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Abstract 
 

 
Type 2 diabetes (T2D) is a complex disease characterized by insulin deficiency, due to 

pancreatic beta cell dysfunction, and insulin resistance (IR) leading to hyperglycemia. The 

management of hyperglycemia in T2D has become extraordinarily complex with a large 

number of medicine regimes being available which creates a major challenge in determining 

the best approach to achieve and maintain the appropriate level of glycaemic control. 

Response to anti-hyperglycaemic agents is conditional on phenotypic and pharmacogenetic 

effects. It is important to determine the contributing factors affecting response to carry out 

treatment. In this thesis, we have focused on two ethnics groups- white Europeans and Asian 

Indians to study the phenotypic and genotypic determinants of response to oral anti-

hyperglycemic agents. This thesis focuses on the anthropometric and clinical determinants of 

glycaemic response to treatment with DPP-4I, SU and TZD in T2D individuals from Tayside and 

Fife, Scotland, Madras Diabetes Research Foundation (MDRF), India and UKBB populations. 

We assessed whether anthropometric, clinical and biochemical factors including markers of 

insulin resistance and insulin secretion are associated with 6-month glycaemic response to 

DPP-4i, SU and TZD in White Europeans and Asian Indians. In the first half we conducted a 

meta-analysis on three newer anti-hyperglycaemic agents and showed that Asians responded 

better to the drugs compared to whites. It is interesting to note that with our data in the 

combined analyses Asian Indians responded better to all three drugs studied in this thesis. In 

my study,  c-peptide and triglycerides were not associated with response for DPP-4I and HDL-

c was not associated with glycaemic response for both the cohorts in our study. The sub-
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group analysis in the Asian Indian population showed that higher HOMA B is associated with 

better response. Also, clinical markers of lower beta cell response like longer duration of 

diabetes were associated with reduced response in the Asian Indian population. I have 

demonstrated obese women respond very well to TZD whereas slim men respond well to SUs 

in both Tayside and Fife population (White European) and MDRF population (Asian Indian). 

Most diabetes intervention trials are undertaken in the West and very few are focused on 

India. The pronounced difference in response between the two populations mandates 

ethnicity specific trials to be undertaken in order to move a step forward in the targeted 

therapy approach. 
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1 INTRODUCTION 
 
Type 2 diabetes (T2D) is a complex disease characterized by insulin deficiency, due to 

pancreatic beta cell dysfunction, and insulin resistance (IR) leading to hyperglycemia. The 

interplay between insulin secretion and resistance for causing diabetes is undefined and the 

wide variety of clinical manifestations of this disease remain unexplained to a great extent1,2. 

T2D accounts for around 90% of all diabetes around the world3. Despite the causes of diabetes 

being influenced by both genetic and non-genetic factors, diagnosis of the disease is done on 

the basis of exclusion and treatment of T2D is similar in most individuals4,5. A strong link 

between T2D and obesity, sedentary lifestyle, increase in age, ethnicity and family history has 

been found and some of these factors have contributed to the incidence and prevalence of 

T2D increasing four-fold between 1980 and 20046. According to the International Diabetes 

Federation (IDF) Diabetes Atlas 2019, 463 million people live with diabetes worldwide out of 

which 59 million people live in Europe and 88 million live in South East Asia. It is projected 

that, by the year 2045, the world will have 700 million people living with diabetes, of which 

153 million will be from Southeast Asia7.  

 

Although T2D is most commonly seen in older adults, recent years have seen a rapid rise in 

prevalence in younger adults and children due to obesity, poor diet and lack of physical 

activity. An elevation of blood glucose levels can lead to chronic diabetes microvascular 

complications like retinopathy, nephropathy and neuropathy, and large randomised  

controlled trials like United Kingdom Prospective Diabetes Study (UKPDS)8 and Action in 

Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled 

Evaluation (ADVANCE)9 have shown the benefits of glucose management on such 
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microvascular complications. A combination of diabetes and high blood pressure, or the 

factors individually, cause 80% of end-stage kidney diseases7. Further, diabetes and chronic 

kidney diseases show a strong association with cardiovascular disease (CVD) which is the 

greatest cause of mortality and morbidity associated with T2D10. Existing evidence shows that 

a substantial reduction in blood glucose levels reduces the risk of macrovascular 

complications like stroke and CVD11–14.   

 

1.1 Mechanisms leading to T2D 
 
When blood glucose levels increase due to the malfunctioning of the feedback loops between 

insulin action and insulin secretion it leads to T2D15. 

1.1.1 Beta cell dysfunction 
 
Pancreatic beta cells are responsible for the production of insulin which is a hormone that 

regulates the amount of glucose in blood.  Hence it is important to safeguard beta cell 

function and regulate the mechanisms and pathways associated with the physiology of beta 

cells2. Beta cell dysfunction in T2D is characterized in various phases – starting from 

progressive decline in glucose-induced insulin secretion and non-glucose secretagogues, 

followed by impaired insulin secretion and glucose potentiation finally leading to complete 

beta cell failure16,17. Traditionally, beta cell dysfunction was associated with beta cell death 

but modern evidence suggests that various conditions like excessive nutritional state as found 

in obese, hyperglycemic individuals with hyperlipidemia often favour chronic inflammation 

along with IR. These inflammations along with toxic pressures induce stress in various 

activities and pathways finally leading to loss of islet integrity18. Therefore, beta cell 

dysfunction is not merely caused by beta cell death but a complex series of interactions 

between genetic susceptibility, environment and various molecular pathways in cell biology19. 
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1.1.2 Insulin Resistance (IR) 
 
IR refers to the decrease in the metabolic response to insulin in target insulin-responsive cells 

or an impaired or lowering effect of circulating insulin on blood glucose20. IR or insulin 

deficient states can be mainly described in three broad categories: (i) lower insulin secretion 

by beta cells leading to reduced production of insulin in the pancreas (ii) presence of insulin 

antagonists in blood plasma due to counter-regulatory hormones or non-hormonal bodies 

that cause insulin receptor/signaling impairment (iii) insulin action impairment in target 

tissues. The third of these situations is found to be the most common in individuals with T2D 

and obese individuals even though insulin secretion is inhibited in early stages in some 

individuals with T2D21.  

 

1.2 Pathophysiology and Risk Factors of the disease 
 
A complex interaction and combination of genetic, metabolic and environmental factors 

contributes to the prevalence of T2D.  

1.2.1 Ethnicity and family history/genetic predisposition 
 
Both genetic and environmental factors affect the epidemiology of T2D. The effect of genetic 

factors become prominent in the presence of an obesogenic environment which results from 

lifestyle, increase in sugar and fat consumption or unhealthy diet, physical inactivity etc3. 

Since genetic factors are believed to be key predisposing factors in T2D susceptibility, 

identifying them is an important step in managing the disease and developing personalized 

therapy. At present more than 400 distinct genomic regions that influence T2D have been 

identified where many of them are shared between different ethnic groups22. Few genes like 

CAPN10 and TCF7L2 were identified to be linked with the risk of T2D by early linkage studies. 

These studies provided a basis for further candidate gene studies to identify variants in genes 
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like PPARG, IRS1, IRS-2, KCNJ11, WFS-1, HNF1A, HNF1B, HNF4A that were associated with the 

risk of T2D but of none of them provided substantial contribution to heritability of T2D22. 

Several linkage studies, GWAS and meta-analyses in diverse ethnic groups and populations 

expanded these approaches to identify genetic signals that influence T2D. Multiple genetic 

risk variants have been found to be associated with beta cell function, insulin resistance and 

adiposity establishing the polygenic and multifactorial nature of T2D and has thrown much 

light on the genetic architecture of the disease22.  

1.2.2 Obesity, Physical Inactivity and Unhealthy Diet 
 
Obesity has been identified as the strongest non-genetic risk factor of T2D as it causes 

metabolic abnormalities that leads to IR23,24. 60% of individuals with T2D are found to be 

obese with body mass index (BMI)> 30 kg/m2  among Europeans3.Increase in consumption of 

processed meat and carbonated beverages that are sweetened by sugar along with physical 

inactivity have been found to be linked with unhealthy patterns of diet, lifestyle and increased 

BMI – these factors show strong associations with T2D25,26. Several instances have been found 

to support that physical activity enhances glucose uptake, increases blood flow in muscles, 

reduces intra-abdominal fat and decreases the risk of IR and improves cellular insulin 

sensitivity27–29 . Lifestyle modifications along with low calorie diets and optionally bariatric 

surgery (in individuals with severe obesity) are considered to address the complications 

related to obesity. In Asian Indians early onset of insulin resistance is contributed by pattern 

of fat deposition in abdomen, ectopic fat deposition and low lean mass and the trend of 

abdominal obesity is worrisome as Asian Indians develop diabetes at lower levels of BMI and 

waist circumference30. 
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1.3 Ethnicity and type 2 diabetes: Similarity and differences between South Asians 
and White Europeans  

 
There are significant differences that have been noted among various ethnic groups regarding 

the predisposition to develop T2D. South Asians (people with ethnic origin from India, 

Bangladesh, Pakistan, Sri Lanka, Nepal, Bhutan and Maldives)31 are found to be at a higher 

risk for developing T2D with considerable heterogeneity due to socioeconomic and lifestyle 

differences within the countries32. Among the South Asian countries, India is known to have 

the highest disease burden with a steady rise in prevalence in the last few years31. The CARRS 

and NHANES study on ethnic variation in diabetes and prediabetes compares patients from 

four ethnic groups- Asian Indians, Blacks, Whites and Hispanics. A crude measurement of the 

prevalence of diabetes was found to be the highest among Asian Indians and lowest in Whites. 

Adjustments for age, BMI and waist circumference more evidently showed three times the 

risk in Asian Indians as compared to the whites for both sexes33. 

 

Numerous underlying biological factors have been identified for the higher prevalence rates 

in South Asians as compared to the white population, even at lower BMIs. An important 

conclusion drawn by the CARRS and NHANES study and the MASALA and MESA studies was 

that impaired beta cell function, a non-obesity related pathophysiology, was a driving factor 

of developing T2D in Asian Indians and therapy targeted to insulin resistance alone might not 

prove to be adequate in this ethnic group33,34. However, increased propensity for obesity 

driven insulin resistance, driven by higher visceral adiposity in South Asians has also been 

identified to be a reason for increased risk for developing T2D35. Previous reports from the 

UK suggest that South Asians had a higher waist circumference compared to whites indicating 

a role of central adiposity in impaired insulin action (or insulin resistance) and the metabolic 
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consequences that follow. Several studies have also shown that South Asians have lower lean 

muscle mass which is an important contributing factor that leads to greater susceptibility 

among South Asians compared to other ethnic groups36–38. It is also interesting to note that 

even South Asians who have the same BMI as whites are found to have greater visceral fat 

mass39.  

On the other hand, the Diabetes Epidemiology: Collaborative analysis Of Diagnostic criteria in 

Europe (the DECODE) and in Asia (the DECODA) study shows that both insulin resistance and 

insulin secretion capacity are greater in whites40–42.  

 

All these factors raise a question of possible ethnic variations in genetic susceptibility. Recent 

genetic studies on Asian Indians indicate that certain genes appear to predispose Indians to 

diabetes while other genes, which prove to be protective against diabetes and insulin 

resistance to White Europeans, do not appear to be protective in Indians. In addition, there 

are several genes (e.g., TCF7L2), which are similar in Asian Indians and in White Europeans, 

that contribute to susceptibility to T2D. Rapid advancement in genotyping techniques and the 

availability of large patient cohorts have made it possible to identify common genetic variants 

associated with T2D through genome-wide association studies. Other studies have shown 

that common genetic variations contribute to T2D risk within populations but do not explain 

the difference between populations. In this context, the risk allele evaluation of T2D in Asian 

Indians could help provide better understanding of increased susceptibility to T2D within this 

ethnic group.  
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1.4 Available treatment of T2D 
 
At present several classes of anti-hyperglycemic drugs are available. These agents include 

biguanides which lower glucose in multifactorial insulin independent mechanisms, 

sulphonylureas which stimulate insulin secretion, thiazolidinediones which improve insulin 

sensitivity, dipeptidylpeptidase-4 (DPP-4) inhibitors which inhibit the degradation of 

incretins(incretins stimulate the production of insulin), glucagon-like peptide-1 (GLP-1) 

agonists which mimic the functions of natural incretin hormones, alpha-glucosidase inhibitors 

which delay the absorption of carbohydrates from the small intestine, meglitinides which 

induce insulin secretion like sulphonylureas. 

  

1.4.1 Metformin (Biguanides) 
 
Metformin (dimethylbiguanide) is used for lowering blood glucose levels in patients with T2D 

and is an orally administered drug which is recommended as the first line therapy for T2D43. 

Although first synthesized in 1920s and derived from a plant named Gelega officinalis, 

metformin was among the three biguanides that were introduced in late 1950s for diabetes 

therapy and was found to be well tolerated43,44. Due to risk of cardiac mortality and lactic 

acidosis the other biguanides, phenformin and buformin were withdrawn in 1976 and 1978 

respectively. Physiologically it was found in older studies with high HbA1c that metformin 

reduces hepatic glucose production and plays a crucial role for the gut45. It also enhances 

peripheral tissue sensitivity and stimulates GLP-1 secretion46. 70% of the dose of metformin 

is absorbed from the small intestine and rest passes into the colon to be excreted by faeces 

and absorbed metformin is passed through the urine (where it is passed unchanged without 

measurable metabolites)47. Several benefits of metformin have been identified – it lowers 

HbA1c concentration by 1-2%, it does not cause hypoglycemia, it is associated with weight 
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loss, risk of lactic acidosis with its use is rare, shows beneficial effects on blood pressure, lipid 

profile, risk of cancer and aging. It is also found to decrease risk of cardio-vascular disease 

compared to placebo and other oral anti-hyperglycemic agents like sulphonylurea46,48–52. 

However, metformin is associated with vitamin B12 deficiency, causes gastro-intestinal side 

effects in ~10% of individuals and is contraindicated in patients with moderate to severe 

chronic kidney disease (eGFR < 30 mL/min/1.73 m2)3,53. Metformin can cause intestinal side 

effects like bloating, abdominal pain and diarrhoea in 5-10% of patients who are unable to 

tolerate the drug4.  

 

1.4.2 Sulphonylureas (SU) 
 
Sulphonylureas, are widely used to treat non-insulin dependent T2D and these agents 

stimulate insulin secretion from the beta cells of the pancreas54. These agents which were 

discovered in 1942 remain the most widely used anti-hyperglycemic drugs which are often 

the first choice for second line therapy and can broadly be divided into first (chlorpropamide, 

tolazamide, and tolbutamide) and second generations (glipizide, gliclazide, glimepiride and 

glyburide). They are considered for patients for where metformin is inadequate to achieve 

glycemic control55. SUs promote insulin secretion and they act by binding specific receptors 

on pancreatic beta cells and blocking the K+ inflow through ATP- dependent channels resulting 

in depolarization of the cell membrane and increased flow of calcium into the beta cells 

causing contraction of the filaments of actomyosin for exocytosis which finally secretes large 

amounts of insulin56.  These agents are associated with hypoglycaemia particularly in patients 

with lower baseline HbA1c and higher BMI57 and weight gain58. 
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1.4.3 Meglitinides 
 
Meglitinides are non-insulin secretagogue agents whose mechanism of action closely 

resembles that of SUs. However, short onset of action and short half-life as compared to SUs 

calls for usage of this agent with caution. This is because meglitinides have to be administered 

according to consumption of meals- while skipping meals, instructions should be given to 

patients to skip the corresponding dose to prevent hypoglycemia and while adding meals a 

dose should be added. However, this property provides greater flexibility to patients with 

irregular meal timings59.  

 

1.4.4 Dipeptidylpeptidase-4 (DPP-4) inhibitors  
 
Dipeptidylpeptidase-4 (DPP-4) is a hormone that blocks the action of incretins which 

stimulates insulin secretion and reduces the production of glucagon60. Dipeptidylpeptidase-4 

(DPP-4) inhibitors, commonly known as gliptins, inhibit the degradation of the incretins, 

glucagon-like peptide 1 (GLP-1) and glucose dependent insulinotropic polypeptide (GIP), 

resulting in improved beta cell responsiveness to glucose concentrations and suppression of  

glucagon secretion61. Fasting and post-prandial glucose is lowered as a result of decreasing 

inactivation of GLP-1 and increasing concentrations of GLP-1. Several DPP-4 inhibitors are 

available currently as oral anti-hyperglycemic agents for the management of T2D of which 

sitagliptin, linagliptin, vildagliptin, saxagliptin and alogliptin are commonly used agents whilst 

use of anagliptin, tenegliptin and gemigliptin are limited to Asian countries. Sitagliptin was 

the first agent of the gliptin class that received approval for marketing in 2006 from the United 

States food and drug administration (US FDA)62. This drug is considered to be weight neutral 

although moderate weight loss has been observed in some studies. DPP-4 inhibitors are 
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contraindicated in case of ketoacidosis and cases of acute pancreatitis; upper respiratory tract 

infections and disabling joint pains have been noted in those using the drug63–65. 

 

1.4.5 Thiazolidinediones (TZD) 
 
 TZD or glitazones are a class of anti-hyperglycemic drugs that are mainly metabolized by liver. 

Three of these compounds were initially introduced- troglitazone, pioglitazone and 

rosiglitazone. Later, troglitazone was withdrawn as it caused serious liver toxicity66. TZDs bind 

to peroxisome proliferator-activated receptor gamma (PPAR)67 and the glucose lowering 

effect of these agents is mediated through improving insulin sensitivity as a result of 

substantial changes in fat metabolism68. They are also known for reducing insulin resistance 

in adipose tissue, muscle and liver68–70. However there has been debate about the 

cardiovascular safety of TZD and several studies have shown that there is increased risk of 

myocardial infarction (MI) or heart failure with the use of rosiglitazone and its use was 

restricted by UNFAO in 200771–73. However, PROactive study shows that pioglitazone reduces 

the composite of all cause mortality, myocardial infarction and stroke in patients with type 2 

diabetes74 

 

1.4.6 Sodium-glucose co-transporter-2 (SGLT2) inhibitors 
 
 SGLT2 inhibitors are the newest group of oral anti-hyperglycemic agents which were 

approved in 2013.  They work by inhibiting reabsorption of glucose in blood in the proximal 

tubules of the kidneys75,76. Four SGLT2 inhibitors have been approved for T2D management- 

canagliflozin, dapagliflozin, empagliflozin and ertugliflozin. There have been significant 

developments in both safety and efficacy of this class of medication over the last few years. 

SGLT2 inhibitors have emerged as a potential effective class of drugs for the prevention of 



 25 

heart failure in patients with T2D77.   Cardiovascular safety and benefit of empagliflozin and 

canagliflozin have been demonstrated in the EMPA-REG OUTCOME trial and CANVAS 

Program78,79. SGLT2 inhibitors are well tolerated and exhibit low risk of hypoglycemia in 

patients who are not on sulphonylureas or insulin80. The main adverse effect is an increased 

risk of genital mycotic infection. The CANVAS program has also shown a higher risk of bone 

fracture and lower limb imputation is associated with use of canagliflozin79. 

 

 

1.4.7 Glucagon-like peptide-1 receptor agonists (GLP 1RA) 
 
The gut enteroendocrine cells release glucagon-like peptide-1 (GLP-1) which potentiates  

glucose dependent insulin secretion and inhibits glucagon secretion81,82. GLP-1RAs are 

administered as sub-cutaneous injections or orally (oral semaglutide is available) and provide 

pharmacologic levels of GLP1 which is a hormone that enhances secretion of insulin and 

decreases glucagon secretion from the pancreas83. The first GLP-1RA  exenatide was approved 

by the US FDA in 2005 for T2D84. Among GLP-1RAs exenatide, liraglutide, lixisenatide can be 

used daily whereas exenatide, albiglutide, dulaglutide and semaglutide are used once a week. 

Taspoglutide has been discontinued and albiglutide was never marketed.  Use of this therapy 

is associated with weight loss, low risk of hypoglycemia and glycated haemoglobin 

reduction85. Important cardiovascular benefits have been noted and it has been 

demonstrated that this agent reduces myocardial infarction, stroke and cardiovascular death 

transforming the current guidelines from American Diabetes Association and European 

Association for the Study of Diabetes and suggesting addition of GLP-1RA after metformin for 

T2D patients with established CVD82,86. More intensive glycemic control is achieved by 
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addition of GLP 1 agonist to background anti-hyperglycaemic therapy and it shows a potential 

benefit on renal function in diabetic patients87. 

 

1.4.8 Alpha glucosidase inhibitors  
 
Alpha glucosidase inhibitors (AGIs) - acarbose, miglitol, voglibose act by inhibiting the enzyme 

alpha glucosidase that is present in the brush-like cells of the small intestine. The absorption 

of dietary polysaccharides (dextrins, maltose, sucrose and starch) from the gut following 

meals gets delayed88 and as a consequence post-prandial blood glucose and insulin levels are 

lowered89. Notable side effects with these agents are diarrhoea, bloating, gastrointestinal and 

abdominal discomfort, elevation in serum transaminase levels59. It is contraindicated in 

patients with liver cirrhosis and inflammatory bowel disease90. This class of drugs are 

commonly used in China but little elsewhere in the world. 

 

 

1.5 Precision medicine in diabetes 
 
Precision medicine is an “emerging approach for disease treatment and prevention that takes 

into account individual variability in genes, environment and lifestyle for each person.” 

Diabetes is a heterogenous disease traditionally classified as Type 1 diabetes(T1D) and T2D. 

It is a complex disease defined on the basis of thresholds of hyperglycemia. Although T1D is 

differentiated by distinct etiology (auto-immune mediated beta cell destruction), diagnosis of 

T2D is primarily based on exclusion which means we rule out symptoms to reach to a specific 

conclusion. Monogenic forms of diabetes exist for which single gene mutations are causal.  

Two main clinical phenotypes observed that suggest monogenic cause which accounts for 1-

5% of all diabetes are: 1) onset of diabetes in neonates and infants (Neo-natal diabetes 
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mellitus) 2) diabetes occurring in young and adolescents over several generations (Maturity -

onset diabetes of the young [MODY])91,92.  T2D has been identified as a polygenic disease and 

more than 400 genetic signals have been found to be associated with the risk of T2D and 

glycemic traits93–99. The management of hyperglycemia in T2D has become extraordinarily 

complex with a large number of medicine regimes being available and approved by FDA and 

creates a major challenge in determining the best approach to achieve and maintain the 

appropriate level of glycaemic control. Response to anti-hyperglycaemic agents is conditional 

on phenotypic and pharmacogenetic effects. It is important to determine the contributing 

factors affecting response to carry out treatment. HbA1c or glycated haemoglobin is a 

recognised biomarker for diabetes control in international guidelines and is the most suitable 

and easily available parameter to be studied in pharmacogenetic studies100.  

Although it is recommended that clinicians make a careful consideration about the choice of 

therapy according to patient conditions, information about genetic profiles of each individual 

and molecular target of each drug remains unaccounted at the time of prescription101.   It has 

been recognized that the development, progression and long term complications of T2D can 

be detained with effective treatment and intensive glycemic control. Personalized diagnosis 

in diabetes management coupled with pharmacogenomics has progressed fairly well in recent 

years. Initially linkage and candidate gene studies followed by large scale genome-wide 

association studies and high throughput sequencing experiments have provided substantial 

knowledge and understanding of maintaining normal glucose homeostatis which are being 

translated into clinical practice102. The modern era of developed technologies deliver 

improved analytical tools which enable greater computational power and higher statistical 

sophistication. This period is witness to several breakthrough inventions and high throughput 

methodologies that has brought about a paradigm shift in biomedical research which has 
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remarkably remodelled traditional patient care. As clinical systems become more focused in 

delivering personalised therapy, integrating data from multiple platforms to generate 

valuable information becomes necessary. Simultaneously efficient data manipulation and 

manoeuvring in no way remains less important.   

 

New recommendations103 on how to manage hyperglycemia in patients with T2D from the 

European Association for the Study of Diabetes (EASD) and American Diabetes Association 

(ADA) include specific drug classes for some specific patient groups and enhancing medication 

adherence when selecting glucose lowering medications (It is important to consider 

preference of patients at the time of prescription. Even if certain clinical characteristics of 

patients suggest the use of a particular drug groups based on evidence from clinical trials 

certain other factors like route of administration, injection devices, side effects of medication 

particularly hypoglycaemia and weight gain, safety, tolerability and cost of the medication 

should be considered to facilitate medication adherence).  Metformin continues to be the 

first line recommended therapy for almost all patient groups with T2D.  For patients with 

clinical cardiovascular disease, SGLT2 inhibitor or a GLP-1 receptor agonist with proven 

cardiovascular benefit has been recommended as individual agents within these drug classes 

are shown to have cardiovascular benefits. A SGLT2 inhibitor with proven benefit should be 

considered for patients with chronic kidney disease (CKD) or clinical heart failure and 

atherosclerotic cardiovascular disease. GLP 1 receptor agonists are recommended as first 

injectable medication (except where type 1 diabetes is suspected). However, there remains 

an issue over specific combinations of glucose lowering therapies and lack of evidence 

necessitates more studies to be conducted in this area. It is important to gather more 

evidence to answer certain questions like whether cardiovascular and renal benefits of SGLT2 
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inhibitors and GLP-1 receptor agonist demonstrated in patients with established CVD be 

extended to lower risk patients or in what populations is there additive benefit of use of GLP-

1 receptor agonists and SGLT2 inhibitors for prevention of cardiovascular and renal effects. 

 

Unlike cancer and rare forms of diabetes, where costly genetic testing defines the underlying 

pathophysiology, in T2D genetic testing does not allow a clear definition of etiology. Several 

factors have been identified104 that makes T2D an excellent candidate for a precision 

medicine approach – first, availability of various drug classes that aim to lower blood glucose 

levels; second, variation of glucose lowering response to each of the drug group; third, no 

drug is labelled as the best available treatment; fourth, wide range of heterogeneity in the 

clinical phenotype of T2D makes varying responses to different drug classes likely in people 

with different underlying pathophysiology depending on the mechanism of action of the drug. 

Heterogeneity in treatment effect on the drug response of individuals can be evaluated using 

routine clinical markers from existing observational or trial datasets104. For example, recent 

studies from U.K primary care have demonstrated that males without obesity responded 

better to SU than TZD treatment while on the contrary females with obesity responded better 

to TZD than SU treatment105. While there is an ongoing debate about the translation of 

differences in response to clinical practice, the “subtypes approach” and the “individualized 

prediction” approach has been identified. In the first approach individuals with T2D are 

classified based on clinical, genetic, phenotypic traits and outcome of each subgroup is 

studied. In the second approach, specific information from the individuals based on markers 

reflecting underlying pathophysiology are used to predict the best possible drugs for them.  

It is recommended by recent guidelines to base treatment based on clinical characteristics103. 

However, there remains a knowledge gap which is of great interest in the present scenario in 



 30 

using the heterogeneity in T2D to optimize and select the most suitable treatment for 

patients.  

 

Taking into consideration the high risk of T2D among South Asians, the unique 

pathophysiology driving the heightened risk of T2D among South Asians compared to other 

ethnicities need to be identified. It has been identified that the most practical way to 

implement the precision medicine approach in selecting the optimal T2D treatment will focus 

on routine clinical markers.   

 

In this thesis, we have focused on two ethnic groups- white Europeans and Asian Indians to 

study the phenotypic and genotypic determinants of response to oral anti-hyperglycemic 

agents. In the first part of the thesis, we have systemically reviewed and meta-analysed three 

newer agents (DPP-4i, SGLT-2i and GLP-1RA) to compare their response in the Asian and white 

populations. In the later part of the thesis, we have studied three popular drugs (DPP4i, SU 

and TZD) which commonly follow after treatment with metformin. 

 

1.6 Aim of this thesis 
 
The aim of this thesis is to study the phenotypic and genotypic determinants of drug response 

to oral anti-hyperglycemic agents in two ethnic groups (white Europeans and Asian Indians). 

 

1.7 Overview of this thesis  
 
The second chapter describes the overall methods that have been used in the thesis. The third 

chapter is a published paper in a peer reviewed journal and is a systematic review and meta-

analysis on Efficacy of modern diabetes treatments DPP-4i, SGLT-2i, and GLP-1RA in White 
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and Asian patients with diabetes. The fourth, fifth and sixth chapters describe the clinical and 

genetic determinants of drug response to DPP-4 inhibitors, SU and TZD respectively. The last 

chapter is a general discussion. 
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CHAPTER 2: METHODS 
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2 METHODS 
 

The purpose of this methodology chapter is to provide an overview on description of the 

study populations that were used in this thesis and to explain the methods used to generate 

genotypic data. In addition, principles of statistical methods and genetic analyses utilized in 

subsequent chapters have also been explained. 

 

2.1 Data 
 

2.1.1 GoDARTS 
 
Diabetes Audit and Research in Tayside Scotland (DARTS) is a comprehensive database 

started in 1996 that includes information of all patients with diabetes in Tayside. It is a 

collaboration between the Department of Medicine and Medicines Monitoring Unit (MEMO), 

University of Dundee, three Tayside Healthcare Trusts and general practitioners (GPs) from 

Tayside focusing on diabetes care through electronic record linkage. The initiative was initially 

supported by the Scottish Home and Health Department, the Wellcome Trust, the Robertson 

Trust and Tenovous Tayside. Patients who were registered with DARTS were invited to give 

informed consent to provide their genetic and phenotypic data through questionnaires and 

clinical examination in the Genetics of DARTS (GoDARTS) study from 1998106. Over 18000 

participants of European ancestry were enrolled between December 1998 and August 2012 

among whom 9829 participants had Type 2 Diabetes (T2D) and the rest were age and sex 

matched non-diabetic controls identified from general practice records of Tayside, Scotland. 

A unique anonymized system identifier was allocated to each participant.  

Among the participants, 9484 of them were genotyped by collecting blood samples at a single 

time point. DNA extraction, quality control and genotyping were performed by members of 
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the Palmer laboratory, University of Dundee. 3884 participants were genotyped with Illumina 

Omni-express (Illumina, San Diego, USA); 3674 participants were genotyped with Affymetrix 

Genome-Wide Human SNP Array 6.0 (Affymetrix, Santa Clara, USA) and 1926 participants 

were genotyped with Illumina Infinium Broad (Broad, Cambridge, MA, USA) platforms 

respectively. After standard quality control procedures, haplotypes were estimated using the 

ShapeIt (v2.r790) and imputation of the missing genotypes were performed using the 1000 

Genome Phase 3 CEU reference panel using the Impute2 software (v2.3.2). Missing alleles 

were imputed by running a forward-backward algorithm and genotype imputation was 

carried out by Mr. Philip Appleby. 

