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Overview of current trends related to type 2 diabetes

01

Diabetes is defined by the World Health Organisation (WHO) as "a metabolic disorder of multiple 
aetiologies characterized by chronic hyperglycaemia with disturbance of carbohydrate, fat, and protein 

1metabolism due to defects in insulin secretion or insulin action".

Type 2 Diabetes (T2D) is the most common and clinically significant metabolic disorder which has 
1

become a global pandemic and a significant health burden worldwide in recent decades.  There is relative 
2insulin deficiency due to pancreatic β-cell dysfunction and insulin resistance in target organs.  Type 2 

diabetics are more likely to suffer short- and long-term complications, which often lead to their premature 
3death.
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Figure 1: The varying estimated prevalence of T2D in 2013 and projections for 2035, 
1between ages 20–79 years.

Introduction

Diabetes mellitus: A growing burden

In India, the burden of diabetes has been increasing steadily since 1990 and has been increasing at a faster 
6 pace from the year 2000.

The largest nationally representative survey on diabetes and prediabetes was undertaken in India by the 
Indian Council of Medical Research (ICMR), and included data of individuals aged 20 years and older 
drawn from urban and rural areas of 31 states, union territories, and the National Capital Territory of 

6India.  (Table 1) 

The overall weighted prevalence of diabetes by OGTT was 11·4%

Significantly higher prevalence in urban compared with rural areas (urban areas 16·4% vs rural areas 
8·9% (p<0·0001).

thIndian scenario from International Diabetes Federation (IDF)-2021 10  edition

It was estimated that 90% diabetes patients are diagnosed with type 2 the majority of the remaining 10% 
1of  patients have type 1 diabetes (T1D)

Diabetes affects more than 537 million individuals across the globe and is one of the leading causes of 
4death worldwide.  Figure 1

Globally, the number of people with diabetes was estimated to be 285, 366, 382, 415 and 425 million in 
1

the years 2009, 2011, 2013, 2015 and 2017.
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Projections for metabolic disease prevalence in india

Lack of insulin

Decreased
anabolism

Increased
catabolism

Increased secretion of:
Glucagon
Cortisol

Growth hormone
Catecholamines

Fatigue Hyperglycaemia

Vulvitis
Balanitis

Glycosuria

Osmotic diuresis
Polyuria

Polydipsia

Tachycardia
Hypotension

Salt and water
depletion

Death

Glycogenolysis
Gluconeogenesis

Lipolysis

Wasting

Loss of weight

Hyperketonaemia

Acidosis
Hyperventilation
Peripheral vasodilatation

Hypotension Hypothermia

Diabetic
ketoacidosis

® 1 in 7Accounts for  of all adults living with 
5

diabetes worldwide

nd
® 2Ranks  amongst the highest number of people 

5
with undiagnosed diabetes

rd
® 3  Ranks amongst the highest annual number of 

5
deaths from diabetes

Table 1: Weighted prevalence of diabetes and prediabetes in 31 states/Union territory of India - the 
6

ICMR INDIAB Study.

Significantly higher prevalence in among males compared with females (males 12·1% vs females 10·7% 
(p<0.0001).

nd 4,6
India has the 2  largest number (101.3 Million) of people with diabetes in the world

th
1/4  achieve glycaemic targets, and even less achieve blood 

4pressure control targets

The two major metabolic abnormalities, insulin resistance and insulin deficiency, contribute to 
hyperglycaemia and result from both genetic and environmental factors. Type 2 diabetic individuals are 

7
also characterised by reduced β-cell mass likely due to increased cellular apoptosis.  Figure 2

Pathophysiology of diabetes
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136·0
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8Figure 2: Pathophysiology of diabetes mellitus

9The pathophysiological mechanisms include:

® Reduced insulin secretion 
from pancreatic β cells

® Increased glucagon secretion 
from pancreatic α cells

® Increased hepatic glucose 
production

® Neurotransmitter dysfunction 
and insulin resistance in the 
brain

® Increased lipolysis

® Increased renal glucose 
reabsorption

® Reduced incretin effect in the 
small intestine 

® Reduced glucose uptake in 
peripheral tissues such as 
skeletal muscle, liver and 
adipose tissue

Hyperglycemia alone can impair pancreatic β-cell 
10

function and contributes to impaired insulin secretion.

A vicious cycle of hyperglycemia leading to 
10an impaired metabolic state

β-cell dysfunction 
occurs quite early 

and rapidly in 
11Asian Indians

02
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Due to the progressive decline in β-cell function, oral anti-diabetic drugs (OADs) can lose 
efficacy with prolonged use and a progression from monotherapy to combination (dual or triple) 

11
therapies may be necessary

04

Asian Indian phenotype has been associated with high levels of abdominal fat and insulin resistance 
even at low levels of body mass index (BMI), which is thought to be a factor for their increased 

11
tendency to develop type 2 diabetes.

Type 2 diabetes in Asian Indians appears to have a slightly different pathophysiology, with severe 
11insulin deficiency.

Asian Indian population with type 2 diabetes are classified into four phenotype clusters with 
11

important implications for prognosis and management.

® CIRDD: Combined Insulin 
Resistant and Deficient 
Diabetes

® IROD: Insulin Resistant 
Obese Diabetes

® MARD: Mild Age-Related 
Diabetes

® SIDD:  Seve re  Insu l in  
Deficient Diabetes.

Novel subgroups with certain 
unique phenotypic and 

11
biochemical characteristics

Persistent suboptimal glycaemic control is invariably associated with the onset and 
12progression of acute and chronic diabetic complications in diabetic patients

The complications related to diabetes account for most of the morbidity and mortality associated with this 
13-16disorder:

Complications associated with diabetes in Indian population

Atheroscierosis
Kidney

(Diabetic nephropathy) Heart failure Hypoglycaemia

Normal artery

Cholesterol blocked
artery

Normal
Kidney

Diabetic
Nephropathy

In India, diabetic nephropathy ranged from 0.9% to 62.3%. It is the main cause of end-stage renal disease 
(ESRD) and it is projected that  20% T2DM patients reach ESRD during their lifetime. Table 4

12
Diabetic nephropathy:

® Poor glycaemic control

® Long duration of diabetes

® Systolic blood pressure

Main risk 
factors for 

nephropathy

Increasing prevalence of diabetes in India and increased burden of undiagnosed 
12diabetes leads to irreversible long-term vascular complications

Type of complication Study population Prevalence percentage

Diabetic Retinopathy

1414 4.8%

1500 5.1%

4600 6.1%

306 15.36%

1715 17.6%

1414 18.0%

5130 21.7%

Diabetic Nephropathy

1500 0.9%

4600 1.06%

306 5.56%

390 12.1%

200 13%

1629 26.1%

1716 26.9%

365 34.4%

6175 62.3%

1414 10.5%

Diabetic Neuropathy

4600 13.15%

1500 13.2%

1401 18.84%

306 20.26%

390 44.9%

Author

Raman et al 2012

Sosale et al 2016

Sosale et al 2014

Manoj Kumar et al 2016

Pradeepa et al 2008

Raman et al 2009

Salil et al 2016

Sosale et al 2016

Sosale et al 2014

Manoj Kumar et al 2016

Akila et al 2020

Ravindran et al 2020

Pradeepa et al 2008

Unnikrish-n et al 2007

Hussain et al 2019

Dash et al 2018

Raman et al 2012

Sosale et al 2014

Sosale et al 2016

Rani et al 2010

Manoj Kumar et al 2016

Akila et al 2020

Table 2: Chronic complication of diabetes mellitus in India
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u
14

In diabetic patients, hypoglycaemia is the biggest obstacle to tight glycaemic control.

u
14

~96% reported any one symptom of hypoglycaemia.

u Severe or recurrent hypoglycaemic episodes can lead to significant psychosocial dysfunction and 
14

lower quality of life.

Hypoglycaemia

Heart failure

u
15

Patients with diabetes have an increased risk of developing heart failure (HF).

u Diabetes mellitus is 4X more likely to cause HF in patients (25% of chronic heart failure patients and up 
15

to 40% of acute heart failure patients) than in non-diabetics.

16Cardiovascular disease is a common cause of death and morbidity in T2DM patients.

Sharma A et al. reported that endothelial dysfunction, enhanced coagulation, and increased oxidative 
stress are frequently present in T2DM patients which further contributes to the development of 
cardiovascular diseases. Thus, elevated cardiovascular risk factors put patients with T2DM at greater risk 
for chronic heart failure, stroke, revascularization, myocardial infarction, and other disorders of the 

16
cardiovascular system.

HIGH RISK
OBESITY

CARDIOMETABOLIC
RISK FACTORS

OUTCOMES

↑ Insulin resistance Cardiovascular events

Glucose intolerance Coronary artery
 disease

↑ Blood pressure

↑ Inflammation

↑ Dyslipidaemia

Endothelial dysfunction

Type 2 diabetes

Heart failure

Arrhythmias

Sudden death

Figure 3: Relationships between high-risk obesity, intermediate cardiometabolic risk factors, and 
16cardiovascular outcomes (obesity phenotypes, diabetes, and cardiovascular diseases).

u The most common CV risk factor was a low HDL value according to LAI criteria with, 68% of all 
subjects appeared to have at least one lipid abnormality.

u Smokers had 7% higher CV risk than non-smokers and hypertensives almost 5% higher risk than 
normotensives.

u Most patients with T2DM are at very high risk of fatal CV events and males were at higher risk than 
females. Figure 4

u Atherosclerotic cardiovascular disease remains the principal cause of death and disability among 
patients with diabetes mellitus, especially in those with type 2 diabetes mellitus in whom it typically 
occurs 14.6 years earlier, with greater severity, and with more diffuse distribution than in individuals 

19
without diabetes mellitus.

18
Cardiovascular disease

Patients with diabetes are at increased risk for cardiac events due to cardiovascular (CV) risk 
17

factors like obesity, hypertension, and dyslipidaemia.
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18Figure 4: CV risk based on QRISK3 chart related to age and separated for sex  

Appropriate and intensive management of CV risk factors is important in young 
people at risk of diabetes as well as in young people recently diagnosed with type 2 

18
diabetes mellitus (T2DM)
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Current therapeutic approaches in management of T2DM 

® The physiology and treatment of diabetes are complex and need multiple interventions for successful 
20,21

disease management as follows:

® First-line therapy depends on comorbidities, patient-centred therapy factors, as well as management 
21needs and usually includes metformin and comprehensive lifestyle changes.

Non-pharmacological 
measures: Diet, physical 

activity, and behavioral therapy

Pharmacological measures: 
Glucose-lowering medications

® In adults with overweight/obesity at high risk of  type 2 diabetes, care goals should include.

š Weight loss or prevention of weight gain

š Minimizing progression of hyperglycaemia

š Attention to CV risk and associated comorbidities

® A successful medical evaluation depends on beneficial interactions between the patient and the care 
team.

® The use of person-centred, strength based, empowering language that is respectful and free of stigma in 
diabetes care and education can help to inform and motivate people.

® The person with diabetes, family or support people, and health care team should together formulate the 
management plan, which includes lifestyle management, to improve disease outcomes and well-being.

