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Abstract: Diabetes mellitus (DM) is a disorder of abnormal glucose metabolism resulting
primarily from insulin resistance and relative insulin deficiency and characterized by hyper-
glycemia causing significant short- and long-term complications. Type 2 diabetes mellitus
(T2DM) contributes to more than 90% of cases of diabetes. Obesity, sedentary lifestyles, and
consumption of very high-caloric meals are thought to be the primary triggering factors causing
T2DM in genetically predisposed individuals. Although treatment of hyperglycemia plays a key
role in the management, therapies directed at other comorbid conditions, such as dyslipidemia,
hypertension, hypercoagulability, obesity, and insulin resistance, have also been a major focus
of research and therapy. DM is rising to an epidemic proportion globally, and it is, indeed, one
of the most challenging public health problems in the 21st century. According to 2011 statistics,
there were approximately 366 million diabetes cases worldwide, and this figure would prob-
ably increase to 552 million by 2030. Long-term complications from high blood sugar include
coronary artery disease, cerebrovascular events, peripheral arterial diseases leading to amputa-
tion, retinopathy, nephropathy leading to end-stage renal disease requiring hemodialysis and
transplantation, and neuropathy. The acute complication of T2DM includes drug-induced hypo-
glycemia, hyperosmolar hyperglycemic state, and although uncommon, ketoacidosis. Diabetes
care requires a comprehensive and multidisciplinary approach to delay the progression to acute
as well as chronic and debilitating long-term complications. This approach requires the thorough
understanding of the pathophysiology of hyperglycemia and impact of various risk factors and
comorbidities, careful selection of antihyperglycemic agents, active and frequent participation
of diabetes educator, and involvement of multidisciplinary team. The objective of this review is
to highlight recent trends in hormonal treatment and to explore new and innovative therapeutic
modalities in the management of T2DM.

Keywords: diabetes mellitus, hormonal treatment, early insulinization, glycosylated hemoglo-
bin, ketoacidosis, hyperglycemia, hypoglycemia

Introduction

Diabetes mellitus (DM) is a chronic metabolic illness causing significant morbidity
and mortality resulting from acute and long-term macrovascular and microvascular
complications. The approach to diabetes care clearly requires the thorough understand-
ing of the pathophysiology of hyperglycemia and impact of various risk factors and
comorbidities, careful selection of antihyperglycemic agents, active and frequent par-
ticipation of diabetes educator, and involvement of multiple specialty teams.! Though
we know that aggressive treatment of hyperglycemia is central to diabetes management,
we should also address and treat the various risk factors and comorbid conditions such
as obesity, smoking, hypertension, dyslipidemia, and hypercoagulability states.
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The global prevalence of diabetes is now quoted to be
8.3%. North America and Caribbean bear the higher preva-
lence (11%), while in the Middle East and North Africa, the
prevalence is found to be 9.2%.

India, People’s Republic of China, and the US are the top
three countries in the number of people with diabetes, and
it is predicted that Africa would sustain the highest burden
in the next 20 years.?

According to the International Diabetes Federation statis-
tics, the number of people living with diabetes will increase
to 552 million by 2030, meaning that DM is rising to an
epidemic proportion globally and it is, indeed, one of the
most challenging public health problems in the 21st century.
People with impaired glucose tolerance are mostly asymp-
tomatic but do carry an increased risk of coronary artery
disease. Obesity and sedentary lifestyles are the key elements
in the rapid progression of type 2 diabetes mellitus (T2DM),
contributing to as much as 90% burden of diabetes.?

There are many barriers in the successful management
of diabetes such as cost, genetic interplay, environmental
factors, and comorbid conditions.* Vast majorities of T2DM
patients do not achieve the target glycemic control, and only
one third of them meet the targets for good glycemic control,
optimum blood pressure, and cholesterol control.®

It is evident from the Diabetes Complications and Control
Trial (DCCT) and the Epidemiology of Diabetes Interven-
tions and Complications (EDIC) trial that early intervention
to control hyperglycemia may significantly retard the progres-
sion to the long-term diabetes complications.®’

The cost of diabetes management is enormous. It is estimated
that in 2007, the total cost of diabetes treatment was 174 billion
US dollars. The emergency treatment and average medical expen-
ditures in diabetics are almost twice that of nondiabetics.®’

The objectives of this review are to provide a brief overview
on nonhormonal therapy, to present the pros and cons of nonhor-
monal oral antidiabetes medications and highlight newer trends
in the hormonal treatment, and to explore the innovative and
newest therapeutic modalities in the management of T2DM.

Pitfalls of nonhormonal

treatment: a brief overview

There are many challenges in diabetes management, and
majority of T2DM diabetics generally start with oral medica-
tions to control hyperglycemia. Oral antihyperglycemic drugs
require close observation for dose titration as well as side
effects resulting from such medications. Patients must also
be counseled and taught about the drug usage, possible side
effects, dose titration, and self-care management. Frequent

self-monitoring of blood glucose must be encouraged, and
patients must be educated to limit the consumption of high-
calorie food and beverages.

There are seven types of nonhormonal antihyperg-
lycemic drugs currently approved for the treatment of
diabetes: biguanides, sulfonylureas, meglitinides, glitazones,
alpha-glucosidase inhibitors (AGIs), dipeptidyl peptidase-4
(DPP-4) inhibitors, and sodium—glucose co-transporter
inhibitors. Tables 1 and 2 present the classification of non-
hormonal antidiabetes therapeutic agents and potential side
effects of these agents, respectively.

