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ABSTRACT 

Bariatric surgery is currently the most effective treatment for type 2 diabetes (T2DM), in some 

cases inducing complete remission within days of surgery. The mechanisms driving this 

phenomenon remain unclear. This thesis describes the collection of clinical and genomic 

information from participants of the Personalised Medicine for Morbid Obesity (PMMO) study 

undergoing Roux-en-Y gastric bypass or vertical gastrectomy, investigates the ability of clinical 

and genomic factors to predict diabetes remission following surgery, and identifies early post-

surgery changes in gene expression that may drive remission.  

 

Although most T2DM improves to some extent following bariatric surgery, not everyone 

achieves remission. Scoring systems to predict remission help to ensure that limited NHS 

resources are directed towards those most likely to benefit: an early aim was to explore how 

these might be improved. Two such scores, DiaRem and Advanced-DiaRem, were applied to 

the PMMO cohort, along with the individual clinical factors of T2DM duration and number of 

prescribed T2DM drugs. Advanced-DiaRem had greatest predictive value in this heterogeneous 

cohort, particularly in non-insulin-treated participants for whom remission prediction scores 

have generally decreased efficacy. Identification of genomic predictors of diabetes remission 

may reveal more about the aetiology of diabetes and why people respond differently to bariatric 

surgery. Using RNA-sequencing and quantitative polymerase chain reaction (qPCR) a 

transcript of HMGCS1 (required for de novo cholesterol biosynthesis) was identified as a 

genomic predictor of T2DM remission after Roux-en-Y gastric bypass. This is the first 

transcriptomics biomarker identified as predictive of T2DM remission from pre-surgery 

peripheral blood.  

 

I also describe the first study comparing early post-operative transcriptomic profiles between 

remission and non-remission groups. Transcripts of ANXA6 (which regulates intracellular 
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cholesterol distribution, further implicating bile-acids in the mechanisms of remission) and 

TRAF1 (which regulates NF-kB pathways) were differentially expressed in RNA-sequencing 

data, but this was not confirmed by qPCR analyses. 
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CHAPTER 1: INTRODUCTION 
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1.1 Overview  

This thesis describes the collection and characterisation of a cohort of obese patients pursuing 

bariatric surgery, and the subsequent identification and validation of clinical and genomic 

predictors of type 2 diabetes remission after bariatric surgery, as well as exploration of potential 

mechanisms driving this phenomenon.  

 

This introduction will discuss the phenomenon of type 2 diabetes remission after bariatric 

surgery and outline current research to identify predictors of remission and the mechanisms 

underlying it.  
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1.2 The Obesity and Diabetes Epidemic 

As the prevalence of morbid obesity (BMI >40kg/m2) increases worldwide, individuals are put 

at increased risk of comorbidities such as type 2 diabetes mellitus (referred to henceforth as 

T2DM), which affects an estimated 380 million people worldwide1. T2DM (which accounts for 

>90% of diabetes cases) is a chronic metabolic disease characterised by impaired insulin action 

(insulin resistance) and, later, impaired pancreatic β-cell function, which prevents normal 

glucose homeostasis. Both genetic and environmental factors, including over-nutrition, 

predispose to T2DM, however the full pathophysiology is not completely known and the 

complex interactions between biological and environmental factors are yet to be fully 

characterised. 

 

There are significant economic and social costs associated with T2DM. Approximately 10% of 

the NHS budget was spent on T2DM (£8.8bn) in 2010/11, 80% of which was spent on 

macrovascular and microvascular complications related to T2DM including hyperlipidaemia, 

neuropathy, nephropathy, as well as diabetes-related cancer2. The added social and indirect 

costs of T2DM, estimated to be around £9bn per year, include the cost of care in residential 

facilities, productivity losses, and risk of mortality, which is estimated to be 35% higher in 

people with T2DM than in the general population3. Unfortunately, the prevalence of T2DM is 

set to rise, and it is estimated that spending on diabetes will account for around 17% of UK 

health care resource expenditure by 2035/36. There is,  therefore,  a significant need for better 

treatment and prevention of T2DM2. Current treatment for T2DM usually starts with 

conservative management of healthy eating and exercise advice, however a wide variety of 

pharmacological treatments exist that can be used individually or in combination if these 

lifestyle changes fail to achieve adequate glycaemic control, or as the disease progresses. The 

main classes of therapeutic agents are: biguanides (e.g. metformin); sulfonylureas; 

meglitinides; a-glucosidase inhibitors; thiazolidinediones; dipeptidyl peptidase-4 inhibitors 
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(DPP-4); glucagon-like peptide-1 (GLP-1) analogues; sodium glucose co-transporter type 2 

(SGLT2) inhibitors; and insulin therapy. However, despite the progress made with these drugs 

a group of surgical procedures remains the most effective treatment for T2DM4. 
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1.3 Bariatric Surgery 

Developed in the 1950s as a technique for weight loss, anecdotal evidence of diabetes remission 

after bariatric surgery emerged during the 1970s. The potential of bariatric surgery as a 

treatment for diabetes was not truly realised until the 1990s when Pories, et al. sparked great 

interest by reporting diabetes remission rates of 78% in gastric bypass patients5,6. For the 

morbidly obese, who comprise over 60% of people with T2DM7, bariatric surgery provides a 

more effective method of inducing diabetes amelioration and remission than conventional 

medical therapies4. Some studies suggest that Roux-en-Y gastric bypass surgery (RYGB) can 

lead to improvement of hyperglycaemia, reduced hepatic insulin resistance and improved 

insulin secretion in over 80% of patients, as well as substantial and sustained reduction in excess 

bodyweight8–12.  

 

1.3.1 Procedures 

There are five main bariatric procedures; adjustable gastric band (AGB), vertical sleeve 

gastrectomy (VSG), Roux-en-Y gastric bypass (RYGB), single-anastomosis duodeno-ileal 

bypass with sleeve (SADI-S), and biliopancreatic diversion (BPD) (figure 1.1 adapted from 

Mexico Bariatric Centre 201613). Recently the mini-gastric bypass has been introduced. 

Typically, these procedures are performed laparoscopically whereby the abdomen is accessed 

by a number of small incisions through which instruments, including a camera, are passed. The 

main procedures are described below. 

 

Figure 1.1 A and B depict bariatric procedures that do not involve biliary diversion, meaning 

that the mixing of bile with undigested is not delayed. These mechanisms by which these 

procedures induce weight loss are believed to be primarily due to food restriction. The 

adjustable gastric band (AGB) procedure in figure 1.1. A involves a band containing an 
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inflatable balloon being placed around the upper portion of the stomach to create a pouch 

similar to the one created in the RYGB procedure. A port is placed under the skin of the 

abdomen that can be accessed with a needle and fluid can be injected into the band to inflate it 

or removed to deflate it. By inflating the band, the opening between the pouch and the rest of 

the stomach can be narrowed, restricting the amount of food that can be held in the pouch and 

the rate at which food empties through the band. The vertical sleeve gastrectomy (VSG) 

procedure is performed by removing the outer approximately 80% of the stomach so that the 

remaining stomach forms a tube (figure 1.1. B).  

 

Figure 1.1 C, D and E depicts procedures that involve biliary diversion and are driven by 

metabolic alterations caused by anatomic rearrangement, in addition to food restriction. The 

Roux-en-Y gastric bypass procedure (figure 1.1 C) is considered the bariatric gold standard and 

involves first creating a small stomach pouch less than 30ml in volume at the top of the stomach. 

The intention of this is to limit the amount of food able to be consumed, although, in fact, that 

may not be the most important mechanism of weight loss following this procedure (see Chapter 

1.3.2). The small intestine (jejunum) is then transected around 100cm below the lower stomach 

outlet. The intestine attached to the bypassed portion of the stomach (biliopancreatic limb) is 

connected to the lower part of the jejunum to allow flow of biliary and pancreatic secretions, 

and the transected jejunum brought up to and joined with the gastric pouch (Roux limb). 

Following this procedure, food mixes with the biliary and pancreatic secretions further down 

the small intestine than it would normally. The newer mini gastric bypass procedure, shown in 

figure 1.1. D, involves the creation of a tubular stomach pouch that is smaller in volume than 

the pouch created during an RYGB. The tubular stomach pouch is then anastomosed to the 

jejunum, bypassing 200-300 cm of bowel and the stomach remnant. Figure 1.1. E depicts the 

single-anastomosis duodeno-ileal bypass with sleeve (SADI-S) procedure which first requires 

the creating of a gastric sleeve using the same technique as the vertical sleeve gastrectomy. The 
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duodenum is transected, and a duodeno-ileal anastomosis is created between the duodenum 

attached to the gastric sleeve and the ileum 250cm from the ileocecal valve.  

 

The biliopancreatic diversion (BPD) is a historical operation now only performed to treat super 

morbid obesity (BMI of ³ 50 kg/m2). The first step of a BPD is creating a gastric pouch 

approximately a quarter of the size of the stomach. The rest of the stomach is then removed. As 

with the RYGB, the small intestine is transected and one end brought up to and joined with the 

pouch and the biliopancreatic limb is attached further down the small intestine. A modified 

version of this procedure, shown in figure 1.1. F, is known as the biliopancreatic diversion with 

duodenal switch (BPD-DS) and involves removal of the outer portion of the stomach, creating 

a tube rather than a pouch. The alimentary limb (limb containing food straight from the 

stomach) is also much shorter in the BPD-DS than BPD and joins closer to the end of the small 

intestine. In this way food bypasses nearly three quarters of the small intestine after a BPD-DS. 

 

There are many proposed mechanisms through which these procedures cause weight loss and 

exert their anti-diabetes effects: these differ by procedure (as discussed in Chapter 1.3.2). VSG 

and RYGB procedures are the most restrictive of the amount of food that can be ingested, result 

in similar amounts of excess weight loss, and cause favourable hormonal changes that supress 

hunger and promote satiety14. RYGB can result in slightly better post-surgery glycaemic control 

than VSG15 but is associated with greater risk of nutrient deficiencies and dumping syndrome 

in which the stomach contents are emptied into the intestine too quickly, causing dizziness, 

vomiting and pain. The mini gastric bypass was proposed in 2001 by Rutledge R16, and a recent 

systematic review of outcomes following the mini and its predecessor the RYGB reported a 

greater prevalence of excess weight loss and T2DM remission following the mini gastric 

bypass17. This procedure is quicker to complete than the RYGB and less technically complex, 

requiring only one anastomosis, however long term data for this procedure is still limited17. In 

2007 the single-anastomosis duodeno-ileal bypass with sleeve was proposed18. Short-term 
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results show that the SADI-S procedure incurs fewer complications than both RYGB and BPD 

with duodenal switch19, and has a 20% greater T2DM remission rate than RYGB despite 

resulting in similar weight loss20.  

 

VSG procedures are sometimes performed as a first stage that will ultimately lead to RYGB in 

high-risk populations as it is a less technically challenging procedure14. The AGB procedure 

typically results in the least weight loss and improvement in glycaemic control however it is a 

reversible procedure with the lowest incidence of early post-operative complications, such as 

cholelithiasis and anastomotic leak (because there is no anastomosis), although the band does 

require maintenance to prevent overfilling, band slippage or even erosion21. The BPD with 

duodenal switch is the procedure reported as resulting in the greatest amount of excess weight 

loss and resolution of comorbidities. However, there are significant complications which limit 

its utility and it is a very technically complex and time-consuming operation22. 

 

Newer non-surgical treatment options have been developed in recent years. The EndoBarrier is 

an endoscopically inserted plastic sleeve that lines the duodenum preventing food absorption 

in the proximal part of the small intestine. The first protocol-based review of the EndoBarrier 

in 2015 showed that it induces significant weight loss and improved glycaemic control, but to 

a lesser extent than RYGB23. However, the Endobarrier was withdrawn in the USA in 2017 due 

to concerns over liver abscesses24. In addition, duodenal mucosal resurfacing has emerged as 

another non-surgical treatment alternative to bariatric surgery. During this endoscopic 

procedure the superficial duodenal mucosa is thermally ablated using either radiofrequency or 

a hot-water-filled balloon. This remodelling is hypothesised to improve hyperglycaemia by 

restoring abnormal endocrine signalling from duodenal enteroendocrine cells25. Trials thus far 

have demonstrated this procedure’s ability to induce weight loss and reduce HbA1c, fasting 

plasma glucose, and insulin resistance, although further trials are needed to establish safety and 

compare its efficacy to bariatric surgery26. 
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Figure 1.1. Bariatric surgical procedures. (A) adjustable gastric band (B) vertical sleeve gastrectomy (C) 

Roux-en-Y gastric bypass (D) mini gastric bypass (E) single-anastomosis duodeno-ileal bypass with sleeve 

(F) biliopancreatic diversion with duodenal switch. Adapted from Mexico Bariatric Centre 201613 
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1.3.2 Weight Loss-Independent T2DM Remission 

The mechanisms through which bariatric surgery mediates its beneficial effects on T2DM have 

not been fully elucidated, but a number of mechanisms have been proposed which may each 

contribute to the glycaemic improvement.  

 

Caloric Restriction 

Caloric restriction and weight loss were originally hypothesized to mediate the improved 

glucose homeostasis after bariatric surgery, but it is now clear that a number of different 

mechanisms are involved, which accounts for the differing weight loss and diabetes remission 

achieved between procedures; AGB has the lowest prevalence of diabetes remission and BPD 

has the highest27. Whilst weight loss is a key contributor to the long term metabolic 

improvement seen following bariatric surgery, metabolic improvement is frequently seen 

before any significant weight loss has occurred, typically within days or weeks of surgery6,11,28. 

It has been conjectured that this early weight-loss independent phenomenon is simply due to 

caloric restriction, from both the intensive pre-operative diet and limited ability to eat post-

operatively, providing little challenge to pancreatic b-cells until enough weight has been lost to 

maintain glycaemic improvement thorough insulin-sensitization29. Indeed, very-low calorie 

diets can mimic the early glycaemic improvement observed following bariatric surgery, causing 

improved glucose tolerance, insulin secretion and hepatic insulin sensitivity30.  

 

Specific observations suggest that the early effects of bariatric surgery go beyond dietary 

restriction alone29,31: Firstly, RYGB results in greater early improvements in glycaemic control 

than equivalent weight loss through other interventions. Several studies, including Laferrère, et 

al.32, have described the greater improvement in glucose tolerance and increased incretin effect 

seen after RYGB when compared with other surgical procedures such as AGB33,34, and VSG35, 

despite all procedures requiring caloric restriction. In fact the remission seen with AGB occurs 
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later than it does after RYGB, and is more closely linked to the timing and degree of weight 

loss achieved36,37. Secondly, peri-operative caloric restriction is a requirement for many 

gastrointestinal surgeries other than bariatric surgery, but this does not result in the same 

glycaemic improvements. Indeed, glycaemic control usually worsens after other types of 

surgery due to inflammation and upregulated stress response38. 

 

Gut Hormones 

The hindgut hypothesis asserts that the increased delivery of undigested nutrients to the distal 

gut resulting from the anatomical rearrangement in RYGB causes improved glucose 

homeostasis through the increased secretion of GLP-1, gastric inhibitory polypeptide (GIP) and 

other incretins which stimulate glucose-dependent insulin secretion and increase β-cell 

function39–41. This effect is only observed when glucose is administered orally rather than 

intravenously, highlighting the importance of the intestinal interaction with nutrients42. 