16
ADA 2022 guideline recommendation on Patient-Centred Care Goals

Achievement of treatment targets and adoption of healthy behaviours
4

 remains suboptimal in India

There is an urgent need to improve awareness regarding healthy diet and importance 
4of physical activity among the Indian population

The (ICMR)-India Diabetes (INDIAB) study present the control of cardiometabolic
4

 risk factors among those with self-reported diabetes

u Poor achievement of glycaemic targets despite widespread use of anti-diabetic drugs suggests a 
lack of timely escalation of treatment, which could be due to insufficient monitoring and follow-
up.

u A number of individuals with diabetes across India have markedly elevated LDL cholesterol and 
are at high risk for adverse cardiovascular outcomes.

u
2

Patients have average BMI of  25.6 kg/m  and HbA1c level of  8.1%.

u State-wise assessment revealed that the highest mean HbA1c levels were found in Punjab, Bihar, 
Chandigarh, Haryana, and Karnataka.
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DECISION CYCLE FOR PATIENT-CENTERED GLYCEMIC
 MANAGEMENT IN TYPE 2 DIABETES

ONGOING MONITORING 
AND SUPPORT INCLUDING

ASCVD - Atherosclerotic Cardiovascular Disease

CKD - Chronic Kidney Disease

HF- Heart Failure

DSMES - Diabetes Self-Management Education and Support

BGM - Blood Glucose Monitoring

GOALS 
OF CARE

Ÿ Prevent complications

Ÿ Optimize quality of life

ASSESS KEY PATIENT 
CHARACTERISTICS
Ÿ Current lifestyle

Ÿ Comorbidities, ie, ASCVD, CKD, HF

Ÿ Clinical characteristics, ie, age, HbA1c, 
weight

Ÿ Issues such as motivation and depression

Ÿ Cultural and socioeconomic context

Ÿ Involves an educated and informed patient 
(and their family/caregiver)

Ÿ Seeks patient preferences

Ÿ Effective consultation includes motivational 
interviewing, goal setting, and shared 
decision-making

Ÿ Empowers the patient

Ÿ Ensures access to DSMES

SHARED DECISION-MAKING 
TO CREATE A MANAGEMENT
PLAN

AGREE ON MANAGEMENT PLAN
Ÿ Specify SMART goals:

    -Specific

-Measurable

-Achievable

-Realistic

-Time limited

Ÿ Patients not meeting goals generally should be seen 
at least every 3 months as long as progress is being 
made, more frequent contact initially is often 
desirable for DSMES

IMPLEMENT MANAGEMENT PLAN

Ÿ Emotional well-being

Ÿ Check tolerability of medication

Ÿ Monitor glycemic status

Ÿ Biofeedback including BGM, weight, 
step count HbA1c, blood pressure, 
lipids

REVIEW AND AGREE ON 
MANAGEMENT PLAN
Ÿ Review management plan

Ÿ Mutual agreement on changes

Ÿ Ensure agreed modification of therapy is implemented 
in a timely fashion to avoid clinical inertia

Ÿ Decision cyde undertaken regularly (at least once/twice 
a year)

Figure 5: Decision cycle for patient-centred glycaemic management in type 2 diabetes.

The goals of treatment for diabetes are to prevent or delay complications and 
16optimize quality of life

Challenges in treatment management of T2DM in Indian patients

Challenges in India include variable diet pattern, habits, poor compliance, poor treatment adherence, 
22clinical inertia, and late diagnosis with comorbidities.  

Asian Indians exhibit a peculiar collection of abnormalities that makes them more prone to diabetes and 
insulin resistance than Caucasians of similar BMI, due to their excess body fat, visceral fat, and insulin 

23
resistance.  Figure 6

ASIAN 
INDIAN

 PHENOTYPE

↑ Inflammatory 
markers: CRP

Lower threshold for 
BMI for diabetes

↑ Insulin levels/IR

↑ Atherogenic 
dyslipidaemia

Increased prevalence of type 2 diabetes/premature CVD

↑ Abdominal obesity 
and visceral fat

Low birth weight- 
thin fat Indian

↑ E t h n i c / g e n e t i c  
susceptibility

↓ Adiponectin

CRP: C-reactive protein; IR: Insulin resistance; CVD: Cardiovascular disease; BMI: Body mass index

23
Figure 6A: The Asian Indian phenotype

Decreased insulin 
(Islet ß-cell)

Increased glucagon 
(Islet    - cell)

Increased glucose re- 
absorption (kidney)

Decreased glucose 
uptake (skeletal muscle)

Neurotransmitter 
dysfunction (brain)

Increased HGO 
(Liver)

Decreased incretin 
effect (GI tissue)

Increased lipolysis 
(adipose tissue)

Hyperglycaemia
 (T2DM)

Gl: Gastrointestinal HGO: Hepatic glucose output

Ÿ Individualized HbA1c, target

Ÿ Impact on weight and hypoglycemia

Ÿ Side effect profile of medication

Ÿ Complexity of regimen, ie, frequency, mode 
of administration

Ÿ Choose regimen to optimize adherence and 
persistence

Ÿ Access, cost, and availability of medication

CONSIDER SPECIFIC FACTORS
 THAT IMPACT CHOICE OF
 TREATMENT

Metabolic derangements in type 2 diabetes

24Figure 6B: Eight metabolic derangements in type 2 diabetes
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u
24

T2DM remains uncontrolled in 67% of Indian patients.  

u
23

Patient remains uncontrolled with an average HbA1c of  8.2%.

u Treatment with traditional oral antihyperglycaemic agents necessitates use of insulin for increased 
25

blood glucose control.  

u Further, glucotoxicity and lipotoxicity of these drugs cause malfunction of the pancreatic β-cells due to 
25apoptosis.  

u Indian patients already have a decline in β-cells and management of DM in such cases with traditional 
26agents (sulfonylureas) eventually leads to uncontrolled DM.

u Thus, oral antihyperglycaemic agents that can control blood glucose levels by glucose-stimulated 
25

insulin secretion (GSIS) and preserve the function of pancreatic β-cells are needed.

u Multiple pathophysiological mechanisms of hyperglycaemia must be addressed in a combination 
24approach to ensure glycaemic control.

u Need for additional treatments that provide both glycaemic and non-glycaemic benefits, especially 
24since the control of diabetic comorbidities is less than optimal in most patients.

u It is essential to reduce the occurrence of hypoglycaemia or weight gain, as recurrent distressing side 
effects of traditional antidiabetic agents reduces the morale of not only the patient but also the treating 

24physician.

u An oral treatment option that not only meets all of the pressing needs but additionally improves the 
24compliance of patients is required.

Unmet needs and scope in management of T2DM

There is a need for evaluating health outcomes of diabetes medication and delivery 
27systems that can improve adherence and HbA1c control

An overview on DPP-4 inhibitors

Dipeptidyl peptidase-4 (DPP-4) inhibitors are oral agents which can be used safely in elderly patients. 
The drugs are highly effective for the treatment of T2DM in the elderly, as they control basal and 
postprandial hyperglycaemia, and are easy to tolerate, with low risk of hypoglycaemia, and without 

28
significant drug interactions, or weight gain.  (Figure 7)

Introduction

Figure 7: Physiology of the post-prandial regulation of glucose homoeostasis by the 
29incretin system and the action of DPP-4 inhibitors.

Increased glucose uptake 
by peripheral tissues

Beta cells 

Insulin (stimulated by 
GLP-1 and GIP)

Pancreas

Alpha cells

Glucagon (inhibited 
by GLP-1)

Decreased hepatic 
glucose production

Decreased fasting- 
& postprandial 
plasma glucose

Release of 
active GLP-1 
and GIP

IntestineFood intake

Degraded 
GLP-1 & GIP

DPP-4 inhibitor

DPP-4

GLP-1: Glucagon-like peptide-1; GIP: Gastric inhibitory polypeptide

Sitagliptin was the first agent introduced in 2006. The most widely used substances are sitagliptin, 
linagliptin, vildagliptin, saxagliptin, and alogliptin. Anagliptin, gemigliptin, teneligliptin, and evogliptin 

29,30
are used in Asian countries.  DPP-4 inhibitors are implemented into the treatment algorithms of type 2 

29diabetes mellitus in many national and international guidelines.  (Figure 8)

Figure 8: Classes of DPP-4 inhibitors with the various commonly used DPP-4 inhibitors (left side) 
and the binding domains of the various classes to specific areas of the DPP-4 molecule (right side) 

29according to Tomovic et al. and Nabeno et al.
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Sitagliptin

100 mg

87%

198 l

38%

8-14 h

87%

13%

79%

Low

ND

ND

19 nM

> 2,600

Vildagliptin

100 mg

85%

71 l

9.3%

2-3 h

85%

4.5%

23%

No

No

Yes

62 nM

< 100

Saxagliptin

5 mg

75%

151 l

<10%

2.2-3.8 h

75%

22%

24%

Yes

Yes

No

50 nM

< 100

Alogliptin

25 mg

70%

300 l

20%

12.4-21.4 h

76%

13%

95%

No

ND

ND

24 nM

> 14,000

Linagliptin

5 mg

30%

368-918 l

70%

120-184 h

5%

85%

-90%

No

ND

ND

1 nM

> 10,000

Daily recommended dose

Pharmacokinetic properties

Oral bioavailability

Volume distribution

Fraction bound to proteins

Half-life (T )1/2

Kidney excretion

Liver excretion

Proportion excreted unchanged

Substrate for CYP3A4/5

Active metabolites

Inactive metabolites

Pharmacodynamic properties

In vitro DPP-4 inhibition (IC50)

Selectivity for DPP-4 versus 
DPP-8/DPP-9

15

 The DPP-4 inhibitors available demonstrate a high efficacy in inhibiting DPP-4, and under clinical 
conditions DPP-4 is inhibited by >80-90%. GLP-1 plasma concentrations are induced postprandial by 
this inhibition and glucose-dependent insulin secretion is stimulated and glucagon secretion is inhibited. 
The DPP-4 inhibitors have good bioavailability and their pharmacodynamics and pharmacokinetics are 
suitable for clinically sufficient DPP-4 inhibition by once-daily administration. DPP-4 inhibitors are 
capable of lowering HbA1c by ~0.5% - 1%.  The reduction in HbA1c relative to placebo was greater in the 
Indian subpopulations because the mean HbA1c increased from baseline in placebo-treated patients in 
India. Compared with placebo, the LS-mean (95% CI) reductions in HbA1c with sitagliptin treatment 
were -1.4% (-1.7% to -1.0%) in India. The most important and common indication for DPP-4 inhibitors is 
their add-on use in patients who are not sufficiently controlled on metformin monotherapy. Fixed dose 
combinations of DPP-4 inhibitors with metformin are available and may safely be used in patients on this 
treatment combination. DPP-4 inhibitors can be administered in patients with impaired kidney function 
due to the good safety and tolerability. 

29
DPP-4 inhibitors and their clinical characteristics

The various DPP-4 inhibitors do not form a homogenous class of molecules, and they show different 
29interactions with the active site of the enzyme molecule.

Dipeptidyl peptidase-4 inhibitor (DPP-4i) represent a heterogeneous class of small molecules with 
differences in chemistry, in pharmacokinetic characteristics as absorption, distribution, metabolism, and 

31excretion routes and in pharmacodynamic characteristics as potency and selectivity of DPP-4 inhibition.  
(Table 3)

Pharmacokinetic and pharmacodynamic properties of DPP-4 inhibitors

31
Table 3: Main pharmacokinetic and pharmacodynamic properties of DPP-4 inhibitors

® Sitagliptin has a higher selectivity for DPP-4 than for the other enzymes of the same family (e.g., FAP, 
DPP-8, and DPP-9).

® The oral bioavailability of sitagliptin is the highest among all the gliptins.

® Sitagliptin is a "competitive enzyme inhibitor" which inhibits the enzyme in a dose dependent manner 
and has immediate dissociation.

Sitagliptin: A comprehensive overview 

The DPP4-inhibitor sitagliptin has been approved in more than 130 countries globally as monotherapy 
and in combination with other anti-hyperglycaemic drugs for the treatment of adult patients with T2DM. 

Extensive clinical experience over the last 10 years in clinical trials as well as real-world settings has 
firmly established the glycaemic efficacy of oral sitagliptin. 

