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Current State and Principles of Basal Insulin Therapy
in Type 2 Diabetes

Hernando Vargas-Uricoechea

Abstract

Treatment with basal insulins is a fundamental part of management
in many patients with type 2 diabetes mellitus. Multiple management
schemes may be indicated in these individuals, for example, the use
of oral antihyperglycemic agents with basal insulins (basal-supported
oral therapy) or the combinations of basal insulins with glucagon-like
peptide-1 receptor agonists; each of these strategies makes it easier to
achieve glycemic control goals. A basic knowledge of the physiology,
pharmacodynamic and pharmacokinetic aspects of the different basal
insulins is essential to achieve treatment goals and compliance. This
review addresses the principles of management with basal insulins.
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Introduction

Type 2 diabetes mellitus (T2DM) is a condition of a polygenic
nature and variable penetrance, in which a series of alterations
in the metabolism of macronutrients (lipids, carbohydrates,
and proteins) coexist. This leads to a state of chronic hyper-
glycemia and a significant increase in the risk of micro- and
macrovascular outcomes [1-3].

Multiple genetic, environmental, and epigenetic interac-
tions have been described in T2DM along with various patho-
physiological mechanisms, predominantly insulin resistance
and the progressive decrease in insulin secretory capacity by
pancreatic B cells. This last mechanism is the one that ulti-
mately determines the need for insulin management [4, 5]. One
of the strategies to achieve metabolic control in T2DM when
management with oral antihyperglycemic drugs (OADs) and
other parenteral treatments, such as glucagon-like peptide-1
receptor agonists (GLP-1RAs), is not sufficient is the use of
insulin, especially basal insulins (BIs) [6].

This review describes the basic principles of management
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with Bls, from the most common pathophysiological aspects
to the current evidence from randomized clinical trials (RCTs)
with next-generation insulins.

Methods

A detailed search was carried out in the following data-
bases: PubMed/MEDLINE, EMBASE, Scopus, BIOSIS,
ClinicalTrials.gov, Web of Science, and Cochrane Library.
This search was conducted for articles published from Janu-
ary 1 (2001) to August 31 (2021), using the terms “insulin”,
“NPH”, “Glargine-100”, “Glargine-300”, “Degludec-100,
“Degludec-200”, “Detemir”, and “type 2 diabetes”. Other
definitions of diabetes or other associated conditions (chronic
kidney disease, elderly, intercurrent illnesses, or situations re-
quiring temporary insulin management) were not taken into
account in this review. Only RCTs that evaluated the efficacy
and safety of Bls (and were exclusively in the English lan-
guage) were taken into account.

Normal Glucose Homeostasis

Typically, a person is considered to be fasting when § - 12 h
has elapsed without food intake. Metabolic changes occur after
the absorption of a meal (generally after 3 - 5 h); this state is
also known as the “postabsorptive state”, as opposed to the
“postprandial” (or digestion in progress) state [7].

During the fasting state, the oxidation of free fatty acids
(FFAs) contributes to a greater energy expenditure than the ox-
idation of some macronutrients (such as carbohydrates). This
aspect is considered to be caused by a greater availability of
lipids and carbohydrates since the concentrations of unesteri-
fied FFA at the plasma level increase in response to a lower
concentration of insulin and high levels of counter-regulatory
hormones (such as glucagon) [8].

After its absorption, the concentration of plasma glucose
(PG) from the physiological point of view is established to be
between 70 and 110 mg/dL. This value remains relatively sta-
ble thanks to the regulatory effects of glucagon and insulin.
Under normal conditions, of the total glucose that can poten-
tially be used, 50% use occurs in the brain, 25% at the splanch-
nic level, and 25% in insulin-dependent tissues (such as mus-
cle and adipose tissue) [9].

Likewise, in the postprandial state, an increase in both PG
concentration and insulin secretion is documented. The latter
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Figure 1. Maintenance of plasma glucose levels, through the regulation of insulin and glucagon. As glycemic levels drop, the
pancreatic a cells secrete glucagon, increasing gluconeogenesis and glycogenolysis, increasing the levels of glycemia. After
food intake, the levels of glycemia rise promoting insulin release (by the pancreatic 3 cells) which increase the glucose uptake in
the muscle and adipose tissue, in addition to promoting glycogenogenesis and reducing gluconeogenesis (see text for additional

details). Source: author’s elaboration.

aspect is translated into a suppression of gluconeogenesis and
an increase in the rate of glucose elimination (at the hepatic
and posthepatic level) (Fig. 1) [10].

Normal Insulin Physiology

Insulin is synthesized and secreted from B cells and consists
of two polypeptide chains, chain A (with 21 amino acids) and
chain B (with 30 amino acids), linked by disulfide bridges [11].