Biguanides

Metformin is the most widely used first-line oral nonhor-
monal therapy and especially recommended for obese T2DM.
Common side effects are gastrointestinal related, which may

Table | Classification of nonhormonal antihyperglycemic agents

Antidiabetic agents Basic mechanism

Insulin sensitizers
Biguanides
Metformin Activation of adenosine
monophosphate kinase
Inhibition of gluconeogenesis
Increase insulin sensitivity
Improve beta-cell function
Thiazolidinediones
Pioglitazone, rosiglitazone Activation of PPAR-y
Increase glucose transporter
expression (GLUT | and GLUT 4)
Decrease gluconeogenesis
Increase differentiation of

preadipocytes into adipocytes

Insulin secretagogues
Sulfonylureas

Gliclazide, glimepiride, glipizide, Stimulate insulin release from
glibenclamide (glyburide) pancreatic beta cells by inhibiting
Non-sulfonylureas potassium ATP channels

Repaglinide, nateglinide
Alpha-glucosidase inhibitors
Acarbose Inhibition of disaccharidase
Delay conversion of disaccharides

in to monosaccharide
DPP-4 inhibitors
Sitagliptin, vildagliptin, saxagliptin,
linagliptin, alogliptin

Decrease glucagon release
Glucose-dependent insulin release
Decrease appetite
Delay gastric emptying
Sodium-glucose co-transporter 2 (SGLT2) inhibitors
Canagliflozin, dapagliflozin, Inhibit reabsorption of glucose
empagliflozin from proximal convoluted tubules
and promote glycosuria

Abbreviations: PPAR-y, peroxisome proliferator-activated receptor gamma; DPP-4,
dipeptidyl peptidase-4.
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Table 2 Drawbacks of nonhormonal treatment

Antidiabetic agents Potential side effects

Limitations to usage

Insulin sensitizers
Biguanides

and B12 deficiency

Thiazolidinedione

fractures

Insulin secretagogues
Sulfonylureas

Non-sulfonylureas
Alpha-glucosidase
inhibitors

Weight gain and hypoglycemia

Dipeptidyl peptidase-4
inhibitors and pancreatitis
Sodium—glucose co-

transporter 2 inhibitors

Gastrointestinal disturbance, lactic acidosis,

Peripheral edema, dilutional anemia, and atypical

Allergy, weight gain, and hypoglycemia

Flatulence, diarrhea, and abdominal pain
Nausea, vomiting, diarrhea, nasopharyngitis,

Urinary tract infections, genital mycotic infections,

Chronic kidney diseases, chronic liver diseases,
pulmonary insufficiency, and congestive cardiac failure
Congestive heart failure, renal failure, risk factors of
bladder cancer, pregnancy, and lactation

Renal failure, hepatic failure, porphyria, pregnancy,
and lactation

Liver diseases, pregnancy, and lactation
Inflammatory bowel disease, renal and liver diseases,
pregnancy, and lactation

Hypersensitivity reaction, history of pancreatitis, and
renal failure

Renal diseases, pregnancy, and lactation

polyurea, hypotension, hyperkalemia, increased

LDL cholesterol, and cardiovascular side effects

Abbreviation: LDL, low-density lipoprotein.

result in withdrawal of drug in 20%-30% of cases. Rarely, it
may result in lactic acidosis, medical condition with a high
mortality rate, if used in certain medical conditions such as
renal failure, acute illnesses, dehydration, and respiratory
insufficiency.'” Therefore, patient must be educated to with-
hold the drug in case of acute illness and dehydration status,
and while undergoing surgical procedures and receiving
intravenous contrast agents.

Insulin secretagogues

Insulin secretagogues such as sulfonylureas (glyburide,
glipizide, glimepiride) and meglitinides (nateglinide and
repaglinide) stimulate insulin release from beta cells and
can produce hypoglycemia as a side effect, especially in the
event of fasting and missed meals.

The onset of action of sulfonylureas is slow, and dosage
is difficult to titrate acutely, and some of the agents of this
class also have a prolonged duration of action causing great
difficulties in the event of hypoglycemia. With the passage of
time, majority of T2DM patients develop secondary failure
and poor glycemic control because of progressive loss of
pancreatic beta cells.!

Meglitinide is a non-sulfonylurea moiety and a weak oral
antihyperglycemic agent, which may be used in patients with
allergy to sulfonylurea and renal failure.'?

Side effects are similar to sulfonylureas, but incidence of
hypoglycemia is less commonly reported.

Thiazolidinedione
The first drug of this class, troglitazone, was withdrawn from
the market because of fatal hepatotoxicity. Pioglitazone and

rosiglitazone are the drugs of this class currently available.
They increase insulin sensitivity through a complex mecha-
nism and are indicated in T2DM in combination with other
oral agents.'

They also exhibit the potential side effects of liver dys-
function, significant weight gain, anemia, and decreased
bone density causing increased fracture risk at atypical sites
like forearm.'*!s

Alpha-glucosidase inhibitors

AGIs act by inhibiting disaccharidase, an enzyme that
breaks down disaccharides to monosaccharides in the
intestinal brush border and decreases postprandial glucose
excursion.'

Gastrointestinal side effects are frequent and include
abdominal bloating, flatulence, and cramping. Because of
these common side effects, most of the patients are unable
to tolerate and stop taking medicine.

DPP-4 inhibitors

DDP-4 inhibitors stimulate glucose-dependent insulin release
from beta cells, decrease glucagon secretion, and suppress
hepatic gluconeogenesis. It has also been suggested from
animal studies that DPP-4 inhibitors enhance survival of
pancreatic beta cells by inhibiting apoptosis, a process
of natural cell decay."” This phenomenon should also be
explored in humans as a potential treatment to preserve
beta-cell function.

These agents can be used as monotherapy or in combina-
tion with other oral drugs and insulin. Common side effects
are anorexia, nausea, abdominal pain, and vomiting. Few cases
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of acute pancreatitis have also been reported with the use of
sitagliptin, but clinical trials are yet to confirm the definite asso-
ciation of acute pancreatitis and use of DPP-4 inhibitors.!**

Sodium—glucose co-transporter
(SGLT?2) inhibitors

Sodium-dependent glucose co-transporters (or sodium—
glucose-linked transporter 2, SGLT?2) are a family of glucose
transporters expressed in the proximal convoluted tubules
from where 90% of the glucose is absorbed. Canagliflozin,
dapagliflozin, and empaglifiozin are currently available drugs
in this class.?%2

Common side effects include urinary tract infections and
genital mycotic infections and are associated with increased
urination and episodes of hypotension and hyperkalemia.