Intestinal adaptation has been observed after bariatric surgery, including alimentary limb 

hyperplasia and hypertrophy with an increased number of enteroendocrine L cells (specialised 

cells of the gastrointestinal tract that secrete GLP-1 and other gut hormones), and over 

expression of glucose transporter GLUT1 causing increased sequestration of glucose43. GLUT1 

is normally poorly expressed in enterocytes, however expression is increased in hyperplasic 

intestine following RYGB leading to greater glucose uptake on the basolateral membrane of 

enterocytes and likely contributing to the improved glucose tolerance. Circulating GLP-1 levels 

rise after VSG, but to a lesser extent than is observed following RYGB, suggesting that 

introduction of nutrients to the distal gut mediates some, but not all, of the glycaemic 

improvement44,45. Additionally, changes in GLP-1 secretion cannot explain the very early 

improvement in T2DM, which may occur when there is no transit of nutrients through the 

intestines. 
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Other gut hormones are known to play a role in the decreased hunger and increased satiety 

observed after bariatric surgery. The levels of the anorexigenic peptide YY (PYY) and its co-

secreted hormone GLP-1, both of which are secreted by enteroendocrine L cells, are elevated 

post-prandially following RYGB, but not AGB, which in addition to their stimulation of insulin 

secretion and sensitivity, may further improve glucose homeostasis by facilitating greater and 

more prolonged weight loss through reducing appetite46.  

 

After caloric restriction, levels of the orexigenic hormone, ghrelin, increase in proportion to the 

amount of weight lost through dieting, causing the increased hunger seen with dietary 

interventions47. Despite the significant weight loss seen after RYGB and VSG, ghrelin secretion 

is impaired which may promote improved glycaemia by increasing weight loss48,49, and through 

decreased ghrelin-mediated suppression of insulin release50. Some heterogeneity between 

studies may be attributed to variation in surgical technique affecting the vagus nerve51.  

 

Exclusion of nutrients from the proximal intestine is another proposed contributor to the 

improved glycemia after bariatric surgery. Duodenal-jejunal bypass studies in rats which show 

glycaemic improvements independent of food intake and weight reduction have supported the 

foregut hypothesis which postulates that exclusion of the duodenum to nutrients causes 

decreased secretion of as yet unidentified anti-incretins that normally counteract the glycaemic 

improvements of incretins52,53. This is supported by the introduction of endoluminal sleeve 

procedures which bypass the duodenum and deliver partly-digested nutrients to the distal 

jejunum and have shown that similar glycaemic improvements to RYGB can be achieved 

despite lower weight loss54.  
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Bile Acids 

Bile acids aid the digestion and absorption of lipids by first emulsifying them to aid enzymatic 

breakdown, and then packaging the resulting breakdown products into micelles so they can be 

readily absorbed into enterocytes. In addition to this role they have a number of hormonal 

effects that have been implicated in the metabolic improvements experienced after bariatric 

surgery. Bile acids are synthesized in the liver from cholesterol, with hepatic enzyme 

cholesterol-7a-hydroxylase (CYP7A1) providing the rate limiting step for the classic pathway 

(which synthesizes 75% of human bile acids), and sterol-27 hydroxylase (CYP27A1) for the 

alternate pathway55. The human bile acid pool is primarily formed from chenodeoxycholic acid 

(CDCA) and its hydroxylated form cholic acid (CA)56.  Newly synthesized primary bile acids 

then undergo conjugation with glycine or taurine, and after chemical transformation by gut 

microbiota are referred to as secondary bile acids. Transformation by microbiota can include 

deconjugation and dehydroxylation to form, for example, deoxycholic acid (DCA) and 

lithocholic acid (LCA)55. Around 95% of these secondary bile acids are reabsorbed and returned 

to the liver via the enterohepatic circulation57.  

 

Bile acids can exert their hormonal actions through a number of pathways, the best 

characterized of which is by acting as ligands for the g-protein coupled receptor TGR5 and the 

nuclear receptor farnesoid X receptor (FXR)55. Bile acid-TGR5 activation stimulates GLP-1 

expression from L cells, suppresses hepatic gluconeogenesis, and stimulates insulin secretion, 

and mice lacking TGR5 have impaired glucose tolerance58–60. Bile acid-FXR activation 

regulates bile acid synthesis by preventing CYP7A1 activation but also improves glucose 

tolerance and insulin sensitivity, stimulating glycogen synthesis, decreasing gluconeogenesis 

and increasing glycolysis57. Murine studies suggest that the FXR pathway plays a role in 

ameliorating T2DM after VSG, since FXR knock out attenuates the resulting glycaemic 

improvements61. Fibroblast growth factor 19 (FGF-19) is released by cells into portal 

circulation, in response to FXR activation, where it inhibits hepatic bile acid synthesis.  



 30 

Circulating bile acids and FGF-19 increase in both humans and rodents after RYGB and VSG, 

but not after AGB or caloric restriction, and this is correlated with improved glucose tolerance62. 

More undigested food reaching the ileum after the anatomical arrangements of RYGB may 

partly explain this rise, but not the rise after VSG63. People with T2DM may have lower 

circulating levels of bile acids than those without diabetes, and levels are higher in people who 

achieve T2DM remission after bariatric surgery than those who do not64. Animal bile acid 

diversion studies demonstrate the potential role for bile acids in the remission of T2DM through 

increasing hepatic glucose production and decreasing intestinal gluconeogenesis65. 

 

The Gut Microbiome 

Changes to the gut microbiome have been reported after bariatric surgery, in part mediated 

through bile acid metabolism66. The importance of these microbiome changes in mediating the 

effects of bariatric surgery have been demonstrated through faecal transplant studies. Faecal 

transplant from post-RYGB mice to germ-free mice resulted in greater weight loss in the germ-

free mice compared to those given faecal transplants from sham-operated mice67. Additionally, 

faecal microbiota transplant from healthy lean donors to mice with metabolic syndrome 

improves insulin sensitivity68. Both medical weight loss and RYGB induce a decrease in the 

Firmicutes:Bacteroides ratio69,70, and RYGB has the additional effect of increasing bile-tolerant 

Proteobacteria69,71. It has been proposed that the increase in Proteobacteria is due to the increase 

in free bile acids reaching the distal intestine creating an environment that favours 

Proteobacteria. However, data is conflicting as to the effect of this change on glycaemic control. 

Oral therapy with vancomycin has a similar effect on the microbiome to RYGB and results in 

impaired bile acid dihydroxylation, driving an increase in serum primary bile acids and a 

decrease in secondary bile acids which reduces peripheral insulin sensitivity72. In addition to 

the effect of bile acids, the changed composition of food as a result of altered absorption may 

itself affect the balance of organisms in the gut microbiome after RYGB. Together, it is clear 
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that RYGB alters the gut microbiota but if and how this effect contributes to improved 

glycaemic control is yet to be determined.  
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1.4 Predicting Diabetes Remission 

1.4.1 Defining Diabetes Remission 

Bariatric surgery improves glycaemic control in the majority of people with T2DM. However, 

not all achieve remission. There exists great variability in the rate of T2DM remission reported 

in the literature, at least partly because various definitions of remission are used. In 1995 

bariatric surgeon Walter Pories and colleagues found that at an average of 8 years after RYGB, 

83% of non-insulin-treated T2DM subjects no longer required anti-diabetes drugs and plasma 

glucose, HbA1c and insulin levels had returned to ‘normal’6. Since then a number of variations 

on this definition of remission have been proposed that include withdrawal of pharmacological 

therapy, fasting plasma glucose (FPG) cut-off levels, glycated haemoglobin (HbA1c) cut-off 

levels, duration of these factors, or different combinations of the above. Similar rates of 

remission were reported in a 2004 systematic review and meta-analysis by Buchwald and 

colleagues when considering remission after RYGB as FPG <100 mg/dL (<5.5 mmol/L) or 

HbA1c <6% in the absence of pharmacological therapy73, and this became the generally 

accepted definition of remission until a more stringent set of remission criteria was introduced, 

which reduced the reported rates of remission74.  

 

In 2009 the American Diabetes Association (ADA) proposed a new criteria for T2DM 

remission that distinguished between partial and complete remission75. Partial remission was 

defined as hyperglycaemia below the diagnostic threshold for T2DM (HbA1c <6.5% and FPG 

100-125 mg/dL or 5.5-6.9 mmol/L) with no pharmacological treatment for at least 1 year post-

surgery. Complete remission was defined as a return to normal glycaemic measures (HbA1c < 

6.0% and FPG < 100 mg/dL or <5.5 mmol/L) with no pharmacological treatment for at least 1 

year post-surgery. Prolonged remission was defined as complete remission that lasted for more 
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than 5 years. Use of this more stringent ADA criteria reduced reported rates of T2DM remission 

to around 50% or less76–78.  

 

Despite these clear criteria, study designs still varied on the use of all parts of the criteria, 

particularly including the time component. A 2014 study by Mas-Lorenzo, et al.79 was the first 

to highlight that studies such as Pournaras, et al.78 and Ramos-Levi, et al.76 could not be 

defining remission as without pharmacotherapy for at least 12 months as they were reporting 1 

year post-surgery remission rates, indicating that patients would have to had been off 

medication pre-operatively. Mas-Lorenzo, et al. discovered that strict application of the 1 year 

without pharmacotherapy component reduced the observed remission rates by 15% (table 1.1).  

 

 

Remission Criteria Definition Remission Rate 

Buchwald criteria 
HbA1c <6% or FPG <100mg/dl (5.5 mmol/L) 

92.7% 
No hypoglycaemic medication 

ADA Partial 

HbA1c <6.5% + FPG <125 mg/dl (6.9 mmol/L) 

83.6% No hypoglycaemic medication 

Both maintained for 1 year 

ADA Complete 

Without Time 

HbA1c <6% + FPG <100mg/dl (5.5 mmol/L) 
58.1% 

No hypoglycaemic medication 

ADA Complete 

HbA1c <6.0% + FPG <100mg/dl (5.5 mmol/L) 

43.6% No hypoglycaemic medication 

Both maintained for 1 year 

Table 1.1. T2DM remission prevalence with different definitions of remission. Observed 

T2DM remission rates in the same cohort 2 years post-surgery when different remission 

criteria are applied. ADA, American Diabetes Association. From Mas-Lorenzo, et al. 

(2014)79 
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Additionally, the STAMPEDE trial (Surgical Therapy And Medications Potentially Eradicate 

Diabetes Efficiently), which was not assessed by Mas-Lorenzo, et al. used a primary endpoint 

of the proportion of patients with an HbA1c £6% 1 year after surgery regardless of diabetes 

medication use and reported a 1 year remission prevalence of 42%8,15,80. In contrast, the 

remission rate in patients on best medical therapy was 12%. Figure 1.2 shows the greater 

improvement in diabetes measures for participants 1 year after treatment with RYGB or VSG 

compared to intense medical therapy in the STAMPEDE trial. 

Figure 1.2. Changes in diabetes measures from baseline to 1 year post-surgery from the 

STAMPEDE trial. (A) Change in glycated haemoglobin (B) change in fasting plasma glucose 

(C) average number of diabetes medications (D) change in BMI. STAMPEDE, surgical therapy 

and medications potentially eradicated diabetes efficiently. All presented as mean and standard 

error except fasting glucose which is median and interquartile range. From Schauer, et al. 20128 
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1.4.2 Clinical Predictors of Diabetes Remission 

Despite the range of reported T2DM remission rates, it is clear that not all people with T2DM 

undergoing bariatric surgery achieve optimum glycaemic control. Recent National Institute for 

Health and Care Excellence (NICE) guidelines recommend bariatric surgery to treat 

inadequately controlled or recent-onset T2DM, defined as within 10 years of diagnosis, even 

in only moderately obese people (BMI <35 kg/m2 )81. This highlights the urgent need for better 

tools to assess the balance between surgical risk and potential benefit. Achieving T2DM 

remission was identified in a questionnaire study as the most important outcome of surgery to 

people with T2DM, more so than achieving maximum weight loss82, so by identifying people 

who are unlikely to achieve the expected glycaemic outcomes, patients can be safeguarded 

against high-risk operations that may incur serious complications. Additionally, demand for 

bariatric surgery far exceeds supply, therefore prognostic indicators are necessary to ensure that 

scarce NHS resources can be directed towards those most likely to benefit.  

 

T2DM remission has been associated with a number of pre-surgery clinical factors. Young age 

was identified as a predictor of remission very early in the course of bariatric surgery6, and has 

been associated with remission in several studies28,73,83,84. In some studies, age was used as a 

surrogate marker of duration of T2DM, as older people are likely to have been suffering with 

the disease for longer85. T2DM has historically been viewed as a single progressive disease 

whereby those with more severe forms had had the disease for longer, allowing time for further 

decline of b-cell function83, although it is now recognised that in addition to monogenic diabetes 

a range of sub-forms of T2DM exist86. Shorter T2DM duration, typically meaning a diagnosis 

within 5 years of operation, has thus been associated with better odds of remission28,83,87–90. 

Similarly, markers of background b-cell function such as C-peptide and serum insulin have also 

been associated with remission83–85,89,91–93.  
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Central obesity is strongly correlated with T2DM development, so it is perhaps unsurprising 

that many (but not all) studies have identified BMI as a predictor of T2DM remission, with 

greater remission in those with a higher BMI8,35,83,84,89,94–96. In studies involving people with 

lower BMIs (< 35 kg/m2) there have been mixed results with respect to the importance of BMI 

as a predictor of remission97,98. This may be because those individuals are more likely to have 

poor baseline pancreatic function or mature-onset diabetes of the young (MODY) however 

there is no literature exploring this. A study by Liang H, et al. identified different factors as 

predictive of remission in people with BMIs above and below 30 kg/m2, with HbA1c only 

predictive in the high BMI group and T2DM duration only predictive in the low BMI group99. 

 

Lower pre-operative HbA1c and fasting plasma glucose levels have also been identified as 

significant predictors of remission, indicating that the level of glycaemic control before surgery 

affects remission regardless of medication use88,96,100. However, number of different T2DM 

pharmacotherapies taken is also an independent predictor of remission, and it is hypothesized 

that this indicates the extent of prior progression of T2DM, with more severe T2DM requiring 

a greater number of drugs to achieve glycaemic control28,101,102. Use of insulin is frequently 

identified as the strongest negative predictor of T2DM remission: patients with insulin-treated 

type 2 diabetes rarely achieve remission84,85,96,103,104.  

 

A number of remission prediction models have been developed that combine the identified 

factors in a variety of ways. The most widely used of these is the DiaRem score85, developed 

by Still, et al., which combines 4 factors identified as predictive of remission: age, HbA1c, type 

of anti-hyperglycaemic medication used, and insulin use, which is the greatest contributor to 

overall score. It is hypothesized that, in combination, these factors are likely indicators of the 

extent of progression of the disease, with the implication that the further diabetes has progressed 

the less likely recovery becomes.  
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Most remission scores thus far have concentrated on prediction of remission in people 

undergoing RYGB, whereas an increasing proportion of subjects now undergo VSG. Some 

individual predictive factors for RYGB-induced remission have been confirmed in VSG105,106 

and AGB107, and a handful of studies have confirmed the efficacy of remission scores in people 

that underwent VSG108–110, although not specifically in non-insulin treated people. Newer 

scores are frequently being developed, however many are yet to be validated, such as the 

Advanced-DiaRem score, and their efficiency at predicting T2DM remission in specific cohorts 

such as the non-insulin treated and post-VSG groups is unknown101.  

 

1.4.3 Genomic Predictors of Diabetes Remission 

Traditionally, it was believed that the extent of progression of T2DM was the main determinate 

of participants achieving or not achieving remission, and this is what clinical remission scores 

aimed to measure indirectly through factors such as T2DM duration and insulin use. Diabetes 

was traditionally divided into two major types based on the presence or lack of autoimmune 

antibodies, but developments in the genetic understanding of diabetes means that it is being 

increasingly seen as a complex, heterogeneous disease with a number of possible underlying 

causes. The variable glycaemic improvement in response to bariatric surgery may be due to 

these different underlying pathophysiologies.  