Insulin synthesis depends on a precursor (preproinsulin),
cleaved off and converted to proinsulin. Next, proinsulin is
packaged in the Golgi apparatus (of the f cell) to be later con-
verted (enzymatically) into insulin and connecting peptide (C-
peptide) [12, 13].

In the Golgi apparatus, proinsulin enters the secretory and
storage vesicles (rich in zinc and calcium (Ca?")). Once inside
the vesicles, hexamer structures develop from proinsulin, with
two zinc atoms per proinsulin hexamer, which subsequently
become the insulin hexamer (producing C-peptide as well),
leaving the C-terminal and N-terminal free. Insulin is then syn-
thetized and stored as a hexamer, but its active form is that of
a monomeric hormone [13].

In healthy individuals, the concentration of PG fluctuates
and is affected by factors such as nutritional intake, physical
activity, hormone interactions, and macromolecules; however,
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the PG remains within a narrow range of values (63 - 126 mg/
dL) [14]. In a normal physiological setting, circulating insulin
levels are closely related to tissue insulin sensitivity (which is
defined as the ability to remove glucose and suppress hepatic
gluconeogenesis in response to insulin) [14, 15]. The insulin
secretion rate is regulated according to the concentration of
PG; this secretion increases as PG levels rise above 60 mg/dL.
About 50% of the total daily insulin secretion occurs during
the basal periods [16].

Circulating PG is taken up by the facilitating glucose trans-
porter isoform 2 (GLUT2) (solute carrier family 2 member 2
(SLC2A2)). When glucose enters the cell (through GLUT2),
it undergoes a phosphorylation process (mediated by glucoki-
nase), and glucose-6-phosphate is generated, which, through
glycolysis, forms pyruvate. Pyruvate then enters the Krebs cy-
cle to produce nicotinamide adenine dinucleotide and flavin
adenine dinucleotide, which are oxidatively metabolized to
produce adenosine triphosphate (ATP). This production induc-
es an increase in the ATP/adenosine diphosphate ratio, which
leads to the closure of potassium channels (K*) sensitive to
ATP (KATP) [17, 18].

After the closing of the channels, there is a decrease in the
magnitude of the K* current (outward), inducing the depolari-
zation of the cell membrane, with the respective opening of the
voltage-dependent Ca?" channels. This cytosolic increase of
the Ca®" levels generates exocytosis of insulin granules [19].
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Figure 2. Intracellular mechanisms through which glucose stimulates insulin secretion. Glucose is metabolized inside the B cell
for ATP production, closing the ATP-sensitive K* channels on the cell membrane. This prevents the K* ions from exiting the cell,
causing membrane depolarization, which also leads to opening of the voltage-dependent Ca2* channels on the membrane, allow-
ing for the entrance of Ca2* into the cell, increasing its cytosol concentration, and finally inducing granule exocytosis. Sulfonylure-
as bind to the SUR1 component of the KATP channel (see text for further details). GLUT: glucose transporter; SU: sulfonylureas;
SUR1: sulfonylurea receptor subunits; ATP: adenosine triphosphate. Source: author’s elaboration.

The fact that KATP channels explain glucose’s metabolic
and electrophysiological effects also allowed us to identify that
these channels are the cellular target of sulfonylureas (SUs).
The ability of these drugs to induce the closure of KATP chan-
nels explains their usefulness and efficacy in the oral manage-
ment of individuals with T2DM. The B-cell KATP channel is
a heterotetramer that is made up of four K* channel subunits
(Kir6.2) and four SU receptor subunits (SUR1) (Fig. 2) [20,
21].

After eating a meal, there is a rapid and large release of
insulin from the B cells (known as the first phase of insulin se-
cretion). In this phase, the peripheral uptake of other nutrients
is promoted (in addition to the suppression of hepatic gluco-
neogenesis). Finally, the possibility of significant increases in
postprandial blood glucose levels is decreased [22].

Meanwhile, the second phase of insulin secretion (after
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eating a meal) is established more slowly and continuously and
is sustained until the blood glucose level returns to normal (un-
like the first phase, wherein insulin secretion occurs quickly
and in the short term). Additionally, the second phase has the
characteristic of being independent of the extracellular glucose
level (Fig. 3) [23].

Paradoxically, a significant number of individuals with
prediabetes (impaired fasting glucose, impaired glucose tol-
erance, or both) may be hyperinsulinemic. However, insulin
secretion has been shown to decrease significantly before the
diagnosis of diabetes is established. In fact, a PG value > 198
mg/dL (after an oral glucose tolerance test) indicates that the
insulin secretory capacity is reduced in relation to insulin re-
sistance and hyperglycemia concomitant. Such “insulinope-
nia” is one of the defining characteristics of the onset of T2DM
[23, 24].
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Figure 3. Insulin secretion phases in healthy and T2DM individuals. In early phase insulin release the B cells produce insulin
in response to rising glucose levels. Proinsulin (the precursor molecule) is cleaved into C-peptide and insulin. The “early phase
insulin release” occurs within 2 min of glucose arriving in the blood stream and continues for about 10 - 15 min. This phase pre-
vents post-prandial hyperglycemia. A second phase of insulin release continues until blood glucose levels return to normal (see
text for further details). T2DM: type 2 diabetes mellitus. Source: author’s elaboration.