Nonhormonal treatment

and cardiovascular safety

e Biguanides are frequently associated with gastrointesti-
nal disturbances such as nausea, vomiting, and diarrhea.
Chronic metformin treatment is likely to be associated
with vitamin B12 deficiency because of decreased
absorption. B12 deficiency may lead to hyperhomo-
cysteinemia, which is an established risk factor for car-
diovascular disease. However, metformin is the first-line
antihyperglycemic agent used as monotherapy as well
as in combination with other oral and injectable agents.
Overall, clinical trials have shown its long-term safety
in cardiovascular diseases.” %

e Sulfonylureas may worsen myocardial ischemia due to
halting of ischemic preconditioning by inhibiting the
hyperpolarization state, which blocks the calcium influx
and protects the myocardium from further damage. The
University Group Diabetes Program study has shown
the link between use of sulfonylurea and incidence of
cardiovascular event and mortality.? However, this asso-
ciation has not been substantiated by the UK Prospective
Diabetes Study (UKPDS) or Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron MR Controlled
Evaluation (ADVANCE) study.?"?

Among sulfonylureas, the use of glyburide was associ-
ated with highest mortality (7.5%) compared to gliclazide
and glimepiride (2.7%).% However, the cardiovascular safety
of sulfonylureas cannot be considered established unless it
is evaluated in long-term cardiovascular outcomes trials.*
It is assumed that meglitinides may appear to exert similar
cardiovascular profile, but there is not enough data available
to support this hypothesis.

e Rosiglitazone and pioglitazone are the available
thiazolidinediones. Meta-analyses of randomized con-
trolled trials have shown an increased risk of fatal and
nonfatal myocardial infarctions with rosiglitazone.*! In
contrast, meta-analysis of trials of pioglitazone indicates
the beneficial effect on overall cardiovascular outcomes.*
Peripheral and pulmonary edema have been reported in
a number of cases; therefore, these drugs are contrain-
dicated in diabetics with New York Heart Association
(NYHA) class III or IV cardiac failure.

e AGlIs: No long-term data are available to disclose the
cardiovascular outcomes. However, the Study to Pre-
vent Noninsulin-Dependent Diabetes Mellitus (STOP
NIDDM) trial showed a marked reduction in fatal car-
diovascular events in high-risk individual with impaired
glucose tolerance.™

e As a matter of fact, DPP-4 inhibitors improve several
cardiovascular risk factors. They improve postprandial
glucose control, are weight neutral, may lower blood
pressure, improve postprandial and fasting lipemia, and
reduce inflammatory markers in patients with T2DM. In
addition, positive effects on the myocardium have been
described in patients with ischemic heart disease.>

e Sodium—glucose co-transporter 2 inhibitors are the latest
addition to oral therapy. There is evidence from one study
that adding dapagliflozin to currently available treatment
regimen is likely to decrease the macrovascular and
microvascular complications associated with T2DM.3
It is quite evident that many oral antidiabetes drugs

are associated with cardiovascular and non-cardiovascular
hazards, cannot be titrated acutely, and have limitations of
usage in special circumstances.*® Therefore, nonhormonal
antihyperglycemic pharmacological approaches should be
further evaluated in randomized clinical trials for patients’
benefit and safety.

Hormonal treatment
Insulin is the oldest and the most effective currently available
hormonal treatment indicated for all types of diabetes. Table
3 presents the classification and pharmacokinetic profiles of
insulin. It is the most extensively studied hormone and was dis-
covered in 1921 by Frederick G Banting and John Macleod, the
winners of Nobel Prize in 1923. Leonard Thompson, a teenager
with diabetes, became the first person to receive insulin shot in
1922 and improved drastically after receiving insulin.

Other relatively new hormonal treatment for T2DM
includes incretin mimetic such as glucagon-like peptide-1
(GLP-1) analog and amylin analog.
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Table 3 Classification and pharmacokinetic profiles of insulin

Insulin types Onset Peak Duration
of action
Conventional insulin
Short-acting regular ~ 30-60 minutes 2 hours 6 hours
Intermediate-acting 2—4 hours 4-6 hours 18 hours
Analogs
Ultra-short-acting
Lispro 5-15 minutes 60 minutes 2 hours
Aspart 5-15 minutes 60 minutes 2 hours
Glulisine 5—15 minutes 60 minutes 2 hours
Long-acting
Glargine 2—4 hours Not significant 24 hours
Detemir 2—4 hours Not significant 20 hours

Insulin therapy in T2DM
Table 3 presents the classification and pharmacokinetics of
insulin.

Insulin deficiency and T2DM

Insulin resistance and beta-cell dysfunctions are the
hallmarks of the pathophysiology of T2DM reported to
be present in 90% and 50% of cases, respectively, in
genetically predisposed individuals. This scenario is fur-
ther complicated by the progressive beta-cell loss, which
is augmented by glucolipotoxicity, increased islet amyloid
deposition, and inflammatory cytokines.*’** These effects
lead to decreased first-phase insulin release, later followed
by impaired second-phase insulin release. No matter
how good is glycemic control, a fall in beta-cell function
and mass is the rule with the passage of time. However,
accelerated deterioration in beta-cell mass was observed
in those with poor glycemic control. Therefore, patients
with longer duration of diabetes need dose increment and
add-on therapy.

Patients can benefit from insulin therapy at some point
after diagnosis, since it is estimated that beta-cell mass
reduces by 4% per year. One study conducted in the US
population revealed that only 12% of T2DM patients were
taking insulin, whereas 14% were taking both insulin and
oral medication.*’

Insulin is an absolute requirement for type 1 (T1) diabe-
tes, and many patients with T2DM will eventually require
insulin as their beta-cell function declines over time. To
achieve normoglycemia, insulin therapy should begin with
lifestyle modification and weight reduction and requires
consistency to maintain euglycemic state.

Main objective of normoglycemia is to prevent acute
and chronic diabetes-related complications, and previ-
ously conducted randomized trials only showed that insulin

therapy reduced microvascular complications.?®4! In fact,
recent follow-up data from the UKPDS conclude that early
insulinization also reduces macrovascular complication in
T2DM.*#

After availability of newer therapeutic modalities and
newer insulin analogs, physicians may find difficulty in select-
ing the best therapeutic regimen for their patients. However,
each patient must be individualized for a particular treatment
modality. New guidelines on diabetes management may also
help determine which treatment should be started first and
how to initiate and titrate insulin dosage to get optimum
glycemic targets. 34

Glycemic targets for T2DM patients

Achieving good glycemic targets is an essential requirement
to prevent and delay the diabetes-related complications,
and many large randomized clinical trials have shown that
achieving glycosylated hemoglobin (HbA, ) below 7%
reduces microvascular complications in T2DM.?% 47 These
trials initially indicated microvascular risk reduction, and
10-year follow-up UKPDS also showed cardiovascular risk
reduction after lowering HbA, below 7% in intensively
treated groups.*

Since complications from chronic hyperglycemia take
several years to develop, tighter glycemic control should
be reserved to those with prolonged life expectancy, young
individuals, and those without vital organ dysfunctions. The
American Diabetes Association guidelines recommend the
following glycemic targets for T2DM:

e HbA 7% or less
e Preprandial plasma glucose levels of 70-130 mg/dL
e 2-hour postprandial glucose levels of less than 180 mg/dL.

