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Abstract 

 
Background: Diabetes is a progressive disease that include both microvascular and 

macrovascular complications.  

Objective: To evaluate the efficacy and safety of teneligliptin in type 2 diabetes mellitus 

patients having dyslipidemia and hypertension.  

Methods: Clinical study protocol was approved by the Institutional Ethics Committee. 

The study was conducted based on randomization in four cohorts, including 120 subjects 

in each study. Study I: Diabetic patients with add-on teneligliptin; treatment A: standard 

anti-diabetic therapy (metformin 1000 mg and glimepiride 1mg) and treatment B: 

standard anti-diabetic therapy and add-on teneligliptin (20 mg OD). Study-II: Diabetic 

patients having dyslipidemia; treatment A: atorvastatin (20 mg OD) and anti-diabetic 

therapy and treatment B: atorvastatin, anti-diabetic therapy with add-on teneligliptin. 

Study-III: Diabetic patients having hypertension; treatment A: telmisartan (20 mg OD) 

and anti-diabetic therapy and treatment B: telmisartan, anti-diabetic therapy with add-on 

teneligliptin.  Study-IV: Diabetic patients having dyslipidemia and hypertension; 

treatment A: telmisartan, atorvastatin with standard anti-diabetic therapy and treatment B: 

telmisartan, atorvastatin, anti-diabetic therapy with add-on teneligliptin for 24 weeks of 

treatment duration for each study. Predesigned case report form was used to collect 

information from the prescribing physicians regarding the efficacy and safety of 

teneligliptin. Efficacy variables included blood pressure measurement, serum glycaemic 

parameters, lipid profile, and cytokine (IL-6, TNF-α and adiponectin) levels from 

baseline to the end of 24 weeks.  Treatment-emergent adverse events were also assessed 

for each study.  

Results: Study I: The addition of teneligliptin to glimepiride and metformin resulted in a 

significant reduction in glycaemic parameters (HbA1c, FBG, and PPBG) as compared to 

conventional therapy. Teneligliptin, add-on therapy showed a reduction in serum IL-6 

and TNFα levels with rise in adiponectin levels (p<0.05) in diabetic patients. Study -II: 
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Teneligliptin, as add-on therapy to conventional therapy significantly reduced serum lipid 

profile (TC, TG, and LDL) as well as glycaemic parameters along with a significant rise 

in serum adiponectin levels as compared to conventional therapy. Study-III: 

Teneligliptin, as add-on treatment to conventional therapy significantly reduced serum 

glycaemic parameters along with rise (p<0.05) in serum adiponectin levels as compared 

to conventional therapy. Blood pressure (SBP 3.64% and DBP 5.77%) values were found 

reduced  in patients with concomitant hypertension. Study-IV: It has been observed that 

teneligliptin, as add-on therapy is found well tolerated and effective in T2DM patients 

having dyslipidemia and hypertension. Teneligliptin add-on treatment with atorvastatin 

and telmisartan significantly reduced glycaemic parameters along with reduction  of lipid 

profile and blood pressure measures in diabetic patients having dyslipidemia and 

hypertension.  

Conclusion: The beneficial effect of teneligliptin for the optimum glycaemic control can 

be attributed to significant rise in serum adiponectin levels with reduction in 

inflammatory cytokines. Our study suggest clinical efficacy and safety of teneligliptin for 

lowering of glycaemic parameters along with standard antidiabetic therapy for diabetic 

patients having comorbid conditions like hypertension and dyslipidemia. 

Key words: Type 2 diabetes mellitus, adiponectine, HbA1c, Teneligliptin, hypertension    

and dyslipidemia. 
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CHAPTER 1 

Introduction 
Diabetes mellitus (DM), a chronic metabolic non-communicable disease (NCD), has attained 

epidemic proportions worldwide.
(1)

 The World Health Organization (WHO) has predicted that 

the major burden will occur in the developing countries.
(2)

 In 2021, Approximately 537 million 

adults (20-79 years)  living with diabetes.
(3)

 The total number of people living with diabetes is 

projected to rise to 643 million by 2030.
(4)

 The countries with the largest number of diabetic 

people are, and will be in the year 2025, India, China and United States.
(5)

 India currently faces 

an uncertain future in relation to the potential burden that diabetes may impose upon the 

country.
(6)

 Although a number of oral hypoglycemic agents are available for glucose-lowering 

therapy, it is still difficult to maintain good glycemic control with the existing drugs over a long-

term period because of the progressive pathophysiology of DM. Patients with inadequate 

glycemic control often require additional combination therapy or treatment with newer anti-

diabetic agents or insulin to achieve the desired glycemic target levels.
(7-8)

 Diabetes is 

progressive disease which include both microvascular and macrovascular complications. 
(9)

 The 

relation between DM and lipid profile has been established during the past decades. Both lipid 

profile and diabetes are shown to be the important predictors for metabolic disturbances 

including dyslipidaemia, hypertension, and cardiovascular diseases. 
(10)

 The glucagon-like 

peptide-1 (GLP-1) is secreted from alimentary canal, in response to meal. This promotes insulin 

secretion from pancreas and regulates blood glucose post meal by controlling glucagon secretion. 

Teneligliptin produces hypoglycemic effect by controlling the degradation of GLP-1 via 

inhibiting dipeptidyl peptidase-4 (DPP-4) activity. Thus increases blood concentration of active 

GLP-1. It is reported that long-term treatment with teneligliptin significantly improved 

endothelial dysfunction and glucose metabolism in a rat model of metabolic syndrome, 

suggesting that teneligliptin treatment might be beneficial for patients with hypertension and/or 

diabetes. Further, Teneligliptin treatment is reported to improve in LV function and endothelial 

functions, along with increase in serum adiponectin levels. 
 (11-12)

  

 

It is also reported that teneligliptin may provide a potential therapeutic target for the aortic 

damage from hypercholesterolaemia. 
(13)

 Several researchers have observed that teneligliptin 
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contributes to reduced glomerulosclerosis and lipid accumulation which might provide new 

insights into the role of DPP-4 inhibitor teneligliptin in hypercholesterolemia kidney injury. 
(14)

 

As a therapeutic class, the DPP-4 inhibitors comprise a diverse group of compounds, which can 

be broadly divided into those that mimic the dipeptide structure of DPP-4 substrates and those 

which are non-peptidomimetic. 
(15)

The DPP-4 inhibitors are all orally available and are rapidly 

absorbed, with significant inhibition of plasma DPP-4 activity being seen within 5 min of 

administration. In general, the DPP-4 inhibitors have not been reported to result in any 

meaningful activation or inhibition of the CYP enzyme system, suggesting that they are unlikely 

to be involved in clinically meaningful drug interactions involving these systems. 
(16)

 There are 

data suggesting that there is no great propensity for the DPP-4 inhibitors to be involved in any 

clinically relevant drug–drug interactions with other commonly prescribed medications, 

including metformin, pioglitazone, rosiglitazone, glyburide and simvastatin, suggesting that 

these agents can be co-administered with the DPP-4 inhibitors without the need for dose 

adjustment of either drug.
(17)

 

 

The DPP-4 inhibitors are the first new therapeutic class of oral antihyperglycaemic drug for 

T2DM for many years. 
(18)

 They were designed for the treatment of the disease based on prior 

knowledge of the physiology of the incretin hormone GLP-1 and an understanding of the target 

(DPP-4), contrasting with the development of other antidiabetic agents whose blood glucose-

lowering effects were initially discovered more by chance than by design without fully knowing 

the underlying mechanisms (e.g. metformin, sulphonylureas and glitazones). 
(19)

 Identification of 

the 3-dimensional/tertiary structure of the DPP-4 protein allowed the rational design of small 

molecule inhibitors which interact only with the catalytic site without interfering in any of the 

other functions of the DPP-4/CD26 molecule. This, together with the understanding of the role of 

GLP-1 in glucose homeostasis and its unique susceptibility to cleavage by DPP-4, probably 

accounts for the remarkable lack of adverse effects so far associated with the therapeutic use of 

the DPP-4 inhibitors. 
(20-21)

 

 

Type 2 diabetes is a progressive disease in many patients, maintenance of glycemic targets with 

monotherapy is often possible for only a few years, after which combination therapy is 

necessary.
(22)

 Current American Diabetes Association (ADA)/ and other guidelines American 
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Association of Clinical Endocrinology (AACE),  American College of Endocrinology (ACE) 

recommendations have been to use stepwise addition of medications to metformin to maintain 

HbA1c at target. This allows a clearer assessment of the positive and negative effects of new 

drugs and reduces patient risk and expense. Based on these factors, sequential addition of oral 

agents to metformin has been the standard of care. However, there is data to support initial 

combination therapy for more rapid attainment of glycemic goals, and a recent clinical trial has 

demonstrated that this approach is superior to sequential addition of medications. 
(23-24)

 

 

Patients are frequently prescribed agents which can cause hypoglycaemia, and/or weight gain. 

DPP-4 inhibitor is expected to be safely used as a treatment for type 2 diabetes because it has no 

risk of hypoglycaemia and/or weight gain which are reported in pre-existing diabetes therapies 

and no inconvenience related to dose adjustment depending on patient's condition. 
(25)

 A good 

glycemic control reduces the rates of diabetes-associated microvascular and possibly 

macrovascular complications.
(26)

 Reduction of the associated risk factors, including those related 

to excessive weight, high blood pressure and dyslipidemia are also necessary to meaningfully 

decrease cardiovascular risk. Agents that can improve glycemia with weight neutrality could 

offer an additional benefit to overweight patients with type 2 diabetes.
(27)

 

There is no long term study conducted in diabetic patients having dyslipidemia and or 

hypertensionfor assessing efficacy and safety of teneligliptin. In the light of above, our study is 

planned to establish efficacy, safety, and tolerability of teneligliptin for diabetic patients having 

dyslipidemia and hypertension. 
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1.1 Aim and objectives 

 Primary objective: To evaluate the efficacy of teneligliptin as add-on drug in patients 

with type 2 diabetes mellitus patients with or without dyslipidemia and/or hypertension. . 

 Secondary objective:  To evaluate the safety and tolerability of teneligliptin as add-on 

drug in patients with type 2 diabetes mellitus patients with or without dyslipidemia and/or 

hypertension.. 

 

1.2 Scope of Research work 

It is a single center clinical study conducted at Dr. Jivraj Mehta hostiptal and Bakeri Medical 

Research Centre, Ahmedabad, Gujarat. This project will help to promote DPP-4 inhibitor 

efficacy and safety profile in diabetes patients having dyslipidemia and hypetension. Also it will 

help pharma industries to conduct multicentre and global clinical trials on DPP-4 inhibitor.  

Possible therapeutic benefit of teneligliptin a novel DPP-4 inhibitor in diabetic patients having 

dyslipidemia and hypertension was ascertained scientifically and will be published in reputed 

international medicinal journals, so doctors, physicians, research scholar and patients can aware 

the risk and benefit of teneligliptin and also know about add-on treatment with respective co-

morbid condition. Our findings towards the efficacy, tolerability and safety of teneligliptin in 

diabetic patients having dyslipidemia and hypertension would translate to global product 

development opportunities for teneligliptin. 

 

1.3 Original contribution of research work 

The current clinical study provided scientific data including efficacy, safety, tolerability, and 

mechanism of action regarding potential use of teneligliptin 20 mg/day in diabetic patients 

having dyslipidemia and hypertension in India. Further, we also found increase in adiponectin 

levels in diabetic patients having dyslipidemia and or hypertension. Thus, therapeutic dose 

regimen and newer pharmacological management will be established for diabetic patients having 

dyslipidemia and hypertension.  
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CHAPTER: 2  

Review of literature 
2.1 Diabetes 

Diabetes is a serious, chronic disease that occurs either when the pancreas does not produce 

enough insulin (a hormone that regulates blood sugar, or glucose), or when the body cannot 

effectively use the insulin it produces. According to WHO, Diabetes mellitus is a chronic 

metabolic disorder characterized by hyperglycemia caused by defective insulin secretion, 

resistance to insulin action, or a combination of both. Alterations of lipid and protein metabolism 

also are important manifestations of these defects in insulin secretion or action.
(28-29)  

 

2.2 Epidemiology 

In 2010, an estimated 285 million people worldwide had diabetes mellitus, 90% of whom had 

type 2 diabetes mellitus (T2DM).  The number of people globally with diabetes mellitus is 

projected to rise to 439 million by 2030, which represents 7.7% of the total adult population of 

the world aged 20–79 years. 
(30)

 

The estimated number of diabetes patients in the 20-79 age group is 74.2 millions in 2021 and is 

likely to increase to 124.8 millions in 2045, from the Diabetes Atlas 2021 of the International 

Diabetes Federation 
(30)

. 

 

Figure 1: Global projections for the diabetes epidemic. 2010–2030.
(30)

 

a. In each box, the top and middle values represent the number of people with diabetes 

mellitus (in millions) in each of seven world regions (depicted with different colors) for 
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2010 and 2030, respectively; the bottom value is the percentage increase from 2010 to 

2030. The number of people globally with diabetes mellitus is projected to rise from 285 

million in 2010 to 439 million by 2030, a 54% increase. 

 

Physiology of glucose metabolism: 
(29)

 

 

 
 

Figure 2. Hormonal regulation of glucose metabolism by insulin. Insulin is synthesized in 

pancreatic cells in response to hyperglycemia. It binds to insulin receptors in target cells (red 

arrows) such as skeletal muscle cells, hepatocytes and adipocytes and induces signaling 

pathways that promote glucose uptake, catabolism or storage. This reduces plasma glucose 

levels.
(29)

 

 

2.3 Types of Diabetes 

The vast majority of diabetic patients are classified into one of two broad categories: type 1 

diabetes caused by an absolute deficiency of insulin, or type 2 diabetes defined by the presence 

of insulin resistance with an inadequate compensatory increase in insulin secretion. Women who 

develop diabetes because of the stress of pregnancy are classified as having gestational diabetes. 
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Finally, uncommon types of diabetes caused by infections, drugs, endocrineopathies, pancreatic 

destruction, and known genetic defects are classified separately. 
(30)

 

 

Type 1 Diabetes 

Type 1 diabetes mellitus is increasing in present time and approximately 3-5% per year in 

India.
(31)

 Type 1 diabetes mellitus (juvenile diabetes) is characterized by beta cell destruction 

caused by an autoimmune process, usually leading to absolute insulin deficiency. Type 1 is 

usually characterized by the presence of anti–glutamic acid decarboxylase, islet cell or insulin 

antibodies which identify the autoimmune processes that lead to beta cell destruction. 

Eventually, all type1 diabetic patients will require insulin therapy to maintain norm glycemia. 

This form of diabetes results from autoimmune destruction of the β cells of the pancreas. 

Markers of immune destruction of the β cell are present at the time of diagnosis in 90% of 

individuals and include islet cell antibodies, antibodies to glutamic acid decarboxylase, and 

antibodies to insulin. Although this form of diabetes usually occurs in children and adolescents, 

it can occur at any age. Younger individuals typically have a rapid rate of B-cell destruction and 

present with ketoacidosis, whereas adults often maintain sufficient insulin secretion to prevent 

ketoacidosis for many years, which is often referred to as (Latent autoimmune diabetes in adults) 

LADA. 
(32-33)

 

Type 2 Diabetes 

Type 2 diabetes is caused by a combination of genetic factors related to impaired insulin 

secretion and insulin resistance and environmental factors such as obesity, overeating, lack of 

exercise, and stress, as well as aging. Impaired insulin secretion and insulin resistance contribute 

more or less jointly to the development of pathophysiological conditions. This form of diabetes 

is characterized by insulin resistance and a relative lack of insulin secretion, with progressively 

lower insulin secretion over time. Most individuals with type 2 diabetes exhibit abdominal 

obesity, which itself causes insulin resistance. In addition, hypertension, dyslipidemia (high 

triglyceride levels and low HDL-cholesterol levels), and elevated plasminogen activator inhibitor 

type 1 (PAI-1) levels are often present in these individuals.  This clustering of abnormalities is 

referred to as the insulin resistance syndrome or the metabolic syndrome. Because of these 

abnormalities, patients with type 2 diabetes are at increased risk of developing macrovascular 
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complications. Type 2 diabetes has a strong genetic predisposition and is more common in all 

ethnic groups other than those of European ancestry. At this point the genetic cause of most 

cases of type 2 diabetes is not well defined. 
(34-35)

 

 

Other Specific Types of Diabetes 

Gestational Diabetes 

Gestational diabetes mellitus is an operational classification (rather than a pathophysiologic 

condition) identifying women who develop diabetes mellitus during gestation. Women who 

develop Type 1 diabetes mellitus during pregnancy and women with undiagnosed asymptomatic 

Type 2 diabetes mellitus that is discovered during pregnancy are classified with Gestational 

Diabetes Mellitus (GDM). In most women who develop GDM; the disorder has its onset in the 

third trimester of pregnancy.  Gestational diabetes affects pregnant women who have never had 

diabetes before but who have high blood sugar (glucose) levels during pregnancy are said to 

have gestational diabetes. Risk assessment for GDM should occur at the first prenatal visit. 

Women at high risk (positive family history, history of GDM, marked obesity, or member of a 

high-risk ethnic group) should be screened as soon as feasible.
(32)

 

 

Genetic Defects  

MODY (maturity onset diabetes of the young) is characterized by impaired insulin secretion with 

minimal or no insulin resistance. Patients typically exhibit mild hyperglycemia at an early age. 

The disease is inherited in an autosomal dominant pattern with at least six different loci 

identified to date. Genetic inability to convert proinsulin to insulin results in mild hyperglycemia 

and is inherited in an autosomal dominant pattern. Similarly, the production of mutant insulin 

molecules has been identified in a few families and results in mild glucose intolerance. 