32Introduction

Sitagliptin exhibits potent, highly selective inhibition of DPP-4 with inhibitory concentration (IC ) 50

values for DPP-8 and DPP-9 >2600-fold greater. 

A single dose or multiple doses of sitagliptin 50-600 mg/day significantly decreased the activity of DPP-4 
and increased GLP-1 and gastric inhibitory polypeptide (GIP) levels postprandial, for both patients with 
T2DM and non-diabetic obese individuals.

31
Pharmacodynamic properties

Oral sitagliptin is rapidly absorbed after a single 100 mg dose, with peak plasma concentrations attained 
1-4 h post-dose. The area under the plasma concentration-time curve (AUC) from time zero to infinity 
increased in a dose-proportional manner with single doses of sitagliptin 25-400 mg. The absolute 
bioavailability of sitagliptin is 87% and its oral absorption is not affected by food. ~80% of an 
administered dose eliminated as unchanged drug in the urine. 

In vitro studies indicate that CYP3A4 and, to a lesser extent, CYP2C8 are involved in the limited hepatic 
metabolism of sitagliptin. The apparent terminal elimination half-life of sitagliptin is 12.4 h and renal 
clearance is ~350 mL/min. 

Dosage adjustments are required in patients with moderate and severe renal impairment since plasma 
AUC levels increased approximately 2 to 4-folds. However, no dosage adjustments are required in 
patients with mild renal impairment. 

Sitagliptin is a p-glycoprotein substrate, but does not inhibit p-glycoprotein mediated transport of digoxin 
and is considered unlikely to cause interactions with other drugs that utilize these pathways.  Sitagliptin is 
not associated with clinically meaningful changes in the pharmacokinetic properties of metformin, 
sulfonylureas, simvastatin, warfarin, or oral contraceptives. Similarly, coadministration of metformin or 
ciclosporin with sitagliptin did not markedly alter the pharmacokinetics of sitagliptin. 

31
Pharmacokinetic properties

The therapeutic benefit of sitagliptin as monotherapy or as a combination shows 
33significant improvement in achieving glycaemic control
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% CI IV. Fixed, 95% CI

1.1.1 sitagliptin vs placebo
Aschner 2006
Goldstein 2007
Hanefeld 2007
Mohan 2009
Nonaka 2008
Raz 2006
Scott 2007
Subtotal (95% CI)

2 2 2Heterogeneity: Tau  = 0.02; Chi  =10.96, df = 6 (P = 0.09) ; I  = 45%
Test for overall effect: Z=11.21 (P < 0.00001)

1.1.2 sitagliptin + active control vs placebo+ active control

Charbonnel 2006
Rosenstock 2006
Scott 2008
Vilsboll 2010
Subtotal (95% CI)

2 2Heterogeneity: Tau² = 0.00; Chi =0.90, df = 3 (P = 0.83) ; I  =0%
Test for overall effect: Z = 10.65 (P < 0.00001)

Total (95% CI)
2 2 2Heterogeneity: Tau  = 0.01; Chi  = 18.26, df = 10 (P=0.05); I =45%

Test for overall effect: Z= 13.55 (P < 0.00001)

0.62
0.69
0.4
0.7

0.64
0.46
0.49

1238 984

1.13
1.39
1.11
1.28
1.02
1.11
1.07

229
175
106
339

75
193
121

-0.17
-0.2

-0.17
-0.4
-0.4

-0.16
-0.26

1.28
1.41
1.11
1.51
1.05
1.29
1.22

244
165
107
169

75
103
121

11.1%
7.9%
7.9%
9.1%
6.9%
81%
8.2%
59.3%

0.79 [0.57, 1.01]
0.89 [0.59, 1.19]
0.57 [0.27, 0.87]
1.10 [0.83, 1,37]
1.04 [0.71, 1.37]
0.62 [0.33, 0.91]
0.75 [0,46, 1.04]
0.82 [0.68, 0.97]

0.7 0.08 453 0.08 1.98 224 8.7% 0.62 [0.35, 0.89]
0.88
0.74
0.6

0.95
1.02
1.04

163
91

305
1012

0.18
0.21

0

1.08
1.07
1.22

174
88

312
798

11.2%
7.7%

13.1%
40.7%

0.70 [0.48, 0.92]
0.53 [0.22, 0.84]
0.60 [0.42, 0,78]
0.62 [0.51, 0.74]

2250 1782 100% 0.74 [0.63, 0.85]

-0.5-1 0 10.5
Favours control Favours experimental
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The clinical benefits of sitagliptin are as follows 

Clinical benefits of sitagliptin 

The study aimed to evaluate the benefits of sitagliptin in patients with T2DM.

Study objective

Meta-analysis of randomised clinical trials (18 trials) evaluating efficacy of sitagliptin therapy in 
management of type 2 diabetes mellitus.

Study design

Significant reduction in HbA1c with sitagliptin as compared to placebo (MD = 0.74, 95% CI 0.63 to 0.85) 
(Figure 9)

Convenient once-daily 
regimen and low potential 

34
for drug–drug interactions

Does not increase or 
reduce the rate of 4-point 
MACE and 3-point MACE 
outcomes after a median of 

343 years’ follow-up

Neutral effects on 
34

bodyweight

No dosage adjustments are 
necessary in patients with 

36mild renal impairment

Improves serum gamma-
glutamyl transpeptidase 
in non-alcoholic fatty 

37liver disease (NAFLD)

Improves glycaemic 
control as monotherapy 
or combination with 
antihyperglycaemic 

34drugs

Generally well tolerated, 
with low risk of 

34
hypoglycaemia

Reduces proteinuria, 
ameliorates renal 
function, and produces 
anti- inflammatory effect 
in early-stage diabetic 

35nephropathy

No dose adjustment is 
required on the basis of 
age, gender, race or body 

28
mass index

Shows pleiotropic impacts 
towards cardiovascular 
system either with or 

38
without diabetes

39Effect of sitagliptin in glycaemic control

Clinical evidence on safety and efficacy of sitagliptin 

Findings of the study

Figure 9: Mean difference in change in haemoglobin A1C (HbA1c) percentage value for sitagliptin 
39

vs. placebo in adults with type 2 diabetes.

® Significant reduction in fasting plasma glucose (FPG) with sitagliptin compared to placebo (MD = 1.20, 
95% CI 1.03 to 1.38). (Figure 17)

® Sitagliptin significantly improved the homeostasis model assessment of β-cell (HOMA-β index) (MD = 
-10.84, 95% CI -14.07 to -7.80) compared to placebo. (Figure 18)

® No significant difference was observed between the sitagliptin and active treatments in incidence of 
hypoglycaemia adverse experiences (Relative risk [RR]= 0.38, 95% CI 0.14 to 1.08) or serious adverse 
experiences (RR = 1.15, 95%  CI 0.83 to 1.65).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% CI IV. Fixed, 95% CI

1.3.1 sitagliptin vs placebo
Aschner 2008
Goldstein 2007
Hanefeld 2007
Mohan 2009
Nonaka 2008
Raz 2006
Scott 2007
Subtotal (95% CI)

3 2Heterogeneity Chi .= 3.53, df = 6 (P=0.74); I  =0%
Tad for overall affect; Z = 4.37 (p<0.0001)

1.3.2 sitagliptin active control vs placebo+ active control

Charbonnel 2006

Rosenstock 2000

Hermansen 2007
Raz 2008

Subtotal (95% CI)
2 2Heterogeneity: Chi -3.63, df-4 (P=0.46); I  = 0%

Test for overall effect: Z=5.32 (P< 0.00001)

Total (95% CI)
2 2Heterogeneity: Chi =7.68, df=11 (P=0.74); I =0%

Test for overall effect: Z=6.84 (P < 0.00001)
2 2Test for subgroup differences: Chi =0.51, df = 1 (P=0.47), I =0%

-13.3
-10.8
-10.3
-9.2

-9
-12.1
-17.6

1141 886

91.12
42.53
71.28
47.13
33.19
47.29
53.22

218
147
97
315

75
168
122

-0.5
-3.8
1.7
-4

2.5
-1.1
2.9

62.72
47.79
46.18
41.79
21.03
66.28
69.23

235
139

95
151
74
80

112

4.7%
8.9%
3.4%

13.7%
12.4%
3.7%
3.9%

50.6%

-12.80 [-27.31, 1,71]
-7.00 [-17.51, 3.51]

-12.00 [-28.95, 1.95]
-5.20 [-13.66, 3.25]

-11-50 [-20.41, -2.59]
-11.00 [-27,19, 5.19]

-20.50 [-36.45, -4.55]
-9.81 [-14.21, -5.40]

1 2.47 454 -0.3 2.82 226 16.6% 1.30 [0.87, 1.73]

-11.8

-10.7
-17.1

27.05

58.11
35.59

133

186
74

889

-5.7

0
-2.5

40.35

56.7
24.78

142

156
65

635

15.1%

6.6%
9.6%

49.4%

-6.10 [-14.17, 1.97]

-10.70 [-22.80, 1.50]
-14.60 [-24.70, -4.50]

-12.10 [-16.55, 7.64]

2030 1521 100% -10.04 [-14,07, -7,80] -20 -10 0 10 20

Favours controlFavours experimental

Scott 2008 -9.3 52.2 78 6.8 50.44 76 3.7% -10.10 [-32.31, 0.11]

Study by Omoto S et al. assessed the effects of sitagliptin on the circulating levels of soluble receptor for 
advanced glycation end products (sRAGEs), monocyte chemoattractant protein-1 (MCP-1), selectins, 
and adiponectin in patients with type 2 diabetes.

Study objective

The study enrolled 72 non-diabetic and 113 diabetic patients and were assigned for sitagliptin 
monotherapy if their diet/exercise therapy had continued unchanged for 3 months. 

Levels of soluble P-selectin (sP-selectin), soluble E-selectin (sE-selectin), soluble vascular cell adhesion 
molecule-1 (sVCAM-1), MCP-1, sRAGEs, and adiponectin were assessed after 3 and 6 months of 
treatment.

Study design and methodology 

Sitagliptin therapy at 3 and 6 months significantly reduced plasma levels of sP-selectin, sE-selectin, 
sVCAM-1, and MCP-1 relative to baseline, while significantly increasing adiponectin levels. (Figure 12) 

Reductions in sP-selectin, sE-selectin, sVCAM-1, and MCP-1 during sitagliptin therapy were 
significantly greater in responders, defined as patients with a significant increase in adiponectin levels, 
than in non-responders. 

Responders showed a significant increase in the plasma concentration of sRAGEs.

Findings

Figure 10: Mean difference in change in fasting plasma glucose (mmol/L) for sitagliptin vs. placebo 
39in adults with type 2 diabetes.

Figure 11: Mean difference in change in HOMA-β for sitagliptin vs. placebo in adults with type 2 
39diabetes.

Atherosclerosis associated with diabetes may be caused by hypercoagulability, hyperaggregability of 
platelets, as well as an increase in platelet-activation markers. 

40
Effect of sitagliptin in atherosclerosis

Figure 12: Plasma concentrations of sP-selectin (A), sE-selectin (B), sVCAM-1(C), MCP-1(D), 
sRAGE (E), and adiponectin (F) before and after sitagliptin treatment in diabetic patients.
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In type 2 diabetics, sitagliptin has an adiponectin-dependent anti-atherothrombotic effect 
40

that may be beneficial for primary prevention of atherothrombosis.