As per these guidelines, glycemic targets should be
individualized, and flexible and less tighter glycemic targets
(7%—8%) should be considered for those at higher risk of
hypoglycemia and can be categorized as follows.

e Elderly T2DM

e Advanced microvascular complications
e Severe macrovascular complications

e Shorter life expectancy

e Known epilepsy

e Recurrent history of hypoglycemia.

Insulin initiation: a challenge to health care providers

Insulin initiation remains a challenge to health care provid-
ers, although it is the most effective means to achieve eug-
lycemia, and its initiation requires a thorough counseling,
education time, and effort from health care providers.**#
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Patient resistance to the use of insulin is one of the barri-
ers to initiate insulin therapy and especially prevails in a
society where myths, misbeliefs, and misconceptions are
quite common. Psychological insulin resistance is also a
real phenomenon. Many diabetics often feel that insulin is
the last option, and once initiated, it can never be stopped,
and its initiation is the beginning of the end. They fear taking
the injection and feel that there is a stigma associated with
insulin. Insulin therapy can, in fact, be a real painful therapy.
As a consequence, compliance to an insulin regimen has been
difficult for many patients.>*!

Health care providers, on the other hand, also experi-
ence psychological resistance to insulin therapy. They may
also fear hypoglycemia and have concern for their patients’
safety.”

The majority of T2DM diabetics are obese, and the risk
of increasing weight further adds to the complexity of the
decision to initiate insulin. All these, combined with the time
it takes to educate the patient and titrate the dose, add up to
a lot of work. Therefore, a diabetes educator can play a key
role in mitigating many false beliefs and improving adher-
ence and compliance to insulin regimen.®* Every patient
must be educated about the actions of insulin, the impact of
food and physical activity on blood glucose, the importance
of self-monitoring of blood glucose, and the importance of
overall blood glucose control. To overcome the psychological
insulin resistance experienced by the patient, it is important
to begin the conversation early. Patient must be told that
diabetes is a progressive disease and that eventually most
people with T2DM will require insulin to achieve normal
blood glucose.

Indications for insulin initiation

Exposure to chronic hyperglycemia results in glucotoxicity,
lipotoxicity to pancreatic beta cells, oxidative stress, and
overproduction of reactive oxygen species, which affect the
insulin promoter genes expression and augment beta-cell
dysfunctions.** Despite all the odds and barriers to insulin
therapy, certain population would clearly benefit from early
insulinization.* Glucotoxicity can be reversed after institu-
tion of insulin and achieving normoglycemia, and beta cells
recover to a much greater extent in those exposed to shorter
duration of hyperglycemia.**’

Therefore, for patients presenting with severe hypergly-
cemia, insulin should be administered as soon as possible to
quickly achieve normoglycemia. Following are the indica-
tions to initiate insulin therapy in T2DM.

e Hyperglycemic hyperosmolar state

e Diabetic ketoacidosis

e Critically ill patient

e Moderate-to-severe vital organ dysfunctions

e Perioperative period before major surgery

e Failure to oral antihyperglycemic treatment

e Fasting plasma glucose (FPG) levels >250 mg/dL
e Random plasma glucose >300 mg/dL

e [Initial glycosylated HbA  >9%

e Pregnancy and lactation.

Potential advantages of early insulinization

Insulin therapy should not be considered as the last treatment
option. Rather, the initiation of insulin should be considered
early in the course of disease. Early insulinization may help
patients achieve long-term glycemic control and improved
quality of life, and results in rapid reversibility of gluco-
lipotoxicity, reduction of the inflammatory markers and
cardiovascular risk, and preservation of beta-cell mass and
functions. One study showed that >95% of patients achieve
normoglycemia while receiving insulin as compared with
84% receiving oral agents.*® Patients on insulin therapy
achieve much quicker normoglycemia and increment in
Homeostasis Model Assessment of beta-cell function com-
pared to oral therapy.*

Conventional human insulin vs analog insulin
Insulin is secreted round the clock by beta cells of pancreas.
Its release is augmented by carbohydrate meal and char-
acterized by quick first-phase release followed by slower
second-phase release.®® Conventional human insulin may
not mimic the similar pharmacokinetics, and analog insu-
lins were introduced so as to physiologically simulate the
normal insulin pharmacokinetic profile. Regular human
insulin slowly absorbs from the subcutaneous tissues, takes
at least 30 minutes to exert effect, and peaks after 2 hours
(Table 3). Both postprandial hyper- and hypoglycemia are
commonly observed with regular insulin. The conventional
basal Neutral Protamine Hagedorn (NPH) insulin has vari-
able rates of absorption from subcutaneous tissues and
duration of action less than 24 hours resulting in fasting
hyperglycemia and nocturnal hypoglycemia.t!-62

U-500 regular insulin has a pharmacokinetic profile
similar to NPH and is specially indicated in severely insulin-
resistant patients. One study showed that patients who require
insulin doses more than 200 IU were switched to U-500
insulin twice a day and achieved better glycemic control.®
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Analog insulins are relatively new insulin formulations
and produced by changing amino acid sequence from the
human insulin. Modification in amino acid sequences causes
a change in physiological properties of analog insulins. The
three rapid-acting analogs (aspart, glulisine, lispro) dissoci-
ate and absorb quickly after subcutaneous injection and take
effect as early as 5 minutes and achieve peaks very early as
compared to regular insulin.