 

 

2.1.2 Tayside and Fife 
 

The East Scotland Diabetes Cohort (ESDC) represents population level data from individuals 

with T2D across Tayside and Fife regions of Scotland. Scottish Care Information – Diabetes 

Collaboration (SCI-Diabetes) provides clinical information since 2002 through an integrated 

shared electronic patient record and supports treatment of patients with diabetes of NHS 

Scotland107. Separate applications were initially developed for primary and secondary care 

followed by a single unified web-based system in 2014. Relevant data from a variety of 

sources have been brought together to provide information to health care professionals for 

providing consultations and making important decisions at both individual and regional levels.  
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Figure 2-1 : Depicting the various sources which SCI-DC brings together 

 

2.1.3 MDRF 
 

The Madras Diabetes Research Foundation (MDRF) based in Chennai, India is a large, 

privately-run chain of single-speciality hospitals and clinics for the treatment of diabetes in 

India. This is a tertiary care centre which maintains a common diabetes electronic medical 

records of 400,000 patients. This represents one of the largest datasets of participants with 

diabetes. A unique identification number is provided to the participants at the time of 

registration and individual level clinical data is updated at subsequent visits. In this thesis we 

will be using the baseline traits that are related to the T2D. 
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2.1.4 UKBB 
 

The UKBIOBANK is a bioresource of 500,000 volunteer participants. It was established by four 

organizations supported by Wellcome Trust medical charity, namely, Medical Research 

Council, Department of Health, Scottish Government and the Northwest Regional 

Development Agency, supported by National Health Service. It provides data for a wide range 

of diseases including cancer, heart diseases, stroke, diabetes, arthritis, osteoporosis, eye 

disorders, depression and forms of dementia. In this cohort, all the 500,000 participants are 

genotyped and the data is made available to approved researchers, who are required to 

provide their results to UK Biobank upon completion of their work. The Approved Application 

Reference Number was 20405.  

 

2.2 Definitions used to define drug response 
 

This thesis focuses on the anthropometric and clinical determinants of glycaemic response to 

treatment with DPP-4I, SU and TZD in T2D individuals from Tayside and Fife, Scotland, Madras 

Diabetes Research Foundation (MDRF), India and UKBB populations. We assessed whether 

anthropometric, clinical and biochemical factors including markers of insulin resistance and 

insulin secretion are associated with glycaemic response to DPP-4i, SU and TZD in White 

Europeans and Asian Indians. Associations were studied in two ethnic groups (White 

Europeans and Asian Indians) to test the role of ethnicity in variability of drug response. In 

this thesis 6-month drug response was studied adjusting for baseline HbA1c.  
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Index Date - The date of the incident prescription (drug start date) of drug therapy was 

considered as the index date. Where patients did not have a prescription within one year 

from their index date, their index date was moved to the date of their next prescription. 

 

Baseline HbA1c - A valid baseline HbA1c was defined as the nearest HbA1c to the index date 

between a window of 3 months before and 15 days after index date (Figure 2-2).  

 

Treatment HbA1c date - A valid 6-month treatment HbA1c was defined as the nearest HbA1c 

to the 6-month date (index date+180) within a window of 3-9 months from index date for 

patients on stable anti-hyperglycemic therapy (Figure 2-2). 

 

 
Figure 2-2 : Figure explaining the baseline and treatment HbA1c date 

 

Treatment change - Treatment change was considered in case of drug-addition or 

discontinuation. If patients switched any of the existing diabetic drugs between index date 

and 3 months date they were excluded; if they switched between 3 and 6 months from the 
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index date then the treatment date was brought forward and replaced by the date of 

treatment change (Figure 2-3).   

 

Figure 2-3:  Figure explaining the adjustment of treatment or 6 month date 

 

Baseline gap - The baseline gap was defined as the difference between the index date and 

baseline HbA1c measurement date.  

 

Treatment gap - The treatment gap was defined by the difference between the baseline 

HbA1c date and treatment HbA1c date.  

Other variables that were included at baseline for this study were defined as follows:  

 

Baseline BMI - A valid baseline BMI was defined as the nearest BMI to the index date between 

a window of 3 months before and 15 days after index date.  
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Total cholesterol - A valid baseline total cholesterol was defined as the nearest total 

cholesterol measure to the index date between a window of 3 months before and 15 days 

after index date. 

 

Triglycerides - A valid baseline Triglycerides was defined as the nearest Triglycerides measure 

to the index date between a window of 3 months before and 15 days after index date. 

 

HDL-cholesterol [HDL-c] - A valid baseline [HDL-c] measure was defined as the nearest HDL-c 

measure to the index date between a window of 3 months before and 15 days after index 

date. 

 

Non-HDL cholesterol - non-HDL cholesterol was defined by taking the difference between 

total cholesterol and HDL-C.   

 

LDL cholesterol [LDL-c] - A valid baseline [LDL-c] measure was defined as the nearest LDL-c 

measure to the index date between a window of 3 months before and 15 days after index 

date. 

 

Creatinine - A valid baseline Creatinine measure was defined as the nearest Creatinine 

measure to the index date between a window of 3 months before and 15 days after index 

date. 
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Non-fasted C-peptide – Any C-peptide measure available within the study period was 

considered valid. In case more than one measure was available, the measure closest to the 

index date was considered. This variable was available only for the GoDARTS population. 

 

Fasting C-peptide - A valid fasting C-peptide measure at baseline was defined as the nearest 

fasting C-peptide measure to the index date between a window of 3 months before and 15 

days after index date. This variable was available only for the MDRF population. 

 

Stimulated C-peptide - A valid stimulated C-peptide measure at baseline was defined as the 

nearest stimulated C-peptide measure to the index date between a window of 3 months 

before and 15 days after index date. This variable was available only for the MDRF population. 

 

HOMA-B - A valid HOMA-B measure at baseline was defined as the nearest HOMA-B measure 

to the index date between a window of 3 months before and 15 days after index date. HOMA 

B was calculated from fasting c-peptide using the HOMA calculator. This variable was 

available only for the MDRF population. 

 

HOMA-IR - A valid HOMA-IR measure at baseline was defined as the nearest HOMA-IR 

measure to the index date between a window of 3 months before and 15 days after index 

date. HOMA IR was calculated from fasting c-peptide using the HOMA calculator. This variable 

was available only for the MDRF population. 

 

Anthropometric characteristics included were: 
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Age at diagnosis – Age at diagnosis was calculated by taking the difference of date of birth 

and date of diagnosis. 

 

Sex – sex of the participant 

 

Duration of diabetes – Duration of diabetes was calculated by taking difference of date of 

diagnosis and index date. 

 

Number of diabetes drugs (Therapy) – Based on the number of anti-hyperglycaemic drugs 

taken therapy groups were defined – patients having a single drug was denoted as mono, two 

drugs as mono etc. The mono and dual therapy groups were combined and those using triple, 

or more than triple therapy were combined into one group for inclusion in the model. 

 

2.3 Outcome variable  
 
The primary outcome of our study was the absolute change in HbA1c from baseline to 6 

months after starting the anti-hyperglycemic therapy, adjusting for baseline HbA1c.  

 

2.4 Steps involved in data cleaning  
 
The following inclusion and exclusion criteria were used for all the drugs under study:  

2.4.1 Inclusion criteria  
 

Participants were included in the study if: 

1. they had a valid baseline and treatment HbA1c measure.  



 42 

2. they were on stable therapy at least for 3 months after baseline, i.e the 

participants were on same therapy throughout the study period (including the 

drug under study and background therapy) 

3. age >18 years 

 

2.4.2 Exclusion criteria  
 

Participants were excluded from the study if: 

1. they were on insulin therapy 

2. baseline glycated hemoglobin (HbA1c) < 7% or > 15% 

3. if either baseline or 6-month HbA1c was not available 

4. if patients switched the existing drug before 3 months from the drug start date they 

were excluded; if they switched between 3 and 6 months from the drug start date 

then the HbA1c prior to switch was used.   

 

2.4.3 Steps involved in data cleaning described in detail: 
 
 

1. All prescriptions of the drug group under study were separated from the master data 

file 

2. Each unique ID was checked for subsequent prescriptions within 1 year of index date. 

For participants who did not have prescriptions within 1 year of index date the index 

date was shifted to the next available prescription. 

3. For each unique ID it was checked if the participant was on insulin before the index 

date of the drug under study. In such cases the participants were excluded from our 

study. The therapy variable was defined as mentioned above and checked if the drugs 
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consumed at baseline and 6 months remained the same.  In cases where treatment 

change was identified between the index date and 3-month date (index date+90), 

participants were excluded. On the other hand, if drug switch was identified between 

3-month date and 6-month date, the date of treatment change was captured and 

replaced as treatment date.  

4. If both baseline HbA1c and treatment HbA1c were available, then the participant 

was included in our study else excluded.  

 

2.5 Statistical Analysis 
 

Inferences about data are drawn by using statistical tests which are described in the 

respective chapters. In Chapter 3, meta-analysis was the main method used and multiple 

linear regression was used to determine associations between the outcome variable and 

explanatory variables. Single SNP association test scanning the whole genome was carried out 

using PLINK followed by meta-analysis in METAL. 

 

2.5.1 Meta-analysis 
 

Meta-analysis is a statistical combination of results which is used to assess previous research 

studies from two or more separate studies. It is typically a two-stage process where the first 

stage involves calculation of summary statistics from each study to explain the intervention 

effect from each study and the second stage involves calculation of a summary (combined) 

intervention effects estimated in the individual studies108.    
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where Yi is the intervention effect estimated in the ith study, Wi is the weight given to 

the ith study, and the summation is across all studies. 

 

Potential advantages of this statistical analysis are: i) It improves precision – Often studies 

have small sample sizes and are not enough to draw convincing inferences about intervention 

effects. Combination of studies improves estimation; ii) it has the ability to answer questions 

that are not raised with individual studies - Targeted questions and explicitly defined 

interventions are involved in primary studies. When a range of studies with different 

characteristics are selected it allows investigation of wider populations and interventions; iii) 

it can resolve controversies arising from conflicting studies – as it allows assessment, 

exploration and quantification of conflicts arising from various studies to resolve them108. 

 

Meta-analyses are generally illustrated by forest plots which display effect estimates along 

with confidence intervals. Each of the studies are represented by blocks and the size of the 

block depicts weight (studies with larger weight have lower confidence intervals). The most 

common method used for meta-analysis is the inverse variance method where the weight 

given to each study is chosen to be the inverse of the variance of the effect estimate. In this 

thesis the random effects method for meta-analysis has been used. An important assumption 

of this method is that different studies estimate different intervention effects, but they are 

related109.  

 

2.5.2 Steps followed in the Systematic Review and Meta-analysis 
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I. The research question was framed using the “Participant-Intervention-Comparator-

Outcomes (PICO)” framework where “participant” refers to individuals or the 

population of interest. The intervention was narrowly defined based on the variable 

of interest. Randomized Controlled Trials (RCTs) were assimilated where pairs of 

interventions (intervention versus placebo) were compared.  

II. A search of the literature was conducted in PubMed using Medical Subject Heading 

(MeSH) terms and the connectors “AND”, “OR”, “NOT”. The symbol asterisk (*) was 

used to find truncated or related terms. 

III. The articles for meta-analysis were selected by screening the titles and abstract. The 

articles were excluded if  

-  was irrelevant for the study question  

- didn’t have relevant population  

- didn’t have relevant intervention (exposure) 

- didn’t have a relevant comparison group 

- didn’t discuss the outcome that is of interest to this research  

- it was published in a non-standard format and not suitable for review  

- it was published in any language other than English 

- it was published outside the date range 

- if the article was duplicate of another article  

After going through all these clauses, even if the study could be rejected due to two 

or more clauses, the first clause that rejected the study was mentioned as the main 

clause of rejection. This was put together in a process diagram to indicate which 

articles were rejected based on which clause. This process diagram is known as 

PRISMA (Preferred Reporting Items of Systematic Reviews and meta-analyses) 
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diagram. After this step we had a certain number of studies that must be included in 

the meta-analysis and full text of these articles were obtained. After going through 

the full texts a few more studies were excluded. The reference list of the full text 

articles and were hand searched to widen our search. 

IV. Information was tabulated from the list of final studies. The following information was 

obtained from the studies :  

- Name of the first author  

- The year the article was published  

- The study population on whom the study was conducted  

- Type of study (RCT)  

- The intervention of the study  

- Condition of comparison (what was it compared to) 

- Number of individuals who were included in the intervention (Ne) 

- Mean value of the outcome among those in the intervention arm  

- Mean value of the outcome among those in the comparison arm 

- Standard deviation of the measure for the intervention  

- Standard deviation of the measure for the comparison arm 

This information was entered in a spreadsheet and export to csv format and was        imported 

to R for statistical computing.  

V. The quality of the information in these articles were determined. The following were 

examined: 

- The theory and hypothesis the research is about  

- If the sample size is adequate for the research question and determine if the study 

is underpowered  
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-  To what extent biases were eliminated by the authors  

VI. Determination of the extent of heterogeneity of the articles was done by using Higgins 

I2 statistic and classified as low (<25%), moderate (25-75%) or high (>75%).  

VII. The summary effect estimate was estimated using the random effects model. The 

random effects model conceptualizes that studies that are identified for the meta-

analysis constitute a sample that is part of a larger population of studies. This subset 

of studies from the larger population of studies is interchangeable with any other 

study in that wider population.   

In addition to the heterogeneity of the estimate of the studies the summary effect 

estimates were inspected using “forest plots”. The effect estimates in the forest plot 

is presented in the form of a square box which is proportional to the weight (described 

above) assigned to a particular study and the weight is based on the variances- the 

higher the variance the lower the area. Across each study estimate a horizontal line 

runs – the length of which is same as the width of the 95% confidence interval for that 

particular study. The studies are arranged along the y-axis of the plot in the order of 

the data set we created denoted by author and year. The effect sizes are presented in 

the x-axis. A neutral point 0 is plotted on the x-axis as our data was continuous. A 

vertical line passes through this neutral point and one side states, “favours 

intervention” and the other “favours control”. The summary effect estimate are 

represented by diamonds at the bottom of the plot. The width of these diamonds 

represents the 95% confidence bands around them. 

VIII. Assessment of publication bias was tested to check if there were any biases that would 

affect the final conclusions of the study. This means that we in this step we check if 

our meta-analysis has omitted studies that should have been included. For example, 
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if a study has large sample size and has reported positive findings the study has higher 

likelihood of getting published and be identified through searches. This phenomenon 

indicates if in a systematic review or meta-analysis results are based on a systematic 

exclusion of studies. This bias is referred to as “publication bias.” These were tested 

by using funnel plots. In cases of no publication bias, the plot resembles a funnel with 

base of the funnel populated by small sized studies. 

IX. A sub-group analysis or meta-regression was run for examining certain aspects of the 

study or characteristics of participants that needed to be examined.   

X. The study was registered with Prospero to avoid replication. 

 
A systematic review and meta-analysis is done in chapter 3.  
 

2.5.3 Linear Regression 
 

The relationship between a quantitative outcome variable and one or more explanatory 

independent variables that could be quantitative or categorical is modelled using linear 

regression. Linear regression relies on the following assumptions110:  

I. Linearity: the relationship between the outcome and explanatory variables is linear.  

II. Homoscedasticity: the variance of the residuals are constant  

III. Independence of errors: residuals of the explanatory variables are normally  

distributed.  

IV. Lack of multicollinearity: the explanatory variables should not be correlated. 

The relationship between each explanatory variable (xi) and the outcome variable (y), given 

other explanatory variables are constant is estimated by the effect estimates (β). The beta 
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estimate (βi) indicates the expected change in the outcome variable (y) for each unit change 

in the explanatory variable (xi).  

y = β1x1 + β2x2 + . . . + βixi + ε  

Multiple linear regression analysis has been used in chapters 4, 5 and 6 to study drug 

response. 

2.6 Genetic Analysis  
 

2.6.1 Candidate Gene Study 
 

The candidate gene approach has  been widely used for studying complex diseases. Candidate 

genes are generally those with known biological, physiological or functional knowledge111. 

This approach is used to identify risk variants that are associated with a particular disease. 

Three main steps are involved in the study – first, identification of relevant candidate genes 

based on the disease of interest; second, selecting the polymorphisms and third, verifying the 

association with disease/traits112. The limited number of genes and variants tested reduce 

the statistical penalty and hence keep sufficient power to detect association in candidate 

gene analyses. Low replication of results and ability to include all possible causative genes are 

major limitations of this approach113. In addition, variation in study design and population 

stratification might reduce confidence in the observed findings. Hence, it is important to have 

proper criteria for defining phenotypes and replication in follow-up studies is important. I 

used the candidate gene approach with meticulous selection of candidate genes in chapter 4.  

 

2.6.2 GWAS 

Unlike candidate gene studies, Genome-Wide Association Studies (GWAS) survey variants 

across the entire genome, investigating all common variants for association. GWAS are 
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hypothesis-free methods capable of identifying robust associations of chromosomal regions 

with disease on a genome wide scale. GWAS have advantages over traditional linkage-based 

analysis and candidate gene studies. GWAS can be done in a case-control study and does not 

require a family based approach. This approach is cheaper and easier which makes it more 

popular than other approaches. GWAS has little power to detect significant associations of 

low-frequency variants with a trait when the available sample sizes are small (studies with 

sample sizes of 1000 to 10000) and there are only a low number of minor allele carriers for 

rare variants. There is therefore a risk for potential bias ignoring low-frequency and rare 

variants that might be causal. Since it is often shown by GWAS results that effect sizes of 

individual SNPs are small, methods to aggregate the effect of SNPs has been developed. In 

this thesis we have used polygenic risk score(PRS) analysis. PRS combines the effect sizes of 

multiple SNPs into a single aggregated score that can be used to predict disease risk. It is 

calculated based on the number of risk variants that a person carries, weighted by SNP effect 

size for disease risk.  The score indicates the total genetic risk of a particular of a specific 

individual for a particular trait and can be used for clinical prediction or screening. 

2.6.2.1 Software 
 
QC procedures and statistical analyses were done using open-source whole genome analyses 

toolset PLINK version. Genotype data in (*.bed) format was used for analysis.  

 

2.6.2.2 Quality control and quantitative outcome measure        
 
Minor allele frequency threshold of 0.05 was used with only SNPs above the set MAF 

threshold included. --maf command was used for this QC step. Within PLINK the association 

between SNPs and quantitative outcome measures were tested with – assoc and –linear. 



 51 

The –linear option in PLINK is used to perform a linear regression analysis with each 

individual SNP as a predictor. A genome wide significance threshold of 5x10-8  was used. 

 

A Manhattan plot is the accepted  way to visualize a GWAS and provides instant visual 

appreciation of the underlying relevant genetic structure of the disease or trait being studied. 

It is a non-interactive scatter plotting the position of the SNPs along the chromosome position 

on the x-axis grouped by chromosomes and y-axis corresponding to the -log10(P-value) of the 

association statistic. Regional GWAS outcomes have been investigated with the help of Locus 

Zoom plots. 

A Q-Q plot was used to plot the quantile distribution of observed p-values (on the y-axis) 

versus the quantile distribution of the expected p-values (the extent of test statistic inflation). 

This is an essential tool for detecting problems in a GWAS. It is used to search for evidence of 

systematic biases. The Q-Q plot is used to assess the number and magnitude of observed 

associations between genotyped single- nucleotide polymorphisms (SNPs) and the disease or 

trait under study, compared to the association statistics expected under the null hypothesis 

of no association. Observed association statistics (chi-sq or t statistics) or −log10 P values 

calculated from them, are ranked in order from smallest to largest on the y-axis and plotted 

against the distribution that would be expected under the null hypothesis of no association 

on the x-axis. Deviations from the identity line suggest either that the assumed distribution is 

incorrect or that the sample contains values arising in some other manner, as by a true 

association. 

GWAS analysis is utilized in chapter 4,5,6 of this thesis.  
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CHAPTER 3: EFFICACY OF MODERN 
DIABETES TREATMENTS DPP 4I, SGLT 2I 

AND GLP 1RA IN WHITE AND ASIAN 
PATIENTS WITH DIABETES: A SYSTEMATIC 

REVIEW AND META ANALYSIS OF 
RANDOMISED CONTROLLED TRIALS 

 
 

 

Contribution of Sushrima Gan (SG) in published paper in Diabetes Care : SG was 
involved in the inception of the idea, data collation, data analysis and preparation 
of the manuscript. 
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3 EFFICACY OF MODERN DIABETES TREATMENTS DPP-4I, SGLT-2I 
AND GLP-1RA IN WHITE AND ASIAN PATIENTS WITH DIABETES: A 
SYSTEMATIC REVIEW AND META ANALYSIS OF RANDOMISED 
CONTROLLED TRIALS 

 

3.1 INTRODUCTION 
 

Type 2 diabetes presents a global threat to health. According to the International Diabetes 

Federation (IDF) 2017 report China has the highest number of people (114.4 million) with 

diabetes in the age group 20-79. This is closely followed by India (72.9 million) which is 

projected to have the highest number of people with diabetes by 2045 (134.3 million)115. Yet 

most studies of diabetes are undertaken in western populations116 and treatment guidelines 

do not take ethnicity into account.  The latest consensus report by the American Diabetes 

Association (ADA) and the European Association for the Study of Diabetes (EASD) 

recommends the use of relatively newer drugs such as SGLT-2 inhibitors, GLP-1RA, and DPP-

4 inhibitors in combination with metformin and lifestyle adjustments117, unless cost is an 

issue.  Nearly half of the subjects with diabetes fail to achieve the recommended treatment 

target and the reasons for this are multifactorial118,119. 

 

The pathophysiology and metabolic phenotype of type 2 diabetes differs markedly by 

ethnicity.  For example, South east Asians and South Asians develop type 2 diabetes at 

younger age and lower BMI than whites120,121,122; and beta-cell deficiency has been reported 

to be a feature of Asian diabetes120.  These pathophysiological differences may impact on 

treatment efficacy as most diabetes therapies largely target the underlying 

pathophysiological defects.   
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Even though a large number of studies have been carried out to measure safety and efficacy 

of anti-diabetic agents, only a few report on these measures in those of different ethnicity. 

Previous meta-analysis on DPP-4 inhibitors (reported in 2013) and GLP-1RAs (reported in 

2014) based on ethnicity have reported that Asians responded better than non-

Asians123,124,125.  These studies defined a population as Asian if it was >50% Asian and White 

if the population was <50% Asian; and included studies of short duration. There are no 

previous studies reporting efficacy of SGLT-2 inhibitors based on ethnicity. Thus, we 

performed a systematic review and meta-analysis to comprehensively assess the impact of 

ethnicity on the glucose lowering efficacy of relatively newer anti-diabetic agents; SGLT-2 

inhibitors, GLP-1RAs and DPP-4 inhibitors using published evidence from randomized clinical 

trials reported up to 31 March 2019. 

 

3.2 METHODS 
Participants of three groups were considered for the study. 

a) Receiving DPP-4 inhibitor alone or in combination with other drugs 

b) Receiving SGLT-2 inhibitor alone or in combination with other drugs 

c) Receiving GLP-1RA alone or in combination with other drugs 

 

3.2.1 Data Sources and Searches 
The meta-analysis was carried out using methods proposed in the Preferred Reporting Items 

for Systematic Reviews and Meta-Analysis statement126. A literature search was conducted in 

PubMed for studies published up to March 31, 2019, by two independent investigators (SG, 

AYD) of all randomized, placebo-controlled trials of DPP-4 inhibitors, SGLT-2 inhibitors and 

GLP-1RA. The search strategy was developed based on medical subject sub-headings (MeSH) 
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terms and keywords. The search algorithm is presented in detail in the supplementary 

document.  

 

3.2.1.1 Search Terms 

SEARCH TERMS FOR DPP-4i  

"Diabetes Mellitus,Type 2/drug therapy*"[MeSH ] OR "Diabetes Mellitus, Type 
2/ethnology*"[MeSH ] OR "Diabetes Mellitus, Type 2/blood* "[MeSH ] OR "Diabetes Mellitus, 
Type 2/epidemiology"[MeSH ] OR "Metabolic Syndrome/epidemiology* "[MeSH ] OR 
"Metabolic Syndrome/therapy*"[MeSH ]  

AND  

“Dipeptidyl-Peptidase IV Inhibitors/administration & dosage*”[MeSH] OR “Dipeptidyl- 
Peptidase IV Inhibitors/therapeutic use*” [MeSH] OR Sitagliptin OR Linagliptin OR Alogliptin 
OR Vildagliptin OR Saxagliptin 

NOT  

“Dipeptidyl-Peptidase IV Inhibitors /adverse effects”[MeSH] OR Retinopathy OR Nephropathy 
OR Cardiovascular OR renal  

Filters: Clinical Trial; Humans; Age 19+; English  

 

SEARCH TERMS FOR SGLT-2i  

"Diabetes Mellitus,Type 2/drug therapy*"[MeSH ] OR "Diabetes Mellitus, Type 
2/ethnology*"[MeSH ] OR "Diabetes Mellitus, Type 2/blood* "[MeSH ] OR "Diabetes Mellitus, 
Type 2/epidemiology"[MeSH ] OR "Metabolic Syndrome/epidemiology* "[MeSH ] OR 
"Metabolic Syndrome/therapy*"[MeSH ] 

AND 

“Sodium-Glucose Transporter 2/antagonists & inhibitors*”[MeSH] OR Empagliflozin OR 
Dapagliflozin OR Luseogliflozin OR Canagliflozin OR Ipragliflozin OR Tofogliflozin  

NOT  

“Sodium-Glucose Transporter 2/antagonists & inhibitors* /adverse effects”[MeSH] OR 
Retinopathy OR Nephropathy OR Cardiovascular OR Renal  

Filters: Clinical Trial; Humans; English, Age : 19 +  
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SEARCH TERMS FOR GLP 1RA  

“Diabetes Mellitus, Type 2/drug therapy*"[MeSH ] OR "Diabetes Mellitus, Type 
2/ethnology*"[MeSH ] OR "Diabetes Mellitus, Type 2/blood* "[MeSH ] OR "Diabetes Mellitus, 
Type 2/epidemiology"[MeSH ] OR "Metabolic Syndrome/epidemiology* "[MeSH ] OR 
"Metabolic Syndrome/therapy*"[MeSH ]  

AND  

“glucagon-like peptide-1 receptor agonists"[MeSH] OR Exenatide OR Liraglutide OR 
Lixisenatide OR Duraglutide OR Albiglutide  

NOT 

“ glucagon-like peptide-1 receptor agonists /adverse effects”[MeSH] OR Retinopathy OR 
Nephropathy OR Cardiovascular OR renal  

Filters: Clinical Trial; Humans; Age 19+, English  

 

3.2.2 Study selection  
 

A title-based search was conducted followed by abstract screening. A full paper search of 

potentially eligible studies was also performed based on the pre-defined inclusion and 

exclusion criteria. Any discrepancies in selection was resolved by a third researcher (ERP).  

 

3.2.2.1 Inclusion criteria  
1. Randomized Controlled Trial (RCT) on adult, non-pregnant participants aged 18 or 

older with type 2 diabetes.  

2. The efficacy of the drug was the primary outcome of the study. 

3. Study reported the effect of drug versus placebo on the HbA1c in participants who 

were either drug naïve or on background therapy. 

4. Study reported outcome by ethnicity and one ethnic group constituted at least 70% 

or more participants. 

5. Studies were filtered on the basis of humans, clinical trials and age 19+.  

6. Study written in English. 
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3.2.2.2 Exclusion criteria  
 

1. Study duration was less than 24 weeks or more than 52 weeks. 

2. The study had less than 50 participants in each study arm. 

3. Participants were on insulin as background therapy. 

4. Studies that were extensions of previous RCTs. 

5. Studies that included participants under inpatients care. 

6. Non RCT studies and reviews. 

 

3.2.3 Data extraction 
 

Data extraction was done for aggregated study-level data , by two independent researchers. 

Absolute changes in HbA1c (%) from baseline to 24 weeks between the drug and placebo was 

considered as the primary endpoint of the study. In case data were not available for 24 weeks, 

52 weeks was considered. Studies with duration >52 weeks were excluded as these were open 

label extensions. A standardized pre-piloted form was used to extract data from the included 

studies for assessment of study quality and synthesis. Extracted information included: author, 

year of publication, sample sizes, participant demographics and baseline characteristics, 

interventions and HbA1c outcomes of the lowest dose(in case multiple doses were reported 

and placebo). Further, the studies were classified by their ethnicities provided percentage of 

participants in a particular ethnic group was more than 70%. A hierarchical approach was 

adopted to decide the relevance of studies based on title, abstract and full manuscript. If a 

study had more than two relevant arms, each arm was treated separately. Selection process 

of relevant studies retrieved from databases was shown in a PRISMA compliant flowchart. 
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We have used the classification of ‘Asian’ or ‘White’ of each study as it was reported in the 

manuscript. Where studies were conducted in relatively homogenous populations in Asian 

countries (eg Korea, China, Japan and Taiwan), we have considered the participants to be in 

the ‘Asian’ group. We have also followed the definitions of ‘East Asians’ (China, Japan, 

Mongolia, North Korea and South Korea) and ‘South Asians’(Afganistan, Bangladesh, Bhutan, 

India, Maldives, Mauritius, Nepal, Pakistan, and Sri Lanka) from previous reports127,128. 

 

 To ensure more robust ethnicity specific outcomes we required >70% of the population to 

be Asian or White for the study to be allocated to that ethnic group; and to ensure more 

robust treatment effects we limited our studies to those where the study duration was >=24 

weeks and where there were more than 50 participants in the intervention and comparison 

arms. 

 

3.2.4 Quality assessment 
 
The quality of eligible studies were evaluated by two independent researchers using the 

Cochrane Collaboration’s risk of bias tool129 for assessing the design, execution and reporting 

of the included RCTs. Risk of bias was assessed in random sequence generation and allocation 

concealment (selection bias), blinding of participants and personnel (performance bias), 

incomplete outcome data (attrition bias) and selective reporting (reporting bias). The risk of 

bias was classified as high, low or unclear. Funnel plot and Egger’s test was carried out to 

assess the publication bias of the overall studies for each drug. 

 

3.2.5 Data synthesis and analysis 
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For each drug group, meta-analysis was performed with the combined data and stratified 

analysis by ethnic group using meta package in R Studio (version 1.0.153). Change in HbA1c 

was evaluated by computing mean differences (MDs) and 95% confidence intervals (CI) 

between treatment and placebo arms. The MDs were calculated as the change from baseline 

to end point. When standard deviation was not reported, it was estimated by the formula 

provided by the Cochrane Handbook for Systematic Reviews of Interventions130. Forest plots 

for White and Asian dominant groups were constructed using RStudio. Higgins I2 statistics was 

used to evaluate between study heterogeneity and classified as low (<25%), moderate (25-

75%) or high (>75%)130. The Q statistic was used as a test of heterogeneity. τ2 was estimated 

by Der-Simonian Laird Estimation Method131. A random effects model was used to estimate 

the pooled effect. Statistical significance was considered as p value<0.05. Tests for subgroup 

differences were carried out to check if there were any significant differences between ethnic 

groups. Meta-regression analyses were performed to determine whether estimates of 

treatment effects were associated with prespecified clinical characteristics such as: age, 

duration of disease, percentage of specific ethnic group, percentage of men, baseline BMI 

and baseline HbA1c. A sensitivity analysis was conducted considering study duration from 12 

weeks to 52 weeks for all the three drug groups, with all other criteria kept the same.  

 

This review is registered with PROSPERO[CRD42019133587]. 

