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Abstract

Insulin was discovered by a group of scientists. This hormone has profound effects in carbohydrate and lipid metabolism. Although insulin is a naturally occurring
hormone, its analogues have also been synthesized and are in use. In this review, the pharmacokinetic and pharmacodynamic properties of insulin analogues, their
adverse effects, clinical effectiveness and economical dimension of their use are discussed.

Mechanism of action and its effects

A group of scientists discovered insulin. Dr. Frederick G. Banting
became the first individual to isolate the secretions from the islet cells
and not only as a potential treatment for diabetes, but as a hormone
which has several metabolic effects, the chemistry skills of his assistant
Charles Best, and John MacLeod of the University of Toronto in Canada
were the other members of the team [1].

Insulin is a key player in the control of intermediary metabolism,
it organizes the use of fuels for either storage or oxidation. Insulin
has profound effects on both carbohydrate and lipid metabolism,
and significant influences on protein and mineral metabolism.
Consequently, derangements in insulin signalling have widespread and
devastating effects on many organs and tissues [2].

Insulin signalling begins with binding to its cell surface insulin
receptor, and the receptor is a tyrosine kinase. The kinase is
subsequently autophosphorylated and activated to tyrosine
phosphorylate key cellular substrates that are essential for entraining
the insulin response [3].

The insulin receptor is a tyrosine kinase (Figure 1). It functions
as an enzyme that transfers phosphate groups from ATP to tyrosine
residues on intracellular target proteins. Binding of insulin to the
alpha subunits causes the beta subunits to phosphorylate themselves
(autophosphorylation), thus activating the catalytic activity of the
receptor. The activated receptor then phosphorylates a number of
intracellular proteins, which in turn alters their activity, thereby
generating a biological response [2].

Insulin and carbohydrate metabolism

Insulin facilitates entry of glucose into muscle, adipose and several
other tissues.

Insulin stimulates the liver to store glucose in the form of glycogen.

A well-known effect of insulin is to decrease the concentration of
glucose in blood. One of the major actions of insulin is to reduce blood
glucose concentration by affecting both glucose utilisation in peripheral
tissues and glucose production by the liver [4-7]. 7, 8].
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Insulin and lipid metabolism [2]
1. Insulin promotes synthesis of fatty acids in the liver.
2. Insulin inhibits breakdown of fat in adipose tissue

Insulin is a naturally occurring hormone, synthesized and
secreted by pancreatic B- cells, and is one of the major regulators of
glucose homeostasis regulation system in the body. Impaired glucose
metabolism occurs in diabetes mellitus [8]. Approximately 90% of
diabetes cases are of type II (also known as non-insulin-dependent),
characterized by insulin resistance and partial insulin deficiency,
whereas type I diabetes (also known as insulin-dependent) is
characterized by destruction of the insulin producing cells resulting in
a complete insulin deficiency(Figure 2).
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Figure 1. Insulin receptor
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Figure 2. The discovery of msulin and its analogues

Normal fasting concentration levels of insulin in blood range
between 50-80 pM [9], therefore requires a highly sensitive and
selective detection and quantification. Insulin concentrations in blood
samples were first detected by radioimmunoassay [10], which was
later replaced by an enzyme-linked immunosorbent assay [11]. Other
possible methods are electrochemical impedance spectroscopy [12],
surface plasmon resonance [13], carbon nanotube modified electrode
[14], and nickel powder modified electrode [15].

Insulin and insulin analogues

The discovery of insulin by Banting and Best in 1922 represented
a milestone in clinical medicine. It has saved the lives of many people
who would otherwise have died, but its another and unexpected effect
was to transform an acute, rapidly fatal illness into a chronic disease
with serious long-term complications [16].

The human insulin molecule is secreted by the pancreas and
consists of two polypeptide chains A and B that are linked by two
disulphide bridges [17]. In the body, insulin exists as monomers, dimers
and as hexamers (consisting of six monomers which self-associate in
conjunction with zinc ions).