1918

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% CI IV. Fixed, 95% CI

1.2.1 sitagliptin vs placebo
Aschner 2008
Goldstein 2007
Hanefeld 2007
Mohan 2009
Nonaka 2008
Raz 2006
Scott 2007
Subtotal (95% CI)

2 2Heterogeneity: Chi =8.70, df =6 (P=0.19); I -31%
Test for overall effect: Z-11.06 (P < 0.00001)

1.2.2 sitagliptin + active control vs placebo+ active control

Charbonnel 2006
Rosenstock 2006
Scott 2008
Vilsboll 2010
Subtotal (95% CI)

2 2Heterogeneity: Chi =3.02, df-3 (P-0.39); I =1%
Test for overall effect: Z-7.74 (P< 0.00001)

Total (95% CI)
2 2Heterogeneity: Chi  14,50, df =10 (P-0.15); I =31%

Test for overall effect: Z=13.39 (P < 0.00001)
2 2Test for subgroup differences Chi =2,78, df = 1 (P=0.10), I =64,0%

0.7
1

0.99
1.5

1.24
0.7

0.93
1257 998

2.69
3.18
2.53
2.63
2.05

3
2.33

234
178
108
339

75
201
122

-0.2
-0.41
0.01
-0.3

-0.52
-0.4

-0.45

3.03
3.36
2.71
3.04
2.04
3.32
2.97

247
169
108
169

75
107
123

11.9%
6.5%
6.3%

10.7%
7.2%
5.5%
6.9%
55.1%

0.90 [0.39, 1.41]
1.41 [0.72, 2.10]
0.98 [0.28, 1.68]
1,80 [1.26, 2.34]
1.76 [1.11, 2.41]
1.10 [0.35, 1.85]
1.38 [0.71, 2.00]
1.34 [1.10. 1.58]

1 2.47 454 -0.3 2.82 226 16.6% 1.30 [0.87, 1.73]
1.03
0.63
1.15

2.33
2.02
3.22

163
92

310
1019

0
-0.3
0.45

2.57
2.74
3.63

174
89

313
802

11.3%
6.3%

10.7%
44.9%

1.03 [0.51, 1.55]
0.93 [0.23, 1.63]
0.70 [0.16, 1.24]
1.04 [0.77, 1.30]

2276 1800 100% 1.20 [1.03, 1.38]

-2 -1 0 1 2
Favours control Favours experimental
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The study by Hsieh C et al. demonstrated the durability of sitagliptin and evaluated changes in clinical 
chronic complications following 48 months of monotherapy with sitagliptin in elderly diabetic patients 
with type 2 diabetes (T2DM).

Study objective

41 
Effect of sitagliptin in elderly population

The study enrolled 76 drug-naive patients (40 women and 36 men) with T2DM who received 25-100 mg 
of sitagliptin therapy. 

The fasting plasma glucose and glycated haemoglobin (HbA1c) was measured every 3-6 months.

Study design and methodology

The change in HbA1c was significantly reduced after 6 months of therapy (7.1% +/- 0.8% to 6.3% +/- 
0.2%). (Figure 13) 

No significant changes were reported in FPG, creatinine, serum total cholesterol, triglyceride, low-
density lipoprotein, high-density lipoprotein, body mass index, and microvascular complications.

Findings

Figure 13: Change in the HbA1c levels from baseline at 6-month intervals

Sitagliptin has a durable effect and stabilizes microvascular complication 
progression in elderly patients

The study by Mori H et al. aimed to determine effect of sitagliptin on microalbuminuria in patients with 
type 2 diabetes mellitus. 

Study objective

42Effect of sitagliptin in renal outcome

The study enrolled 85 patients with type 2 diabetes and were randomised to sitagliptin 50 mg or other oral 
glucose-lowering agents. 

The primary outcome was changes in urinary albumin excretion at 6 months.

Study design and methodology

Significant and comparable reduction in HbA1c and fasting plasma glucose were found in both groups. 

Sitagliptin significantly reduced urinary albumin excretion within 6 months, especially in patients with 
high urinary albumin at baseline. (Figure 14)

Findings

Figure 14: Mean percentage change in log urinary albumin excretion.

The study concluded that sitagliptin improved albuminuria, in addition 
to improving glucose level in patients with T2DM
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The study by Mohan V et al. evaluated the efficacy and safety of sitagliptin monotherapy in patients with 
type 2 diabetes inadequately controlled on diet and exercise.

Study objective

A randomised, placebo-controlled, double-blind, 18-week trial, enrolled 530 patients with HbA1c ≥7.5% 
and ≤11.0% (mean baseline 8.7%). 

Patients were assigned to receive sitagliptin 100 mg once daily or placebo. (Figure 15) 

Study design and methodology

No hypoglycaemic events were reported in patients receiving sitagliptin 100 mg. (Table 4)

Sitagliptin significantly (p < 0.001) reduced mean HbA1c (-1.0%), fasting plasma glucose (-1.7 mmol/L), 
and 2-h postprandial glucose (-3.1 mmol/L).

Findings

Figure 15: Study design

Table 4: Summary of clinical adverse events (AEs).

Sitagliptin 100 mg once daily was associated with low gastrointestinal 
adverse events and no reported hypoglycaemic events

Hussain M et al. evaluated effect of sitagliptin on blood sugar, body weight, blood pressure, and serum 
lipid profile in type 2 diabetic patients.

Study objective

44
Effect of sitagliptin on body weight

The 12 weeks, open label, observational study enrolled 78 patients with diabetes and poor glycaemic 
control. 

Patients were assigned to receive sitagliptin 50 mg twice daily for 12 weeks.

Study design and methodology

Sitagliptin showed significant reduction in body weight from 80.21 kg +/- 7.156 at baseline to 71.74 kg 
+/- 6.567 at 12 weeks (p<0.05). (Figure 23)

Findings

43Hypoglycaemia in Type 2 diabetes treated with Sitagliptin monotherapy

Double-blind treatment period

Sitagliptin, 100 mg/day

Placebo

Single-blind
placebo run-in 

(2 weeks)
Screen

Discontinue
prior OHA
therapy

Diet/exercise
run-in (3-6

weeks)

Exclude if HbA1c
is < 7.5% or 11%, 
or if FPG is 15.6 
or < 7.2 mmol/L

Week 0 6 12 18

Exclude if FPG is 15.6 mmol/L or < 7.2 mmol/L,
or if there has been < 75% treatment compliance

Discontinue if FPG is consistently > 15.0 mmol/L > 13.3 mmol/L > 11.1 mmol/L

Measure HbA1c and FPG

Give meal challenge, assess PPG and other indices

R

Placebo (n = 178) Sitagliptin (n = 352)

Number (%) of patients with one or more

27 (15.2%) 82 (23.3%)Clinical AE

3 (1.7%)

2 (1.1%)

1 (0.6%)

2 (1.1%)

1 (0.6%)

2 (1.1%)

1 (0.6%)

0

0

1 (0.6%)

0

0

10 (2.8%)

6 (1.7%)

1 (0.3%)

5 (1.4%)

2 (0.6%)

3 (0.9%)

1 (0.3%)

1 (0.3%)

0

18 (5.1%)

3 (0.9%)

0

Drug-related clinical AE

Serious clinical AE

Serious, drug-related clinical AE

Number (%) of patients who

Discontinued due to an AE

Discontinued due to a drug-related AE

Discontinued due to a serious AE

Discontinued due to a serious, drug-related AE

Died

Number (%) of patients who had

Hypoglycemia

Any gastrointestinal AE

Prespecified selected gastrointestinal AEs

Abdominal pain

Nausea

0

0

0

0

Vomiting

Diarrhea

2322

FPG: Fasting plasma glucose; PPG: Post prandial glucose; HbA1c: Glycated haemoglobin; 
OHA: Oral hypoglycaemic agents



Sitagliptin showed significant reduction in HbA1c from 8.184% +/- 0.467 at baseline to 7.0200% +/- 
0.459 at 12 weeks (p<0.05). Significant reduction was reported in Blood pressure at 12 weeks (Figure 23) 
Serum level of cholesterol.

Figure 16: Clinical and biochemical parameters of patients
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Use of sitagliptin improves not only blood glucose control, but also weight, blood 
pressure, and lipid profile in type 2 diabetic hyperlipidaemia patients.

McGuire DK et al. assessed the association of sitagliptin use with hospitalization for HF (hHF) and 
related outcomes.

Study objective

45TECOS trial

CV safety with sitagliptin 

Study design and methodology

The study enrolled 14,671 patients with T2DM and 
atherosclerotic vascular disease

Median follow-up was 2.9 years

PlaceboSitagliptin 100 mg daily

Assigned (1:1)

TECOS was a 
randomised, 

placebo- controlled 
clinical trial from 

673 sites in 38 
countries.

Among patients with type 2 diabetes and established cardiovascular disease, adding sitagliptin to usual 
care did not appear to increase the risk of major adverse cardiovascular events, hospitalization for heart 
failure, or other adverse events.

Findings

Sitagliptin treatment for type 2 diabetes is effective and well tolerated 

Sitagliptin offers a novel therapeutic approach for the treatment of type 2 diabetes

Sitagliptin use in high-risk T2DM patients does not alter hHF risk

TECOS: Trial evaluating cardiovascular outcomes with sitagliptin; HF: Heart failure; CV: Cardiovascular

Due to a progressive decline in β-cell function, oral antidiabetic agents lose efficacy 
with prolonged use and a progression from monotherapy to combination (dual or 

46
triple) therapies may be necessary

Sulfonylureas (SUs) are widely used in the management of  T2DM as insulin secretagogues and are 
named for their common core configuration. They are classified as first- and second generation SUs. 
First-generation SUs include long-acting chlorpropamide, tolbutamide, tolazamide, and acetohexamide. 
Substitutions at either end of the compound result in pharmacologic and pharmacokinetic differences 

47among SUs.

Second-generation SUs include glyburide ( glibenclamide), glipizide, gliquidone, and glimepiride, which 
vary in duration of action. Glimepiride and glyburide are longer-acting agents than glipizide. Glimepiride 
is the newest second-generation SU and is sometimes classified as a third-generation SU because it has 
larger substitutions than other second-generation SUs. The United States Food and Drug Administration 
(FDA) approved glimepiride in 1995 for the treatment of T2DM as monotherapy as well as in 

47combination with metformin or insulin.

The role of Sulfonylureas (SUs) in treatment management of T2DM

48Pharmacokinetic properties of glimepiride

Glimepiride: Overview 

Absorption

Metabolism

Excretion

Completely absorbed after oral administration within 1 hour of administration; 
significant absorption occurs: plasma protein binding is 99.4% and volume of 
distribution is 8.8 L. Accumulation does not occur after multiple doses.

The drug is primarily metabolized in the liver by CYP2C9 to the active M  (hydroxyl) 1

metabolite and then to inactive M  (carboxy) metabolite.2

The main route of excretion is through kidneys. A total of 60% of the metabolites are 
excreted in urine (predominantly M ) and remainder in feces (predominantly M ).1 2
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Glimepiride is an insulin secretagogue and, like other sulfonylureas, is only effective in patients with 
residual pancreatic beta-cell activity. They act at ATP-dependent potassium channels on the cell 
membrane of pancreatic beta cells, causing iatrogenic depolarization by preventing potassium from 
exiting the cell. The depolarization activates voltage-dependent calcium channels on the cell membrane, 
leading to a rise in intracellular calcium and subsequent exocytosis of insulin into the bloodstream. Insulin 
then acts on cell membrane receptors triggering GLUT-4 expression and the movement of glucose into the 
cell, lowering blood glucose levels. Additionally, research has shown that glimepiride interacts with 
Epac3, a nucleotide exchanger that mediates the exocytosis of insulin granules.