Several genetic mutations have been described in the insulin receptor and are associated with 

insulin resistance. Type A insulin resistance refers to the clinical syndrome of acanthosis 

nigricans, virilization in women, polycystic ovaries, and hyperinsulinemia. In contrast, type B 

insulin resistance is caused by autoantibodies to the insulin receptor. Leprechaunism is a 

pediatric syndrome with specific facial features and severe insulin resistance because of a defect 
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in the insulin receptor gene. Lipoatrophic diabetes probably results from postreceptor defects in 

insulin signaling.
(33)

 

 

Clinical Features of Diabetes Mellitus 

General symptoms 

Most of the symptoms are similar in both types of diabetes but they vary in their degree and 

develop more rapidly in type 1 diabetes and more typical. 

Clinical features of type I diabetes Some of the symptoms include weight loss, polyurea, 

polydipsia, polyphagia, constipation fatigue, cramps, blurred vision, and candidiasis.
(35)

 Long 

lasting type 1 DM patients may susceptible to microvascular complications; and macrovascular 

disease (coronary artery, heart, and peripheral vascular diseases). 
(36-40)

 

Clinical features of Type II diabetes Most cases are diagnosed because of complications or 

incidentally carries a high risk of large vessel atherosclerosis commonly associated with 

hypertension, hyperlipidaemia and obesity. Most patients with type 2 diabetes die from 

cardiovascular complications and end stage renal disease. Geographical variation can contribute 

in the magnitude of the problems and to overall morbidity and mortality.
(41-42)

 

 

Clinical characteristic of diabetes mellitus: 

Table 1: Clinical characteristics of type 1 diabetes, type 2 diabetes and monogenic diabetes 

in children and adolescents. 

Characteristic Type 1 Type 2 Monogenic 

Genetics Polygenic Polygenic Monogenic  

  β cell destruction No β cell destruction -- 

 Islet cell antibodies 

present 

No Islet cell antibodies 

present 

-- 

Age of onset 6 months to young 

adulthood 

Usually pubertal (or later) Often post pubertal except 

Glucokinase and neonatal 

diabetes 

 Most often acute, Variable; from slow, mild Variable (may be incidental 
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Clinical 

presentation 

rapid 

 

(often 

insidious) to severe 

in 

glucokinase) 

Faster onset of 

symptomms 

Slower onset of symptoms -- 

Insulin must be 

administered 

Diet control and oral 

hypoglycemic agent‘s often 

sufficient control. 

-- 

Patients usually not 

overweight 

Patients usually overweight -- 

 hyperglycemia causes 

diabetic ketoacidosis 

Extreme hyperglycemia 

causes hyperosmolar 

hyperglycemic state. 

-- 

Associations 

Autoimmunity 

Ketosis 

Yes 

Common 

No 

Uncommon 

No 

Acanthosis 

nigricans 

Frequency 

(% of all diabetes 

in young people) 

Parent with 

diabetes 

Usually 90%± 

2-4% 

Yes 

Most countries 

80% 

Common in neonatal 

diabetes, rare in other forms 

population frequency 

 

2.4 Pathogenesis 

2.4.1 Type 1 Diabetes Mellitus 

Type 1 Diabetes is characterized by autoimmune destruction of insulin producing cells in the 

pancreas by CD4+ and CD8+ T cells and macrophages infiltrating the islets. Several features 

characterize type 1 diabetes mellitus as an autoimmune disease. 
(43-44) 

1. Presence of immuno-competent and accessory cells in infiltrated pancreatic islets; 

2. Association of susceptibility to disease with the class II (immune response) genes of the 

major histocompatibility complex (MHC; human leucocyte antigens HLA); 

3. Presence of islet cell specific autoantibodies; 

4. Alterations of T cell mediated immunoregulation, in particular in CD4+ T cell 

compartment; 

5. The involvement of monokines and TH1 cells producing interleukins in the disease 

process; 
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6. Response to immunotherapy and; 

7. Frequent occurrence of other organ specific auto- immune diseases in affected 

individuals or in their family members. 

 

 

Figure 2: Pathophysiology of type 1 diabetes mellitus 

Approximately 85% of patients have circulating islet cell antibodies, and the majorities also have 

detectable anti-insulin antibodies before receiving insulin therapy. Most islet cell antibodies are 

directed against glutamic acid decarboxylase (GAD) within pancreatic β cells. The autoimmune 

destruction of pancreatic β-cells, leads to a deficiency of insulin secretion which results in the 

metabolic derangements associated with T1DM. In addition to the loss of insulin secretion, the 

function of pancreatic α-cells is also abnormal and there is excessive secretion of glucagons in 

T1DM patients. Normally, hyperglycemia leads to reduced glucagons secretion, however, in 

patients with T1DM, glucagons secretion is not suppressed by hyperglycemia. The resultant 

inappropriately elevated glucagons levels exacerbate the metabolic defects due to insulin 

deficiency.
(45)

 

 

Although insulin deficiency is the primary defect in T1DM, there is also a defect in the 

administration of insulin. Deficiency in insulin leads to uncontrolled lipolysis and elevated levels 
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of free fatty acids in the plasma, which suppresses glucose metabolism in peripheral tissues such 

as skeletal muscle. This impairs glucose utilization and insulin deficiency also decreases the 

expression of a number of genes necessary for target tissues to respond normally to insulin such 

as glucokinase in liver and the GLUT 4 class of glucose transporters in adipose tissue explained 

that the major metabolic derangements, which result from insulin deficiency in T1DM are 

impaired glucose, lipid and protein metabolism.
(45)

 

 

2.4.2 Type 2 Diabetes Mellitus 

Type 2 diabetes is a complex and progressive disease characterized by various metabolic defects 

and affecting multiple organs (Figure. 3). In type 2 diabetes these mechanisms break down, with 

the consequence that the two main pathological defects in type 2 diabetes are impaired insulin 

secretion through a dysfunction of the pancreatic β-cell, and impaired insulin action through 

insulin resistance.
(46)

 

In situations where resistance to insulin predominates, the mass of β-cells undergoes a 

transformation capable of increasing the insulin supply and compensating for the excessive and 

anomalous demand. 
 

The main defects contributing to the development of type 2 diabetes are impaired insulin 

secretion and insulin resistance in peripheral tissues, such as adipose and muscle, and the liver. 

The decrease in insulin secretion is due to the gradual decline in pancreatic beta-cell function and 

also is linked to reduced beta-cell mass, which is evident before the onset of frank type 2 

diabetes. Indeed, some data suggest that, at the time of diagnosis, a mere 20% of beta-cell 

function remains. The development of chronic hyperglycemia further impairs beta-cell function 

and insulin secretion. In addition, increased hepatic glucose production, due to both impaired 

insulin action on the liver and excessive glucagon secretion and an impaired incretin effect, play 

a major role in the pathophysiology of type 2 diabetes.
(47-48)
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Figure 3: Pathophysiology Type 2 diabetes mellitus 

 

Complications 

Diabetes is a disease that is strongly associated with both microvascular and macrovascular 

complications, including retinopathy, nephropathy, and neuropathy (microvascular) and ischemic 

heart disease, peripheral vascular disease, and cerebrovascular disease (macrovascular), resulting 

in organ and tissue damage in approximately one third to one half of people with diabetes. As the 

disease progresses tissue or vascular damage ensues leading to severe diabetic complications 

such as retinopathy, neuropathy, nephropathy, cardiovascular complications and ulceration. Long 

standing type 1 DM patients are susceptible to microvascular complications; and macrovascular 

disease (coronary artery, heart and peripheral vascular diseases) Type 2 DM caries a high risk of 

large vessel atherosclerosis commonly associated with hypertension, hyperlipidaemia and 

obesity. Most patients with type 2 diabetes die from cardiovascular complications and end stage 

renal disease.
(46)

 

 

2.5 Diagnosis 

The identification of patients with diabetes or pre-diabetes by screening allows for earlier 

intervention, with potential reductions in future complication rates, although randomized trials 

are lacking to definitively show benefit. The patient described in the vignette has risk factors 

(obesity, hypertension, and a family history of diabetes). About 25% of patients with type 2 DM 
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already have microvascular complications at the time of diagnosis suggesting that they have had 

the disease for more than 5 years at the time of diagnosis. As a result there are different 

approaches to diagnose diabetes among individuals.
(47)

 

 

The 1997 American Diabetes Association (ADA) recommendations for diagnosis of DM focus 

on Fasting Plasma Glucose (FPG), while WHO focuses on the Oral Glucose Tolerance Test 

(OGTT).
 (21) 

 

 

Diagnosis of both types of diabetes
(49-50)

 

Random plasma test 

• The simplest test and doesn‘t require fasting before taking the test.  200 or more 

than 200 mg/dL of plasma glucose it probably indicates diabetes but has to be 

reconfirmed. 

Fasting plasma glucose test: 

• There should be eight hours fasting before taking this test. Plasma glucose more 

than 126 mg/dL on two or more tests conducted on different days confirms a 

diabetes diagnosis.  

Oral glucose tolerance test 

• When random plasma glucose test is 160-200 mg/dL and the fasting plasma test is 

110-125 mg/dL, then this test is conducted.  This blood test evaluates body‘s 

response to glucose. This test requires fasting at least eight but not more than 16 

hrs. 

 

Table 2: Major diagnostic criteria for diabetes or pre-diabetes or at risk 

Measure American Diabetes Association World Health 

Organization 

 Diabetes                Prediabetes Diabetes Impaired glucose 

Fasting plasma glucose ≥ 126 mg/dL   100-125 mg/dL(IFG) ≥ 126 mg/dL  

110-125 mg/dL  

2-hr plasma glucose ≥ 200 mg/dL      140-199 Mg/dL ≥ 200 mg/dL  

140-199 mg/dL 

Casual(random) plasma 

Glucose 

≥ 200 mg/dL ≥ 200 mg/dL 

Glycated haemoglobin ≥ 6.5%                     5.7-6.4% ≥ 6.5% 
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2.6 Treatment and Management: 

Non-Pharmacological Management Of Diabetes 
(51)

 

2.7.1 Lifestyle Goals in Diabetes 

 To improve health through optimum nutrition 

 To provide energy for reasonable body weight , normal growth and development 

 To maintain glycemic control 

 To achieve optimum blood lipid levels 

 To individualise the diet according to complications and co-morbidities 

 Achieve optimal physical activity 

 Advise other behavioural changes for: smoking, other tobacco products andalcohol 

 Advocate stress management 

 

Medical Nutrition Therapy (MNT) for diabetes mellitus requires application of nutritional and 

behavioral sciences along with physical activity. 

Need a four-pronged approach: 

 Nutritional assessment which includes metabolic, nutritional and life style parameters 

 Setting goals – practical, achievable and acceptable to the patient-individualised 

 Nutritional Intervention, including nutrition education – individualized meal plans 

according to family eating patterns 

 Evaluation – to assess if the goals have been achieved and to make necessary changes 

 

2.7.3 Physical Activity and Exercise 

Regular physical activity along with regulated exercise is an essential component of management 

of type 2 diabetes. Complete evaluation of patients with diabetes should be performed before 

recommending an exercise program. The exercise programme has to be individualized according 

to one‘s ability and individual capacity. 
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2.7.4 Yoga and Diabetes 

The practice of yoga is a traditional Indian system, which has gained international recognition as 

a means of developing stress coping skills and is increasingly being suggested as a part of 

holistic diabetes management. Some of the aspects used in yoga are: 

• Asanas (involving postures) 

• Pranayama (involving breath) 

• Dhyana (involving meditation) 

 

PHARMACOLOGICAL MANAGEMENT OF DIABETES 

1. Oral anti-hyperglycaemic drugs 

2. Insulin therapy 

3. Non-insulin injectable therapy 
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2.7.2.1 Classification of antidiabetic drugs: 

Table 3: Antidiabetic drugs 
(52)

 

Sr. No Class Mechanism of action Adverse event 

1. Suplhonylurease 

(SUs) 

Principal action on B cells. 

Increase insulin secretion 

Cause hyperglycaemia (which 

stimulates appetitie and lead to 

weight gain).abdominal upset, 

headache, hypersensitivity 

reaction, SU cannot used in 

pregnancy because of highly 

teratogenicity. 

 

a. First generation 

Chlorpropamide 

Tolbutamide 

b. Second generation 

Glibenclamide 

Glipizide 

Gliclazide 

c. Third generation: 

Glimepiride 

Gliquidone 

 Non suphonyl 

urease agenet 

 

  

2. Meglitinde 

analogue: 

Rapaglinide 

Nateglinide 

Short-term promotion of glucose-

stimulated insulin 

Secretion 

Hypoglycaemia, sinusitis, rhinitis, 

nausea, vomiting, diarrhoea, 

dyspepsia, headache. 

3. Biaguanide: 

Metformin 

Metformin SR 

Phenformin 

Phenformin TD 

Decrease hepatic glucose 

production, increase muscle 

insulin sensitivity 

Loss of weight, ear pain, 

vomiting, dyspepsia, flatulence, 

abdominal pain, loose stool lactic 

acidosis and ketosis. 

4. Alpha Glucosidase 

inhibitors  
Acarbose 

Miglitol 

Decrease digestion and absorption 

of carbohydrate 

 

5. Thiazolidenediones- 

Rosiglitazone     

Pioglitazone 

Increase insulin action in muscle, 

adipose tissue and 

Probably the liver, and reduced 

hepatic glucose output. 

(PPARgamma potent agonist) 

Headache, fatigue, weight gain, 

fluid retention,  

 Other    

6. Incretin mimetic 

drugs: 

Exenatide 

Mimic glucagon-like peptide 1 

(GLP-1)  action 

Hypoglycaemia and pancreatitis 

 

7. Gliptins 

DDP-4 inhibitors: 

Sitagliptin 

Vidagliptin 

Teneligliptin 

Competitively inhibit 

dipeptidylpeptidase-4 there by 

lowering blood glucose by 

potentiating endogenous increatins   
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2.6.3 Treatment Algorithm: 

 

 

Figure 4: ICMR (Indian council medical research) treatment algorithm for Type 2 diabetes 

mellitus 

HbA1c: glycated heamoglobin, SU: Sulphonylurease, SGLT2 : Sodium-glucose Cotransporter-2 (SGLT2) 

Inhibitors, AGI: Alpha-glucosidase inhibitors (AGIs), TZD: Thiazolidindion, glucagon-like peptide 1 

(GLP-1) 
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Adiponectin: 

Circulating adiponectin concentrations are reduced in obese individuals, and this reduction has 

been proposed to have a crucial role in the pathogenesis of atherosclerosis and cardiovascular 

diseases associated with obesity and the metabolic syndrome. The effects of adiponectin on 

glucose and lipid metabolism and on the molecular anti-atherosclerotic properties of adiponectin 

and also discuss the factors that increase the circulating levels of adiponectin. Adiponectin 

reduces inflammatory cytokines and oxidative stress, which leads to an improvement of insulin 

resistance. Adiponectin-induced improvement of insulin resistance and adiponectin itself reduce 

hepatic glucose production and increase the utilization of glucose and fatty acids by skeletal 

muscles, lowering blood glucose levels. Adiponectin has also  cell protective effects and may 

prevent the development of diabetes. Adiponectin concentration has been found to be correlated 

with lipoprotein metabolism; especially, it is associated with the metabolism of high-density 

lipoprotein (HDL) and triglyceride (TG). Adiponectin appears to increase HDL and decrease TG. 

Adiponectin increases ATP-binding cassette transporter A1 and lipoprotein lipase (LPL) and 

decreases hepatic lipase, which may elevate HDL. Increased LPL mass/activity and very low 

density lipoprotein (VLDL) receptor and reduced apo-CIII may increase VLDL catabolism and 

result in the reduction of serum TG. Further, adiponectin has various molecular anti-

atherosclerotic properties, such as reduction of scavenger receptors in macrophages and increase 

of cholesterol efflux. Weight loss, exercise, nutritional factors, anti-diabetic drugs, lipid-lowering 

drugs, and anti-hypertensive drugs have been associated with an increase of serum adiponectin 

level. 

DPP-4 inhibitors: 

The dipeptidyl peptidase (DPP)-4 inhibitors are a new class of antihyperglycaemic agents which 

are developed for the treatment of type 2 diabetes by rational drug design, based on an 

understanding of the underlying mechanism of action and knowledge of the structure of the 

target enzyme. Although they differ in terms of their chemistry, they are all small molecules 

which are orally available. There are some differences between them in terms of their absorption, 

distribution, metabolism and elimination, as well as in their potency and duration of action, but 

their efficacy, both in terms of inhibiting plasma DPP-4 activity and as antidiabetic agents, 

appears to be similar. They improve glycaemic control, reducing both fasting and postprandial 
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glucose levels to lower HbA1c levels, without weight gain and with an apparently benign 

adverse event profile. At present, there seems to be little to distinguish between the different 

inhibitors in terms of their efficacy as antidiabetic agents and their safety.  

Class DPP4 inhibitor Binding at 

DPP4 site 

Details 

I Vildagliptin and 

saxagliptin 

S1 and S2 

Subsites 

• Most fundamental level of interaction 

• Cyanopyrrolidine moieties bind with S1 

• Hydroxy adamantly group binds with S2 

• Saxagliptin has fivefold higher activity 

than vildagliptin 

II Alogliptin and 

linagliptin 

S1, S2, S1′, and 

S2′ subsites 

• Additional binding to S1′ and S2′ 

• Alogliptin binds to S1, S2, and S1′ 

• Linagliptin binds to S1, S2, S1′, and S2′ 

• Linagliptin had eightfold higher activity 

than alogliptin 

III Sitagliptin and 

teneligliptin 

S1, S2, 

and S2 

extensive 

subsites 

• Binds S1, S2, and S2 extensive 

• Teneligliptin has fivefold higher activity 

than sitagliptin, 

because of: 

• Teneligliptin has favorable (J-shaped) 

structure leading to small loss of energy 

during binding with 

DPP-4 

• Teneligliptin forms hydrogen bond with 

DPP-4 

• Teneligliptin has more extensive binding 

at ―S2 extensive‖ site 

than sitagliptin 
 

Teneligliptin might have stronger inhibitory action against DPP-4 than other DPP- 4 inhibitors, 

because the plasma DPP-4 activity was significantly decreased after switching to teneligliptin. 