Insulin complexed to zinc ions dissociates only slowly into insulin
monomers. Therefore, these preparations are used to maintain basal
insulin levels. During a meal, more rapid-acting monomeric insulin is
needed to provide meal-related increased insulin requirements [17].
Two main groups of insulin analogues can be distinguished in 1) short-
acting insulin analogues, genetically engineered in such a way that
they dissociate more rapidly following injection and in 2) long-acting
insulin analogues, which show a delayed absorption or a prolonged
duration of action.

The production and use of generic medicines has improved access
to medicines in low-income and middle-income countries. For HIV/
AIDS, the production of generic antiretrovirals resulted in prices falling
from US$10 439 per patient per year (produced by the originator) to
US$132 (generic producer) between 2000 and 2006 [17].

Short-acting insulin analogues

Currently, there are three rapid-acting insulin analogues(insulin
lispro, insulin aspart and insiilin glulisine) and two long-acting
insulin analogues (insulin glargine and insulin detemir) commercially
available. Insulin lispro (LysB28, ProB290 human insulin) was the
first clinically available insulin analogue . In insulin lispro, the natural
amino acid sequence of the B-chain is reversed at positions 28 and
29. As a consequence, there is a proline at position 28 and a lysine at
position 29, like in IGF1 [17].
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Insulin aspart is obtained by changing proline at position B28 by
the negatively charged amino acid aspartic acid. The pharmacokinetic
and pharmacodynamic characteristics of insulin aspart are very similar
to that of insulin lispro [17].

Insulin glulisine has been developed by substituting aspartic acid at
position B3 with lysine and lysine at position B29 with glutamine. These
changes also reduce the self-association when injected s.c. and thereby
provide a quick biological availability after injection [17].

Long-acting insulin analogues

This principle has been used for insulin glargine (GlyA21, ArgB31,
ArgB32 human insulin); so it is injected as an acid solution (pH 4.0)
and forms a slowly absorbed precipitate in the neutral environment of
the subcutis. This property means that it cannot be mixed with neutral
formulations of other insulins. Insulin glargine has been produced by
substituting asparagine with glycine in the A-chain at position 21 and
by adding two arginine residues to the B-chain at position 30 [17].

Another strategy to protract absorption has been to acylate fatty
acid species to the insulin molecule to allow reversible albumin-insulin
binding in an attempt to protract the time action profile while retaining
the practical advantages of a neutral liquid preparation. This strategy has
been applied to insulin detemir. In insulin detemir, the 3-amino group
on the side-chain of lysine at position B29 is acylated, while threonine
at position B30 is removed. After s.c. injection, insulin detemir binds to
albumin through this fatty acid chain [18,19]. This binding prolonged
half-life in pigs to 14.3 h as compared to 10.5 h with NPH insulin and
reduces the biological availability of free insulin detemir, making it
more predictable in terms of the risk for hypoglycaemic episodes [20-23].

All of the insulin analogues are summarised in table 1.

When regular insulin is injected under the skin, it forms hexamers,
which break into dimers, and then monomers. Because insulin is a large
protein, only the monomeric insulin molecules are small enough to be
absorbed into the systemic circulation [24].

Table 1. Insulin analogues classified by their duration of actions

Type of Insulin Pharmaceutical and brand name Pharm.a cokinetics
(Duration)
. . Glulisine (Apidra) 2-4h
Srislod_iz;mg Lispro (Humalog) 3-5h
& Aspart (NovoRapid) 35h
Insulin isophane (Humulin R) 5-8h
Short-acting Neutral insulin (Actrapid) 220 minutes (half-life)
analogues Regular Human Insulin & Isophane Human
Insulin (SciLin N) 4 minutes (half-life)
Intermediate Human Insulin Isophane (Humulin N) 4-8h
(NPH) insulin | INN insulin human (rDNA) (Protaphane) 5-10h
Long acting Detemir (Levemir) 20-24 h
insulin Glargine (Lantus) 24 h
analogues Insulin degludec (Tresiba) >25h
Insulin isophan and insulin regular (Humulin
70/30)
Premixed human |Soluble insulin 30% and isophane insulin 70%
insulins (Mixtard 30 HM)
Insulin isophan and insulin regular Recombinant
human insulin (SciLin M30-30/70)
30% soluble (rapid-acting) insulin aspart and
70% protamine-crystallised (intermediate-acting)
Biphasic insulin aspart (NovoMix30)
Analogue 25% insulin lispro solution and 75% insulin
Insulins lispro protamine suspension. (Humalog Mix 25)
50% insulin lispro solution and 50% insulin
lispro protamine suspension. (Humalog Mix 50)
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The concentration of traditional insulin products is 100 units/mL
(U-100). However, the growing number of patients who require very
high insulin doses created a market for more concentrated insulin
products like U-300 or U-500 [24].