Why, When, and How to Initiate?
Why initiate

The development of injectable insulin therapies for T2DM pre-
sents unique challenges not evident in other classes of antidia-
betic therapies. Insulin is the only antidiabetic therapy avail-
able for which there is no maximal dose for efficacy. However,
achieving the therapeutic goals is countered by the risk and the
fear of hypoglycemia, and both serve as barriers to tight gly-
cemic control with the most effective antidiabetic agent avail-
able. This risk, alongside weight gain and the subcutaneous
route of administration, often leads to insulin being relegated
to a last-option therapy [25].

When to initiate

In the clinical setting, it is sometimes difficult to define the
right moment when Bls management should be considered in
individuals with T2DM (who do not achieve metabolic con-
trol); different international organizations make different rec-
ommendations in this regard (Table 1) [26-28]. Likewise, it is
clear that the higher the Alc, the stronger the requirement for
BIs management. Hence, it has been shown that when the Alc
is <7.5%, the primary determinant of this value is postprandial
glycemia, and when the Alc is > 8.5%, the primary determi-
nant is fasting glucose levels (Fig. 4) [29]. This concept is the
foundation to considering the use of BI in patients with very
high Alc levels. Therefore, the higher the Alc, the stronger
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the indication for BI use since its use is intended to reduce
hepatic glucose production (the primary source of increased
fasting blood sugar) and limit nocturnal and interprandial hy-
perglycemia [29, 30].

This “balance” between fasting plasma glucose (FPG),
postprandial glycemia (PPG), and Alc level is essential when
considering the use or the requirement for BI and the use of
drugs with a postprandial effect (GLP-1RA).

How to initiate

There are several ways to calculate the starting dose of the Bls.
One such method can be dividing the average value of the PG
by 18; another way is dividing an individual’s body weight
by 10. However, in RCTs, it is usually started with a dose of
0.1 - 0.2 U/kg/day (or with a dose of 10 U/day). Regardless of
the initial insulinization strategy, what is truly important is to
guarantee an adequate and permanent titration (Table 2) [30-
32].

Moreover, there has always been a debate around estab-
lishing a limit or “ceiling” of the BI dose. It has been said that
when a patient has reached the “ceiling” dose for BI of 0.5
U/kg/day and has not been able to reach the target metabolic
control, insisting on increasing the BI dose increases the risk
of hypoglycemia, with a significant body weight increase (and
little impact on Alc) [31, 32].

Therefore, in the case of a patient who titrated the BI dose
up to 0.5 U/kg/day, failing to accomplish the pre-established
goals, the recommendation is to intensify treatment either with
a basal-plus or basal-bolus regimen or with premixed insulins
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Table 1. Recommendations for Considering the Initiation of Bl Therapy in T2DM

Overall recommendations [26-28]

Deterioration of insulin secretion or phenotypical characteristics associated with early insulin requirement (LADA) or autoantibodies
positive against any pancreatic islet component

Symptomatic hyperglycemia (weight loss, polyuria, polydipsia, polyphagia, tendency to ketosis)
Inability to increase C-peptide following glucagon stimulation

Inability to maintain acceptable glucose levels despite diet, exercise and maximum doses of > 2 OADs, one of which must be an insulin
secretion enhancer

Concomitant conditions or diseases (pancreatitis, pancreatic cancer, pancreatectomy, liver cirrhosis, chronic steroid therapy, anti-retroviral
therapy, inter alia)

Patient preferences
Recommendations according to different international organizations
AACE, 2019 [27]
Individuals receiving dual or triple therapy and Alc > 7.5%, or patients with Alc > 9.0% with associated symptoms
ADA, 2022 [26]

Individuals with evidence of weight loss, or in the presence of hyperglycemic symptoms, or when the Alc is > 10%, or when glycemia
is > 300 mg/dL

Diabetes Canada, 2018 [28]

Insulin may be used at any time in people not achieving glycemic targets while on noninsulin antihyperglycemic medication(s)

AACE: American Association of Clinical Endocrinologists and American College of Endocrinology; ADA: American Diabetes Association; Bl: basal
insulin; C-peptide: connecting peptide; LADA: latent autoimmune diabetes in adults; OADs: oral antihyperglycemic agents; T2DM: type 2 diabetes
mellitus.