49
Mechanism of action

Glimepiride as monotherapy:

Clinical efficacy

To assess the efficacy of glimepiride in T2DM, Goldberg et al randomized 304 patients to receive either 
placebo or one of the three doses (1, 4, or 8 mg) of glimepiride during a 14-week study period. All 
glimepiride regimens significantly reduced FPG, PPG, and HbA1c values (P < 0.001) compared to 
placebo by the end of the study period. Median changes in FPG levels were 43, 70, and 74 mg/dL at 
glimepiride doses of 1, 4, and 8 mg, respectively. HbA1c levels were lowered by 1.2%, 1.8%, and 1.9%, 
and the corresponding decreases in PPG were 63, 92, and 94 mg/dL, respectively. The 4- and 8-mg doses 
of glimepiride were more effective than the 1-mg dose; however, the 4-mg dose provided a nearly 

50maximal antihyperglycemic effect. 

Another multicenter, randomized, placebo-controlled clinical trial by Schade et al studied glimepiride 
(1–8 mg) titrated over 10 weeks compared with placebo in T2DM subjects who were not controlled by 
diet alone. In this study, glimepiride lowered FPG by 46 mg/dL, PPG by 72 mg/dL, and HbA1c by 1.4% 
more than the placebo (P < 0.001). Good glycemic control (HbA1c < 7.2%) was achieved in 69% of 
glimepiride subjects compared to 32% of controls. C-peptide levels and non-fasting insulin levels were 

51also increased in the study subjects.

Glimepiride monotherapy reduced both FPG and PPG levels more than placebo and once daily 
administration is equivalent to twice daily dosing. Studies also suggest that glimepiride controls blood 
glucose level throughout the day through its effect on stimulating insulin release, which appears to be 
greater 2 h after meals than under fasting conditions. These findings suggest that glimepiride enhances 

 48insulin and C-peptide secretion under physiologic conditions.

In a study involving 372 patients with poorly controlled T2DM, glimepiride was added to metformin 
monotherapy. Study subjects were divided into three groups: metformin group, glimepiride group, 
metformin plus glimepiride group. In this study, a combination of glimepiride and metformin was shown 

52to be more effective for controlling blood glucose levels compared to the use of either drug alone.

Combination treatment was significantly more effective in controlling HbA1c (% change +0.07 ± 1.20 for 
metformin, +0.27 ± 1.10 for glimepiride, −0.74 ± 0.96 for combination treatment, P < 0.001). No 
significant difference was observed between metformin or glimepiride monotherapy with respect to 
change in HbA1c or fasting blood glucose; however, glimepiride was significantly more effective than 
metformin in reducing postprandial blood glucose. Episodes of symptomatic hypoglycemia was also 

 52higher in the combination group than in either monotherapy group (P = 0.039).

Comparison with other sulfonylureas

Glimepiride has been compared to other SUs, including glibenclamide, glipizide, and gliclazide in 
several clinical trials.

Glimepiride 1–8 mg/day was found to be as effective as glibenclamide 1.26–20 mg/day in lowering FPG, 
PPG, and HbA1c. Dills et al evaluated the efficacy of glimepiride (≤16 mg) and glyburide (≤20 mg) as 
monotherapy in 577 patients with T2DM. There was no significant glycemic difference between FPG, 
PPG, or HbA1c in both study groups after the 1-year treatment period. However, the incidence of 

53
hypoglycemia was lower with glimepiride (1.7%) than with glibenclamide (5.0%) (P < 0.015).

Another multicenter, prospective, double-blind study comparing glimepiride (1 mg daily, n = 524) and 
54glibenclamide (2.5 mg daily, n = 520) by Draeger et al showed similar results.  Glimepiride provided 

equal glycemic control compared to glyburide, with mean FPG and HbA1c of 174 mg/dL and 8.4% for 
glimepiride and 168 mg/dL and 8.3% for glibenclamide. Additionally, in this study, glimepiride caused 
fewer hypoglycemic symptoms compared to glibenclamide. Glimepiride was associated with 
significantly smaller increases in fasting insulin (P = 0.04) and C-peptide (P = 0.03) concentrations than 
glyburide. In this trial, 11% of glimepiride-treated patients experienced 105 hypoglycemic episodes, and 

55
14% of the glibenclamide treated patients experienced 150 such episodes.

56
Schernthaner et al compared once daily gliclazide MR and glimepiride in patients with T2DM.  In this 
double-blind, 27-week parallel group study, 845 subjects were randomized to either gliclazide modified 
release (MR) 30–120 mg daily or glimepiride 1–16 mg daily as monotherapy or in combination with their 
current treatment (metformin or α glucosidase inhibitor). Efficacy was evaluated based on HbA1c and 
safety by hypoglycemic episodes using the European Agency definition. HbA1c decreased similarly in 
both groups from 8.4% to 7.2% in patients on gliclazide MR and from 8.2% to 7.2% in patients receiving 
glimepiride. The study concluded that glimepiride is as effective as gliclazide MR either as monotherapy 
or in combination therapy; however, the safety of gliclazide MR was significantly better in terms of 
hypoglycemic episodes compared with glimepiride. 

57-62
Combination of glimepiride with dipeptidyl peptidase-4 inhibitors

Recently, several new classes of hypoglycemic agents have been introduced, including glucagon like 
peptide-1 and dipeptidyl peptidase-4 (DDP-4) inhibitors. These agents improved glycemic control in 
T2DM patients either as monotherapy or in combination with SU, metformin, thiazolidinedione, or 
insulin. Glimepiride can be used in combination with metformin and DDP-4 inhibitors if glycemic control 
is not achieved with a single or with two agents. Studies have reported an equal efficacy for glimepiride 
plus metformin vs vildagliptin/sitagliptin plus metformin in terms of HbA1c reduction.

Although DDP-4 induces less weight gain and hypoglycemia compared to glimepiride, further long-term 
follow-up studies are needed to determine their safety and efficacy.

48Advantages of glimepiride compared to other SUs

Hypoglycemia and weight gain are two important disadvantages of SU therapy; however, the unique 
properties of glimepiride may provide advantages over other currently available insulin secretagogues.

Glimepiride is generally well-tolerated, and its safety has been reviewed in various randomized clinical 
studies involving more than 5000 patients. Data from these clinical trials indicate that the overall 
incidences of adverse events associated with glimepiride are generally lower compared with other SUs.

Hypoglycemia

Severe hypoglycemia is a potentially life-threatening condition and is typically associated with SUs; 
however, glimepiride differs from older agents in this class, as it is associated with equivalent metabolic 
control and lower stimulation of insulin secretion.

In a prospective analysis, frequency of severe hypoglycemia with glimepiride was compared with 
63

glibenclamide in T2DM patients.  In this 4-year population-based study, blood glucose levels of all 
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30,768 patients who attended the emergency department of the region’s central hospital were determined 
to identify severe hypoglycemia, which was defined as blood glucose level of <2.8 mmol/L or a 
requirement for intravenous glucose or glucagon injection.

The results showed that although glimepiride was prescribed more frequently than glibenclamide (6976 
vs 6789 persons-years), glimepiride induced fewer episodes of hypoglycemia compared to glibenclamide 
(6 vs 38 episodes). The study concluded that in routine clinical practice, glimepiride is associated with 
fewer episodes of severe hypoglycemia; the risk can be minimized if individual targets are determined 
before prescribing this medicine. Glimepiride has been shown to induce a statistically significant 
decrease in C-peptide and insulin levels compared with glibenclamide, which may explain the reduction 

54
of hypoglycemia during and after physical exercise;  however, the risk of hypoglycemia is increased with 
concomitant use of other antihyperglycemic agents. Similarly, advanced age, renal, hepatic, and/or 
cardiovascular comorbidities may increase hypoglycemia risk; this drug should be used with caution in 

65these patients.

48Weight gain

Most patients with T2DM are overweight. In these patients, weight reduction results in considerable 
improvements in their clinical and metabolic profiles, including HbA1c. Weight gain is considered a 
disadvantage of SUs, thiazolidinediones, and insulin; however, studies suggest that glimepiride has a 
weight-neutral effect on patients with T2DM.

Several observational cohort studies have shown considerable weight loss with glimepiride. In one study, 
an average weight loss of 3 kg was reported after 1–5 years of glimepiride, while in another study, 
treatment with glimepiride resulted in weight loss of up to 2.2 kg within 8 weeks.

The effects of glimepiride or glibencalmide treatment on body weight in patients with T2DM were 
observed over a 12-month period in a retrospective observational cohort study. In this study, mean weight 
loss and reduction in body mass index from baseline to the end of the study period were greater with 

2glimepiride compared to glibenclamide ([−2.01 ± 4.01 kg/−0.7 ± 1.4 kg/m ] vs [−0.58 ± 3.7 kg/−0.2 ± 1.3 
2kg/m ]; P < 0.001). The study concluded that initial treatment of T2DM with glimepiride was associated 

with a significantly greater decrease in body weight and body mass index than treatment with 
glibenclamide, while providing equivalent glycemic control.

Weight gain associated with therapies for managing T2DM is an important consideration in clinical 
practice and a major limitation in achieving good glycemic control. Glimepiride differs from other agents 
in this class in that it is associated with equivalent metabolic control with weight-neutral effects on 
patients with T2DM.

Glimepiride CV safety

Sulfonylureas, including glimepiride, have demonstrated glycemic efficacy, microvascular benefit, and 
66even potential long-term mortality benefit.  While these medications are still recommended in World 

Health Organization guidelines ahead of newer glucose-lowering medications, the American Diabetes 
Association–European Association for the Study of Diabetes consensus report recommends 
sulfonylureas when cost is the primary consideration in medication selection. Despite their long clinical 
experience and very low cost, the less favoured status of sulfonylureas is due mainly to adverse effects of 
weight gain and risk for hypoglycemia, as well as long-standing uncertainty regarding their 

67
cardiovascular safety.

68
Rosenstock et al for the CAROLINA  Investigators included 6033 adults with type 2 diabetes, with 
atherosclerotic cardiovascular disease or multiple cardiovascular risk factors, aged 70 years and older, or 
with evidence of microvascular complications. Participants were randomly assigned to linagliptin, a 
dipeptidyl peptidase-4 (DPP-4) inhibitor, 5 mg daily (n = 3023), or the sulfonylurea glimepiride, 1-4 mg 

 daily (n = 3010). The maximum glimepiride dose of 8 mg daily was not part of the protocol.

As in the other CVOTs, non-study diabetes medications could be intensified or added to maintain 
glycemic control in both groups. The enrolled population had a mean age of 64 years, with median 
diabetes duration of 6.3 years and mean glycated hemoglobin level of 7.2%. At baseline, 59% were treated 
with metformin monotherapy and 42% had established vascular disease. After a median follow-up of 6.3 
years, the rate of major adverse cardiovascular events (MACE), defined as cardiovascular death, nonfatal 
myocardial infarction, or nonfatal stroke, was 11.8% in the linagliptin group and 12% in the glimepiride 
group (hazard ratio, 0.98 [95% CI, 0.84-1.14]; P < .001 for noninferiority, P = .76 for superiority), with the 
hazard ratio consistent across all subgroups, including participants with established vascular disease and 
those aged 70 years and older. There was also no difference in all-cause death, cardiovascular death, or 
hospitalization for heart failure.

Unsurprisingly, the incidence of any hypoglycemia was nearly 5-fold higher in the glimepiride group than 
in the linagliptin group (11.1 vs 2.3 events per 100 participant years). Rates of severe hypoglycemia were 
low: 0.45 per 100 patient-years in the glimepiride group and 0.07 per 100 participant-years in the 
linagliptin group; hospitalization for hypoglycaemia was 0.18 vs 0.01 per 100 participant-years (P < .001 
for all comparisons). At the end of the trial, weight was 1.54 kg higher in the glimepiride group. Over the 
course of follow-up, 49.3% of participants in the linagliptin group required additional glucose-lowering 
medication compared with 47.1% of participants in the glimepiride group, with shorter time to 
intensification required in the linagliptin group. Rates of study drug discontinuation were similar between 
intervention groups.