The pharmacokinetics of inhaled and injectable insulins are
comparable, apart from an appreciably faster absorption of the
former, and both show the same intra-individual variability. The total
bioavailability is definitely lower with the inhaled route but is notably
increased in smokers. These characteristics can vary according to the
inhalation system used. A frequent induced cough, the increase in
circulating anti-insulin antibodies, and a potentially higher cost are not
really determining obstacles [25].

Expiration of patent protection for recombinant insulins provides
the opportunity to introduce biosimilars, onto the market [26]. The
main focus is on fast-acting insulin analogues (Humalog’; Novolog'/
NovoRapid’; Apidra’). Since they differ by few amino acids in chain B,
production of one biosimilar for all three drug products is not feasible.
However, from clinical data, rapid-acting insulin analogues seem to
have similar therapeutic efficacy [26].

Although the majority of patients with diabetes now use
biosynthetic human insulin, there are a small number of patients who
cannot manage their disease with these biosynthetic human insulins.
They need animal sourced insulin to manage their diabetes and they
are concerned about the uninterrupted availability of animal-sourced
insulin for the future [27].

Unlike antiretroviral drugs or most other medicines, insulin is a
biological product and thus creating a biosimilar is more difficult than
creating a copy of a chemical entity [28].

Biosimilars face a more stringent regulatory assessment than
generics, including the need for clinical trials, which significantly
increases costs and timelines to market entry of biosimilars. Although
various biosimilar insulins are marketed in countries (such as China,
India, and Mexico) with less stringent regulation than, for example,
Europe and the USA, it was not until 2015 that a biosimilar insulin
received approval from an SRA (Japan’s Ministry of Health, Labour and
Welfare) to market its biosimilar glargine. This approval provided the
first example of a company other than one of the multinational producers
that was able to gain approval in a highly regulated market [28].

Assessment of the pharmacokinetic (PK) and pharmacodynamics
(PD) properties of a drug formulation is critical to understanding
its time-action profile and the drug’s benefits [29]. PK parameters
determine the concentration of drug and metabolites that are achieved
in blood, plasma, or other tissues, whereas PD parameters examine
how a drug affects the body. In general, the extent of a drugs PD
interactions within an individual is affected by drug PK parameters,
such as absorption, distribution, metabolism, excretion and, frequently,
drug concentration. However, the relationship between PK and PD
is less direct with insulins that exert pharmacologic effects through
binding to cell surface receptors [30]. In patients with diabetes, altered
insulin sensitivity can result in altered PD activity for the same PK
concentration in different individuals.

Adverse effects

The most common adverse drug reactions for both groups were
similar and included infection, central nervous system disorders,
gastrointestinal events, hypoglycemia, injection site reactions and
musculoskeletal complaints [24].
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The major clinical studies on insulin showed that the safety and
effectiveness of human biosynthetic insulin and animal-sourced insulin
are comparable. In addition, the number and types of adverse reactions
reported with both types of insulins were similar. In fact, adverse
reactions such as hypoglycemia (low blood glucose), may occur while
taking either type of insulin without any major difference [27].

Hypoglycemia can occur regardless of what type of insulin you take
and can cause fatigue, sweating, heart palpitations, disturbed behaviour,
hunger, loss of consciousness, or in extreme circumstances even death
and can occur without recognizable symptoms.

