k)
.LJ. COPYRlGHT©|NTERNAT|ONA|. ISLAMIC UNIVERSITY MALAYSIA
¥

SAFETY AND EFFICACY OF BASAL-BOLUS INSULIN
REGIMEN VERSUS PREMIXED INSULIN REGIMEN
AMONG TYPE 2 DIABETES MELLITUS (T2DM)
PATIENTS: AN OBSERVATIONAL STUDY

BY

PENWALLA NAZIA IQBAL

A thesis submitted in fulfilment of the requirement for the
degree of Master in Pharmaceutical Sciences
(Pharmacy Practice)

Kulliyyah of Pharmacy
International Islamic University Malaysia

SEPTEMBER 2015


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Type 2 Diabetes Mellitus (T2DM) is a chronic condition due to insulin resistance or
relative insulin deficiency. In Malaysia, although various insulin regimens are
recommended for the management of T2DM, premixed (PM) regimen is relatively
more commonly prescribed compared to Basal-Bolus (BB) regimen probably due to
the convenience of injecting fewer number of injections per day. Yet, there is still
limited comparison data regarding the optimal use of these two regimens. Thus, the
BB and PM insulin regimens were compared in regards to their safety and efficacy
outcomes. A retrospective study involving 271 T2DM subjects treated with BB or PM
regimen in an outpatient setting was conducted in Hospital Tengku Ampuan Afzan
and Klinik Kesihatan Beserah observing patient data over one year period. Among the
safety outcomes measured was the mean increment in weight, number of patients
experiencing hypoglycemia, hospitalization rate and mortality rate. Consequently,
efficacy outcomes measured were mean reduction in the Glycosylated Haemoglobin
(HbAZ1c), mean reduction in the Fasting Plasma Glucose (FPG), and mean increment
in the Total Daily Insulin (TDI) dose. After one year, mean reduction in HbAlc for
BB versus that of the PM regimen was 0.9% versus 0.2% (difference: 0.66, 95% CI -
0.06, 1.37, p=0.070), showing no significant difference between the arms. Also, there
was no statistical significant difference between BB and PM arm in terms of mean
reduction in FPG over a year,0.7 mmol/L versus 0.9 mmol/l (difference: 0.25, 95% CI
—2.02, 1.52, p =0.780), and mean increment in the TDI Dose, 15.1 U/day versus 11.8
U/day (difference: 3.37, 95% CI -8.38, 1.64, p = 0.184). On safety parameters, the
difference between BB and PM arm in terms of number of patients experiencing
hypoglycemia was 25.6% versus 17.1% (p=0.108) and the mean increment in weight
was 0.9 kg versus 1.3kg (p = 0.581) , showing both parameters to be comparable over
the one year period. Even though it was found that a significantly higher number of
patients were hospitalized over the one year in the BB arm compared to the PM arm,
hospitalization specifically due to hypoglycemia with 3 subjects in BB arm versus
none in PM arm was found to be statistically not significant (p=0.245).No mortality
was reported in either arm. From this first local comparative analysis of these two
insulin regimens, it can be concluded that the BB regimen and PM regimen were
equally safe, effective and comparable for use in T2DM patients at the involved study
sites. Nevertheless, it is recommended for further research that such study should use
larger sample size and extend the scope of study to other states in Malaysia.
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CHAPTER ONE

INTRODUCTION

1.1 DEFINITION OF DIABETES

1.1.1 Definition of Diabetes

Diabetes Mellitus is a chronic disorder characterized by chronic hyperglycemia and
other metabolic abnormalities, related to insulin deficiency and/or insulin resistance
(Ministry of Health Malaysia, 2009). The two common types of Diabetes are Type 1
Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM), in addition to
Gestational Diabetes Mellitus (GDM) as well as specific types of diabetes due to other

causes (American Diabetes Association, 2015).

1.2 TYPES OF DIABETES

1.2.1 Type 1 Diabetes Mellitus (T1DM)

Only 5-10% of all cases of Diabetes Mellitus consist of TAIDM (Daneman, 2006). This
type of diabetes is considered an autoimmune disorder leading to damage of the beta
cells of the islets of Langerhans in human pancreas resulting in insulin deficiency
(Van Belle, Coppieters, & Von Herrath, 2011). This type of diabetes is also called
Insulin Dependent Diabetes Mellitus (IDDM) and patient diagnosed with IDDM s

dependent on insulin to control hyperglycemia.