Teneligliptin has a unique structure, and binds to the S1, S2 and S2 extensive subsite of the DPP-

4 enzyme, leading to enhanced potency and selectivity, and it is also a class 3 DPP-4 inhibitor. 

Additionally, binding of teneligliptin to the S2 extensive site, apartfrom the S1 and S2 sites, 

imparts stronger inhibitory action on the DPP-4 enzyme. Furthermore, teneligliptin was reported 

to have the J-shaped anchor-lock domain, strong covalent bonds with DPP-4 and more extensive 

S2 extensive binding, showing its higher inhibitory activity. 
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Teneligliptin differs from other clinically used DPP-4 inhibitors, including sitagliptin, with 

regard to its elimination pathway. With teneligliptin, this involves both hepatic and renal 

excretion; whereas other DPP-4 inhibitors are typically eliminated by renal excretion 

only13.This may reflect the potency of teneligliptin as an inhibitor of DPP-4, based on its unique 

binding characteristics derived from its chemical structure. 

 

2.7 Drug Profile 
(53-54)

 

Teneligliptin:  

Drug Substance:   Teneligliptin 

Proper Name:   Teneligliptin Hydrobromide Hydrate. 

Chemical Name:  {(2S,4S)-4-[4-(3-Methyl-1-phenyl-1H-pyrazol-5-yl)-1-

 piperazinyl]-2-pyrrolidinyl}(1,3-thiazolidin-3-

yl)methanone. 

Molecular Formula:   C22H30N6OS. 2 ½ HBr . xH2O 

Molecular Mass:   628.86 
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Figure 5: Chemical structure of Teneligliptin 

Mechanism of Action 

The glucagon-like peptide-1 (GLP-1) is secreted from alimentary canal, in response to meal. 

This promotes insulin secretion from pancreas and regulates blood glucose post meal by 

controlling glucagon secretion. Teneligliptin exhibits a hypoglycemic effect by controlling the 

degradation of GLP-1 by inhibiting dipeptidyl peptidase-4 (DPP-4) activity. Thus increases 

blood concentration of active GLP-1. 

Pharmacokinetics 

Foods Effect:   

Cmax decreased after a single dose of 20 mg of Teneligliptin given post meal to the healthy 

adults as compared to empty stomach and Tmax prolonged from 1.1 hr to 2.6 hr; however, no 

difference observed in AUC 

Rate of Protein Binding: 

The protein binding ratio was 77.6% to 82.2 % when the [14C] label Teneligliptin (20, 100 and 

500 ng/mL) was added to human plasma (in vitro). 



Chapter 2   Review of  Literature 

 

23 
 

Metabolism: 

1. Following a single administration of 20 mg [14C] label Teneligliptin to the healthy adults, the 

unaltered substance and the metabolites M1, M2, M3, M4, and M5 with respect to AUC 0-inf 

calculated from the plasma radioactive concentration up to 72 hours after administration was 

71.1%, 14.7%, 1.3%, 0.3% and 1.1% respectively. 

2. Mainly, CYP3A4 and flavin-containing monooxygenases (FMO1 and FMO3) participate in 

the metabolism of Teneligliptin. Furthermore, although it showed a weak inhibitory action 

towards CYP2D6, CYP3A4, and FMO (IC50 value: 489.4, 197.5, and 467.2μmol/L 

respectively), it did not showed inhibitory action towards CYP1A2, CYP2A6,CYP2B6, 

CYP2C8, CYP2C8/9, CYP2C19, and CYP2E1; and CY P1A2 and CYP3A4 were not introduced 

(in vitro). 

Excretion: 

1. When a single oral dose of 20 mg and 40 mg Teneligliptin was given to the healthy adults on 

empty stomach, about 21.01% to 22.1% of dose was excreted as unaltered substance in urine, 

and the renal clearance was 37 to 39 mL/hr/kg. 

2. When single oral dose of 20 mg [14C] label Teneligliptin was given to the healthy adults, 

45.4% of dosage radioactivity was excreted in urine and 46.5% was excreted in faeces up to 216 

hours after administration. Furthermore, with respect to the dosage up to 120 hours after 

administration, the accumulated urinary excretion rate of unaltered substance, M1, M2, and M3 

was 14.8%, 17.7%, 1.4%, and 1.9%, respectively and the accumulated faeces excretion rate of 

unaltered substance, M1, M3, M4, and M5 was 26.1%, 4.0%, 1.6%,0.3%, and 1.3%, 

respectively. 

3. Teneligliptin is a substrate of P-glycoprotein that inhibited the transportation of digoxin up to 

42.5% through P-glycoprotein in the concentration of 99 μmol/L. Furthermore, it showed a weak 

inhibitory action towards the Organic Anion Transporter 3(OAT 3) appeared in kidney, (IC 50 

value: 99.2μmol/L); however, it did not showed inhibitory action towards OAT 1 and Organic 

Cation Transporter OCT2. 

Efficacy reports of teneligliptin: 
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Table 4: Efficacy reports of teneligliptin from various clinical studies 

Study 

No 

 

N 

 

Treatment 

 

Duration 

HbA1c (%) 
FBG (mg/dL or 

mmol/L) 
 

Country 

Reference 

Baseli

ne 

Change 

from 

baselin 

Baseline 

Change 

from 

baselin 

 

1 56 
Teneligliptin 

30 week 8.23 1.02 154.36 47.9 India (55) 
Metformn 

2 150 

Group A-

Metformin+ 

Glimepiride+

Voglibose 

3 months 

-- 1.5 -- 38 

India (56) 

Group B- 

Metformin+ 

Glimepiride+ 

Pioglitazone 

-- 1.6 -- 40 

Group 

C- 

Metformin+ 

Glimepiride+ 

Teneligliptin 

-- 1.8 -- 46 

3 142 
Add-on to 

canagliflozin 
52 week 8.14 -0.99 177.1 -38.6 Japan (57) 

4 148 
Placebo 

16 week 
8.71 -0.07 162.4 -- 

Japan (58) 
Teneligliptin 8.7 -0.87 163.9 13.9 

5 31 Teneligliptin 
 

10.34 -- 211.3 -- Japan (59) 

6 99 

Placebo 

12 week 

8.2 -- 153.6 -- 

 
(60) 

Teneligliptin 

10 mg 
8.5 -- 169.2 -- 

Teneligliptin 

20 mg 
8.3 -- 163.1 -- 

7 324 

Placebo 

12 week 

8 0 150 2.8 

Japan (61) 

Teneligliptin 

10 mg 
7.9 0.8 148 -15 

Teneligliptin 

20 mg 
7.8 0.8 143 -14.1 

Teneligliptin 

40 mg 
7.7 0.9 141.9 -17.2 

8 204 
Teneligliptin 

16 week 
7.79 -0.87 151.32 -16.79 

Korea (62) 
Placebo 7.72 -0.06 151.31 5.69 

9 194 
Placebo 

12 week 
8.4 0.3 163.4 9.7 

Japan (63) 
Teneligliptin 8.4 -0.7 165.1 -17.5 

10 204 
Placebo 

12 week 
7.9 -0.1 145.7 -4.5 

Japan (64) 
Teneligliptin 8.1 -0.9 150.7 -21 

11 447 

Placebo 

24 week 

-- -0.28 -- -3.92 

Japan (65) Teneligliptin 5 

mg 
-- -0.58 -- -9.31 
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Teneligliptin 

10 mg 
-- -0.68 -- -12.09 

Teneligliptin 

20 mg 
-- -0.76 -- -17.13 

Teneligliptin 

40 mg 
-- -0.91 -- -17.18 

12 142 
Teneligliptin 

12 
7.63 -0.81 8.62 -1.11 

Korea (66) 
Placebo 7.77 0.09 8.96 0 

13 148 

Teneligliptin + 

Placebo 
24 week 

7.87 -0.1 167 3.9 

Japan (67) 
Teneligliptin + 

Canagliflozin 
8.18 -0.97 173.9 -34.9 

14 204 

Teneligliptin 

12 week 

8.1 

(0.9) 
0.9 (0.0) 

145.7 

(26.5) 
4.5 (2.0) 

Japan (68) 

Pioglitazone 
7.9 

(0.8) 
0.2 

150.7 

(28.1) 

138.6 

(27.9) 

15 237 
Teneligliptin 

16 week 
-- -0.304 -- -1.08 

India (69) 
Placebo -- 0.25 -- 7.74 

16 99 

Teneligliptin 

12 week 

7.9 

+0.6 
-0.9 127+25 -10 

Korea (70) 
Placebo-

teneligliptin 

7.7 + 

0.5 
-0.2 128+28 0 

17 37 

Metformin + 

Teneligliptin 
24 week 

8.29+0

.92 
1.42 

147.36+34

.73 
-- 

India (71) 
Metformin + 

Vildagliptin 
7.96 0.7 

141.16+29

.01 
-- 

18 64 

Teneligliptin 

12 week 

7.5+0.

5 
-0.76 -- -- 

Korea (72) 

Placebo 
7.5+0.

5 
0.1 -- -- 

19 251 

Teneligliptin 

24 week 

7.89 -0.94 -- -- 

China (73) Placebo 8.04 0.14 -- -- 

Placebo 7.87 -0.01 -- -- 

20 72 
Teneligliptin 

12 week 
8.82 -1.19 175.8 -28.2 

India (74) 
Sitagliptin 8.66 -0.92 172.2 -22.9 
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Table No: 5 Adverse event/ effects of Teneligliptin reported in clinical studies: 

Side effects N % 

Hypoglycemia 34 0.32 

Blood glucose dercrease 8 0.08 

Hypoglycemia unconciousness 1 0.01 

Constipation 28 0.27 

Hepatic function abnormal 25 0.24 

Rash 12 0.11 

Dizziness 11 0.1 

Pruritis 8 0.08 

Proteinuria 7 0.07 

blood creatinine increase 7 0.07 

Hepes zoster 6 0.06 

abdominal distension 5 0.05 

pancreatic carcinoma 5 0.05 

headache 5 0.05 

abdominal discomfirt 5 0.05 

nausea 5 0.05 

renal impairment 5 0.05 

feeling abnormal 5 0.05 

malaise 5 0.05 

AST increase 5 0.05 

Hypoglycemia unconciousness 1 0.01 

pancreatic carcinoma 5 0.05 

cerebral infraction 3 0.03 

ileus 3 0.03 

pneumonia 2 0.02 

sepsis 2 0.02 

decreased appetitis 2 0.02 

myocardial infraction 2 0.02 

cholecytitis 2 0.02 

cholecytitis acute 2 0.02 

phemphigoid 2 0.02 

nephrotic syndrome 2 0.02 
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Table No: 6 Adverse effects of Teneligliptin on major organ system 

Incidence Types 0.1%-1% < 0.1% 

Digestive sytem Constipation, abdominal swelling, abdominal discomfort, 

nausea, stomach ache, flatulence, stomatitis, gastric polyp, 

colon polyp, duodenal ulcer, reflux esophagitis, diarrhea, 

anorexia, increase amylase, increase lipase, acute pancretitis 

-- 

Liver Increased AST (GOT), increased ALT (GPT), and increased γ-

GTP Ris 

Rise in Al-P 

Kidney and  

urinary system 

Albuminuri a,  positive ketone body in urine -- 

Skin Eczema, Wet rash, pruritus, allergic dermatitis -- 

Others Increased CK (CPK), increased serum potassium, fatigue, 

allergic rhinitis, and increased serum uric acid 

- 
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CHAPTER 3 

Materials and Methods 

3.1 Ethics Approval: 

This academic clinical study was conducted at Jivraj Mehta Hospital and Bakeri Medical 

Research Centre, Ahmedabad. The study protocol, informed consent form (ICF) and relevant 

essential documents were approved by Institutional Ethics Committee (IEC) (IEC registration 

No: ECR/274/Inst/GJ/2013/RR-19); Safety, Health and welfare Ethics committee, registered 

under Drug Controller General of India (DCGI).  

 

 

Figure 6: Study plan 

3.2 Study Plan 

After study approval study was conducted at in four cohorts as mentioned below: 
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Study-I: Diabetic patients with add-on teneligliptin 

 Treatment A: Standard anti-diabetic therapy (metformin 1000 mg and glimepiride 1mg)  

 Treatment B: Standard anti-diabetic therapy with add-on  teneligliptin (20mg OD) 

Study-II: Diabetic patients having dyslipidemia 

 Treatment A: atorvastatin (20 mg), anti-diabetic therapy 

 Treatment B: atorvastatin (20 mg), anti-diabetic therapy with add-on teneligliptin (20mg 

OD). 

Study-III: Diabetic patients having hypertension  

 Treatment A: telmisartan (20 mg),  anti-diabetic therapy  

 Treatment B: telmisartan (20 mg), anti-diabetic  therapy  with add-on  teneligliptin 

(20mg) 

Study-IV: Diabetic patients having dyslipidemia and hypertension  

 Treatment A: telmisartan (20 mg), atorvastatin (20 mg) and anti-diabetic therapy  

 Treatment B: telmisartan (20 mg), atorvastatin (20 mg), and anti-diabetic  therapy with 

add-on  teneligliptin (20mg) 

 

3.3 Eligibility criteria for study 

Inclusion criteria: 

1. Patients with age range of 18-65 years. .  

2. Patients willing to give written informed consent. 

3. Patients having HbA1C value ≥7 % will be included. 

4. Patients‘ duration 1- 7 years will be included. 

5. Ambulatory subjects suffering from type 2 diabetes mellitus and prescribed anti-diabetic 

drugs at medicine OPD. 

6. Patients taking standard or stable-therapy (standard dose of medication) of diabetes.  

7. Patients with BMI of 25 to 35 (both inclusive). 

8. Patients who are willing to adhere protocol requirements. 

 

Exclusion criteria: 

1. Patients age less than 18 years.  
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2. Patients not agreeing to participate.  

3. Suffering from any serious disease such as kidney or liver failure and cerebral stroke.  

4. Patients who are taking treatments of arrhythmias. 

5. Patients who are taking DPP-4 inhibitors other than teneligliptin.  

6. Patients who are taking insulin  

7. Patients with history of severe heart disease.  

8. Patients having more than one complication at one time like diabetes, dyslipidemia, and 

hypertension.  

9. Contraindications for teneliglitpin as per approved local prescribing information. 

10. Any reasons of medical and non-medical character, which in the opinion of the physician 

can prevent participation of subject in the study. 

11. Any condition resulting in severe learning disability (e.g. brain injury) or unable to 

comprehend for other reasons.  

12. Patients  is a female who is pregnant or willing to get pregnant, not ready to use 

contraceptive measures during the study period, or is breast feeding. 

13. Known history of alcohol/drug abuse. 

14. Smoking or Consumption of tobacco products 

 

Note: Eligibility criteria remains same for all the four studies. In addition,, selection of 

type of patients differ depending on comorbid conditions associated with T2DM as mentioned 

below. 

Study-II 

Inclusion criteria: 

1. Patients having total cholesterol value ≥240 mg/dL will be included. 

2. Patients suffering from type 2 diabetes mellitus having dyslipidemia. 

3. Patients taking standard and or stable-therapy of diabetes, and dyslipidemia.  

Exclusion criteria: 

1. Patients who are on other than atorvastatin.  

2. Patients taking/requiring (more than two combination) any drug which affect blood lipid 

levels.  



Chapter 4  Materials and Methods 

 

31 
 

3. Patients having more than one complication at one time like diabetes, dyslipidemia, and 

hypertension.  

Study-III 

Inclusion criteria: 

1. Patients suffering from type 2 diabetes mellitus having hypertension. 

2. Patients taking standard or stable-therapy of diabetes, and hypertension  

Exclusion criteria: 

1. Patients who are on antihypertensive treatment other than telmisartan.  

2. Patients taking/requiring (more than two combination) any drug which affect blood 

lipid level, and blood pressure.  

3. Patients having more than one complication at one time like diabetes, dyslipidemia, 

and hypertension.  

Study IV: 

Inclusion criteria: 

1. Patients suffering from type 2 diabetes mellitus having dyslipidemia and hypertension. 

2. Patients taking standard or stable-therapy of diabetes, dyslipidemia and hypertension  

Exclusion criteria: 

1. Patients who are on statin other than atorvastatin and antihypertensive treatment other 

than telmisartan.  

2. Patients taking/requiring (more than two combination) any drug which affect blood lipid 

level, and blood pressure.  

 

3.4 Subject Withdrawal Criteria 

The subject received oral and written information about the study, which includes information 

about the right to withdraw from the trial at any time without prejudice to future treatment. In 

addition, the subject may be withdrawn at the Investigator‘s discretion at any time if regarded in 

the subject‘s best interest. In the event that the subject is dropped out or withdrawn from the 

study, the appropriate page (Final Status) in the case report form (CRF) must be completed.  
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3.5 Subject Number  

During the enrollment visit signing informed consent form, Subject was received a consecutive 

subject number as 001, 002… This number was noted on the source note followed by case report 

form (CRF). 

3.6 Randomization: 

A participant was randomized in a 1:1 ratio by randomized schedule: 

3.7 Study Assessment: 

The schedule of assessments is described in study flow chart mentioned in protocol. Wherever 

possible all study evaluations should be performed by principle investigator same examiner. A 

method used for the assessments was in accordance with the protocol and should be consistent 

throughout the study period. 

3.8 Demographic Data 

Demographic details like Date of birth: DD/MMM/YYYY, Age in years (years completed), 

Gender: Male/Female, Height in centimeters (without shoes), Weight (with light clothing and 

without shoes) in kilograms to one decimal place, Body Mass Index (BMI) in kilogram per meter 

square. 

3.9 Medical History 

History of past significant medical disorders, chronic use of medications: generic name, dose and 

duration of treatment, allergies, if any, Medications consumed during last two months: generic 

name, dose and duration of treatment.  

3.10 Physical examinations: 

A physical examination  performed at the screening visit 0 and at each improvement visit as 

follows: general appearance, respiratory, skin, head, eyes, ears, nose, throat, heart, abdomen, 

reflexes, lymph nodes and extremities, neurological, mental status. 