Insulin glargine, the first long-acting insulin analog, has
no significant peak and works nearly for 24 hours and is given
once a day only.**% Detemir, another long-acting basal analog,
has duration of action of 20 hours and can be given once or
twice daily. Both long-acting basal analogs have a nonsignifi-
cant or limited peak and longer duration of action and fewer
incidences of side effects than conventional NPH insulin.®*’

In one meta-analysis, glycemic control was not improved
with analog insulin compared to human insulin, but nocturnal
hypoglycemia was reduced.®®* Conventional human insulin
and analogs are supposed to have similar efficacy toward
lowering glycosylated HbA | . However, cost, safety, efficacy,
and individual preferences should be considered while pre-
scribing any type of insulin.

Initiating insulin therapy

Insulin therapy should always begin with diet control, weight
reduction, and exercise. A well-educated and motivated
individual may get normoglycemia soon if strictly adhered
to lifestyle changes. In T2DM, there is a relative insulin
deficiency, and endogenous insulin may be sufficient to con-
trol postprandial glucose excursion, and often, basal insulin
supplement once a day is enough to control hyperglycemia.
If not adequately controlled, then premeal bolus insulin or
premixed preparations can also be used. Insulin may be
used alone or in combination with other oral medications,
such as metformin, GLP-1 analog, thiazolidinediones, and
DPP-4 inhibitors. Health care provider must be careful while
prescribing insulin with thiazolidinedione because of much
weight gain and risk of worsening heart failure. However,
combination of insulin with metformin results in much bet-
ter glycemic control, low incidence of hypoglycemia, and
minimum weight gain.”

The term “insulin intensification” has been used to
describe multiple insulin doses and incorporate basal insulin
delivery with prandial doses of short- or rapid-acting insulin
analogs three or more times daily. Although this intensive
regimen is best suited for T1 diabetes, it can also be used for
uncontrolled T2DM patients.

Basic recommendations to initiate insulin therapy
If FPG is elevated, insulin therapy can be initiated with long-
acting or intermediate-acting basal insulin.

If postprandial glucose is elevated, rapid-acting analog
or regular insulin (bolus insulin) can be used.

If both FPG and postprandial plasma glucose are elevated,
any of the following combinations would be appropriate.

e Oral agents with basal insulin

e Premixed insulin analogs or premixed conventional
human insulin

e Basal/bolus as in multiple daily injections or an
insulin pump.

Basal insulin

As described in the “Conventional human insulin vs analog

insulin” section, basal insulin analogs provide insulin con-

centration for 24 hours and result in much less incidence of

hypoglycemic events. Therefore, basal analogs are preferred

over NPH insulin, although both kinds of basal preparations

are equally effective in reducing glycosylated HbA1c.”'7

For patients who remain uncontrolled despite receiving
more than two oral antihyperglycemic drugs, basal insulin
may be added as an add-on therapy to current regimen.
Starting dose of basal insulin depends on the level of glycemic
control at the time of presentation. If HbA  is =8.0%, then
basal insulin can be used at the rate of 0.1-0.2 U/kg, and
higher doses (0.2-0.4 U/kg) are indicated for those patients
with very poor glycemic control and HbA more than 8%.
This starting dose should be adjusted regularly according to
patients’ needs to achieve tighter and better glycemic control,
while avoiding hypoglycemia as much as possible.”

Patients with severe insulin resistance may require much
higher dose ((=1 U/kg) to overcome insulin resistance and
achieve glycemic control.

If plasma glucose level falls below 70 mg/dL, insulin
dose should be reduced by 10%—-20%, and in case of severe
hypoglycemia, dose may be further reduced by 20%—40%.
Bolus insulin
Regular insulin is short-acting bolus insulin, the effect of which
appears 30 minutes after subcutaneous injection and lasts
4-6 hours requiring frequent administration to control prandial
plasma glucose. Continuous intravenous infusions of regular
insulin are particularly useful in the acute medical emergency
such as diabetic ketoacidosis and hyperglycemic hyperosmolar
states and during the perioperative management of insulin-
requiring diabetics undergoing major surgical interventions.

Rapid-acting analogs have quicker onset of action, peak
quite early, and have shorter duration of action because
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of rapid degradation to insulin monomers as compared to
conventional human regular insulin (Table 3). Rapid-acting
analogs or short-acting insulin should be added to basal
insulin when postprandial glucose remains elevated or when
fasting glucose is under control, but HbA | remains elevated.
Dose of bolus insulin should be given as 10% of the total
basal insulin before each meal as suggested in the Treating
To Target in Type 2 Diabetes (4-T) study.” The results of
the 4-T study support the initial addition of basal insulin to
oral antihyperglycemic agents among uncontrolled patients
with T2DM and the addition of rapid-acting prandial insulin
in those still not achieving desired control.

Premixed insulin

Regular insulin mixed with NPH as well as rapid-acting insu-
lin analogs mixed with their intermediate-acting protamine
suspension provides prandial and fasting glucose coverage
and avoids multiple injections and improves compliance.
Premixed insulin dosage is difficult to titrate in the event
of fluctuating plasma glucose because of having fixed
combination.

Basal-bolus insulin regimens

Patients who suffer from symptomatic hyperglycemia and
remain uncontrolled as reflected by HbA, more than 8%
despite receiving basal insulin or premixed insulin may
respond to combination of basal plus bolus regimen. An
extensive regimen of once or twice basal coverage with short-
acting regular or rapid-acting analogs at each meal proves the
most effective strategy to get euglycemic states and provides
much flexibility for those patients who have variable meal
times and carbohydrate contents.”

If patients remain uncontrolled despite intensified basal—
bolus regimen, then subcutaneous insulin infusion pump
should be considered.

Combination of basal insulin with GLP-1 analog

Researchers found in a review and meta-analysis that the
combination of GLP-1 agonists and basal insulin beats
other T2DM treatments at lowering HbA and improving
glycemic control.

In a pooled analysis of 15 studies, there was a significantly
greater mean reduction in HbA | (-0.44%) against all other
comparators. This meta-analysis comprising 4,348 patients
found that the combination of GLP-1 and basal insulin offered
a significantly greater reduction in HbA,  than any other
treatment strategy (P<<0.0001) and lend support to the use
of GLP-1 agonists in combination with basal insulin in the
clinical management of patients with T2DM. Patients taking
the combination also had significantly greater weight loss, and

there was no increased risk of hypoglycemia. However, cost
may be a limiting factor for this combination therapy.’”’