 

 

3.3 RESULTS 
 

3.3.1 DPP-4 inhibitors 
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Search results and study characteristics: Initially, 1411 articles were identified from the 

database, 12 articles were identified from references of other articles, 26 articles were 

included in the meta-analysis. A total of 26 comparison pairs were retrieved which satisfied 

the selection criteria (Fig 3-1). The total number of study participants were 8531 of which 

4728 were randomised to treatment arms and 3803 to the placebo arms. The White dominant 

group (17 studies) consisted of 5185 participants of which 3051 participants were randomised 

in the treatment group and 2134 participants in the placebo group. The Asian dominant group 

(9 studies) consisted of 3346 participants of which 1677 participants were randomised in the 

treatment group and 1669 participants in the placebo group.  
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Records after putting filters Clinical Trial, Age 19+, Humans 
and removing duplicates 

(n = 401) 

Records screened  
(n = 401) 

Full-text articles assessed 
for eligibility 

(n =148) 

Full-text articles excluded, 
with reasons (n =122) 

<70% Asian or White : 48 
Study duration <24  
weeks : 34 
Study duration >52  
weeks : 1 
less than 50 in each  
arm : 18 
No placebo comparison : 5 
No efficacy measure : 13 
Retracted : 1 
No ethnicity info : 2 

 
 

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n =26) 

Records excluded 
(n = 253) 

Records identified through other 
sources(ref from studies) 

(n = 12) 

Figure 3-1 Selection of DPP-4 inhibitor studies included in meta-analysis 
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Quality of included studies and publication bias assessments: For the adequacy of sequence 

generation, 13 studies were categorised as unclear and 13 studies were categorised as low 

risk. All the included studies achieved the double blinding for the participants and the 

personnel. The allocation concealment was unclear in 16 studies and 10 studies were at low 

risk. There was no particular indication of incomplete data, selective reporting or other biases 

in any of the included studies (Table 3-1 and Fig 3-2). The Egger’s Test and funnel plot 

suggested that there was no asymmetric pattern and no particular concern regarding 

publication bias (p=0.626) (Fig 3-3 and 3-4). 

 

Table 3-1 Risk of bias assessment for DPP-4 inhibitors for the included studies 

 

 

Author Year Adequacy of Sequence Generation Allocation concealmeant Blinding of participants and personnel Incomplete outcome data Selective reporting Other bias

Dou J 2017 Unclear Low risk Low risk Low risk Low risk Low risk

Gantz I 2017 Unclear Low risk Low risk Low risk Low risk Low risk

Wang W 2016 Unclear Unclear Low risk Low risk Low risk Low risk

Tinahones FJ 2016 Unclear Low risk Low risk Low risk Low risk Low risk

Matthaei S 2015 Low risk Low risk Low risk Low risk Low risk Low risk

Yang W 2014 Unclear Unclear Low risk Low risk Low risk Low risk

Lukashevich V 2013 Unclear Unclear Low risk Low risk Low risk Low risk

Barnett AH 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Strain WD 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Derosa G 2012 Low risk Low risk Low risk Low risk Low risk Low risk

Pan C 2012 Unclear Unclear Low risk Low risk Low risk Low risk

Pan CY 2011 Low risk Unclear Low risk Low risk Low risk Low risk

Yang W 2011 Low risk Unclear Low risk Low risk Low risk Low risk

Taskinen MR 2010 Unclear Unclear Low risk Low risk Low risk Low risk

Rosenstock J 2009 Unclear Unclear Low risk Low risk Low risk Low risk

DeFronzo RA 2009 Low risk Low risk Low risk Low risk Low risk Low risk

Nauck MA 2009 Low risk Low risk Low risk Low risk Low risk Low risk

Garber AJ 2007 Unclear Unclear Low risk Low risk Low risk Low risk

Bosi E 2007 Unclear Unclear Low risk Low risk Low risk Low risk

Rosenstock J 2006 Unclear Unclear Low risk Low risk Low risk Low risk

Gomis R 2011 Low risk Unclear Low risk Low risk Low risk Low risk

Yang 2012 Low risk Unclear Low risk Low risk Low risk Low risk

Bergenstal 2012 Unclear Unclear Low risk Low risk Low risk Low risk

Pratley_PG 2009 Low risk Low risk Low risk Low risk Low risk Low risk

Pratley_SU 2009 Low risk Unclear Low risk Low risk Low risk Low risk

Kadowaki 2017 Low risk Unclear Low risk Low risk Low risk Low risk
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Figure 3-2 Risk of Bias of  DPP-4 inhibitor studies included in meta-analysis. 

 

 
Figure 3-3 Funnel plot of change in HbA1c in the studies used in the meta-analysis for DPP-4 inhibitors 
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Figure 3-4 Egger’s test of change in HbA1c in the studies used in the meta-analysis for DPP-4 inhibitors 

 
Efficacy Outcomes: HbA1c data were pooled from the 26 comparison pairs from 26 studies. 

Overall, the difference between the treatment and placebo groups was -0.53[CI -0.62,-0.44 ; 

I2=78%]favouring treatment (Fig 3-5). In the White dominant group, the difference between 

treatment and placebo groups was -0.49[CI  -0.59,-0.38 ; I2=74%] favouring treatment. In the 

Asian dominant group the difference between treatment and comparison group was -0.62[CI 

-0.80,-0.45 ; I2=84%] favouring treatment (Fig 3-5). The test for sub-group differences 

(random effects model) showed no difference (p=0.1919) between the two groups (Table 3-

5). 
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Figure 3-5 Forest plot for DPP-4 inhibitors 

 

 

Exploratory Analysis: The median (range) duration of diabetes was 6.1 (2.9-12.2) in the White 

dominant group and 6.4 (0.97-8.15) for the Asian dominant group. The median(range) HbA1c 

at baseline was 8.065(7.8-8.6) in the White dominant group and 8.5(7.9-9.4) in the Asian 

dominant group. The median (range) BMI at baseline was 31.7 (28.1-32.90) in the White 

dominant group and 25.9(25.30-27.90) in the Asian dominant group. 

 

Meta-regression: The univariate meta-regression analysis showed age (p=0.33), percentage 

of white participants (p=0.12), HbA1c at baseline (p=0.98), duration of diabetes (p=0.22), 
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percentage of men (p=0.60), BMI at baseline (p=0.38) were not associated with the change in 

HbA1c from baseline (Table 3-7 and Fig 3-6). 

 

 

 

Figure 3-6 Forest plot for sensitivity analysis (excluding the Gantz 2017 and Dou 2017 studies) for DPP-4 inhibitors 
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Figure 3-7 Univariate meta-regression analysis for HbA1c (DPP-4 inhibitors) 
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Sensitivity Analysis: Here we included additional studies with a shorter duration (from 12 

weeks to 52 weeks).  Out of the 1411 articles identified from the database, an additional 7 

studies were identified, totalling 33 studies included in the sensitivity analysis. Overall, the 

difference between the treatment group and comparison group was -0.59[CI -0.70, -0.48; 

I2=94%] favouring treatment (Fig 3-7). In the White dominant group, the difference between 

treatment group and comparison group was -0.49[CI -0.59,-0.39 ; I2=73%] favouring 

treatment. In the Asian dominant group the difference between treatment and comparison 

group was -0.73[CI -0.88,-0.57 ; I2=94%] favouring treatment (Fig 3-7). Test for sub-group 

differences (random effects model) showed a greater response in the Asians compared to the 

White predominant group (p=0.0098) (Table 3-6). 
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Figure 3-8 Forest plot for White and Asian dominant groups for DPP-4 inhibitors for 12 weeks 

 
Table 3-2 Risk of bias assessment for SGLT-2 inhibitors for the included studies 

 

 

Study

Fixed effect model

Random effects model

Heterogeneity: I
2
 = 94%, t

2
 = 0.0948, p  < 0.01

Residual heterogeneity: I
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Fixed effect model

Fixed effect model
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 = 94%, t

2
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 = 73%, t

2
 = 0.0318, p  < 0.01

Dou J 2017

Wang W 2016

Yang W 2014

Lukashevich V 2013

Pan C 2012

Pan CY 2011

Yang W 2011

Yang 2012

Mohan 2009

Kaku 2011

Kikuchi 2010

Seino_V 2011

Seino 2011

Kadowaki 2013

Tinahones FJ 2016

Matthaei S 2015

Barnett AH 2013

Derosa G 2012

Taskinen MR 2010

Rosenstock J 2009

DeFronzo RA 2009

Nauck MA 2009

Garber AJ 2007

Bosi E 2007

Rosenstock J 2006

Gomis 2011

Bergenstal 2012

Ristic 2005

Pratley_SU 2009

Forst 2010

Pratley_Pio 2009

Hanefeld 2007

Gantz I 2017

Total

5542

2408

3134

 210

 185

 143

 158

 146

 284

 283

 191

 339

 111

 102

  76

  84

  96

 122

 153

 160

  91

 513

 102

 186

 213

 146

 177

 175

 252

 177

  51

 148

  62

 197

 107

 102

Mean

−3.00

−0.76

−0.70

−1.01

−1.05

−0.84

−0.78

−1.00

−0.70

−0.91

−1.00

−0.96

−0.70

−0.70

−0.53

−0.51

−0.61

−0.60

−0.49

−0.43
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−0.60

−0.90
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−0.85

−1.06

−0.89

−0.31

−0.47

−0.50

−0.66

−0.28

−0.33

SD

1.0140
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0.9660

0.9420

0.7920

1.0580

0.9390

0.4400

0.6060

0.5500

0.5720

0.0980

0.7820

0.7570

0.7590

0.6320

0.9060

1.0480

0.9550

1.4590

1.0540

1.3300

0.8770

0.9520

0.7980

0.7860

0.9000

0.8100

0.9600

0.7390

1.3910

Experimental

Total

4456

2224

2232

 207

 180

 136

 160

 144

 284

 287

 194

 169

 115

 100

  75

  75

  98

 125
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  78

  87

 175

  95

 175

 104

 158
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 178

 128

  90

  58

  62

  70

  97
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Mean

−2.80

−0.14

−0.20

0.25

−0.54

−0.34

−0.37

−0.10

0.30

−0.19

−0.06

0.04

0.06

0.30

−0.21

−0.16

0.04

−0.40

0.15

0.19

0.13

−0.10

−0.60

0.20

−0.15

−0.56

−0.10

−0.13

−0.09

0.24

−0.19

0.12

−0.45

SD

1.0070

1.1980

1.1660

1.9270

0.9600

0.9420

0.7920

1.0660

1.3300

0.5500
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0.4600

0.4560

0.0990

0.7820

0.7790

0.6180

0.5760

0.7940

1.0480

0.9260

1.0200

1.1690

1.3490

0.8510

1.0180

0.7589

0.7620

0.8900

0.7400

0.9600

0.7390

1.3840

Control
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Mean Difference MD

−0.84

−0.59

−0.92

−0.51

−0.73

−0.49

−0.20

−0.62

−0.50
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−0.50

−0.41

−0.90

−1.00

−0.72

−0.94

−1.00

−0.76

−1.00
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−0.35

−0.65

−0.20

−0.64
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−0.72

−0.50

−0.30

−0.70

−0.70

−0.50

−0.79

−0.18

−0.38

−0.74

−0.47

−0.40

0.12

95%−CI

[−0.86; −0.82]

[−0.70; −0.48]

[−0.95; −0.90]

[−0.56; −0.46]

[−0.88; −0.57]

[−0.59; −0.39]

[−0.39; −0.01]

[−0.86; −0.38]

[−0.78; −0.22]

[−1.68; −0.84]

[−0.73; −0.29]

[−0.65; −0.35]

[−0.54; −0.28]

[−1.11; −0.69]

[−1.22; −0.78]

[−0.85; −0.59]

[−1.11; −0.77]

[−1.16; −0.84]

[−0.92; −0.60]

[−1.03; −0.97]

[−0.52; −0.12]

[−0.52; −0.18]

[−0.83; −0.47]

[−0.38; −0.02]

[−0.78; −0.50]

[−0.91; −0.33]

[−0.91; −0.53]

[−0.78; −0.22]

[−0.55; −0.05]

[−0.98; −0.42]

[−0.88; −0.52]

[−0.71; −0.29]

[−0.99; −0.59]

[−0.47;  0.11]

[−0.64; −0.12]

[−1.01; −0.47]

[−0.70; −0.24]

[−0.60; −0.20]

[−0.26;  0.50]

(fixed)

100.0%

−−

80.0%

20.0%

−−

−−

1.3%

0.8%

0.6%

0.3%

1.0%

2.0%

2.8%

1.0%

0.9%

2.8%

1.7%

1.8%

1.8%

61.3%

1.2%

1.6%

1.4%

1.5%

2.4%

0.5%

1.3%

0.6%

0.8%

0.6%

1.4%

1.0%

1.2%

0.6%

0.7%

0.7%

0.9%

1.2%

0.3%

Weight

(random)

−−

100.0%

−−

−−

43.2%

56.8%

3.1%

3.0%

2.8%

2.3%

3.0%

3.2%

3.3%

3.1%

3.0%

3.3%

3.2%

3.2%

3.2%

3.4%

3.1%

3.2%

3.2%

3.2%

3.3%

2.8%

3.1%

2.8%

2.9%

2.8%

3.2%

3.1%

3.1%

2.8%

2.9%

2.9%

3.0%

3.1%

2.5%

Weight

Author Year Adequacy of Sequence Generation Allocation concealmeant Blinding of participants and personnel Incomplete outcome data Selective reporting Other bias

Han KA 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Kawamori R 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Kadowaki T 2017 Low risk Unclear Low risk Low risk Low risk Low risk

Mathieu C 2016 Unclear High risk Low risk Low risk Low risk Low risk

Rodbard HW 2016 Low risk Low risk Low risk Low risk Low risk Low risk

Mathieu C 2015 Low risk Low risk Low risk Low risk Low risk Low risk

Matthaei S 2015 Unclear Low risk Low risk Low risk Low risk Low risk

Kashiwagi A 2014 Unclear Unclear Low risk Low risk Low risk Low risk

Kaku K 2014 High risk Low risk Low risk Low risk Low risk Low risk

Jabbour SA 2013 Unclear Unclear Low risk Low risk Low risk Low risk

Wilding JP 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Rosenstock J 2012 High risk Unclear Low risk Low risk Low risk Low risk

Inagaki N 2014 Unclear Low risk Low risk Low risk Low risk Low risk

Seino Y 2014 Low risk High risk Low risk Low risk Low risk Low risk

Bode B 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Jabbour SA 2018 High risk Low risk Low risk Low risk Low risk Low risk
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3.3.2 SGLT-2inhibitors 
 
Search results and study characteristics:  16 articles were included in the study from the 555 

articles that were identified from the database(Fig 3-8). The total number of study 

participants were 4189 of which 2178 were randomised in the treatment group and 2011 

were from placebo group. The White dominant group (9 studies) consisted of 3015 

participants of which 1515 participants were randomised in the treatment group and 1500 

participants in the placebo group. The Asian dominant group (7 studies) consisted of 1174 

participants of which 663 participants were randomised in the treatment group and 511 

participants in the placebo group.  
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No efficacy measure : 6 
 

  
 

Studies included in 
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(n =16) 

Records excluded 
(n = 85) 

Figure 3-9 Risk of Bias of SGLT-2 inhibitor studies included in meta-analysis 
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Quality of included studies and publication bias assessments: All the studies were double blind 

for the participants and personnel. For the adequacy of sequence generation, 5 studies were 

categorised as unclear, 8 studies were categorised as low risk and 3 studies were categorised 

as high risk. The allocation concealment was unclear in 4 studies, 11 studies were at low risk 

and 2 studies were at high risk. There was no particular indication of incomplete data, 

selective reporting or other biases in any of the included studies (Table 3-3 and Fig 3-9). The 

Egger’s Test and funnel plot suggested that there was no asymmetric pattern and no 

particular concern regarding a publication bias (Fig 3-10 and 3-11).  

 

Table 3-3 Risk of bias assessment for SGLT-2 inhibitors for the included studies 

 

 

Author Year Adequacy of Sequence Generation Allocation concealmeant Blinding of participants and personnel Incomplete outcome data Selective reporting Other bias

Han KA 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Kawamori R 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Kadowaki T 2017 Low risk Unclear Low risk Low risk Low risk Low risk

Mathieu C 2016 Unclear High risk Low risk Low risk Low risk Low risk

Rodbard HW 2016 Low risk Low risk Low risk Low risk Low risk Low risk

Mathieu C 2015 Low risk Low risk Low risk Low risk Low risk Low risk

Matthaei S 2015 Unclear Low risk Low risk Low risk Low risk Low risk

Kashiwagi A 2014 Unclear Unclear Low risk Low risk Low risk Low risk

Kaku K 2014 High risk Low risk Low risk Low risk Low risk Low risk

Jabbour SA 2013 Unclear Unclear Low risk Low risk Low risk Low risk

Wilding JP 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Rosenstock J 2012 High risk Unclear Low risk Low risk Low risk Low risk

Inagaki N 2014 Unclear Low risk Low risk Low risk Low risk Low risk

Seino Y 2014 Low risk High risk Low risk Low risk Low risk Low risk

Bode B 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Jabbour SA 2018 High risk Low risk Low risk Low risk Low risk Low risk
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Figure 3-10 Risk of Bias of SGLT-2 inhibitor studies included in meta-analysis 

 

 
Figure 3-11 Funnel plot of change in HbA1c in the studies used in the meta-analysis for SGLT-2 inhibitors 
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Figure 3-12 Egger’s test of change in HbA1c in the studies used in the meta-analysis for SGLT-2 inhibitors 

 
Efficacy Outcomes: HbA1c data was pooled from the 16 comparison pairs from 16 studies. 

Overall, the difference between the treatment group and comparison group was -0.79[CI -

0.91, -0.66; I2=80%] favouring treatment (Fig 3-12). In the White dominant group, the 

difference between treatment group and comparison group was -0.64[CI -0.74, -0.53; I2=44%] 

favouring treatment. In the Asian dominant group, the difference between treatment and 

comparison group was -0.96[CI -1.10, -0.82; I2=66%] favouring treatment. Test for sub-group 

differences (random effects model) showed a significant difference (p=0.0003) between the 

two groups (Table 3-5). 
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Figure 3-13 Forest plot for SGLT-2 inhibitors 

 

Exploratory Analysis: The median(range) duration of diabetes was 8.3(5.64-12.3) in the White 

dominant group and 7.49(4.72-11.6) for the Asian dominant group. The median(range) HbA1c 

at baseline was 8.17(7.8-9.3) in the White dominant group and 8.18(7.9-8.45) in the Asian 

dominant group. The median(range) BMI at baseline was 31.9(31.2-33.3) in the White 

dominant group and 25.59(25.07-26.0) among the Asian dominant group. 
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Meta-regression: The univariate meta-regression analysis showed percentage of white 

participants (p<0.01), BMI at baseline (p=0.01) are associated with the change in HbA1c from 

baseline. On the other hand, age (p=0.38), HbA1c at baseline (p=0.80), duration of diabetes 

(p=0.85), and percentage of men (p=0.1) were not associated with the change in HbA1c from 

baseline (Table 3-7 and Fig 3-13). 
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Figure 3-14 Univariate meta-regression analysis for HbA1c (SGLT-2 inhibitors) 
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Sensitivity Analysis: Including 5 additional studies between 12 and 24 week duration, HbA1c 

data were pooled from 21 comparison pairs from 21 studies. Overall, the difference between 

the treatment group and comparison group was -0.70[CI -0.82, -0.58; I2=84%] favouring 

treatment (Fig 3-14). In the White dominant group, the difference between treatment group 

and comparison group was -0.57[CI -0.69, -0.44; I2=69%] favouring treatment. In the Asian 

dominant group the difference between treatment and comparison group was -0.85[CI -1.03, 

-0.66; I2=87%] favouring treatment (Fig 3-14). Test for sub-group differences (random effects 

model) showed a difference (p=0.0182) between the two groups (Table 3-6). 

 

 

Figure 3-15 Forest plot for White and Asian dominant groups for SGLT-2 inhibitors for 12 weeks 
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3.3.3 GLP-1RA 
 
Search results and study characteristics:  1481 articles were identified from the database and 

4 articles were identified from references of other articles from which 22 articles were 

included in the meta-analysis (Fig 3-15). A total of 23 comparison pairs were retrieved which 

satisfied the selection criteria. The total number of study participants were 6559 of which 

3608 were randomised in the treatment group and 2951 were from placebo group. The White 

dominant group (19 studies, 20 arms) consisted of 5682 participants of which 3608 

participants were randomised in the treatment group and 2951 participants in the placebo 

group. The Asian dominant group (3 studies) consisted of 877 participants of which 438 

participants were randomised in the treatment group and 439 participants in the placebo 

group.  
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Figure 3-16 Selection of GLP-1RA studies included in meta-analysis 
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Quality of included studies and publication bias assessments: All the 22 of the studies achieved 

the double blindness for the participants and the personnel. For the adequacy of sequence 

generation, 14 studies were categorised as unclear and 8 studies were categorised as low risk. 

The allocation concealment was unclear in 6 studies and 16 studies were at low risk. There 

was no particular indication of incomplete data, selective reporting or other biases in any of 

the included studies (Table 3-4 and Fig 3-16). The Egger’s Test and funnel plot suggested that 

there was no asymmetric pattern and no particular concern regarding a publication bias (Fig 

3-17 and 3-18).  

 

Table 3-4 Risk of bias assessment for GLP-1RA  for the included studies 

 

 

 

Author Year Adequacy of Sequence Generation Allocation concealmeant Blinding of participants and personnel Incomplete outcome data Selective reporting Other bias

Jabbour SA 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Lingvay I 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Ludvik B 2018 Unclear Low risk Low risk Low risk Low risk Low risk

Meneilly GS 2017 Unclear Low risk Low risk Low risk Low risk Low risk

Dungan KM 2016 Unclear Unclear Low risk Low risk Low risk Low risk

Nauck MA 2015 Unclear Low risk Low risk Low risk Low risk Low risk

Reusch J 2014 Low risk Low risk Low risk Low risk Low risk Low risk

Wysham C 2014 Low risk Low risk Low risk Low risk Low risk Low risk

Yu Pan C 2014 Unclear Low risk Low risk Low risk Low risk Low risk

Bolli GB 2013 Unclear Unclear Low risk Low risk Low risk Low risk

Derosa G 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Pinget M 2013 Low risk Low risk Low risk Low risk Low risk Low risk

Seino Y 2012 Unclear Low risk Low risk Low risk Low risk Low risk

Derosa G 2012 Unclear Low risk Low risk Low risk Low risk Low risk

Kaku K 2010 Unclear Unclear Low risk Low risk Low risk Low risk

Zinman B 2009 Unclear Low risk Low risk Low risk Low risk Low risk

Nauck M 2008 Low risk Low risk Low risk Low risk Low risk Low risk

DeFronzo RA 2005 Unclear Unclear Low risk Low risk Low risk Low risk

Bergenstal 2012 Unclear Unclear Low risk Low risk Low risk Low risk

Henry 2012 Unclear Low risk Low risk Low risk Low risk Low risk

Raz 2012 Unclear Unclear Low risk Low risk Low risk Low risk

Hollander 2013 Low risk Low risk Low risk Low risk Low risk Low risk
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Figure 3-17 Risk of Bias of GLP-1RA studies included in meta-analysis 

 

 
Figure 3-18 Funnel plot of change in HbA1c in the studies used in the meta-analysis for GLP-1R 
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Figure 3-19 Egger’s test of change in HbA1c in the studies used in the meta-analysis for GLP-1RA 

 
 
Efficacy Outcomes: HbA1c data were pooled from the 23 comparison pairs from 22 studies. 

Overall, the difference between the treatment group and comparison group was -0.78[CI -

0.88,-0.69 ; I2=79%] favouring treatment (Fig 3). In White dominant group, the difference 

between treatment group and comparison group was -0.79[CI  -0.89,-0.69 ; I2=77% ] favouring 

treatment. In the Asian dominant group the difference between treatment and comparison 

group was -0.76[CI  -1.19,-0.33 ; I2=90%] favouring treatment (Fig 3). Test for sub-group 

differences (random effects model) showed no statistically significant difference (p=0.8957) 

between the two groups(Table 3-5). 
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Exploratory Analysis: The median (range) duration of diabetes was 7.6(2.8-13.6) in the White 

dominant group and 9.3(4.0-13.7) for the Asian dominant group. The median(range) HbA1c 

at baseline was 8.1(7.5-9.3) in the White dominant group and 8.54(7.95-8.6) in the Asian 

dominant group. The median(range) BMI at baseline was 32.94(29.9-36.9) in the White 

dominant group and 25.4(25.3-26.8). 

 

Meta-regression : The univariate meta-regression analysis showed age (p=0.98), percentage 

of white participants (p=0.99), HbA1c at baseline (p=0.99), duration of diabetes (p=0.54), 

percentage of men (p=0.59), BMI at baseline (p=0.94) were not significantly associated with 

the change in HbA1c from baseline (Table 3-7 and Fig 3-19). 
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Figure 3-20 Univariate meta-regression analysis for HbA1c (GLP-1RA) 
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Sensitivity Analysis : Including 4 additional studies that were identified between 12 and 24 

week duration, HbA1c data were pooled from 27 comparison pairs from 26 studies. Overall, 

the difference between the treatment group and comparison group was -0.79[CI -0.88,-0.70 

; I2=76%] favouring treatment (Fig 3-19). In the White dominant group, the difference 

between treatment group and comparison group was -0.79[CI  -0.89,-0.70 ; I2=75.1%] 

favouring treatment. In the Asian dominant group the difference between treatment and 

comparison group was -0.79[CI  -1.03,-0.54 ; I2=82%] favouring treatment (Fig 3-19). Test for 

sub-group differences (random effects model) showed no statistically significant difference 

(p=0.9657) between the two groups (Table 3-6). 
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Figure 3-21 Forest plot for White and Asian dominant groups for GLP 1RA  for 12 weeks 
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Table 3-5 Results of sub-group analysis for DPP-4 inhibitors, SGLT-2 inhibitors and GLP-1RA for 24 weeks 

DPP-4 inhibitors 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 9 -0.62[-0.80,-0.45] 

White 17 -0.49[-0.59,-0.38] 

Test for sub-group differences (p 
value) 

 
0.1919 

   

SGLT-2 inhibitors 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 7 -0.96[-1.10,-0.82] 

White 9 -0.64[-0.74,-0.53] 

Test for sub-group differences (p 
value) 

 
0.0003 

   

GLP-1RA 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 3 -0.76[-1.19,-0.33] 

White 20 -0.79[-0.89,-0.69] 

Test for sub-group differences (p 
value) 

 
0.8957 
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Table 3-6 Results of sub-group analysis for DPP-4 inhibitors, SGLT-2 inhibitors and GLP-1RA for 12 weeks 

DPP-4 inhibitors 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 14 -0.73[-0.88,-0.57] 

White 19 -0.49[-0.59,-0.39] 

Test for sub-group differences (p 
value) 

 
0.0098 

   

SGLT-2 inhibitors 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 9 -0.85[-1.03,-0.66] 

White 12 -0.57[-0.69,-0.44] 

Test for sub-group differences (p 
value) 

 
0.0182 

   

GLP-1RA 
  

Ethnicity Number of studies Mean difference (95% CI) 

Asian 5 -0.79[-1.03,-0.54] 

White 22 -0.79[-0.89,-0.70] 

Test for sub-group differences (p 
value) 

 
0.9657 
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Table 3-7 Univariate meta-regression analysis 

DPP-4 inhibitor 
    

Variable Estimate SE CI p value 

Intercept -0.15 0.40 [-0.93,0.64] 0.72 

Age  -0.01 0.01 [-0.02,0.01] 0.33 
     

Intercept -0.63 0.08 [-0.78,-0.47] <0.01 

Percentage of white 0 0 [-0.00,0.00] 0.12 
     

Intercept -0.37 0.14 [-0.64,-0.10] <0.01 

Duration of diabetes -0.03 0.02 [-0.07,0.02] 0.22 
     

Intercept -0.38 0.29 [-0.94,0.18] 0.19 

Percentage of men 0 0.01 [-0.01,0.01] 0.60 
     

Intercept -0.97 0.5 [-1.95,-0.02] 0.05 

BMI baseline 0.01 0.02 [-0.02,0.05] 0.38 
     

Intercept -0.56 1.01 [-2.55,1.42] 0.58 

HbA1c baseline 0 0.12 [-0.24,0.24] 0.98 
     

SGLT-2 inhibitor 
    

Variable Estimate SE CI p value 

Intercept 0.34 1.27 [-2.15,2.83] 0.79 

Age  -0.02 0.02 [-0.06,0.02] 0.38 
     

Intercept -0.94 0.07 [-1.08,-0.81] <0.01 

Percentage of white 0 0 [0.00,0.01] <0.01 
     

Intercept -0.74 0.26 [-1.25,-0.23] <0.01 

Duration of diabetes -0.01 0.03 [-0.07,0.06] 0.85 
     

Intercept -0.29 0.30 [-0.88,0.29] 0.33 

Percentage of men -0.01 0.01 [-0.02,0] 0.10 
     

Intercept -1.91 0.41 [-2.72,-1.09] <0.01 

BMI baseline 0.04 0.01 [0.01,0.07] 0.01 
     

Intercept -1.19 1.61 [-4.34,1.96] 0.46 

HbA1c baseline 0.05 0.20 [-0.33,0.43] 0.80 
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GLP-1RA inhibitor 
    

Variable Estimate SE CI p value 

Intercept -0.80 0.67 [-2.12,0.52] 0.23 

Age  0 0.01 [-0.02,0.02] 0.98 
     

Intercept -0.78 0.14 [-1.05,-0.51] <0.01 

Percentage of white 0 0 [0,0] 0.99 
     

Intercept -0.68 0.40 [-1.78,-0.22] <0.01 

Duration of diabetes -0.01 0.01 [-0.01,0.02] 0.59 
     

Intercept -1.00 0.38 [-1.81,-0.32] <0.01 

Percentage of men 0.01 0.01 [-0.01,0.02] 0.43 
     

Intercept -0.83 0.60 [-2.00,0.34] 0.17 

BMI baseline 0 0.02 [-0.04,0.04] 0.94 
     

Intercept -0.80 1.16 [-3.08,1.48] 0.49 

HbA1c baseline 0 0.14 [-0.28,0.28] 0.99 

 

 

Table 3-8 Percentage of Asian or White studies in multiple therapy 

Drug Ethnicity Monotherapy Dual therapy  Triple therapy Total 
DPP-4i Asian  3 4 1 8 

 Percent(%) 37.5 50 12.5  

 White 6 10 2 18 
 Percent(%) 33.3 55.5 11.1  
SGLT 2i Asian  5 2 0 7 

 Percent(%) 71.4 28.6 -  
 White 6 1 2 9 

 Percent(%) 66.6 11.1 22.2  
GLP 1RA Asian  3 - - 3 

 Percent(%) 100 - -  

 White 17 3 - 20 
 Percent(%) 85 15 -  
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3.4 DISCUSSION 
 
The current systematic review and meta-analysis focuses on the HbA1c-lowering efficacy of 

DPP-4 inhibitors, SGLT-2 inhibitors and GLP-1RAs in ethnically White and Asian participants. 

Compared to Whites, Asians respond better to SGLT-2is. Even though the primary analysis of 

DPP-4 inhibitors showed no difference in response to DPP-4 inhibitors between the two 

groups, the sensitivity analysis including shorter duration studies did show that Asians 

respond better to DPP-4 inhibitors than Whites in keeping with previous reports. No 

difference was found in the response to GLP-1RAs between Asians and Whites.  