Contribution to
Alc (%)

100 =

<7.3 73-84 85-9.2 9.3-10.2 >10.2

Alc (%) Il rrG

Figure 4. Relative contribution of FPG and PPG across a broad range of A1c levels (see text for further details). FPG: fasting
plasma glucosa, PPG: postprandial plasma glucose. Source: adapted from Ref. [29].
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Table 2. General Recommendations for Starting the Bl Dose and for Adjusting When Switching From One Insulin to Another [30-32]

Recommendations Det Glar-100 Glar-300 Deg-100 or 200
Starting dose for insulin-naive patients 10 Uor 0.1 -0.2 Ukg, OD in 10Uor0.1- 10Uor0.1-0.2 10 U OD or

the evening or twice daily 0.2 U/kg, OD U/kg, OD 0.1-0.2 Ukg
Starting dose for insulin-naive patients 10 U or 0.1 - 0.2 U/kg, OD in 10U or 0.1 - 10Uor0.1-0.2 10 U OD or

the evening or twice daily 0.2 U/kg, OD U/kg, OD 0.1-0.2 U/kg
Adjustments and titration should be Adjust and titrate over 1 - 2 days Adjust and Adjust and titrate
made according to blood glucose titrate over over 4 - 5 days
monitoring and metabolic needs 2 - 3 days

Decrease 2 U if below FPG goal, 0
U if within FPG goal, and increase

2 units if above FPG goal

Bl: basal insulin; Deg: degludec; Det: detemir; FPG: fasting plasma glucose; Glar: glargine; NPH: neutral protamine Hagedorn; OD: once daily; U:

units.

or a regimen with BI + GLP-1RA (though intensification is
also possible with OADs; for example, inter alia, sodium glu-
cose cotransporter-2 (SGLT2) inhibitors and dipeptidyl pepti-
dase-4 (DPP-4) inhibitors) [26].

Basic Concepts About Bls

By definition, the duration of the effect over time of a BI
should be prolonged, which is why, when classifying the dif-
ferent insulins with this characteristic, they are summarized
as the following: neutral protamine Hagedorn (NPH), detemir
(Det), and glargine-100 (Glar-100) and glargine-300 (Glar-
300), respectively, and degludec-100 (Deg-100) and deglu-
dec-200 (Deg-200), respectively. Among these, NPH insulin
is considered an intermediate action BI (in relation to its ef-
fect in the time). The initial objective of Bls management is to
normalize the FPG and, according to evolution and metabolic
control, to focus later on PPG control [33, 34].

In clinical practice, a formula that evaluates the difference
between PPG and FPG (divided by the value of FPG) may be
useful. The result of this calculation ((PPG - FPG)/FPG) helps
to establish whether the predominant origin of hyperglycemia
in an individual is due to the PPG or the FPG. Thus, the higher
the value (of this calculation), the greater the influence of the
PPG; on the contrary, with a lower said result, it can be con-
cluded that the resulting hyperglycemia is predominantly due
to FPG. The importance of making this calculation is that, in
the first case, the use of rapid-acting insulin analogs (lispro,
aspart, or glulisine), regular insulin, or insulin premixes may
be the first management option. In the second case, the main
option would be the use of Bls. It may also be useful to evalu-
ate the relationship between FPG and Alc since, with a result
> 1.3, it would indicate that the main component of hypergly-
cemia is fasting glucose [35].

From the moment they are absorbed and reach the blood-
stream, all BIs have the same mechanism of action on the
tissues in which they act. The challenge in the generation of
new Bls is to develop strategies that delay the absorption of
the molecule, prolonging its half-life and causing a lower fre-
quency of “peaks” and “valleys”. For example, available Bls
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have a longer half-life thanks to a variety of mechanisms such
as, inter alia, the addition of protamine or albumin and pH-
dependent precipitation, causing differences in their behavior
once they are found in the subcutaneous tissue, which modifies
its rate of absorption (thus called “insulin protraction”) [36,
37].

NPH

NPH insulin was discovered in 1936. However, it was in 1946
that the first “isophane NPH” insulin became commercially
available, combining insulin and protamine in stoichiometric
amounts at a neutral pH (when it was shown that its effect by
the subcutaneous route could be prolonged to the additional
protamine). In this way, the insulin remained in “suspension”
in the subcutaneous tissue, delaying the absorption time, thus
prolonging its half-life [38].

The onset of action of NPH is approximately 2 h, and its
maximum effect and duration are 6 - 14 and 10 - 16 h, respec-
tively. These characteristics have led to classifying NPH as an
“intermediate” acting insulin. Therefore, if it is administered at
bedtime, it can be considered a BI, while if it is administered in
the morning, it can be considered an insulin basal/prandial. In
general terms, the usual range of NPH doses is between 10 and
80 U, and it is considered that when it is used in low doses (i.c.,
10 U/day), it behaves with a lower rate of “peaks” and with a
shorter half-life, while in high doses a higher rate of “peaks”
with a longer half-life is observed [39, 40].