1.2.2 Type 2 Diabetes Mellitus (T2DM)
Type 2 Diabetes Mellitus (T2DM) is the majority type of all cases of diabetes in the

world. T2DM is usually associated with increasing age and obesity. It is a complex



metabolic condition described by existence of multiple factors such as resistance of
insulin in the muscle and adipose tissue, decline in pancreatic insulin secretion,
increase in liver glucose production and various hormone related deficiencies
(Ferrannini, 1998; UK Prospective Diabetes Study (UKPDS) Group, 1998; Van Belle
et al., 2011). This type of diabetes is also called Non-Insulin Dependent Diabetes
Mellitus (NIDDM) and patients diagnosed with NIDDM will have options of oral

hypoglycemic agents as well as insulin therapy in order to control the hyperglycemia.

1.2.3 Gestational Diabetes Mellitus (GDM)

Gestational Diabetes Mellitus (GDM) is any level of intolerance to glucose detected
first during pregnancy (The Royal Australian College of General Practitioners and
Diabetes Australia, 2014). The recommended criterion for diagnosis is based on a 2
hour test by consuming 75 gram of oral glucose. The test is called the Oral Glucose
Tolerance Test (OGTT). A Fasting Plasma Glucose (FPG) level > 5.1 mmol/L (92
mg/dl) , post one hour glucose level of > 10.0 mmol/L (180 mg/dl), or a post two
hour glucose level of > 8.5 mmol/L (153 mg/dl) is used for diagnosis of GDM

(Wendland et al., 2012).

1.2.4 Specific types of diabetes due to other causes

There are specific types of diabetes that occurs due to other causes. Among the
causes are beta cell function and insulin related defects, pancreas related diseases and
chemical or drug induced effects (The Royal Australian College of General
Practitioners and Diabetes Australia, 2014). For example, the use of nucleoside

reverse transcriptase inhibitors (NRTIs) or protease inhibitors may lead to insulin



resistance and increase risk of diabetes mellitus among HIV infected patients (Frasco

etal., 2014).

1.3 PREVALENCE OF DIABETES

1.3.1 Global Prevalence of Diabetes

Diabetes Mellitus is becoming one of the most highly concerned health problems in
this 21% century (George, Cebioglu, & Yeghiazaryan, 2010). In 2014, according to
the International Diabetes Federation (IDF), the world prevalence of diabetes among
adults was about 387 million people and it was projected that this figure will rise to
be over 592 Million adults by 2035 (International Diabetes Federation, 2014). The
IDF had also estimated a one hundred percent increment of the global expenditure of
diabetes to USD 490 billions from year 2010 to 2030 (van Avendonk & Rutten, 2009).
As T2DM adds on to the financial burden to all nations, the highest burden is held
upon developing countries as more than 80% cases occur in these countries
(Ramachandran, Snehalatha, Shetty, & Nanditha, 2012). The implications of diabetes
is so huge that IDF had grouped Diabetes Mellitus as an “International Disaster” and
pursued United Nation to accept the global threat of the diabetes epidemic (Mastura

etal., 2011).

1.3.2 Prevalence of Diabetes in South East Asia

The prevalence of diabetes in Asian population is increasing rapidly. In 2013, there
were 72.1 million diabetes patients in South East Asia and it is predicted that by 2035
the prevalence of diabetic patients will reach 123 million people (International
Diabetes Federation, 2013). In line with the increasing prevalence of diabetes, the

overweight and obesity statistics are also rising sharply. This could be due to the



economic growth, diet changes and unhealthy lifestyle among the Asian population

(Chan et al., 2009) .

1.3.3 Prevalence of Diabetes in Malaysia

In Malaysia, the Ministry of Health (MOH) conducts a population based national
survey on a 10 yearly basis initially and shortened to every four years currently. The
first National Health and Morbidity Survey (NHMS) in Malaysia was conducted in
1986 where diabetes prevalence among adults of age >35 years old was 6.3% (Noor,
Lua, & Nik, 2011). The second survey, NHMS II, conducted ten years later in 1996
revealed an increase in prevalence of further 2% to 8.3% in patients of and above 30
years old (Letchuman et al., 2010). In 2006, NHMS 11l showed a significant rise of
almost 80% in the prevalence to 14.9%, with estimated 95% of this population
having T2DM (Letchuman et al., 2010; Malaysian Endocrine and Metabolic Society
(MEMS), 2011). In 2011, according to NHMS 1V, the prevalence of diabetes
increased up to 20.8% among adult 30 years and above thus rendering one in every

five Malaysian adult, a diabetic (Ministry of Health Malaysia, 2011).

1.4 INSULIN AND ITS TYPES

1.4.1 History of Insulin

Insulin is a complex molecule with also a similarly complex mechanism of action
(Conlon, 2001). Insulin is a protein hormone extracted first in 1921 (Sleigh, 1998). In
1958, Fred Sanger discovered its amino acid sequences (Pickup J, 1997; Sleigh, 1998)
as in Figure 1.1. Since its discovery, insulin has become an essential component in the

management of diabetes (Kalra, Balhara, Sahay, Ganapathy, & Das, 2013) not only in



Type 1, but a growing evidents show its benefitial contribution in the management of

T2DM.