 

This is the first meta-analysis which reports glycemic response to SGLT-2 inhibitors by 

ethnicity. Our results showed that the Asians respond better to SGLT-2 inhibitors as compared 

to the White dominant group. In the meta-regression, the percentage of White in the 

population and BMI at baseline were associated with the HbA1c reduction, whereas baseline 

HbA1c was not correlated. A recent meta-analysis showed that efficacy and safety of SGLT-2 

inhibitors were favourable in East Asian patients with Type 2 diabetes127. It is interesting to 

know that SGLT-2 inhibitors also show greater, albeit non-significant, cardiovascular risk 

reduction  in Asians compared to other ethnic groups132. 

 

Although, no significant difference was found between the two groups for DPP-4 inhibitors, 

the reduction in HbA1c levels at study endpoint was greater for the Asian dominant studies 

(between group difference p=0.1919). However, our sensitivity analysis that included studies 

of shorter duration (from 12 weeks) did show a -0.11% significantly greater reduction in 

HbA1c in the predominantly Asian group compared to the predominantly white population.  

A previous meta-analysis by Kim et al reported DPP-4 inhibitors showed greater HbA1c 
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lowering effect in Asian-dominant studies than the non-Asian dominant studies (between 

group difference : -0.18%, p=0.006)123. In another review, Ito et. al hypothesized that DPP-4 

inhibitors had greater efficacy among East-Asian participants than their White counterparts 

due to the different pathophysiology of type 2 diabetes between the two ethnic groups133. 

Interestingly these two meta-analyses also included studies of 12 weeks or longer. Finally, in 

an individual level analysis of TECOS, Davis et al showed that the greatest initial reduction of 

HbA1c was observed in East Asians on Sitagliptin134 .It is not clear why our primary analysis 

based upon studies of at least 24 weeks showed a smaller difference between ethnic groups; 

there was no obvious difference or bias introduced in the shorter duration studies but the 

results would suggest the difference seen at 12 weeks does not persist to 24 weeks or longer.  

Previous studies on sitagliptin and vildagliptin have reported that the clinical pharmacokinetic 

characteristics of DPP-4 inhibitors were not different among Asian, Black, Hispanics and 

Whites, suggesting that differences in response are more likely to reflect phenotypic or 

pathophysiological differences135,136.  Lower BMI has been reported to be associated with a 

better glycemic response137, yet in the present study, the meta-regression showed no 

correlation between age, BMI at baseline, percentage of White, HbA1c at baseline, duration 

of diabetes, percentage of men and HbA1c reduction. This meta-regression suggests that the 

greater HbA1c reduction seen in Asians in our meta-analysis is not driven by the higher HBA1c 

at recruitment in the Asian populations.  There may, however, be other differences between 

ethnic groups that are not captured in the recorded baseline characteristics, such as 

adherence, that could have contributed to differences in results.  The use of other glucose 

lowering agents in the trials were quite similar between Asian and White dominant studies 

and hence are unlikely to explain ethnic differences in treatment efficacy (Table S4).  
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In the present meta-analysis, no difference in efficacy was found between the White and 

Asian dominant groups (p=0.8957) among the studies of GLP-1RA.  In a previous meta-

analysis, conducted on GLP 1 analogues by Kim et al, it was found that HbA1c reduction from 

baseline was greater in Asian dominant groups than in non-Asian dominant groups124.  The 

fact that we show no evidence of difference in response between Asians and Whites is at odds 

with this previous report.  However, unlike for DPP-4 inhibitors, for GLP-1RA, including shorter 

duration studies in our analysis, similar to that of Kim et al, did not make any difference to 

the estimate of efficacy difference. Even though our study had only three Asian studies 

included these differed from that of the three Asian studies included by Kim et al in their 

meta-analysis.  Thus, our lack of replication of the previous meta-analysis may reflect this 

small number of studies and heterogeneity between studies in the Asian population. 

 

The only remaining differences were that in our study design, to ensure separation between 

studies reporting efficacy in Whites vs Asians we defined a population cut off of 70%, whereas 

Kim et al. used a 50% cut off, and we only included studies that have 50 patients per treatment 

arm.   

 

There are some limitations to this study. First, this systematic review and meta-analysis is 

based on summarized data of RCT studies. Further investigation of individual level trial data 

based on ethnicity is required to confirm the reported differences for SGLT-2 inhibitors and 

DPP-4 inhibitors.  Second, due to lack of enough studies that satisfied our inclusion and 

exclusion criteria, studies could not be separated based on South Asians and East Asians. It is 

known from previous reports that South Asians and East Asians are ethnically heterogeneous 

and this demands for more studies to be conducted in the South Asian region128. 
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In conclusion, the glucose lowering efficacy of SGLT-2 inhibitors and DPP-4 inhibitors was 

higher in Asian dominant group as compared to the White dominant group but not for and 

GLP-1 analogues.  Our data suggest that, if our results are replicated by individual-level 

patient analyses from clinical trials, ethnicity should be incorporated into the treatment 

guidelines.   

Further studies would also be warranted as to the physiological or pharmacological basis of 

these differences, given the reported beta-cell deficiency and visceral adiposity in Asians.   

 

 

 

The work from this chapter was published in Diabetes Care114. 
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CHAPTER 4: DPP-4 INHIBITORS 
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4 DPP-4 INHIBITORS  
 

4.1 INTRODUCTION 
 

The precision medicine approach for the management of type 2 diabetes (T2D) requires 

interrogation of the various factors that lead to this condition. Among the factors associated 

ethnicity plays an important in determining the overall predisposition to develop T2D138. 

Defining patient strata based on relevant risk factors like ethnicity and clinical biomarker 

association could enable targeted intervention139. Previous reports show strong evidence that 

counterparts for a given BMI or waist circumference140. Early beta cell dysfunction and 

visceral adiposity contribute to the pathogenesis of T2D in the Asian Indian population32.  

 

Incretin based therapy has become a popular alternative to SUs which are common second 

line therapy drugs141 for management of patients with T2D. These drugs utilize the glucose 

lowering actions of the incretin hormones glucagon-like-peptide-1 (GLP-1) and glucose-

dependent insulinotropic polypeptide (GIP). Dipeptidyl peptidase 4 (DPP-4) is an enzyme 

which readily degrades GLP-1 and GIP into inactive metabolites142. Therefore, one of the 

strategies of incretin-based therapies is to use the oral DPP-4 inhibitors (otherwise known as 

gliptins) to increase concentration of the active forms of GLP-1 and GIP.  These oral 

hypoglycemic agents (OHAs) were first licensed for clinical use in 2006.  

 

DPP-4 inhibitors are commonly used143 and well tolerated144 . The ADA and EASD guidelines 

position DPP-4 inhibitors alongside SU, TZD GLP-1RA and insulin as a second line add-on 

therapy to metformin in their recommendations103,145.  The National Institute for Health and 
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Clinical Excellence (NICE) recommends the use of DPP-4 inhibitors as second line therapy in 

case there is significant risk of hypoglycemia or potential contraindications with SU 146–149 . 

Researchers from the London School of Tropical Medicine investigated the changes in 

prescribing for type 2 diabetes between 2000 and 2017.   Their findings showed that in 2017, 

new prescriptions for DPP-4 inhibitors accounted for 42% of drug intensification with regional 

differences between countries within the UK- with DPP4is prescribed more in Northern 

Ireland and Wales than England or Scotland150. From a study reporting the prescription 

patterns of diabetes therapy in India, it is evident that even though SUs are the most 

commonly prescribed second line therapy drugs, they are closely followed by DPP-4 

inhibitors151 

 

In this chapter, I aimed to identify clinical phenotypic features or biomarkers robustly 

associated with glycaemic response to DPP-4Is among White Europeans and Asian Indians 

and investigate the role of ethnicity in glycaemic response to DPP-4Is. I hypothesized that 

insulin secretory defects and insulin resistance contribute to differences in the 

pathophysiology of type 2 diabetes in Asians and non-Asians, and therefore aimed to find the  

differences in glucose-lowering efficacy of DPP-4 inhibitors between whites and Asians 

Indians. Earlier, in a meta-analysis (Chapter 3), we have shown that the glucose lowering 

efficacy of DPP-4i was greater in Asian dominant studies as compared to whites114.  I have 

also studied the genetic predictors of response in the GoDARTS and UKBB populations. 
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4.2 METHODS 
 

4.2.1 Study Setting and Assessment  
 

The first half of this study focuses on the anthropometric and clinical determinants of 

glycaemic response to treatment with DPP-4Is in T2D individuals from Tayside and Fife, 

Scotland and Madras Diabetes Research Foundation (MDRF), India. To replicate the findings 

for DPP-4 inhibitors in the white population, the UKBB population was used. I assessed 

whether anthropometric, clinical and biochemical factors including markers of insulin 

resistance and insulin secretion are associated with glycaemic response to DPP-4is in White 

Europeans and Asian Indians. Associations were studied in two ethnic groups (White 

Europeans and Asian Indians) to test the role of ethnicity in variability of DPP-4i response. In 

the latter half of the chapter, I have studied the genetic predictors of response in the 

GoDARTS and UKBB populations. 

 

Inclusion criteria  

Patients were included in the study if: 

1. they had a valid baseline and treatment HbA1c measure.  

2. they were on stable therapy at least for 3 months after baseline, i.e the 

participants were on same therapy throughout the study period (including the 

drug under study and background therapy) 

3. age >18 years 

 

 

Exclusion criteria  

Patients were excluded from the study if: 
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1. participants were on insulin therapy 

2. baseline glycated hemoglobin (HbA1c) < 7% 

3. if either baseline or 6-month HbA1c was not available 

4. if patients switched the existing drug before 3 months from the drug start date they 

were excluded; if they switched between 3 and 6 months from the drug start date 

then the HbA1c prior to switch was used.   

 

4.2.2 Outcome 
 

The primary outcome of our study was the absolute change in HbA1c from baseline to 6 

months after starting DPP-4 inhibitor therapy, adjusting for baseline HbA1c.  

 
Definitions used in drug response have been explained in the Methods (Chapter 2). 
 
 

4.2.3 Data used for the study 

 

4.2.3.1 Tayside and Fife 
 
The white European cohort includes participants from the East of Scotland from population-

level data on individuals with type 2 diabetes across the regions of Tayside & Fife in Scotland. 

Clinical data is made available through the Scottish Care Information-Diabetes Collaboration 

(SCI-DC) system. This dataset contains demographic and clinical data and contains data 

pertinent to diabetes updated on a regular basis.  4165 participants were included for analysis 

from this cohort. 

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine and 
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Non-fasted C-peptide. Anthropometric characteristics included were age at diagnosis, sex, 

duration of diabetes, number of diabetes drugs (therapy).  Full details for how these 

covariates were defined is included in the methods (chapter 2). 

 

 

 

4.2.3.2 MDRF 
 

The Asian Indian cohort includes participants from the south of India and the data is made 

available by a tertiary care centre for diabetes, MDRF based in Chennai, India. 1916 

participants were included for analysis from this cohort. 

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine, C-

peptide (fasting), C-peptide (stimulated), HOMA-B, HOMA-IR. Anthropometric characteristics 

included were age at diagnosis, sex, duration of diabetes, number of diabetes drugs (therapy).  

 

 

4.2.3.3 UKBB 
 

To replicate the findings for DPP-4 inhibitors in the white European population, we repeated 

the analyses of drug response for non-insulin treated participants in the UKBB population. 

1545 participants were included in the study.  
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Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Baseline Gap 

Total Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c] and 

Creatinine. number of diabetes drugs (therapy). These variables were defined same as used 

for Tayside and Fife. 

 

4.2.4 Statistical Analysis 

 

4.2.4.1 Univariate model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started DPP-4 

inhibitor as monotherapy or add on to other anti-hyperglycaemic drugs using linear 

regression models using univariate models separately in the white European and Asian Indian 

populations.  

4.2.4.2 Baseline HbA1c adjusted model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started DPP-4 

inhibitor as monotherapy or add on to other anti-hyperglycaemic drugs using linear 

regression models using univariate models, adjusted for baseline HbA1c separately in the 

white European and Asian Indian populations.  

 

4.2.4.3 Multivariable model 
 
A multiple regression model was applied using step wise backward linear regression and 

model R2 was reported. Variables which were non-normally distributed were log- 

transformed.  
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4.2.4.4 Subgroup Analysis  
 
A sub-group analysis was carried out in the Asian Indian population by including variables like 

HOMA-B, HOMA IR and stimulated C-peptide which are relatively smaller in number, in the 

multivariable model.  

 

4.2.4.5 Combination of Cohorts to assess the association of ethnicity 
 

An independent sample t-test was run to assess the differences between the anthropometric 

variables in the two populations and reported significant at p<0.05. 

 

A categorical variable indicating if the participant was white European or Asian Indian was 

created. Both the populations were combined to check the association of ethnicity with 

glycemic response using a linear regression model adjusted for Age at diagnosis, Sex, BMI and 

Duration of diabetes.  

 

Statistical analyses were conducted using R version 4.0.2. 

 

4.2.5 Genetic Analysis 
 

4.2.5.1 Candidate Gene Analysis 
 
A candidate gene study was carried out to study the association of genetic variants with 

glycemic response to DPP-4 inhibitors. The selected SNPs were associated with reduced beta 

cell function and passed routine genome wide association study quality control and are  

tabulated in Table 4-1. The SNPs were selected from the DIAGRAM publication that reported 

65 type 2 diabetes loci152.  A beta cell function GRS was developed from 16 SNPS based on 
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what is known on the effect of these SNPs from the DIRECT study153 and publication from the 

MAGIC consortium154.  

Table 4-1 : Genetic variants for candidate gene study 

 

Index SNP Chromosome Risk Allele OR Gene MAF 

rs2075423 1 G  1.07 PROX1 0.332 

rs10203174  2 C 1.14 THADA 0.100 

rs1496653  3 A 1.09 UBE2E2 0.201 

rs11717195 3 T  1.11  ADCY5  0.238 

rs4402960 3  T  1.13  IGF2BP2  0.328 

rs7756992 6  G  1.17  CDKAL1  0.276 

rs17168486  7 T 1.11 DGKB 0.160  

rs3802177 8 G 1.14 SLC30A8 0.303 

rs11257655 10 T 1.07  CDC123/CAMK1 0.192  

rs7903146 10 T 1.39 TCF7L2 0.326 

rs231361  11  A  1.09  KCNQ1  0.325 

rs163184  11  G  1.09  KCNQ1  0.483 

rs1552224  11  A  1.11  ARAP1(CENTD)  0.178 

rs10830963  11  G  1.1  MTNR1B  0.269 

rs1359790  13  G  1.08  SPRY2  0.298 

rs4502156  15  T  1.06  C2CD4A  0.432 

 

 

 

 

4.2.5.2 Genome Wide Association Study 
 
Individuals with valid phenotypic data were mapped to the genetic dataset and GWAS were 

performed separately for GoDARTS and UKBB populations. A meta-GWAS was performed 

combining both the populations. A minor allele frequency threshold of 5% was used with only 
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SNPs above the set MAF threshold included. --maf command was used for this QC step. Within 

PLINK the association between SNPs and quantitative outcome measures were tested with – 

assoc and –linear. The –linear option in PLINK is used to perform a linear regression analysis 

with each individual SNP as a predictor. The additive model was used for analysis. A genome 

wide significance threshold of 5x10-8  was used. Age, gender and baseline HbA1c were 

considered as covariates. Manhattan plots were used to plot the summary statistics of the 

GWAS results. Q-Q plots were used to plot the quantile distribution of the expected p-values. 

Regional GWAS outcomes of the meta-GWAS were investigated using the Locus Zoom plot. 

 

4.3 RESULTS 
 

4.3.1 Patient Characteristics and Response to DPP-4 inhibitor therapy in white 
Europeans(Tayside and Fife) and Asian Indians (MDRF)     
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Baseline characteristics and biomarker measures for subjects starting DPP-4 inhibitors in both 

the populations are shown in Table 4-2. 4165 patients were included from Tayside and Fife 

and 1891 patients were included from MDRF. Study profiles are shown in Figure 4-1 and 

Figure 4-2. Mean (SD) 6-month HbA1c change was 0.79% (1.4%) in Tayside and Fife and 1.07% 

(1.28%) in MDRF (Figure 4-3).  

 

 
Table 4-2 Baseline characteristics of variables Tayside & Fife and MDRF 

 
 
Data are median (interquartile range) or mean (SD) unless otherwise specified. 

**Triglycerides for the Tayside and Fife population data are non-fasting, Triglycerides for the MDRF population are fasting. 

 
 

 

 

PARTICIPANTS 

(N) TAYSIDE & FIFE 

 

PARTICIPANTS 

(N) MDRF 

 

CHARACTERISTICS     

BASELINE HBA1C(%) 

 

4165 9.04(1.3) 

 

1891 8.31(1.08) 

AGE AT DIAGNOSIS(YEARS) 

 

4165 57(11) 

 

1891 46(10) 

DURATION OF 

DIABETES(YEARS) 

 

 

4165 8(6) 

 

1891 6(5) 

BMI 

 

3392 

32.5(28.8-37.1); 

33.5(6.7) 

 

1832 

27.5(25-30.3); 

28(4.3) 

MALE SEX % 

 

4165 59.1 

 

1891 61.3 
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Biomarkers are described below. 

 

BIOMARKERS     

HDL-C(MMOL/L) 

 

3755 

1.07(0.9-1.3); 

1.1(0.3) 

 

1413 

0.97(0.9-1.1); 

1.0(0.2) 

LDL-C(MMOL/L) 

 

1440 

1.9(1.5-2.5); 

2.05(0.8) 

 

1371 

2.3(1.9-2.9); 

2.4(0.8) 

TRIGLYCERIDES(MMOL/L) 

** 

 

1565 

 

2.00(1.5-2.8); 

2.4(1.5) 

1426 

 

1.5(1.1-2.1); 

1.8(1.01) 

CHOLESTEROL(MMOL/L) 

 

3755 

4.03(3.5-4.7); 

4.2(1.1) 

 

1417 

4.1(3.5-4.7); 

4.2(0.97) 

CREATININE(UMOL/L) 

 

3755 

74.0(62.0-90.0); 

79.5(27.8) 

 

1412 

70.7(53.1-79.6); 

69.3(16.9) 

HOMA-B % 

 

NA NA 

 

379 

62.4(43.9-92.6); 

72.5(41.2) 

HOMA-IR 

 

NA NA 

 

379 

3.2(2.6-4.1); 

3.5(1.4) 

C-PEPTIDE NON-FASTING 

 

860 

1.9(1.4-2.6); 

2.1(0.94) 

 

NA NA 

C-PEPTIDE FASTING 

(NMOL/L) 

 

NA NA 

 

381 

1.2(1.0-1.5); 

1.2(0.4) 

C-PEPTIDE 

STIMULATED(NMOL/L) 

 

NA NA 

 

381 

2.7(2.2-3.4); 

2.8(0.8) 

     

     

THERAPY(% OF TOTAL)  

 
 

 

MONOTHERAPY  4.2  12.5 

DUAL THERAPY  51.4  71.7 

TRIPLE OR MORE  44.2  15.7 
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Figure 4-1 : Flowchart of the study profile of  Tayside & Fife showing the number of patients 
remaining after the different steps of data cleaning and  patient exclusion. 
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Figure 4-2 Flowchart of the study profile of MDRF population showing the number of patients 
remaining after the different steps of data cleaning and  patient exclusion. 

 

 
Figure 4-3 Density plot of absolute change in HbA1c for both the populations in 6 months 
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4.3.2 Association of baseline variables to glycaemic response to DPP-4Is in white Europeans 

 

4.3.2.1 Univariate Analysis Tayside and Fife 
 
In a univariate analysis, higher age at diagnosis was associated with better response and 

higher BMI was associated with reduced response. Males were associated with better 

response. Duration of diabetes and baseline gap were not associated with response. A larger 

treatment gap was associated with reduced response. Use of triple or more therapy was 

associated with reduced glycaemic response compared to the mono or dual therapy group.  

Creatinine, Cholesterol, non-HDL cholesterol, HDL-c, LDL-c, Triglycerides and c-peptide were 

not associated with response (Table 4-3). 
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Table 4-3 Univariate Model for glycaemic response to DPP4i in Tayside & Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 4165 0.007 0.001 <0.001** 

DURATION OF DIABETES 4165 -0.004 0.003 0.339 

BMI 3392 -0.011 0.003 0.002** 

BASELINE GAP 4165 -1.73E-05 1.13E-03 0.988 

SEX M 4165 0.07 0.04 0.085. 

THERAPY MONODUAL 2320 - - - 

THERAPY TRIPLE OR MORE 1845 -0.07 0.04 0.08. 

TREATMENT GAP 4165 -0.004 0.0006 <0.001*** 

LOG(HDL-C) 3755 -0.108 0.089 0.224 

LOG(LDL-C) 1440 -0.005 0.081 0.954 

LOG(TRIGLYCERIDES) 1565 0.096 0.065 0.143 

LOG(CHOLESTEROL) 3755 -0.03 0.09 0.738 

LOG(NON-HDL 

CHOLESTEROL) 

3755 0.004 0.07 0.949 

CREATININE 3735 0.0012 0.0008 0.121 

LOG(C-PEPTIDE) 860 0.096 0.09 0.313 

BASELINE HBA1C 4165 0.411 0.01 <0.001*** 

Positive beta equals greater response to the drug 
 

4.3.2.2 Baseline HbA1c Adjusted Model Tayside and Fife 
 
In the baseline HbA1c adjusted model, higher age at diagnosis was associated with better 

response and higher BMI was associated with reduced response. Males were associated with 

better response. Duration of diabetes and baseline gap were not associated with response. A 

larger treatment gap was associated with reduced response. Use of triple or more therapy 

was associated with reduced glycaemic response compared to the mono or dual therapy 

group.  
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Higher Creatinine was associated with better response, higher Cholesterol was associated 

with reduced response, higher non-HDL cholesterol was associated with reduced response. 

HDL-c, LDL-c, Triglycerides and c-peptide were not associated with response (Table 4-4). 

 

 
Table 4-4 Baseline HbA1c Adjusted Model for glycaemic response to DPP4i in Tayside & Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 4165 0.009 0.002 <0.001*** 

DURATION OF DIABETES 4165 -0.0006 0.004 0.858 

BMI 3392 -0.0128 0.003 <0.001*** 

BASELINE GAP 4165 -0.0004 0.001 0.631 

SEX M 4165 0.116 0.04 0.004** 

THERAPY MONODUAL 2320 - - - 

THERAPY TRIPLE OR MORE 1845 -0.175 0.03 <0.001*** 

TREATMENT GAP 4165 -0.004 0.0006 <0.001*** 

LOG(HDL-C) 3755 0.039(0.08) 0.08 0.634 

LOG(LDL-C) 1440 -0.087 0.08 0.254 

LOG(TRIGLYCERIDES) 1565 -0.061 0.06 0.325 

LOG(CHOLESTEROL) 3755 -0.36 0.09 <0.001*** 

LOG(NON-HDL 

CHOLESTEROL) 

3755 -0.29 0.07 <0.001*** 

CREATININE 3735 0.185 0.07 0.007** 

LOG(C-PEPTIDE) 860 0.109 0.09 0.224 

Positive beta equals greater response to the drug 
 

 

4.3.2.3 Multivariable Analysis Tayside and Fife 
 
In the multivariable analysis, baseline HbA1c, higher age at diagnosis, lower BMI, male sex, 

lower treatment gap, lower non-HDL cholesterol and triple or more therapy were associated 
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with better response. Cholesterol and non-HDL cholesterol were found to be co-linear (r= 

0.96) and non-HDL cholesterol was selected for inclusion in the final model (Adjusted R 

squared : 0.1715) (Table 4-5) 

 

 

 

Table 4-5 Multivariable Model for glycaemic response to DPP4i in Tayside & Fife 

VARIABLES BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.005 0.002 0.0127 

BMI -0.008 0.003 0.0113 

SEX M 0.11 0.045 0.0149 

LOG NON-HDL CHOLESTEROL -0.32 0.072 <0.001 

THERAPY MONO DUAL - - - 

THERAPY 3 OR MORE -0.18 0.045 <0.001 

TREATMENT GAP -0.004 0.0007 <0.001 

  
Adjusted R squared : 0.1715 

*This model is adjusted  for baseline HbA1c 

Positive beta equals greater response to the drug 
 

 

 

 

4.3.3 Association of baseline variables with glycaemic response to DPP-4Is in Asian Indians 

 

4.3.3.1 Univariate Analysis MDRF 
 
In univariate analyses, in the MDRF population longer duration of diabetes was associated 

with reduced response unlike the Tayside and Fife population where duration of diabetes was 

not associated with response. Age at diagnosis, BMI were not associated with response in 
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MDRF in contrast with Tayside & Fife, where higher age at diagnosis was associated with 

better response and greater BMI was associated with reduced response. Gender was not 

associated in both the populations.  Longer baseline gap was associated with better response 

in MDRF but not associated with response in Tayside and Fife. Treatment gap was associated 

with better response in both MDRF and Tayside and Fife. Use of triple or more therapy was 

not associated with response using those on either mono or dual therapy as the reference 

group.  

 

Higher LDL-c, triglycerides and cholesterol were associated with better glycaemic response in 

MDRF but were not  associated univariately with response in the Tayside and Fife population. 

Higher baseline HOMA-B was associated with reduced response as was higher stimulated c-

peptide.   Higher baseline HOMA-IR was associated with better response in MDRF. Higher 

Fasting c-peptide was not associated  with response.  HDL-c and creatinine were not 

associated with response in MDRF(Table  4-6). 
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Table 4-6 Univariate Analysis for glycaemic response to DPP4i MDRF 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 1891 0.0009 0.003 0.766 

DURATION OF DIABETES 1891 -0.034 0.005 <0.001** 

BMI 1832 -0.0007 0.006 0.917 

BASELINE GAP 1891 0.011 0.001 <0.001*** 

SEX 1891 0.09 0.06 0.105 

THERAPY MONODUAL 1593 - - - 

THERAPY TRIPLE OR MORE 298 -0.13 0.08 0.106 

TREATMENT GAP 1891 0.001 0.0005 0.037* 

LOG(HDL-C) 1413 -0.2578 0.165 0.118 

LOG(LDL-C) 1371 0.311 0.099 0.002** 

LOG(TRIGLYCERIDES) 1426 0.25 0.07 <0.001*** 

LOG(CHOLESTEROL) 1417 0.529 0.149 <0.001*** 

LOG(CREATININE) 1412 0.102 0.14 0.469 

LOG(HOMA-B) 379 -0.69 0.14 <0.001*** 

LOG(HOMA-IR) 379 0.7522 0.208 <0.001*** 

LOG(C-PEPTIDE FASTING) 381 0.192 0.243 0.43 

LOG(C-PEPTIDE 

STIMULATED) 

381 -0.553 0.246 0.03* 

 
Positive beta equals greater response to the drug 
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4.3.3.2 Baseline HbA1c adjusted model MDRF 
 
In the baseline HbA1c adjusted model, higher age at diagnosis was associated with better 

response in the MDRF population as well as in Tayside and Fife population. Longer duration 

of diabetes was associated with reduced response in the MDRF population but not in the 

Tayside and Fife. BMI and gender were not associated with response in the MDRF population 

in contrast with Tayside & Fife where higher BMI was associated with reduced response and 

males were associated with better response. Longer baseline gap  was associated with better 

response in MDRF but not in Tayside and Fife. Treatment gap was not associated with 

response in the MDRF population but longer treatment gap was associated with reduced 

response in Tayside and Fife. Use of triple or more therapy was associated with reduced 

glycaemic response compared to the mono or dual therapy group in both the populations. 

HDL-c, LDL-c and triglycerides were not associated with glycaemic response in both the 

populations. Cholesterol was not associated with response in MDRF but in Tayside and Fife 

higher cholesterol was associated with reduced response.   Higher baseline HOMA-B was 

associated with better response. Fasting c-peptide, stimulated c-peptide, HOMA-IR was not 

associated with response in the MDRF population. Creatinine was not associated with 

response in the MDRF population but higher creatinine was associated with better response 

in the Tayside and Fife population (Table 4-7). 
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Table 4-7 Baseline HbA1c model for glycaemic response to DPP4i in MDRF 

VARIABLES NUMBER WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 1891 0.009 0.002 <0.001*** 

DURATION OF DIABETES 1891 -0.014 0.004 0.002** 

BMI 1832 -0.007 0.005 0.169 

BASELINE GAP 1891 0.004 0.001 <0.001*** 

SEX 1891 0.0442 0.04 0.307 

THERAPY MONODUAL 1593 - - - 

THERAPY TRIPLE OR 

MORE 

298 -0.124 0.05 0.035* 

TREATMENT GAP 1891 0.0005 0.0004 0.147 

LOG(HDL-C) 1413 0.041 0.16 0.728 

LOG(LDL-C) 1371 -0.026 0.07 0.725 

LOG(TRIGLYCERIDES) 1426 -0.066 0.07 0.219 

LOG(CHOLESTEROL) 1417 -0.101 0.11 0.363 

LOG(CREATININE) 1412 0.179 0.103 0.082. 

LOG(HOMA-B) 379 0.32 0.12 0.009** 

LOG(HOMA-IR) 379 0.083 0.16 0.604 

LOG(C-PEPTIDE FASTING) 381 0.148 0.16 0.398 

LOG(C-PEPTIDE 

STIMULATED) 

381 0.248 0.18 0.179 

Positive beta equals greater response to the drug 
 
 

4.3.3.3 Multivariable Model 
 
In the multivariable analysis, age at diagnosis, duration of diabetes, baseline gap, therapy, 

and log(HOMA B) were included and variables were removed in the backwards stepwise 

process. Higher age at diagnosis and lower duration of diabetes was associated with better 

response (Adjusted R squared : 0.4798) (Table 4-8). 
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Table 4-8 Multivariable Analysis for glycaemic response to DPP4i in MDRF 

VARIABLES BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.008 0.002 <0.001 

DURATION OF DIABETES -0.013 0.004 0.002 

BASELINE HBA1C 0.816 0.05 <0.001 

   

Adjusted R squared : 0.4798 

Positive beta equals greater response to the drug 
 
 

4.3.3.4 Multivariable Sub-group Analysis (including HOMA-B, HOMA IR and C-peptide) 
 
In the subgroup analysis where insulin secretion and resistance parameters were included in 

the multivariable model, higher age at diagnosis, shorter duration of diabetes and lower 

HOMA-B were associated with better response (Adjusted R squared : 0.486). HOMA IR and 

stimulated C-peptide were not associated with response hence not included in the final model 

(Table 4-9). 

 

 

Table 4-9 Sub-group analysis MDRF 

VARIABLES BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.011 0.006 0.039 

DURATION OF DIABETES -0.028 0.014 0.037 

LOG HOMA-B 0.262 0.121 0.032 

BASELINE HBA1C 0.830 0.048 <0.001 

  
Adjusted R squared : 0.486 

 
Positive beta equals greater response to the drug 
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4.3.4 Asian Indians respond better to DPP-4Is than White Europeans 
 
Individual level data from both populations were combined. Only anthropometric variables 

(age at diagnosis, BMI at baseline, Sex and Ethnicity) were included in this model as variables 

were uniformly available in the majority of individuals in both the populations.  Using Asian-

Indian as the reference group, the age at diagnosis, sex, BMI and baseline HbA1c adjusted 

effect on the glycemic response was significantly different in the white European group (Beta 

-0.7, SE [0.04], P = <2e-16) (Adjusted R squared: 0.2331) (Table 4-10). 