 

Even among patients without monogenic sub-forms of diabetes, there is considerable 

heterogeneity. A recently-published study has suggested that many of the factors which 

differently characterise patients with diabetes do not simply reflect the stage of diabetes 

progression but are indicative of different underlying mechanisms of T2DM. The study 

identified distinct clusters of patients previously encompassed within the simple diagnosis of 

type 2 diabetes86. Ahlqvist, et al. found similar clustering in newly-diagnosed patients and 

patients with a long diabetes duration, and found that C-peptide measurements within clusters 
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were stable over time, suggesting that these different clusters of diabetes do not represent 

different stages of the same disease but may be mechanistically different86. It may be that the 

limited predictive power of clinical remission scores is because people have different types of 

T2DM with different underlying mechanisms that are/are not reversible and susceptible to 

correction by bariatric surgery to different extents.  

 

Genetics of Type 2 Diabetes  

Family and twin-based studies have estimated the heritability of T2DM to be between 20-

80%111,112, and a lifetime risk of developing T2DM of 40% in individuals with one parent 

affected by T2DM and 70% if both parents are affected113,114. This familial clustering is partly 

due to the heritability of obesity as well as epigenetic changes that can inherited114. 

Understanding the molecular aetiology of T2DM may help us to understand differences in 

response to treatment and thereby give clues about the underlying mechanisms of remission. 

This can be investigated in two ways: 

i. Family-based analysis  

ii. Population-based analysis  

 

Family-based analyses and population-based analyses can be used to identify genetic changes 

(mutations and polymorphisms respectively) that cause T2DM. A mutation is an alteration in 

DNA sequence of a gene, but if the frequency of a mutation occurring in a population is at least 

1% then the mutation is called a polymorphism115. Polymorphisms result in the presence of 

more than one allele that can be regarded as a standard sequence in a population. When a single 

base pair change occurs with a frequency of less than 1% (rare) it is called a point mutation, 

and when the frequency is ³1% (common) it is called a single nucleotide polymorphism (SNP).  
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Family-based analyses are able to identify rare, highly-penetrant genetic forms of diabetes such 

as maturity-onset diabetes of the young (MODY) and mitochondrial sub-forms. MODY 

exhibits many aspects of the typical T2DM phenotype but it arises from uncommon monogenic 

variations rather than the more common polygenic forms of T2DM, and management can be 

different from common T2DM. Mutations in a number of genes are known to cause MODY. 

The most common are mutations in the genes for hepatocyte nuclear factor 1a (HNF1a) and 

glucokinase (GCK), which account for 30-60% of all MODY, followed by mutations in 

hepatocyte nuclear factor 4a (HNF4a) hepatocyte nuclear factor 1b (HNF1b), together 

accounting for approximately 10% of all MODY116. Pathogenic variants have been identified 

in a further 10 genes116: ATP-binding cassette transporter subfamily C member 8 (ABCC8), 

adaptor protein phosphotyrosine interaction with pH domain and leucine zipper (APPL1), B-

lymphocyte tyrosine kinase (BLK), bile salt-dependent lipase (CEL), insulin gene (INS), 

potassium voltage-gated channel subfamily J member 11 (KCNJ11), Kruppel-like factor 11 

(KLF11), neurogenic differentiation 1 (NEUROD1), paired box gene 4 (PAX4), and pancreatic 

and duodenal homeobox 1 (PDX1). Loss of function of KCJN11 and ABCC8, both K-ATP 

channel subunits found in pancreatic b-cells that control glucose-stimulated insulin secretion, 

cause permanent neonatal diabetes117. Targeted sequencing of genes linked with monogenic 

diabetes has confirmed that monogenic diabetes is underdiagnosed, and is present in nearly 2% 

of patients with early onset (< 40 years) disease and likely higher in community-based clinical 

practices118.  

 

Mitochondrial diabetes results from dysregulation or dysfunction of mitochondrial proteins, 

leading to altered intracellular signal transduction. Unlike MODY inheritance, which is 

typically autosomal dominant, mitochondrial diabetes can be maternally transmitted 

(mitochondrial DNA mutations), autosomal recessive, X-linked, or autosomal dominant. As 

well as mutations or deletions of mitochondrial DNA, the most common of which is point 

mutation in mitochondrially encoded tRNA leucine 1 (MTTL1) present in approximately 1% of 
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all diabetes cases in young adults119, mutations in a number of nuclear DNA genes that impair 

mitochondrial DNA maintenance or mitochondrial protein translation can also predispose to 

diabetes, including: thymidine phosphorylase (TYMP), DNA polymerase gamma (POLG), and 

ribonucleotide reductase regulatory TP53 inducible subunit M2B (RRM2B)120. Mitochondrial 

diabetes typically presents with a number of other clinical features as a syndrome, such as 

maternally inherited diabetes and deafness (MIDD) or mitochondrial encephalopathy with 

lactic acidosis and stroke-like episodes (MELAS)120. Family-based analysis have identified 

monogenic forms of diabetes caused by rare mutations with strong genetic effects, accounting 

for approximately 2.5% of UK patients under the age of 20 with diabetes121, and it is suspected 

that 11-40% of young and neonatal patients with diabetes respectively may suffer from 

monogenic forms that have not yet been identified122.  

 

In addition to monogenic forms of diabetes, family-based analyses (linkage and candidate gene 

studies) are able to identify susceptibility genes in which rare variants with large effect increase 

the risk of developing T2DM. Linkage studies establish linkages between genes that are 

typically inherited together due to their chromosomal proximity to one another. Linkage studies 

have identified two T2DM susceptibility genes thus far: calpain 10 (CAPN10) and transcription 

factor 7-like 2 (TCF7L2). First identified was CAPN10, however little further support for this 

linkage has been found123. A stronger linkage signal was mapped to TCF7L2124,125, a 

transcription factor that plays a key role in Wnt signalling and has been suggested to be involved 

in β cell development and function125–127. It has also been postulated that variants in this gene 

can affect susceptibility to T2DM by affecting GLP-1 levels125, and are associated with 

decreased insulin secretion128. Presence of some polymorphisms in TCF7L2 can confer a two-

fold increased risk of developing T2DM than carriers of two normal variants129.Genome-wide 

association studies (GWAS) have confirmed the association between TCF7L2 SNPs and T2DM 

risk129.  
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Candidate gene studies explore the role of genes already suspected of being involved in the 

pathogenesis of T2DM. Peroxisome proliferator-activated receptor gamma (PPAR-g) is a 

transcription factor that is involved in the expression of hundreds of genes and has also been 

associated with T2DM through candidate gene studies130. The PPAR-g receptor is the target for 

the T2DM drug class thiazolidinediones, and the adipose tissue-expressed transcript of this 

gene is associated with increased transcriptional activity, increased insulin sensitivity and 

protection against T2DM131. One PPAR-g  polymorphism acts in an additive manner with a 

polymorphism in KCJN11 to increase T2DM risk by around 28%132. Candidate gene studies 

have also identified polymorphisms in insulin signal transducing genes insulin receptor 

substrate 1 and 2 (IRS1 and IRS2)133,134, and b-cell function gene Wolframin ER transmembrane 

glycoprotein 1 (WFS1) which results in Wolfram syndrome135.  

 

The second method to explore T2DM aetiology is using population-based analyses, particularly 

GWAS, to explore subtler genetic effects with low penetrance. The resulting genetic markers 

are not individually strong predictors of diabetes risk or likely of surgery response, although 

combining SNP data into genetic risk scores increases power somewhat.  

 

GWAS have identified many new loci associated with T2DM. The first of these confirmed the 

known association with TCF7L2, the most significant gene associated with T2DM,  and 

identified other polymorphisms in solute carrier family 30 member 8 (SC30A8), a zinc 

transporter exclusively expressed in b cells which increases glucose-stimulated insulin 

secretion when overexpressed136 in addition to two linkage disequilibrium blocks (alleles at 

different sites with non-random association)137. The first block contained two genes with known 

biological significance: insulin degrading enzyme (IDE), knock-out of which causes glucose 

intolerance in mice138, and haematopoietically expressed homeobox (HHEX) which is essential 

for pancreatic and hepatic development139,140. The other block contained genes from exostosin 
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2 (EXT2), which modulates a pathway involved in pancreatic development and insulin 

synthesis141,142, and aristaless-like homeobox 4 (ALX4) involved in the Wnt pathway143, as is 

TCF7L2.  Polymorphisms upstream of cell cycle regulator genes cyclin-dependent kinase 

inhibitor 2A and B (CDKN2A and CDKN2B) have been associated with T2DM, with risk alleles 

conferring an increased odds ratio of developing T2DM of up to 1.5, although the mechanisms 

of this remain unknown144. Multiple GWAS have identified insulin-linked growth factor 2 

mRNA binding protein 2 gene (IGF2BP2) as associated with T2DM, although the mechanism 

of this also remains unknown145,146.  

 

Since this first GWAS >150 variants for T2DM have been mapped to >120 loci147, believed to 

contribute to the T2DM phenotype in a number of ways: some affecting glucose secretion (e.g. 

SLC30A8, TCF7L2, GCK, GIPR); some contributing to b-cell dysfunction (e.g. IGF1, GCKR); 

and others affecting insulin action (e.g. PPAR-g and FTO, the fat mass and obesity associated 

gene). A clustering analysis of T2DM risk variants in normoglycemic people found that risk 

loci could be grouped into five categories based on their relationship with markers of insulin 

processing, secretion and sensitivity, highlighting the diversity of the mechanisms that 

contribute to this disease137. Despite these findings, only around 10% of the heritability of 

T2DM has been elucidated thus far, a phenomenon referred to as ‘missing heritability’, and it 

may be that understanding more about the different mechanisms underlying T2DM will make 

clearer the role of bariatric surgery in inducing remission148. Some of the genes in which GWAS 

studies have identified T2DM susceptibility variants can be seen in figure 1.3, from Prasad and 

Groof, 2015147.  
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Genetics as a Predictor of Response to Bariatric Surgery  

Genetics is known to play a role in the variable response to bariatric surgery, both in terms of 

weight loss and glycaemic control. In 2011 Hatoum, et al. described the significant heritability 

of weight loss after RYGB by comparing pairs of genetically related and unrelated 

individuals149. They found that the average difference in percentage excess body weight loss 

between first degree relatives was only 9% compared to 25% between unrelated random 

individuals and 26% between unrelated cohabiting individuals.  

 

Figure 1.3. T2DM and glycaemic associated variants. Variants represented by standard gene 

names. Gene names within the black circle are associated with T2DM. *One ADCY5 variant is 

associated with 2h insulin both adjusted for 2h glucose (red) and not adjusted (green); ***TMEM163 

variants are associated with fasting insulin; TCF7L2 is associated with fasting and 2h glucose. Figure 

by Prasad and Groof, 2015147. 
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A number of studies, particularly GWAS, have since been performed which identify genetic 

variations that affect weight loss 6-12 months after different types of bariatric surgery150–152. 

Genes in which these polymorphisms predict weight loss response to RYGB include: PPAR-g 

coactivator 1a (PGC1a)153, fat mass and obesity-associated (FTO)154, oestrogen receptor 1 

(ESR1)154, Cytochrome P450 family 3 subfamily a member 4 (CYP3A4)155, lipid scavenger 

receptor class B member 1 (SCARB1)155, methylenetetrahydrofolate reductase (MTHFR)155, 

vitamin K epoxide reductase complex subunit 1 (VKORC1)155, hypoxia-inducible factor 1-a 

(HIF1a)155, preproghrelin (rs696217)156, and CD40 ligand (CD40LG)156. Polymorphisms in 

genes that predict weight loss response to AGB include: uncoupling protein 2 (UCP2)154,157, 

CYP3A4155, apolipoprotein E (APOE)155, apolipoprotein 4 (APO4)155, dopamine receptor D3 

(DRD3)155, 5-hydroxytryptamine receptor 3B (HTR3B)155, and PPAR-g157. Interestingly, 

mutations in the melanocortin 4 receptor gene (MC4R), the most common cause of monogenic 

obesity, do not affect weight loss up to 1 year after bariatric surgery158,159, although studies are 

limited which highlights the need for future work in this area. 

 

Some of the polymorphisms associated with weight loss after bariatric surgery were also 

associated with post-surgery glycaemic improvement (PGC1a153, FTO154, ESR1154, and 

UCP2154), however less is known about the interaction between genes and glucose homeostasis 

regardless of weight loss after bariatric surgery. The first study in which an interaction was 

reported post-RYGB was by Rouskas, et al. in 2014160. Variation in TCF7L2 had already been 

identified as conferring the strongest known genetic contribution to T2DM risk125, so Rouskas 

and colleagues explored the contribution of one TCF7L2 variant to glucose tolerance 1 year 

post-RYGB. They found that the particular TCF7L2 risk polymorphism was associated with 

higher FBG 1 year post-RYGB compared to the wild type allele, and that this effect was 

independent of weight-loss.  
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Other genetic polymorphisms associated with T2DM response after bariatric surgery been 

identified, primarily through the use of genotyping arrays such as the Illumina CardioMetabo-

Chip. A 2016 study by Pedersen, et al.161 identified 8 SNPs from different genes associated 

with T2DM remission within 30 days of RYGB: syntaxin-binding protein 5-like (STXBP5L), 

prokineticin 2 (PROK2), RING1 and YY-binding protein (RYBP), single-strand-selective 

monofunctional uracil-DNA glycosylase 1 (SMUG1), Rho guanine nucleotide exchange factor 

12 (ARHGEF12), GLI family zinc finger 3 (GL3), ATP-binding cassette subfamily A (ABCA1), 

catenin beta like 1 (CTNNBL1)161. Three of these genes (ABCA1, STXBP5L, PROK2) are 

involved in insulin secretion, insulin sensitivity or obesity, and had not been identified in the 

context of T2DM remission previously. ABCA1 is a cholesterol efflux pump that regulated 

intracellular cholesterol which may regulate b-cell insulin secretion162, STXBP5L inhibits 

insulin secretion from b-cells by inhibiting soluble NSF attachment protein receptor (SNARE) 

complex formation163, and PROK2 encodes the anorexigenic peptide hormone prokineticin-2 

which promotes insulin uptake and decreases appetite centrally164.  

 

Transcriptomics as a Predictor of Response to Bariatric Surgery 

In addition to background genetic polymorphisms, the extent to which a gene is expressed at 

any moment in a given tissue affects the ultimate observable trait or phenotype. Identifying 

gene expression differences between participant groups by measuring mRNA can elucidate 

how up- or down-regulation of that gene affects complex phenotypes. Measuring transcript 

expression rather than gene expression can provide more specific information about not only 

the expression level of the gene but about variation within the gene and alternative splicing. 

 

Little work has been conducted on the role of mRNA biomarkers in T2DM remission prediction 

before bariatric surgery. In 2012 Garrido-Sanchez, et al. found that decreased baseline 

expression of the de novo lipogenesis genes phosphoenolpyruvate carboxykinase 1 (PEPCK1) 

and ATP citrate lyase (ACL) in subcutaneous adipose tissue was associated with improved 
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HOMA-IR after BPD165. In 2017 this same research group found that subcutaneous adipose 

tissue inflammatory markers were also associated with glycaemic state post-bariatric surgery166. 