Det

Det insulin is a long-acting analog, which differs from human
insulin in that an amino acid has been omitted at position B30
and a fatty acid chain (C14) has been added to amino acid B29.
Additionally, and to adjust the pH (Det has a pH of 7.4), sub-
stances such as sodium hydroxide or hydrochloric acid can be
added. When used in low doses, the half-life of Det is close to
6 h, while in high doses, it can be as long as 24 h. Det has a
slower and longer absorption than NPH, its maximum serum
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Table 3. PK and PD Characteristics of Bls [34-37]

Characteristic NPH Det Glar-100 Glar-300 Deg-100 and Deg-200
Peak (h) 4-8 4 - 7 (relatively flat) No pronounced  Close to peakless (flat) Close to peakless (flat)
Duration of action (h) 10-16 <24 Up to 24 >24to <36 <42

Half-life (h) 4 5-7 12-14 23 25

Dosing frequency OD or TD OD or TD OD OD OD

Time to steady-state Unknown 1 to <2 days 2 - 3 days 4 -5 days 4 -5 days

Bl: basal insulin; Deg: degludec; Det: detemir; Glar: glargine; NPH: neutral protamine Hagedorn; OD: once daily; PD: pharmacodynamic; PK: phar-

macokinetic; TD: twice daily.

concentration (C,_ ) is achieved 6 - 8 h after its application,
and it has a bioavailability of close to 60%. Its main binding
protein (once it reaches the circulation) is albumin [40-43].

Deg

Deg insulin is a long-acting analog and differs from human
insulin in that the amino acid threonine has been omitted at
position B30 and a side chain with glutamic acid and a C16
fatty acid has been added. This insulin forms soluble and sta-
ble dihexamers when phenol and zinc are added. Therefore,
when phenol is injected into the subcutaneous tissue, it dif-
fuses, causing the creation of a more soluble deposit (in the
form of multihexamers). For its part, zinc undergoes a slower
diffusion, allowing its release to be more gradual, continuous,
and prolonged from the application site. These characteristics
allow its half-life to be greater than 24 h, with a durability of
around 40 h [44, 45].

Deg reaches its steady state after administration for 3 -
4 days. In this state, Deg-100 and Deg-200 behave similarly
(when supplied in the same dose in U/kg). Therefore, concen-
trating the molecule (Deg-200) has not been shown to affect
the formation of multihexamers or their absorption from the
subcutaneous tissue (when compared to Deg-100) [46, 47].

In general, the elimination t,, is considered the time it
takes for the amount of insulin in the blood to drop by half.
Therefore, from the moment the maximum concentration of
insulin in the circulation is reached, at least four half-lives of
insulin elimination must elapse to achieve an almost complete
elimination (which explains why it requires 4 - 5 half-lives to
achieve its steady state). This concept is inherent to all Bls
[48].

Glar-100 and Glar-300

Glar insulin is a long-acting analog in which two arginine mol-
ecules have been added to chain B (in the C-terminal region),
and the amino acid arginine has been replaced by glycine in
chain A (in position 21). These modifications cause a change
in the isoelectric point of the pH, from 5.4 to 6.7, which causes
the insulin to be less soluble in the subcutaneous tissue, thus
producing microprecipitates. Additionally, zinc is added (so
that it crystallizes in the subcutaneous tissue), and its absorp-
tion is further delayed [49].
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The action of Glar begins 1 - 2 h after its application,
maintaining a constant concentration profile in plasma (peak-
less), which is sustained for 20 - 24 h. Two presentations are
commercially available: Glar-100 (100 U/mL) and Glar-300
(300 U/mL). Glar is metabolized into two active metabolites:
M1 and M2 (21A-Gly-insulin and 21A-Gly-des-30B-Thr-in-
sulin, respectively) [50].

The main circulating metabolite of Glar-100 is M1, which
increases according to the dose supplied. At the pharmacoki-
netic (PK) and pharmacodynamic (PD) levels, it has been
found that the effects after the application of Glar-100 are
mainly based on the metabolite M1. For its part, the M2 me-
tabolite is not detectable in most individuals exposed to Glar-
100. However, when detected, its concentration is independent
of the administered dose of insulin. With Glar-100, the steady
state is reached 2 - 4 days after the first dose (once a day) [51,
52].

For its part, the Glar-300 is characterized by being more
concentrated than the Glar-100, with a PK profile where its
effect is more prolonged and “flat” (compared to Glar-100).
This allows its steady state to be reached in over 5 days, with
less “variability” among those who receive it [52, 53]. The PK
and PD characteristics of the BI are summarized in Table 3
[34-37].