 

Table 4-10 Combined model for Asian Indians and White Europeans for glycaemic response 
to DPP4i 

VARIABLES BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.008 0.002 <4.68e-07*** 

BMI -0.008 0.003 0.005** 

SEX M 0.11 0.03 0.001** 

ETHNICITY ASIAN - - - 

WHITE -0.7 0.04 <2e-16*** 

  
Adjusted R squared : 0.2331 

*This model is adjusted  for baseline HbA1c 
Positive beta equals greater response to the drug 
 

 

 

4.3.5 Patient Characteristics and Response to DPP-4 inhibitor therapy in UKBB 
 

4.3.5.1 Patient Characteristics 
 
Baseline characteristics and biomarker measures for subjects starting DPP-4 inhibitors in the 

UKBB population are shown in Table 4-11. 1227 patients were included from UKBB, and the 

study profile is shown in Figure 4-4. Mean (SD) 6-month HbA1c change was 0.79% (1.33%). 
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Table 4-11 Patient characteristics at baseline UKBB 

 

 

N UKBB 

CHARACTERISTICS   

BASELINE HBA1C(%) 

 

1227 8.73(1.2) 

AGE AT DIAGNOSIS(YEARS) 

 

1227 55.7(7.8) 

DURATION OF DIABETES(YEARS)  

 

1227 7.2(4.7) 

BMI 

 

903 31.5(28.0-35.3); 32.2(5.8) 

MALE SEX % 

 

1227 61.2 

   

BIOMARKERS   

HDL-C(MMOL/L) 737 1.1(0.9-1.3);1.13(0.3) 

LDL-C(MMOL/L) 

 

622 2.0(1.5-2.5);2.07(0.8) 

TRIGLYCERIDES(MMOL/L) ** 

 

720 1.8(1.3-2.6);2.2(1.8) 

CHOLESTEROL(MMOL/L) 

 

881 4.0(3.4-4.7);4.16(1.05) 

CREATININE(UMOL/L) 

 

989 79.0(67.0-92.0);83.02(23.8) 
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Figure 4-4 Flowchart of the study profile of UKBB population showing the number of patients remaining after the different 
steps of data cleaning and  patient exclusion. 

 

4.3.5.2 Univariate Analysis UKBB 
 
In univariate analyses, age at diagnosis, duration of diabetes, BMI and gender were not 

associated with response. In the Tayside and Fife population, on the other hand, higher age 

at diagnosis was associated  with better response. Baseline gap and treatment gap were not 

associated with response in UKBB. Greater treatment gap was associated with reduced 

response in Tayside and Fife population.   

Higher triglycerides and cholesterol were associated with better glycaemic response. Higher 

non-HDL cholesterol was associated with better response. HDL-c, LDL-c and creatinine were 

not associated with response in both the populations(Table  4-12). 
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Table 4-12 Univariate Analysis UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 1227 -0.0007 0.004 0.874 

DURATION OF DIABETES 1227 0.004 0.008 0.537 

BMI 903 0.002 0.007 0.803 

BASELINE GAP 1227 -0.001 0.002 0.448 

SEX M 1227 0.113 0.07 0.147 

TREATMENT GAP 1227 0.0001 0.0001 0.285 

LOG(HDL-C) 737 -0.34 0.186 0.064. 

(LDL-C) 622 0.05 0.07 0.385 

LOG(TRIGLYCERIDES) 720 0.26 0.09 0.005** 

LOG(CHOLESTEROL) 881 0.44 0.19 0.021* 

LOG(NON-HDL 

CHOLESTEROL) 

735 0.105 0.047 0.028* 

LOG(CREATININE) 989 0.097 0.164 0.551 

BASELINE HBA1C 1227 0.499 0.027 <0.001*** 

Positive beta equals greater response to the drug 

 

4.3.5.3 Baseline HbA1c Adjusted Model UKBB 
 
In baseline HbA1c adjusted model, age at diagnosis was not associated with response in UKBB 

but higher age at diagnosis was associated with greater response in Tayside and Fife. Duration 

of diabetes was not associated with response in both the populations. BMI was not associated 

response in UKBB but higher BMI at baseline was associated with reduced response in the 

Tayside and Fife population. Gender was not associated with response in UKBB but males 

were found to have better response. Baseline gap was not associated with response in both 

the populations. Treatment gap was not associated with response in the UKBB population but 

greater treatment gap was associated with reduced response in Tayside and Fife.  
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Cholesterol, HDL-c, non-HDL cholesterol, LDL-c and creatinine were not associated with 

response in UKBB (Table  4-13) but lower cholesterol and higher creatinine were associated 

with better response in Tayside and Fife.  

 
 
Table 4-13 Baseline HbA1c adjusted model UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 1227 0.007 0.004 0.088. 

DURATION OF DIABETES 1227 0.004 0.007 0.565 

BMI 903 -0.003 0.006 0.561 

BASELINE GAP 1227 -0.001 0.001 0.431 

SEX M 1227 0.102 0.069 0.139 

TREATMENT GAP 1227 0.0001 0.0001 0.269 

LOG(HDL-C) 737 -0.04 0.17 0.809 

(LDL-C) 622 -0.02 0.06 0.767 

LOG(TRIGLYCERIDES) 720 0.049 0.087 0.571 

LOG(CHOLESTEROL) 880 0.07 0.17 0.683 

LOG(NON-HDL 

CHOLESTEROL) 

735 0.006 0.043 0.886 

LOG(CREATININE) 989 0.021 0.144 0.883 

Positive beta equals greater response to the drug 

 
 
 

4.3.6 Genetic Analysis 
 

4.3.6.1 Candidate Gene Study  
 
The results of the candidate gene study are shown in Table 4-14. No genetic variant was 

found to be associated with glycemic response to DPP-4 inhibitors in the HbA1c adjusted 
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model. There was no association found in the GRS derived from T2D associated variants 

mapped to beta cell genes. (Table 4-15). 

 
 
Table 4-14 Candidate gene study 

INDEX SNP CHROMOSOME RISK 

ALLELE 

OR GENE MAF P-

VALUE 

rs2075423 1 G  1.07 PROX1 0.332 0.7199 

rs10203174  2 C 1.14 THADA 0.100 0.7444 

rs1496653  3 A 1.09 UBE2E2 0.201 0.9091 

rs11717195 3 T  1.11  ADCY5  0.238 0.2988 

rs4402960 3  T  1.13  IGF2BP2  0.328 0.6994 

rs7756992 6  G  1.17  CDKAL1  0.276 0.8368 

rs17168486  7 T 1.11 DGKB 0.160  0.4779 

rs3802177 8 G 1.14 SLC30A8 0.303 0.0728 

rs11257655 10 T 1.07  CDC123/CAMK1 0.192  0.8407 

rs7903146 10 T 1.39 TCF7L2 0.326 0.1034 

rs231361  11  A  1.09  KCNQ1  0.325 0.6872 

rs163184  11  G  1.09  KCNQ1  0.483 0.7218 

rs1552224  11  A  1.11  ARAP1(CENTD)  0.178 0.2597 

rs10830963  11  G  1.1  MTNR1B  0.269 0.6258 

rs1359790  13  G  1.08  SPRY2  0.298 0.7495 

rs4502156  15  T  1.06  C2CD4A  0.432 0.0439 

 
 
 
 
Table 4-15 Model Polygenic Risk Score 

VARIABLES PARTICIPANTS  BETA COEFFICIENT SE P-VALUE 
PRS 801 -0.032 0.119 0.786 

*This model is adjusted  for baseline HbA1c 
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4.3.6.2 GWAS GoDARTS 
 
 
The GWAS for GoDARTS population is shown in Figure 4-5. The sample size for this study 

was 763. The model was adjusted for age, sex, BMI, PCA and HbA1c at baseline. The Q-Q 

plot is shown in Figure 4-6.  

 
 
Figure 4-5 Genome Wide Association Study GoDARTS 
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Figure 4-6 Q-Q plot GoDARTS 

 
 

4.3.6.3 GWAS UKBB  
 
The GWAS for UKBB population is shown in Figure 4-7. The sample size for this study was 

1129. The model was adjusted for age, sex, BMI, PCA and HbA1c at baseline. The Q-Q plot is 

shown in Figure 4-8. 
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Figure 4-7 Genome Wide Association Study UKBB 
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Figure 4-8 Q-Q plot UKBB 

 
 
 

4.3.6.4 Meta-GWAS 
 
The meta GWAS for GoDARTS and UKBB population is shown in Figure 4-9. The model was 

adjusted for age, sex, BMI, PCA and HbA1c at baseline. The Q-Q plot is shown in Figure 4-10.  

The topmost signal (rs4870528) in the genome wide study was observed in chromosome 6 

(P= 9.522e-08). A regional GWAS plot for chromosome 6 is shown in Figure 4-11. The IYD and 

PLEKHG1 genes were found in this region. Further, it was checked if the signal was an eQTL in 

the GTEx portal, but no match was found to our query. The second highest signal (rs4869915) 

was also observed in chromosome 6 (P= 1.088e-07).  
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Figure 4-9 Meta GWAS UKBB GoDARTS 
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Figure 4-10 Q-Q plot for Meta-GWAS 
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Figure 4-11 Regional GWAS plot for chromosome 6 

 

4.4 DISCUSSION 
 

This chapter shows how the association of relevant risk factors with 6-month glycaemic 

response differs in white European and Asian Indian T2D patients, starting DPP-4 inhibitor 

therapy.  We also show from the combined model that the Asian Indians respond better to 

DPP-4 inhibitors in comparison to their white European counterparts. 

 

Comparison between European populations 

For each of the cohorts we had studied association of the variables first, univariately and 

second, by adjusting the variables by baseline HbA1c. In the Tayside and Fife population, age 

at diagnosis, BMI and treatment gap were found to be associated in both models. 
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Interestingly, when the univariate models were adjusted for baseline HbA1c in addition to 

these variables some additional effects were observed - gender(males responding better), 

use of triple or more therapy associated with reduced response, lower cholesterol and non-

HDL cholesterol associated with better response and higher creatinine associated with better 

response. The multivariable model for Tayside and Fife showed higher age at diagnosis, lower 

BMI, males, lower non-HDL cholesterol, and lower treatment gap were associated with better 

glycemic response and use of triple or more therapy was associated with reduced response. 

Dennis et al in their study155 have shown that higher BMI was associated to response to DPP-

4 inhibitors. These findings have been partially replicated in the univariate model in the UKBB 

population. Some notable differences found were age at diagnosis, BMI, treatment gap and 

creatinine were not associated with response in UKBB but were associated with response in 

Tayside and Fife. Another difference noted was in the direction of cholesterol and non-HDL 

cholesterol. In UKBB higher cholesterol and non-HDL cholesterol were associated with better 

response but in Tayside and Fife higher cholesterol and non-HDL cholesterol were associated 

with reduced response. Triglycerides were not associated with response in the Tayside and 

Fife population but was associated in UKBB.   

 

Even though both Tayside and Fife and UKBB are two different datasets consisting of white 

European participants, we observe that there is lack of consistency in not only the association 

of variables but also their directions of association. The differences we noted could probably 

be attributed to power issues leading to false positive results in both the populations. For 

example, from the study conducted by Dennis et al. higher triglycerides was found to be 

associated with reduced response. In the Tayside and Fife population, we do not find any 

significant association of triglycerides with response, but we find a similar direction of effect 
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with the Dennis et al study. Again, in the univariate analysis for UKBB, higher triglycerides 

were found to be associated with better response, in contrast to the Dennis et al study. 

 

Comparison between European and Indian Asian populations. 

The univariate model in MDRF showed associations of glycemic response with duration of 

diabetes, baseline gap, treatment gap, LDL-c, triglycerides, cholesterol, HOMA-B, HOMA-IR 

and C-peptide stimulated. However, on adjusting the model by baseline HbA1c, only higher 

age of diagnosis, lower duration of diabetes, higher baseline gap and higher HOMA-B were 

found to be associated with better response and use of triple or more therapy was associated 

with reduced response. In the multivariable model for MDRF, higher age of diagnosis and 

lower duration of diabetes were associated with better response to DPP4i. 

 

Our results show from the baseline HbA1c adjusted model, that higher age at diagnosis is 

consistently associated with better response in both the cohorts. A marked difference was 

found between the predictors of response in the two cohorts in terms of other markers. 

Higher BMI, non-HDL cholesterol, therapy and treatment gap were associated with reduced 

response in White Europeans whereas higher duration of diabetes and was associated with 

reduced response in Asian Indians and higher HOMA-B was associated with better response.    

Also, males were found to be associated with better response in White Europeans and Asian 

Indians, albeit non-significant in the Asian Indian population.  

 

Overall, and as expected, the Asian Indian participants had significantly lower age at diagnosis 

and BMI compared to the white European participants; they also started DPP4i earlier after 

diagnosis than the white European.  In contrast to the white European population, BMI was 
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not associated with glycaemic response to DPP4i in Asian Indians. Differences in BMI may be 

a mediating factor of HbA1c lowering efficacy of DPP-4 inhibitors between ethnic groups. The 

overall lower BMI in Asians could also be a possible contributor to the better response in 

Asian Indians. In a meta-analysis, Kim et al have shown that Asians respond better to DPP-4 

inhibitors than their white counterparts and suggested that this difference in glycaemic 

response may be contributed by BMI 156 . However, in our meta-analysis, the univariate meta-

regression showed BMI at baseline (P = 0.38) was not associated with the change in 

HbA1c from baseline for DPP-4 inhibitors114. For DPP-4 inhibitors there are other studies that 

support the association between lower BMI and greater glycaemic response157. Simple 

categorization by sub-group of routinely available variables like BMI may provide the basis for 

personalized therapy in T2D, however we were unable to stratify the groups due to lack of 

sample sizes in each group. Due to the large differences in BMI between the groups it was 

impossible to create a common cut point as all the sub-groups consisted of very small 

numbers, insufficient for carrying out robust analyses. 

 

 

Insulin resistance, Beta-cell function and response to DPP4i 

In the present study, c-peptide and triglycerides were not associated with response in White 

Europeans (non-fasting) and Asian-Indians (fasting). This contrasts with a study by Dennis et 

al on a prospective UK based cohort PRIBA and a retrospective analysis of CPRD showed 

markers of higher insulin resistance (higher fasting C-peptide[p=0.03], HOMA 2 IR[p=0.01] 

and triglycerides[p<0.01] in PRIBA and higher triglycerides[p<0.01] and BMI[p<0.01] in CPRD) 

were associated with reduced glycaemic response to DPP-4 inhibitor therapy158. HOMA 

measures were not available in the European population but were associated with response 
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in the Asian Indian cohort univariately.  C-peptide fasting measures were not available for the 

white European population. C-peptide fasting was not associated with response in the Asian 

Indians. However, we observe that the direction of effect of triglycerides in the baseline 

adjusted model for both the populations were in line with Dennis et al, albeit non-significant. 

We hypothesize that the lack of association of these variables could be due to inadequate 

sample size as observations for these variables were available in a limited number of 

individuals. HDL-c was not associated with glycaemic response for both the cohorts in our 

study, in line with Dennis et.al. Univariately, we see higher HOMA-IR is associated with better 

response but on adjusting the model by baseline HbA1c we do not see this effect any more in 

the Asian Indian population.  The sub-group analysis in the Asian Indian population shows 

that higher HOMA B is associated with better response. We also see that clinical markers of 

lower beta cell response like longer duration of diabetes were associated with reduced 

response in the Asian Indian population. We speculate increase in insulin secretion from 

baseline with DPP-4i could be a possible contributor to better response in Asian Indians 

compared to their white counterparts. Previously, significant glucose lowering effect and 

increase in HOMA-B from baseline was demonstrated with Sitagliptin, in the Asian population 

in a randomized placebo-controlled 18-week trial conducted by Mohan et al159 

 

We have carried out the genetic analysis of the white European population but were unable 

to carry out the same in the Asian Indian population due to lack of sample size. In our 

candidate gene analysis, none of the genetic variants under study were found to be associated 

with glycemic response to DPP-4 inhibitors. Also, no association was found between the 

polygenic risk score for beta cell function and glycemic response to DPP-4 inhibitors. We 

further carried out genome wide association studies in the GoDARTS and UKBB and combined 
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them into a meta-GWAS to increase power but none of the hits reached the required level of 

significance. Although the individual Q-Q plots for each cohort suggested that the studies 

were under powered the Q-Q plot for the combined study looked promising. Even though the 

topmost signal (rs4870528) was not found to be mapped to any gene, the nearest genes 

found in this region were IYD and PLEKHG1. PLEKHG1 is found to be associated with white 

matter hyperintensities which is a radiologic marker of small vessel diseases. Among the 

potential vascular risk factors of small vessel diseases T2D and blood pressure are among the 

most important160. Partnership with potential collaborators who have genotypic data on DPP-

4 inhibitor users may help us to further dissect the signal. 

 

Direct comparison of glycaemic response in White and Indian Asian populations.  

 

We  show from the combined model that the Asian Indians respond better to DPP-4 inhibitors 

in comparison to their white European counterparts. This finding is in line with the meta-

analysis that we had previously carried out where we showed Asians Indians responded 

better to DPP-4 inhibitors as compared to their white counterparts114. A direct comparison of 

two cohorts is challenging and gives rise to various limitations, as the data are collected and 

recorded in different setups (for example, in our study, Triglycerides for the Tayside and Fife 

population are non-fasting and MDRF population are fasting) and some variables were not 

available in the comparison or replication datasets (eg. measures such as HOMA B, HOMA IR 

and C-peptide stimulated were not available for the Tayside and Fife population). Since we 

used data from two different healthcare systems, direct comparison of results should be done 

with caution. In both the populations, data used was from a particular region and might not 

be representative of the entire population. Hence, generalizing the results may be difficult 
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before further studies are conducted. The data used in this study is observational and it would 

be helpful to examine individual level data from trials. 

 

We have established that the risk factors driving glycaemic response to DPP-4 inhibitors are 

markedly different in the two populations.  Previous evidence from studies suggests that the 

unique pathophysiology of the Asian Indian population with T2D traverses the entire 

spectrum of insulin resistance to beta cell dysfunction161. Increased visceral fat along with 

physical inactivity and dietary patterns may be attributed to such abnormalities32. Most 

diabetes intervention trials are undertaken in the West and very few are focused on India. 

The pronounced difference in response between the two populations mandates ethnicity 

specific trials to be undertaken in order to move a step forward in the targeted therapy 

approach. 
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CHAPTER 5: SULPHONYLUREA 
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5 SULPHONYLUREA 
 

5.1 INTRODUCTION 
 
Sulphonylureas (SUs) have occupied an important position in the management of T2D and 

clinical practice for more than 60 years. SUs are commonly recommended as second line 

therapy despite the large number of anti-hyperglycaemic agents available at present145,162. 

However, the choice of second agent remains uncertain and even though the primary 

outcome remains maintaining glycemic goals over time, guidelines suggest the consideration 

of safety, benefits, adverse effects like cardiovascular risks and microvascular complications, 

tolerability and cost of therapy by clinicians before prescribing the most appropriate agent to 

a patient59,162. Precision therapy may greatly benefit from using a stratified approach to 

treatment by combining biological or risk characteristics which are shared by sub-groups of 

patients163.  

 

SUs are potential anti-hyperglycemic agents which are used to treat T2D and known to reduce 

microvascular complications of diabetes.  These agents stimulate insulin secretion from the 

pancreatic beta cells. Their primary mechanism of action is to bind to SU receptors (SURs)164 

and close ATP sensitive K-channels in the beta cell plasma membrane and initiate a chain of 

events which finally result in release of insulin.  These insulin secretagogues have two major 

side effects – first, they raise a significant risk of hyperglycemia as insulin is secreted even in 

the presence of normal or low glucose and second, they cause increase in body weight due 

to hyperinsulinemia165.  

 

SUs are recommended by ADA/EASD guidelines as first line therapy if metformin intolerant, 

second-line therapy after metformin or third line if glycemic goals are not achieved86. They 
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are also recommended as first or second line therapy in patients who are not overweight and 

are intolerant or show contraindications to metformin by The Scottish Intercollegiate 

Guidelines Network (SIGN)166, the International Diabetes Federation (IDF)7 and National 

Institute for Health and Clinical Excellence (NICE)147 guidelines. The Indian Council of Medical 

Research (ICMR) guidelines167 recommends the use SU alone or in combination with 

metformin but suggests avoiding combination of SUs with other SUs or meglitinides because 

of their common mechanism of action.   

 

From a study reporting the prescription patterns of diabetes therapy in India, it is evident that 

SUs are the most commonly prescribed second line therapy drugs in India151. Due to the 

progressive nature of T2D, the efficacy of OHAs may diminish over time and a combination of 

two or more drugs with mutually exclusive mechanism of actions help in overcoming multiple 

aetiologies of hyperglycemia. However, compared to multiple pill therapy, fixed dose 

combination of OHAs are known to increase patient adherence and therapeutic outcomes168. 

The most widely used and recommended combinations of SU include metformin169 and 

thiazolidinediones170. An Indian multicenter study reported a significant improvement in 

HbA1c reduction with fixed dose combination with nearly 85% of patients achieving glycemic 

targets. The low cost of SUs have also positioned SUs as the choice of OHA for the 

management of T2D particularly in South Asia where majority of patients are not covered by 

medical insurance171. 

 

In this chapter, I aimed to identify clinical phenotypic features or biomarkers robustly 

associated with glycaemic response to SUs among White Europeans and Asian Indians and to 

investigate the role of ethnicity in glycaemic response to SUs. So far no direct or indirect 
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comparison of SU efficacy between Asians and non- Asians have been found. However some 

evidence can be gather from existing clinical trials. I have also studied the genetic predictors 

of response in the MDRF(Asian Indian) population. 

 

5.2 METHODS 
 

5.2.1 Study Setting and Assessment  
 

This study focuses on the anthropometric and clinical determinants of glycaemic response to 

treatment with SUs in T2D individuals from Tayside and Fife, Scotland and Madras Diabetes 

Research Foundation (MDRF), India. We assessed whether anthropometric, clinical and 

biochemical factors including markers of insulin resistance and insulin secretion are 

associated with glycaemic response to SUs in White Europeans and Asian Indians. 

Associations were studied in two ethnic groups (White Europeans and Asian Indians) to test 

the role of ethnicity in variability of SU response. We then tried to replicate our results in the 

UKBB population. 

 

5.2.2 Inclusion criteria  
 

Patients were included in the study if: 

 

1. they had a valid baseline and treatment HbA1c measure.  

2. they were on stable therapy at least for 3 months after baseline, i.e. the participants 

were on same therapy throughout the study period (including the drug under study 

and background therapy) 

3. age >18 years 
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5.2.3 Exclusion criteria  
 

Patients were excluded from the study if: 

 

1. Participants were on insulin therapy 

2. Baseline glycated hemoglobin (HbA1c) < 7% 

3. Either baseline or 6-month HbA1c was not available 

4. Patients switched the existing drug before 3 months from the drug start (if they 

switched between 3 and 6 months from the drug start date then the HbA1c prior to 

switch was used). 

 

5.2.4 Outcome 
 

The primary outcome of our study was the absolute change in HbA1c from baseline to 6 

months after starting SU therapy, adjusting for baseline HbA1c.  

 
Definitions used in drug response have been explained in the Methods (Chapter 2). 
 
 

5.2.5 Data and Covariates used for the study 
 

5.2.5.1 Tayside and Fife 
 
The white European cohort includes participants from the East of Scotland from population-

level data on individuals with type 2 diabetes across the regions of Tayside & Fife in Scotland. 

Clinical data is made available through the Scottish Care Information-Diabetes Collaboration 

(SCI-DC) system. This dataset contains demographic and clinical data and contains data 
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pertinent to diabetes updated on a regular basis.  9725 participants were included for analysis 

from this cohort. 

 

Variables that were included at baseline were: Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine and 

non-fasted C-peptide. Anthropometric characteristics included were age at diagnosis, sex, 

duration of diabetes, number of diabetes drugs (therapy). 

 

 

 

5.2.5.2 MDRF 
 

The Asian Indian cohort includes participants from the south of India and the data is made 

available by a tertiary care centre for diabetes, MDRF based in Chennai, India. 2919 

participants were included for analysis from this cohort. 

 

Variables that were included at baseline were: Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine, C-

peptide (fasting), C-peptide (stimulated), HOMA-B, HOMA-IR. Anthropometric characteristics 

included were age at diagnosis, sex, duration of diabetes, number of diabetes drugs (therapy).  
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5.2.5.3 UKBB 
 

To replicate the findings for SU in the white population, we repeated the analyses of drug 

response for non-insulin treated participants in the UKBB population. 2711 participants were 

included in the study.  

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c] and Creatinine. 

number of diabetes drugs (therapy). These variables were defined same as used for Tayside 

and Fife. 6-month (Treatment) HbA1c, Baseline Gap were also defined the same as in the 

Tayside and Fife population. 

 

5.2.6 Statistical Analysis 

 

5.2.6.1 Univariate model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started SU as 

monotherapy or add on to other anti-hyperglycaemic drugs using linear regression models 

using univariate models separately in the white European and Asian Indian populations.  

 

5.2.6.2 Baseline HbA1c adjusted model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started SU as 

monotherapy or add on to other anti-hyperglycaemic drugs using linear regression models 
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using univariate models, adjusted for baseline HbA1c separately in the white European and 

Asian Indian populations.  

 

5.2.6.3 Multivariable model 
 
A multiple regression model was applied using step-wise backward linear regression and 

model R2 was reported. Variables which were non-normally distributed were log- 

transformed.  

 

5.2.7 Subgroup Analysis  
 

5.2.7.1 Tayside and Fife (Including C-peptide and triglycerides) 
 
A sub-group analysis was carried out in the white European population by including the 

variables C-peptide and triglycerides in the multivariable model.  

5.2.7.2 MDRF (Including C-peptide and HOMA-B) 
 
A sub-group analysis was carried out in the Asian Indian population by including the variables 

C-peptide and HOMA-B in the multivariable model.  

 

5.2.7.3 Combination of Cohorts to assess the association of ethnicity 
 

An independent sample t-test was run to assess the differences between the anthropometric 

variables in the two populations and reported significant at p<0.05. 

 

A categorical variable indicating if the participant was white European or Asian Indian was 

created. Both the populations were combined to check the association of ethnicity with 

glycemic response using a linear regression model adjusted for Age at diagnosis, Sex, BMI and 

Duration of diabetes.  
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Statistical analyses were conducted using R version 4.0.2. 

 

5.2.8 Genetic Analysis 
 

 

5.2.8.1 Genome Wide Association Study 
 
Individuals with valid phenotypic data were mapped to the genetic dataset and GWAS were 

performed for the MDRF population. A minor allele frequency threshold of 5% was used with 

only SNPs above the set MAF threshold included. --maf command was used for this QC step. 

Within PLINK the association between SNPs and quantitative outcome measures were tested 

with – assoc and –linear. The –linear option in PLINK is used to perform a linear regression 

analysis with each individual SNP as a predictor. The additive model was used for analysis. A 

genome wide significance threshold of 5x10-8  was used. Baseline HbA1c, age and sex were 

considered as covariates. Manhattan plots were used to plot the summary statistics of the 

GWAS results. Q-Q plots were used to plot the quantile distribution of the expected p-values. 

Regional GWAS outcomes of the GWAS were investigated using the Locus Zoom plot. 

 

5.2.8.2 Look up replication and comparison of top hits with METGEN GWAS 
 
A candidate gene study was carried out to study the association of genetic variants with 

glycemic response to compare the most significant associations from the MDRF populations 

to the top hits in a GWAS for SUs conducted by Dr. Adem Dawed in the METGEN consortium 

data. Thereafter a meta- analysis was conducted to analyse if any of the hits reached genome 

wide significance.  
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5.3 RESULTS 
 

5.3.1 Patient Characteristics and Response to SU therapy in white Europeans and Asian 
Indians 

 

Baseline characteristics and biomarker measures for subjects starting SUs in both the 

populations are shown in Table 5-1. 9725 patients were included from Tayside and Fife and 

2919 patients were included from MDRF. Study profiles are shown in Figure 5-1 and Figure 5-

2. Mean (SD) 6-month HbA1c change was 1.66% (1.9%) in Tayside and Fife and 1.39% (1.54%) 

in MDRF (Figure 5-3).  

 
 
 
Table 5-1 Baseline characteristics of variables Tayside & Fife and MDRF 

 
 

Data are median (interquartile range) or mean(SD) unless otherwise specified. 

**Triglycerides for the Tayside and Fife population data are non-fasting, Triglycerides for the MDRF population are fasting. 

 

 

 

N TAYSIDE & FIFE 

 

N MDRF 

CHARACTERISTICS 
 

 

 

 

BASELINE HBA1C(%) 9725 9.27(1.6) 2919 8.5(1.32) 

AGE AT DIAGNOSIS(YEARS) 9725 58.95(12.14) 2919 46.96(10.25) 

DURATION OF DIABETES(YEARS) 

 

9725 5(5) 2838 3(4) 

BMI 7345 

30.6(27.0-35.0); 

31.5 (6.7) 

2919 26.8(24.4-29.7); 

27.4 (4.18) 

MALE SEX % 9725 57.2 2919 59.03 
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Description of biomarkers continued on the next page. 

 

 

 

BIOMARKERS  
 

 
 

HDL-C(MMOL/L) 7329 1.12(0.95-1.33); 

1.16(0.31) 

2246 1.01(0.87-1.16); 

1.04(0.2) 

LDL-C(MMOL/L) 2701 2.17(1.63-2.91); 

2.32(0.96) 

2701 2.69(2.07-3.33); 

2.72(0.91) 

TRIGLYCERIDES(MMOL/L) ** 3175 2.22(1.57-3.22); 

2.8(2.11) 

2273 1.64(1.18-2.3); 

1.94(1.29) 

CHOLESTEROL(MMOL/L) 7677 4.47(3.79-5.4); 

4.68(1.28) 

         

2284 

4.6(3.9-5.3); 

4.6(1.01) 

CREATININE(UMOL/L) 8490 75.0(63.0-90.0); 

80.92(32.16) 

2261 70.74(61.9-79.6); 

69.9(15.9) 

HOMA-B NA NA 818 69.1(47.9-98.1); 

78.4(44.2) 

HOMA-IR  

NA 

NA 818 3.02(2.44-3.8); 

3.2(1.2) 

C-PEPTIDE NON-FASTING  

2437 

1.83(1.23-2.5); 

1.96(1.02) 

 

NA 

NA 

C-PEPTIDE FASTING (NMOL/L)  

NA 

NA 824 1.1(0.9-1.4); 

1.2(0.4) 

C-PEPTIDE STIMULATED(NMOL/L)  

NA 

NA 823 2.7(2.1-3.4); 

2.7(0.8) 

 
 

 
 

 

 
 

 
 

 

THERAPY(% OF TOTAL)  
 

 
 

MONOTHERAPY  31.7  52.0 

DUAL THERAPY  57.0  42.0 
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TRIPLE OR MORE  44.2  6.0 

 

 
Figure 5-1 : Flowchart of the study profile of  Tayside & Fife showing the number of patients remaining after the different 
steps of data cleaning and  patient exclusion. 
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Figure 5-2 Flowchart of the study profile of MDRF population showing the number of patients 
remaining after the different steps of data cleaning and  patient exclusion. 
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Figure 5-3 Density plot of absolute change in HbA1c for both the populations in 6 months 

 

5.3.2 Association of baseline variables to glycaemic response to SUs in white Europeans 

 

5.3.2.1 Univariate Analysis Tayside and Fife 
 
In a univariate analysis, higher age at diagnosis was associated with better response and 

longer duration of diabetes was associated with reduced response. Participants with lower 

BMI and male participants were associated with better response. A larger baseline gap was 

associated with reduced response. A larger treatment gap was associated with better 

response. Use of triple or more therapy was associated with reduced glycaemic response 

compared to the mono or dual therapy group.  