48
Glimepiride in special situations

Glimepiride appears to be well-tolerated in patients with T2DM, including the elderly. However, it should 
be used cautiously in elderly, debilitated or malnourished patients. Although it can be used in renal 
insufficiency, patients should be monitored for signs and symptoms of hypoglycemia and lower doses of 
glimepiride should be used in these situations.

Introduction

u The discovery of metformin began with the synthesis of galegine-like compounds derived from 
Gallega officinalis, a plant traditionally employed in Europe as a drug for diabetes treatment for 

69centuries .

u In 1950, Stern et al. discovered the clinical usefulness of metformin while working in Paris. They 
observed its glucose lowering capacity and that metformin toxicity also displayed a wide safety 

69
margin .

u Metformin acts primarily at the liver by reducing glucose output and, secondarily, by augmenting 
glucose uptake in the peripheral tissues, chiefly muscle. 

u These effects are mediated by the activation of an upstream kinase, liver kinase B1 (LKB-1), which in 
turn regulates the downstream kinase adenosine monophosphatase co-activator, transducer of 
regulated CREB protein 2 (TORC2), resulting in its inactivation which consequently downregulates 

70transcriptional events that promote synthesis of gluconeogenic enzymes.  

u Inhibition of mitochondrial respiration has also been proposed to contribute to the reduction of 
71gluconeogenesis since it reduces the energy supply required for this process . 

An overview on Metformin
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u Metformin’s efficacy, safety profile, cardiovascular and metabolic effects, and its ability to be 
associated with other antidiabetic agents makes this drug the first glucose lowering agent of choice 
when treating patients with type 2 diabetes mellitus (TDM2).

69Metformin: pharmacokinetic

u Oral bioavailability 50-60%

u Lacks dose proportionality with increasing doses: decreased absorption at higher doses

u Food decreases extent and slightly delays absorption

u Poorly protein bound

u Does not undergo hepatic metabolism

u Excreted unchanged in urine: 90% of absorbed drug excreted within first 24 hrs.

u Plasma half-life 6.2 hr.

Metformin: proposed mechanisms of action

Liver Peripheral tissues Gut Adipose tissue

↓ hepatic glucose 
output

↑ peripheral 
glucose uptake by 

muscle and 
adipose tissues

↓ intestinal 
glucose absorption

↓ appetite

↓ FFAs

↓ IR

72
Clinical benefits of Metformin

Metformin in the management of adult diabetic patients 

u Current guidelines recommend early initiation of metformin as a first-line drug for monotherapy and 
combination therapy for patients with T2DM. 

u This recommendation is based primarily on metformin’s glucose-lowering effects, relatively low cost, 
73

and generally low level of side effects, including the absence of weight gain.

u Metformin’s first-line position was strengthened by the United Kingdom Prospective Diabetes Study 
(UKPDS) observation that the metformin-treated group had risk reductions of 32% (p = 0.002) for any 
diabetes-related endpoint, 42% for diabetes-related death (p = 0.017), and 36% for all-cause mortality 
(p = 0.011) compared with the control group. 

u The UKPDS demonstrated that metformin is as effective as sulfonylurea in controlling blood glucose 
74 

levels of obese patients with type 2 diabetes mellitus.

u
75

Metformin has been also been shown to be effective in normal weight patients.

Metformin effects on vasculo-protection

Study Design Key findings

UKPDS 33 Prospective 10 yr
Significant reduction in all-cause mortality, 
diabetes related mortality, and any end-
point related to diabetes.

Duration

Sgambato et al. Retrospective 3 yr
Trend towards reduction in angina 
symptoms (p=0.051). Significant lower re-
infarction rates.

Johnson et al. Retrospective 9 yr
Reduction of all-cause mortality and of 
cardiovascular mortality

Kao et al. Prospective 2 yr
Significant risk reduction for any clinical 
event, myocardial infarction and all-cause 
mortality

Jadhav et al. Prospective 8 weeks
Improved maximal ST depression, Duke 
score, and chest pain incidence

Kooy et al. Prospective 4, 3 yr
Reduction of the risk of developing 
macrovascular disease

Need for fixed dose combination in management of T2DM

u Among Indian Patients with diabetes, mean HbA1c is 8.9% (Diabcare India Study – 2011) & 2/3rd are 
76,77NOT at target HbA1c (ICMR-INDIAB Study)

u With diabetes, there is a  progressive loss of β-cell function,  many patients eventually require multiple 
78,79

agents with differing MOAs to achieve target HbA1c levels

u With over 30% of patients taking 3-4 tablets/day, pill burden results in poor treatment adherence, which 
80-83

in turn leads to inadequate glycemic control

u Progressive decline of A1C resumes within 6 months after an SU is added to metformin, and increasing 
84

SU dose further can increase the chances of side-effects (like hypoglycaemia).

u Dual therapy (Met + SU1/SGLT2i + Met) with mean baseline HbA1c of 8-8.9% has shown <22% are 
85 able to achieve target HbA1c < 7%

u High pill burden and complex treatment regimens reduces adherence

u FDCs improve patient compliance, glycaemic control and have potential to decrease risk of 
complications

u In a meta-analysis involving data from 70,573 patients, use of FDCs with oral anti diabetic agents was 
associated with lower HbA1c and higher medication possession ratio compared to co-administered 

87
dual therapy use in type II DM

u Each 10% increase in OAD medication adherence was associated with a 0.1% HbA1c reduction3 (p = 
88

0.0004)

u In a study of oral antidiabetics, it was observed that compliance reduced with increased frequency of 
89administration - 79% for OD vs 65% for BID vs 38% for TID regimens
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Fixed dose combination of Sitagliptin + Glimepiride + 
Metformin – Rationale

Parameter

Efficacy
(HbA1c, reduction) 0.9 -1.3% 0.6-0.8%

FDC can show 
improved efficacy

Mechanism 
of action

Reduction of 
hepatic glucose

 output

Increase GLP-1, 
improving 
glucose- 

induced insulin
 secretion and
 reduction of 

glucagon

Complementary 
mechanisms 
of action of 

3 drugs

Dosing 1000 mg 
ER OD

100 mg OD

PK parameters 
matching and 
conducive to 
OD dosing

Weight reduction Weight 
neutral/loss

Weight Neutral
Weight neutral 
benefits offered 

by sitagliptin 
and metformin

Hypoglycemia Minimal risk from 
Sita and metformin

-

CV outcome data UKPDS: 
Proven

cardiovascular
 safety

1.0-1.2%

Stimulation of 
insulin secretion 
from beta cells

1/2 mg OD

Less weight 
gain compared 

to other SU

+

Glimepiride shown 
to have a non- 
inferior risk 

compared to placebo 
for 3-point MACE, 
all-cause mortality, 

CV & non-CV 
death. (indirect 

comparison from 
Carolina & 

90Carmelina)

TECOS: Proven
cardiovascular 

safety

CV & renal 
safety will make 

the FDC 
beneficial to 

diabetics with 
comorbidities

Metformin Glimepiride Sitagliptin Comments

-

Addition of Sitagliptin to glimepiride & metformin in patients offers better glycaemic 
control, additional benefit of weight neutrality with less risk of hypoglycaemia along 

with proven CV and renal safety

u Metformin can reduce insulin resistance and glimepiride can increase insulin secretion through 
stimulation of pancreatic beta cells, thus addressing multiple pathophysiological issues in type 2 
diabetes

u Addition of Sitagliptin provides a complementary mechanism for glucose induced insulin secretion 
leading to improved diabetes control

u Sitagliptin exhibits known synergism with Metformin through several mechanism

u Sitagliptin when added to lower dose of glimepiride has shown to improve glycemic control with no 
increased risk of hypoglycemia

u Addition of Sitagliptin is expected to preserve the β-cell function as seen through studies evaluating 
91

Proinsulin/Insulin ratio (lower PI/I ratio)

u Significant higher reduction in HbA1c at 12 weeks with Sita + Glime vs Glime high dose

u Near significant reduction in 6 month HbA1c with Sita plus Glime vs High dose Glime

u Target fasting plasma glucose - achieved in 36.7% of Sitagliptin group vs 16.7% in high dose 
glimepiride group

u Glimepiride high dose group → Higher Pro-insulin/Insulin ratio indicating towards Beta cell 
dysfunction

u Low dose Glimepiride plus Sitagliptin preserves Beta cell function (lowered PI/I)

u Hypoglycaemia was mild and comparable in both arms (1 patient in glimepiride and 2 patients in 
Sita arm)

Efficacy in Treatment Arms
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Figure 17: Degrees of HbA1c reduction are shown. A statistical analysis was performed by the 
Wilcoxson rank sum, test paired t-test P<0.01 vs. 0 week

u None of the patients showed even mild hypoglycemic symptoms, such as palpitation, sweating, or 
unusual feelings of hunger, at each visit

u Body weight remained unchanged in both groups during the study period

Safety

In patients with baseline glimepiride 2-3 mg/day or 4 - 6mg/day - Sitagliptin plus use 
of low dose glimepiride (dose reduction) results in significant and comparable 

reduction in HbA1c (-1.1 to -1.2%) in both treatment arms

Clinical evidence on combination of Sitagliptin 
and Glimepiride and Metformin

Phase III study of the Sitagliptin + Glimepiride + Metformin FDC in India
 – Study by Sun Pharma

Assessing effectiveness and safety of triple drug combination of Sitagliptin + Glimepiride + 
Metformin in type 2 diabetes patients 

Efficacy and safety of FDC of Sitagliptin, Metformin and Glimepiride Tablets (50 mg/1000 mg/1 mg) and 
(50 mg/1000 mg/2 mg) given BID in comparison to Co-administration of Metformin 1000 mg and 
Glimepiride 2 mg BID in patients with T2DM

Objective:

Method:

Phase III, Multi-centric, Randomized, Comparative, active controlled, double blind, 
double dummy clinical trial

N=392

Patients on Glimepiride 4 mg and Metformin ≥ 1500 mg for at 
least 10 weeks with HbA1c between >8 to <11%  were included

Randomization

Test Group (N=190)

Sitagliptin 50 mg+Metformin 1000 
mg+ Glimepiride 1mg BID

Comparator Group (N=202)

Metformin 1000 mg + 
Glimepiride 2 mg BID

If HbA1C ≥8% at week 16

FDC of Sitagliptin 50 mg+ 
Metformin 1000 mg + 
Glimepiride 2 mg BID

Open-label 
period

Double-
blind period

(16 weeks)

u End of study (EOS) for test group: 28 weeks; EOS for comparator group: 16 weeks

Dose reduction in Glimepiride reduces hypoglycemia risk – when Sitagliptin is added to 
Glimepiride

92
Study: Sitagliptin plus baseline low dose Glimepiride vs baseline only high dose Glimepiride
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Outcomes Evaluated:

® Mean change in HbA1c 
from baseline to week16

® Mean change in

® HbA1c from baseline at the end of week 28

® Postprandial blood glucose (PPBG) from 
baseline to end of weeks 12, 16, 24 and 28

® Fasting blood glucose (FBG) from baseline to 
end of weeks 12, 16, 24 and 28

® Number of patients 

® Achieving HbA1c < 7.0% at weeks 12, 16 and 
28

® Requiring hypoglycemia management

® Safety assessment includes treatment 
emergent adverse events (TEAEs) assessment 
during the study

Primary outcome Secondary outcomes

Results:
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Compared to the comparator 
group, the test group showed 
significant reduction in 
HbA1c at week 16 (p < 
0.0001)

Efficacy results:

Sustained reductions in 
HbA1c over a period of 28 
weeks with with FDC of 
Sitagliptin, Metformin and 
Glimepiride (50 mg / 1000 
mg / 1 mg)
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Week 12 Week 16 Week 24 Week 28

Mean change in HbA1c (%) from baseline to 28 weeks

With FDC of Sitagliptin 50 
mg, Metformin 1000 mg and 
Glimepiride 1 mg, a significant 
reduction in FBG and PPBG 
from baseline to 12, 16, 24 and 
28 was reported.