Several types of hypersensitivity reactions to insulin preparations
have been described. These reactions may be caused by the insulin itself
or by additives within the preparation. Hypersensitivity reactions to
insulin are rare with human insulins and insulin analogues. However,
some types of reactions are serious and even life-threatening and
may have a significant detrimental impact on the patient’s diabetic
management [31]. Local reactions may present as erythema, swelling,
heat, or subcutaneous nodules [32]. They usually occur within the first
two weeks of therapy, then disappear [32]. Immunologic responses to
insulin, particularly animal insulin formulations, include the formation
of anti-insulin antibodies.

An unusual ocular disturbance during the beginning of therapy is
bilateral presyopia (blurry vision). Dermatologic reactions to insulin
can result in lipohypertrophy or lipoatrophy [32].

Adverse effect reports of malignancies have caused concern
regarding the long-term use of these therapies. Recently published
studies investigating a possible relationship between insulin analogues,
in particular insulin glargine, and the risk of cancer are currently under
review of the European Medicines Association (EMA) [33].

There are no conclusions that can be drawn from the studies about
the long-term effects of the interventions on the risk of diabetes-related
complications and overall mortality [34].

Clinical effectiveness

Diabetes and cardiovascular outcomes are closely linked. Many
studies have implicated insulin resistance and hyperinsulinemia as a
major factor for poor cardiovascular outcomes. Additional studies link
the anabolic effects of therapeutic insulin to weight gain, along with
hypoglycemia, which may further aggravate cardiovascular risk in this
population. Though good glycemic control has been shown to improve
microvascular risks in type 1 and type 2 diabetes, what are the known
cardiovascular effects of insulin therapy? The ORIGIN trial suggests
at least a neutral effect of the basal insulin glargine on cardiovascular
outcomes. Recent studies have demonstrated that ultra-long-acting
insulin analogs like insulin degludec are non-inferior to insulin glargine
with regard to cardiovascular outcomes [34].

A randomized crossover study in healthy male subjects revealed
a hepato-preferential effect and relatively decreased peripheral action
of polyethyleneglicol (PEG)lispro on glucose homeostasis that might
better recreate the physiological actions of endogenous insulin, which
is secreted into the portal vein [35]. In the open-label IMAGINE 1 trial,
patients receiving PEGlispro reported a statistically significant higher
rate of severe hypoglycaemic events; however, in the larger, blinded
IMAGINE 3 trial the rate of severe hypoglycaemic events for PEGlispro
treatment was numerically lower than for IGlar U100, but not
statistically significant [36,37]. In a 52-week trial comparing safety and
efficacy of PEGlispro versus IGlar U100 in patients with type 2 diabetes
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uncontrolled on basal insulin or > 3 oral antidiabetic drugs, PEGlispro
provided superior HbAlc reductions at a 60% lower rate of nocturnal
hypoglycaemia, but with higher mean (standard deviation) levels of
triglycerides, alanine aminotransferase, aspartate aminotransferase
and liver fat content versus U100 after 52 weeks of treatment [38].
PEGlispro was associated with less weight gain versus U100 in patients
with type 2 diabetes not previously using insulin (IMAGINE-2), [39]
those using basal insulin with mealtime insulin (IMAGINE-4) [40]
and similar weight gain versus U100 in patients currently using a basal
insulin (IMAGINE-5) [38].

Collectively, the trials demonstrated an improved balance between
glycaemic control and tolerability for both analogues compared to
NPH, regardless of regimen and diabetes type. Neither once-daily
glargine nor detemir reliably provides 24-h basal insulin replacement
in all patients with type 1 diabetes; a waning of effect frequently obliges
twice-daily administration [39].

Established rapid-acting and long-acting insulin analogues have
enabled more patients with type 1 diabetes mellitus to reach better
glucose targets, with lower hypoglycaemia rates and a better quality
of life than was possible with short-acting and long-acting human
insulin [41]. Compliance with the insulin therapy is important in
preventing the adverse clinical effects of the disease [42]. In human
beings the B-cells of pancreatic islets of Lang rhans synthesize insulin
from a single-chain precursor of 110 amino acids termed preproinsulin.
Insulin was purifi ed and crystallized by Abel within a few years of its
discovery. Sanger established the amino acid sequence of insulin in
1960 and it was synthesized in 1963. However Hodgkin and co-workers
have elucidated insulin’s three-dimensional structure in 1972 [43,44].