Higher LDL-c, higher triglycerides, higher cholesterol and higher non-HDL cholesterol were 

associated with better response. Creatinine and  c-peptide were not associated with response 

in the univariate model (Table 5-2). 
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Table 5-2 Univariate Model Tayside & Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 9725 0.010 0.001 <0.0001*** 

DURATION OF DIABETES 9725 -0.073 0.003 <0.0001*** 

BMI 7345 -0.022 0.003 <0.0001*** 

BASELINE GAP 9725 -0.011 0.0008 <0.0001*** 

SEX M 9725 0.254 0.037 <0.0001*** 

THERAPY MONODUAL 8633 - - - 

THERAPY TRIPLE OR MORE 1092 -0.251 0.057 <0.0001*** 

TREATMENT GAP 9725 1.187e-05 4.87e-05 0.0149* 

LOG(HDL-C) 7329 -0.141 0.081 0.080. 

LOG(LDL-C) 2701 0.210 0.073 0.004** 

LOG(TRIGLYCERIDES) 3175 0.291 0.055 <0.0001*** 

LOG(CHOLESTEROL) 7677 0.810 0.079 <0.0001*** 

LOG(NON-HDL 

CHOLESTEROL) 

7325 0.617 0.061 <0.0001*** 

LOG(CREATININE) 8490 0.065 0.063 0.304 

LOG(C-PEPTIDE) 2437 -0.044 0.054 0.414 

BASELINE HBA1C 9725 0.739 0.008 <0.0001*** 

Positive beta equals greater response to the drug 

 

5.3.2.2 Baseline HbA1c Adjusted Model Tayside and Fife 
 
In the baseline HbA1c adjusted model, higher age at diagnosis was associated with better 

response. Longer duration of diabetes and higher BMI was associated with reduced response. 

Males were associated with better response. A larger baseline gap  and larger treatment gap 

was associated with reduced response. Use of triple or more therapy was associated with 

reduced glycaemic response compared to the mono dual therapy group.  
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Higher Creatinine was associated with better response, higher HDL-c was associated with 

better response,  higher Cholesterol was associated with reduced response, higher non-HDL 

cholesterol was associated with reduced response, higher triglycerides was associated with 

reduced response LDL-c was not associated with response. Higher c-peptide was associated 

with better response (Table 5-3). 

 

 

 
Table 5-3 Baseline HbA1c Adjusted Model Tayside and Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 9725 0.017 0.001 <0.0001*** 

DURATION OF DIABETES 9725 -0.028 0.002 <0.0001*** 

BMI 7346 -0.024 0.002 <0.0001*** 

BASELINE GAP 9725 -0.005 0.001 <0.0001*** 

SEX M 9725 0.241 0.028 <0.0001*** 

THERAPY MONO DUAL 8633 - - - 

THERAPY TRIPLE OR MORE 1092 -0.282 0.043 <0.0001*** 

TREATMENT GAP 9725 7.22e-05 3.65e-05 0.0484* 

LOG(HDL-C) 7329 0.161 0.060 0.0075** 

LOG(LDL-C) 2701 -0.040 0.056 0.477 

LOG(TRIGLYCERIDES) 3175 -0.101 0.043 0.0181* 

LOG(CHOLESTEROL) 7677 -0.173 0.060 0.004* 

LOG(NON-HDL 

CHOLESTEROL) 

7325 -0.204 0.047 <0.0001*** 

LOG(CREATININE) 8490 0.370 0.047 <0.0001*** 

LOG(C-PEPTIDE) 2437 0.170 0.040 <0.0001*** 

 
Positive beta equals greater response to the drug 
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5.3.2.3 Multivariable Analysis Tayside and Fife 
 
In the multivariable analysis, higher age at diagnosis, lower duration of diabetes, lower BMI, 

male sex, lower baseline gap, higher HDL-c and higher were associated with better response. 

Use of triple or more therapy was associated with reduced response compared to the mono 

or dual therapy group (Adjusted R squared : 0.4737) (Table 5-4) 

 

 

 

Table 5-4 Multivariable Model Tayside & Fife 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.012 0.002 <0.0001*** 

DURATION OF DIABETES -0.026 0.004 <0.0001*** 

BMI -0.013 0.002 <0.0001*** 

SEX M 0.233 0.040 <0.0001*** 

BASELINE GAP -0.003 0.0008 <0.0001*** 

THERAPY TRIPLE OR MORE -0.156 0.056 0.005** 

LOG(CHOLESTEROL) -0.206 0.073 0.004** 

LOG(HDL-C) 0.204 0.073 0.005** 

LOG (CREATININE) 0.2314 0.067 0.006*** 

BASELINE HBA1C 0.740 0.011 <0.0001*** 

  
Adjusted R squared : 0.4737 

Positive beta equals greater response to the drug 
 
 

5.3.2.4 Multivariable Sub-group Analysis Tayside and Fife (Including Triglycerides and C-
peptide) 

 
In a subgroup analysis, lower BMI at baseline, males, higher C-peptide and lower triglycerides 

were associated with better response. Use of triple or more therapy was associated with 
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reduced response compared to the mono or dual therapy group (Adjusted R squared : 0.47) 

(Table 5-5). 

Table 5-5 Sub-group analysis Tayside and Fife 
 

BETA COEFFICIENT SE P-VALUE 

BMI -0.029 0.007 0.0001*** 

SEX M 0.268 0.087 0.002*** 

THERAPY TRIPLE OR MORE  -0.534 0.148 0.0003*** 

LOG C-PEPTIDE 0.269 0.071 0.0002*** 

LOG TRIGS -0.204 0.075 0.007** 

  
Adjusted R squared :  0.47 

*This model is adjusted  for baseline HbA1c 

 
 

5.3.3 Association of baseline variables with glycaemic response to SUs in Asian Indians 

 

5.3.3.1 Univariate Analysis MDRF 
 
In univariate analyses, longer duration of diabetes was associated with reduced response in 

MDRF and Tayside and Fife. Age at diagnosis was not associated with response in MDRF in 

contrast to greater age at diagnosis being associated with better response in Tayside and Fife. 

Higher BMI was associated with reduced response and males were associated with better 

response in both the populations. Longer baseline gap and shorter treatment gap were 

associated with better response in MDRF, whereas in Tayside and Fife longer baseline gap 

and longer treatment gap was associated with better response.  Use of triple or more therapy 

was associated with reduced response using those on either mono or dual therapy as the 

reference group in both the populations.  
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Higher HDL-c was associated with reduced response in MDRF but not associated in Tayside 

and Fife. Higher LDL-c and higher triglycerides was associated with better response in both 

the populations. Higher cholesterol was associated with better glycaemic response in both 

the populations. Higher baseline HOMA-B was associated with reduced as was higher 

stimulated c-peptide.   HOMA-IR and C-peptide fasting were not associated with response. 

Higher creatinine was associated with reduced response in MDRF but not associated in 

Tayside and Fife (Table  5-6). 

 
Table 5-6  Univariate Analysis MDRF 

 
PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 2919 0.002 0.003 0.365 

DURATION OF DIABETES 2919 -0.103 0.008 <0.0001*** 

BMI 2838 -0.020 0.007 0.0034** 

BASELINE GAP 2919 0.011 0.001 <0.0001*** 

SEX 2919 0.134 0.06 0.0211* 

THERAPY MONODUAL 2745 - - - 

THERAPY TRIPLE OR MORE 174 -0.616 0.12 <0.0001*** 

TREATMENT GAP 2919 -0.014 0.001 <0.0001*** 

LOG(HDL-C) 2246 -0.350 0.153 0.023* 

LOG(LDL-C) 1371 0.311 0.099 0.0017** 

LOG(TRIGLYCERIDES) 2273 0.128 0.065 0.0481* 

LOG(CHOLESTEROL) 2284 0.657 0.135 <0.0001*** 

LOG(CREATININE) 2261 -0.427 0.143 0.0029** 

LOG(HOMA-B) 818 -0.660 0.106 <0.0001*** 

LOG(HOMA-IR) 818 0.3042 0.163 0.062.  

LOG(C-PEPTIDE FASTING) 824 -0.171 0.175 0.326 

LOG(C-PEPTIDE 

STIMULATED) 

823 -0.998 0.179 <0.0001*** 
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5.3.3.2 Baseline HbA1c adjusted model MDRF 
 
In the baseline HbA1c adjusted model, higher age at diagnosis was associated with better 

response and longer duration of diabetes was associated with reduced response in both 

MDRF and Tayside and Fife. Greater BMI was associated with reduced response. Sex was not 

associated with response. Longer baseline gap was associated with better response. Longer 

treatment gap was associated with reduced response. In contrast, in the Tayside and Fife 

population, longer baseline gap was associated with reduced response and longer treatment 

gap was associated with better response.  Use of triple or more therapy was associated with 

reduced glycaemic response compared to the mono or dual therapy group in both the 

populations. 

HDL-c, LDL-c, triglycerides and cholesterol were not associated with glycaemic response in 

the MDRF population.  Whereas, in the Tayside and Fife population, higher HDL-c, lower 

triglycerides and lower cholesterol were associated with better response. In MDRF higher 

baseline HOMA-B was associated with better response; fasting c-peptide , stimulated c-

peptide, HOMA-IR were not associated with response.  Creatinine was not associated with 

response in MDRF but higher creatinine was associated with better response in Tayside and 

Fife (Table 5-7). 
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Table 5-7 Baseline HbA1c adjusted model MDRF 
 

NUMBER WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 2919 0.007 0.002 0.0001*** 

DURATION OF DIABETES 2919 -0.04 0.005 <0.0001*** 

BMI 2838 -0.014 0.004 0.00213** 

BASELINE GAP 2919 0.004 0.001 <0.0001*** 

SEX 2919 0.069 0.038 0.0697.  

THERAPY MONODUAL 2745 - - - 

THERAPY TRIPLE OR 

MORE 

174 -0.429 0.079 <0.0001*** 

TREATMENT GAP 2919 -0.005 0.0008 <0.0001*** 

LOG(HDL-C) 2246 -0.019 0.101 0.851 

LOG(LDL-C) 2701 -0.04 0.05 0.477 

LOG(TRIGLYCERIDES) 2273 -0.062 0.043 0.147  

LOG(CHOLESTEROL) 2284 

 

-0.120 

 

0.091 

 

0.187  

 
LOG(CREATININE) 2261 -0.030 0.093 0.75 

LOG(HOMA-B) 818 0.251 0.072 0.00054 *** 

LOG(HOMA-IR) 818 -0.241 0.103 0.0196 * 

LOG(C-PEPTIDE FASTING) 824 -0.138 0.109 0.209 

LOG(C-PEPTIDE 

STIMULATED) 

823 0.040 0.118 0.735 

Positive beta equals greater response to the drug 

 

5.3.3.3 Multivariable Model MDRF 
 
In the multivariable analysis, higher age at diagnosis and lower duration of diabetes were 

significantly associated with better response in MDRF and Tayside and Fife. Similar to Tayside 

and Fife, a higher BMI at baseline was associated with reduced response in MDRF.  Use of 

triple or more therapy was associated with reduced response as compared to the mono or 

dual therapy group in both the populations. Additionally, lower cholesterol, higher HDL-c and 
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higher creatinine were associated with better response in Tayside and Fife (Adjusted R 

squared : 0.5933) (Table 5-8). 

 

Table 5-8 Multivariable Analysis MDRF 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.005 0.002 0.009** 

DURATION OF DIABETES -0.042 

 

0.005 

 

<0.0001*** 

BMI  -0.014 0.004 0.002** 

TREATMENT GAP -0.005 0.0008 <0.0001*** 

THERAPY TRIPLE OR 

MORE 
-0.212 0.082 0.010* 

HBA1C BASELINE 0.843 0.014 <0.0001*** 

 
 Adjusted R squared : 0.5933 

Positive beta equals greater response to the drug 
 

 
 
 
 

5.3.3.4 Multivariable Subgroup Analysis MDRF  
 
In the subgroup analysis, including HOMAB, and fasting c-peptide, lower duration of diabetes 

was associated with better response. Lower c-peptide fasting and higher HOMA-B were 

associated with better response (Adjusted R-squared : 0.6258) (Table 5-9). 
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Table 5-9 Subgroup analysis MDRF(Including C-peptide and HOMA-B) 
 

BETA COEFFICIENT SE P-VALUE 

DURATION OF DIABETES -0.057 

 

0.014 

 

9.37e-05 *** 

LOG C PEPTIDE FASTING -0.390 0.125 0.00185 *** 

HOMA B 0.35 0.082 2.34e-05 *** 

  
Adjusted R squared : 0.6258 

Positive beta equals greater response to the drug 
 
 

5.3.4 Asian Indians respond better to SUs than White Europeans 
 
Individual level data from both populations were combined.  Using Asian-Indian as the 

reference group, age at diagnosis, sex, BMI and baseline HbA1c adjusted effect on the 

glycemic response was significantly different in the white European group (Beta -0.378, SE 

[0.06], P = <0.0001) (Adjusted R squared: 0.4857) (Table 5-10). 

 

Table 5-10 Multivariable combined model for Asian Indians and White Europeans 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.012 0.001 <0.0001*** 

DURATION OF DIABETES -0.025 0.003 <0.0001*** 

BMI -0.014 0.002 <0.0001*** 

SEX M 0.204 

 

0.025 

 

<0.0001*** 

ETNICITY ASIAN - - - 

WHITE -0.367 0.035 <0.0001*** 

  
Adjusted R squared : 0.4857 

*This model is adjusted  for baseline HbA1c 
Positive beta equals greater response to the drug 
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5.3.5 Patient Characteristics and Response to SU therapy in UKBB 

 

5.3.5.1 Patient Characteristics at baseline 
 
Baseline characteristics and biomarker measures for subjects starting SU in the UKBB 

population are shown in Table 5-11. 2034 patients were included from UKBB, and the study 

profile is shown in Figure 4. Mean (SD) 6-month HbA1c change was 1.4% (1.58%). 

 
 
 
Table 5-11 Patient characteristics at baseline UKBB 

 

 

N UKBB 

CHARACTERISTICS  
 

BASELINE HBA1C(%)  

2034 
8.9(1.2) 

AGE AT DIAGNOSIS(YEARS)   

2034 
56.03(7.8) 

DURATION OF DIABETES(YEARS)    

2034 
4.7(4.02) 

BMI   

1555 
31.0(27.4-34.95);  

31.7(6.01) 

MALE SEX %    

1270 
62.4  

 

 

BIOMARKERS   

 
HDL-C(MMOL/L)  

1192 1.1(1.0-1.4); 

1.18(0.3) 

LDL-C(MMOL/L)   

1009 
2.1(1.6-2.7); 

2.23(0.9) 

TRIGLYCERIDES(MMOL/L) **  

1203 
2.0(1.4-2.8); 

2.5(2.2) 

CHOLESTEROL(MMOL/L)   

1514 
4.3(3.7-5.1); 

4.46(1.19) 

CREATININE(UMOL/L)   

1667 
80.0(69.0-92.0); 

82.55(20.7) 
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Figure 5-4 Flowchart of the study profile of UKBB  population showing the number of 
patients remaining after the different steps of data cleaning and  patient exclusion. 

 

5.3.5.2 Univariate Analysis UKBB 
 
In univariate analyses, age at diagnosis was not associated with response in UKBB but higher 

age at diagnosis was associated with better response in Tayside and Fife. Shorter duration of 

diabetes and lower BMI were associated with better response in both the populations. Males 

were associated with better response in both the populations. Baseline gap and treatment 

gap were not associated with response in UKBB. Lower baseline gap and higher treatment 

gap were associated with better response in Tayside and Fife.  

Higher triglycerides (Beta 0.073, SE[0.02], P= 0.0003) and higher cholesterol (Beta 0.186, SE 

[0.03], P= 7.51e-08) were associated with better glycaemic response in UKBB and Tayside and 

Fife. Higher LDL-c was associated with better response (Beta 0.223, SE[0.053], P= 2.74e-05). 
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HDL-c was not associated with response in both the populations. Higher creatinine was 

associated with better response in both the populations (Table  5-12). 

 
Table 5-12 Univariate Analysis UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 2034 0.016 0.004 0.0004 

DURATION OF DIABETES 2034 -0.085 0.008 <2e-16*** 

BMI 1553 -0.022 0.007 0.001** 

BASELINE GAP 2034 -0.002 0.002 0.191 

SEX M 2034 0.336 0.07 3.28e-06*** 

TREATMENT GAP 1227 0.0001 0.0001 0.285 

LOG(HDL-C) 1189 -0.145 0.146 0.323 

LOG(LDL-C) 1006 0.223 0.053 2.74e-05*** 

LOG(TRIGLYCERIDES) 1200 0.073 0.02 0.0003*** 

LOG(CHOLESTEROL) 1511 0.186 0.03 7.51e-08*** 

LOG(CREATININE) 1665 0.005 0.002 0.01* 

BASELINE HBA1C 1227 0.499 0.027 <2e-16*** 

Positive beta equals greater response to the drug 

 

5.3.5.3 Baseline HbA1c Adjusted Model UKBB 
 
In baseline HbA1c adjusted model, higher age at diagnosis, lower duration of diabetes, lower 

BMI and males were associated with better response in UKBB. Baseline gap and treatment 

gap were not associated with response. Higher Creatinine was associated with better 

response. Cholesterol, HDL-c, non-HDL cholesterol, LDL-c and creatinine were not associated 

with response. In Tayside and Fife, higher HDL-c, lower triglycerides, lower cholesterol were 

associated with better response (Table  5-13). 
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Table 5-13 Baseline HbA1c adjusted model UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 2034 0.021 0.003 8.07e-10*** 

DURATION OF DIABETES 2034 -0.034 0.006 3.86e-07*** 

BMI 1553 -0.022 0.005 7.43e-06*** 

BASELINE GAP 2034 -0.002 0.001 0.172 

SEX M 2034 0.240 0.054 8.12e-06*** 

TREATMENT GAP 1227 0.0001 0.0001 0.269 

LOG(HDL-C) 1189 -0.103 0.108 0.338 

LOG(LDL-C) 1006 0.023 0.04 0.569 

LOG(TRIGLYCERIDES) 1200 -0.008 0.015 0.608 

LOG(CHOLESTEROL) 1511 -0.011 0.026 0.668 

LOG(CREATININE) 1665 0.004 0.001 0.001*** 

 
Positive beta equals greater response to the drug 
 
 
 
 
 

5.3.5.4 Multivariable Model UKBB  
 
In the multivariable analysis, higher age at diagnosis and lower duration of diabetes 

significantly associated with better response in UKBB and Tayside and Fife. Greater BMI at 

baseline was associated with reduced response in UKBB and Tayside and Fife. Additionally, 

lower cholesterol, higher HDL-c and higher creatinine are associated with better response in 

Tayside and Fife (Adjusted R squared : 0.4853) 
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Table 5-14 Multivariable model UKBB 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.017 0.004 2.36e-05*** 

DURATION OF DIABETES -0.031 0.007 3.56e-05*** 

BMI -0.017 0.005 0.0009*** 

SEX M 0.177 

 

0.062 

 

0.0044*** 

 
BASELINE HBA1C 0.722 0.020 <2e-16*** 

  
Adjusted R squared : 0.4853 

Positive beta equals greater response to the drug 
 

 

5.3.6 Genetic Analysis 
 
 

5.3.6.1 GWAS MDRF 
 
 
The GWAS for MDRF population is shown in Figure 5. The model was adjusted for age, sex, 

BMI, PCA and HbA1c at baseline. The Q-Q plot is shown in Figure 5-6.  The topmost signal 

(rs1542594) in the genome wide study was observed in chromosome 12 (Beta -0.4233, 

SE[0.08], P= 2.86e-07). A regional GWAS plot for rs1542594, chromosome 12 is shown in 

Figure 5-7. The SLC2A13 gene was found in this region. The second highest signal 

(rs11174918) was also observed in chromosome 12 (Beta 0.402, SE[0.08], P= 1.43e-06).  
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Figure 5-5 Genome Wide Association Study MDRF 

 
 
 

 
Figure 5-6 Q-Q plot for MDRF 
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Figure 5-7 Locus zoom plot for Chromosome 12 

 
 

5.3.6.2 Look up replication and comparison of top hits with METGEN consortium 
 
We have selected the topmost signals in the MDRF and compared the same in the data from 

the METGEN consortium. The top signals below the cut off p-values of 10-6  and the respective 

effect size  in MDRF have been tabulated in Table 5-15 along with the comparison effect size 

and p-value of METGEN. A meta-analysis was conducted, and the effect and p-values were 

reported in Table 5-15. However, no SNP was found to be genome wide significant.  
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Table 5-15 Look up replication and comparison of top hits with METGEN consortium 

  MDRF METGEN Meta-analysis 

rsid 
 

MAF 
Effect p-value Effect p-value 

 
Effect 

 
p-value 

 
rs1542594 

0.12570 -0.4233 2.86e-07 -0.0395 0.074 -0.0660 0.0020 

rs11174918 

0.11960 -0.4021 1.42e-06 -0.0398 0.073 -0.0643 0.0027 

 
rs12982717 

 
0.30770 

 
-0.2661 

 
1.66e-06 -0.0002 0.059 

 
-0.0472 

 
0.0373 

 
rs2128276 

 
0.12020 -0.3970 1.82e-06 -0.0416 0.06 -0.0656 0.0021 

rs11763569 
 

0.06233 -0.4955 2.05e-06 0.0561 0.048 0.0174 0.5251 

rs59834989 
 

0.11910 0.3864 2.99e-06 -0.0601 0.267 0.0762 0.0923 

rs12973712 0.30620 -0.2589 3.60e-06 0.0027 0.9115 -0.1234 0.3451 

rs2235501 0.16840 0.3025 3.65e-06 0.0336 0.4384 -0.0411 0.0698 

rs640821 0.21140 -0.2773 5.97e-06 0.0028 0.9007 -0.0315 0.1384 

rs9405895 0.21240 -0.2767 6.21e-06 -0.0026 0.9059 -0.0360 0.0889 

rs618507 0.0981 -0.3687 6.22e-06 0.0119 0.6556 -0.0257 0.3117 

rs11564279 0.12550 -0.3742 6.26e-06 -0.0393 0.076 -0.0622 0.0037 

rs2517011 0.46020 -0.2267 6.61e-06 -0.0089 0.6993 -0.0477 0.0233 

rs2242367 0.11980 -0.3744 7.70e-06 -0.0398 0.0724 -0.0622 0.0037 

rs7967822 0.12610 -0.3694 7.83e-06 -0.0403 0.068 -0.0628 0.0033 

rs34137510 0.31810 -0.2444 8.09e-06 0.0035 0.8844 -0.0384 0.0852 

rs3019118 0.22140 -0.2519 8.27e-06 0.0145 0.5786 -0.0320 0.1718 

rs2990144 0.0989 -0.3627 8.31e-06 0.0348 0.2419 -0.0128 0.6469 

rs3019117 0.35490 0.2339 8.45e-06 -0.016 0.4706 0.0228 0.2668 

rs75451877 0.12290 -0.3433 9.11e-06 0.0242 0.4708 -0.0348 0.2573 

rs111668475 0.08141 0.4324 9.45e-06 0.0386 0.5824 0.1549 0.0036 
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5.4 DISCUSSION 

This chapter shows how the association of relevant risk factors with 6-month glycaemic 

response differs in white European and Asian Indian T2D patients, starting SU therapy.  We 

also show from the combined model that the Asian Indians respond better to SU in 

comparison to their white European counterparts. 

 

Comparison between European populations 

For each of the cohorts we had studied association of the variables first, univariately and 

second, by adjusting the variables by baseline HbA1c. In the Tayside and Fife population, 

higher age at diagnosis, lower duration of diabetes, male sex, lower BMI and lower baseline 

gap, higher treatment gap were found to be associated with response in both models. 

Interestingly, when the univariate models were adjusted for baseline HbA1c we observe some 

additional effects – higher HDL-c, higher creatinine and higher C-peptide were associated with 

better response. After the baseline HbA1c adjustment, we also observe the direction of  

effects to be reversed for some lipid traits and creatinine – higher triglycerides and higher 

cholesterol were found to be associated with reduced response and higher creatinine was 

found to be associated with better response. This is because they are associated with baseline 

HbA1c. Use of triple or more therapy was found to be associated with reduced response.  

These findings were partially replicated in the univariate model in the UKBB population. Some 

notable differences found were age at diagnosis, baseline gap, treatment gap, HDL-c and LDL-

c were not associated with response in UKBB but were associated with response in Tayside 

and Fife. In the baseline adjusted model for UKBB higher age at diagnosis, lower duration of 

diabetes, lower BMI, male sex, and higher creatinine were associated with better response. 
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However, no effect of the lipid traits was observed. In the multivariable model in UKBB, higher 

age of diagnosis, lower duration of diabetes, lower BMI and male sex were associated with 

response. The multivariable model for Tayside and Fife we observed the effect of some 

additional variables - higher age at diagnosis, lower duration of diabetes, lower BMI, lower 

treatment gap, were associated with better glycemic response and use of triple or more 

therapy was associated with reduced response.  

 

Comparison between European and Indian Asian populations. 

The univariate model in MDRF showed no association with age at diagnosis, similar to UKBB. 

Lower duration of diabetes (similar to T & F), higher BMI (similar to T & F), higher baseline 

gap (opposite to T & F), lower treatment gap (opposite to T & F), lower HDL-c (not associated 

in T&F), higher LDL-c (similar to T & F), higher triglycerides (similar to T & F), higher cholesterol 

(similar to T & F), lower creatinine (opposite to T&F) were associated with better response. 

Higher HOMA-B and C-peptide stimulated was associated with reduced response. HOMA-IR 

and C-peptide fasting were not associated with response. On adjusting the model by baseline 

HbA1c, the direction of age of diagnosis, duration of diabetes, BMI, sex, baseline gap, therapy, 

treatment gap, and HOMA-B were found to be same as the univariate model. Additionally, 

higher HOMA-IR was observed to be associated with reduced response. No association of the 

lipid traits or creatinine was found in the baseline adjusted model.  In the multivariable model 

for MDRF, higher age of diagnosis, lower duration of diabetes, lower BMI, lower treatment 

gap were associated with better response to SU. Use of triple or more therapy was associated 

with reduced response. 
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Our results show from the baseline HbA1c adjusted model, that higher age at diagnosis, lower 

duration of diabetes, lower BMI is consistently associated with better response in both the 

cohorts. It is observed that the effect of sex is lost in MDRF when adjusted by baseline HbA1c 

although it still remains directionally consistent. A marked difference was found between the 

predictors of response in the two cohorts in terms of the markers HDL-c, triglycerides, 

cholesterol and creatinine. Higher HDL-c and higher creatinine were associated with better 

response in White Europeans and not associated in Asian Indians. Higher triglycerides and 

higher cholesterol were associated reduced response in White Europeans but not associated 

in Asian Indians.    The sub-group analysis for Tayside and Fife showed male sex and higher c-

peptide were associated with better response. Higher BMI, use of triple or more therapy and 

higher triglycerides were associated with reduced response. In the sub-group analysis for 

MDRF higher HOMA-B was associated with better response and higher duration of diabetes 

and c-peptide fasting were associated with reduced response. We see in MDRF that better 

beta cell function (HOMA B) and greater insulin sensitivity (Lower fasting c-peptide) are 

associated with better response to SU. This is partially consistent with the higher c-peptide 

being associated with response in the Tayside and Fife population. However, although it is 

difficult to conclude as random c-peptide is a composite of both insulin secretion and insulin 

resistance but we can conclude that for a given level of insulin sensitivity better beta-cell 

reserve provides better response. 

 

Overall, and as expected, the Asian Indian participants had significantly lower age at diagnosis 

and BMI compared to the white European participants. In all three populations that we have 

studied, we have found that participants with non-obese males respond better to SU. The 

findings of our study are in line with a study by Dennis et al where they show non-obese males 
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have greater glycemic response with SUs105. Previous observational studies have also shown 

increased glycemic response for male patients with SUs172,173. 

 

SUs have been at the centre of treatment and management of hyperglycemia for more than 

50 years and are still the first choice of some guidelines as add on to metformin. However, Bo 

Ahren in his study identifies many advantages of DPP-4 inhibitors overs SUs (high risk of 

hypoglycemia and weight gain with SUs)141. However, treatment with SUs is associated with 

lower economic burden which is an important consideration especially in South Asian 

countries therefore remain a reasonable and cost-effective alternative to newer agents174,175. 

Another study by Zhang et al shows compared four commonly used second line drugs and 

showed that the glycemic control and quality of life adjusted years obtained from the use of 

SUs are comparable to other drugs but at a lower cost176. Our data suggests that SUs are 

potent in Asians, and slim people (especially males) with better beta-cell function respond 

better- therefore, we can potentially target this group early with SUs. 

 

We have carried out the first GWAS of SU response in an Asian Indian population. From the 

Manhattan plot based on the genome wide association study we observed that the highest 

signal (rs1542594) was found in chromosome 12. The nearest gene corresponding to this 

locus was the SLC2A13 (Solute Carrier Family 2 member 13) gene which is a protein coding 

gene. It is associated with Arterial Tortuosity Syndrome. Among its related pathways are 

transport of glucose and other sugars, bile salts and organic acids, metal ions and amine 

compounds and NRF2 pathway.  We also conducted a look up study with the topmost hits 

and compared our results to replicate the signals in the white European population from a 

genome wide association study conducted previously by Dr. Adem Dawed, University of 
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Dundee on the METGEN consortium. Further, a meta-analysis was conducted. Out of the 

twenty one SNPs under study we found that eleven of them were directionally consistent and 

nine SNPs significantly associated with response from the meta-analysis although not genome 

wide significant. This suggests that more studies with greater sample sizes should be 

conducted. 

 

To the best of our knowledge this is the first study which has directly compared the glycemic 

response of SUs in two different cohorts. Our results provide an important example on how 

stratification of simple patient characteristics can be useful in management of T2D. This could 

provide an important alternative to stratification based on expensive genetic testing as done 

for cancer or monogenic diabetes for developing successful treatment strategies as the 

impact of T2D genetic studies associated with drug response is still small till date177–180. 