Patients with T2DM that resolved within three months of surgery had higher baseline mRNA 

expression of inteleukin 6 (IL-6), tumour necrosis factor a (TNFa) and CD11 antigen-like 

family member B (CD11B), and lower expression of CD163 than patients who did not achieve 

remission. These studies highlight the role of the baseline adipose tissue metabolic and 

inflammatory state in the metabolic response to bariatric surgery. However, the adipose tissue 

samples were taken peri-operatively and therefore any predictive value from such results cannot 

be reaped before surgery has occurred. Biopsies are typically considered to be less acceptable 

to patients than a simple blood sample collection, therefore there is a need for identification of 

gene expression biomarkers associated with T2DM remission which can be measured in blood 

samples.  

 

A limited number of circulating micro RNA (miRNA) molecules have been identified as 

associated with glucose homeostasis. A study by Samandari, et al. in 2017 found that circulating 

miRNA can predict residual b cell function and glycaemic control in children with T1DM, and 

can also predict progression of T1DM, demonstrating that gene expression biomarkers 

predictive of future glucose homeostasis can be identified in the blood167. Circulating miRNAs 

have also been found to be predictive of T2DM response to thiazolidinedione, demonstrating 

that circulating gene expression markers can also predict response to a treatment or 

intervention168. To my knowledge no studies to date have identified pre-operative circulating 

gene expression markers predictive of T2DM remission after bariatric surgery. 
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1.5 Hypothesis and Aims 

1.5.1 Hypotheses 

It is possible to use pre-operative clinical and genomic factors to predict which patients with 

T2DM will achieve remission after bariatric surgery. Transcriptomics analysis of early post-

bariatric blood samples will identify gene expression markers that will help elucidate the 

mechanisms of early weight-loss independent diabetes remission after bariatric surgery.  

 

1.5.2 Aims 

The aims of this study are thus: 

(a) To identify clinical predictors and gene expression profiles predictive of T2DM 

remission in participants pursuing bariatric surgery 

(b) To elucidate potential mechanisms driving the phenomenon of early weight-loss 

independent remission of diabetes after bariatric surgery 
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CHAPTER 2: MATERIALS & METHODS 
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2.1 PMMO Cohort 

The participants included in this study were recruited as part of a larger clinical trial entitled 

‘Personalised Medicine for Morbid Obesity’ (PMMO), identifier NCT01365416, led by 

Professor Alexandra Blakemore169,170. This is a multi-centre observational prospective study of 

patients with obesity pursuing bariatric surgery, established in 2011. The aim of the study is to 

investigate genetic variations and gene expression profiles associated with obesity and T2DM.  

 

Participants of the PMMO study have phenotypic data and samples collected (including RNA, 

DNA, serum, urine and faeces samples, and tissue biopsies) at a number of time points before 

and up to 2 years after bariatric surgery. Participants included in the PMMO study pursue a 

variety of bariatric procedures, namely Roux-en-Y gastric bypass (RYGB), vertical sleeve 

gastrectomy (VSG), and adjustable gastric banding (AGB).  

 

For this thesis a subset of patients recruited for the PMMO study were used to analyse clinical 

and genomic factors that predict T2DM after RYGB and VSG. The methods described in this 

chapter focus on the recruitment, data collection, and analysis to meet the aims of this thesis. 

The PMMO study is ongoing, therefore it has only been possible to include data currently in 

this thesis.   

 

The study has been approved by the National Research Ethics Service Committee (REC 

reference number 11/LO/0935) and was performed in accordance with the principles of the 

Declaration of Helsinki. The PMMO study is funded by the Biomedical Research Centre 

(BRC), the Medical Research Council (MRC), the Engineering and Physical Sciences Research 

Council (ESPRC), and a studentship from the St Mary’s Development Fund.  
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2.2 Research Participants  

Participants for the analysis included in this thesis were recruited from the Imperial Weight 

Centre bariatric clinics at St Mary’s Hospital and Charing Cross Hospital.  

 

Participants, both pursuing bariatric surgery and having already undergone a bariatric procedure 

are included in this study, with pre-operative clinical data collected retrospectively for those 

recruited after surgery. All patients were provided with patient information sheets and gave 

written informed consent in the form of a consent form, examples of which can be found in 

Appendix 1.1 and 1.2. 

 

2.2.1 Inclusion Criteria 

1. Adults (18-65 years old) with a BMI > 35kg/m2 pursuing bariatric surgery 

2. Adults (18-65 years old) having already undergone bariatric surgery and had a 

BMI>35kg/m2 prior to their bariatric procedure. 

 

2.2.2 Exclusion Criteria 

1. Participants that have donated blood in the last three months 

2. Participants receiving or intending to receive treatment with a drug that has not been 

approved by the European Medicines Agency 

 



 51 

2.2.3 Data Collection 

Participants recruited before receiving a bariatric procedure had clinical data collected 

prospectively at 6 time points, while participants recruited after their surgery had data collected 

retrospectively from their medical notes for any time points that had already passed. Data 

collection points are summarised in figure 2.1.  

 

 

 

 

 

 

 

 

 

 

Anthropometric Data 

Height (m) measurements were collected during the initial consultation, weight (kg) 

measurements collected at each patient visit, and BMI for each visit calculated using formula: 

BMI = weight/height2. Blood pressure (mmHg) and heart rate (min-1) were recorded 

retrospectively from patient notes for each visit.  

 

 

 

Pre-surgery
assessment

Bariatric
surgery

10 days 
post-surgery

3 months
post-

surgery

12 months
post-

surgery

24 months
post-

surgery

Figure 2.1. Study visits. Outline of study visits by patients before and after their bariatric surgery, 

and the data and samples collected at each assessment.   

 Anthropometric data & comorbidities  
 RNA sample 

 Family history 

 Tissue sample 

 Laboratory values 
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Family History 

Family history was collected through interview with participants and creation of a pedigree of 

up to three generations. Specific questions were asked about the presence of obesity, diabetes, 

birth defects, learning difficulties, and multiple miscarriages in family members.  

 

Medical History 

Comorbidities, weight history, and a list of medications were collected from the participant, or 

their medical records if recruited post-operatively, for each participant visit. Weight history was 

collected from participants, including: highest weight, age of onset of obesity, birth weight, and 

information about their birth including if the participant was born prematurely, breastfed, and 

their method of delivery.  

 

T2DM was diagnosed in participants with a fasting blood glucose of ≥7.0 mmol/L or a 2-hour 

glucose of ≥11.0 mmol/L. Where glucose measurements were not available participants could 

be diagnosed with an HbA1c of ≥48 mmol/mol. This is in line with World Health Organization 

and American Diabetes Association guidelines171. In this study participants were considered to 

have T2DM if they met the above guidelines or if they were treated with anti-hyperglycaemic 

pharmacotherapy and had a clinical diagnosis of T2DM in their medical records.  

 

Obstructive sleep apnoea was also recorded in categories after the participant had undergone a 

sleep study as part of their surgical pre-assessment with the bariatric clinic. These were: none, 

snores, requiring continuous positive airway pressure, and cor pulmonale. These crude 

measures were preferred over scores such as the apnoea-hypoxia index or Epworth score 

because patients had typically undergone sleep studies before recruitment to the PMMO trial, 

therefore their sleep apnoea status was already known to the patient. Cardiovascular function 

was recorded as: none, heart disease, and heart failure. Hypertension and hyperlipidaemia were 
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diagnosed when the participant was being treated pharmacologically for these conditions. 

Functional status was recorded in categories: no limitation, can manage three flights of stairs, 

can manage one or two flights of stairs, requires walking aid or wheelchair, and housebound. 

Presence of gonadal comorbidity was also recorded categorically: not tested, none, polycystic 

ovarian syndrome, and infertility. Low testosterone levels are often seen in severe obesity, and 

if a male patient was known to have compromised fertility then they were recorded as having 

infertility172. 

 

Psychological comorbidities were recorded either from the patient if they were aware of a 

disorder or from their interview with a psychologist as part of their surgical pre-assessment 

with the bariatric clinic psychologist according to the diagnostic criteria in the American 

Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders173. Current 

disease or history of binge-eating disorder, depression, and other psychiatric disorders 

including Autism, schizophrenia, borderline personality disorder, psychosis, and bipolar 

disorder were recorded. Questionnaires were also completed by participants to measure quality 

of life, eating behaviour and mood disorders, however they were not included in the scope of 

this thesis. 

 

Laboratory Values 

Participant blood results were recorded at each visit retrospectively from medical records for: 

glucose (mmol/L), insulin (mU/L), HbA1c (mmol/mol), C-peptide (ng/L), cholesterol 

(mmol/L), triglycerides (mmol/L), HDL (mmol/L), LDL (mmol/L), neutrophil count (x109/L), 

lymphocyte count (x109/L), albumin (mmol/L), Vitamin-D (nmol/L), and C reactive protein 

(mg/L). 
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Missing Data 

Missing data was not accepted in key variables such as weight, height, HbA1c, T2DM duration, 

or medication list. If PMMO participants did not have values for these variables pre-operatively 

and 1 year post-operatively then they were excluded from all analyses. Missing values were 

accepted only in the following variables: walking aid use, obstructive sleep apnoea, depression, 

and binge eating disorder. The accepted threshold for percentage of observations missing for 

any of these variables was 20% of the participant group studied, which is well below the 40% 

threshold described for the study of similar data174. 

 

2.2.4 Sample Collection and Storage 

RNA 

Participants recruited pre-surgery had one blood RNA sample collected at every bariatric clinic 

attended (visits 1-7), except visit 2 (day of surgery) when two blood samples are taken; one 

before anaesthesia and one after. Participants recruited post-surgery had one blood sample 

collected at the time of their recruitment. Blood was collected in a 2.5ml PAXgene blood RNA 

tube and stored at -20°C. Blood samples for DNA and serum preparation were also collected at 

this time, however their analysis is not included in this thesis. 

 

Whole blood RNA was chosen as the main sample type assessed in this these because it is less 

invasive for patients and enables sampling and frequent monitoring of gene expression profiles. 

PAXgene captures the RNA profiles of all cell types in whole blood including erythrocytes, 

granulocytes, lymphocytes, monocytes, and platelets, as well as extracellular RNA. As 

monocytes and other key cells of the innate immune system are known to be major contributors 

to the pathogenesis of inflammatory diseases, including obesity and T2DM175, analysis of RNA 

from these cells may provide a useful insight into the remission of T2DM. Whole blood samples 
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are also easily obtainable pre-surgery, so a convenient source for identification of biomarkers 

predictive  of outcome. 

 

Tissue 

Tissue biopsies from abdominal muscle, liver, subcutaneous fat and visceral fat were also 

collected, however analysis of these samples is not included in this thesis. 

 

2.2.5 Bariatric Procedure and Follow Up 

Bariatric procedures performed by the Imperial Weight Centre bariatric clinic included RYGB, 

VSG and LGB. Date of surgery and procedure type were recorded on the day of surgery. Follow 

up visits to the bariatric clinic were provided for patients as part of the normal clinical care 

pathway, and at these clinical appointments anthropometric data and samples were collected. 

These visits occurred 10 days and 3, 12, and 24 months following surgery. The presence of any 

surgical complications was recorded at each of these visits, along with any changes that could 

influence weight such as pregnancy.  



 56 

2.3 Clinical Models to Predict T2DM 

Remission Analysis 

The methods described here correspond to the data included in chapters 4 and 5 of this thesis 

in which three diabetes remission prediction scores, and also duration of T2DM alone, are 

applied to the bariatric cohort. I am grateful to Dr. Sanne Alsters, Dr. Jennifer Murphy, Gheed 

Mahir and Erdal Ozdemir who helped collate some of the long-term clinical data included in 

this analysis.  

 

2.3.1 Participant Selection 

The participants included in this analysis are from the PMMO cohort and were selected if they 

had clinical data recorded both prospectively and retrospectively which included date of 

diabetes diagnosis, insulin use, and HbA1c and medication list pre- and 1 and 2 years post-

operatively. For inclusion in the analysis described in chapter 5, participants could not require 

pre-operative treatment with insulin. Due to this use of insulin was removed from all remission 

prediction scoring systems applied in chapter 5. 

 

2.3.2 Outcome Measures 

T2DM Remission Definition 

T2DM complete and partial remission was defined according to the criteria outlined in table 

2.1. This is in line with the 2009 ADA criteria, without the time component74. The time 

component was not included because the majority of information regarding participants’ 

glycaemic state was collected 1 year after surgery, so the point at which T2DM 

pharmacotherapy stopped was impossible to determine. For the purposes of this thesis, when 
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complete and partial remission were reported together they are called ‘remission’. T2DM 

remission at 2 years post-surgery was defined similarly except absence of presence of T2DM 

pharmacotherapy at 1 year post-surgery was altered to at 2 years post-surgery. 

 

Remission 

Complete 
Remission 

HbA1c ≤42 mmol/mol AND 

Absence of T2DM pharmacotherapy 1 year post-
surgery 

Partial Remission 
HbA1c 42-48 mmol/mol AND 

Absence of T2DM pharmacotherapy 1 year post-
surgery 

No Remission 
HbA1c >48 mmol/mol OR 

Use of T2DM pharmacotherapy 1 year post-surgery 

Table 2.1. T2DM remission definition for clinical data analysis.  

 

DiaRem Score 

The Diabetes Remission (DiaRem) T2DM remission prediction score, proposed by Still, et al.85 

was applied to the cohort to identify how accurately known prediction scores, based on clinical 

measurements, could predict T2DM remission. DiaRem score reflects the probability of partial 

or complete remission of diabetes, with a lower score indicating a higher probability of 

remission. It is calculated from the sum of four pre-operative factors; participant age, HbA1c 

measurement, insulin use, other hypoglycaemic agent use. The term ‘insulin sensitising agents’ 

includes thiazolidinediones, metformin newer drugs such as GLP1 receptor agonists and 

SGLT2 inhibitors, but excludes sulfonylureas. Insulin use had the greatest weighting of all 4 

predictive factors, increasing the total score by 10 points (as shown in table 2.2). In the non-

insulin treated cohort analysis, insulin use was excluded as a factor. 
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DiaRem Prediction Factor  Score 

Age (years) 

< 40 

40–49  

50–59 

≥60  

0 

1 

2 

3 

HbA1c (%) 

< 6.5 

6.5–6.9 

7.0–8.9 

≥9.0 

0 

2 

4 

6 

Other T2DM medications 
Not using sulfonylureas or not using ISA 

Using sulfonylureas and ISA 

0 

3 

Insulin Treatment 
Treated with insulin 

Not treated with insulin 

10 

0 

Table 2.2. DiaRem T2DM remission prediction scoring system. Score is calculated as the 

sum of the individual components for each prediction factor. ISA, insulin-sensitising agent. 

 

Table 2.3 from the original study by Still, et al. demonstrates how participants with a lower 

DiaRem score have a higher probability of remission85. 

 

DiaRem Score Range Probability of Remission (%) 

0-2 88-99 

3-7 64-88 

8-12 23-49 

13-17 11-33 

18-22 2-16 

Table 2.3. DiaRem predicted probability of T2DM remission. Remission according to DiaRem is 

defined as HbA1c <48 mmol/mol in the absence of pharmacotherapy for 12 months post-surgery. 
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DiaRem-Duration 

To create the DiaRem-Duration score, participant age was replaced with T2DM duration. 