Efficacy and Safety of Bl

In general, the PK and PD characteristics of the long-acting
BIs (Det, Glar-100, Glar-300, Deg-100, and Deg-200) allow
the widely known pattern of insulin secretion (from f cell) to
be imitated. Clinically, it resulted in lower rates of hypoglyce-
mia, with a similar efficacy (i.e., Det vs. NPH, and Glar-100
vs. NPH) (Fig. 5) [40, 43, 52, 54, 55]. Likewise, no RCTs have
compared the efficacy of Deg-100, Deg-200, or Glar-300 with
NPH. Whereas, head-to-head studies among long-acting Bls
have found that Det and Glar-100 have similar efficacy and
safety profiles (relative to the risk of hypoglycemia) (Table 4)
[40-43, 56]. Similarly, Deg-100 and Glar-100 denote similar
efficacy, with a lower risk of hypoglycemia (nocturnal) with
Deg-100 [57]. Additionally, the RCTs that have compared
Glar-300 with Glar-100 also show that the efficacy is simi-
lar, but the risk of overall (anytime) and nocturnal hypogly-
cemia is lower with Glar-300 (Fig. 6) [57-59]. Moreover, the
studies evaluating the efficacy and safety of the more recently
approved long-acting Bls (Deg-100, Deg-200, and Glar-300)
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Figure 5. Efficacy and results on different definitions of hypoglycemia from RCTs comparing Glar-100 vs. NPH and Det vs. NPH
in T2DM. The figure summarizes the different results of the RCTs that evaluated the safety and efficacy of Glar-100 vs. NPH
(data extracted and adapted from Refs. [54] and [55]) and Det vs. NPH (data extracted and adapted from Refs. [40], [43], and
[55]). Studies comparing Glar-100 vs. NPH showed differences favoring Glar-100 in three aspects: confirmed hypoglycemia
(PG < 55 mg/dL), nocturnal hypoglycemia (PG < 75 mg/dL) and nocturnal hypoglycemia (PG < 55 mg/dL). On the other hand,
the studies that compared Det vs. NPH showed differences, favoring Det in four aspects: confirmed hypoglycemia (PG < 75
mg/dL and < 55 mg/dL), nocturnal hypoglycemia (PG < 75 mg/dL and < 55 mg/dL). No differences were found in the A1c value
between Glar-100 vs. NPH or between Det vs. NPH. Cl: confidence interval; Det: detemir; Glar: glargine; NPH: neutral prota-
mine Hagedorn; PG: plasma glucosa; RCTs: randomized clinical trials; RR: risk ratio; T2DM: type 2 diabetes mellitus. Source:

author’s elaboration.

Table 4. Efficacy and Risk of Hypoglycemia From RCTs Comparing Det vs. Glar-100 in T2DM [40-43]

Hypoglycemia, definition

Risk ratio or rate ratio or (95% CI)

Det vs. Glar-100

Efficacy

Participants having at least one
hypoglycemic event (%)

Event rate for overall hypoglycemia
per patient-year

Percentage of participants having at least
one nocturnal hypoglycemic event

Event rate for nocturnal
hypoglycemia per patient-year

Percentage of participants having at
least one severe hypoglycemic event

Event rate for severe hypoglycemia
per patient-year

Nocturnal hypoglycemia

Risk ratio: 0.98 (0.92 - 1.05)

Rate ratio: 1.00 (0.90 - 1.11)
Risk ratio: 1.02 (0.90 - 1.16)
Rate ratio: 1.00 (0.93 - 1.09)
Risk ratio: 0.82 (0.51 - 1.32)
Rate ratio: 0.88 (0.59 - 1.30)

OR: 1.03 (0.88 - 1.21)

For Det, the mean change in Alc was 0.07
higher. For Glar-100, the mean change in
Alc ranged from -1.25% to -1.68%

ClI: confidence interval; Det: detemir; Glar: glargine; NOP: number of participants; OR: odds ratio; RCTs: randomized clinical trials; T2DM: type 2

diabetes mellitus.
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Figure 6. Efficacy and results on different definitions of hypoglycemia from RCTs comparing Deg-100 vs. Glar-100 and Glar-300
vs. Glar-100 in T2DM. The figure summarizes the different results of the RCTs that evaluated the safety and efficacy of Deg-100
vs. Glar-100 (data extracted and adapted from Refs. [57] and [58]) and Glar-300 vs. Glar-100 (data extracted and adapted from
Refs. [568] and [59]). The studies that compared Deg-100 vs. Glar-100, showed differences in favor of Glar-100 on the A1c value,
while the FPG value was significantly reduced with Deg-100. Differences in favor of Deg-100 were also found in two aspects:
confirmed or severe hypoglycemia and documented symptomatic (overall and nocturnal (PG < 56 mg/dL and < 70 mg/dL, re-
spectively). On the other hand, the studies that compared Glar-300 vs. Glar-100 found no differences in the A1c value; however,
differences were found in favor of Glar-300 in four aspects: confirmed severe hypoglycemia (< 54 mg/dL, overall (anytime) and
overall (nocturnal)), and in documented symptomatic hypoglycemia (< 70 mg/dL, overall (anytime) and overall (nocturnal)). Cl:
confidence interval; Deg: degludec; FPG: fasting plasma glucosa; Glar: glargine; PG: plasma glucosa; RCTs: randomized clinical
trials; RR: risk ratio; T2DM: type 2 diabetes mellitus. Source: author’s elaboration.

found that the efficacy of Glar-300 vs. Deg-100 is similar, with
a profile safety in favor of Glar-300 on the risk of hypoglyce-
mia (demonstrated only in the insulin titration period, defined
between week 0 and 12). Finally, no differences were found in
the efficacy or the risk of hypoglycemia when comparing Glar-
300 and Deg-200 (Fig. 7) [58, 60-62].