In 1980s with the help of recombinant DNA technology, human
insulin were discovered which replaced animal insulin’s. With the advent
of high-pressure liquid chromatographic technique, the level of purifi
cation of animal-sourced insulin’s has reached as high as 99%, whereas
the purity level of synthetic human insulin’s made via recombinant
DNA has only attained a maximum purity level of 97%, which raises
questions about the claim of synthetic insulin’s purity related to animal-
sourced insulin varieties Human insulin’s have reduced the adverse eff
ects of animal insulin’s such as insulin allergy, insulin resistance and
insulin lipodisatrophy [43,44].

The second-generation basal insulin analogues provide physicians
with new treatment options for achieving targeted glycaemic control.
While providing similar efficacy in lowering HbA1c to first-generation
insulin analogues, the newer insulin treatment options provide
additional clinical benefits, including a more stable, ultra-long duration
of action that enables once-daily administration with flexibility in daily
injection time, together with a lower risk of hypoglycaemia [45].

The results of another study found no clear benefits of short-
acting insulin analogues over regular human insulin in people with
type 2 diabetes. The certainty of the evidence was poor and results on
patient-relevant outcomes, like all-cause mortality, microvascular or
macrovascular complications and severe hypoglycaemic episodes were
sparse [46].

The need of insulin analogues arises from the fact that the human
insulin injections have a lag period of around 30 minutes between
administration and onset of action. As a result, regular human insulin
is not able to mimic the human physiology. Endogenous insulin, after
secretion from the pancreas, enters the portal circulation, after which it
reaches the systemic circulation. On the other hand, exogenous human
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insulin, after injection into sub-cutaneous tissue, enters the systemic
circulation, and then about 10% of the originally administered insulin
reaches the portal circulation. Thus, the portal and systemic gradient of
insulin is inverted in the case of exogenous insulin. Rapid-acting insulin
analogs overcome this by being more in tune with the physiological rise
and fall of glucose values after each meal [47].

Areas of particular interest for insulin research include [48]:

The effect of time and/or intensity of insulin treatment on the
likelihood of developing malignancy.

Elucidation of potential mechanisms e.g. cancer initiation/
promotion.

Dose-response effects.

The limitations of the relatively short duration of the clinical
development programs to study long-term safety e.g. the potential
effects of long-term treatment on the initiation or promotion of
malignancy.

Identification of risk factors for developing malignancy in patients
treated with insulin of insulin analogues e.g. indication for treatment, age,
sex, disease (including severity), body mass index (BMI), menopausal
status, parity, socioeconomic status, prior and during treatment.

Methodologies for early clinical detection of malignancy.

Methodologies for screening/predicting patients at high risk of
developing malignancy.

Detection of differences between different insulins and insulin
analogues.

Biphasic insulin analogues can target both fasting and postprandial
hyperglycaemia. A practical and feasible option is to initiate insulin
with one or more biphasic preparations at mealtimes. Individual
titration of dose and frequency of daily injections with biphasic insulin
preparations has the potential for improving glycaemic control with
a high degree of patient acceptance. Drawbacks include a more rigid
regimen, a relative lack of flexibility, and a somewhat higher degree of
glycaemic variability and hypoglycaemia when compared to multiple
daily basal-bolus injections [48].

Human regular (U-500) insulin is efficacious and safe for patients
with type 2 diabetes who require a high dosage of insulin to control
hyperglycemia. However, health care professionals should be well
educated and vigilant about patient safety issues regarding the drug’s
prescription, dosing, and administration [49].

Evidence concerning the efficacy and safety of glucose-lowering
agents for treating pre-existing and new-onset diabetes in kidney
transplant recipients is limited [50].

Basal insulin therapy can provide satisfactory glucose control in
more than 70% of patients with type 2 diabetes. Long diabetes duration,
obesity, insulin resistance and female sex indicate a need for further
treatment intensification [51].