T2DM duration was defined as time from T2DM diagnosis to surgery. Duration of T2DM was 

assigned quartiles to match the scores achieved by age in the DiaRem score, as shown in table 

2.4. This is an altered version of the DiaRem score originally created by Still, et al.85.  

DiaRem-Duration Prediction Factor Score 

T2DM Duration (years) 

< 5 

5-9 

10-14 

 ≥15 

0 

1 

2 

3 

HbA1c (%) 

< 6.5 

6.5–6.9 

7.0–8.9 

≥9.0 

0 

2 

4 

6 

Other T2DM medications 
Not using sulfonylureas or not using ISA 

Using sulfonylureas and ISA 

0 

3 

Insulin Treatment 
Treated with insulin 

Not treated with insulin 

10 

0 

Table 2.4. DiaRem-Duration T2DM remission prediction scoring system. Score calculated as the 

sum of the individual components for each remission prediction factor. ISA, insulin-sensitising agent. 

 

DiaBetter is a score created by Pucci, et al. that is based on T2DM duration as well as HbA1c 

and type of anti-diabetes medication. DiaBetter was not included in this study as DiaBetter 

was reported not to have superior predictive power to DiaRem110.  

 

Advanced-DiaRem 

Aron-Wisnewsky, et al.101 created the Advanced-DiaRem (Ad-DiaRem) score which adds two 

new factors to those included in the original DiaRem score; number of glucose-lowering agents 
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and diabetes duration. Glucose lowering agents includes ISAs (as previously defined), 

sulfonylureas and metformin. Table 2.5 shows how the Ad-DiaRem score was calculated and 

the weighting of each predictive value. All factors were given different weighting to the original 

DiaRem score, with patient age and diabetes duration having the greatest possible weighting of 

5 points each out of 21. Where participants were over the age of 69 they were included in this 

highest category of this predictive value and given a score of 5. 

 

Ad-DiaRem Prediction Factor  Score 

Age (years) 

15-41 

42-52 

53-69 

0 

3 

5 

HbA1c (%) 

4.5-6.9  

7.0-7.4 

7.5–18.4 

0 

2 

4 

Insulin Treatment 
Treated with insulin 

Not treated with insulin 

3 

0 

Other glucose-lowering agents 
No 

Yes 

0 

1 

Number of glucose-lowering agents 

0 

1 

2 

≥3 

0 

1 

2 

3 

Diabetes Duration (years) 

0-6.9 

7.0-13.9 

≥14 

0 

3 

5 

Table 2.5. Ad-DiaRem T2DM remission prediction scoring system. Score calculated as the 

sum of the individual components for each remission prediction factor. 
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T2DM Duration and Number of T2DM Drugs 

T2DM duration and number of T2DM drugs were also included in the analysis, as continuous 

variables without other factors contributing to a total score.  

 

2.3.3 Statistical Analysis 

IBM SPSS version 24 was used for all statistical analysis. Continuous variables were tested for 

normality using Kolmogorov-Smirnov and Shapiro-Wilk tests, and inspected visually using 

histograms, Q-Q plots and box plots. Continuous parametric variables were analysed using 

Student’s t test (ANOVA for more than 2 groups) and non-parametric variables with Mann-

Whitney U test (Kruskal-Wallis test for more than 2 groups). Results are displayed as mean +/- 

standard deviation (SD). Categorical variables are presented with percentage presence within 

the population and compared using Pearson’s Chi-Square test of homogeneity. Analysis of 

paired categorical baseline data with 1 or 2 years post-RYGB was performed using McNemar’s 

test. P-values of <0.05 were considered statistically significant throughout. Clinical p values 

were uncorrected for multiple testing.  

 

Binomial logistic regression analysis was performed to assess contribution of variables within 

models to remission outcome 1 and 2 years after surgery. Familywise multiple testing 

correction was performed. Where B(exp) values were <1.000 values were inverted to give a 

positive odds ratio. Receiver operator characteristic curve area under the curve (ROCAUC) 

analysis was also performed.  

 

Finally, Net Reclassification Improvement (NRI) analysis was performed to calculate the 

degree of improvement in the prediction from different scoring systems. This was calculated 

with the following equation: 
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NRIA to B = % increase (remission)B to A + % decrease (non-remission) B to A 

Where: 

NRIA to B = NRI for score A compared to score B 

% increase (remission)B to A = Percentage increase of participants correctly identified by logistic 

regression as ‘remission’ in score B than score A 

% decrease (non-remission)BtoA = Percentage decrease of non-remission participants incorrectly 

identified by logistic regression as ‘remission’ in score B than score A 
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2.4 Gene Expression Analysis 

Gene expression analysis, both by RNA-sequencing and by RT-qPCR, was conducted on 

samples collected at two different time points: pre-surgery and 10 days post-surgery. All 

samples underwent RNA-sequencing together, and underwent RT-qPCR together, but were 

analysed separately according to time of collection (pre- or post-surgery).  

 

2.4.1 T2DM Remission Definition 

T2DM remission was defined according to the American Diabetes Association criteria, time 

component independent, throughout the analyses described here (table 2.6)74. The category of 

partial T2DM remission (typically described as HbA1c 42-48 mmol/mol without use of T2DM 

pharmacotherapy) was not included in this analysis as the number of samples was limited and, 

for the purposes of a gene expression analysis, clearly defined remission or non-remission 

categories were essential.  

 

Complete Remission 
HbA1c ≤42 mmol/mol AND 

Absence of T2DM pharmacotherapy 1 year post-surgery 

No Remission 
HbA1c >42 mmol/mol OR 

Use of T2DM pharmacotherapy 1 year post-surgery 

Table 2.6. T2DM remission definition for RNA-seq analysis. 

 

 

2.4.2 RNA-sequencing 

Dr Jess Buxton and Dr Sanne Alsters identified participants to be included, and isolated mRNA 

(from 92 samples from 51 participants undergoing RYGB, collected at various visits from pre-
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surgery to 10 days post-surgery). Only samples that were collected pre-RYGB and at 10 days 

post-RYGB were included in this analysis. All samples underwent RNA-sequencing (RNA-

seq) carried out by Oxford High-Throughput Genomics Hub.  

 

Of the 33 pre-surgery RYGB samples, 7 were excluded because the participants did not attend 

their one year follow-up therefore no information of T2DM remission was available, and 1 

sample from a participant with T1DM was also excluded. Of the 42 10 day post-RYGB 

samples, 4 were excluded from analysis for not attending 1 year post-RYGB follow-up, and the 

participant with T1DM was excluded again. A summary of the participants included in the pre-

RYGB RNA-sequencing study (chapter 6) and the 10 day post-RYGB RNA-sequencing study 

(chapter 7) is outlined in table 2.7.  

 

 N of Pre-RYGB Samples N of 10 days Post-RYGB 
Samples 

T2DM Non-remission  5 7 

T2DM Remission  8 10 

Non-T2DM 12 11 

Total 25 28 

Table 2.7. T2DM remission status of participants included in the RNA-sequencing 

analysis. 

 

 

Pathway Analysis 

RNA-seq analysis was performed using Partek Genomics Suite software, license held by 

Imperial College Bioinformatics Support Service. The 92 raw reads were aligned to reference 

genome hg19 and normalised. Sample 54 (pre-surgery T2DM but lost to follow up) was 

removed as the file was unreadable by the Partek software. Attributes were assigned to the 
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normalised, aligned reads indicating the T2DM remission status of the participant and 

collection time point of the sample. Quality control was repeated and reads mapped to AceView 

Transcript Database NCBI August 2010 release and quantified176. Visualisation of samples 

through principal component analysis (PCA) mapping identified 2 outliers (figure 2.2), samples 

55 (day of surgery sample from a participant without T2DM) and 36 (10 day post-surgery 

sample from a participant without T2DM), which were excluded. PCA converts RNA-

sequencing results into three linearly uncorrelated variables (principal components), which can 

then be plotted against each other to determine the variation in gene expression between 

individual samples. Samples close together have more similar gene expression profiles than 

samples that are far apart. 

 

RNA-seq is reported to have greater reliability and reproducibility of differential expression 

calls than microarray methods, especially for the most strongly expressed genes177.  
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Statistical Analysis 

Differential expression analysis of the expression values, measured in Reads Per Kilobase of 

transcript per Million mapped reads (RPKM), between samples of different T2DM remission 

status pre- and at 10 days post-RYGB, was performed using ANOVA and linear contrasts. Gene 

lists were created of transcripts that met multiple test correction false discovery rate (Benjamini 

Hochberg) criteria <0.05, fold change <-1.5 or >1.5. and differential expression analysis 

repeated.  

Figure 2.2. Principal component analysis mapping of RNA-seq samples. Each 

sphere represents a sample that underwent RNA-sequencing (colours are arbitrary). 

Each axis represents a principle component or variable, and the percentage of total 

variation explained by each principle component is displayed next to the axis title. 

Samples that are close together have more similar RNA expression patterns than 

those that are far apart. Samples identified with red arrows were excluded from 

further analysis as outliers. 
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To compare pre- and 10 day post-RYGB longitudinal differential expression changes between 

those with different T2DM remission statuses, parametric paired t-tests were performed using 

expression values (RPKM). A two-way repeated measures ANOVA was performed to compare 

longitudinal changes in differential expression between these groups.  

 

Hierarchical Clustering 

To visualise mRNA expression patterns hierarchical clustering was performed. Raw RNA-seq 

reads were read into R studio. The EdgeR Bioconductor package was used to filter out 

transcripts expressed at low levels (transcripts had to be expressed to some level in ³2 of the 

samples) to create a differentially expressed gene list between remission and non-remission 

groups178. This was then normalised using the trimmed mean of M-values method and 

‘voomed’, whereby data is transformed from counts to log2-counts per million (logCPM). This 

allows the variance in expression to be computed and linear modelling to be carried out. 

Euclidean distance between samples was calculated and a dendrogram plotted from complete 

clustering. The R script I wrote to perform these actions can be found in Appendix 1.3.  

 

2.4.3 Transcript Validation with RT-qPCR 

Participant Identification 

Participants were included in this analysis if they had full clinical information up to at least 1 

year post-surgery, underwent RYGB or VSG, had T2DM pre-operatively, and had an RNA 

sample collected pre-surgery and/or 10 days post-surgery. An additional 10 pre-operative and 

10 post-operative samples were included from participants who met all the previous criteria 

except they did not have T2DM pre-operatively. Power analyses were conducted based on the 

RNA-seq effect size observed for each transcript to determine the n needed to detect qPCR 

expression of all transcripts with 80% power179. 
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Primer and Probe Design 

Based on the RNA-seq data 6 target transcripts were chosen for validation analysis due to their 

stability of expression (either high or low) across all individuals of the T2DM remission group 

(described further in Chapter 6.3.3). Primers and probes for the 6 target transcripts were 

designed by the Natural and Medical Sciences Institute at the University of Tuebingen and 

manufactured by Integrated DNA Technologies. Transcripts were visualized using the graphic 

representation available for each gene on the AceView database180. The mRNA sequences for 

the transcripts were aligned to the sequences of known transcripts from the NCBI Reference 

Sequence Database (RefSeq) to establish regions discriminatory for the splice variant to be 

addressed. Human ribosomal protein L13A (RPL13A) mRNA was used as a reference gene 

and detected using the Gene Expression Assay Hs04194366_g1 (Life Technologies). Table 2.8 

outlines the primers and probes used to identify the four transcripts of interest in the pre-surgery 

experiment (Chapter 6) and table 2.9 outlines the primers and probes used to identify the two 

transcripts of interest in the 10 day post-surgery experiment (Chapter 7). RNA extraction, 

reverse transcription, and qPCR experiment were carried out by Natural and Medical Sciences 

Institute at the University of Tuebingen.  
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Transcript  Sequence Start Stop Length Tm GC% 

ACSL6.u 

Amplicon 
length 118 

Forward 
primer 

GCTTCTGCAGATAACCTAGACC  97 119 22 62 50 

Probe TAACACTCCGCTTCCTATGCTGCC  135 159 24 68 54 

Reverse 
primer 

AGAGAGAGAGGGAGAGAGAGA 194 215 21 62 52.4 

HMGCS1.a 

Amplicon 
length 76 

Forward 
primer 

GAAGGAGGAAACAGTGACAGAC  7 29 22 62 50 

Probe TGCAGTTCTCTATCCTTCACACAGCT  37 63 26 67 46 

Reverse 
primer 

TGATCCAGGCATGGTGAAAG 63 83 20 62 50 

HMGCS1.b 

Amplicon 
length 80 

Forward 
primer 

ACGCTTGCTCTTTCACCA  21 39 18 62 50 

Probe TTTGAATGCAGAAGCTTGCTGGCC  55 79 24 68 50 

Reverse 
primer 

GGCAACAATTCCCACATCTTT  80 101 21 62 42.9 

SMARCD3.h 

Amplicon 
length 110 

Forward 
primer 

GGGTACAGAAACATCCCAACA 20 41 21 62 47.6 

Probe CAAACAGGGAAGCGCACAGCTG 41 63 22 68 59 

Reverse 
primer 

ATCAGGCACCTTCCTCCT 102 120 18 62 55.6 

Table 2.8. Transcript primer and probe sequences for identification of genomic predictors of T2DM 

remission. All sense strand except reverse primers. Tm, annealing temperature; GC%, GC content. 
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Transcript  Sequence Start Stop Length Tm GC% 

ANXA6.a 

Amplicon 
length 113 

Forward 
primer 

AGACAGAGACCAGAGAGCAT 10 30 20 62 50 

Probe AGTGCAGACGTTGGGAGGCA 54 74 20 68 60 

Reverse 
primer 

AGGTGGAGCAGAGTGAGT 105 123 18 62 55.6 

TRAF1.c 

Amplicon 
length 104 

Forward 
primer 

GAGTGATGATTACGGAGCTGTG  4 26 22 62 50 

Probe AGAAATAGCAGTGCTGCCCAGGAT  45 69 24 68 50 

Reverse 
primer 

CACCCAATTCCAGCCTCAG 89 108 19 62 57.9 

Table 2.9. Transcript primer and probe sequences for identification of mechanisms of T2DM 

remission 10 days post-surgery. All sense strand except reverse primers. Tm, annealing temperature; 

GC%, GC content. 

 

 

RNA Extraction 

Blood samples collected in PAXgene blood tubes were prepared using the PAXgene blood 

RNA kit (# 762174; Qiagen) according to the manufacturer’s recommendations. The samples 

were digested using DNase (RQ1 Promega # M6101) prior to synthesis of cDNA. Collection 

and isolation of RNA using the PAXgene system is reliable and comparable to other RNA 

collection systems110. 

 

cDNA Synthesis  

cDNA was synthesised in the presence of hexanucleotides in a reaction volume of 25 μl using 

MMuLV reverse transcriptase (New England Biolabs # M0203L). To check for contamination 

by genomic DNA, for each sample a mock reaction lacking reverse transcriptase was carried 

out.  
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Experimental Set Up 

The qPCR was performed using an Applied Biosystems StepOnePlus real-time PCR system, 

employing the TaqMan Fast Universal PCR Master mix (# 4352042, Applied Biosystems) 

according to the manufacturer’s recommendations. The PCR programme alternated between 

melting at 95 °C and annealing/extension at 60 °C for 40 cycles (figure 2.3). The threshold 

cycle number for product detection (Ct value) was used to calculate relative expression levels.  

