement of the
American diabetes association and the European association for the
study of diabetes. Diabetes Care 2009; 32(1): 193-203.
http://dx.doi.org/10.2337/dc08-9025 PMID: 18945920

¢160123212777

[27]

(28]

[29]

[30]

[31]

[32]

[33]
[34]
[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Current Diabetes Reviews, 2023, Vol. 19, No. 8

American Diabetes Association. Standards of medical care in dia-
betes-2010. Diabetes Care 2010; 33(S1): S11-61.
http://dx.doi.org/10.2337/dc10-S011 PMID: 20042772

American Diabetes Association. Standards of medical care in dia-
betes-2011. Diabetes Care 2011; 34(S1): S11-61.

PMID: 21193625

American Diabetes Association. Pharmacologic approaches to
glycemic treatment: Standards of medical care in diabetes-2012.
Diabetes Care 2012; 35(S1): S11-63.
http://dx.doi.org/10.2337/dc12-s011

Inzucchi SE, Bergenstal RM, Buse JB, ef al. Management of hy-
perglycemia in type 2 diabetes: A patient-centered approach: posi-
tion statement of the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Dia-
betes Care 2012; 35(6): 1364-79.
http://dx.doi.org/10.2337/dc12-0413 PMID: 22517736

American Diabetes Association. Standards of medical care in dia-
betes-2013. Diabetes Care 2013; 36(S1): S11-66.

PMID: 23264422

American Diabetes Association. Standards of medical care in dia-
betes-2014. Diabetes Care 2014; 37(S1): S14-80.
http://dx.doi.org/10.2337/dc14-S014 PMID: 24357209

American Diabetes Association. Standards of medical care in dia-
betes-2015. Diabetes Care 2015; 38: S1-S84.

American Diabetes Association. Standards of medical care in dia-
betes-2016. Diabetes Care 2016; 39: S1-S109.

American Diabetes Association. Standards of medical care in dia-
betes-2017. Diabetes Care 2017; 40: S1-S132.

American Diabetes Association. 8. Pharmacologic approaches to
glycemic treatment: Standards of medical care in diabetes-2018.
Diabetes Care 2018; 41(S1): S73-85.
http://dx.doi.org/10.2337/dc18-S008 PMID: 29222379

American Diabetes Association. 9. Pharmacologic approaches to
glycemic treatment: Standards of medical care in diabetes-2019.
Diabetes Care 2019; 42(S1): S90-S102.
http://dx.doi.org/10.2337/dc19-S009 PMID: 30559235

American Diabetes Association. 9. Pharmacologic approaches to
glycemic treatment: Standards of medical care in diabetes-2021.
Diabetes Care 2021; 44(S1): S111-24.
http://dx.doi.org/10.2337/dc21-S009 PMID: 33298420

Rodbard HW, Blonde L, Braithwaite SS, ef al. American associa-
tion of clinical endocrinologists medical guidelines for clinical
practice for the management of diabetes mellitus. Endocr Pract
2007; 13(S1): 1-68.

PMID: 17613449

Handelsman Y, Mechanick JI, Blonde L, ef al. American associa-
tion of clinical endocrinologists medical guidelines for clinical
practice for developing a diabetes mellitus comprehensive care
plan. Endocr Pract 2011; 17(S2): 1-53.
http://dx.doi.org/10.4158/EP.17.S2.1 PMID: 21474420

Rodbard HW, Jellinger PS, Davidson JA, et al. Statement by an
american association of clinical endocrinologists/american college
of endocrinology consensus panel on type 2 diabetes mellitus: An
algorithm for glycemic control. Endocr Pract 2009; 15(6): 540-59.
http://dx.doi.org/10.4158/EP.15.6.540 PMID: 19858063
Handelsman Y, Bloomgarden ZT, Grunberger G, ef al. American
association of clinical endocrinologists and american college of en-
docrinology-clinical practice guidelines for developing a diabetes
mellitus comprehensive care plan - 2015. Aace/ace Guidelines
2015; 21: 1-87.

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus state-
ment by the American association of clinical endocrinologists and
american college of endocrinology on the comprehensive type 2
diabetes management algorithm-2016 executive summary. Endocr
Pract 2016; 22(1): 84-113.

http://dx.doi.org/10.4158/EP151126.CS PMID: 26731084

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus state-
ment by the american association of clinical endocrinologists and
american college of endocrinology on the comprehensive type 2
diabetes management algorithm - 2017 executive summary. Endocr
Pract 2017; 23(2): 207-38.

http://dx.doi.org/10.4158/EP161682.CS PMID: 28095040

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus state-
ment by the american association of clinical endocrinologists and

93



Current Diabetes Reviews, 2023, Vol. 19, No. 8

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

94

american college of endocrinology on the comprehensive type 2
diabetes management algorithm - 2018 executive summary. Endocr
Pract 2018; 24(1): 91-121.

http://dx.doi.org/10.4158/CS-2017-0153 PMID: 29368965

Sibal L, Home PD. Management of type 2 diabetes: NICE guide-
lines. Clin Med 2009; 9(4): 353-7.
http://dx.doi.org/10.7861/clinmedicine.9-4-353 PMID: 19728510
National institute of health and clinical excellence. Type 2 diabe-
tes: The management of type 2 diabetes. 2009. Available from:
https://www.nice.org.uk/guidance/ta203/documents/nice-recomme
nds-liraglutide-for-type-2-diabetes-mellitus4 [Accessed on 21 April
2021].