Table: Change in glycemic parameters from baseline

Week 12 Week 16 Week 24 Week 28

Change
in PPBG

Change 
in FBG

-41.8

-32.6

-56.7

-41.4

-72.8

-48.4

-78.6

-53.6

Compared to the comparator 
group,  the test  group 
depic ted  s ign i f ican t ly  
greater number of patients 
achieving HbA1c target of 
<7%
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Safety results:

No serious adverse events 
(SAEs) were reported

No patient required hypoglycaemia 
management during the study period. 
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Conclusion:

The triple drug combination of Sitagliptin, Metformin, and Glimepiride was well-
tolerated and outperformed the co-administration of Metformin and Glimepiride in 

reducing HbA1c levels by week 16.

93Stepdown approach on Glimepiride dose

2007

2023

VS

Efficacy and safety of the dipeptidyl peptidase-4 inhibitor, sitagliptin, in patients with type 2 
diabetes mellitus inadequately controlled on glimepiride alone or on glimepiride and metformin

Dose de-escalation strategy

K. Hermansen, M. Kipnes, E. Luo, D. Farurik, H. Khatami and P. Stein, for Sitagliptin Study 035 Group

First published: 26 June 2007| https://doi.org/10.1111/j.1463-1326.2007/00744x | Citations: 382

See online appendix for list of Sitagliptin Study 035 investigators.

Efficacy: After 24 weeks, in the subset of patients on glimepiride plus metformin, sitagliptin reduced 
HbA1c by 0.89% relative to placebo, compared with a reduction of 0.57% in the subset of patients on 
glimepiride alone.

Beta cell: The addition of sitagliptin increased homeostasis model assessment β, a marker of β-cell 
function, by 12% (p<0.05) relative to placebo.

Hypoglycemia: Higher incidence of hypoglycaemia AEs (12 vs. 2%, respectively) in the sitagliptin 
group compared with the placebo group.

No dose de-escalation done, 441 patients received dose of glimepiride >4mg/day

Statistically significant reduction in HbA1c with Test product in comparison with Comparator 
product demonstrating Superior efficacy-with lower dose of Glimepiride (-1.79% vs 1.28%)

No statistically significant increase in hypoglycemic events

Summary

Type 2 diabetes mellitus (T2DM) is the most common and clinically significant metabolic disorder in 
India. It is progressive in nature and is characterized by the "Ominous octet" of eight factors that 
contribute to its pathophysiology. It is also associated with higher risks for myocardial infarction, stroke, 
diabetic kidney disease, microvascular events, and mortality. 

Most Indian patients have uncontrolled diabetes (69%), as indicated by their inability to achieve the 
target level of HbA1c. Moreover, the achievement of treatment targets with traditional oral 
antihyperglycaemic agents and the adoption of healthy behaviour remains suboptimal in India. Further, 
the Asian Indian phenotype has unique characteristics that make it more susceptible to cardiometabolic 
risk. 

Therapy with traditional oral antihyperglycaemic agents is associated with a progressive decline in β-cell 
function. Thus, there is an increased need for compliance and the use of combination therapy to achieve 
the treatment targets. Further, it is imperative that the newer agents address the maximum number of 
pathophysiological factors of  T2DM. 

Dipeptidyl peptidase-4 (DPP-4) inhibitors, Sulfonylureas and Metformin are highly effective in the 
management of T2DM. The rational fixed dose combination of SU, DPP4i and Metformin exhibits a 
synergistic effect resulting in improved glycaemic control, reduced insulin resistance, and improved beta 
cell function. The combination of these drugs addresses 6 out of 8 pathophysiological factors of 
metabolic derangement. Further, the combination results in improved compliance. 

These drugs in combination with glimepiride at low dose are very efficacious in glycemic control and are 
less likely to cause hypoglycaemia. More importantly, studies have clearly demonstrated the 
cardiovascular safety of all three drugs. Therefore, the association of Sitagliptin, Glimepiride and 
Metformin is an attractive option to achieve optimal blood glucose control in T2DM, considering all 
these factors.
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Study Design

V 8 
(Wk 28) 
EOS for 

patients in 
test arm

Open-label 
treatment period

V6 (Wk 16) will be EOS 
for patients in comparator 

arm
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38

Double-blind treatment Period 
(D 1 to wk 16)

V 2  
(D 1)

V 3 
(Wk 2)

V 4
(Wk 6)

V 5 
(Wk 12)

V 6 
(Wk 16)

Test 1: FDC of Sitagliptin 50 mg, 
Metformin 1000 mg & 
Glimepiride1mg BID with matching
placebo of comparator product

Comparator: Co-administration of 
Metformin 1000  mg and 

Glimepiride  BID with 2 mg
matching placebo of test 1 product



References:

Reed J, Bain S, Kanamarlapudi V. A review of current trends with Type 2 diabetes epidemiology, 
aetiology, pathogenesis, treatments and future perspectives. Diabetes, Metabolic Syndrome and 
Obesity: Targets and Therapy. 2021;14:3567.

Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. The lancet. 2017 Jun 3;389(10085):2239-51.

Olokoba AB, Obateru OA, Olokoba LB. Type 2 diabetes mellitus: a review of current trends. Oman 
medical journal. 2012 Jul;27(4):269.

Anjana RM, Unnikrishnan R, Deepa M, Venkatesan U, Pradeepa R, Joshi S, Saboo B, Das AK, Bajaj 
S, Bhansali A, Madhu SV. Achievement of guideline recommended diabetes treatment targets and 
health habits in people with self-reported diabetes in India (ICMR-INDIAB-13): a national cross-
sectional study. The Lancet Diabetes & Endocrinology. 2022 Jun 1;10(6):430-41.

IDF-10th edition-2021. Available [online] at URL: https://diabetesatlas.org/idfawp/resource-
files/2021/07/IDF_Atlas_10th_Edition_2021.pdf. As accessed on 17th June 2022.

Anjana RM, Unnikrishnan R, Deepa M, et al; ICMR-INDIAB Collaborative Study Group. Metabolic 
non-communicable disease health report of India: the ICMR-INDIAB national cross-sectional study 
(ICMR-INDIAB-17). Lancet Diabetes Endocrinol. 2023 Jul;11(7):474-489. 

Giorgino F, Laviola L, Leonardini A. Pathophysiology of type 2 diabetes: rationale for different oral 
antidiabetic treatment strategies. Diabetes research and Clinical practice. 2005 Jun 1;68:S22-9.

Pandey H, Srivastava S, Tripathi YB. A novel approaches for drug development and pharmacological 
study of herbal plant. Int J Pharm Sci Res. 2020;11(12):5974-86.

Chatterjee S, Davies MJ. Current management of diabetes mellitus and future directions in care. 
Postgraduate medical journal. 2015 Nov 1;91(1081):612-21.

Sapra A, Bhandari P, Wilhite Hughes A. Diabetes Mellitus (Nursing).

Anjana RM, Baskar V, Nair AT, Jebarani S, Siddiqui MK, Pradeepa R, Unnikrishnan R, Palmer C, 
Pearson E, Mohan V. Novel subgroups of type 2 diabetes and their association with microvascular 
outcomes in an Asian Indian population: a data-driven cluster analysis: the INSPIRED study. BMJ 
Open Diabetes Research and Care. 2020 Aug 1;8(1):e001506.

Kibirige D, Akabwai GP, Kampiire L, Kiggundu DS, Lumu W. Frequency and predictors of 
suboptimal glycemic control in an African diabetic population. International journal of general 
medicine. 2017; 10:33.

Govindaswamy S, Dhivya PS. Prevalence and complications of diabetes mellitus In India-A 
systematic review.

Shriraam V, Mahadevan S, Anitharani M, Jagadeesh NS, Kurup SB, Vidya TA, Seshadri KG. Reported 
hypoglycemia in Type 2 diabetes mellitus patients: Prevalence and practices-a hospital-based study. 
Indian journal of endocrinology and metabolism. 2017 Jan; 21(1): 148.

Rosano GM, Vitale C, Seferovic P. Heart failure in patients with diabetes mellitus. Cardiac failure 
review. 2017 Apr; 3(1): 52.

Sharma A, Mittal S, Aggarwal R, Chauhan MK. Diabetes and cardiovascular disease: inter-relation of 
risk factors and treatment. Future Journal of Pharmaceutical Sciences. 2020 Dec; 6(1): 1-9.

Leon BM, Maddox TM. Diabetes and cardiovascular disease: epidemiology, biological mechanisms, 
treatment recommendations and future research. World journal of diabetes. 2015 Oct 10; 6(13): 1246.

Unnikrishnan AG, Sahay RK, Phadke U, Sharma SK, Shah P, Shukla R, et al. Cardiovascular risk in 
newly diagnosed type 2 diabetes patients in India. PloS one. 2022 Mar 31;17(3):e0263619.

Wang CC, Hess CN, Hiatt WR, Goldfine AB. Atherosclerotic cardiovascular disease and heart failure 
in type 2 diabetes–mechanisms, management, and clinical considerations. Circulation. 2016 Jun 6; 
133(24): 2459.

American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical 
Care in Diabetes-2022. Diabetes Care. Diabetes Care 2022;45(Suppl. 1): S17-S38.

American Diabetes Association. Standards of Medical Care in Diabetes-2022 Abridged for Primary 
Care Providers. Clin Diabetes. 2022 Jan; 40(1): 10-38.

Ramachandran A, Shetty AS, Nandhitha A, Snehalatha C. Type 2 diabetes in India: Challenges and 
possible solutions. Medicine update. 2013(Ch. 40): 186-90.

ICMR Guidelines Type 2 diabetes 2018. Available on: 
https://main.icmr.nic.in/sites/default/files/guidelines/ICMR_ GuidelinesType2diabetes2018_0.pdf. 
Accessed on 16th June 2022.

Chadha M, Das AK, Deb P, Gangopadhyay KK, Joshi S, Kesavadev J, et al. Expert Opinion: Optimum 
Clinical Approach to Combination-Use of SGLT2i+ DPP4i in the Indian Diabetes Setting. Diabetes 
Therapy. 2022 Mar 25: 1-8.

Nakatsuma A, Kiriyama Y, Kino K, Ninomiya M. Diabetes drugs that protect pancreatic β cells. Integr 
Mol Med. 2015 Dec 12; 3(1): 467-72.

Sola D, Rossi L, Schianca GP, Maffioli P, Bigliocca M, Mella R, et al. Sulfonylureas and their use in 
clinical practice. Arch Med Sci. 2015 Aug 12; 11(4): 840-8.

Morgan L. Challenges and opportunities in managing type 2 diabetes. American Health & Drug 
Benefits. 2017 Jun; 10(4): 197.

Marín-Peñalver JJ, Martín-Timón I, Sevillano-Collantes C, del Cañizo-Gómez FJ. Update on the 
treatment of type 2 diabetes mellitus. World journal of diabetes. 2016 Sep 15; 7(17): 354.

Gallwitz B. Clinical use of DPP-4 inhibitors. Frontiers in endocrinology. 2019: 389. 

Tan X, Hu J. Evogliptin: a new dipeptidyl peptidase inhibitor for the treatment of type 2 diabetes. 
Expert opinion on pharmacotherapy. 2016 Jun 12; 17(9): 1285-93. 