O Amin ead rasickies itvoived m dmansetian

‘ Amir mad resicdles irpalved in He rssernbly of dimsirs Bilo bacemers

o Ao sde which diferin parana ardd bovirg el ne (gas 1aia)

T Fasihors sl wiich intst s an wilhy 1he Irsuin recapiar i3 day

Figure 1.1 Amino acid sequence of insulin (Sleigh,1998).

Prior to genetic advancements, purified animal-origin insulin was the only type
of insulin available to diabetic patients. The first genetically engineered, synthetic
‘human’ insulin was produced in a laboratory in 1977 by Arthur Riggs, Keiichi
Itakura, and Herbert Boyer using E. Coli (Eilertsen & Berntsen, 2011). In 1982, a
group of researchers together with Eli Lilly Company were the first ones to sell the
first commercially available biosynthetic human insulin under the brand name of
Humulin, ended the need of extracting insulin from animal pancreas (Melmer,
Hellwig, Hehmann, & Dahlems, 2011; Rendell, 2008). Furthermore, modification in
the amino acid arrangements of insulin has given rise to analogue insulins such as

rapid acting and long acting insulins (Rendell, 2008).



1.4.2 Types of Insulin in Malaysia

In Malaysia, the available recombinant human insulins are either manufactured from
native human insulin, that is, regular human insulin, or insulins that are structurally
modified, also known as analogue insulins. The types of insulin preparation available
in Malaysia, their pharmacokinetic profiles, as well as the insulin regimens and
frequency of injections per day are shown in Figure 1.2 ,Figure 1.3, and Figure 1.4

respectively (Malaysian Endocrine and Metabolic Society (MEMS), 2011).

Insulin -

i o ™y =
Prandial Short-acting regular human insulin Rapid-acting
- Actrapid® - Novorapid® (Aspart)
- Humulin R® - Humalog® (Lispro)
- Apidra® (Glulisine)
Basal Intermediate-acting or Neutral Long-acting
Protaminated Hagedorn (NPH) - Lantus® (Glargine)
Insulin - Levemir® (Detemir)
- Insulatard®
- Humulin N®
Premixed Combination of short & Combination of rapid-acting &
intermediate-acting: protaminated analogue
30% regular insulin + 70% NPH - NovoMix® 30 (30% aspart
- Mixtard® 30 + 0% aspart protamine)
- Humulin® 30/70 - Humalog Mix® 25 (25% lispro
+ 75% lispro protamine)
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(Note: Adapted from the Practical Guide to Insulin therapy in Type 2 Diabetes Mellitus by Malaysian
Endocrine and Metabolic Society,2011)

Figure 1.2 The Insulin Preparations available in Malaysia



Brand (Generic of
BRI ES
e '\ S R

a) Short-acting, regular

- Mctrapid® 30 min 1-3 8 30 mins

- Humulin R=* 30 min 2-4 6-8 before meal

b} Rapid-acting analegue 3-15 mins

- Movorapid® (Aspari)® 10-20 min 1-3 35 before or

- Humalog® (Lispro}® 0-15 min 1 3545 immediately

- Mpidra® (Glulising) 5-15 min 1-2 35 after meals

¢} Intermediate-acting, NPH

- Insulatard®* 1.5Hr 412 T | DE =

- Humuiin N** 1 Hr 410 1618 i

dj Long-acting analogue Same fime

- Glarging®* 2-4Hr peakless 20-24 everyday at

- Detemir™ 1Hr peakless 17-23 || anylime of the

day

) Premixed human (30%

I'w_'l-mlm 30-60 mins
- Mixtars® 30 30 min dual 1823 || before meals
- Humulin® 30:70* 30 min dual 16-18
) Premixed analogue
- NovoMin® 30

(30% aspart + 7%

azpart protamine)® 10-20 min dual 18-23 )

- Humalog Mix® 25 5-15 mins
{25% lispro + 75% before meals
lispro protamine® 0-15 min dual 16-18

L% L

* Available af Ministry of Heaith, Malaysia,

(Note: Adapted from the Practical Guide to
Endocrine and Metabolic Society,2011)

Insulin therapy in Type 2 Diabetes Mellitus by Malaysian

Figure 1.3 Pharmacokinetic profiles of various types of insulin

No. of
injections
per day
1 BASAL
PREMIXED 0D
BASAL
2 PREMIXED BD
BASAL-PLUS (1)
BASAL-PLUS (2)
PRANDIAL
3 PREMIXED TDS
PREMIXED-PLUS
PREMIXED-PLUS
4 BASAL-BOLUS
5 BASAL-BOLUS