3.11 Biochemical parameters:  

All the biochemical investigation carried out at pathology laboratory of Dr. Jivraj Mehta 

hospital, Ahmedabad, Gujarat. Glycaemic parameters including serum glycated 

haemoglobin(HbA1c), fasting blood glucose (FBG) and post prandial blood glucose (PPBG) 

levels, Lipid parameters including total cholesterol (TC), triglyceride (TG), low density 
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lipoprotein (LDL), high density lipoprotein (HDL) and inflammatory cytokine levels namely IL-

6, TNF-α, and adiponectin levels were measured at the baseline and at the end of treatment 24 

weeks in both groups.  

Estimation of glycemic parameters: 

Venous blood were drawn from all patients between 08:00 to 09:00 hours. Plasma was obtained 

by the addition of Na2-EDTA, 1mg/mL, and centrifuged at 3000 g for 15 min at 4C. 

Biochemical parameters estimation was carried out immediately after centrifugation. 

Glycemic control (HbA1c, FBG, PPBG) assessed at an interval of three months. All plasma 

levels were determined after 9-10 hour overnight fast except PPBS, which was determined 2 

hours after lunch. 

Glycated haemoglobin was estimated by COBAS INTEGRA Hemoglobin A1c cassette 

(HBA1C) contains an in vitro diagnostic reagent system intended for use on COBAS INTEGRA 

systems for the quantitative determination of percent hemoglobin A1c [HbA1c (%)] in 

hemolysate (tests HEM1, 0-152, and HEM2, 0-252).  Total Hb and HbA1c concentrations 

determined after hemolysis of the anticoagulated whole blood specimen. Total Hb measured 

colorimetrically. HbA1c determined immunoturbidimetrically. The ratio of both concentrations 

yields the final percent HbA1c result [HbA1c (%)]. 

Estimation of Lipid Profile: 

Serum cholesterol was estimated by cholesterol oxidase method from ROCHE on COBAS 

INTEGRA 400 WITH Exteranal quality control (EQAS) from BIO-RAD laboratories (USA) 

internal quality control from ROCHE diagnostic. Serum LDL and HDL were tested by direct 

non-immunological method on COBAS INTEGRA 400PLUS. Serum Triglyceridetested by 

lipase glycerol method. Values of serum lipids were entered into the computer and computer 

analysis of the data was obtained.TC/HDL-c and HDL/LDL-c ratio were estimated as a 

parameters of atherogenic index. 

 

Measurement of blood pressure: 

Both systolic (SBP) and diastolic blood pressure (DBP) were assessed twice with 2 minutes apart 

after a 5-minute rest in the sitting position, using an auscultatory method of measurement with a 

properly calibrated and validated mercury sphygmomanometer over the right brachial artery. 

Two measurements were made 2 minutes apart. SBP is the point at which the first of two or 
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more sounds are heard (phase 1), and DBP is the point before the disappearance of sounds (phase 

5). The mean of the two recordings were taken for analysis. Measurement of both SBP and DBP 

at baseline and at the end of 24 weeks in both the treatment groups. 

Cytokines estimation: 

Serum was collected from each subject and stored at -80 ºC until further analysis. Serum IL-6 

and TNF-α levels were measured using the enzyme-linked immunosorbent assay (ELISA) 

according to the manufacturer‘s instructions (KRISHGEN Biosytems, Mumbai). The catalog 

No:KB 1068 for IL-6 and for TNF-α catlog No: KB 1145 The assay sensitivity ranges of 

KRISHGEN Biosytemskits were 3.12-200 pg/ml for IL-6 and 6.8-500 pg/ml for TNF-α in serum 

samples. The ELISA kits were validated with inter and intra-assay precision. Adiponectin levels 

were measured using the ELISA according to the manufacturer‘s instructions (KINESIS Dx). 

The assay sensitivity ranges of KINESIS Dx kit was 2-34 µg /ml for adiponectin in serum 

samples. The ELISA kit was validated with inter- and intra-assay precision. The absorbance of 

cytokines namely IL-6, TNF- α, and adiponectin were measured at 450nm. 

 

IL-6: 

Specimen collection and Handling: 

 Specimens should be clear and non-hemolyzed. Samples should be run at a number of 

dilutions to ensure accurate quantitation.  

 Cell culture supernatant: If necessary, centrifuge to remove debris prior to analysis. 

Samples can be stored at temperature <-20
0
c. Avoid repeated freeze/thaw cycles. 

 Serum: collect blood sample in a EDTA containing tube. Centrifuge for 10 minutes at 

1000 x g within 30 minutes of collection. Assay immediately or store samples at 

temperature <-20 
0
C. Avoid repeated freeze/thaw cycles. 

Chemicals and materials: 

1. Microtiter coated plate (12x8 wells)-1 no. 

2. Recombinant Human IL-6 standard-1 vial 

3. Human IL-6 Biotin conjugated detection antibody-1 vial 

4. Concentrated Avidin Horseradish peroxidase-1 vial 

5. Wash Buffer (20x)-25 ml 

6. Assay Diluent (5x)- 10 ml 
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7. TMB Substrate-12 ml 

8. Stop solution-12 ml 

9. Instruction manual 

Reagent Preparation 

1. Wash Buffer (20x): 

Dilution:  The wash buffer was prepared by adding 5 ml of concentrated buffer (20x) to 

95 mL of distilled water. This was used as a working solution. 

2. Assay Dilution: 

Dilution: The assay diluent was prepared by adding  10 ml of Assay diluent (5x) to 40 ml 

of distilled water . This was used as a working solution. 

3. Standard (Recombinant Human IL-6 Lyophillized, 200pg/ml): 

Reconstitution: Reconstitute lyophilized Human IL-6 standard (200pg/ml) and thenafter 

perform serial dilution in assay diluent (1x) to prepare the standard range. 

4. Biotin conjugated detection antibody (50 µl): 

Dilution: The biotin conjugated detection was prepared by adding 200 ml of detection 

antibody solution to 4980 µl of assay diluent (1x) to make final volume to 5ml. 

5. Concentrated avidin-HRP (50- µl): 

Dilution: The concentrated avidin was prepared by adding 20 µl of avidin-HRP to 4980 

µl of assay diluent (1x) to make final volume to 5 ml. 

Assay Procedure: 

1. Bring all reagents to room temperature prior to use. A standard curve is required for each 

assay. 

2. Add 100 µl/well of standards and samples to the plate. Then after perform two-fold serial 

dilutions of the 200 pg/ml top standard, either within the plate or in separate tubes. Thus, 

the human IL-6 standard concentrations are 200 pg/ml, 100 pg/ml, 50 pg/ml, 25 pg/ml, 

12.5 pg/ml, 6.25 pg/ml, and 3.13 pg/ml. Assay diluent (1x) serves as the zero standard (0 

pg/ml). Seal plate and incubate for 2 hours at room temperature (18-25
0
C) 

3. Aspirate and wash plate 4 times with wash buffer (1x) and blot residual buffer by firmly 

tapping plate upside down on absorbent paper. Wipe of any liquid from the bottom 
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outside of microtiter wells as any residue can interfere in the reading step. All the washes 

should be performed similarly. 

4. Add 100 µl of diluted detection antibody solution to each well, seal plated and incubate 

for 1 hours at room temperature (18-25
0
C) 

5. Wash plate 4 times with wash buffer (1x) as in step 3. 

6. Add 100 µl of diluted Avidin-HRP solution to each well, seal plate and incubate for 30 

minutes at room temperature (18-25
0
C) 

7. Wash plate 4 times with wash buffer (1x) as step 3. For this final wash, soak wells in 

wash buffer for 30 seconds to 1 minute for each wash. This will help minimize 

background. 

8. Add 100 µl of TMB substrate solution and incubate in the dark for 30 minutes at room 

temperature. Positive wells should turn bluish in color. It is not necessary to seal the plate 

during this step. 

9. Stop reaction by adding 100 µl of stop solution to each well. Positive wells should turn 

from blue to yellow. 

10. Read absorbance at 450 nm within 30 minutes of stopping reaction. 

 

TNF-alpha: 

Specimen collection and Handling: 

 Specimens should be clear and non-hemolyzed. Samples should be run at a number of 

dilutions to ensure accurate quantitation.  

 Cell culture supernatant: If necessary, centrifuge to remove debris prior to analysis. 

Samples can be stored at temperature <-20
0
c. Avoid repeated freeze/thaw cycles. 

 Serum: collect blood sample in a EDTA containing tube. Centrifuge for 10 minutes at 

1000 x g within 30 minutes of collection. Assay immediately or store samples at 

temperature <-20 
0
C. Avoid repeated freeze/thaw cycles. 

Chemicals and materials: 

1. Microtiter coated plate (12x8 wells)-1 no. 

2. Recombinant Human TNF-α standard-2 vial 

3. Human TNF-α Biotin conjugated detection antibody-1 vial 

4. Concentrated Avidin Horseradish peroxidase-1 vial 
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5. Wash Buffer (20x)-25 ml 

6. Assay Diluent A- 40 ml 

7. Assay Diluent B- 6 ml 

8. Avidin-HRP diluent-12 ml 

9. TMB Substrate-12 ml 

10. Stop solution-12 ml 

11. Instruction manual 

Reagent Preparation 

1. Wash Buffer (20x): 

Dilution: The wash buffer solution was prepared bt  adding 5 ml of wash buffer (20x) to 

95 ml of distilled water. This was used as working solution. 

2. Assay Dilution A: 

This is ready to use solution 

3.  Assay Dilution B: 

This is ready to use solution 

4. Avidin-HRP Diluent: 

This is ready to use solution 

5. Standard (Recombinant Human TNF-α ; 1 µl/ml) (5 µl per vial): 

Dilution-1: Thaw and dilute the recombinant protein by adding 2 µl of standard solution 

in 1998 µl of assay diluent A to prepare 2 ml of 1 ng/ml. 

Dilution-2: Add 500 µl of 1 ng/ml (dilution 1) to 500 µl of assay diluent A to prepare 1 

ml of top standard of 500 pg/ml. 

6. Biotin conjugated detection antibody (22 µl): 

Dilution: The biotin conjugated detection antibody was prepared by adding 10 µl  of 

detection antibody solution to 4990 µl of assay diluent  A to make final volume to 5ml 

7. Concentrated avidin-HRP (105-µl): 

Dilution: The concentrated avidin-HRP was prepared by adding 50 µl of concentrated 

Avidin-HRP to 4950 µl of Avidin-HRP Diluent to make final volume to 5 ml. 

Assay Procedure: 
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1. Bring all reagents to room temperature prior to use. A standard curve is required for each 

assay. 

2. Add 100 µl/well of standards and samples to the plate. Perform two-fold serial dilutions 

of the 500 pg/ml top standard, either within the plate or in separate tubes. Thus, the 

Human TNF-α standard concentrations are 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 

31.3 pg/ml, 15.63 pg/ml, and 7.81 pg/ml, 0 pg/ml. Assay diluent A serves as the zero 

standard (0 pg/ml). Seal plate and incubate for 2 hours at 37
0
C 

3. Aspirate and wash plate 4 times with wash buffer (1x) and blot residual buffer by firmly 

tapping plate upside down on absorbent paper. Wipe of any liquid from the bottom 

outside of microtiter wells as any residue can interfere in the reading step. All the washes 

should be performed similarly. 

4. Add 100 µl of diluted detection antibody solution to each well, seal plated and incubate 

for 1 hours at 37
0
C 

5. Wash plate 4 times with wash buffer (1x) as in step 3. 

6. Add 50 µl of Assay diluent B followed by addition of 100 µl of diluted Avidin-HRP 

solution to each well, seal plate and incubate for 30 minutes at 37
0
C 

7. Wash plate 4 times with wash buffer (1x) as step 3. For this final wash, soak wells in 

wash buffer for 30 seconds to 1 minute for each wash. This will help minimize 

background. 

8. Add 100 µl of TMB substrate solution and incubate in the dark for 15-30 minutes at 

37
0
C. Positive wells should turn bluish in color. It is not necessary to seal the plate during 

this step. 

9. Read absorbance at 450 nm within 30 minutes of stopping reaction. 

 

Adiponectin 

Principle:  

This is sandwich enzyme –linked immunosorbent assay (ELISA) to assay the level of Human 

ADP in samples. The catlog No: K12-1551 Addition of standard or sample to microtiter well 

which is pre-coated with Human ADP monoclonal antibody and addition of biotin labeled 

Human ADP antibodies, followed by addition of HRP conjugate to form immune complex. 

Unbound HRP conjugate will get removed by washing step stop after incubation. Then addition 
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of substrate A and B, develops blue color during incubation period and reaction will get stop 

after addition of stop solution with development in well and will be positively correlated. 

Chemicals and materials 

1. Microtitter coated plated (96 wells)- 1 no. 

2. ADP Ab Biotin conjugate – 1ml 

3. Standard, 64 – 0.5 ml 

4. HRP Conjugate – 6 ml 

5. Wash Buffer (30x) - 20 ml 

6. Standard Diluent – 3ml 

7. Substrate A – 6 ml 

8. Substrate B – 6ml 

9. Stop solution -6 ml 

10. Instruction manual 

Assay Procedure: 

1. Bring all reagents to room temperature prior to use. It is strongly recommended that all 

standards and samples should be run in duplicates or triplicates. A standard curve is 

required for each assay. 

2. Standards Dilution: Prepare the standards as per the table given below using the provided 

standard concentration and standard diluent. 

32 µg/ml Standard No.5 120 µl Original standard + 120 µl standard diluent 

16 µg/ml Standard No.4 120 µl Standard No.5 + 120 µl Standard diluent 

8 µg/ml Standard No.3 120 µl Standard No.4 + 120 µl Standard diluent 

4 µg/ml Standard No.2 120 µl Standard No.3 + 120 µl Standard diluent 

2 µg/ml Standard No.1 120 µl Standard No.2 + 120 µl Standard diluent 

3. The quantity of the plates depends on the quantities of samples and standards to be tested. 

It is suggested to remove the number of strips required for the assay. 

4. Pipette out 50 µl of standards and 40 µl samples into the respective wells as mentioned in 

the work list. (Note: do not add the sample, Biotin conjugate and streptavidin-HRP to the 

blank well) 

5. Pipette out 10 µl of Biotin conjugate into each sample. (Note: Do not pipette into the 

blank and standard well) 
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6. Pipette out 50 µl of HRP-conjugate into each sample and standards well. (Note: Do not 

pipette into the blank well) 

7. Cover the plate and incubate for 1 hour at 37
0
C in incubator. 

8. Aspirate and wash plate 4 times with 1x wash buffer and blot residual buffer by firmly 

tapping plate upside down on absorbent paper. Wipe off any liquid from the bottom 

outside of the microtiter wells as any residue can interfere in the reading step. All the 

washes should be performed similarly. Then add substrate A 50 µl, then substrate B 50 µl 

to each well including blank well. Gently mixed, incubate for 10 min at 37
0
C in dark. 

9.  Pipette out 50 µl of stop solution. Wells should turn from blue to yellow in colour. 

10. Read the absorbance at 450 nm within 15 minutes after adding the stop solution blanking 

on the zero standards. 

3.12 Efficacy and safety end points: 

The primary efficacy end point was the change in glycaemic parameters from baseline to 24 

weeks. Secondary efficacy endpoints include change blood pressure, lipid profile and 

inflammatory (IL-6, TNF- α, and adiponectin) cytokine levels from baseline to 24 weeks. During 

the clinical study period, we monitored possible adverse events (AEs), laboratory values, vital 

signs and physical examination results. Safety aspects were measured by recording AEs 

including symptomatic assessment by Naranjo causality scale for adverse events.  The incidence 

of AEs in terms of number per patient was calculated based on the number of events, the number 

of patients and the total observation period. 

 

3.13 Sample size and Statistical analysis: 

The primary end point, difference in mean HbA1c from baseline to 24 week was assumed 0.5% 

and also the standard deviation (SD) of 0.9% for each treatment group. Based on a power of 80% 

and a type I error rate of alpha= 0.05 (2-tailed), a sample size of at least 60 patients per group 

was required to detect a clinically significant difference between both the groups.
(75)

 Categorical 

data was presented as absolute number/percentage of patients while quantitative data were 

presented as mean ± SD. Within group comparison was performed using paired t-test based on 

the distribution of data. Unpaired t-test was used to analyse the quantitative data for between 

group comparisons. Correlations were investigated by Spearman‗s rank correlation coefficient 
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analysis. Missing data was handled using Last observation carried forward (LOCF) method. P 

value of less than 0.05 was considered as statistical significant difference. Data were calculated 

using Graph Pad prism version 5.0. 

3.10 Study flow chart: 

 

 

Figure 7: Study flow chart 

 

3.15 Study visit and schedule of assessment: 
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Table 5: Study visit schedule and assessment 

 

Activity / Observation 
Screening Visit 1 

(Day - 5 to 0) 

Enrolment Visit 

2 (Day 1) 

End of visit 4 (24 

weeks) 

Informed Consent X - - 

Inclusion / Exclusion Criteria X - - 

Demographic Data X - - 

Medical & Medication History X - - 

Physical Examination X X X 

Vital Signs X X X 

Laboratory evaluation  X - X 

Cellular level biomarkers evaluation X - X 

Enrolment - X - 

Dispensing of study medication 

teneligliptin from OPD 
- X - 

Concomitant Medication - X X 

Intercurrent Illnesses - X X 

Adverse Events - - X 

Medication Compliance - - X 
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CHAPTER 4 

Results and Discussion   
 

The present study was conducted at  Dr. Jivraj Mehta hostiptal and Bakeri Medical Research 

centre, Ahmedabad, Gujarat. The study was conducted in 480 patients of type 2 diabetes mellitus 

patients and having dyslipidemia and hypertension comorbid condition. They were segregated in 

four cohorts. Study I: Diabetic patients with add-on teneligliptin, Study II: Diabetic patients 

having dyslipidemia, Study III: Diabetic patients having hypertension, and Study IV: Diabetic 

patients having dyslipidemia and hypertension. 