 

Statistical Analysis 

The DDCt method was used to analyse the qPCR results181. This method uses the Ct value for 

the transcripts of interest in each sample, which represents the cycle number at which the 

transcript has been amplified enough to be detectable. The Ct is determined by the amount of 

transcript present in the original sample, with large volumes (or expression) of transcript 

amplifying to meet the threshold in relatively fewer cycles than samples with low volumes (or 

Figure 2.3. RT-qPCR programme. Vertical axis is temperature (degrees centigrade), horizontal axis  

is time. During the holding stage the temperature of samples with primers and probes was increased 

from 25°C to 95°C where it was kept for 20 seconds. During the cycling stage samples were held at 

95°C for 1 second for melting then the temperature decreased to 60°C for 20 seconds for 

annealing/extension. The cycling stage was occurred 40 times. Figure provided by the Natural and 

Medical Sciences Institute at the University of Tuebingen who conducted the RT-qPCR. 
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expression), and giving a smaller Ct. Transcript expression is then normalised using a 

housekeeping gene: 

ΔCt = Ct (transcript of interest) - Ct (housekeeping gene) 

 

T tests were performed on ΔCt values between ‘remission’ and ‘no remission’ participant 

groups using SPSS Version 24. To assess the predictive value of transcript HMGCS1.b 

(Chapter 6) binomial logistic regression was performed and ROCAUC scores calculated. 

Bivariate correlations were performed to identify correlations between ΔCt values and clinical 

and laboratory values. Relative quantification of transcript expression is calculated as follows: 

ΔΔCt = ΔCt (remission sample) - ΔCt (no remission sample) 

Fold change = 2-ΔΔCt 

Relative quantification is fold change compared to the calibrator (the no remission group), 

giving the calibrator a relative quantification of 1. A relative quantification of 2 indicates that 

the transcript is expressed 2 times more in the remission sample than no remission sample. 

 

Exploration of Transcript Function 

GTExPortal software was used to identify the location of expression of specific transcripts 

(GTEx Analysis Release V7 dbGaP Accession phs000424.v7.p2). A list of SNPs was created 

for the transcript from Ensembl182 and this was submitted to SNPnexus183,184 which assembles 

information from various external databases including Ensembl, SIFT185, PolyPhen186, the 

Catalogue of Published Genome-Wide Association Studies187, and ClinVar188. 
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CHAPTER 3: PERSONALISED 

MEDICINE FOR MORBID OBESITY 
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3.1 Introduction 

This chapter describes the baseline characteristics of the cohort analysed in this thesis and 

compares them to the baseline characteristics of an international bariatric cohort.  

 

The practice of personalised medicine involves using ‘information about a person’s genes, 

proteins, and environment to prevent, diagnose, and treat disease’189. Rapidly increasing 

expansion of knowledge of the genetic and molecular mechanisms of obesity will undoubtedly 

lead to developments in surgical and pharmacological treatments, and, as human understanding 

of the implications of interpersonal differences improves, so will the treatment options 

available.  

The participants included in this thesis were recruited as part of the Personalised Medicine for 

Morbid Obesity (PMMO) clinical trial which was established in 2011 with the aim of 

investigating genetic variations and gene expression profiles associated with obesity and 

T2DM. The PMMO cohort is suitable for the work undertaken in this thesis as clinical and 

genetic data has been collected both prospectively and retrospectively from people seeking 

bariatric surgery at the Imperial Weight Centre bariatric clinics based in St Mary’s Hospital and 

Charing Cross Hospital. 

 

Despite increasing demand for bariatric procedures, the criteria for eligibility for surgery 

remain stringent. According to the National Institute for Health and Care Excellence (NICE) 

guidelines190, to be eligible for bariatric surgery in the UK patients must fulfil the following 

criteria:  

• BMI 40 kg/m2 or more or BMI 35-39.9 kg/m2 with a significant comorbidity, such as 

recent-onset T2DM 

• Tried appropriate non-surgical options without clinically beneficial or sustained 

weight-loss 
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• Received or receiving intensive tier 3 management  

• Fit for anaesthesia and surgery 

• Committed to long-term follow-up 

 

Patients with recent-onset T2DM, defined as within 10 years of diagnosis, can be offered 

expedited assessment for surgery and considered eligible with a lower BMI of 30-34.9 kg/m2. 

Patients of Asian family origin can be considered for bariatric assessment at lower BMIs than 

this.  

 

In order to identify whether the PMMO cohort is representative of the global bariatric surgery 

population, the baseline characteristics of a global bariatric cohort are also described and 

present alongside the PMMO’s. The International Federation for the Surgery of Obesity and 

Metabolic Disorders (IFSO) established a global registry project in 2014 which aimed to 

combine data from centres and national databases around the world. In 2017 the third registry 

report was published which includes baseline demographic characteristics data collected 2013-

2017191.    

 

The aim of this work was to recruit participants to have clinical information and blood mRNA 

samples taken at various time points from before bariatric surgery to 2 years post-surgery, and 

to undergo a variety of procedures. Recruitment and participation is ongoing, so presented 

below is a characterisation of the cohort at time of writing (May 2018): from which all of the 

sub-cohorts used in the following chapters of this thesis are sourced.  
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3.2 Methods 

Chapter 2 describes the main methods and materials used for the analysis in this chapter. A 

summary of all the data collected and the timepoints at which they were collected can be found 

in table 3.1.  
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 Study Visits 

Baseline Surgery 
day 10 days 3 

months 
12 

months 
24 

months 
Demographics: 
Ethnicity ✓      
Age & gender   ✓      
Anthropometrics: 
Height (m) ✓      
Weight (kg) ✓ ✓ ✓ ✓ ✓ ✓ 
BMI (kg/m2) ✓ ✓ ✓ ✓ ✓ ✓ 
Blood pressure (mmHg) ✓  ✓ ✓ ✓ ✓ 
Pulse (n/min) ✓  ✓ ✓ ✓ ✓ 
Medical history: 
Obesity & T2DM Family 

History 
✓      

Weight history ✓      
General medical history ✓      
Medication list ✓ ✓ ✓ ✓ ✓ ✓ 
Comorbidities: 
Diabetes ✓  ✓ ✓ ✓ ✓ 
Obstructive sleep apnoea ✓    ✓  
Cardiovascular disease ✓    ✓  
Polycystic ovarian syndrome ✓    ✓  
Functional ability ✓    ✓  
Other comorbidities ✓    ✓  
Psychological screening: 
Binge eating disorder ✓      
Depression ✓      
Other psychiatric disorders ✓      
Surgery: 
Surgery type  ✓     
Related complications  ✓ ✓ ✓ ✓ ✓ 
Laboratory values: 
Fasting glucose (mmol/L) ✓ ✓ ✓ ✓ ✓ ✓ 
HbA1C (mmol/mol) ✓ ✓ ✓ ✓ ✓ ✓ 
Cholesterol (mmol/L) ✓ ✓  ✓ ✓ ✓ 
LDL (mmol/L) ✓ ✓  ✓ ✓ ✓ 
HDL (mmol/L) ✓ ✓  ✓ ✓ ✓ 
Triglycerides (mmol/L) ✓ ✓  ✓ ✓ ✓ 
Table 3.1. Summary of participant data and study points at which it is collected for the 

Personalised Medicine for Morbid Obesity (PMMO) clinical trial. When participants 

were recruited post-surgery, information was added retrospectively from medical records to 

complete the data collection.  
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3.3 Results 

3.3.1 PMMO Cohort 

Of the total 2486 participants recruited to the PMMO cohort as of 17/01/2018, 1825 are from 

Imperial Weight Centre, and it is these participants that this thesis will focus on. I personally 

recruited over 400 participants between September 2015 and January 2018.  Of the 1825 

participants, 586 were excluded as they had not undergone surgery, either because they were 

awaiting a surgery date or had changed their mind about surgery. It is not clear how many 

participants fall into each category, as this is not recorded in their clinical notes. 

 

Participants who underwent bariatric surgery revision were excluded (n=41) as they did not 

have pre-surgery baseline characteristics available, along with a very small number of 

participants who underwent different operations to those commonly performed in the UK; 

gastric plication (n=1), gastric balloon (n=1), and partial gastrectomy (n=1).  

 

Figure 3.1 outlines the participant selection process for the participants included in this thesis. 
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Baseline characteristics of the PMMO cohort recruited from Imperial Weight Centre are 

summarised in table 3.2.  

 

 

 

 

Participants underwent RYGB 
n = 670 

Participants underwent VSG 
n = 452 

Participants underwent AGB 
n = 73 

Excluded: recruited at other centres 
n = 661 

Excluded: not undergone surgery 
n = 586 

Excluded: underwent revision surgery 
n = 41 

Excluded:  
Gastric balloon n = 1 
Gastric plication n = 1 
Partial gastrectomy n = 1 

Recruited to PMMO study before 17/01/2018 
n = 2486 

Recruited at Imperial Weight Centre 
n = 1825 

Underwent bariatric surgery 
n = 1239 

First bariatric procedure 
n = 1198 

Total included 
n = 1195 

Figure 3.1. Participant selection for inclusion in the analysis of baseline clinical characteristics.  
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 Complete 
cohort RYGB VSG AGB P value 

N 1195 671 452 72 - 
Age 45.2 (±11.0) 45.9 (±10.6) 45.9 (±10.6) 44.5 (±11.6) 0.071 
Gender (% female) 75.2 74.7 74.3 86.1 0.087 
European Caucasian (%) 56.6 59.3 52.4 56.9 0.074 
       

Height (cm) 1.67 (±0.09) 1.67 (±0.09) 1.67 (±0.09) 1.66 (±0.09) 0.500 
Weight (kg) 132.2 (±27.4) 131.3 (±24.6) 135.2 (±32.1) 119.2 (±19.8) <0.001b,c 
BMI (kg/m2) 47.3 (±8.28) 46.9 (±7.5) 48.3 (±9.4) 43.4 (±6.0) 0.001a,b,c 
BMI classification (%): - - - - - 
Class I (BMI<35) 2.8 3.7 1,5 1.4 0.070 
Class II (BMI 35-39.9) 13.2 11.6 14.8 18.1 0.137 
Class III (BMI 40-49.9) 49.0 51.3 47.8 36.1 0.040b 
Class IV (BMI 50-59.9) 22.1 24.0 21.0 11.1 0.006b 
Class V (BMI>60) 12.9 9.4 14.8 33.3 <0.001a,b,c 
Age of onset of obesity 19.8 (±12.3) 20.3 (±19.1) 19.1 (±11.7) 21.4 (±13.2) 0.363 
       

Obstructive sleep apnoea (%) 27.2 27.7 27.2 21.7 0.605 
Polycystic ovarian syndrome 
(%females) 16.9 16.6 17.8 12.5 0.644 

Depression (%) 20.5 17.8 24.6 24.2 0.049a 
History of depression (%) 23.0 25.0 18.3 36.4 0.012c 
Binge-eating (%) 7.5 6.3 8.4 18.8 0.026b 
History of binge-eating (%) 7.6 6.7 9.0 9.4 0.427 
Requires walking aid or wheelchair 
(%) 12.6 12.9 13.6 3.4 0.091 
       

Hypertension (%) 47.2 51.3 40.8 43.2 0.010a 
Hyperlipidaemia (%) 28.8 32.4 23.9 16.2 0.006a 
       

HbA1c (mmol/mol) 49.2 (±17.0) 52.6 (±19.1) 44.6 (±12.4) 41.8 (±6.8) <0.001a,b 
Glucose (mmol/L) 6.35 (±3.11) 6.88 (±3.75) 5.75 (±1.93) 5.24 (±1.08) <0.001a,b 
Total cholesterol 4.92 (±1.01) 4.96 (±1.04) 4.86 (±0.97) 4.93 (±0.96) 0.400 
Triglycerides 1.87 (±1.34) 1.92 (±1.41) 1.83 (±1.29) 1.49 (±0.62) 0.217 
HDL 1.15 (±0.33) 1.15 (±0.34) 1.14 (±0.33) 1.16 (±0.30) 0.807 
LDL 2.98 (±0.91) 3.02 (±0.94) 2.93 (±0.87) 2.84 (±0.87) 0.296 
       

Type 2 diabetes (%) 40.5 48.9 29.5 22.0 <0.001a,b 
Impaired fasting glycaemia (%) 12.9 11.7 14.5 14.6 0.419 
Non-insulin treated diabetes (%) 30.0 33.2 26.0 22.0 0.026a 
Insulin-treated diabetes (%) 10.5 15.7 3.6 0.0 <0.001a,b 
Table 3.2. Baseline characteristics of the PMMO cohort. Data presented as mean (±SD) unless 

otherwise indicated. a, significance between gastric bypass and sleeve gastrectomy; b, significance 

between gastric bypass and gastric band; c, significance between sleeve gastrectomy and gastric band. 

Significance level <0.05. 
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3.3.2 IFSO Cohort 

Baseline demographic characteristics for the IFSO cohort were taken from the Third IFSO 

Global Registry Report and are shown beside the baseline characteristics for the PMMO cohort 

in table 3.3191. Data from 102,157 operations conducted in 42 countries from 2013-2017 are 

included in the database. Data included in the IFSO global registry was collected from a range 

of sources including 21 single centres, 13 multicentres, and 8 national registries (including the 

UK’s National Bariatric Surgery Registry and national registries of India, Israel, Japan, the 

Netherlands, Russia, Sweden and Turkey). Of these the UK is the largest contributor of data to 

the IFSO cohort (28.6% of all operation records). IFSO global registry includes participants 

from the PMMO study as it is mandatory for all UK centres to submit outcome data to the UK 

National Bariatric Surgery Register, which then submitted the pooled national data to IFSO. 

 

 

3.3.3 Bariatric Procedure 

The most common procedure for participants in the PMMO cohort is RYGB, with 56.1% 

undergoing RYGB, 37.8% undergoing VSG, and 6.1% fitted with an AGB. RYGB was also 

 IFSO Cohort PMMO cohort 
N 102,157 1,195 
Age 42.0 45.2 
Gender (% female) 71.3 75.2 
RYGB (%) 46.3 56.1 
BMI (kg/m2)   43.1* 47.3 
Obstructive sleep apnoea (%) 20.3 27.2 
Depression (%) 15.3 20.5 
Hypertension (%) 31.4 47.2 
Hyperlipidaemia (%) 21.8 28.8 
Type 2 diabetes (%) 21.8 40.5 

Table 3.3. Baseline characteristics of the IFSO and PMMO cohorts. Data presented as 

mean unless otherwise indicated. *median. IFSO, International Federation for the Surgery of 

Obesity and Metabolic Disorders Third Global Registry Report 2017191. 
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the most common procedure in the IFSO cohort (performed on 46.3% of patients), followed by 

VSG (43.6%) and AGB (6.0%).  

 

3.3.4 Age and Gender 

Participants in the PMMO cohort have a mean age of 45.2 (SD±11.0) at the time of surgery, 

while mean age of the IFSO cohort is 42.0 years (no SD provided). Both cohorts had similar 

ratios of females to males (IFSO 71.3% female, PMMO 75.2% female). Neither of these factors 

influenced procedure choice in the PMMO cohort.  

 

3.3.5 Ethnicity 

In the PMMO cohort, Caucasian is the most common self-reported ethnicity, comprising 56.6% 

of the cohort, followed by 15.6% ‘other’ which includes Middle Eastern participants (figure 

3.2). Ethnicity did not differ significantly between the different bariatric procedure groups. A 

breakdown of ethnicity of participants undergoing bariatric surgery in the IFSO cohort was not 

available. 
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Anthropomorphic Variables 

The participants in the PMMO cohort have a mean pre-operative weight of 132.2 kg (± 27.4 

SD), mean self-reported age of onset of obesity of 19.8 years (± 12.3 SD), and mean BMI of 

47.31 kg/m2 (± 8.28 SD) and a median BMI of 46.02 kg/m2. BMI demonstrated positive 

skewness of 1.229 (standard error = 0.073, figure 3.3), most likely due to there being a 

minimum BMI necessary for eligibility for bariatric surgery in the UK (35 kg/m2) but no upper 

limit. This effect is known as the ‘floor effect’ and was seen for all bariatric procedure types. 