National institute of health and clinical excellence. Type 2 diabetes
in adults: Management. 2015. Available from:
www.nice.org.uk/guidance/ng28 [Accessed on 21 April 2021].
National institute of health and care excellence. surveillance of
diabetes 2019. Available from:

https://www .nice.org.uk/guidance/ng28/resources/2019-
surveillance-of-diabetes-nice-guidelines-ng17-ng18-ng19-and-
ng28-pdf-8862045321157

National Institute of Health and Clinical Excellence. Type 2 diabe-
tes in adults: Management 2020. Available from:

https://www .nice.org.uk/guidance/ng28/resources/type-2-diabetes-
in-adults-management-pdf-1837338615493 [Accessed on 21 April
2021].

Guidelines RACGP. Diabetes management in general practice.
17th ed. 2011/12. Available from:
https://www.racgp.org.au/download/documents/Guidelines/Diabete
s/201107diabetesmanagementingeneralpractice.pdf

RACGP Guidelines. General practice management of type 2 diabe-
tes 2014-15. Available from:
https://www.trmc.net.au/pdf/general-practice-management.pdf
[Accessed on 20 May 2021].

RACGP Guidelines. General practice management of type 2 diabe-
tes 2016-18. Available from:
https://www.racgp.org.au/FSDEDEV/media/documents/Clinical %2
OResources/Guidelines/Diabetes/General-practice-management-of-
type-2-diabetes 1.pdf [Accessed on 20 May 2021].

RACGP Guidelines. Management of type 2 diabetes: A handbook
for general practice. 2020. Available from:

e160123212777

[53]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Chadha et al.

https://www.racgp.org.au/clinical-resources/clinical-guidelines/key
-racgp-guidelines/view-all-racgp-guidelines/diabetes/introduction
[Accessed on 20 May 2021].

Lipscombe L, Booth G, Butalia S, et al. Pharmacologic glycemic
management of type 2 diabetes in adults. Can J Diabetes 2018;
42(S1): S88-S103.

http://dx.doi.org/10.1016/j.j¢jd.2017.10.034 PMID: 29650116
Lipscombe L, Butalia S, Dasgupta K, et al. Pharmacologic glyce-
mic management of type 2 diabetes in adults: 2020 Update. Can J
Diabetes 2020; 44(7): 575-91.
http://dx.doi.org/10.1016/j.jcjd.2020.08.001 PMID: 32972640
International Diabetes Federation. 2011 guideline for management
of postmeal glucose in diabetes. 2011. Available from:
https://www.idf.org/component/attachments/attachments.html?id=7
28&task=download [Accessed on 20 May 2021].

International diabetes federation, 2012 clinical guidelines task
force global guideline for type 2 diabetes. 2012. Available from:
https://www.iapb.org/wp-content/uploads/Global-Guideline-for-
Type-2-Diabetes-IDF-2012.pdf [Accessed on 21 March 2021].
Dunning T, Sinclair A, Colagiuri S, New IDF. New IDF guideline
for managing type 2 diabetes in older people. Diabetes Res Clin
Pract 2014; 103(3): 538-40.
http://dx.doi.org/10.1016/j.diabres.2014.03.005 PMID: 24731476
IDF global guideline for managing older people with type 2 diabe-
tes. 2017. Available from:
https://www.researchgate.net/publication/281562373_IDF_global
guideline _for managing older people with type 2 diabetes [Ac-
cessed on 20 May 2021].

SEMDSA guidelines for diagnosis and management of type 2
diabetes mellitus for primary health care-2009. JEMDSA 2014;
14(1): 55-8.

http://dx.doi.org/10.1080/22201009.2009.10872191

Amod A, Motala A, Levitt N, et al. The 2012 SEMSDA guideline
for the management of type 2 diabetes. JEMSDA 2012; 17: S1-
S94.

http://dx.doi.org/10.1080/22201009.2012.10872287

The 2017 SEMDSA Guideline for the Management of Type 2
Diabetes Guideline Committee. JEMDSA 2017; 22: S1-S196.



	Evolution of Guideline Recommendations on Insulin Therapy in Type 2Diabetes Mellitus Over the Last Two Decades: A Narrative Review
	Abstract:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	Table 2.
	Table 3.
	Table 4.
	4. DISCUSSION
	5. LIMITATIONS
	CONCLUSION
	DISCLOSURE
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