 

4.1 Study-I: Diabetic patients with add-on teneligliptin 

Of 171 screened patients, 130 eligible patients were randomized in this clinical study showing in 

consort diagram for flow of participants throughout the study (Figure. 8). Treatment A included 

65 patients and Treatment B included 65 patients. Sixty patients in each group were analyzed as 

per sample analyzing plan. Both groups had similar demographic and clinical characteristic 

parameters at baseline (Table 6). A consort diagram presented the disposition of the patients 

chart shown in Figure 8. 
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Treatment A: conventional therapy, treatment B: add on teneligliptin to conventional 

therapy, SAP: sample analysis plan, 

Figure 8: Study I Patient disposition chart 
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Table 6: Demographic and clinical characteristics 

Patient characteristics Treatment A 

(N=60) 

Treatment B 

(N=60) 

Demographic   

Gender (Male/Female) 30/30 34/26 

Age (year) 50.73± 12.08 49.81±14.29 

Height (cm) 155.93 ± 8.12 157.6 ± 9.55 

Body Weight (kg) 62.43 ± 9.11 62.55 ±8.18 

Body mass index (BMI) 25.79 ± 4.01 25.35 ± 4.00 

Disease duration (year) 3.98± 2.00 3.46 ± 1.65 

Values were expressed as Mean ± standard deviation. N=number of patient, SD= standard 

deviation. Treatment A: Conventional treatment; Treatment B: Conventional treatment plus add-

on teneligliptin 20 mg.   

Glycaemic parameters 

HbA1c level was found comparable in both the treatment groups at the baseline. However, there 

was a gradual reduction in HbA1c over a period of 24 weeks in both the treatment groups. 

Between groups comparison showed significant reduction in HbA1c in Treatment B as compared 

to Treatment A. Blood glucose levels (FBG and PPBG) were comparable in both the treatment 

groups at the baseline. However, there was significant reduction in FBG and PPBG levels over a 

period of 24 weeks in both the treatment groups (Table 7).Mean decrease change in difference in 

blood glucose levels and HbA1c in both the treatment groups at the end of 24 weeks from the 

baseline was found statistically significant. The mean decrease in f HbA1c in Treatment B was 

1.20±0.50 and 0.76±0.32 in Treatment A. mean decrease Change in HbA1c showing 

significantly decreased in the Treatment B (p<0.05). Between groups comparison showed 

significant reduction in HbA1c in Treatment B as compared to treatment A (Figure. 9). 

Mean change in FBG and PPBG levels were 41.08±35.02 mg/dL and 54.11±35.77 mg/dL in 

Treatment B and mean change in FBG and PPBG levels were 27.41±14.56 mg/dL and 

34.80±25.18 mg/dL in Treatment A, respectively. The mean change in blood glucose (FBG and 

PPBG) levels significantly reduced in Treatment A as compared to Treatment B at the end of 24 

weeks (Figure. 10 and 11). 
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Table 7: Mean change in glycemic parameters and inflammatory cytokines from baseline 

to 24 weeks after study drug treatments (Study-I) 

Parameters Treatment A 

(N=60) 

Treatment B 

(N=60) 

Glycemic parameters 

Haemoglobin A1C (HbA1c) (%) 

Baseline (HbA1c) 9.88 ± 1.69 10.75 ± 2.07# 

End of 24 weeks 9.12 ± 1.72* 9.55 ± 1.94* 

Change in HbA1C -0.76 ± 0.32 -1.20 ± 0.50
@

 

Fasting blood glucose (FBG) 

Baseline (FBG) 170.66 ± 40.35 177.31 ± 48.96 

End of 24 weeks (FBG) 143.25 ± 36.11* 136.23 ± 31.67* 

Change in Fasting -27.41 ± 14.56 -41.08 ± 35.02$ 

Post prandial blood glucose (PPBG) 

Baseline (PPBG) 246.43 ± 58.30 258.41 ± 53.74 

End of 24 weeks (PPBG) 211.62 ± 51.96* 204.3 ± 49.91* 

Change in post prandial -34.80 ± 25.18 -54.11 ± 35.77
$
 

Inflammatory cytokines 

IL 6 (pg/ml) 

Baseline 7.052 ±  0.82 6.982 ±0.77 

End of 24 weeks 6.677   ± 0.81* 6.532 ±0.89* 

Change in IL 6 -0.375 ±  0.18 -0.450 ±0.24 

TNF-α(pg/ml) 

Baseline 14.450 ±1.71 15.122±2.44 

End of 24 weeks 14.105±1.63* 14.639±2.37* 

Change in TNF-α -0.345±0.361 -0.483±0.54 

Adiponectin(µg/ml) 

Baseline 6.051±1.53 5.992±1.58 

End of 24 weeks 6.835±1.90* 10.823±1.91* 

Change in adiponectin +0.784±1.49 +4.831±1.97
$
 

Values are expressed as Mean ± standard deviation. N=number of patient, SD= standard 

deviation. 

Treatment A: Conventional treatment; Treatment B: Conventional treatment plus add-on 

teneligliptin 20 mg.   

*p<0.05 from baseline to end of 24 weeks treatment using paired t test 
@

p<0.05 indicate change in HbA1c (%) from baseline to end of 24 weeks treatment using un 

paired t test. 
#
p<0.05 indicate baseline value in HbA1c using un paired t test. 

$
<p0.05 indicate change in PPBG from baseline to end of 24 weeks treatment using un paired t 

test. 
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$
<p0.05 indicate change in adiponectin from baseline to end of 24 weeks treatment using un 

paired t test. 

 

Cytokines levels 

In addition to above, marked reduction in inflammatory cytokine levels (IL 6 and TNF-α) was 

also observed in treatment B as compared to treatment A at the end of 24 weeks but it was not 

statistically significant (Table 7). 

Serum adiponectin level 

At the end of 24 weeks, add-on teneligliptin group (treatment B) showed tendency to increase 

adiponectin level. Mean change of adiponectin in treatment B was 4.831±1.97 µg/ml as 

compared to 0.784±1.49 µg/ml in treatment A. The mean improvement in adiponectin levels 

significantly improved in treatment B as compared to treatment A at the end of 24 weeks. 

Between groups comparison showed better improvement in adiponectin levels in treatment B as 

compared to treatment A (Figure 12).  

Safety parameters 

 

The incidence of AE was 45% (27/60 patients) in Treatment A group and 50% (30/60 patients) 

in Treatment B group (Table 8). Treatment B did not increase the incidence of AEs in 

comparison with Treatment A during the entire study period. There were no serious AEs or 

deaths in either group. The incidence of hypoglycaemia was similar in both groups (3.33%). 

 

Table 8: Summary of adverse events  

Adverse event  

(AE) 

Treatment A 

N=60 

Treatment B 

N=60 

Hypoglycaemia 2 (3.33%) 2 (3.33%) 

Constipation 4 (6.66%) 5 (8.33%) 

Abdominal Pain 3 (5.0%) 5 (8.33%) 

Acidity 6 (10.0%) 2 (3.33%) 

Tingling 3 (5.00%) 1 (1.66%) 

Tiredness 2 (3.33%) 2 (3.33%) 

Weakness 2 (3.33%) 2 (3.33%) 

Pain 2 (3.33%) 2 (3.33%) 
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Headache 3 (5.00%) 1 (1.0%) 

Dry skin 1 (1.0%) 3 (5.0%) 

Itching 2 (3.33%) 2 (3.33) 

Total 30 

(50%) 

27 

(45%) 

 

Treatment A: Conventional treatment, Treatment B: Conventional treatment plus add-on 

teneligliptin 20 mg. N= Number of patient 

A B
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Figure 9: Mean decrease  in HbA1C level 

Data are expressed as the Mean ± Standard deviation (n=60). P
@

 <0.05 indicate mean decrease  

in HbA1c from baseline to 24 weeks treatment using unpaired t test. 
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Figure 10: Mean decrease  in FBG level 

Data are expressed as the Mean ± Standard deviation (n=60). P
$
 <0.05 indicate mean decrease in 

FBG from baseline to 24 weeks treatment using unpaired t test.  
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Figure 11: Mean decreases  in PPBG level 

Data are expressed as the Mean ± Standard deviation (n=60). P
$
 <0.05 indicate mean decrease in 

PPBG from baseline to 24 weeks treatment using unpaired t test.  
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Figure 12: Mean increase  in adiponectin level 

Data are expressed as the Mean ± Standard deviation (n=60). P
$
 <0.05 indicate mean increase in 

adiponectin from baseline to 24 weeks treatment using unpaired t test.  
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4.2 Study-II: Diabetic patients having Dyslipidemia 

A flow chart is presented showing the disposition of participants throughout the study (Figure 

13). Out of 159 screened patients, 132 eligible patients were randomized during this clinical 

study. Treatment A included 61 patients and treatment B included 63 patients. Both the groups 

demographic and clinical characteristic parameters at baseline was mentioned in Table 09. 

 

Treatment A: conventional therapy, treatment B: add on teneligliptin to conventional 

therapy, SAP: sample analysis plan 

Figure 13: Study II Patient disposition chart 
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Table 9: Demographic and clinical characteristic (Median value?) 

Characteristic Treatment A 

(N=60) 

Treatment B 

(N=60) 

Demographic   

Gender(Male/Female) 31/29 34/26 

Age (year) 48.56 ± 8.66 50.41 ± 7.27 

Height (cm) 159.9 ±10.47 164.21 ± 8.80 

Body Weight (kg) 69.06 ± 17.79 76.90 ± 13.40 

Body mass index (BMI) 25.85 ± 3.84 28.67 ± 4.76* 

Disease duration (year) 4.56 ± 1.61 4.86 ± 1.50 

Waist (cm) 92.93 ± 8.86 95.72 ± 10.07 

Hip (cm) 98.63 ±10.33 102.33 ± 11.33 

Pulse (min) 87.16 ±13.96 85.96 ± 13.01 

Systolic blood pressure (mmHg) 132.9 ±18.70 132.97 ± 18.85 

Diastolic blood pressure (mmHg) 80.91 ±8.66 80.28 ± 10.19 

Values are expressed as Mean±SD. N=number of patient, SD= standard deviation. Treatment A: 

Conventional treatment; Treatment B: Add-on teneligliptin with conventional treatment.  

*p<0.05 indicate baseline value in BMI using un paired t test. 

 

Glycaemic parameters  

 HbA1c level was found comparable in both the treatment groups at the baseline. However, there 

was gradual reduction in HbA1c over the period of 24 weeks in both the treatment groups. 

Between groups comparison showed significant reduction (p<0.05) in HbA1c in patient 

receiving teneligliptin treatment B as compared to treatment A (Figure 14). 

Blood glucose levels (FBG and PPBG) were found comparable in both the treatment groups at 

the baseline. However, there were significant reduction in FBG and PPBG levels over a period of 

24 weeks in both the treatment groups. However, reduction in glycaemic parameters (HbA1c, 

FBG and PPBG) was statistically significant in treatment B as compared to treatment A after 24 

weeks (Table 10). Reduction in mean change of HbA1c was 0.96 ± 0.46 and 1.20 ±0.45 in 

treatment A & B respectively. Reduction in mean changes in FBG and PPBG levels were 23.56 

± 8.40 mg/dL and 28.89 ± 9.17 mg/dL in treatment A as compared to 32.62 ± 11.45 mg/dL and 

36.62 ± 9.92 mg/dL in treatment B respectively (Figure 15 and 16). 
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Lipid parameters 

 Lipid parameters were found comparable in both the treatment groups at the baseline. However, 

there were gradual reduction in Total cholesterol (TC), Triglyceride (TG), and Low density 

lipoprotein (LDL) at 24 weeks. Mean changes of these parameters have been shown in Table 10.  

Serum total cholesterol levels There was significant decrease in serum TC levels after 24 weeks 

from baseline in both treatment groups. The treatment A reduced the serum concentration of TC 

from 218.08 ± 20.15 mg/dL to 176.78 ±13.22 mg/dL and in the treatment B 219.00 ±14.18 

mg/dL to 166.90 ±19.56 mg/dL. Further, between groups comparison showed significant 

reduction in TC in treatment B as compared to treatment A (Figure 17).  

Serum triglyceride levels Reduction in mean change of TG level was 30.75 ±11.56 mg/dL and 

39.48 ± 15.25 mg/dL in treatment A & B. The mean reduction change (from baseline to end of 

study) in TG levels significantly decreased in treatment B as compared to treatment A at the end 

of 24 weeks. Between groups comparison showed significant reduction in TG in treatment B as 

compared to treatment A (Figure 18).  

Serum LDL cholesterol levels At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to reduce in serum LDL levels. Reduction in mean of LDL in treatment B was 

34.06% as compared to 28.24% mg/dL in treatment A. The mean reduction (from baseline to end 

of study) in LDL levels significantly in treatment B as compared to treatment A at the end of 24 

weeks (Figure 19). Between groups comparison showed significant reduction in LDL in 

treatment B as compared to treatment A.  

Serum HDL cholesterol At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to increase HDL level (Figure 20). Improvement in mean change of HDL in 

treatment A was 7.24% and 8.68 % in treatment B. 

Serum Adiponectin levels At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to increase adiponectin level. Mean improvement of adiponectin in treatment B 

was 4.776 ± 1.68 µg/ml as compared to 0.629 ± 0.87 µg/ml in treatment A. (Figure 21).  
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Cytokines levels 

In addition to above, marked reduction in inflammatory cytokine levels (IL 6 and TNF-α) was 

also observed in treatment B as compared to treatment A at the end of 24 weeks but was not 

found statistically significant (Table 10). 

Table 10: Mean change in blood lipid and glycemic levels from baseline to 24 weeks after 

study drug (Study-II)  

Parameters Treatment A 

(N=60) 

Treatment B 

(N=60) 

Total cholesterol (TC) 

Baseline (TC) 218.08± 20.15 219.00 ±14.18 

End of 24 weeks 176.78 ±13.22* 166.90 ±19.56* 

Change in TC -41.22±18.57 (18.90%) -52.10 ±20.92
#
 (23.78%) 

Triglyceride (TG) 

Baseline (TG) 190.88 ±18.62 197.36 ±18.00 

End of 24 weeks (TG) 160.13 ±18.60* 157.88 ±17.30* 

Change in TG -30.75±11.56 (16.10%) -39.48 ±15.25
#
 (20.00%) 

High density lipoprotein (HDL) 

Baseline (HDL) 36.44 ±4.38 37.32 ± 5.47 

End of 24 weeks (HDL) 39.08 ±4.61* 40.56±5.53* 

Change in HDL +2.64 ± 0.98 (7.24 %) +3.24 ±1.08 (8.68%) 

Low density lipoprotein (LDL) 

Baseline (LDL) 158.54 ±13.15 155.90 ±17.39 

End of 24 weeks (LDL) 113.76 ±17.03* 103.09 ±17.76* 

Change in LDL -44.78±11.61 (28.24%) -52.80 ±15.77
#
 (34.06%) 

TC/HDL ratio (atherogenic Index) 

Baseline 6.07±0.94 6.06±1.05 

End of 24 weeks 4.59±0.69* 4.17±0.66* 

Change in ration TC/HDL 1.48±0.53 (24.38%) 1.82±0.76 (30.03%) 

Glycatedheamglobin (HbA1c) 

Baseline 9.63 ±1.24 9.45 ±1.27 

End of 24 weeks 8.67 ±1.29* 8.24 ±1.21* 

Change in HbA1c -0.96 ±0.46 (9.96%) -1.20 ±0.45
$
(12.69%) 

Fasting blood glucose (FBG) 

Baseline 153.54 ±20.95 157.53±19.82 

End of 24 weeks 129.98±16.65* 124.91 ±18.54* 

Change in FBG -23.56±8.40 (15.34%) -32.62±11.45
$
(20.70%) 
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Post prandial blood glucose (PPBG) 

Baseline 248.46 ±27.35 252.82± 27.58 

End of 24 weeks 219.56 ±27.67* 216.19± 25.92* 

Change in PPBG -28.89 ± 9.17(11.62%) -36.62± 9.92
$
(14.48%) 

Inflammatory cytokines 

IL 6 (pg/ml) 

Baseline 8.027±0.92 7.927±0.93 

End of 24 weeks 7.607±0.97* 7.409±0.99* 

Change in IL 6 -0.420±0.38 (5.23%) -0.518±0.29 (6.43%) 

TNF-α(pg/ml) 

Baseline 15.728±1.92 15.348±1.69 

End of 24 weeks 15.178±1.85* 14.597±1.65* 

Change in TNF-α -0.550±0.42 (3.48%) -0.751±0.42 (4.88%) 

Adiponectin(µg/ml) 

Baseline 4.441±0.84 4.673±0.93 

End of 24 weeks 5.069±1.32* 9.449±1.44* 

Change in adiponectin +0.629±0.87 (14.16%) +4.776±1.68@ (102%) 

Values are expressed as Mean ± SD. N=number of patient, SD= standard deviation. 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin 20 mg with 

conventional treatment.  

* p<0.05 indicate change from baseline to end of 24 weeks treatment using paired t test  
$
p<0.05 indicate change in Glycaemic parameters (HbA1c, FBG, and PPBG) from the baseline 

to 24 weeks treatment using un-paired t test. 
#
p<0.05 indicate change in lipid parameters (TC, TG, and LDL) from the baseline to 24 weeks 

treatment using un-paired t test. 
@

p<0.05 indicate change in adiponectin level from the baseline to 24 weeks treatment using un-

paired t test. 