Ceriello A, Sportiello L, Rafaniello C, Rossi F. DPP-4 inhibitors: pharmacological differences and 
their clinical implications. Expert opinion on drug safety. 2014 Sep 1;13(sup1): 57-68. 

Scott LJ. Sitagliptin: a review in type 2 diabetes. Drugs. 2017 Feb 1; 77(2): 209-24. 

Katzeff HL, Williams-Herman D, Xu L, Golm GT, Wang H, Dong Q, et al. Long-term efficacy of 
sitagliptin as either monotherapy or add-on therapy to metformin: improvement in glycemic control 
over 2 years in patients with type 2 diabetes. Current Medical Research and Opinion. 2015 Jun 3; 
31(6): 1071-7.

Tat V, Forest CP. The role of SGLT2 inhibitors in managing type 2 diabetes. Journal of the American 
Academy of PAs. 2018 Jun 1; 31(6): 35-40.

Scheen AJ. Pharmacodynamics, efficacy and safety of sodium–glucose co-transporter type 2 (SGLT2) 
inhibitors for the treatment of type 2 diabetes mellitus. Drugs. 2015 Jan; 75(1): 33-59.

McMurray JJ, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin 
in patients with heart failure and reduced ejection fraction. New England Journal of Medicine. 2019 
Nov 21; 381(21): 1995-2008.

4140

2.

1.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.



Dhillon S. Dapagliflozin: a review in type 2 diabetes. Drugs. 2019 Jul; 79(10): 1135-46.

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapagliflozin and cardiovascular 
outcomes in type 2 diabetes. New England Journal of Medicine. 2019 Jan 24; 380(4): 347-57.

Zhan M, Xu T, Wu F, Tang Y. Sitagliptin in the treatment of type 2 diabetes: a meta-analysis. Journal of 
Evidence-Based Medicine. 2012 Aug; 5(3): 154-65.

Omoto S, Taniura T, Nishizawa T, Tamaki T, Shouzu A, Nomura S. Anti-atherosclerotic effects of 
sitagliptin in patients with type 2 diabetes mellitus. Diabetes, metabolic syndrome and obesity: targets 
and therapy. 2015; 8: 339.

Hsieh CJ, Shen FC. The durability of sitagliptin in elderly patients with type 2 diabetes. Clinical 
Interventions in Aging. 2014; 9: 1905.

Mori H, Okada Y, Arao T, Tanaka Y. Sitagliptin improves albuminuria in patients with type 2 diabetes 
mellitus. Journal of diabetes investigation. 2014 May; 5(3): 313-9.

Mohan V, Yang W, Son HY, Xu L, Noble L, Langdon RB, et al. Efficacy and safety of sitagliptin in the 
treatment of patients with type 2 diabetes in China, India, and Korea. Diabetes research and clinical 
practice. 2009 Jan 1; 83(1): 106-16.

Hussain M, Atif MA, Tunio AG, Ali B, Akhtar L, Serwar G. Effect of sitagliptin on glycemic control, 
body weight, blood pressure and serum lipid profile in type 2 diabetic hyperlipidemic patients. Journal 
of Ayub Medical College Abbottabad. 2016 Jun 1; 28(2): 369-72.

McGuire DK, Van de Werf F, Armstrong PW, Standl E, Koglin J, Green JB, et al. Association between 
sitagliptin use and heart failure hospitalization and related outcomes in type 2 diabetes mellitus: 
secondary analysis of a randomized clinical trial. JAMA cardiology. 2016 May 1; 1(2): 126-35.

Jabbour SA, Hardy E, Sugg J, Parikh S, Study 10 Group. Dapagliflozin is effective as add-on therapy 
to sitagliptin with or without metformin: a 24-week, multicenter, randomized, double-blind, placebo-
controlled study. Diabetes Care. 2014 Mar 1; 37(3): 740-50.

Shukla UA, Chi EM, Lehr KH. Glimepiride pharmacokinetics in obese versus non-obese diabetic 
patients. Ann Pharmacother. 2004;38(1):30–35.

Basit A, Riaz M, Fawwad A. Glimepiride: evidence-based facts, trends, and observations (GIFTS). 
[corrected]. Vasc Health Risk Manag. 2012;8:463-72. doi: 10.2147/HIV.S33194. Epub 2012 Aug 15. 
Erratum in: Vasc Health Risk Manag. 2013;9:1.

Trerattanavong, Kentaro, and Prasanna Tadi. "Glimepiride." (2020).

Goldberg RB, Holvey SM, Schneider J. A dose-response study of glimepiride in patients with NIDDM 
who have previously received sulfonylurea agents. The Glimepiride Protocol #201 Study Group. 
Diabetes Care. 1996;19(8):849–856.

Schade DS, Jovanovic L, Schneider J. A placebo-controlled, randomized study of glimepiride in 
patients with type 2 diabetes mellitus for whom diet therapy is unsuccessful. J Clin Pharmacol. 
1998;38(7):636–641.

Charpentier G, Fleury F, Kabir M, Vaur L, Halimi S. Improved glycaemic control by addition of 
glimepiride to metformin monotherapy in type 2 diabetic patients. Diabet Med. 
2001;18(10):828–834.

Dills DG, Schneider J. Clinical evaluation of glimepiride versus glyburide in NIDDM in a double-
blind comparative study. Glimepiride/Glyburide Research Group. Horm Metab Res. 
1996;28(9):426–429.

Draeger KE, Wernicke-Panten K, Lomp HJ, Schuler E, Rosskamp R. Long-term treatment of type 2 
diabetic patients with the new oral antidiabetic agent glimepiride (Amaryl): a double-blind 
comparison with glibenclamide. Horm Metab Res. 1996;28(9):419–425.

Goldberg RB, Holvey SM, Schneider J. The Glimepiride Protocol #201 Study Group. A dose response 
study of glimepiride in patients with NIDDM who have previously received sulfonylurea agents. 
Diabetes Care. 1996;19:847–856.

Schernthaner G, Grimaldi A, Di-Mario U, et al. GUIDE study: double-blind comparison of once-daily 
gliclazide MR and glimepiride in type 2 diabetic patients. Eur J Clin Invest. 2004;34:535–542.

Schneider J. An overview of the safety and tolerance of glimepiride. Horm Metab Res. 
1996;28:413–418. 

Holstein A, Plaschke A, Egberts EH. Lower incidence of severe hypoglycaemia in patients with type 2 
diabetes treated with glimepiride versus glibenclamide. Diabetes Metab Res Rev. 
2001;17(6):467–473. 

Müller G. The molecular mechanism of the insulin-mimetic/sensitizing activity of the antidiabetic 
sulfonylurea drug Amaryl. Mol Med. 2000;6(11):907–933. 

Heine RJ. Role of sulfonylureas in non-insulin-dependent diabetes mellitus: part II – ‘the cons’ Horm 
Metab Res. 1996;28:522–526. 

Tremble JM, Donaldson D. Is continued weight gain inevitable in type 2 diabetes mellitus? J R Soc 
Promot Health. 1999;119:235–239. 

Scholz G, Schneider K, Knirsch W, Becker G. Efficacy and tolerability of glimepiride in daily 
practice: a non-interventional observational cohort study. Clin Drug Invest. 2001;21(9):597–604.

Martin S, Kolb H, Beuth J, van Leendert R, Schneider B, Scherbaum WA. Change in patients’ body 
weight after 12 months of treatment with glimepiride or glibenclamide in type 2 diabetes: a 
multicentre retrospective cohort study. Diabetologia. 2003;46(12):1611–1617. 

Draeger K, Wernicke-Panten K, Lomp HJ, Schuler E, Rosskamp R. Long-term treatment of type 2 
diabetic patients with the new oral antidiabetic agent glimepiride (Amaryl): a double-blind 
comparison with glibenclamide. Horm Metab Res. 1996;28:419–425. 

Müller G, Hartz D, Pünter J, Okonomopulos R, Kramer W. Differential interaction of glimepiride and 
glibenclamide with the beta-cell sulfonylurea receptor. I. Binding characteristics. Biochim Biophys 
Acta. 1994;1191:267–277. 

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of intensive glucose 
control in type 2 diabetes. N Engl J Med. 2008;359 (15):1577-1589. 

World Health Organization. Guidelines on second- and third-line medicines and type of insulin for the 
control of blood glucose levels in nonpregnant adults with diabetes mellitus.

Rosenstock J, Kahn SE, Johansen OE, et al; CAROLINA Investigators. Effect of linagliptin vs 
glimepiride on major adverse cardiovascular outcomes in patients with type 2 diabetes: the 
CAROLINA randomized clinical trial [published September 19, 2019]. JAMA.

Godarzi MO, Brier-Ash M: Metformin revisited: re-evaluation of its properties and role in the 
pharmacopoeia of modern antidiabetic agents. Diabetes Obes Metab 2005, 5:654–665

Shaw RJ, Lamia KA, Vasquez D, et al: The kinase LKB1 mediates glucose homeostasis in liver and 
therapeutic effects of metformin. Science 2005, 310:1642–1646

El-Mir MY, Nogueira V, Fontaine E, et al: Dimethylbiguanide inhibits cell respiration via an indirect 

4342

37.

38.

39.

41.

42.

43.

44.

45.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

40.

46.

47.

48.

49.

50.

51.

52.

53.

71.



effect targeted on the respiratory chain complex I. J Biol Chem 2000, 275:223–228.

Rojas and Gomes Diabetology & Metabolic Syndrome 2013, 5:6

American Diabetes Association: Summary of revisions to the 2011 clinical practice 
recommendations. Diabetes Care 2011, 34(Suppl 1):S3.

Rodbard HW, Jellinger PS, Davidson JA, et al: Statement by an American association of clinical 
endocrinologists/American college of endocrinology consensus panel on type 2 diabetes mellitus. An 
algorithm for glycemic control. Endocr Pract 2009, 15(6):540–559.

Prospective Diabetes Study (UKPDS) Group: Effect of intensive blood glucose control with 
metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet 1998, 
352(9131):854–865.

Unnikrishnan R, et al. Nat Rev Endocrinol 2016; 12: 357 – 370; 4. 

V. Mohan, et al. Diabet Indian J Med Res 125, March 2007, pp 217-230;  

Hans S, et al Curr Med Res Opin 2012 Jun; 28(6): 967-77; 

Reasner C, et al. Diabetes, Obesity and Metabolism 2011; 13: 644 – 52; 

Perez-Monteverde A, et al. Int J Clin Pract Sept 2011; 65(9): 930 – 38; 

Wainstein J, et al. Diabetes, Obesity and Metabolism 2012; 14(5):409-18; 

Williams-Herman D, et al. Diabetes, Obesity and Metabolism 2010; 12: 442-51. 

Matthaei S, et al, Diabetes Care 2015;38:365–372. 

Julio Rosenstock et al. Dia Care 2015;38:376-383 

Benford M, et al. Adv Ther 2012 ,29(1):26-40 .

Benford M, et al. Adv Ther 2012 ,29(1):26-40; 

Williams-Herman D, et al. Diabetes, Obesity and Metabolism 2010; 12: 442-51

Black JA, et al. BMJ Open Diabetes Research and Care 2015;3:e000075  

Paes AH, et al.. Diabetes Care. 1997;20(10):1512–1517

Diabetes & Vascular Disease Research November-December 2020: 1–3

Sato A et al. J Clin Med Res 2019; 11(1): 15 – 20

Ishii H et al. J Clin Med Res 2014; 6(2): 127 – 132

Hermansen K, et al. Diabetes, Obesity and Metabolism 2007

4544

72.

73.

75.

76.

77.

78.

80.

74.

79.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24