 

Figure 3.2. Frequency of self-reported ethnicities within the PMMO cohort 

(n=1195).  
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BMI differed significantly between the different bariatric procedures, with VSG participants 

having the highest mean BMI of 48.3 kg/m2 (± 9.4 SD), followed by RYGB participants with 

a mean of 46.9 kg/m2 (± 7.5 SD), while participants opting for AGB had a mean BMI of 43.4 

kg/m2 (± 6.0 SD), p < 0.001. Participants in the IFSO cohort had a median BMI of 43.1 kg/m2 

and wide variation in BMI between contributor countries. Peru was reported to have the lowest 

median BMI of 36.7 kg/m2 and Egypt the highest at 51.1 kg/m2.  

 

 

Nearly half of the PMMO participants (49.0%) were classified as class III obese (BMI between 

40 and 49.9 kg/m2). A greater proportion of participants undergoing the RYGB procedure when 

compared to the AGB procedure were classified as class III (51.3% and 36.1% respectively, p 

= 0.04) and IV (24.0% and 11.1% respectively, p = 0.006) obese. However, this pattern was 

not seen with the highest BMI category, class V, which was seen in a higher proportion of 

Figure 3.3. Histogram of significant positive skewness of 

BMI in the PMMO cohort. Black vertical lines represent 

quartiles, red vertical lines represent 95th percentiles. p<0.05. 
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participants undergoing AGB (33.3%) than both VSG (14.8%) and RYGB (9.4%), p<0.001. A 

small proportion of participants (2.8%) had a BMI <35 kg/m2, the threshold for eligibility for 

bariatric surgery, however all participants had a weight history of BMI >35kg/m2. Exact figures 

for the breakdown of percentage of participants per obesity class was not available for the IFSO 

cohort however figure 3.4 shows BMI distribution for three IFSO contributor countries; 

Taiwan, India and the UK. As shown in the PMMO cohort nearly half of the UK participants 

have a BMI 40-50 kg/m2, however this is not true for Taiwan and India, and the distribution of 

BMI at the extremes varies between countries. 

 

3.3.6 Type 2 Diabetes 

The prevalence of T2DM in the PMMO cohort was 40.5% but in the IFSO cohort only 21.8%. 

Figure 3.5, taken from the IFSO Third Global Registry Report 2017, shows the great variation 

in prevalence of T2DM by country. Country differences in choice of procedure may account 

Figure 3.4. IFSO Third Global Registry Report 2017 distribution of pre-surgery BMI 

for Taiwan, India, and the UK. Figure from IFSO Third Global Registry Report 2017191. 
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for these difference in number of patients with T2DM undergoing surgery, with a greater 

proportion of patients with T2DM in countries where RYGB is a more common procedure.  

 

 

Figure 3.5. IFSO Third Global Registry Report 2017 distribution of pre-

surgery T2DM prevalence of countries that contributed to the cohort. 

Country names in bold correspond to national registry data. Numbers on the 

right correspond to number of cases. Figure from IFSO Third Global 

Registry Report 2017191. 



 87 

The prevalence of T2DM differed significantly between bariatric procedure groups in the 

PMMO cohort: nearly half of participants with a RYGB had T2DM (48.9%) which was 

significantly higher than the proportion of participants with T2DM who had a VSG (29.5%) or 

fitting of an AGB (22.0%), p < 0.001 (figure 3.6). Of the participants in the PMMO cohort who 

had T2DM, a significantly greater proportion of insulin-treated participants underwent RYGB 

(15.7%) than had VSG (3.6%) or AGB (0.0%), p < 0.001. The baseline mean HbA1c for the 

PMMO cohort was 49.2 mmol/mol (± 17.0 SD), but pre-surgery HbA1c levels were 

significantly higher in participants who had RYGB (52.6 mmol/mol ± 19.1 SD) than 

participants who had VSG (44.6 mmol/mol ± 12.4 SD) or fitting of an AGB (41.8 mmol/mol ± 

6.8 SD), p < 0.001. This pattern was also seen in blood glucose levels (mean for cohort 6.35 

mmol/L ± 3.11 SD), with higher values seen in participants pursuing RYGB (6.88 mmol/L ± 

3.75 SD) than VSG (5.75 mmol/L ± 1.93 SD) or AGB (5.24 mmol/L ± 1.08 SD), p < 0.001.  

Figure 3.6. Diabetes  prevalence by bariatric procedure in the PMMO cohort.  
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3.3.7 Psychiatric Co-Morbidities 

The prevalence of depression in the PMMO cohort was 20.5% and this was significantly higher 

in participants seeking VSG than RYGB (24.6% and 17.8% respectively, p = 0.049). Active 

depression was less prevalent in the IFSO cohort at 15.3%. Prevalence of a past medical history 

of depression also differed significantly between procedure groups in the PMMO cohort: 

participants seeking AGB had a higher prevalence of history of depression, than those seeking 

a VSG (36.4% and 18.3% respectively, p = 0.012). A history of depression was not significantly 

different between RYGB participants and VSG or AGB participants.   

 

Binge-eating disorder has a prevalence of 7.6% in the PMMO cohort, but differs between 

bariatric procedures, with a much greater proportion of participants undergoing AGB having 

binge-eating disorder (36.4%) than those undergoing RYGB (7.5%), p = 0.026. A past medical 

history of binge-eating disorder (without active binge-eating disorder) was present in 23.0% of 

PMMO participants, and this did not differ between procedures. No data on binge-eating 

disorder were available for the IFSO cohort. 

 

3.3.8 Other Co-Morbidities 

The prevalence of obstructive sleep apnoea requiring continuous positive airway pressure in 

the PMMO cohort is 27.2%, functional disability requiring a walking aid or wheelchair 12.6%, 

and polycystic ovarian syndrome in the female participants 16.9%. The frequency of these 

comorbidities did not differ between procedure types. Of these co-morbidities, only sleep 

apnoea was reported in IFSO cohort, at a prevalence of 20.3%. Hypertension is prevalent in 

nearly half of the PMMO cohort (47.2%) and hyperlipidaemia in over a quarter (28.8%). The 

frequency in participants undergoing RYGB is significantly higher than VSG for both 

hypertension (51.3% and 40.8% respectively, p = 0.01) and hyperlipidaemia (32.4% and 23.9% 
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respectively, p = 0.006). The prevalence of hypertension in the IFSO cohort is 31.4% and 

hyperlipidaemia 21.8%. 
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3.4 Discussion 

This chapter describes the baseline characteristics and comorbidities of obese people seeking 

bariatric surgery at the Imperial Weight Centre and recruited onto the PMMO clinical trial, sub-

cohorts of which are analysed in the following chapters. The baseline characteristics of this 

cohort are compared to the IFSO global registry cohort to determine how representative the 

PMMO cohort is of international bariatric surgery patients and, therefore, how applicable 

findings in this group might be to other bariatric studies around the world. The IFSO global 

registry report cohort was chosen to compare the PMMO data to because it is the most globally 

representative and geographically diverse data available on baseline characteristics of people 

undergoing bariatric surgery.  

 

The baseline characteristics of the PMMO cohort are largely similar to those of the IFSO cohort 

except for the increased prevalence of T2DM which makes this cohort ideal for analysing 

factors affecting T2DM remission. The data presented her underline that selection for the three 

main bariatric procedures is affected by a number of factors, including baseline BMI, but also 

the presence of co-morbidities such as T2DM, hypertension, hyperlipidaemia, and psychiatric 

disorders. Consideration of co-morbidities and discussion between the multidisciplinary team 

and patients is designed to ensure that the bariatric procedure selected will be the most 

acceptable in terms of risks, and result in the best possible outcomes for each person, 

contributing to the global development of personalised medicine. The prevalence of these co-

morbidities in a cohort is affected by national and international clinical guidelines, referral 

patterns, ethnic diversity, and resource management which differs between public and 

privately-funded healthcare systems. In order to provide a sound basis for evidence-based 

medicine, researchers need to take these baseline factors into account and control for them when 

analysing surgical choices and comparing outcomes.   
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3.4.1 Bariatric Procedure 

The three most common bariatric procedures in the UK are the RYGB, VSG and AGB. The 

frequency of these procedures in this bariatric cohort (56.1%, 37.8% and 6.1% respectively) 

was comparable to those in the 2017 IFSO global registry report, which identified the 

frequencies of these surgeries as 46.3%, 43.6% and 6.0% respectively192. The higher proportion 

of RYGB in the PMMO cohort most likely reflects the higher proportion of patients with 

T2DM. VSG procedures are more common in the IFSO cohort than the PMMO cohort which 

may be because a few countries that submitted data to IFSO only perform VSGs, such as 

Australia and Saudi Arabia. VSG is increasingly popular worldwide, and became the most 

popular procedure in North America in 2013193, due to increasing quantities of data published 

on its efficacy and safety. Countries that are new to bariatric surgery may be quicker to take up 

VSG than countries that have an established history of bariatric surgery.  

 

Despite this, RYGB still remains the procedure of choice for participants with T2DM, as 

slightly higher prevalence of T2DM remission and greater weight loss is often seen following 

RYGB than VSG (and much greater remission and weight loss than following AGB), which 

indicates that these procedures may exert their anti-diabetes effects in different ways22,194. 

Despite being the procedure with the least T2DM remission, the AGB is still the procedure of 

choice for some people as it is reversible and adjustable, and associated with fewer early post-

operative complications195. However, it does have a larger number of post-operative 

complications overall (early and late), and several adjustments are usually required to achieve 

optimal restriction196.  

 

Each of the bariatric procedures has a place in the bariatric surgery arsenal, and the right 

procedure for any person is dependent on risks and benefits of each procedure, and the health 

and preferences of the participant. Numerous factors are discussed thoroughly between patient 
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and surgeon, as well as other members of the multidisciplinary team. NICE guidelines suggest 

that these factors can include: degree of obesity; co-morbidities; evidence of efficacy and side 

effects for each procedure; facilities and equipment; and surgeon experience190. Patient 

preference is also considered, and the efficacy, side effects and complications of all procedures 

explained to patients. In this way, baseline clinical factors, in conjunction with personal 

preferences, influenced the procedure that participants in the PMMO study underwent. 

 

3.4.2 Age and Gender 

The age and gender of participants seeking bariatric surgery in the PMMO cohort are similar 

to those identified in the IFSO global registry report191. The percentage of participants who are 

female in the PMMO cohort is 75.2% compared to 71.3% in IFSO’s global cohort. The gender 

disparity between people seeking bariatric surgery is a common phenomenon and is likely 

influenced by differences in health behaviours, including health awareness (higher in females) 

and body image (more negative in females) which ultimately encourages more women to seek 

surgery197. The IFSO global registry report did show wide variation in gender ratios between 

countries, ranging from 48.6% female in Guatemala to 86.7% in Kazakhstan191, but the PMMO 

cohort is representative of the worldwide female preference for bariatric surgery.  

 

The mean age of surgery for participants in the PMMO cohort is 45 years which is only slightly 

higher than the IFSO global cohort’s mean age of 42 years, most likely due to international 

variation in minimum age for bariatric procedures. For example, while subjects need to be adult 

to be eligible for bariatric surgery in the UK, they can be adolescent or even paediatric in 

countries such as Saudi Arabia192.  
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3.4.3 Ethnicity 

Ethnicity has been identified as affecting post-bariatric weight loss, with black people seeing 

significantly less excess weight loss than Caucasian people, particularly post-RYGB198. There 

may be a number of physiological, genetic and socioeconomic factors involved in this, however 

it has also been suggested that it could reflect the variance in burden of obesity between 

different ethnic groups199. A 2012 meta-analysis showed that African Americans, despite losing 

less weight than Caucasians, did not have decreased prevalence of T2DM remission200. 

Regulation of glucose homeostasis and insulin action is known to be affected by ethnicity, and 

it is possible that the reason for this discrepancy in T2DM remission prevalence is that insulin 

resistance plays a greater role in T2DM in African Americans than Caucasians200,201. The ethnic 

diversity of the PMMO cohort is wide compared to bariatric studies conducted in different 

populations, with only 56.6% Caucasian participants, and this should be considered when 

comparing with data from studies that have a more limited ethnic base.  

 

3.4.4 Anthropomorphic variables 

RYGB is known to offer greater post-surgery excess weight loss than either VSG or AGB, 

therefore it is likely that PMMO participants with higher BMIs were encouraged to undergo 

RYGB more frequently than other procedures by surgeons in order to maximise weight loss 

and related glycaemic improvements202. Significantly fewer participants in obesity classes III 

and IV underwent AGB than RYGB, because these participants required the more significant 

excess weight loss experienced with RYGB. 

 

However, the opposite was true for the highest obesity class. The group undergoing AGB had 

a greater proportion of class V obese participants than either RYGB or VSG. Participants in 

this obesity class with a very high BMI >60 kg/m2 have increased morbidity associated with 
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surgery, which can be up to three times higher than that for a typical morbidly obese person203. 

The AGB procedure is typically quicker and presents fewer risks associated with prolonged 

anaesthesia, less technically difficult, and associated with fewer early post-operative 

complications than RYGB195. Performing an AGB on these super morbidly obese participants 

allows significant weight loss to be achieved and preserves the possibility of a second operation, 

in which a RYGB or VSG is performed following significant AGB-induced weight loss. In this 

scenario, the weight loss initiated by the AGB reduces participants’ peri-operative risk profile, 

making them better and safer candidates for riskier surgery. Similarly, despite RYGB offering 

greater post-surgery excess weight loss than VSG, participants in this higher BMI category 

show a preference for VSG, possibly due to the reduced complication rate, less complex 

technical procedure, and fewer lifestyle changes required compared to RYGB, while 

maintaining the possibility of later conversion to RYGB204.   

 

3.4.5 Type 2 Diabetes 

The prevalence of T2DM at baseline in the PMMO cohort is much higher than has been seen 

in previous similar studies, and almost double the prevalence found in the IFSO cohort. Whilst 

there is an overall increasing trend towards bariatric surgery as a treatment for T2DM, the 

disparity between the PMMO and IFSO cohorts may reflect the different clinical guidelines 

recommending bariatric surgery in different countries205. Many national guidelines and 

recommendations now recommend the use of bariatric surgery to treat T2DM in people with 

BMIs as low as 30 kg/m2, or even 27.5 kg/m2 in Asian populations206–209. Traditionally, 

international bariatric surgery selection criteria did not take into account metabolic disease 

severity210, therefore the 2nd Diabetes Surgery Summit was convened in 2015 to develop global 

recommendations for the surgical treatment of T2DM81. The summit was a collaboration 

between six leading international diabetes organisations: the American Diabetes Association, 
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Chinese Diabetes Society, Diabetes India, Diabetes UK, European Association for the Study of 

Diabetes, and the International Diabetes Federation. The summit found the following81:  

a) Bariatric surgery should be recommended for people with BMI 35.0-39.9 kg/m2 with 

inadequately controlled T2DM  

b) Bariatric surgery should be considered for people with BMI 30.0-34.9 kg/m2 and 

inadequately controlled hyperglycaemia 

c) These BMI thresholds should be reconsidered depending on patient ethnicity, with 

Asian patients having BMI thresholds reduced by 2.5 kg/m2. 

 

Current UK NICE guidelines now strongly prioritise referrals for T2DM, encouraging offering 

expedited assessment for bariatric surgery to people with recent-onset T2DM (diagnosed within 

the last 10 years), and in people with lower BMIs (30-35 kg/m2) and T2DM in order to improve 

metabolic comorbidities190. But, recent political moves in NHS commissioning and the 

introduction of requirement for tier 3 service first work against this. A 2018 report from the 

All-Party Parliamentary Group on Obesity highlighted the patchy access to tier 3 service 

nationally, with only 57% of Clinical Commissioning Groups commissioning tier 3 services211. 