 

Safety assessment The most common AEs experienced in both the treatment groups were 

hypoglycaemia, constipation, abdominal pain, acidity, weakness and headache. The incidence of 

AE was 35% in treatment A and 21.66% in treatment B group (Table 11) 

Table 11: Summary of adverse events 

Adverse event (AE) Treatment A 

N=60 (%) 

Treatment B 

N=60 (%) 

Hypoglycaemia 2 (3.33%) 2 (3.33%) 

Constipation 5 (8.33%) 2 (3.33%) 

Abdominal Pain 6 (10.00%) 3 (5.00%) 
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Acidity 4 (6.66%) 3 (5.00%) 

Weakness 2 (3.33%) 2 (3.33%) 

Headache 2 (3.33%) 1 (1.66%) 

Total 21 (35%) 13 (21.66%) 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment 
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Figure 14: Mean decrease in HbA1C level 

Data are expressed as the Mean ± Standard deviation (n=60). 
$
P value<0.05 indicate mean 

decrease in HbA1c from baseline to 24 week treatment using unpaired t test.  
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Figure 15: Mean decrease in Fasting blood glucose (FBG) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
$
P value<0.05 indicate mean 

decrease in FBG from baseline to 24 week treatment using unpaired t test.  
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Figure 16: Mean decrease in Post prandial blood glucose (PPBG) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
$
P value<0.05 indicate mean 

decrease in PPBG from baseline to 24 week using unpaired t test.  
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Figure 17: Mean decrease in Total cholesterol (TC) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
#
P value<0.05 indicate mean 

decrease  in TC from baseline to 24 week using unpaired t test. 
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Figure 18: Mean decrease in Triglyceride (TG) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
#
P value<0.05 indicate mean 

decrease in TG from baseline to 24 week using unpaired t test. 
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Figure 19: Mean decrease in Low density lipoprotein (LDL) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
#
P value<0.05 indicate mean 

decrease in LDL from baseline to 24 week using unpaired t test.  

 

Figure 20: Mean increase in High density lipoprotein (HDL) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
#
P value<0.05 indicate mean 

increase in HDL from baseline to 24 week using unpaired t test. 
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Figure 21: Mean increase in adiponectin level 

Data are expressed as the Mean ± Standard deviation (n=60). P
@

 <0.05 indicate mean increase  

in from baseline to 24 weeks using unpaired t test.  

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4  Results and Discussion 

 

61 
 

4.3 Study-III: Diabetic patients having Hypertension (Flow chart sample correction) 

A flow chart is presented showing the disposition of participants throughout the study (Figure 

22). Out of 178 screened patients, 134 eligible patients were randomized during this clinical 

study. Treatment A included 68 patients and treatment B included 66 patients. Both the groups 

demographic and clinical characteristic parameters at baseline was mentioned in Table 12. 

 

Treatment A: conventional therapy, treatment B: add on teneligliptin to conventional 

therapy, SAP: sample analysis plan 

Figure 22: Study III Patient disposition chart 
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Table 12: Demographic profile and clinical characteristic correction needed 

Characteristic Treatment A 

(N=60) 

Treatment B 

(N=60) 

Demographic   

Gender(Male/Female) 24/36 28/32 

Age (year) 48.56 ± 9.45 48.16 ± 7.64 

Height (cm) 152.12 ±13.59 156.21 ± 10.69 

Body Weight (kg) 68.28 ± 10.76 67.79 ±11.12 

Body mass index (BMI) 26.81 ±3.78 26.24 ± 4.33 

Disease duration (year) 3.54 ± 1.48 3.71 ± 2.05 

Waist (cm) 91.48 ±7.03 91.68 ±7.24 

Hip (cm) 96.56±8.83 96.88 ±8.32 

Waist/Hip ratio 0.95 ± 0.07 0.94 ± 0.07 

Diet history (calories)   

• Breakfast (calories) 1452.56 ± 296.85 1445.08 ± 284.44 

• Lunch (calories) 2080.33 ± 406.33 1562.11 ± 106.9 

• Dinner (calories) 642.81 ± 210.74 646.14 ± 214.74 

Vegetarian/ Non-vegitarian 45/15 49/11 

Job/ Business 44/16 38/22 

Exercise/ Yoga 47/13 47/13 

Values are expressed in terms of Mean± SD. N=number of patient, SD= standard deviation.  

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment. 

 

The list of mean changes in efficacy end point glycemic parameters, blood pressure and 

cytokines levels mentioned in table 13. Reduction in mean of HbA1 c was 0.66 ±0.21 and 0.766  

±0.26 in treatment A & B respectively. Reduction in mean in FBG and PPBG levels were 27.91  

±7.13 mg/dL and 30.42  ±7.87 mg/dL in treatment A as compared to 31.60 ± 7.62 mg/dL and 

35.17± 10.06 mg/dL in treatment B respectively (Table No 13). However, reduction in 

glycaemic parameters (HbA1c, FBG and PPBG) was statistically significant in treatment B as 

compared to treatment A at end of 24weeks (Figure 23, 24 and 25). 

 

Blood pressure  There was a marked reduction in blood pressure after 24 weeks from baseline in 

both treatment groups. Mean reduction in SBP was 4.58 ±1.93 mm/hg in treatment A and in the 
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treatment B 5.26  ±1.99. Mean reduction in DBP was 4.23  ±1.81 and  4.8± 1.84  in treatment A 

and B respectively. (Table No:13).  

Serum Adiponectin levels At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to increase adiponectin level. Mean improvement of adiponectin in treatment B 

was 4.543 ± 1.59 µg/ml as compared to 0.704 ± 1.01 µg/ml in treatment A. (Figure 26).  

Cytokines levels 

In addition to above, marked reduction in inflammatory cytokine levels (IL 6 and TNF-α) was 

also observed in treatment B as compared to treatment A at the end of 24 weeks but was not 

found statistically significant (Table 13). 

Table 13: Mean change in blood pressure and glycemic levels from baseline to 24 weeks 

after study drug (Study-III)  

 

Parameters Treatment A 

(N=60) 

Treatment B 

(N=60) 

Glycated heamglobin (HbA1c) 

Baseline 8.31 ± 0.84 8.23 ± 0.83 

End of 24 weeks 7.64 ±0.81* 7.47 ± 0.72 * 

Change in HbA1c -0.66 ±0.21 -0.766  ±0.26 
$
 

Fasting blood glucose (FBG) 

Baseline 148.63±  16.52 149.01±16.27 

End of 24 weeks 120.71  ±13.28* 117.40 ±16.24* 

Change in FBG -27.91  ±7.13 -31.60 ± 7.62
$
 

Post prandial blood glucose (PPBG) 

Baseline 226.22 ±20.62 221.8± 27.58 

End of 24 weeks 195.79  ±20.02* 186.92± 19.87* 

Change in PPBG -30.42  ±7.87 -35.17± 10.06
$
 

SBP (mm/Hg) 

Baseline 145.11  ±11.20 144.13  ±9.63 

End of 24 weeks 140.53 ±11.08* 138.86±  9.96* 

Change in SBP -4.58 ±1.93 -5.26  ±1.99 

DBP (mm/Hg) 

Baseline 84.96 ±5.10 83.13  ±5.72 

End of 24 weeks 80.73 ±4.64* 78.33 ±5.30* 

Change in DBP -4.23  ±1.81 -4.8± 1.84 
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Cytokines levels 

IL 6 (pg/ml) 

Baseline 7.567 ± 1.246 7.441 ± 1.205 

End of 24 weeks 7.095 ± 1.167* 6.798 ± 1.087* 

Change in IL 6 -0.4710± 0.484 -0.643 ±0.530 

TNF-α (pg/ml) 

Baseline 16.031 ± 1.764 15.836 ± 1.678 

End of 24 weeks 15.505 ± 1.781 * 15.149 ± 1.671* 

Change in TNF-α -0.526 ±0.402 -0.687 ± 0.393 

Adiponectin (µg/ml) 

Baseline 4.029 ± 0.639 4.352 ±0.770 

End of 24 weeks 4.773 ± 1.041* 8.895 ± 1.522 * 

Change in adiponectin +0.704 ± 1.019 +4.543 ± 1.598
@

 

 

Values are expressed as Mean ± SD. N=number of patient,  

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment.          

*p<0.05 indicate change from baseline to end of 24 weeks using paired t test. 

$p<0.05 indicate change in glycaemic parameter (HbA1c, FBG, and PPBG) from the baseline to 

24 weeks using un-paired t test. 

@p<0.05 indicate change in adiponectin level from the baseline to 24 weeks; between groups 

comparison using un-paired t test. 
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Figure 23: Mean decrease in HbA1c 

Data are expressed as the Mean ± Standard deviation (n=60). 
$
P value<0.05 indicate mean 

decrease in HbA1c from baseline to 24 weeks treatment using unpaired t test.  
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Figure 24: Mean decrease in Fasting blood glucose (FBG) level  

Data are expressed as the Mean ± Standard deviation (n=60). 
$ 

P value<0.05 indicate mean 

decrease in FBG from baseline to 24 week using unpaired t test.  
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Figure 25: Mean decrease  in post prandial blood glucose (PPBG) level 

Data are expressed as the Mean ± Standard deviation (n=60). 
$ 

P value<0.05 indicate mean 

decrease in PPBG from baseline to 24 weeks treatment using unpaired t test.  
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Figure 26: Mean increase in adiponectin level 

Data are expressed as the Mean ± Standard deviation (n=60). 
@ 

P value<0.05 indicate mean 

increase in adiponectin from baseline to 24 weeks treatment using unpaired t test. 

 

Safety assessment: The most common AEs experienced in both the treatment groups were 

hypoglycaemia, constipation, abdominal pain, acidity, weakness, Itching, Dry skin and headache. 

The incidence of AE was 45% in treatment A and 38.3% in treatment B group (Table 14) 

Table 14: Summary of adverse events 

Adverse event (AE) Treatment A 

N=60 (%) 

Treatment B 

N=60 (%) 

Hypoglycaemia 1 (1.66%) 1 (1.66%) 

Constipation 6 (10.0%) 5 (8.33%) 

Abdominal Pain 6 (10.00%) 6 (10.0%) 

Acidity 5 (8.33%) 5 (8.33%) 

Tiredness 3(5.00%) 2 (3.33%) 

Weakness 2 (3.33%) 1 (3.33%) 

Dry skin 1(1.66%) 1(1.66%) 

Headache 2 (3.33%) 1 (1.66%) 

Itching/pruritus 1(1.66%) 1(1.66%) 

Total 27 

(45%) 

23 

(38.3%) 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment. 
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4.4 Study Phase-IV: Diabetic patients having Dyslipidemia and Hypertension  

Patients disposition under the study has been shown in a flow chart (Figure 28). Out of 147 

screened patients, 124 were eligible for randomized clinical study. Treatment A and B included 

62 patients in each groups. Demographic profile of both the group is shown in table 15. 

 

 
Treatment A: conventional therapy (), treatment B: add on teneligliptin to conventional 

therapy, SAP: sample analysis plan 

 

Figure 28: Patient disposition chart 
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Table 15: Demographic and clinical characteristic 

Characteristic Treatment A 

(N=54) 

Treatment B 

(N=56) 

Demographic   

Gender(Male/Female) 27/27 25/31 

Age (year) 50.73 ± 12.08 51.48 ± 11.96 

Height (cm) 155.93 ± 8.12 156.21 ± 8.12 

Body Weight (kg) 62.43 ± 9.11 63.79 ± 9.67 

Body mass index (BMI) 25.79 ± 4.01 25.85 ± 4.71 

Disease duration (year) 4.79 ± 1.65 5.04 ± 1.61 

Waist (cm) 91.88 ± 8.32 92.53 ± 6.68 

Hip (cm) 96.56±8.83 96.16±8.01 

Waist/hip ratio 0.94±0.5 0.96±0.6 

Values are expressed in terms of Mean ± SD. N=number of patient, SD= standard deviation.  

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment. 

 

The list of mean changes in efficacy end point glycemic parameters, blood pressure and 

cytokines levels mentioned in table 16. Reduction in mean of HbA1c was 0.40 ±0.21 and 0.58 

±0.25 in treatment A & B respectively. Reduction in mean in FBG and PPBG levels were 10.40± 

4.64 and 17.37± 6.23 in treatment A as compared to 12.99± 5.34 and 20.02 ± 7.02 in treatment B 

respectively (Table16). However, reduction in glycaemic parameters (HbA1c, FBG and PPBG) 

was statistically significant in treatment B as compared to treatment A at end of 24weeks (Figure 

27-29). 

Blood pressure There was a marked reduction in blood pressure levels after 24 weeks from 

baseline in both treatment groups. The mean reduction in SBP in treatment A was 1.8±1.95  and 

in the treatment B 1.96± 2.14 mm Hg. Mean reduction in DBP was 1.46±1.70  and 1.76± 2.13 

mm hg in treatment A and B respectively. (Table 16).  

Serum Adiponectin levels At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to increase adiponectin level. Mean increasea of adiponectin in treatment B 

was 0.77 ± 1.01 µg/ml as compared to 0.38±1.06 µg/ml in treatment A.  
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Cytokines levels 

In addition to above, marked reduction in inflammatory cytokine levels (IL 6 and TNF-α) was 

also observed in treatment B as compared to treatment A at the end of 24 weeks but was not 

found statistically significant (Table 16). 

Table 16: Mean change in glycemic parameters, blood pressure, and inflammatory 

cytokines levels from baseline to 24 weeks after study drug (Study-IV) 

Parameters Treatment A 

(N=54) 

Treatment B 

(N=56) 

Glycemic parameters 

Glycated heamglobin (HbA1c) 

Baseline 9.15 ±1.23 9.27 ± 1.16 

End of 24 weeks 8.74 ± 1.26* 8.68  ± 1.19* 

Change in HbA1c -0.40 ±0.21 -0.58 ±0.25
$
 

Fasting blood glucose (FBG) 

Baseline 141.50±  18.31 146.87±17.40 

End of 24 weeks 131.09± 17.51 133.83 ±17.32* 

Change in FBG -10.40± 4.64 -12.99± 5.34
$
 

Post prandial blood glucose (PPBG) 

Baseline 210.23± 34.74 229.53 ± 22.05 

End of 24 weeks 192.86±32.54 209.51 ± 23.90* 

Change in PPBG -17.37± 6.23 -20.02 ± 7.02
$
 

Systolic blood pressure (mm/Hg) (SBP) 

Baseline 145.23±8.39 148.53± 7.44 

End of 24 weeks 143.43±8.27 146.67±  7.47 

Change in PPBG -1.8±1.95 -1.96± 2.14 

Diastolic blood pressure  (mm/Hg) (DBP) 

Baseline 81.90±5.22 82.56±5.58 

End of 24 weeks 80.43 ±5.07 80.08±5.24 

Change in PPBG -1.46±1.70 -1.76± 2.13 

Inflammatory cytokines 

IL 6 (pg/ml) 

Baseline 8.61±1.11 8.49 ± 1.09 

End of 24 weeks 8.25 ± 1.21 7.98 ± 1.22* 

Change in IL 6 -0.38±0.37 -0.51 ±0.42 
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TNF-α (pg/ml) 

Baseline 16.06 ±1.66 15.80±1.51 

End of 24 weeks 15.63±1.60* 15.20 ±1.40* 

Change in TNF-α -0.44±0.34 -0.65 ±0.39 

Adiponectin (µg/ml) 

Baseline 3.96 ±0.73 4.02±0.63 

End of 24 weeks 4.35 ±0.77* 4.80 ± 1.12* 

Change in adiponectin +0.38±1.06 2.67 ± 1.01 

Values are expressed as Mean ± SD. N=number of patient, SD= standard deviation. 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment.          

* p<0.05 indicate change from baseline to end of 24 weeks treatment using paired t test. 
$
p<0.05 indicate change in glycaemic parameter (HbA1c, FBG, and PPBG) from the baseline to 

24 weeks treatment using un-paired t test. 

 

Lipid parametersLipid parameters were found comparable in both the treatment groups at the 

baseline. However, there were gradual reduction in Total cholesterol (TC), Triglyceride (TG), 

and Low density lipoprotein (LDL) at 24 weeks. Mean changes of these parameters have been 

shown in Table 17. 

  

Serum total cholesterol levels: There was significant decrease in serum TC levels after 24 

weeks from baseline in both treatment groups. The treatment A reduced the serum concentration 

of TC from 207.17 ± 18.36 mg/dL to 189.52 ± 16.17 mg/dL and in the treatment B 212.8 ± 15.56  

mg/dL to 192.45 ± 15.80 mg/dL.  Serum triglyceride levels: Reduction in mean of TG level 

was 17.34 ± 6.64  mg/dL and 17.54 ± 7.31 mg/dL in treatment A & B. Serum HDL cholesterol 

levels: At the end of 24 weeks, add-on teneligliptin group (treatment B) showed tendency to rise 

HDL level. Improvement in mean of HDL in treatment A was 7.09% and 7.82%  in treatment B. 

Serum LDL cholesterol levels: At the end of 24 weeks, add-on teneligliptin group (treatment B) 

showed tendency to reduce in serum LDL levels. Reduction in mean of LDL in treatment B was 

10.82%  as compared to 9.01% in treatment A. The mean reduction change (from baseline to end 

of study) in LDL levels was not statistically significan at the end of 24 week.  
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Table 17: Mean change in blood lipid levels from baseline to 24 weeks after study drug 

(Study-IV) 

Parameters Treatment A 

(N=54) 

Treatment B 

(N=56) 

TC (mg/dL) 

Baseline 207.17 ± 18.36 212.8 ± 15.56 

End of 24 weeks 189.52 ± 16.17* 192.45 ± 15.80* 

Change in TC -17.65 ± 8.15 (8.51%) -20.34 ± 8.12 (9.55%) 

TG (mg/dL) 

Baseline 185.56 ± 16.42 189.73 ± 17.12 

End of 24 weeks 168.21±17.14* 172.18 ± 16.89* 

Change in TG -17.34 ± 6.64 (9.34%) -17.54 ± 7.31 (9.44%) 

LDL (mg/dL) 

Baseline 155.89±17.62 157.20 ± 16.28 

End of 24 weeks 141.82 ± 17.67* 140.18 ± 17.16* 

Change in LDL -14.06±6.23 (9.01%) -17.02 ± 8.60 (10.82%) 

HDL (mg/dL) 

Baseline 36.64±5.08 36.68 ± 5.09 

End of 24 weeks 39.25 ± 5.17* 39.55 ± 5.27* 

Change in HDL +2.60 ± 1.07 (7.09%) +2.87 ± 1.02 (7.82%) 

TC/HDL  

Baseline 5.75±0.93 5.91 ± 0.93 

End of 24 weeks 4.91 ± 0.77 4.94 ± 0.76 

Change in TC/HDL 0.84 ± 0.29 (14.60%) 0.96 ±0.30 (16.24%) 

LDL/HDL 

Baseline 4.33 ± 0.77 4.36 ± 0.76 

End of 24 weeks 3.67 ± 0.67 3.61 ±0.70 

Change in LDL/HDL 0.65 ± 0.21 (15.01%) 0.75 ±0.26 (17.20%) 

 

Values are expressed as Mean ± SD. N=number of patient, SD= standard deviation Treatment A: 

Conventional treatment; Treatment B: Add-on teneligliptin with conventional treatment.          