Older adults are at an increased risk of developing type 2 diabetes
mellitus (T2DM). Although oral agents (i.e., metformin) are the
preferred first-line therapy, older adults often eventually require the
addition of insulin to control their blood glucose. Long-acting insulin
analogues are the preferred insulin products for older adults with
T2DM. Insulin degludec and insulin glargine U-300 are both new
generations long-acting insulins [52].
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Pharmacoeconomics

There is a pharmacoeconomic advantage of insulin analogs due to
improved glycemic control, improved adherence to therapy (less fear of
hypoglycemia and weight gain), and lower rates of hypoglycemia [53].

In patients who are prone to severe hypoglycaemia, using a full
analogue regimen is rapidly cost saving and should therefore be the
standard of care in all patients with type 1 diabetes mellitus [54].

The cost-effectiveness of insulin analogues depends on the type of
insulin analogue and whether the patient receiving the treatment has
type 1 or type 2 diabetes. With the exception of rapid-acting insulin
analogues in type 1 diabetes, routine use of insulin analogues, especially
long-acting analogues in type 2 diabetes, is unlikely to represent an
efficient use of finite health care resources [55].

Studies of incremental cost-effectiveness ratio per quality adjusted
life year gained generally demonstrated that insulin analogues could
be cost-effective compared with conventional human insulin.
The drug costs were higher in the insulin analogues group than the
conventional human insulin, but this was partly offset by reduced
complication costs [56].

Compared with human insulin, insulin detemir was likely to be
cost-effective for type 1 diabetes mellitus based on the willingness to
pay threshold in Sweden (SEK 100,000 per QALY gained), UK. (£
30,000 per QALY gained) and the US.A. (USD $ 50,000 per QALY
gained) [57-60].

The benefit of insulin aspart compared with human insulin in adult
patients is unclear due to alack of data or poor-quality data; an additional
benefit is therefore not proven. In patients without a higher than usual
risk of hypoglycaemia, overall, the studies show similar results between
insulin lispro and human insulin. On the basis of the data available, it is
unclear whether insulin lispro has an additional benefit in patients with
an increased risk of serious hypoglycaemic events.

Due to a lack of data, there is no evidence of an additional benefit
of insulin glulisine versus human insulin. There is an indication
of an additional benefit of insulin lispro versus insulin glulisine.
This indication is solely based on a lower rate of serious nocturnal
hypoglycaemic events under insulin lispro observed in one study.

Exenatide, the gliptins and detemir were all clinically effective.
The long-acting insulin analogues glargine and detemir appeared to
have only slight clinical advantages over NPH but had much higher
costs and did not appear to be cost-effective as first-line insulins for
type 2 diabetes. Neither did exenatide appear to be cost-effective
compared with NPH but, when used as third drug after failure of dual
oral combination therapy, exenatide appeared cost-effective relative to
glargine in this analysis [61].

Current evidence indicates that insulin analogues are cost effective
for T1DM; however, evidence for their use in T2DM is not convincing.
Additional evidence regarding compliance and efficacy is required to
support the broader use of long-acting and biphasic insulin analogues in
T2DM. The value of insulin analogues depends strongly on reductions
in hypoglycaemia event rates and its efficacy in lowering glycated
haemoglobin (HbA ) [62].

Insulin in pregnancy

One trial compared Lispro insulin with regular insulin and provided
very low-quality evidence for the outcomes. There were seven episodes

Trends Diabetes Metab, 2019 doi: 10.15761/TDM.1000113

of pre-eclampsia in the Lispro group and nine in the regular insulin
group, with no clear difference between the two groups. There were five
caesarean sections in the Lispro group and nine in the regular insulin
group, with no clear difference between the two groups. There were no
cases of fetal anomaly in the Lispro group and one in the regular insulin
group, with no clear difference between the groups. Macrosomia,
perinatal deaths, episodes of birth trauma including shoulder dystocia,
nerve palsy, and fracture, and thecomposite outcome measure of
neonatal morbidity were not reported [63].