  

Our study has the following limitations. As the data are collected and recorded in different 

setups (for example, in our study, Triglycerides for the Tayside and Fife population are non-

fasting and MDRF population are fasting) and some variables were not available in the 

comparison or replication datasets (eg. measures such as HOMA B, HOMA IR and C-peptide 

stimulated were not available for the Tayside and Fife population) so comparison of these 

markers was not possible in both the cohorts. Since we used data from two different 

healthcare systems, direct comparison of results should be done with caution. In both the 

populations, data used was from a particular region and might not be representative of the 

entire population. Hence, generalizing the results may be difficult before further studies are 

conducted. The data used in this study is observational and it would be helpful to examine 

individual level data from trials. 
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6 THIAZOLIDINEDIONES 
 

6.1 INTRODUCTION 
 

To determine the development of T2D, it is important to understand the interaction of insulin 

secretory dysfunction and insulin resistance.  Insulin resistance is associated with a group of 

metabolic abnormalities involving body fat distribution, lipid metabolism, thrombosis and 

fibrinolysis, blood pressure regulation and endothelial cell function. These group of 

abnormalities collectively termed as metabolic syndrome are causally not only related to the 

development of T2D but also cardiovascular disease181. Insulin resistant T2D is the confluence 

of two separate metabolic abnormalities - genetic beta cell abnormality and lipid distribution 

abnormality increasing cardiovascular disease risk182.  

 

Thiazolidinediones (TZD) or ‘glitazones’ are oral anti-hyperglycaemic agents that improve 

metabolic control in patients with T2D through the improvement of insulin sensitivity. These 

agents decrease insulin resistance through activation of peroxisome proliferator activated 

gamma receptors (PPAR) as a result of which they reduce hepatic glucose production,  

increasing hepatic and peripheral insulin sensitivity and preserving insulin secretion183,184. 

Results from the Diabetes Reduction Assessment with Ramipril and Rosiglitazone Medication 

(DREAM) trial shows that TZDs decrease insulin resistance and preserve beta cell function185. 

Unfortunately, due to some serious side effects like idiosyncratic hepatotoxicity, fluid 

retention and weight gain Troglitazone and Rosiglitazone were withdrawn and restricted from 

clinical use- rosiglitazone was restricted due to potential increase in CVD risk186–188. The issue 

that pioglitazone was associated with a risk of bladder cancer which had worried clinicians 
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over a decade were not considered significant after the 10 year follow up study by the Kaiser 

Permanente Group of California and the US FDA189. The PROspective pioglitAzone Clinical Trial 

In macroVascular Events (PROactive) study proves the beneficial effects of pioglitazone in 

reducing CV events in patients with type 2 diabetes. Glitazones have been popular drugs in 

India primarily due to their low cost190 and also their success in controlling HbA1c levels in 

large number of patients with T2D as Asian Indian patients show greater insulin resistance 

and central adiposity  as compared to their white counterparts. 

 

In this chapter, I aimed to identify clinical phenotypic features or biomarkers robustly 

associated with glycaemic response to TZDs among White Europeans and Asian Indians and 

investigate the role of ethnicity in glycaemic response to TZDs. I hypothesized that insulin 

secretory defects and insulin resistance contribute to differences in the pathophysiology of 

type 2 diabetes in Asians and non-Asians, and therefore aimed to find the  differences in 

glucose-lowering efficacy of TZD between whites and Asians Indians. I have also studied the 

genetic predictors of response in the UKBB population.  

 

6.2 METHODS 
 

6.2.1 Study Setting and Assessment  
 

This study focuses on the anthropometric and clinical determinants of glycaemic response to 

treatment with TZDs in T2D individuals from Tayside and Fife, Scotland and Madras Diabetes 

Research Foundation (MDRF), India. We assessed whether anthropometric, clinical and 

biochemical factors including markers of insulin resistance and insulin secretion are 

associated with glycaemic response to TZDs in White Europeans and Asian Indians. 
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Associations were studied in two ethnic groups (White Europeans and Asian Indians) to test 

the role of ethnicity in variability of TZD response. We then tried to replicate our results in 

the UKBB population. 

 

6.2.1.1 Inclusion criteria  
 

Patients were included in the study if: 

 

1. they had a valid baseline and treatment HbA1c measure.  

2. they were on stable therapy at least for 3 months after baseline, i.e the participants 

were on same therapy throughout the study period (including the drug under study 

and background therapy) 

3. age >18 years 

 

6.2.1.2 Exclusion criteria  
 

Patients were excluded from the study if: 

 

1. participants were on insulin therapy 

2. baseline glycated hemoglobin (HbA1c) < 7% 

3. if either baseline or 6-month HbA1c was not available 

4. if patients switched the existing drug before 3 months from the drug start date they 

were excluded; if they switched between 3 and 6 months from the drug start date 

then the HbA1c prior to switch was used.   
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6.2.2 Outcome 
 

The primary outcome of our study was the absolute change in HbA1c from baseline to 6 

months after starting TZD therapy, adjusting for baseline HbA1c.  

 
Definitions used in drug response have been explained in the Methods (Chapter 2). 
 
 

6.2.3 Data and Covariates used for the study 
 

6.2.3.1 Tayside and Fife 
 
The white European cohort includes participants from the East of Scotland from population-

level data on individuals with type 2 diabetes across the regions of Tayside & Fife in Scotland. 

Clinical data is made available through the Scottish Care Information-Diabetes Collaboration 

(SCI-DC) system. This dataset contains demographic and clinical data and contains data 

pertinent to diabetes updated on a regular basis.  4266 participants were included for analysis 

from this cohort. 

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine and 

Non-fasted C-peptide. Anthropometric characteristics included were age at diagnosis, sex, 

duration of diabetes, number of diabetes drugs (therapy). 
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6.2.3.2 MDRF 
 

The Asian Indian cohort includes participants from the south of India and the data is made 

available by a tertiary care centre for diabetes, MDRF based in Chennai, India. 493 participants 

were included for analysis from this cohort. 

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c], Creatinine, C-

peptide (fasting), C-peptide (stimulated), HOMA-B, HOMA-IR. Anthropometric characteristics 

included were age at diagnosis, sex, duration of diabetes, number of diabetes drugs (therapy).  

 

 

6.2.3.3 UKBB 
 

To replicate the findings for TZD in the white population, we repeated the analyses of drug 

response for non-insulin treated participants in the UKBB population. 886 participants were 

included in the study.  

 

Variables that were included at baseline were, Baseline HbA1c, Baseline BMI, Total 

Cholesterol, Triglycerides, HDL-cholesterol [HDL-c], LDL cholesterol [LDL-c] and Creatinine. 

number of diabetes drugs (therapy). These variables were defined same as used for Tayside 

and Fife. 6-month (Treatment) HbA1c, Baseline Gap were also defined the same as in the 

Tayside and Fife population. 
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6.2.4 Statistical Analysis 

 

6.2.4.1 Univariate model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started TZD as 

monotherapy or add on to other anti-hyperglycaemic drugs using linear regression models 

using univariate models separately in the white European and Asian Indian populations.  

 

6.2.4.2 Baseline HbA1c adjusted model 
 
The association of baseline clinical and anthropometric variables with the change in HbA1c 

after 6-months of therapy was studied in non-insulin treated patients who started TZD as 

monotherapy or add on to other anti-hyperglycaemic drugs using linear regression models 

using univariate models, adjusted for baseline HbA1c separately in the white European and 

Asian Indian populations.  

 

6.2.4.3 Multivariable model 
 
A multiple regression model was applied using step wise backward linear regression and 

model R2 was reported. Variables which were non-normally distributed were log- 

transformed.  

 

6.2.5 Subgroup Analysis  
 

6.2.5.1 Tayside and Fife (Including C-peptide) 
 
A sub-group analysis was carried out in the white European population by including the 

variables C-peptide and triglycerides which had relatively smaller number of observations, in 

the multivariable model.  
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6.2.6 Combination of Cohorts to assess the association of ethnicity 
 

An independent sample t-test was run to assess the differences between the anthropometric 

variables in the two populations and reported significant at p<0.05. 

 

A categorical variable indicating if the participant was white European or Asian Indian was 

created. Both the populations were combined to check the association of ethnicity with 

glycemic response using a linear regression model adjusted for Age at diagnosis, Sex, BMI and 

Duration of diabetes.  

 

Statistical analyses were conducted using R version 4.0.2. 

 

6.2.7 Genetic Analysis 
 

 

6.2.7.1 Genome Wide Association Study 
 
Individuals with valid phenotypic data were mapped to the genetic dataset and GWAS were 

performed for the UKBB population. Minor allele frequency threshold of 0.05 was used with 

only SNPs above the set MAF threshold included. --maf command was used for this QC step. 

Within PLINK the association between SNPs and quantitative outcome measures were tested 

with – assoc and –linear. The –linear option in PLINK is used to perform a linear regression 

analysis with each individual SNP as a predictor. A genome wide significance threshold of 

5x10-8  was used. Age and gender were considered as covariates. Manhattan plots were used 

to plot the summary statistics of the GWAS results. Q-Q plots were used to plot the quantile 
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distribution of the expected p-values. Regional GWAS outcomes of the GWAS were 

investigated using the Locus Zoom plot. 

 

6.2.7.2 Look up replication and comparison of top hits with GoDARTS GWAS 
 
A look up replication study was carried out to study the association of genetic variants with 

glycemic response to TZD by selecting the top hits and the results were compared to a 

genome wide association study run by Dr. Adem Dawed in the GoDARTS population. 

 
 

6.3 RESULTS 
 

6.3.1 Patient Characteristics and Response to TZD therapy in white Europeans and Asian 
Indians 
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Baseline characteristics and biomarker measures for subjects starting TZDs in both the 

populations are shown in Table 6-1. 4,266 patients were included from Tayside and Fife and 

493 patients were included from MDRF. Study profiles are shown  in Figure 6-1 and Figure 6-

2. Mean (SD) 6-month HbA1c change was 1.02% (1.44%) in Tayside and Fife and 1.2% (1.38%) 

in MDRF (Figure 6-3).  
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Data are median (interquartile range) or mean(SD) unless otherwise specified. 

**Triglycerides for the Tayside and Fife population data are non-fasting, Triglycerides for the MDRF population are fasting. 

 
Table 6-1 : Baseline characteristics of variables Tayside & Fife and MDRF 

 

 

N TAYSIDE & FIFE 

 

N MDRF 

CHARACTERISTICS 
 

 

 

 

BASELINE HBA1C(%) 4266 9.01(1.38) 493 8.43(1.19) 

AGE AT DIAGNOSIS(YEARS) 4266 55.54(10.89) 493 45.26(9.60) 

DURATION OF 

DIABETES(YEARS) 

 

3231 

 

7.08(5.19) 

 

493 

 

5.8(4.39) 

BMI 4266 

 31.6(28.1-35.8); 

32.4 (6.13) 

 

         493 

25.5 (23.2-27.6); 

25.6 (3.70) 

MALE SEX % 4266 59 493 63.1 

 
 

 

 

 

 

Biomarkers are shown in the following page. 
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BIOMARKERS 
 

 
 

 

HDL-C(MMOL/L) 3495 

1.13(0.97-1.34); 

1.17(0.30) 363 

1.06(0.91-1.22); 

1.08(0.2) 

LDL-C(MMOL/L) 1220 

2.06(1.60-2.58); 

2.16(0.83) 352 

2.59(2.04-3.13); 

2.61(0.76) 

TRIGLYCERIDES(MMOL/L) ** 1378 

2.12(1.5-3.13); 

2.7(1.97) 364 

1.56(1.15-2.1); 

1.87(1.35) 

CHOLESTEROL(MMOL/L) 3495 

4.3(3.7-5.0); 

4.43(1.08) 

         

          367 

4.5(3.9-5.1); 

4.5(0.91) 

CREATININE(UMOL/L) 3736 

75.0(64.0-90.0); 

80.52(28.66)  

70.72(61.9-79.6); 

72.5(15.0) 

HOMA-B NA NA 30 

60.2(37.3-73.7); 

60.2(24.8) 

HOMA-IR 

 

NA NA 30 

2.97(1.97-3.35); 

2.94(1.2) 

C-PEPTIDE NON-FASTING 

 

1199 

1.75(1.23-2.33); 

1.87(0.89) 

 

NA NA 

C-PEPTIDE FASTING 

(NMOL/L) 

 

NA NA 30 

1.15(0.8-1.2); 

1.1(0.4) 

C-PEPTIDE 

STIMULATED(NMOL/L) 

 

NA NA 30 

2.3(1.9-2.6); 

2.3(0.7) 

THERAPY(% OF TOTAL)  

 
 

 

MONOTHERAPY 238 5.6 67 13.6 

DUAL THERAPY 2407 56..4 266 54.0 

TRIPLE OR MORE 1621 38.0 160 32.4 
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Figure 6-1 : Flowchart of the study profile of  Tayside & Fife showing the number of patients remaining after the different 
steps of data cleaning and  patient exclusion. 
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Figure 6-2 Flowchart of the study profile of MDRF population showing the number of patients 
remaining after the different steps of data cleaning and  patient exclusion. 
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Figure 6-3 Density plot of absolute change in HbA1c for both the populations in 6 months 

 

6.3.2 Association of baseline variables to glycaemic response to TZDs in white Europeans 
 

6.3.2.1 Univariate Analysis Tayside and Fife 
 
In a univariate analysis, higher age at diagnosis was associated with better response (Beta 

0.013, SE [0.002], P = 4.08e-11) and longer duration of diabetes was associated with reduced 

response (-0.019, SE [0.004], P= 2.66e-06). Participants with higher BMI and female 

participants were associated with better response. A larger baseline gap was associated with 

reduced response (Beta -0.003, SE [0.0008], P= <2e-16). A larger treatment gap was 

associated with better response (Beta 8.07e-05, SE [4.89e-05], P= 0.099). Baseline 

therapy(amount)  was not associated with response. 
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Higher LDL-c, higher triglycerides, higher cholesterol and higher non-HDL cholesterol were 

associated with better response. Creatinine and  c-peptide were not associated with response 

in the univariate model (Table 6-2). 

 
 
Table 6-2 Univariate Model Tayside & Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 4266 0.013 0.002 <0.0001*** 

DURATION OF DIABETES 4266 -0.019 0.004 <0.0001*** 

BMI 3231 0.018 0.001 0.0005*** 

BASELINE GAP 4266 -0.003 0.0008 <0.0001*** 

SEX M 4266 -0.161 0.044 0.0003*** 

THERAPY MONODUAL 2645 - - - 

THERAPY TRIPLE OR MORE 1621 -0.071 0.045 0.118 

TREATMENT GAP 4266 8.07e-05 4.89e-05 0.099 . 

LOG(HDL-C) 3495 -0.326 0.097 0.0008*** 

LOG(LDL-C) 1220 0.110 0.096 0.254 

LOG(TRIGLYCERIDES) 1378 0.213 0.068 0.00194** 

LOG(CHOLESTEROL) 3495 0.239 0.104 0.0212* 

LOG(NON-HDL 

CHOLESTEROL) 

3495 0.087 0.022 0.00013*** 

LOG(CREATININE) 3736 0.004 0.001 <0.0001*** 

LOG(C-PEPTIDE) 1199 0.381 0.074 <0.0001*** 

BASELINE HBA1C 4266 0.449 0.014 <0.0001*** 

 
Positive beta equals greater response to the drug 
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6.3.2.2 Baseline HbA1c Adjusted Model Tayside and Fife 
 
In the baseline HbA1c adjusted model, higher age at diagnosis was associated with better 

response. Longer duration of diabetes was associated with reduced response. Higher BMI and 

females were associated with better response. A larger baseline gap was associated with 

reduced response and larger treatment gap was associated with better response. Use of triple 

or more therapy was associated with reduced glycaemic response compared to the mono 

dual therapy group.  

 

Higher HDL-c was associated with reduced response,  higher Cholesterol was associated with 

reduced response, higher non-HDL cholesterol was associated with reduced response. 

Triglycerides and LDL-c was not associated with response. Higher Creatinine was associated 

with better response. Higher c-peptide was associated with better response (Table 6-3). 
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Table 6-3 Baseline HbA1c Adjusted Model Tayside and Fife 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 4266 0.017 0.001 <0.0001*** 

DURATION OF DIABETES 4266 -0.016 0.004 <0.0001*** 

BMI 3231 0.017 0.004 <0.0001*** 

BASELINE GAP 4266 -0.003 0.0009 0.0004*** 

SEX M 4266 -0.136 0.040 0.0007*** 

THERAPY MONO DUAL 2645 - - - 

THERAPY TRIPLE OR MORE 1621 -0.208 0.041 <0.0001*** 

TREATMENT GAP 4266 6.47e-05 4.42e-05 0.143 

LOG(HDL-C) 3495 -0.187 0.089 0.0342** 

LOG(LDL-C) 1220 -0.051 0.089 0.568 

LOG(TRIGLYCERIDES) 1378 -0.005 0.063 0.935 

LOG(CHOLESTEROL) 3495 -0.343 0.096 0.0004* 

LOG(NON-HDL 

CHOLESTEROL) 

3495 -0.058 0.021 0.007*** 

LOG(CREATININE) 3736 0.418 0.073 <0.0001*** 

LOG(C-PEPTIDE) 1199 0.463 0.066 <0.0001*** 

Positive beta equals greater response to the drug 
 
 

6.3.2.3 Multivariable Analysis Tayside and Fife 
 
In the multivariable analysis, higher age at diagnosis, lower baseline gap, lower cholesterol 

and higher creatinine were associated with better response. Higher BMI and being female 

was associated with better response. Use of triple or more therapy was associated with 

reduced response  (Adjusted R squared : 0.239) (Table 6-4) 
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Table 6-4 Multivariable Model Tayside & Fife 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.013 0.002 <0.0001*** 

BMI 0.023 0.004 <0.0001*** 

SEX M -0.214 0.055 <0.0001*** 

BASELINE GAP -0.003 0.001 0.0033** 

LOG(CHOLESTEROL) -0.466 0.110 <0.0001*** 

LOG (CREATININE) 0.342 0.096 0.0004*** 

THERAPY TRIPLE OR MORE -0.203 0.051 <0.0001*** 

BASELINE HBA1C 0.477 0.018 <0.0001*** 

  
Adjusted R squared : 0.239 

 
Positive beta equals greater response to the drug 
 
 

6.3.2.4 Multivariable Sub-group Analysis Tayside and Fife (Including Triglycerides and C-
peptide) 

 
In a subgroup analysis, higher age at diagnosis, higher BMI at baseline, higher C-peptide  were 

associated with better response. Use of triple or more therapy was associated with reduced 

response compared to the mono or dual therapy group (Adjusted R squared : 0.2501) (Table 

6-5). 

Table 6-5 Sub-group analysis Tayside and Fife 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.019 0.004 <0.0001*** 

BMI 0.021 0.006 0.0011** 

THERAPY TRIPLE OR MORE  -0.174 0.075 0.0213* 

LOG C-PEPTIDE 0.301 0.074 <0.0001*** 

BASELINE GAP -0.006 0.002 0.002** 

  
Adjusted R squared :  0.2501 

*This model is adjusted  for baseline HbA1c 

Positive beta equals greater response to the drug 
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6.3.3 Association of baseline variables with glycaemic response to TZDs in Asian Indians 
 
 
 

 

6.3.3.1 Univariate Analysis MDRF 
 
In univariate analyses, longer duration of diabetes was associated with reduced response in 

MDRF, similar to Tayside and Fife. Age at diagnosis was not associated with response in MDRF 

but greater age at diagnosis was associated with better response in Tayside and Fife. BMI and 

sex was not associated with response in contrast to Tayside and Fife, where a higher BMI and 

females were associated with better response. Higher baseline gap was associated with 

reduced response in both populations. Treatment gap was not associated with response in 

both populations. Use of triple or more therapy was associated with reduced response 

compared to those on either mono or dual therapy as the reference group in both the 

populations.  

 

HDL-c,  LDL-c and triglycerides were not associated with  response in both MDRF and Tayside 

and Fife. Higher cholesterol was associated with better glycaemic response in both the 

populations. Higher creatinine was associated with reduced response in MDRF, same as 

Tayside and Fife Higher baseline HOMA-B was associated with reduced response.  HOMA-IR, 

C-peptide stimulated and C-peptide fasting were not associated with response. (Table  6-6). 
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Table 6-6  Univariate Analysis MDRF 

 
PARTICIPANTS WITH 

VALID BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 493 0.004 0.006 0.542 

DURATION OF DIABETES 493 -0.04 0.014 0.0019*** 

BMI 475 -0.010 0.017 0.557 

BASELINE GAP 493 -0.011 0.003 <0.0001*** 

SEX 493 -0.156 0.129 0.227 

THERAPY MONODUAL 333 - - - 

THERAPY TRIPLE OR MORE 160 -0.295 0.132 0.0264* 

TREATMENT GAP 493 -4.012e-05 9.025e-05 0.657 

LOG(HDL-C) 363 -0.129 0.331 0.698 

LOG(LDL-C) 352 0.421 0.246 0.089 

LOG(TRIGLYCERIDES) 364 0.211 0.149 0.155 

LOG(CHOLESTEROL) 367 0.827 0.365 0.0242 * 

LOG(CREATININE) 381 -0.875 0.344 0.0114* 

LOG(HOMA-B) 30 -2.39 0.593 0.0004*** 

LOG(HOMA-IR) 30 1.03 0.764 0.191  

LOG(C-PEPTIDE FASTING) 30 0.162 0.921 0.861 

LOG(C-PEPTIDE 

STIMULATED) 

30 -0.694 1.15 0.554 

 
Positive beta equals greater response to the drug 
 
 

6.3.3.2 Baseline HbA1c adjusted model MDRF 
 
In the baseline HbA1c adjusted model, age at diagnosis was not associated with response in 

MDRF but higher age at diagnosis was associated with better response in Tayside and Fife. 

Longer duration of diabetes was associated with reduced in MDRF, same as Tayside and Fife. 
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BMI was not associated with response in MDRF but higher BMI was associated with better 

response in Tayside and Fife. Gender was not associated with response in MDRF but females 

were associated with better response in Tayside and Fife. Baseline gap was not associated 

with response in MDRF but longer baseline gap  was associated with reduced response in 

Tayside and Fife. Longer treatment gap was associated reduced response but was not 

associated with response in Tayside and Fife.  Use of triple or more therapy was associated 

with reduced glycaemic response compared to the mono or dual therapy group in both the 

populations. 

HDL-c, LDL-c, triglycerides and cholesterol were not associated with glycaemic response in 

the MDRF population.  In the Tayside and Fife population, higher HDL-c and higher cholesterol 

were associated with reduced response. Fasting c-peptide , stimulated c-peptide, HOMA-IR 

and HOMA B were not associated with response. Creatinine was not associated with response 

in MDRF but higher creatinine was associated with better response in Tayside and Fife (Table 

6-7). 
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Table 6-7 Baseline HbA1c adjusted model MDRF 
 

NUMBER WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 493 0.003 0.007 0.542 

DURATION OF DIABETES 493 -0.027 0.009 0.005** 

BMI 475 -0.009 0.012 0.425 

BASELINE GAP 493 -0.004 0.002 0.055. 

SEX 493 -0.076 0.089 0.395 

THERAPY MONODUAL 333 - - - 

THERAPY TRIPLE OR MORE 160 -0.239 0.092 0.009*** 

TREATMENT GAP 493 -1.34e-04 6.25e-05 0.032* 

LOG(HDL-C) 363 0.189 0.227 0.404 

LOG(LDL-C) 352 -0.115 0.172 0.504 

LOG(TRIGLYCERIDES) 364 -0.040 0.102 0.693 

LOG(CHOLESTEROL) 367 -0.024 

 

0.255 

 

0.924 

 
LOG(CREATININE) 381 -0.288 0.236 0.233 

LOG(HOMA-B) 30 -0.102 0.402 0.801 

LOG(HOMA-IR) 30 -0.008 0.334 0.981 

LOG(C-PEPTIDE FASTING) 30 -0.031 0.372 0.933 

LOG(C-PEPTIDE 

STIMULATED) 

30 0.416 0.472 0.386 

Positive beta equals greater response to the drug 

 

6.3.3.3 Multivariable Model MDRF 
 
In the multivariable analysis, lower duration of diabetes was associated with reduced 

response in MDRF and in contrast to Tayside and Fife. Use of triple or more therapy was 

associated with reduced response as compared to the mono or dual therapy group in both 

the populations. Additionally, higher age at diagnosis, higher BMI, female sex, lower baseline 
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gap, lower cholesterol, and higher creatinine were associated with better response in Tayside 

and Fife (Adjusted R squared MDRF : 0.5274) (Table 6-8). 

 

Table 6-8 Multivariable Analysis MDRF 
 

BETA COEFFICIENT SE         P-VALUE 

DURATION OF DIABETES -0.023 

 

0.010 

 

0.0234 * 

THERAPY TRIPLE OR MORE -0.190 0.094 0.044* 

HBA1C BASELINE 0.825 0.036 <2e-16*** 

 
 Adjusted R squared : 0.5274 

Positive beta equals greater response to the drug 
 

 

6.3.4 Asian Indians respond better to TZDs than White Europeans 
 
Individual level data from both populations were combined.  Using Asian-Indian as the 

reference group, the age at diagnosis, BMI and baseline HbA1c adjusted effect on the 

glycemic response was significantly different in the white European group (Beta -0.811, SE 

[0.072], P = <2e-16) (Adjusted R squared: 0.2469) (Table 6-9). 

 

Table 6-9 Multivariable combined model for Asian Indians and White Europeans 
 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 0.019 0.002 <0.0001*** 

DURATION OF DIABETES -0.008 0.004 0.0405*** 

BMI 0.021 0.004 <0.0001*** 

ETNICITY ASIAN - - - 

WHITE -0.811 0.072 <0.0001*** 

  
Adjusted R squared : 0.2469 

*This model is adjusted  for baseline HbA1c 
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6.3.5 Patient Characteristics and Response to TZD therapy in UKBB 

 

6.3.5.1 Patient Characteristics at baseline 
 
Baseline characteristics and biomarker measures for subjects starting TZD in the UKBB 

population are shown in Table 6-10. 893 patients were included from UKBB, and the study 

profile is shown in Figure 4. Mean (SD) 6-month HbA1c change was 1.4% (1.58%). 

 
 
Table 6-10 Patient characteristics at baseline UKBB 

 

 

N UKBB 

CHARACTERISTICS  
 

BASELINE HBA1C(%)  

2034 
8.9(1.2) 

AGE AT DIAGNOSIS(YEARS)   

2034 
51.18(10.32) 

DURATION OF DIABETES(YEARS)    

2034 
6.3(4.92) 

BMI   

1555 
31.5 (28.0-34.25);  

31.6(5.55) 

MALE SEX %    

1270 
68.4  

 

 

BIOMARKERS   

 
HDL-C(MMOL/L)  

1192 1.1(0.9-1.3); 

1.16(0.3) 

LDL-C(MMOL/L)   

1009 
2.1(1.6-2.6); 

2.2(0.87) 

TRIGLYCERIDES(MMOL/L) **  

1203 
1.9(1.3-2.7); 

2.2(1.54) 

CHOLESTEROL(MMOL/L)   

1514 
4.1(3.6-4.8); 

4.28(1.04) 

CREATININE(UMOL/L)   

1667 
84.0(73.0-95.0); 

85.27(18.21) 
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Figure 6-4 Flowchart of the study profile of UKBB  population showing the number of 
patients remaining after the different steps of data cleaning and  patient exclusion. 

 

6.3.5.2 Univariate Analysis UKBB 
 
In univariate analyses, higher age at diagnosis associated with  better response in UKBB same 

as Tayside and Fife. Longer duration of diabetes was associated with reduced response in 

both the populations. Gender was not associated with response in UKBB whereas females 

were associated with better response in GoDARTs. Baseline gap and treatment gap was not 

associated with response in UKBB. Higher baseline gap  was associated with reduced response 

and treatment gap was not associated with response in Tayside and Fife.  

HDL-c, LDL-c, triglycerides, cholesterol  were not associated with glycaemic response in UKBB. 

Higher HDL-c and higher cholesterol was associated with reduced response in Tayside and 

Fife. Creatinine was not associated with response in UKBB but higher creatinine was 

associated with better response in Tayside and Fife (Table  6-11). 
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Table 6-11 Univariate Analysis UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA COEFFICIENT SE P-VALUE 

AGE AT DIAGNOSIS 886 0.100 0.044 0.0256* 

DURATION OF DIABETES 695 -0.215 0.108 0.0468* 

BMI 95 0.226 0.293 0.442 

BASELINE GAP 886 -0.02 0.024 0.321 

SEX M 886 0.248 1.00 0.804 

TREATMENT GAP 886 -0.006 0.009 0.483 

LOG(HDL-C) 531 -1.876 1.88 0.42 

LOG(LDL-C) 460 -1.35 1.33 0.31 

LOG(TRIGLYCERIDES) 549 1.04 0.02 0.353 

LOG(CHOLESTEROL) 683 0.455 2.13 0.831 

CREATININE 722 0.035 0.027 0.191 

BASELINE HBA1C 886 0.421 0.029 <2e-16*** 

Positive beta equals greater response to the drug 

 

6.3.5.3 Baseline HbA1c Adjusted Model UKBB 
 
In baseline HbA1c adjusted model, higher age at diagnosis, was associated with better 

response in UKBB. Baseline gap and treatment gap were not associated with response. 

Cholesterol, HDL-c, non-HDL cholesterol, LDL-c and creatinine were not associated with 

response. For comparison, in Tayside and Fife, higher HDL-c and higher cholesterol were 

associated with reduced response, higher creatinine was associated with better response 

(Table  6-12). 
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Table 6-12 Baseline HbA1c adjusted model UKBB 

VARIABLES PARTICIPANTS WITH VALID 

BASELINE DATA 

BETA 

COEFFICIENT 

SE P-VALUE 

AGE AT DIAGNOSIS 886 0.137 0.04 0.0006*** 

DURATION OF DIABETES 695 -0.090 0.096 0.348 

BMI 695 0.228 0.269 0.398 

BASELINE GAP 886 -0.033 0.022 0.132 

SEX M 886 -6.42e-04 9.013e-01 0.999 

TREATMENT GAP 886 -0.004 0.008 0.593 

LOG(HDL-C) 531 0.911 2.13 0.669 

LOG(LDL-C) 460 -1.74 1.21 0.151 

LOG(TRIGLYCERIDES) 549 -0.534 0.015 0.579 

LOG(CHOLESTEROL) 683 -2.94 1.958 0.134 

LOG(CREATININE) 722 0.048 0.024 0.055 . 

 

6.3.6 Genetic Analysis 
 
 
 
The GWAS for UKBB population with a sample size of 893 is shown in Figure 5. The model was 

adjusted for age, sex, PCA and HbA1c at baseline. The Q-Q plot is shown in Figure 6-6.  The 

topmost signal was found on chromosome 1 position 11491822 in the genome wide study 

(P= 2.369e-07). No matching records were found for this SNP in the GoDARTS population. 

The second highest signal (rs72785472) was observed in chromosome 10 (P= 6.899e-07).  This 

signal was not replicated in the GoDARTS population (P = 0.803). The third highest signal 

(rs199620087) was found in chromosome 8 (P= 9.027e-07). No matching records were found 

for this SNP in the GoDARTS population. 
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Figure 6-5 Genome Wide Association Study UKBB 

 
 
 



 203 

 
 

Figure 6-6 Q-Q plot for UKBB 
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6.4 DISCUSSION 

This chapter shows how the association of relevant risk factors with 6-month glycaemic 

response differs in white European and Asian Indian T2D patients, starting TZD therapy.  We 

also show from the combined model that the Asian Indians respond better to TZD in 

comparison to their white European counterparts. 