On the other hand, studies have shown that, in relation to
weight, Det showed less weight gain than NPH and Glar-100.
Likewise, a lower weight gain was documented with Glar-
300 than Glar-100 (Table 5) [38-40, 56-63]. Moreover, when
evaluating the average doses of BI, it was found that with the
use of Deg-100, a lower dose was required (compared to Glar-
100), while with Glar-300, a higher average dose was required
(compared to Glar-100) [58, 59].
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Discussion

Historically, insulin treatment has been considered a third
or fourth management option in individuals with T2DM by
a significant number of clinicians (and most patients). The
concept is that the use of insulin should only be considered
when all other nonparenteral options have been exhausted,
despite the different recommendations of numerous interna-
tional organizations, management guides, and expert com-
mittees [62].

However, it must be taken into account that many pa-
tients with T2DM can be managed with OADs together with
BIs (basal-supported oral therapy (BOT)); the availability of
drugs with different mechanisms of action (DPP-4 inhibitors,
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Figure 7. Outcomes on different definitions of hypoglycemia from RCTs comparing Glar-300 to Deg-100 and Deg-200 to Glar-
300 in T2DM. The only head-to-head study that has compared Glar-300 vs. Deg-100, showed differences favoring Glar-300 on
the risk of confirmed hypoglycemia (< 70 mg/dL and < 54 mg/dL) only in the insulin titration period (0 - 12 weeks); data extracted
and adapted from Refs. [58] and [60]. On the other hand, the only head-to-head study that compared Deg-200 vs. Glar-300 found
no difference in the risk of overall hypoglycemia (data extracted and modified from Refs. [61] and [62]). In both studies no differ-
ences were found on the A1c value. Cl: confidence interval; Deg: degludec; Glar: glargine; OR: odds ratio; RR: risk ratio; T2DM:
type 2 diabetes mellitus. Source: author’s elaboration.

Table 5. Effects on Body Weight and Differences in the Average Dose of the Different Bls in T2DM

Comparison Weight gain

Glar-100 vs. NPH [39, 40] No differences in weight gain with both insulins

Glar-100 vs. Det [56, 57] The mean difference was -0.91 kg (95% CI -1.21 to -0.61), favors Det

Det vs. NPH [38-40] Less weight gain was consistently across the BI + bolus, and BI + OADs combination therapy studies, favors
Det

Deg-100 vs. Glar-100 [57, 58] No differences in weight gain with both insulins

Glar-300 vs. Glar-100 [59] Less weight gain was consistent across the Bl + OADs combination therapy studies, favors Glar-300

Glar-300 vs. Deg-100 [60] No differences in weight gain with both insulins
Glar-300 vs. Deg-200 [61] No differences in weight gain with both insulins

Bl: basal insulin; Deg: degludec; Det: detemir; Glar: glargine; NPH: neutral protamine Hagedorn; OAD: oral antihyperglycemic drug; T2DM: type 2

diabetes mellitus.
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metformin, SGLT?2 inhibitors, SU, thiazolidinediones (TZDs),
inter alia) does not contraindicate the use of BOTs; however, it
must be taken into account that the combination of SU with Bls
increases the risk of weight gain and hypoglycemia; moreover,
the use of TZDs with Bls can also induce significant weight
gain. Therefore, any BOT scheme must be individualized, al-
ways establishing the risks (weight gain and a higher rate of
hypoglycemia) and the potential benefits, since management
with Bls could help to suspend OADs in compromised indi-
viduals of renal and/or hepatic function, or in those receiving
multiple OADs or in situations where these drugs are consid-
ered to have progressively lost their efficacy (such as SUs) or
where it is considered that there is a risk of other outcomes, for
example, heart failure (for TZDs) [26-28].

On the other hand, the use of Bls with GLP-1RAs is a
useful and effective management strategy. Potentially, all
GLP-1RAs can be combined with BIs, this combination has
shown greater efficacy in the control of Alc, FPG and PPG
(in relation to the exclusive use with BI or with GLP-1RAs, in
individuals with T2DM receiving management with OADs); it
is currently considered that any individual with T2DM in treat-
ment with OADs with Alc levels > 10.0% (or with levels that
exceed the value of the Alc two percentage points above the
“individual” goal) can benefit from the combined treatment
BIs + GLP-1RA [26, 64].