Summary of recommendations to insulinization

One injection:

e Intermediate-acting insulin or long-acting analog at
bedtime

e Premixed conventional or analog before dinner.

Two injections:

e Twice daily breakfast and dinner premixed formulation

e Breakfast and dinner: combination of short-acting or
rapid-acting plus NPH or long-acting insulin analog.

Three injections:

e Add on short- or rapid-acting insulin at lunchtime to a
twice daily premixed regimen

e Add on a third premix injection at lunchtime to a twice
daily premixed regimen

e Intermediate- or long-acting insulin analog at bedtime
with short-acting or rapid-acting insulin analog at break-
fast and dinner.

Multiple injections:

e Short-acting or rapid-acting insulin analog at each meal
with an intermediate human insulin or long-acting analog
at bedtime.

Combination of basal insulin with GLP-I analog:
e Exenatide or liraglutide can be added to existing basal
analog regimen.

Insulin pump:
e Alternative to multiple daily injections.

Side effects of insulin therapy

Hypoglycemia

Hypoglycemia is a common and serious complication of
insulin therapy, and fortunately, fatality from such occur-
rence is rarely encountered and considered a major obstacle
to achieving target glucose control.

Patients with longer duration of diabetes are especially
at risk because of progressive loss of beta-cell mass and
more dependence on exogenous insulin with increasing dose
requirement with the passage of time. Following are the
other risk factors and associated medical conditions causing
hypoglycemia in insulin-treated patients.

38 submit your manuscript

Dove

Research and Reports in Endocrine Disorders 2015:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Hormonal treatment in T2DM

e Vigorous exercise
e Missed meals

e Overdosage

e Renal insufficiency
e Older age

e Liver diseases

e Hypothyroidism

e Hypocortisolism

e Hypopituitarism.

Achieving stringent glycemic control by intensive insulin
therapy is also one of the contributing factors causing hypo-
glycemic events. This notion is supported by many landmark
trials such as the Veterans Affairs Diabetes Trial (VADT),
ADVANCE, and Action to Control Cardiovascular Risk in
Diabetes (ACCORD). In the VADT and ADVANCE studies,
intensive therapy leading to a mean HbA,  0f6.3%-6.9% (vs
7.0%—8.5% in the standard control group) resulted in severe
hypoglycemia among 2.7%-21.2% of subjects, compared
with 1.5%-9.9% in the standard therapy group.“® This sce-
nario further complicated in the ACCORD trial where severe
hypoglycemia resulted in greater mortality rate.”

Incidence of hypoglycemia can be minimized by appropri-
ate selection of insulin, dosage, timing of administration, and
compliance to diet and exercise. Occurrence of hypoglycemia
first time predicts future occurrence as well, and almost one
third may experience second episode within 4 months.
Weight gain
Weight gain is also a common problem encountered in
insulin-treated patients, and degree of weight gain varies
from one insulin type to another and is seen more com-
monly with conventional insulin than analogs. Among the
basal insulin analogs, insulin detemir results in less weight
gain than insulin glargine, although glycemic control was
comparable. 8!

Risk of malignancy

T2DM is associated with numerous soft and solid tissue
tumors such as cancer of the breast, pancreas, colorectal,
liver, kidney, and endometrium and non-Hodgkin lymphoma.
It has been observed that patients with malignant condition
and T2DM using insulin carry greater mortality. Insulin
glargine has been shown to demonstrate increased mitogenic
potency and higher binding affinity to insulin-like growth
factors (IGF-1). However, glargine is rapidly degraded to
metabolites, and these metabolites show very little binding
affinity to IGF-1. A recent review on glargine did not sup-
port an increased risk of malignancy among glargine-treated
patients when compared to other insulin therapies.*

Newer insulin formulations
New technologies are merging in the development of newer
insulin formulations to provide more physiological profile
and better glycemic control and minimize side effects.
Insulin degludec
Insulin degludec is an ultra-long-acting basal analog in mul-
tihexamer form and has a half-life of more than 24 hours.
After subcutaneous injection, hexamers transform slowly into
monomers, and these monomers gradually absorb into blood
stream. In one study, degludec was compared to glargine, and
after 16 weeks of trial, it was concluded that degludec once
daily or three times per week caused more reduction in HbA
and less hypoglycemia compared to glargine once a day.®
Linjeta
Linjeta (formerly VIAject) is an ultrafast-acting human
insulin and contains ethylene diaminetetraacetic acid and
citric acid. These chemical substances cause more rapid
degradation of hexamers to monomers and more rapid peak
followed by faster decrease in insulin level after subcutaneous
administration. The time to half maximal activity of Linjeta
was found to be 33 minutes, 18 minutes faster than insulin
lispro and 33 minutes faster than regular human insulin.®
Linjeta has been shown to decrease oxidative stress and
postprandial hyperglycemia and hypoglycemia and improve
endothelial functions in T2DM.%
Biosimilar insulins
Biosimilar insulin is defined as a copy of an original research
biological molecule that is already approved for clinical use
such as insulin lispro and glargine. First biosimilar insulin
glargine has already been approved by European Union.
The US Food and Drug Administration (FDA) is likely to
give approval of biosimilar insulin after expiry of patent pro-
tection of analogs such as insulin lispro.* Manufacturers use
the similar, but not identical techniques in making biosimilar
insulin, which may differ in certain physiological and pharma-
cological characteristics.’” Biosimilar insulin may reduce the
cost of insulin, increase the accessibility, and expand the brand
available in the market. On the other hand, it must demonstrate
efficacy, safety, and tolerability as demonstrated by original
molecules manufactured by patent holders.®
Inhaled insulin
Exubera, the first inhaled insulin preparation approved by
the FDA, is no longer available. Afrezza, the second inhaled
insulin approved by FDA in April 2014, is an ultra-rapid-
acting form of inhalable insulin. Peak plasma concentrations
are attained at 10—15 minutes after inhalation that mimic
physiologic mealtime response. Cough is the most common
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side effect, and mild-to-moderate hypoglycemia has also
been reported.

