
Abstract
A variety of injectable therapies are now available for use
in patients of type 2 diabetes mellitus, when metformin
alone proves inadequate. These injectable therapies
include basal insulins, glucagon-like peptide 1 receptor
agonists (GLP1RA), co-formulations of basal insulin with
GLP1RA, and premixed or co-formulated dual action
insulins. This article helps choose appropriate first
injectable therapy in a rational manner, and achieve
glycaemic control in an efficient way. The discussion
utilizes the pharmacokinetic and pharmacodynamic
properties of various injectable drugs to match themwith

various clinical situations. It highlights a gluco-
phenotypic approach, utilizing readily available
anthropometric measurements, glycaemic patterns, and
other bio psychosocial parameters, to create a simple
model which facilitates correct choice of first injectable
therapy in type 2 diabetes.

Keywords: Dulaglutide, insulin degludec, degludec
aspart (I Deg Asp), exenatide QW, liraglutide (I Deg Lira),
lixisenatide, liraglutide, lixisenatide glargine (Lixi Lan),

U300 glargine.

Introduction
Current guidelines, along with advances in diabetes
pharmacotherapeutics, allow physicians a wide range of
therapeutic modalities to choose from. The American
Diabetes Association/European Association for Study of
Diabetes (ADA/ EASD) guidelines suggest basal insulin
and glucagon-like peptide 1 receptor agonists (GLP1RA),
as first line injectable therapies after metformin
inadequacy.1 The International Diabetes Federation (IDF)
proposes premixed insulin as another option for
management with injectable therapy.2 The American

Association of Clinical Endocrinologists (AACE)
encourages the initiation of dual therapy in patient with
an HbA1c >7.5% at presentation.3 This allows the use of
co-formulations of GLP1RA and basal insulin as a first line
injectable. Pharmaceutical advances, such as co-
formulated insulins with ultra-long acting and rapid
acting components, are also available for use in many
countries. Table-1 demonstrates the wide range of drugs
that can be used as first injectable therapy in diabetes
care.

The increasing number of options for management of
diabetes presents an opportunity as well as a challenge.
The opportunity is that it has never been easier for a
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Table-1: The first injectable in diabetes care.

Basal Insulin Intermediate/ long acting NPH
Glargine, U-300 glargine

Detemir
Ultra long acting Degludec, U-200 degludec

GLP1RA Once / twice daily Exenatide
Lixisenatide
Liraglutide

Weekly Exenatide QW
Dulaglutide

Dual action Insulin Premixed insulin Biphasic human insulin (BHI)
Biphasic insulin aspart (BIAsp)

Lispro mix (L Mix)
Co-formulations Insulin degludec aspart (I Deg Asp)

Insulin+ GLP1RA Insulin + GLP1RA, intermediate acting Liraglutide+ degludec (I Deg Lira)
Insulin+ GLP1RA, short acting Lixisenatide + glargine (Lixi Lan)



physician to achieve good glycaemic control in patients
seeking her or his advice. At the same time, it poses a
challenge in that choosing appropriate therapy becomes
more complicated and difficult. The onus for this lies with
the physician.

We suggest a simple algorithm based upon the gluco-
phenotype model to assist in this decision making
(Tables-2, 3). The gluco-phenotype includes simple
pointers from history, physical examination, and
investigations, to help decide appropriate choice of
therapy.

For convenience, we group all first injectables into four
groups: basal insulins, dual release insulin, GLP1RAs, and
GLP1RA+ insulin co-formulations. The finer
pharmacodynamic and pharmacokinetic aspects of each
group are discussed in the text.4

Phenotype
While any of the four injectable groups can be prescribed

to healthy adults and elderly persons, not all drugs are
approved for use in children/ adolescents and pregnancy/
lactation. NPH is approved for use in infants and children,
while glargine, detemir and degludec have approval for
use above 2, 2 and 1 years of age respectively.5-7 The
GLP1RAs like exenatide, lixisenatide and liraglutide are

approved for use above age 18, as are their co-
formulations with insulin.

The injectables which can be used in pregnancy include
NPH, detemir and biphasic insulin.

GLP1RA, or a GLP1RA containing co-formulation, are
preferred in obese or overweight patients, in view of
their weight reducing properties. The efficacy and
safety of adding long-acting GLP1RA liraglutide OD
versus adding short acting insulin aspart (I Asp) OD to
long-acting insulin degludec (IDeg) OD plus metformin
in subjects with T2DM was first investigated in the
BEGIN: VICTOZA ADD-ON trial. This study showed that
IDegLira reduced HbA1C (-0.74% points) significantly
more than insulin degludec aspart. IDegAsp (-0.39%
points; p = 0.0024). 49.4% of subjects in the IDegLira
arm and only 7.2% in the IDegAsp arm achieved HbA1C
of <7% without confirmed hypoglycaemia or severe
hypoglycaemia, and without weight gain (p<0.0001).
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Table-2: Choice of first injectable after metformin inadequacy: Simple algorithm.

Weight Lean Obese/overweight

Hyperglycaemia Only fasting Basal insulin GLP1RA
Fasting + post prandial Dual action insulin Insulin+ GLP1RA

Table-3: The gluco-phenotypic approach to first injectable initiation.