* p<0.05 from baseline to end of 24 weeks by using paired t test (within group comparison).      
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Figure 27: Mean decrease in HbA1c level 

Data are expressed as the Mean ± Standard deviation. 
$ 

P value<0.05 indicate mean decrease in 

HbA1c from baseline to 24 weeks treatment using unpaired t test.  
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Figure 28: Mean decrease in Fasting blood glucose level (FBG) level 

Data are expressed as the Mean ± Standard deviation. 
$ 

P value<0.05 indicate mean decrease in 

FBG from baseline to 24 weeks treatment using unpaired t test.  
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Figure 29: Mean decrease in Post prandial blood glucose (PPBG) level 

Data are expressed as the Mean ± Standard deviation. 
$ 

P value<0.05 indicate mean decrease in 

PPBG from baseline to 24 weeks treatment using unpaired t test.  

 

Safety Assessment: 

The most common AEs experienced in both the treatment groups were hypoglycaemia, 

constipation, abdominal pain, acidity, weakness and headache. The incidence of AE was 56% in 

treatment A and 45% in treatment B. Teneligliptin treated patients did not show any risk of 

hypoglycaemia (table-18). Thus, we did not observe any major cardiovascular adverse events 

under the study.  

Table 18: Summary of adverse events  

Adverse event (AE) Treatment A 

N=54 (%) 

Treatment B 

N=56(%) 

Hypoglycaemia 2 (3.70%) 2 (3.57%) 

Constipation 5 (9.25%) 4 (7.14%) 

Abdominal Pain 7(12.9%) 4 (7.14%) 

Acidity 2 (3.70%) 1 (1.7%) 

Tingling 2 (3.70%) 2 (3.57%) 

Tiredness 1 (1.85%) 2 (3.57%)  

Pain 4 (7.40%) 3 (5.35%) 

Dry skin 3 (5.55%) 3 (5.35%) 

Itching 2 (3.70%) 2 (3.57%) 

Giddiness 1 (1.85%) 0  

Weakness 3 (5.55%) 2(3.57%) 

Headache 1 (1.85%) 1 (1.7%)  

Total 33 (56%) 26 (45%) 
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Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment 

Correlations of various factors with diff. HbA1c was mentioned in Table 19. Treatment A 

showed a significant negative correlation was observed between the diff.HbA1c and SBP (r= -

0.255, P= 0.048). Treatment B: A significant negative correlation was observed between the 

diff.HbA1c and TG (r= -0.423, P= 0.007) 

Table 19: Correlation of various factors with diff. HbA1c (Study-IV) 

Correlations of various factors with Diff.HbA1c 

   Treatment A Treatment B 

Factors r P r P 

TC 0.1807 0.1671 0.1644 0.2093 

TG -0.1891 0.148 -0.4236 0.0007 

HDL -0.0334 0.8 -0.07051 0.5924 

LDL 0.01321 0.9202 -0.05216 0.6922 

SBP -0.2556 0.0487 0.01137 0.9313 

DBP -0.1642 0.2099 0.06778 0.6068 

Age 0.09152 0.4868 -0.243 0.0614 

BMI -0.00123 0.9926 0.05273 0.6891 

Duration -0.1296 0.3324 -0.0769 0.5592 

W/H ratio 0.1647 0.2086 -0.08094 0.5387 

FBG 0.108 0.4112 -0.012 0.9275 

PPBG 0.2083 0.1102 -0.09207 0.4842 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment 

 

Table 20: Assessment of Health quality of life questionnaires (Study-IV) 

Treatment B  

Dimention Mobility Self-care 
Usual 

activity 
Pain/ Discomfort 

Anxiety / 

Depression 

Level 1 48 (80%) 43 (71.66%) 48 (80%) 43(71.66%) 43(71.66%) 

Level  2 8 (13.33%) 11 (18.33%) 10 (16.66%) 17 (28.33%) 17 (28.33%) 

Level 3 4 (6.66%) 3 (5%) 2 (3.3%) -- -- 

 Level 4 -- -- -- -- -- 

Level 5 -- -- -- -- -- 

Treatment A  
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Level 1 40 (66.66%) 56 (93.33%) 46 (76.66%) 38 (63.33%) 48 (80%) 

Level  2 14 (23.33%) 4 (6.66%) 13 (21.66%) 13 (21.66%) 11 (18.33%) 

Level 3 5 (8.33%) 
 

1 (1.66%) 4 (6.66%) 1 (1.66%) 

 Level 4 1(1.66%) -- -- 2 (3.33%) -- 

Level 5 -- -- -- 1 (1.66%) -- 

P value 0.18 0.01 0.87 0.09 0.18 

 

Treatment B 

Variables 

Fatigue 
Sleep 

disturbance 

Decrease 

energy 

level 

Problem in 

social life 

Swelling 

of limb 

Pain in 

limbs 

Delay in 

wound 

healing 

1  

(Present) 

19 

(31.66%) 

10  

(16.66%) 

19 

(31.66%) 

7  

(11.66%) 

11 

(18.33%) 

11 

(18.33%) 

8  

(13.33%) 

2  

(Absent) 

41 

(68.33%) 

50  

(83.33%) 

41 

(68.33%) 

53  

(88.33%) 

49 

(81.66%) 

49 

(81.66%) 

52 

 (86.66%) 

Treatment A 

1 

 (Present) 
30 (50%) 14 (23.33%) 5 (8.33%) 

6  

(10%) 

8  

(13.33%) 

52 

(58.66%) 

8 

 (13.33%) 

2  

(Absent) 
30 (50%) 46 (76.66%) 

55 

(91.66%) 

54  

(90%) 

52 

(56.66%) 

8  

(13.33%) 

52 

(86.66%) 

P value 0.04 0.33 0.04 1 0.42 0.42 1 

Treatment A: Conventional treatment; Treatment B: Add-on teneligliptin with conventional 

treatment 

Mobility and usual activity were 80% at level 1 in presence of treatment A where as they were 

66.6% and 76.0% respectively  in treatment B. However, mobility was 1.66% at level 4 in 

treatment B but 6.66% at level 3 in treatment A. Pain/discomfort was 71.66% and 63.3% at level 

1 in treatment A and treatment B respectively. pain and discomfort was 1.66% in treatment B  at 

level 5 by while in treatment A none of the patients showed any response. Self-care was 93.3% 

and 76.1% at level 1 in treatment A and treatment B. Anxiety /depression was 80% and 76.1% at 

level 1 in  treatment A and treatment B.  

Presence of fatigue and pain in limb were found 50% and 58.6% in treatment A while in 

treatment B they were 31.6% and 18.3% . Presence of swelling of limb and delay in wound 

healing was almost similar in both groups. Presence of sleep disturbance was 23.3% in treatment 

A and 16.6% in treatment B.  
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4.5 Discussion 

T2DM is a chronic disease, known to be associated with over the period of time. 
(76) 

Diabetes is  

managed by using  a  diet and lifestyle modification followed by  antidiabetic drugs.
(77)

 Diabetic 

dyslipidemia accounts nearly for 80 percent diabetic deaths due to cardiovascular 

complications.
(78)

  International and national guidelines for diabetes management recommends 

lifestyle management as the mainstay of treatment for T2DM, using metformin as the preferred 

initial oral antihyperglycemic agent for most of the patients, but there is a scope for better 

glycemic control understanding.
(79-80)

 Although metformin is preferred treatment for the diabetes, 

there no  or literature available for the selection of add-on treatment for inadequate blood sugar 

control with metformin.
(81)

  

 

Diabetes and hypertension also are major global risk for mortality and also known to coexist in 

patients.
(82)

 Diabetes confers a two-fold excess risk for a broad range of vascular diseases, which 

are independent from other traditional risk factors. 
(83)

 In addition, patients with hypertension 

often exhibit insulin resistance and are at greater risk of diabetes associated with both 

macrovascular  and microvascular disease.
(84)

 The prevalence of hypertension in patients with 

diabetes varies from about 30 to 80% across different studies. In addition to optimal glycaemic 

control, more efforts are required to manage the associated comorbid conditions. 
(85)

 

 

Incretin therapies such as glucagon-like peptide 1 (GLP-1) agonists are commonly used for the 

treatment of type 2 diabetes mellitus. GLP-1 mimetics, besides improving glycemic control, have 

been shown to influence multiple pathways regulating blood pressure. 
(86)

 Recent clinical trials 

pooled analysis suggested that there are multiple beneficial effects of GLP-1 receptor agonist 

including weight loss, lipid profile and  BP lowering alongwith reduction in incidence of major 

cardiovascular events, renal and hepatic protective effects.
(87)

 It has been reported that GLP-1 

receptor agonists improve left ventricular dysfunction and clinical heart failure conditions in 

ischemic heart disease patients. DPP-4 inhibitors might be cardio-protective by increases in the 

incretin hormones levels in T2DM patients.
(88)

 

 

With the advancement of new drugs, there is tremendous improvement for the better control of 

diabetes.
(89) 

The inability of therapy to maintain good glycemic control in T2DM is due to 
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progressive deterioration of beta cell function, co-morbidities and infections. These provide 

rationale for the early use of combination therapy with different class of drugs that can help 

achieve good glycaemic control and reduction of comorbidities. 
(90)

 The combination therapy 

might help in slowing down the natural disease progression which in turn reduce the 

complications associated with diabetes.
(91)

 Diabetes is as such progressive disease and the 

treatment strategies must be dynamic and proactive as with each increase unit of HbA1c level is 

reflective of worsening physiologic mechanisms.
(92)

 There seems to be a need of an effective 

adjuvant therapy which can be cost effective, and enhance the efficacy of existing current gold 

standard therapy without need of switching aggressive treatment therapy. 
(93)

 

 

In the present clinical study, we evaluated the efficacy and safety of newly developed DPP-4 

inhibitor, teneligliptin 20 mg OD in patients with type 2 diabetes mellitus that was not 

adequately controlled by ongoing conventional therapy (metformin 1000 mg/ glimepiride 1 mg). 

Teneligliptin is usually given 20 mg once daily in real life prescribing practice. DPP-4 inhibitors 

are important antidiabetics and already some clinical studies reported which directly compare 

add-on therapy of teneligliptin. The efficacy and safety of teneligliptin as monotherapy or part of 

dual or triple combination therapy have been demonstrated in asian patients in number of clinical 

trials.
(94-97) 

  

The objective for the present study was to assess the effect of adding teneligliptin to 

conventional therapy using stable metformin/ glimepiride medicine to improve glycaemic 

parameters. Both medications have pharmacodynamic effects which have the potential to provide 

better control of blood glucose than that of either medicine alone. Metformin is the widely 

available in clinical practice, but it causes side effect like gastrointestinal and lactic acidosis. 

Sulphonylureas are widely used because of their low price and their well-established efficacy 

and safety.
(98-99)

  

 

Due to unique ―J-shaped‖ chemical structure of teneligliptin, it differs from other DPP-4 

inhibitors with regards to molecular structure, selectivity to DDP-4 enzyme, and its elimination 

pathway.
(100) 

The potential effect of teneligliptin in the management of hyperglycemia and 

obesity has been established in preclinical studies.
 
Teneligliptin is reported to improve glucose 
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intolerance and synergistically increases plasma GLP-1 levels in rats against genetic model of 

obese T2DM.
(101-102) 

Another preclinical study reported that, teneligliptin is a potent, competitive, 

and long-lasting DPP-4inhibitor that improves post prandial hyperglycemia and dyslipidemia by 

both single and repeated administrations in male wistar rats.
(103) 

 

HbA1c levels in blood are one of key biomarker to know glycemic control. Teneligliptin has 

been reported to lower HbA1C levels when used alone and in combination therapy. However, 

present work of study part I clearly demonstrated that once daily dose of teneligliptin to add-on 

therapy of glimepiride and metformin stable dose significantly reduced glycated haemoglobin, 

HbA1c level when  compared with conventional therapy  at 24 weeks from the baseline. Similar 

results of lowering of HbA1c have been observed in  the remaining study parts of the present 

work including different comorbid conditions like hypertension and dislipidaemia.The primary 

efficacy endpoint was the comparison of change in HbA1c form baseline to weeks 24 for both the 

treatment groups. HbA1c is the most widely accepted measure of overall, mid-term and long-

term blood glucose control in type 2 diabetes mellitus. The mean change of HbA1C in add-on 

teneligliptin group was 1.23±0.14 as compared to  0.64±0.04 in patients receiving coneventional 

therapy. In our study, tenligliptin significantly decreased HbA1c in patients with T2DM. We also 

observed gradual reduction in blood glucose levels (fasting and post prandial)  in both the 

treatment groups (A and B). Mean change in fasting and post prandial blood glucose levels were 

42.10±21.30 and 51.51±15.67 respectively in treatment A (teneligliptin add-on therapy). While 

mean change in fasting and post prandial blood glucose levels was 22.57±12.62 and 29.43±16.56 

respectively in treatment B. (conventional therapy). This finding is supported by previously 

reported clinical study, where in, mean reduction in HbA1c after 16 weeks of treatment with 

teneligliptin in Japanese patients.
(104)

 Further, they have suggested that teneligliptin improves 

insulin sensitivity and post-meal plasma glucose in subjects with impaired glucose tolerance.
(104) 

 

Other study reports showed efficacy of teneligliptin as add-on treatment to glimeperide  in terms 

of   decrease in  HbA1c, fasting and post prandial blood glucose levels at 12 weeks and the same 

study was expanded to 52 weeks with no remarkable change.
(105)

 Lukashevich et al., conducted 

multicenter, double-blind, 24 week study of vildagliptin as add-on to metformin plus glimepiride 

in which vildagliptin significantly improved glycaemic control in patients with T2DM 

inadequately controlled with metformin plus glimepiride combination. The addition of 
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vildagliptin was well tolerated with low risk of hypoglycaemia and weight gain.
(106)

 Another 

study by Rizvi et al., reported 12 weeks comparative study on vildagliptin with teneliglpitin add-

on to metformin therapy in inadequately control type 2 diabetes patients. The percentage 

reduction in HbA1c in vildagliptin was  15.01% while in teneligliptin it was 15.86% at the end of 

24 weeks treatment.
(107)

 Dual therapy of Teneligliptin with metformin led to a significant 

reduction of HbA1c (1.07%) in a study conducted by Ghosh et al (2016). 
(108)

 kadowaki et al, 

(2013) have reported a 0.9% reduction in HbA1c with 20 mg teneligliptin  which is parallel with 

the findings (0.68 %) of our study. Another study has showed (0.94%) reduction in HbA1c after 

24 weeks.
(109)

 

 

Thus, our observations of study I also  suggest that the addition of teneligliptin 20 mg to 

convetional therapy (metformin and glimepiride) significantly improves the efficacy of 

conventional therapy, possibly due to improved insulin release by complementary mechanisms 

of each molecules leading to improved glycaemic control. 

 

In the second part of study, a trial has been made to evaluate the efficacy and safety of 

teneligliptin 20 mg in T2DM patients having dyslipidemia who are not adequately controlled by 

ongoing conventional therapy. The potential effect of teneligliptin in the management of 

hyperlipidemia and obesity has been established in preclinical studies.
(109-110)

 Dipeptidyl 

peptidase 4 inhibitors which inhibit the endogenous glucagon like peptide 1 (GLP) metabolism 

and thereby increases GLP-1 level in the physiological range. 
(111)

 They act by regulating insulin 

and glucagon secretion. 
(112)

 Rise in new beta-cells and inhibition of their apoptosis is seen with 

DPP-4 which might  potentially improve the disease pathogenesis. 
(113)

 Teneligliptin suppresses 

proinflammatory activation of macrophages and adipocytes. Therefore, it is a possible target for 

cardio protective effect.
(114)

 

DM is often related to with alterations in lipid metabolism and  abnormalities in serum lipid 

profile. 
(115)

 Dyslipidemia is common in T2DM patients with poorly controlled glycemia. 
(115)

 

Dyslipidemia is a common feature of diabetes 
 
due to alteration of lipid metabolism characterized 

by low HDL-c, high TG, and High TC, and rise in LDL-c which results in the worsening of the 

prognosis of diabetic patients. 
(116-117)

 Metformin and glimepiride amongst other antidiabetics 

agents, are known to improve insulin resistance and TG levels in addition to lowering of 
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glycemic parameters. 
(118)

 Metformin has already shown reduction in LDL-C, TC, and TG levels 

and increases HDL-C levels. 
(119)

 Although, DPP-4 inhibitors could also influence the lipid 

profile in patients with type 2 diabetes which could be explained by glucagon-like peptide-1 

receptor-mediated inhibition of lipid absorption in the gastrointestinal tract.
 