GLP-1I analog

GLP-1 is an incretin-based peptide hormone, produced
by the L cells of the small intestine and mediates glucose-
dependent insulin release. After coming into circulation,
GLP-1 is rapidly degraded by the enzyme DPP-4. Its half-life
is only 1-2 minutes, and it is rapidly cleared by kidneys. The
natural peptide hormone, therefore, cannot be used thera-
peutically, and GLP-1 receptor agonists are manufactured to
bypass enzymatic degradation. There are two GLP-1 receptor
agonists available for T2DM, exenatide and liraglutide, and
administered subcutaneously. Their mechanism is similar to
naturally occurring GLP-1, but they bind to GLP-1 receptor
and exert their pharmacological effects.®

GLP-1 receptor agonists are found to be effective in
reducing both fasting and postprandial glucose excursions.
Their effects are more robust if combined with oral agents
or basal insulin.”

Following is the brief description of currently available
GLP-1 analogs.

Exenatide

Exenatide appears to lower HbA levels by 0.5%—1%, by
lowering fasting and postprandial blood glucose levels.”!*?
Exenatide exerts its effects by glucose-dependent insulin
release, suppressing appetite, slowing gastric emptying, and
reducing glucagon secretion. When used as monotherapy, it
is not associated with hypoglycemia, though gastrointestinal
disturbance is commonly encountered, and 30%—45% of
exenatide-treated patients suffer from nausea, vomiting, and
diarrhea. One advantage of using exenatide is that it causes
weight reduction and indicated especially for obese T2DM
who remained uncontrolled on oral medications.

Exenatide is dispensed as two fixed-dose pens (5 ug
and 10 pg). It is injected subcutaneously 60 minutes before
meal. Patients should be initiated with 5 g pen for the first
month, and the dose can then be increased to 10 pg twice
a day if patients tolerate well. It is excreted primarily by
kidneys; therefore, it is contraindicated in renal failure
patients.

In the Diabetes Therapy Utilization: Researching
Changes in A| , Weight and Other Factors Through Inter-
vention With Exenatide Once Weekly (DURATION-5)
study, exenatide once-weekly formulation was compared
to exenatide twice-daily preparations. It was concluded that
once-weekly formulation provided much better glycemic

control and tolerability than did twice-daily administration.®
Dose of the long-acting exenatide (Bydureon) is 2 mg once
a week.

The FDA recently approved another once-weekly formu-
lation, albiglutide (Tanzeum). Dose is 30 mg subcutaneously
once weekly, and may increase to 50 mg once weekly if
glycemic response is inadequate.

Liraglutide

Its mechanism of action is similar to exenatide, but it has long
plasma half-life of 814 hours; therefore, it is administered
once a day only. Its starting dose is 0.6 mg and can be gradu-
ally titrated up to 1.8 mg depending upon the tolerance and
glycemic control.

Side effects of GLP-| receptor agonists
Gastrointestinal disturbances are frequently encountered, and
one third of patients may suffer from nausea and vomiting.
Diarrhea is also reported in 10% of GLP-1 users. Few cases
of acute pancreatitis have also been reported in patients taking
liraglutide. One animal study showed that liraglutide stimu-
lated C-cell hyperplasia and caused medullary thyroid car-
cinoma in rats. Fortunately, human C-cells express very few
GLP-1 receptors, and it is still unclear whether GLP-1 agonist
is associated with similar outcome observed in animal study.”
Therefore, GLP-1 analog is contraindicated in patients with
personal or family history of medullary thyroid carcinoma
or multiple endocrine neoplasia syndrome type 2.

Amylin analog

Amylin is a 37-amino acid peptide that is stored in pancreatic
beta cells and is co-secreted with insulin. Amylin and insulin
levels rise and fall in a synchronous manner. Amylin and
insulin have complementary actions in regulating nutrient
levels in the circulation. Amylin is found to be deficient in
both T1 and T2DM.

Pramlintide

Pramlintide (Symlin) is an amylin analog that mimics the
effects of endogenous amylin, which is secreted by pancreatic
beta cells. Mechanism of action of pramlintide is similar to
GLP-1 analog, and it is administered subcutaneously before
meals. In clinical studies, HbA  has been decreased by
0.5-0.7 percentage points.”

The major clinical side effects of this drug are gastro-
intestinal in nature. Use of the amylin analog pramlintide
in conjunction with bolus insulin improves glycemia and
reduces weight in patients with T2DM.%
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Pramlintide is approved for use in patients with T1 and
T2DM taking insulin. It is recommended to reduce post-
prandial short-acting insulin dose by 50% before initiating
pramlintide. The recommended starting dose for T1 diabetes
is 15 pg before each meal, with increases of 15 ug every
3-7 days, as tolerated, to a goal of 60 g before each meal.
Persistent nausea should prompt backward titration until
resolved. The recommended initial dose for T2DM is 60 g,
titrated upward as tolerated to 120 pug with each meal.

Role of bariatric surgery
in T2DM treatment

Bariatric surgery is recommended for a selective group of
diabetes patients with obesity. However, weight-loss surgery
is the most effective treatment for morbid obesity, producing
durable weight loss, improvement, or remission of comorbid
conditions like T2DM, and longer life.”’

According to the 1991 National Institutes of Health consen-
sus conference on gastrointestinal surgery for severe obesity,
following patients are candidates for bariatric procedures.

e Morbidly obese (body mass index >40 kg/m?)
e Body mass index =35 kg/m? with comorbidities
e Failure to lifestyle modifications.

To qualify for surgery, patients must be well informed,
motivated, and free of significant vital organ dysfunctions
and psychological disease. In addition, the expected benefits
of operation must outweigh the risks.

Two mechanisms have been proposed to explain this rapid
normalization of glucose control after gastric bypass. The first
suggests reduction of insulin resistance, a hallmark feature of
T2DM. The second involves exaggerated responses from the
distal small bowel to nutrients. In the latter hypothesis, gut
hormones produced in the distal small bowel such as GLP-1
may act as incretins stimulating the beta cells in the pancreas
to restore normal first-phase insulin responses.”®

However, a long-term follow-up study showed that after
15 years, the diabetes remission rates decreased to 6.5% for
control patients and to 30.4% for bariatric surgery patients
(P<<0.001).” This might explain the progressive beta-cell
failure in long-standing diabetes and resulting in initiation
of hormonal therapy.