(Note: Adapted from the Practical Guide to
Endocrine and Metabolic Society,2011)

Type of insulin and timing

Intermediate acting (NPH) insulin pre-bed
Long-acting analogue once daily

Premixed/ premixed analogue pre-dinner

Intermediate acting (NPH) pre-breakfast and pre-dinner
Premixed insulin pre-breakfast and pre-dinner

Basal insulin once daily + 1 prandial insulin

Basal insulin once daily + 2 prandial insulin
Prandial insulin pre-breakfast, pre-lunch and pre-dinner

Premixed analogue pre-breakfast, pre-lunch and
pre-dinner

Premixed insulin pre-breakfast, pre-dinner +
1 prandial insulin pre-lunch

Prandial insulin pre-breakfast and pre-lunch +
premixed insulin pre-dinner

Basal insulin once daily + prandial insulin
pre-breakfast, pre-lunch and pre-dinner

Intermediate acting (NPH) insulin pre-breakfast
and pre-dinner + prandial insulin pre-breakfast,
pre-lunch and pre-dinner

Insulin therapy in Type 2 Diabetes Mellitus by Malaysian

Figure 1.4 Insulin regimens and frequency of injections per day



1.5 INSULIN USE IN THE MANAGEMENT OF T2DM

1.5.1 General Principle

Findings from the UKPDS revealed that affected Type 2 Diabetes Mellitus (T2DM)
patients usually have lost half of their B-cell functions at the point of diagnosis, with a
further decline of 5% every year (Harris, Klein, Welborn, & Knuiman, 1992). Most
patients need to start on oral anti-diabetic agents together with lifestyle modification
strategy. As in reality, normal glycemic control is difficult to achieve with lifestyle
changes alone (Ligthelm et al., 2006) .

In T2DM patients, with time, oral anti-diabetic agents usually lose their
effectiveness and patients need to seek exogenous insulin therapy. Generally,
implementation of successful insulin therapy requires three stages of treatment
including insulin initiation, optimization and intensification (Malaysian Endocrine and
Metabolic Society (MEMS), 2011).

According to the Malaysian Clinical Practice Guidlines (CPG) for T2DM
published in 2009, among the insulin regimens suggested are basal insulin, once daily
premixed, multiple daily premixed or basal-plus regimen (Ministry of Health
Malaysia, 2009) whereas the local Practical Guide to Insulin Therapy Guidelines
published in 2011 suggests the use of premixed, basal-plus, premixed-plus or basal-

bolus insulin regimens (Malaysian Endocrine and Metabolic Society (MEMS), 2011).

1.5.2 Pattern of Insulin Prescribing in Malaysia

According to local statistics, 73.5% of patients with known diabetes receive treatment
at MOH facilities due to its low cost of treatment compared to 20.3% from private
clinics (Letchuman et al., 2010; Ng, Lee, et al., 2013). However, on an overall basis,

the usage of insulin in primary health care facilities, both government and non-



governmental settings, is still low and diversified across different states in Malaysia
(Malaysian Endocrine and Metabolic Society (MEMS), 2011). According to National
Health and Morbidity Survey II1 (NHMS 1II), only 7.2% of the patients were on
insulin alone or in combination therapy (Letchuman et al., 2010).

According to the largest cohort study in T2DM patients in public health care
setting in Malaysia, the usage of intermediate acting insulin was the highest (54.9%)
followed by the premixed (36.1%) and short acting insulin (15.8%), respectively
(Mastura et al., 2011). The use of analogue insulins, rapid or long acting which is
known for its lower risk for hypoglycemia was very low, as cost was of concern in

public healthcare setting (Mastura et al., 2011; Ng, Lee, et al., 2013).

1.6 PROBLEM STATEMENT: WHY COMPARISON OF BASAL-BOLUS
REGIMEN VERSUS PREMIXED INSULIN REGIMEN?

Despite no strong evidence to support the superiority among different types of insulin
preparation, premixed insulin is the highest prescribed worldwide (Lasserson,
Glasziou, Perera, Holman, & Farmer, 2009). Local audits and surveys have also
shown that among the most prescribed insulin regimens are premixed insulin (45%
cases), basal-only regimens (39% cases), and bolus or basal bolus regimens (13%
cases) respectively (Malaysian Endocrine and Metabolic Society (MEMS), 2011).
BB insulin regimen, comprising four insulin injections a day provides a physiological
insulin-like activity but there have been concerns with regards to the multiple number
of injections involved and its impact on patients lifestyle (Ligthelm et al., 2006;
Masuda et al., 2008). Thus, most prescribers and diabetic patients look for convenient
fewer injections regimens such as premixed insulin regimen providing both fast or

rapid and intermediate insulin coverage (Fritsche, Larbig, Owens, & Haring, 2010;