Basal insulin Dual release insulin (premixed co formulation) GLP1RA Coformulation GLP1RA + insulin

Phenotype
Children/ adolescents +a + _ _
Pregnancy/ lactation +b +c _ _
Obesity + + ++ ++
Glucotype
Very high HbA1c + ++ + ++
Fasting hyperglycaemia ++ + + ++
Postprandial hyperglycaemia _ ++ + ++
Pleiotropic Benefits
Weight control _ _ ++ ++
Blood pressure control _ _ ++ ++
Lipid control _ _ ++ ++
Comorbid Conditions
Severe renal impairment + + _ _
Severe hepatic impairment + + _ _
Severe gastrointestinal dysfunction + + _ _
Patient Preference
Intensification to twice daily with same injection _ + + _
Injection without regards to meal time + _ + +
Injection at any time of day + _ _ _

Keywords: a: glargine, detemir and degludec are approved above age 2, 2 and 1 years respectively. b: detemir and NPH are approved for use in pregnancy. c: biphasic human insulin is approved for use in
pregnancy.



IDegLira subjects had significantly less confirmed and
nocturnal confirmed hypoglycaemia, and significantly
greater weight loss (-2.8 kg) versus IDegAsp (+0.9 kg;
p<0.0001).8

Glucotype
The relative contribution of fasting and postprandial
hyperglycaemia, to overall glycaemic control, coupled
with the risk of hypoglycaemia, helps choose appropriate
injectable therapy.

While basal insulin helps control fasting glucose, a dual
action insulin will be required to control prandial
glycaemia as well. A dual-action insulin co-formulation
such as insulin I Deg Asp) scores over biphasic insulin
analogues and human insulins in achieving fasting
euglycaemia, without causing nocturnal
hypoglycaemia.9

Insulin + GLP1RA co-formulations also help manage
both fasting and postprandial glycaemia. While
liraglutide, an intermediate acting GLP1RA, acts equally
on the both these parameters, the short acting
lixisenatide has a greater effect on post prandial
glucose.10

In patients with frequent episodes of hypoglycaemia or
with high variability of glucose levels, insulin degludec (I
Deg) or I Deg Asp may be the preparation of choice.11,12

Ability to Self-Monitor
Dual insulin co-formulation requires relatively more
frequent self-monitoring of blood glucose (SMBG) than
basal insulin, while GLP1RA use necessitates minimal
glucose monitoring. This may be a pragmatic factor to
help decide choice of therapy with injectables. With
modern ultra-long acting insulins such as I Deg, only
once weekly monitoring is suggested. I Deg Asp
prescription necessitates monitoring of pre-breakfast
and pre-dinner glucose, once a week. Daily monitoring
of glucose as recommended in the label of glargine and
detemir.4,5

Pleiotropic Effects
Current GLP1RA, such as liraglutide and lixisenatide,
are able to achieve metabolic modulation beyond
glucose control. As monotherapy, as well as in
combination with insulin, liraglutide demonstrates
lowering of blood pressure, reduction of weight, and
improvement in lipid parameters. Similar data is
available for lixisenatide.10

Thus, in obese/ overweight persons with high blood
pressure and dyslipidaemia an insulin + GLP1RA co-
formulation may be the choice of injectable therapy.10

Gastrointestinal symptoms such as nausea, vomiting and
abdominal pain, and conditions such as gastro paresis
may limit the use of GLP1RA and GLP1RA containing co-
formulations.7

Comorbid Conditions
While there is hardly any contraindication to the use of
insulin, the GLP1RA containing injectables are
contraindicated in patients with acute pancreatitis,
history of thyroid neoplasia, severe renal impairment, and
severe hepatic impairment. They are also contraindicated
in persons with history of diabetic ketoacidosis.7 In such
cases, therefore, the choice of first injectable will be
limited to basal insulin and dual action insulin.

Patient Preference
Patient preference for specific timings of
administration, sometimes influence choice of
injectable therapy. I Deg can be administered at any
time of the day, without regards to meal, ensuring that
the inter-injection gap is at least 8 hours, and not more
than 40 hours. A similar gap is required for I Deg Asp,
but it must be injected with a meal. Insulin Glargine,
NPH, and liraglutide, must be injected at the same time
of the day, while detemir should be administered at
night. Injection lixisenatide+ glargine co-formulation
can be injected once daily.

Once weekly preparations of exenatide QW and
dulaglutide are available, which allow them to be used as
'weekend therapy' or DOT (directly observed therapy).13
These may be useful for persons who wish to avoid daily
injections, who cannot self-inject / are dependent on
others, and who cannot self-monitor blood glucose
frequently.

Summary
This brief discussion provides a simple gluco-phenotypic
model to help decide appropriate choice of first
injectable therapy in persons with type 2 diabetes, when
metformin becomes inadequate. Basic consideration of
the phenotype, glucotype (characteristics of
hyperglycaemia, risk of hypoglycaemia and glycaemic
variability), pleiotropic effects, co-morbid conditions,
and patient preferences, easily allow the correct choice
to be made.
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