Future directions

to hormonal treatment

There is a pressing need for a new and effective therapeutic
strategy for addressing the epidemic of T2DM, and follow-
ing is a short description of the future potential hormonal
therapy for DM.

Betatrophins

Betatrophin has recently been described as a key hormone
to stimulate beta-cell mass expansion in response to insulin
resistance and obesity in mice.!%!%!

The finding has generated an interest in the develop-
ment of antidiabetes drugs with betatrophin as the active
component.

Liver and fat cell primarily express betatrophin. Animal
studies have suggested that beta-cell proliferations occurred
in response to expression of betatrophins during gestation and
insulin resistance in mouse models. In this model, expres-
sion of betatrophin led to expansion of beta-cell mass and
proliferation and improved glucose tolerance. Therefore, it
is presumed that betatrophin therapy might result in cure of
diabetes in future.

Leptin

Leptin is a hormone produced by fat cells, which regulates
the amount of fat stored in the body. It does this by adjusting
both the sensation of hunger and energy expenditures. Hunger
is inhibited when the amount of fat stored reaches a certain
level. Leptin is then secreted and circulates through the body,
eventually activating leptin receptors in the arcuate nucleus
of the hypothalamus. Energy expenditure is increased both
by the signal to the brain and directly via leptin receptors on
peripheral targets.!?

Leptin was first introduced in 1994, and since then, numer-
ous animal studies have been conducted to further explore
cellular and biological impact in the body. Leptin gene therapy
in animal models not only improved glucose tolerance in both
T1 and T2DM but also decreased obesity. Apart from these
beneficial effects, leptin was also found to improve triglycer-
ides in lipodystrophy associated with severe insulin resistance.
Although results from these studies are quite optimistic, more
studies are needed to determine the safety, efficacy, and clinical
indications to treat obesity and diabetes. %314

Ghrelin

Ghrelin is a peptide hormone produced by neuroendocrine
ghrelin cells of gastrointestinal tract and plays a significant role
in regulating hunger and energy balance. Ghrelin is secreted
when stomach is empty, and its production stops when stomach
is stretched or full of food contents. This neuroendocrine hor-
mone exerts physiological effects by acting on receptors pres-
ent on hypothalamus. It increases hunger, gastric acid secretion,
and gastrointestinal motility, effects opposite to leptin.
Pharmaceutical companies have started actively to
develop drugs that can target orexigenic or obesity-related
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functions of ghrelin and its receptor. Ghrelin receptor
antagonists are shown to block growth hormone secretion
and thus improve the diabetic condition by promoting
glucose-dependent insulin secretion and weight loss and sup-
pressing appetite.':1% Other potential therapeutic molecules
under consideration include glucagon receptor antagonists,
pancreatic-G-protein-coupled fatty-acid-receptor agonists,
and glucokinase activators.

Dual-hormone artificial pancreas
Dual-hormone artificial pancreas delivers both insulin and
glucagon that are released subcutaneously in response to
plasma glucose level sensed by a continuous glucose monitor.
A 5-day outpatient trial presented at the American Diabetes
Association meeting in June 2014 showed significant declines
in plasma glucose levels without hypoglycemic events.

This hormonal device was also tested in another 2-day
hospital-based setting of T1DM and showed excellent blood
sugar control with minimal hypoglycemia despite high-
carbohydrate meals and exercise and strongly justify further
evaluation under real-life situation.!®” We hope this device
to be marketed by 2017. However, this device is currently
recommended for TIDM only.

Turning stem cells into beta cells
Replacement of beta cells is one of the strategies to treat
diabetes, and human pancreas has been transplanted suc-
cessfully to treat people with T1 diabetes but limited
by the availability of donor cells and the side effects of
immunosuppression.

Transforming beta cells from stem cell is another
approach to treat diabetes. Stem cells have the potential
to transform into many different cell types and have been
genetically reprogrammed to take on the characteristics
of embryonic stem cells. They can grow indefinitely in the
laboratory and can theoretically change, or differentiate, into
any cell type found in the body.

A team led by Dr Douglas Melton at Harvard University
grew a human embryonic stem cell line and two human-
induced pluripotent stem cell lines in a culture system that
enabled them to transform human pluripotent stem cells
into beta cells that functioned similarly to normal adult beta

108

cells.!” Indeed, this experiment is a step forward toward

curing diabetes.

Conclusion
Insulin resistance and beta-cell dysfunctions are the hallmarks
of the pathophysiology of T2DM. Incretin hormones also

play some roles in glucose homeostasis, and incretin-based
therapy is relatively a new approach in the management
of T2DM.

Prevention of acute and long-term diabetes complications
is the main objective of diabetes treatment. Accelerated
deterioration in beta-cell mass was particularly observed
in those with poor glycemic control, and patients often
get benefit from insulin therapy because of early onset of
action, more effective in reducing HbA  and quickly avert-
ing the oxidative stress and glucolipotoxicity to pancreatic
beta cells. Landmark clinical trials have shown a clear
benefit of insulinization in reducing microvascular and
macrovascular complications. After availability of newer
therapeutic modalities and newer insulin analogs, treating
physicians may find it difficult to select the best treatment
modality. New guidelines on diabetes may also help in
deciding the appropriate treatment regimen and add-on
therapy, which is frequently required when glycemic control
is suboptimum. However, selection of a particular regimen
should be based on individual need, preference, cost, safety,
and efficacy. Uses of nonhormonal antidiabetes drugs do
carry more risks, side effects, and limitations to prescribe
in certain medical conditions as compared to hormonal
therapy such as insulin and incretin-based hormonal therapy.
Furthermore, oral antidiabetes treatment requires careful
dose titration and has delayed onset of action. GLP-1 and
amylin analogs are novel hormonal approaches and should
be considered in uncontrolled and obese T2DM.

Diabetes education, lifestyle changes, and dietary
modification should remain the part and parcel of diabetes
management, and their roles in achieving normoglycemia
cannot be overemphasized.

Cure from diabetes remains a dream, and indeed, there is
a dire need to develop curative therapeutic modality to effec-
tively combat the epidemic of diabetes, obesity, and metabolic
syndrome. There are many potential hormonal therapies
under way, and new technologies are emerging toward curing
diabetes, and we hope for much better therapeutic options
for diabetes treatment in the years to come.
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