Choe et al (2017), 

have shown that  vildagliptin  improved glucose control and lipid profile  as compared to 

sitagliptin. Alogliptin has also shown a beneficial effect on TC and TG.
(120) 

 

We observed significant decrease in HbA1c and lipid profile at the end of 24 weeks in 

teneligliptin treated patients. Addition of teneligliptin showed significant reduction in TC at the 

end of 24 weeks. These findings are supported by one of the meta-analysis report where in lipid 

lowering effect of DPP-4 inhibitors in terms of reduction  in TC.
(120)

 

Beneficial effects of metformin on lipids could be due to inhibition of fatty acids released from 

adipose tissues, its direct effect on VLDL-C metabolism and/or secondary to enhance insulin 

sensitivity.
(121)

 Elevated TG levels have been recognized as a risk factor for progression of 

CVD.
(122)

 In the present study, addition of teneliglptin reduced TG levels by 20.02% at the end of 

24 weeks. Reduction in TG rich lipoprotein may include enhanced expression of the LDL 

receptors, increased expression of lipoprotein lipase, and reduced expression of apo C-III and 

very low-density lipoproteins.
(123)

 Thus, teneligliptin might act through either of the above 

mechanisms to reduce lipid levels. Further, add-on therapy of teneligliptin showed reduction in 

LDL-C levels (34.06 %) in patients receiving treatment B. Julio et al., conducted study to 

compare rosiglitazone versus vildagliptin in T2DM patients for 24 weeks treatment duration. At 

the end of study, vildagliptin was as effective as rosiglitazone, improving HbA1C. Further, 

vildagliptin treatment was associated with a significant improvement in triglycerides,  LDL, and 

non-HDL cholesterol and, importantly, the total to-HDL cholesterol ratio.
(124)

  There is also a  

report of  significant improvement in lipid profile with three months treatment of sitagliptin. 
(125)

 

Wulffle and coworkers showed efficacy of metformin in reducing TC, TG and LDL-C in their 

meta-anaysis report with a minimum of 6 weeks of treatment in T2DM patients.
(126)

 So, we 

conclude that add-on therapy of teneligliptin together with metformin might help in significant   

reduction in serum LDL levels. Further, mean atherogenic index (TC/HDL ratio) was found 

comparable from baseline to week 24 for both the treatment groups. The mean atherogenic index 
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decreased (30.03%) from baseline data in patients receiving treatment B when compared with 

those receiving treatment A (28.24%). There is a report of significant decrease in TC, TG and 

LDL-C with increase in levels of HDL-C after 3 months of treatment with metformin in T2DM 

patients. 
(127)

 Pravin Kumar and Gokul reported a decrease of 16%, 12% and 10% of TC, TG and 

LDL-C respectively and a 15% increase of HDL-C, achieving the lipid control goals with 

metformin–glimepiride combination therapy of 26 weeks in T2DM patients. 
(128)

 Thus, our 

results are also parallel with the findings of various above discussed reports. Therefore, it will be 

suggested from our observations that teneligliptin addition with conventional antidiabetic therapy 

can be useful in controlling lipid profile in patients having T2DM with dyslipidemia.  

Tumor necrosis factor-α and IL-6 are important mediators of inflammation and will provide a 

possible link between visceral fat and systemic inflammation. They are both known to promote 

lipolysis and therefore the secretion of free fatty acids, which contribute to a rise in hepatic 

glucose output and IR, impair adipocyte differentiation, and promote inflammation.
(129)

 

Experimental studies and cross-sectional analysis have shown that circulating IL-6 is related to 

hyperglycemia and insulin resistance. It‘s also been shown that circulating IL-6 increases with 

the degree of insulin resistance. 
(130)

 It has been reported that  adiponectin has anti-inflammatory, 

antiatherogenic and antidiabetic properties. The protective effects of adiponectin in the 

prevention of progression of IR and in cardiovascular events, and its potent influence in 

components of the metabolic syndrome, have made it a highly promising therapeutic target.
(131)

 

These markers though well understood in terms of their regulation in diabetes population are still 

lacking acceptance as clinical markers because of the variation of levels among various ethnic 

groups. The protective effects of adiponectin in the prevention of progression of insulin 

resistance and in cardiovascular events, and its potent influence in components of the metabolic 

syndrome, have made it a highly promising therapeutic target.
(132)

 Currently limited information 

is available on inflammatory cytokines in type 2 diabetes and people with impaired glucose and 

lipid metabolism in Indian population. Our study has demonstrated significantly raised 

adiponectin levels in patients receiving treatment B as compared to those receiving treatment A. 

We also observed significant reduction in inflammatory cytokines (IL-6 & TNF-α) levels  that 

might be associated with rise in adiponectin levels. 
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In the light of above discussion, our study II suggest that, add-on therapy of teneligliptin with 

standard therapy of anti-diabetic class of drug, significantly improves lipid levels by increasing  

HDL. This could be attributed to significant rise in adiponectin levels with reduction in 

inflammatory cytokines. Hence, add-on therapy should be initiated if the conventional approach 

is not found satisfactory because optimum glycaemic control is must for the reduction of 

elevated lipid levels and in turn preventing atherosclerosis and its complications. 

Present work of third part of study clearly demonstrated that teneligliptin addition to glimepiride 

and metformin concomitant therapy in stable dose helps in the control of blood pressure in  

T2DM patients having hypertension. Diabetes and hypertension both considered significant risk 

factors for macrovascular disorders due to progression of dyslipidemia. 
(133)

 A meta-analysis of 

13 clinical studies suggested that stroke was preventable by lowering blood pressure in patients 

with diabetes who had a systolic blood pressure <130 mmHg and diastolic blood pressure <80 

mmHg. So, there is a need to study the effect of teneligliptin on blood pressure as it should be 

tightly controlled in patients having diabetes complicated by hypertension to prevent 

cardiovascular events.
(134)

 Several studies have revealed the efficacy of GLP-1 RAs in BP 

reduction. Liraglutide and exenatide have been associated with the reduction for SBP and DBP 

in patients with T2DM by 1 to 5mmHg as compared to other antidiabetic agents. In one of the 

meta-analysis report, it is evident that effect of DPP-4 inhibitor on blood pressure is almost 

neutral as compared to other antidiabetic drugs. Many clinical studies of blood pressure 

interventions have shown that a reduction in SBP from 2 mmHg to 3 mmHg helps in the control 

of cardiovascular events, So a noteworthy finding of this study is that the SBP was reduced by 5 

mmHg and the DBP was lowered by 4 mmHg after 24 weeks of add-on treatment with 

teneligliptin. Hence, add-on treatment of teneligliptin helps in the control of blood pressure in 

T2DM patient having hypertension. But, significant negative correlation was observed between 

the difference of HbA1c and SBP in the treatment group B. Takamiya & Co-workers have 

reported positive correlation between HbA1c and baseline HbA1c, Baseline LDL-c, Baseline TG, 

and negative correlation with the age.
(135)

 

Currently limited information is available on role of inflammatory cytokines in type 2 diabetes 

with hypertension. Our study has demonstrated significantly raised adiponectin levels in patients 

receiving treatment B as compared to treatment A.  In addition, an improvement in adiponectin 

level was found associated with reduction of inflammatory cytokines (IL-6 & TNF-α) that might 
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help in controlling blood pressure and  preventing cardiovascular complications.
(136)

 There is an 

inverse relationship between adiponectin levels and hypertension. Furthermore, 

hypoadiponectinemia is an independent risk factor for hypertension. As per one meta-analysis 

report, every 1 μg/ml increase in adiponectin levels is associated with 6% reduced risk of 

hypertension.
(137)

 Our this study have also shown significant improvement in adiponectine levels 

(approx. 4 µg/ml) in add-on teneliglliptin treatment receiving patients.  Adiponectin might  

indirectly inhibit IL-6 and CRP expression through its ability to inhibit the production of TNF-

alpha. Telmisartan, an angiotensin II receptor blocker , can act as a partial agonist of Peroxisome 

proliferator-activated receptor gamma,  was the main antihypertensive molecule received by this 

study population .
(137)

 The results of one  meta-analysis report suggest that telmisartan reduces 

both IL-6 and TNF alpha levels.  

Hence, our study demonstrates significant control of glycemic parameters in hypertensive 

diabetic patients receiving add-on teneligliptin with conventional therapy. We also observed 

significant increase in adiponectin levels but reduction in blood pressure and inflammatory 

cytokines were not found statistically significant  although clinical significance could be seen.  

In the fourth part of our present study, an attempt has been made to evaluate the efficacy and 

safety of teneligliptin in T2DM patients having dyslipidemia and hypertension who are not 

adequately controlled by ongoing conventional therapy. This study IV reflects significant control 

in glycaemic parameters in all the study groups i.e subjects receiving either add-on teneligliptin 

or  conventional therapy alone. Data reported from our earlier study have shown significant 

improvement in glycaemic and lipid profile in diabetic dyslipidemic patients receiving 

teneligliptin.
 (138-139)

 Although, reduction in lipid parameters in this IVth part of  study (diabetic 

patients having dyslipidemia as well as hypertension) was not found statistically significant as 

compared to conventional therapy.  There was  10.02% of reduction of  TG levels by teneliglptin 

at the end of 24 weeks. SBP was reduced by 2 mmHg and the DBP was lowered by 1.7 mmHg 

after 24 weeks of add-on treatment with teneligliptin. Thus, blood pressure was also improved in 

patients with concomitant hypertension receiving teneligliptin therapy. 

Bergenstal et al., conducted 26 weeks randomized, double blinded, double dummy study wherein 

significant reduction in  glycemic parameters ,HDL and blood pressure measurements in 

sitagliptin treated patients as compared to patients receiving metformin or exenatide treatment.  
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Hussain et al., conducted study on 105 T2DM patients and reported significant reduction in body 

weight ,BMI, lipid profile, and Blood pressure in sitagliptin treated patients.
(140) 

The potential 

effect of teneligliptin in the management of hyperlipidemia, obesity and blood pressure has been 

already well established in preclinical studies.
 (141) 

 

Thus,our study reflects better glycaemic control of diabetic patients suffering from  dyslipidemia 

and hypertension with add-on teneligliptin along with conventional treatment. However, our 

observation were not showing statistical significant findings in context with blood pressure and 

lipid profile but results are shown to be clinically significant as compared to available reports. 

Further, our study reflects marked improvement in serum adiponectin levels with that of marked 

reduction (p>0.05) in IL-6 and TNF alpha levels.  

It is clear from our findings that we observed significant rise in serum adiponectin levels in 

teneligliptin treated patients as compared to conventional therapy in study I, II, III, and IV. 

However, due to presence of co-morbid conditions in study IV, our findings of  lowering of lipid 

and blood pressure were not statistically significant that could be due to progressive destruction 

of beta cells of pancreas or some other unknown etiology. This suggest that addition of 

teneligliptin  in the early phase of therapy in patients having comorbid conditions can help 

delaying worsening of disease conditions. 

Thus, our study established the utility of teneligliptin in diabetic patients with co-morbid 

condition like dyslipidemia and hypertension The beneficial effect can be correlated with an 

improvement in glycaemic parameters and adiponectin levels.  

 

In addition to above, the adverse events (AE) were assessed using Naranjo causality assessment . 

Clinical symptomatic assessment was done for AE like hypoglycaemia and constipation were 

considered as definite, abdominal pain, acidity, and tingling considered as probable; tiredness, 

weakness, pain and headache considered as possible; dry skin and itching considered as doubtful 

by Naranjo AE assessment scale.
 

 The incidence of hypoglycaemic symptoms with the  

combined use of teneligliptin and oral antihyperglycemic agents was reported to be 10.1 % in 

combination with sulfonylureas and 1.1% with biguanides.
(142)

 Present study reveals the 
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incidence of 3.33% of  hypoglycemic symptoms in both the groups including study I & II but in 

study part III & IV, the incidence of hypoglycemic symptoms was 1.66 % . 

According to one meta analysis, there was 50% chance of hypoglycemic symptoms when DPP-4 

inhibitor was added to sulfonylurea, compared with placebo added to a sulfonylurea.
(143)

 

Sulfonylureas must be used with caution because of the risk of hypoglycaemia, weight gain, and 

lower durability of glycemic response. Selecting a class of antihyperglycemic agents for 

concomittant therapy, individual patient characteristic, glucose-lowering efficacy, risk of 

hypoglycaemia, body weight gain, and cardiovascular benefits associated with the drugs are 

preferentially considered.
(144) 

Another network meta-analysis result suggested that DPP-

4inhibitors appear to be a tolerable option for patients with T2DM with low incidence of 

gastrointestinal AE compared to other combination.
 (145) 

 

Overall,  incidence of hypoglycaemia in through out present study,  was found asymptomatic and 

non-serious. Teneligliptin 20 mg can be safely used as adjuvant to conventional treatment with 

careful monitoring of glycemic parameters and appropriate dose adjustment are applied 

whenever needed.  

 

In addition to above safety parameters, the health community has generally chosen to focus on 

the individual-level aspects of quality of life that can be shown to affect physical and mental 

health. This narrower concept is referred to as health-related quality of life (HRQoL). Type 2 

Diabetes mellitus (DM) is a chronic metabolic disease known to affect HRQoL adversely. The 

descriptive system comprises the 5 dimensions (mobility, self‑care, usual activities, 

pain/discomfort, anxiety/depression). Each dimension has 5 levels: 1-no problems, 2-slight 

problems, 3-moderate problems, 4-severe problems, and 5-extreme problems.
(147)

 

 

Based on our findings, mobility and usual activity of most of the subjects receiving  add-on 

teneligliptin were 80% at level 1 as compared to 66.6% and 76.0% in patients receiving 

conventional treatment. There were very few subjects were found at level 3 and above. 

Simillarly, Pain/discomfort dimension was 71.66% and 63.3% at level 1 in add-on teneligliptin 

receiving subjects as compared to conventional therapy receiving subjects respectively. Self-care 
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dimension was found 93.3% and 76.1% at level 1 respectively. Anxiety /depression was also 

80% and 76.1% at level 1 accordingly.  

 

Presence of fatigue and pain in limbs were found 50% and 58.6% in patients receiving add-on 

teneligliptin and conventional treatment. Further, presence of swelling of limbs and delay in 

wound healing was almost similar in both groups. However, presence of sleep disturbance was 

23.3% in sujects receiving add-on teneligliptin whereas subjects receiving conventional 

treatment showed  16.6%. 

 

Our study support the long term clinical efficacy and safety aspects of teneligliptin along with 

standard therapy in diabetic patients suffering from dyslipidaemia and hypertension and 

suggested beneficial effect of teneligliptin when given as add-on therapy with that of  standard 

therapy. Further, our observations have shown teneligliptin as add-on therapy 

welltoleratedandsafe. 
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CHAPTER 5 

Summary and Conclusion  
 

The present academic clinical study conducted at  Dr. Jivraj Mehta hostiptal and Bakeri Medical 

Research centre, Ahmedabad, Gujarat. The study was conducted to evaluate efficacy and safety 

of teneligliptin (20 mg OD), a novel DPP-4 inhibitor as add-on therapy for  treatment of type 2 

diabetes mellitus patients and having dyslipidemia and hypertension comorbid condition. Study 

was conducted in a total of 480 patients. They were segregated in four cohorts. Study I: Diabetic 

patients with add-on teneligliptin, Study II: Diabetic patients having dyslipidemia, Study III: 

Diabetic patients having hypertension, and Study IV: Diabetic patients having dyslipidemia and 

hypertension. 

 

Study I: Diabetic patients with add-on teneligliptin 

 Add-on therapy with teneligliptin is found superior over conventional therapy in reducing 

HbA1c and plasma glucose (fasting and postprandial)  levels in patients with T2DM.  

 Teneligliptin as add-on therapy showed reduction in serum IL6 and TNFα alpha levels 

and significantly improved adiponectin levels in diabetic patients 

 

Study II: Diabetic patients having dyslipidemia 

 Our study demonstrated teneligliptin, as add-on therapy is found well tolerated and 

effective in reducing HbA1c and plasma glucose (fasting and postprandial)  levels in 

T2DM patients having dyslipidemia.  

  Tenligliptin add-on treatment with atorvastatin was found better option over 

conventional-therapy in reducing lipid parameters (TC, TG, LDL) along with increased  

HDL levels in diabetic patients having dyslipidemia.  
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  Teneligliptin, add-on therapy showed reduction in serum IL6 and TNF alpha levels with 

significant rise in adiponectin levels in diabetic patients having dyslipidemia.  

 

 

Study III: Diabetic patients having hypertension 

 Teneligliptin, as add-on therapy to conventional therapy significantly reduced serum           

glycaemic parameters (HbA1c, FBG, and PPBG) along with significant rise in serum 

adiponectin levels as compared to conventional therapy.  

 SBP was reduced by 5 mmHg and the DBP was lowered by 4 mmHg after 24 weeks of 

add-on treatment with teneligliptin. Thus, blood pressure was also improved in patients 

with concomitant hypertension receiving teneligliptin therapy.  

Study IV: Diabetic patients having dyslipidemia and hypertension 

 Tenligliptin add-on treatment with atorvastatin and telmisartan is found effective along-

with conventional-therapy in terms of significantly reducing glycemic parameters 

(HbA1c, FBG, and PPBG).  

 Reduction in lipid profile (TC, TG, and LDL-c) and improvement in HDL in teneligliptin 

treated diabetic patients having dyslipidemia and hypertension was not found statistically 

significant. 

 SBP was reduced by 2 mmHg and the DBP was lowered by 1.7 mmHg after 24 weeks of 

add-on treatment with teneligliptin. Thus, blood pressure was also improved in patients 

with concomitant hypertension receiving teneligliptin therapy. 

 It has been observed in our study that teneligliptin, as add-on therapy  showed reduction  

in IL-6 and TNF-α levels and marked increase in adiponectin levels in T2DM patients 

having dyslipidemia and hypertension. 
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In conclusion, our study beneficial effect of teneligliptin when given as add-on therapy 

with that of  standard therapy for the control of glycaemic parameters. The beneficial 

effect of teneligliptin for the optimum glycaemic control can be attributed to significant 

rise in serum adiponectin levels with reduction in inflammatory cytokines.  

 

Our study clinical efficacy and safety of teneligliptin for lowering of glycaemic 

parameters along with standard antidiabetic therapy for diabetic patients having comorbid 

conditions like hypertension and dyslipidemia. Thus, the combination of the DPP-4 

inhibitor with conventional therapy has been proposed as first or second line therapy for 

type 2 diabetes mellitus as an alternative to the classical metformin-sulphonylurea 

combination therapy. Prescription of double and triple therapy with teneligliptin should 

be justified on the basis of balancing between the potential risks versus benefit.
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