Two titratable, fixed-ratio combination (FRC) therapies
are currently available, Glar-100/lixisenatide (GlarLixi) and
Deg-100/liraglutide (DegLira); both combinations have shown
greater efficacy in metabolic control (A lc, FPG, and GPP) with
a lower risk of hypoglycemia, less weight gain, and a lower
dose of insulin (when compared to either of the two Bls in
monotherapy). A lower risk of gastrointestinal adverse events
(when compared to either of the two GLP-1RAs) has also been
documented. It should be taken into account that, when an indi-
vidual has the indication for the combination BI + GLP-1RAs,
if one of the objectives of management is to reduce the risk of
cardiovascular events, then it is recommended to use each one
of the components separately, since for the available presenta-
tion (DegLira) the only way for the patient to receive the dose
of Lira that has been shown to reduce the risk of cardiovascular
outcomes (1.8 mg), is supplying at the same time a dose of Deg
of 50 U [64, 65].

Despite the benefits of early initiation of insulin on meta-
bolic control, the preservation of B cells and the potential ben-
efit of reducing vascular complications are clear. There are still
doubts and misconceptions surrounding the initiation and in-
tensification of insulin management, and among these are the
patient’s fear of using needles, the time required for the appli-
cation of insulin, social stigmatization, risk of hypoglycemia,
impact on weight gain, and cost of modern insulins [66].

Although each of these conditions could eventually be un-
derstood and justified from the perception of the patient, the
treating physician may not believe that to be the case. Ulti-
mately, all of these factors translate into therapeutic inertia,
poor metabolic control, and an unacceptably high risk of mi-
crovascular, macrovascular, and mortality outcomes [67, 68].

In this review, it has been described that the efficacy of all
of the insulins available and considered as BI have a similar
efficacy. The differences found between long-acting analog
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insulins and NPH insulin are based on the former showing a
profile of improved safety compared to NPH. With a lower
risk of hypoglycemia (as well as the advantage of being able
to be applied once a day), these aspects clearly explain why
long-acting Bls are preferred in the clinical setting. However,
in places where the cost and access to long-acting analog in-
sulins make their use difficult, NPH continues to be valid and
useful [69]. In these cases, the benefit outweighs the potential
risk of hypoglycemia from NPH.

In those clinical scenarios where access to all Bls is not
an inconvenience (as is the cost), the decision to choose one or
the other insulin should be based on aspects such as the lower
risk of hypoglycemia, lower increase in weight, and lower fre-
quency of applications throughout the day. In accordance with
the above, Bls such as Glar-100, Glar-300, Deg-100, and Deg-
200 should be preferred in relation to Det.

Likewise, the lower risk of hypoglycemia found with insu-
lins such as Deg-100 and Glar-300 makes their use more likely
to be preferred (in relation to Glar-100). Moreover, the lower
increase in weight documented with Glar-300 is an additional
benefit. In this sense, it can be argued that in cases where an
individual under treatment with Glar-100 has an unacceptably
high frequency of hypoglycemia or where a therapeutic ob-
jective is weight reduction (or at least no weight gain), it is
reasonable to consider a switch to insulins such as Deg-100
or Glar-300 (with greater evidence of benefit for body weight
than Glar-100) [70, 71].

On the other hand, in insulin-naive individuals, who re-
quire the initiation of Bls, the use of Glar-300, Deg-100, and
Deg-200 is perfectly valid. However, when there is a scenario
in which the patient has a higher risk of hypoglycemia a priori
(mainly in the insulin titration period), the use of Glar-300
could be preferred over Deg-100. However, this has not been
shown to result in higher adherence, lower risk of hypoglyce-
mia, or better long-term metabolic control.

Finally, the improvement and advances in the develop-
ment and generation of long-acting Bls should provide greater
peace of mind and safety for both the treating physician and
the patient, and this should be reflected (at least a priori) in
less therapeutic inertia, in fewer doubts and fears in insulin
management in individuals with T2DM.

Conclusion

In the clinic, it is not always easy to decide the ideal moment
to start BIs management in individuals with T2DM. However,
when making this decision, some key aspects must always be
considered, such as, inter alia, metabolic control (FPG, PPG,
and Alc), risk of hypoglycemia, effect on body weight, and
frequency of application. In this sense, long-acting Bls have
some advantages over NPH and Det insulin. Likewise, along
with inducing a lower risk of hypoglycemia and less weight
gain than Glar-100, Glar-300 also has an advantage over Deg-
100 in that it produces lower risk of hypoglycemia (specifi-
cally in the insulin titration period). Finally, between Glar-300
and Deg-200, there are more similarities in efficacy and safety
than differences between both.
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