 

6.4.1 Comparison between European populations 
 
For each of the cohorts we had studied association of the variables first, univariately and 

second, by adjusting the variables by baseline HbA1c. In the Tayside and Fife population, 

higher age at diagnosis, lower duration of diabetes, higher BMI, females, lower baseline gap, 

lower HDL-c, higher creatinine and higher C-peptide were found to be associated with better 

response in both models. Interestingly, when the univariate models were adjusted for 

baseline HbA1c in addition to these variables some additional effects were observed and 

direction of association reversed for some other variables - use of triple or more therapy 

associated with reduced response, lower cholesterol and non-HDL cholesterol associated 

with better response and triglycerides were not associated in the baseline HbA1c adjusted 

model. The multivariable model for Tayside and Fife showed higher age at diagnosis, higher 

BMI, females, lower baseline gap, lower cholesterol and higher creatinine were associated 

with better glycemic response and use of triple or more therapy was associated with reduced 

response.  The findings were partially replicated in the UKBB population. In the univariate 

model, higher age at diagnosis and lower duration of diabetes were associated with better 

response. In the baseline HbA1c adjusted model, higher age of diagnosis was associated with 

better response. Association of no other anthropometric variables or biomarkers were 
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replicated. A possible reason for majority of associations not being replicated in the UKBB 

could be due to the smaller sample size of our study population. 

 

6.4.2 Comparison between European and Indian Asian populations. 
 
The univariate model in MDRF showed lower duration of diabetes, lower treatment gap, 

higher cholesterol, lower creatinine and lower HOMA-B to be associated with better 

response. Use of triple or more therapy was associated with reduced response. However, on 

adjusting the model by baseline HbA1c, lower duration of diabetes, lower treatment gap 

found to be associated with better response and use of triple therapy or more was found to 

be associated with reduced response. In the multivariable model for MDRF, higher duration 

of diabetes and use of triple or more therapy were associated with reduced response to TZD. 

 

Our results show from the baseline HbA1c adjusted model, that lower duration of diabetes is 

consistently associated with better response in both the cohorts. Use of triple or more 

therapy is associated with reduced response in both the cohorts consistently. A marked 

difference was found between the predictors of response in the two cohorts in terms of other 

markers. Higher age at diagnosis, lower HDL-c, higher cholesterol and  non-HDL cholesterol, 

higher creatinine and higher c-peptide were associated with better response in White 

Europeans.   Also, female sex and higher BMI were found to be associated with better 

response in White Europeans. Dennis et al., in a study where they assessed whether simple 

clinical characteristics could identify patients with different glycemic response, shows that 

obese females had a greater HbA1c reduction with TZDs105. This finding in also in line with 

results from the DREAM trial where they show greater reduction of diabetes risk with higher 

baseline obesity thus reducing the relation between higher BMI and increased diabetes 
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risk185.  In other words subjects with greater weight benefitted the most. The hazard 

reduction for diabetes or death was 40% in subjects with BMI <28 kg/m2 as compared to 68% 

in subjects with BMI >32 kg/m2. Although non-significant, this study also shows a lower hazard 

ratio for females [HR 0.38(0.32-0.46)] compared to males [HR 0.41(0.34-0.50)] and white 

Europeans [HR 0.38(0.28-0.52)] compared to Asian Indians [HR 0.60(0.43-0.84)]. Overall, and 

as expected, the Asian Indian participants in our study had significantly lower age at diagnosis 

and BMI compared to the white European participants. In contrast to the Tayside and Fife 

population, BMI and sex were not associated with glycaemic response to TZD in Asian Indians. 

In case of sex we see that the effect sizes in both the populations are comparable and the 

direction of effect is similar (T & F = -0.136 and MDRF = -0.076).  It is unclear if this lack of 

association is merely due to restricted sample size (as we know small sample sizes tend to 

give similar magnitude of effects but with non-significant p-values) or there are other factors 

like improvement of fat distribution in subjects with visceral fat by TZD191. 

 

6.4.3 Insulin resistance, Beta-cell function and response to TZD 
 
In the present study, triglycerides were not associated with response in White Europeans but 

higher c-peptide(non-fasting) was found to be associated in both baseline adjusted model 

and the sub-group analysis in the Tayside and Fife population. So, we show that participants 

with insulin resistance and/or preserved beta cell function have a better response. However, 

this association was not found among the Asian-Indians (fasting). No association of HOMA B 

or HOMA IR with glycaemic response was also observed in the Asian Indian population, 

suggesting that in Asians, these physiological parameters do not alter response to TZDs. 
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We have carried out a genetic analysis of the UKBB population. From the genome wide 

association study we observed that the highest signal (1: 11491822) was found in 

chromosome 1 but none of the signals reached genome wide significance. The QQ plot 

suggests that the study is underpowered. This signal was not found in the white European 

population from a genome wide association study conducted previously by Dr. Adem Dawed, 

University of Dundee. 

 

6.4.4 Direct comparison of glycaemic response in White and Indian Asian populations.  
 
While we observe from the baseline HbA1c adjusted model in Tayside and Fife, age at 

diagnosis, duration of diabetes, BMI, females , baseline gap,  treatment gap, therapy, HDL-c, 

cholesterol, creatinine and c-peptide  were associated with response, only duration of 

diabetes and therapy seem to be consistently associated across the two populations. 

 

A direct comparison of two cohorts is challenging and gives rise to various limitations, as the 

data are collected and recorded in different setups (for example, in our study, Triglycerides 

for the Tayside and Fife population are non-fasting and MDRF population are fasting) and 

some variables were not available in the comparison or replication datasets (eg. measures 

such as HOMA B, HOMA IR and C-peptide stimulated were not available for the Tayside and 

Fife population). As mentioned before,  the data are from two different healthcare systems, 

so direct comparison of results should be done with caution. In both the populations, data 

used was from a particular region and might not be representative of the entire population. 

Hence, generalizing the results may be difficult before further studies are conducted. The data 

used in this study is observational and it would be helpful to examine individual level data 

from trials. 
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We have established that the risk factors driving glycaemic response to TZDs are markedly 

different in the two populations.  Evidence from the DREAM trial clearly shows that treatment 

with TZDs may significantly reduce the risk of developing the disease when given to subjects 

with high diabetes risk. In a country like India where the proportion of pre-diabetic individuals 

is very high this may be treated as a potential treatment option. However, we see from our 

study that there exists pronounced difference in response between the two populations and 

there is clearly lack of sample size that restricts us from reaching an informative endpoint. 

This mandates ethnicity specific trials to be undertaken in order to move a step forward in 

the targeted therapy approach. 
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7 DISCUSSION 
 

7.1 Type 2 diabetes and precision medicine approach 
 
The pathogenesis of T2D is now better understood than previously and is accompanied by 

better understanding of therapy over the years. Both genetic and environmental factors 

contribute to the disease- the former present at birth and the latter modulates expression of 

T2D based on food habits, physical activity, stress and work in daily life, exposure to 

pollutants, access to public health and medical resources. It is increasingly becoming apparent 

that South Asians have a higher risk of NCDs as compared to white Europeans which may be 

contributed by several factors, obesity being one of the prime ones. Higher abdominal or 

truncal obesity in South Asians as compared to whites is hypothesized to be responsible for 

morbidity associated with obesity related NCDs. Diabetes and obesity are considered to be 

twin epidemics by researchers192. South Asian countries are experiencing a rapid increase in 

obesity related non-communicable diseases (NCDs) including T2D, hypertension, dyslipidemia 

and coronary heart disease (CHD)193–195. South Asians have a high prevalence of diabetes even 

at lower BMI32 . Recent environmental changes, increasing urbanization, rural to urban 

migration, mechanization and increased life expectancy (‘epidemiological transition’), 

‘westernized lifestyle’ in which there is greater intake of carbohydrates and fat but lesser 

intake of fibers and physical activities among South Asians explains the rise of T2D in this 

population.  

 

Despite T2D being a complex disease depending on various factors and varying levels of 

insulin resistance and secretion, T2D remains a diagnosis of exclusion and glucose lowering 

treatment is almost similar for most patients. Recent guidelines recommend tailoring T2D 

therapy to individual patients focusing on socio-economic and demographic considerations 
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and heterogeneity of treatment effect103. The considerable number of drug classes available 

for treatment of T2D after initial management with metformin with different mechanism of 

actions and the different glucose lowering responses to each of these drugs makes T2D an 

excellent candidate for application of the precision medicine approach. Although genetic 

variation is one aspect to be considered in predicting drug response, clinically relevant 

differences in responses have been found by recent studies and trials for non-insulin anti-

hyperglycaemic drug classes. 

 

7.2 Dipeptidyl Peptidase 4 Inhibitors 
 
With DPP-4 inhibitors the PRIBA study demonstrated that markers of higher insulin resistance 

are consistently associated with lesser glucose lowering response in non-insulin treated 

individuals196. In our study,  c-peptide and triglycerides were not associated with response in 

White Europeans (non-fasting) and Asian-Indians (fasting) contrasting the Dennis et al study. 

We hypothesize that the lack of association of these variables could be due to inadequate 

sample size as observations for these variables were available in a limited number of 

individuals. HDL-c was not associated with glycaemic response for both the cohorts in our 

study, in line with Dennis et.al. The sub-group analysis in the Asian Indian population showed 

that higher HOMA B is associated with better response. Also, clinical markers of lower beta 

cell response like longer duration of diabetes were associated with reduced response in the 

Asian Indian population. We speculate increase in insulin secretion from baseline with DPP-

4i could be a possible contributor to better response in Asian Indians compared to their white 

counterparts. Differences in BMI across ethnic groups may mediate HbA1c lowering efficacy 

of DPP-4 inhibitors.   
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In this thesis I also demonstrated that Asian Indians are responding better to DPP-4 inhibitors 

compared to the White European population. This finding is in line with our meta-analysis114 

which is previously published and also a study by Kim.et al156 .As BMI is highly correlated with 

insulin sensitivity the apparent effect of BMI on the HbA1c lowering efficacy observed may 

be mediated by differences in insulin sensitivity among ethnic groups. 

7.3 Sulphonylurea and Thiazolidinediones 
 

It has been demonstrated that simple parameters like BMI and sex alter drug response and 

patient sub-groups based on these biomarkers exhibit distinctly different responses. 

Previously a study by Dennis et al demonstrated obese women respond very well to TZD 

whereas slim men respond well to SUs105. In my thesis I have demonstrated the same in 

Chapter 5 and Chapter 6 in both Tayside and Fife population (White European) and MDRF 

population (Asian Indian). I have also showed that for both SU and TZD, the Asian Indian group 

responds better than the White Europeans.  

 

7.4 Adjustment for baseline HbA1c 
 

Experts globally favour HbA1c as the main defining measurement used for diagnosis or 

glycemic management of T2D197. It is a major predictor of response to glucose lowering 

therapy and a potential confounder in studies which are designed to identify other predictors 

of response. Therefore, adjustment for baseline HbA1c is an effective way to reduce bias in 

studies which aim to find predictors of glucose lowering therapy. In case of the DPP-4 

inhibitors for the Tayside and Fife population we observe that in the univariate model we do 

not see any association of response with the lipid traits or creatinine. However, on adjusting 

the model by baseline HbA1c we see an effect of cholesterol and creatinine on response. 
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Inversely in the MDRF population, an association of response is observed with LDL-c, 

triglycerides and cholesterol but after baseline HbA1c adjustment these effects are not seen 

any more. Similarly, in the UKBB population triglycerides and cholesterol were found to be 

associated in the univariate model but not associated in the baseline HbA1c adjusted model. 

A similar scenario is observed in the MDRF population for SUs. In the univariate model, HDL-

c, LDL-c, Triglycerides, Cholesterol, Creatinine were found to be associated but not in the 

baseline adjusted model. Also HOMA IR was not associated in the univariate model but on 

adjustment the association with response becomes significant.  Conversely, in the UKBB 

population, HDL-c, LDL-c, triglycerides, cholesterol and creatinine were found to be 

associated in the univariate model but the lipids were not associated in the baseline HbA1c 

adjusted model. In case of TZD, in the MDRF population, cholesterol, creatinine and HOMA-B 

were associated response in the univariate model but not in the baseline HbA1c adjusted 

model. 

 

7.5 Summary of chapters  
 

In this thesis I have studied the phenotypic and genotypic determinants of drug response to 

three anti-hyperglycemic agents. In the third chapter of the thesis we have systemically 

reviewed and meta-analysed three newer agents (DPP-4i, SGLT-2i and GLP-1RA) to compare 

their response in the Asian and white populations. In the later part of the thesis we have 

studied three popular drugs (DPP4i, SU and TZD) which commonly follow after treatment with 

metformin. 
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In the third chapter, I conducted a systematic review and meta-analysis to assess the impact 

of ethnicity on the glucose lowering efficacy newer oral agents using evidence from 

randomised controlled trials. The search strategy was developed using Medical Subject 

Headings (MeSH) terms. A total of 64 studies that qualified for the meta-analysis after full-

text review based on pre-defined inclusion and exclusion criteria- RCTs with at least 50 

patients in each arm, >70% of population from Asian or white group, duration ≥24 weeks, and 

publication up to March 2019—were selected for systematic review and meta-analysis. 

Absolute changes in HbA1c (%) from baseline to 24 weeks between the drug and placebo were 

considered as the primary end point of the study. Change in HbA1c was evaluated by 

computing mean differences and 95% CIs between treatment and placebo arms. The glucose-

lowering efficacy of SGLT-2i, and to a lesser extent DPP-4i, was greater in studies of 

predominantly Asian ethnicity compared with studies of predominantly white ethnicity. There 

was no difference seen by ethnicity for GLP-1RA. 

 

In the next three chapters (Chapter 4, Chapter 5, Chapter 6) I have used data from two ethnic 

groups- white Europeans (GoDARTS and UKBB) and Asian Indians (MDRF) to study the 

phenotypic and genotypic determinants of drug response to three drugs.  

 

In the fourth chapter, I conducted a prospective study of patients with T2D who were not 

being treated with insulin to assess the relationship of insulin resistance and insulin secretion 

to 6-month glycaemic response to DPP-4 inhibitors (Tayside and Fife population; n=4165, 

MDRF population; n=1891) with replication of routine available markers in UKBB; n=1227.  I 

showed that participants of the Asian Indian cohort (MDRF) responded to the drug better as 

compared to their white European (Tayside and Fife) counterparts. This finding is in line with 
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the meta-analysis that we had previously carried out where we showed Asians Indians 

responded better to DPP-4 inhibitors as compared to their white counterparts.  I also showed 

that, in the Tayside and Fife population although higher BMI was associated with reduced 

response, other markers of insulin resistance like c-peptide and triglycerides were not 

associated with response. Although some of the associations found in the univariate model 

were replicated In contrast, in the Asian Indian population I showed that clinical markers of 

lower beta cell function such as shorter duration of diabetes and higher HOMA B were 

associated with better response. In the second half of the chapter, I built up a gene risk score 

for SNPs associated with reduced beta cell function. I conducted genome wide association 

studies separately for the GoDARTS and UKBB populations and combined them by conducting 

a meta-analysis. However, we did not find any genome wide signals. 

 

In the fifth chapter, using similar methodology as chapter 4 I studied 6-month glycaemic 

response to SU. Similar to DPP-4 inhibitors, Asian Indians responded better to the drug class 

as compared to their white counterparts. Here I showed that males without obesity in both 

white European and Asian Indian populations respond better. Among markers of insulin 

resistance, lower triglycerides and higher c-peptide were associated with better response in 

the white European population. In contrast, these markers were not associated with response 

in the Asian Indian population, but lower HOMA-IR was associated with better response.  

Clinical markers of beta cell response such as longer duration of diabetes was associated with 

better response in both the populations. Greater HOMA-B was associated with better 

response in the Asian Indian population. We concluded that at a given level of insulin 

sensitivity better beta-cell reserve provides better response. 
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A genome wide association study was conducted in the MDRF population but no genome 

wide significant signals were found. Thereafter, the results were compared to a GWAS in the 

METGEN consortium data and a candidate gene analysis was conducted to find if any of the 

signals were replicated.  

 

In the sixth chapter, using similar methodology and definitions as chapter 4 and 5, I studied 

6-month glycaemic response to TZD. Asian Indians responded better to the drug class as 

compared to their white counterparts. Here I showed that females with obesity in both white 

European and Asian Indian populations respond better, albeit non-significant in the Asian 

Indian population. Among markers of insulin resistance, triglycerides was not associated with 

response in the Tayside and Fife population as well as the MDRF population. Higher c-peptide 

was associated with better response in Tayside and Fife but not associated in MDRF 

population. Clinical markers of beta cell response such as longer duration of diabetes was 

associated with better response in both the populations. Greater HOMA-B was associated 

with reduced response in the Asian Indian population. A genome wide association study was 

conducted in the UKBB population but no genome wide significant signals were found. 

Thereafter, the results were compared to a GWAS in the GoDARTS population and a candidate 

gene analysis was conducted to find if any of the signals were replicated. None of the signals 

were replicated in this population.  

 

7.6 Limitations  
 

There are a number of limitations of the  studies undertaken in this thesis. First, as the data 

are collected and recorded in different setups (for example, in our study, Triglycerides for the 
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Tayside and Fife population are non-fasting and MDRF population are fasting) direct 

comparison of drug response between populations was difficult.  

Second, some variables were not available in the comparison or replication datasets (eg. 

Measures such as HOMA B, HOMA IR and C-peptide stimulated were not available for the 

Tayside and Fife population).  

Third, since we used data from two different healthcare systems, direct comparison of results 

should be done with caution.  It is interesting to note that in the combined analyses Asian 

Indians responded better to all three drugs studied.  It is hard to know if this is a genuine 

difference or reflects the different healthcare systems.  

Fourth, in both the populations, data used was from a particular region and might not be 

representative of the entire population. Hence, generalizing the results may be difficult 

before further studies are conducted.  

Fifth, for some drugs the sample size in a particular population was small, hence, associations 

with some of the markers could not be established. 

Sixth, genotype data was not available for individuals for some of the drugs or not of enough 

sample size which gave rise to power issues and in some cases did not allow me to conduct a 

genome wide association study.  

 

7.7 Future work 
 

I have studied the phenotypic and genotypic determinants of drug response to three anti-

hyperglycemic agents in this thesis. However, there remains huge scope for future work in 

this field. At present, there are twelve regimes of drugs available for treatment of T2D. It is 

important to identify the clinical determinants of response for all of them to offer a tailored 
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and precise treatment approach to patients. In this thesis I have not compared between the 

drugs to study which one is the most appropriate but studied them individually. It is important 

to carry out such comparative studies to conclude which regime would be the best for a 

particular ethno-demographic group. Our study was restricted to mainly two regions in two 

countries. The study area should be widened to reach better conclusions and to draw more 

meaningful inferences. Many of the essential biomarkers like HOMA B and HOMA IR were not 

available for the white European population. Conducting studies with these markers are 

necessary as they validate beta cell function and insulin resistance. There is huge scope of 

research if genotypic data is made available more widely and all individuals with phenotypic 

data are genotyped. The inclusion of research outputs involving both genotypic and 

phenotypic information in clinical practice will be the future for pharmacogenetics guided 

treatment.   
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APPENDIX 

 

Table a)  Regrouping drugs from the MDRF population. 

Acarbose/Metformin agi+met 

Aceclofenac ND 
Aciclovir ND 

Albendazole ND 

Allopurinol ND 

Alprazolam ND 
Alprazolam / Melatonin ND 

Amiodarone ND 

Amitriptyline ND 

Amlodipine ND 

Amlodipine/Atenolo ND 

Amlodipine/Atenolol ND 

Amlodipine/Lisinopril ND 

Amlodipine/Metoprolol ND 
Amlodipine/Metoprolol Succinate ND 

Amoxicillin ND 
Amoxicillin/Clavulanic Acid ND 

Amoxycillin ND 

Amoxycillin / Clavulanic Acid ND 
Aspirin ND 

Aspirin/Acetylsalicylic acid ND 

Aspirin/Acetylsalicylic acid/Clopidogrel ND 

Aspirin/Atorvastatin ND 

Aspirin/Clopidogrel ND 
Atenolol ND 

Atenolol/Amlodipine ND 

Atenolol/Chlorthalidone ND 

Atenolol/Indapamide ND 

Atenolol/Nifedipine ND 

Atorvastatin ND 

Atorvastatin / Fenofibrate / Ezetimibe ND 
Atorvastatin / Metformin ND 

Atorvastatin/Aspirin ND 

Atorvastatin/Aspirin/Acetylsalicylic acid ND 
Atorvastatin/Aspirin/Ramipril ND 

Atorvastatin/Ezetimibe ND 
Atorvastatin/Fenofibrate ND 

Atorvastatin/Metformin ND 

Atrovastatin ND 

Benzathine Penicillin G ND 
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Betahistine ND 
Bisacodyl ND 

Bisoprolol/Hydrochlorothiazide ND 

Bromocriptine ND 

Calcium carbonate ND 

canagliflozin sglt 
Canagliflozin sglt 

Candesartan ND 
Carvedilol ND 

Cefaclor ND 

Cefalexin ND 
Cefaclor ND 

Cefotaxime ND 
Ceftriaxone ND 

Cefuroxime ND 

Cetirizine ND 
Chlorpheniramine Maleate / 
Trithioparamethoxy Phenylpropene 

ND 

Chlorpropamide sul 

Chlorpropamide / Phenformin sul+met 

Chlorpropamide/Phenformin sul+met 

Choline fenofibrate ND 

Cilostazol ND 
Cinnarizine ND 

Ciprofloxacin ND 
Clindamycin ND 

Clonazepam ND 

Clopidogrel ND 
comments comments 

Comments comments 
COMMENTS comments 

Dapagliflozin sglt 

Dapagliflozin / Metformin sglt+met 
Dapagliflozin/Metformin ND 

Diacerein ND 
Diclofenac ND 

Diethylcarbamazine ND 

Diltiazem ND 
Dipyridamole ND 

Dipyridamole/Aspirin ND 
Domperidone/Rabeprazole ND 

Doxorubicin (Plain) ND 

Dulaglutide glp 

Empagliflozin sglt 

Empagliflozin / Linagliptin sglt+dpp 
Empagliflozin/Linagliptin sglt+dpp 
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Empagliflozin/Metformin sglt+met 
Enalapril ND 

Enalapril/Hydrochlorothiazide ND 

Enalapril/Losartan ND 

Escitalopram ND 

Esomeprazole ND 
Etofylline/Etophylline/Theophylline ND 

Exenatide glp 
Ezetimibe ND 

Famotidine ND 

Felodipine ND 
fenofibrate ND 

Fenofibrate ND 
Fenofibrate/Atorvastatin ND 

Fluconazole ND 

Fluoxetine ND 
Flupenthixol/Melitracen ND 

Furosemide ND 
Furosemide/Spironolactone ND 

Gabapentin/Methylcobalamin ND 

Gemfibrozil ND 

Gemigliptin dpp 

Glibenclamide sul 
Glibenclamide / Metformin sul+met 

Glibenclamide / Metformin / Pioglitazone sul+met+tzd 
Glibenclamide/metformin sul+met 

Glibenclamide/Metformin sul+met 

Glibenclamide/Metformin/Pioglitazone sul+met+tzd 
Glibenclamide/Metformin/Rosiglitazone sul+met+tzd 

gliclazide sul 
Gliclazide sul 

Gliclazide  / Pioglitazone  / Metformin sul+tzd+met 

Gliclazide / Metformin sul+met 
Gliclazide / Pioglitazone / Metformin sul+tzd+met 

Gliclazide/metformin sul+met 

Gliclazide/Metformin sul+met 

GLICLAZIDE/Metformin sul+met 

Gliclazide/Metformin/Pioglitazone sul+met+tzd 
Gliclazide/Metformin/Voglibose sul+met+agi 

Gliclazide/Pioglitazone/Metformin sul+tzd+met 
Gliclazide/Rosiglitazone sul+tzd 

Glimeperide/Voglibose/Metformin sul+agi+met 

Glimepiride sul 

Glimepiride /  Metformin sul+met 

Glimepiride / Metformin sul+met 
Glimepiride / Metformin / Pioglitazone sul+met+tzd 
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Glimepiride / Metformin / Rosiglitazone sul+met+tzd 
Glimepiride / Metformin / Voglibose sul+met+agi 

Glimepiride/metformin sul+met 

Glimepiride/Metformin sul+met 

GLIMEPIRIDE/Metformin sul+met 

Glimepiride/Metformin/Methylcobalamin sul+met+vit 
Glimepiride/Metformin/Pioglitazone sul+met+tzd 

GLIMEPIRIDE/METFORMIN/PIOGLITAZONE sul+met+tzd 
Glimepiride/Metformin/Rosiglitazone sul+met+tzd 

Glimepiride/Metformin/Voglibose sul+met+agi 

GLIMEPIRIDE/Metformin/Voglibose sul+met+agi 
Glimepiride/Pioglitazone sul+tzd 

Glimepiride/Pioglitazone/Metformin sul+tzd+met 
Glimepride sul 

Glimepride/Metformin sul+met 

Glimepride/Metformin/Pioglitazone sul+met+tzd 
Glimepride/Metformin/Voglibose sul+met+agi 

Glimepride/Pioglitazone sul+tzd 
Glipizide sul 

Glipizide / Metformin sul+met 

Glipizide/Metformin sul+met 

Glucosamine ND 

Glyburide sul 
Glyburide/Metformin sul+met 

Hydrochlorothiazide + Losartan ND 
Hydroxyzine ND 

Ibuprofen ND 

Indapamide ND 
Injection ND 

insulin ins 
Insulin ins 

Insulin/Liraglutide ins+glp 

Irbesartan ND 
Irbesartan/Hydrochlorothiazide ND 

Isosorbide Dinitrate ND 

Isosorbide Mononitrate ND 

Isosorbide 
Mononitrate/Aspirin/Acetylsalicylic acid 

ND 

Ivabradine ND 

Lercanidipine ND 
Levocetirizine ND 

Levocetirizine/Montelukast ND 

Levodopa/Carbidopa ND 

Linagliptin dpp 

linagliptin/metformin dpp+met 
Linagliptin/Metformin dpp+met 
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Liraglutide glp 
Liraglutide/Insulin Degludec glp+ins 

Lisinopril ND 

Losartan ND 

Losartan/Amlodipine ND 

Losartan/Hydrochlorothiazide ND 
Metadoxine ND 

Metadoxine/Silymarin/Folic Acid/Vitamin B6 ND 
metformin met 

Metformin met 

Metformin / Linagliptin met+dpp 
Metformin / Methylcobalamin/Mecobalamin met+vit 

Metformin / Teneligliptin met+dpp 
Metformin / Vildagliptin met+dpp 

Metformin / Voglibose met+agi 

Metformin HCL met 
Metformin/Glibenclamide/Pioglitazone met+sul+tzd 

Metformin/Gliclazide/Chromium met+sul+chr 
Metformin/Glimepiride met+sul 

Metformin/Glimepride met+sul 

Metformin/Glipizide met+sul 

Metformin/Linagliptin met+dpp 

Metformin/Methylcobalamin met+vit 
Metformin/Pioglitazone met+tzd 

Metformin/Rosiglitazone met+tzd 
Metformin/Sitagliptin met+dpp 

Metformin/Teneligliptin met+dpp 

Metformin/Vildagliptin met+dpp 
Metformin/voglibose met+agi 

Metformin/voglibose met+agi 
Metformin/voglibose/Glimepiride met+agi+sul 

Methylcobalamin/Mecobalamin ND 

Methylprednisolone ND 
Metoprolol ND 

Metoprolol Succinate ND 

Metoprolol Tartrate ND 

Metronidazole ND 

Miglitol agi 
Miglitol/Metformin agi+met 

Mirabegron ND 
Mitiglinide gli 

Nandrolone ND 

Nateglinide gli 

Nebivolol ND 

Nifedipine ND 
Nimesulide ND 
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NR ND 
OINTEMENT ND 

Olmesartan ND 

Olmesartan Medoxomil ND 

Olmesartan medoxomil/Chlortalidone ND 

Olmesartan/Amlodipine/Hydrochlorothiazide ND 
Olmesartan/Hydrochlorothiazide ND 

Ondansetron ND 
Orlistat ND 

Pantoprazole ND 

Pantoprazole/Domperidone ND 
Pantoprazole/Itopride ND 

Pantoprazole/Levosulpiride ND 
Paracetamol ND 

Paracetamol/Acetaminophen/Tramadol ND 

Phenytoin ND 
pioglitazone tzd 

Pioglitazone tzd 
Pioglitazone / Metformin tzd+met 

Pioglitazone/Glimepiride tzd+sul 

Pioglitazone/metformin tzd+met 

Pioglitazone/Metformin tzd+met 

Pravastatin ND 
Prazosin ND 

Pregabalin ND 
Progesterone ND 

Propranolol ND 

Rabeprazole ND 
Ramipril ND 

Ramipril/Hydrochlorothiazide ND 
Ramipril/Losartan ND 

Ramipril/Telmisartan ND 

Ranitidine ND 
Ranolazine ND 

Repaglinide gli 

Repaglinide / Voglibose gli+agi 

Rimonabant ND 

Rofecoxib ND 
Rosiglitazone tzd 

Rosiglitazone / Metformin tzd+met 
Rosiglitazone/Metformin tzd+met 

Rosuvastatin ND 

Rosuvastatin/Ezetimibe ND 

Rosuvastatin/Fenofibrate ND 

Saroglitazar ND 
Saxagliptin dpp 
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Saxagliptin / Metformin dpp+met 
Saxagliptin/Metformin dpp+met 

Semaglutide glp 

Serratiopeptidase ND 

Sertraline ND 

Sibutramine ND 
Simvastatin ND 

Simvastatin/Ezetimibe ND 
sitagliptin dpp 

Sitagliptin dpp 

Sitagliptin / Metformin dpp+met 
Sitagliptin/Metformin dpp+met 

Sodium Picosulfate ND 
Sulbutiamine ND 

Sulfamethoxazole / Trimethoprim ND 

SYRUP ND 
Tamoxifen ND 

Tamsulosin ND 
Taurine / Acetylcysteine ND 

Telmisartan ND 

Telmisartan / Amlodipine / 
Hydrochlorothiazide 

ND 

Telmisartan/Amlodipine ND 
Telmisartan/Hydrochlorothiazide ND 

Telmisartan/Metoprolol Succinate ND 
Teneligliptin dpp 

TENELIGLIPTIN dpp 

Teneligliptin/metformin dpp+met 
Teneligliptin/Metformin dpp 

TENELIGLIPTIN/Metformin dpp+met 
Thyroxine/Levothyroxine ND 

Tolbutamide ND 

Torsemide ND 
Trimetazidine ND 

Trypsin Chymotrypsin ND 
Unknown ND 

Ursodeoxycholic Acid/Ursodiol ND 

Valsartan/Hydrochlorothiazide ND 
Varenicline ND 

vildagliptin dpp 
Vildagliptin dpp 

vildagliptin/Metformin dpp+met 

Vildagliptin/Metformin dpp+met 

Vitamin ND 

Vitamins ND 
voglibose agi 
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Voglibose agi 
Voglibose / Metformin / Gliclazide agi+met+sul 

Voglibose/metformin agi+met 

Voglibose/Metformin agi+met 

Voglibose/Metformin/Gliclazide agi+met+sul 

Voglibose/Metformin/Glimepiride agi+met+sul 
Voglibose/Metformin/Glimepiride agi+met+sul 
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