The use of lispro was associated with lower rates of neonatal jaundice
and severe maternal hypoglycemia than regular insulin. Lispro use was
also associated with higher birth weight and an increased incidence of
large for gestational age births compared with regular insulin. Rates
of cesarean section and macrosomia were similar in pregnant women
treated with aspart and regular insulin. Birth weights and rates of
severe maternal hypoglycemia, respiratory dysfunction syndrome,
and neonatal intensive care unit admission were similar after pregnant
women were treated with glargine and NPH insulin [64].

In a retrospective population-based cohort study, the authors found
no increase in the risk of congenital anomalies in fetuses exposed to
insulin analogues in the first trimester compared with those exposed
to human insulin. Furthermore, a significantly lower risk of congenital
heart defects was observed with exposure to insulin analogues [65].

With the availability of first published data on the properties of a
biosimilar long-acting insulin, and with some data on copies of insulin
in other countries, it is now possible to assess what will be meant by
‘similarity, and what the issues surrounding such an assessment are.
Furthermore, the issues around immunogenicity for biosimilar insulins
are becoming clearer. The release of data on the Lilly insulin glargine
approval in the EU shows the complexity of biosimilar approval and is for
the more general understanding of such assessments for the future [66].

Increasing competition in insulin manufacture could lead to
large price reductions, potentially enabling the scale-up of access to
treatment [67].

It is important to note that FDA pregnancy categories are not used
after 2015 [68]. Insulin therapy remains the standard of care for type 1
diabetes, type 2 diabetes, and uncontrolled gestational diabetes mellitus
(GDM) during pregnancy. Regular insulin, insulin aspart, insulin
lispro, and NPH have the most human pregnancy data [68].

Screening for insulin resistance can be advised to all pregnant
women. Insulin sensitivity can be improved in these women by
modifying lifestyle, diet, and physical activity. Balanced diet providing
required quantity of macro and micro nutrients with good amount of
dietary fibers can be prescribed [69]. Avoidance of sedentary lifestyle
and increasing amount of activity should be advised before, during
and after pregnancy. Mild exercises such as walking and climbing stairs
can be advised for women with increased insulin resistance during
pregnancy [70]. Such intervention should be done at an early stage well
before the insulin resistance related complication develops [71]. As
pregnancy advances, IR increases. Increased IR is associated with poor
maternal and fetal outcome. Screening of all pregnancy for IR and early
intervention may help to reduce the associated complications [71].

Aspart, glargine, and detemir are safe treatment options for diabetes
during pregnancy; these insulin analogs did not increase complications
for the mothers or fetuses in our study. However, lispro was related
to higher birth weight in neonates. More high-quality randomized
controlled trials are needed to clarify the best treatment options for
diabetes during pregnancy [64].
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Conclusions

Healthcare professionals are encouraged to risk assess electronic
and paper systems used to prescribe, dispense and administer high
strength/fixed-combination insulin products, carefully check the
product strength selected in electronic systems and risk assess storage
arrangements for high-strength/fixed-combination insulin products
to help ensure selection of the correct strength and to avoid confusion
with other products [72].

Treatment with insulin analogues compared with conventional
human insulin appeared to offer minor benefit in terms of glycaemic
control as reflected in HbAlc level, postprandial blood glucose
and fasting blood glucose but have advantages in terms of reduced
occurrence of hypoglycaemia, particularly nocturnal hypoglycaemia
and severe hypoglycaemia as reported in some studies. While the
adverse events (excluding hypoglycaemia episodes) were found to
be similar in both treatment groups, patients treated with insulin
analogues showed greater treatment satisfaction and less weight gain.
Hence, it is recommended that insulin analogues should be made
available for treatment of all type 1 diabetes mellitus and for type 2
diabetes mellitus who have recurrent hypoglycaemia. More high quality
clinical trials are warranted to provide evidence on long term safety and
effectiveness of insulin analogues. Although insulin analogues could be
considered cost-effective in some countries, international comparisons
of economic evaluations are limited [71].

Increasing competition in insulin manufacture could lead to
large price reductions, potentially enabling the scale-up of access to
treatment [67].

The efficacy of insulin treatment seems to vary little between the
available products, however doses needed to achieve similar effects
vary; units used per HbAlc reduction could be a relevant parameter for
the choice of insulin.
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