Other countries may not have adopted the NICE recommendation to prioritise patients for 

bariatric surgery as quickly, and so people with T2DM remain a relatively smaller proportion 

of their total bariatric population. How quickly a country is to take up these recommendations 

may be influenced by the national burden of T2DM in their population. Evidence from the IFSO 

cohort seems to support this idea because countries such as Kazakhstan, Hong Kong and 

Turkey, whose nationals have a greater susceptibility to develop T2DM at lower BMIs, had 

some of the largest proportions of participants with T2DM in their bariatric groups. 

Additionally, this may be compounded in countries that have publicly-funded healthcare 

systems which will encourage further referral of people for bariatric surgery to treat T2DM as 

the surgery is extremely cost effective212.  

 



 96 

Participants with T2DM were not evenly distributed across the three bariatric procedures in the 

PMMO cohort, forming a significantly larger proportion of the participants who went on to 

have RYGB than VSG or AGB. This was an expected finding given that RYGB is known to 

cause greater improvements in glycaemic control and remission of T2DM27. AGB typically 

reports the poorest improvement in T2DM, therefore it was anticipated that few participants 

with T2DM would opt for an AGB. Participants with insulin-treated T2DM also comprise a 

greater proportion of participants who went on to have RYGB than VSG or AGB. T2DM that 

needs treatment with insulin typically indicates a more severe stage of T2DM that is likely to 

incur more serious complications, both micro- and macro-vascular, and be more resistant to 

remission213. As the RYGB procedure results in better outcomes for participants with T2DM 

this is likely to be the procedure of choice for these participants rather than VSG or AGB214,215. 

Blood HbA1c level reflects average glycaemic control over 2-3 months prior to testing, with 

high levels indicating poorer glycaemic control. This increased T2DM prevalence and severity 

in participants undergoing RYGB is also reflected in the increased glucose and HbA1c levels 

seen. 

 

3.4.6 Psychiatric Comorbidities 

Depression and obesity are known to be linked, with higher rates of obesity amongst depressed 

populations than non-depressed and higher rates of depression among obese than non-obese216. 

The causal mechanisms of this relationship are not entirely clear and may be bidirectional217. 

In 2015, the WHO found the global prevalence of depression to be 4.4%218, in contrast to 20.5% 

diagnosed in the PMMO cohort and 15.3% reported in the IFSO cohort192. A psychiatric 

condition is not necessarily a contraindication for bariatric surgery, but the presence of active 

severe disease that may prevent participants from fully engaging in pre- and post-operative 

care, including diets and follow-up appointments, is considered when making a bariatric 

assessment219. Participants with a mood disorder are known to have poorer outcomes after 
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bariatric surgery, including less excess weight loss220, and psychiatric conditions can affect 

decision-making skills causing these people to be at higher risk of dropout prior to surgery221.  

 

In the PMMO cohort, depression was significantly more prevalent in participants undergoing 

VSG than RYGB, which may be due to the higher BMI of that group. Alternatively, participants 

with depression may be choosing to undergo VSG as it may be a superior procedure to RYGB 

for people who have limited ability to comply with strict care plans and, thus, may be at risk of 

higher rates of early complications or of being less able to engage fully with medical 

professionals post-operatively, which is particularly essential post-AGB to achieve optimum 

band performance. Interestingly, there was a different distribution of medical history of 

depression between participants undergoing the different procedures, with a higher frequency 

of history of depression found in participants undergoing AGB than VSG. This may because 

there was a greater proportion of participants with the highest obesity class in the group going 

on to have AGB, some of which may be seeking a two-step procedure. Furthermore, 

participants with a history of depression may have a preference for, and therefore request, AGB. 

AGB can be reversed if recurrence of severe depression warrants it yet because the participants 

do not have active severe depression they are likely to be more capable of following pre- and 

post-operative care plans. There does not seem to be any evidence that people with a history of 

depression opt for lower risk procedures generally; indeed, the prevalence of depression has 

been reported to be equally high in participants undergoing non-surgical weight loss therapy 

which has even fewer risks222. This highlights the need for further research into factors that 

affect patient preference for different bariatric procedures, with a particular focus on psychiatric 

factors. 

 

The presence of binge-eating disorder is also associated with poorer weight loss after bariatric 

surgery223 and increased body shame, further compounding other psychiatric issues224. The 

prevalence of binge-eating disorder globally in general populations is 1.4%225, which doubles 
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in obese populations226. The prevalence of binge-eating disorder in bariatric cohorts has been 

shown to be higher than this (ranging from 14% - 45%227–229), and in the PMMO cohort was 

nearly three times more prevalent than in non-bariatric obese people (7.5% and 2.8% 

respectively)226. Binge-eating disorder prevalence was not reported in the IFSO cohort. There 

are currently no data comparing the effect of different bariatric procedures on binge-eating 

disorders. However, it is known that binge-eating disorder prevalence is associated with greater 

degree of obesity230. Similarly to history of depression in the PMMO cohort, binge-eating 

disorder may be more prevalent in the participants who will be undergoing AGB than RYGB 

because they have a higher percentage of class V obese participants.  

 

Although the prevalence of binge-eating disorder usually decreases after surgery, some 

participants will develop or redevelop binge-eating disorder post-operatively, and this 

phenomenon is predicted by pre-operative binge-eating disorder diagnosis231. Participants with 

binge-eating disorder pre-operatively can have positive outcomes from surgery, although these 

participants undergo more frequent AGB adjustments232 and achieve less excess weight loss 

than with RYGB and VSG233. This may be due to higher proportion of class V obese 

participants undergoing AGB or related to the reversible nature of AGB, which means that the 

AGB can be removed if binge-eating disorder behaviour does not stop post-surgery, thereby 

limiting damage to the stomach. This procedure also does not limit participants from 

undergoing a two-step operation in the future if they successfully overcome their binge-eating 

disorder.  

 

3.4.7 Other Comorbidities 

Obstructive sleep apnoea is a condition where the upper airway repeatedly becomes partially 

or completely blocked during sleep, resulting in daytime sleepiness and cardiovascular 

effects234. Body weight has been identified as the strongest risk factor for obstructive sleep 
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apnoea as increased soft tissue in the neck can place strain on throat muscles and increased 

abdominal adiposity can make breathing difficult235, with each one point increase in BMI 

corresponding to a 1.14 increase in odds ratio of developing obstructive sleep apnoea236. 

Continuous positive airway pressure is a treatment for obstructive sleep apnoea, and in bariatric 

participants is typically administered after participants undertake a sleep study to confirm the 

presence of sleep apnoea. This treatment leads to psychological, social and cardiovascular 

improvements237. The prevalence of sleep apnoea in the PMMO cohort was slightly higher than 

has previously been reported by IFSO global cohort (27.2% and 20.3% respectively) however 

this could reflect increased testing for sleep apnoea within the PMMO cohort. It is unclear 

whether RYGB or VSG show greater efficacy in improving obstructive sleep apnoea. However, 

these procedures have been shown to be superior to AGB, presumably due to the greater weight 

loss seen with RYGB and VSG238. No evidence of RYGB or VSG procedure selection over 

AGB was seen in in participants with sleep apnoea in PMMO cohort, which may reflect the 

relative insignificance of the resolution of this comorbidity to participants and the 

multidisciplinary team when compared to others such as T2DM.  

 

Polycystic ovarian syndrome (PCOS) is the most common endocrine condition affecting 

women239. The syndrome impairs fertility, and bariatric surgery is often sought by women 

wishing to become pregnant. It has many characteristics and metabolic effects, including 

defects in insulin action and b-cell function which place these participants at a nearly three 

times higher risk of glucose intolerance and T2DM than weight-matched controls240. The full 

aetiology of PCOS is unclear, although it is known to have a major genetic component, but 

obesity exacerbates the defects in insulin secretion and glucose tolerance241. The prevalence of 

PCOS in the PMMO cohort was 16.9% (prevalence of PCOS was not recorded in the IFSO 

cohort) and did not vary significantly by surgery type, and therefore did not need to be 

accounted for in analysis of T2DM prevalence.  
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Participants in the PMMO cohort had a relatively low level of functional mobility, with 12.5% 

requiring a mobility aid or wheelchair, in a cohort with a mean age of 47 years. This finding is 

similar to that reported in other bariatric surgery cohorts, which had around 16% of participants 

requiring at least some mobility aid use242. Walking limitations are not specific to severe 

obesity, but are common in obese participants, since obesity is associated with musculoskeletal 

pain and osteoarthritis. Joint loading in participants with a high BMI is increased, leading to 

changes in the structure and composition of articular cartilage which reduces its ability to 

withstand forces that cause joint damage243. Additionally, an increase in pro-inflammatory 

cytokines produced by the adipose tissue is associated with increased osteoarthritis and 

decreased muscle mass244. Bariatric surgery improves musculoskeletal outcomes, including 

reducing pain and increasing function, and these effects do not appear to be associated with 

procedure type243, therefore participants with lack of functional mobility were not more 

prevalent in one particular procedure in the PMMO cohort. 

 

Hypertension is a common comorbidity associated with central obesity245 and is found in nearly 

half of the PMMO cohort. The prevalence of hypertension was much lower in the IFSO cohort 

(31.4%) which may be a result of the difference in BMI between the cohorts or differences in 

referral patterns and ethnicity between different countries. Hypertension is strongly linked to 

ethnicity, with higher prevalence reported in South Asian populations, a finding that was 

confirmed in the IFSO global registry report191,246. The ethnicities included in the IFSO cohort 

are not reported, only the country in which data was collected, therefore it is difficult to compare 

ethnicities in these two cohorts. However, South Asians may be overrepresented in the PMMO 

cohort (11%) compared to IFSO of which 6% of the data was collected in India191. Additionally, 

the UK operates a degree of ‘rationing’ as a result of having a publicly-funded healthcare 

service, which may result in only the more severely affected people being referred for bariatric 

surgery. Whilst this may be true of other countries, even if only by availability, NHS resources 

may be particularly stretched, as a 2018 white paper reported that only 57% of clinical 
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commissioning groups commission tier 3 obesity management services which are a necessary 

step before referral to tier 4 (surgery)211.   

 

Hyperlipidaemia was present in over a quarter of the PMMO cohort (not recorded in the IFSO 

cohort) and both hypertension and hyperlipidaemia had a greater prevalence in the participants 

selected for RYGB procedure than VSG, p < 0.01. This is supported by a 2004 meta-analysis 

which identified the RYGB as superior to both VSG and AGB for improving or resolving 

hypertension (87.1%, 80.6%, 71.5% respectively) and for improving hyperlipidaemia (94.1%, 

71.4% and 76.9% respectively)73. It is likely that participants with hypertension and 

hyperlipidaemia will be selected preoperatively for RYGB over VSG in order to achieve 

maximum improvement in these comorbidities. A 2014 meta-analysis found that RYGB and 

AGB lead to improvements in hypertension outcomes, but the degree of improvement was not 

correlated with bariatric procedure type or percentage excess weight loss achieved247. This is 

reflected in the PMMO cohort who show no significant preference pre-operatively for RYGB 

over AGB.  

 

The baseline characteristics of the PMMO cohort described in this chapter are generally 

representative of the IFSO global cohort, therefore the findings presented here may be 

applicable to other bariatric studies, particularly those with an ethnically diverse cohort. 

Following this description of baseline characteristics, analysis of factors that influence or 

predict bariatric surgery outcomes, particularly remission of T2DM, is possible.  
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4 

CHAPTER 4: CLINICAL MODELS TO 

PREDICT TYPE 2 DIABETES 

REMISSION IN INSULIN- AND NON-

INSULIN TREATED PEOPLE 

FOLLOWING BARIATRIC SURGERY 
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4.1 Introduction 

 

This chapter describes the baseline clinical factors of the diabetic bariatric group, including 

both insulin-treated and non-insulin treated participants. The efficacy with which they predict 

T2DM remission 1-year post-bariatric surgery was investigated, both separately and in 

combination in predictive scores. 

 

Many pre-surgical clinical factors have been associated with diabetes remission, including 

HbA1c, insulin requirement, diabetes duration, age, fasting plasma glucose, C-peptide, and 

BMI95,96,104,248. A number of remission prediction models have been developed, and the most 

widely used model is the DiaRem85 score. Developed by Still, et al.85, the DiaRem score 

comprises 4 factors identified as predictive of remission: age, HbA1c, insulin use, and type of 

anti-hyperglycaemic medication used. These factors are thought to act as indicators of the 

progression of T2DM progression, with high scores indicating progression to a stage at which 

recovery is less likely to occur. I investigated whether the time since diagnosis of diabetes 

(referred to as diabetes duration) could be an efficient proxy value for T2DM progression, and 

provide an additional, or alternative predictive factor for diabetes remission. 

 

The National Institute for Health and Care Excellence (NICE) published a series of 

recommendations in 2014, indicating that participants with recent-onset T2DM be considered 

for bariatric surgery190, including in people with BMIs of 30-34.9kg/m2 (class I obesity) with 

poor glucose control. The term ‘recent-onset’ was defined by the NICE Guideline Development 

Group as a diagnosis made within a 10-year time frame, but there is no evidence to support 

such a cut-off. Whilst exploring the efficacy of T2DM duration as a predictor of T2DM 

remission, this chapter allows us to determine whether a duration of <10 years is a reasonable 

definition of recent-onset T2DM.  
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Additionally, the original DiaRem study did not include more recently developed T2DM 

medication, including the use of GLP1 analogues, dipeptidyl peptidase-4 (DPP-IV) inhibitors, 

or sodium-glucose co-transporter-2 (SGLT2) inhibitors85. In this chapter I also explore the 

effects of these T2DM medications on the predictive values of the existing DiaRem. As I carried 

out this work, there were other studies proposing similar hypotheses. A recent report by Aron-

Wisnewsky, et al. (2017) proposed the use of Advanced-DiaRem (Ad-DiaRem) score, which 

included two additional clinical variables to the existing DiaRem score to improve the 

predictive accuracy, namely diabetes duration and number of glucose-lowering agents used101. 

This score is yet to be externally validated. Here, the Ad-DiaRem score is applied to the dataset 

to assess its efficacy as a prediction score, as well as carrying out sensitivity analyses. 

 

Current scores only focused on the prediction of T2DM remission in individuals undergoing 

RYGB, whereas an increasing proportion of individuals now undergo VSG249. Thus, this 

chapter also assessed the utility of the predictive scores in such participants. 

 

Finally, studies assessing the utility of DiaRem have identified a variety of optimum threshold 

cut-off scores between 5 and 8, potentially due to the heterogeneity of the cohorts they are 

applied to101,110,250–253. Since Ad-DiaRem has not been externally validated, the threshold cut-

off of 10 has not been confirmed in different groups.  

 

This aims of this study are thus to:  

(a) Identify T2DM remission rates in this group 1 and 2 years post-RYGB and post-

VSG. 

(b) Investigate whether T2DM duration and number of T2DM drugs can predict T2DM 

remission alone or whether their addition increases the accuracy of current scoring 

systems.  
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(c) Confirm whether a T2DM duration of <10 years is a reasonable threshold cut-off for 

recent-onset T2DM. 

(c) Evaluate the predictive value of current T2DM remission prediction scores, DiaRem 

and Ad-DiaRem, in this group, as well as to identify the optimum threshold cut-off 

scores for clinical use. 
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4.2 Methods 

Chapter 2 describes the main methods and materials used for the analysis in this chapter. Below 

is a brief summary of these.  

 

4.2.1 T2DM Remission 

T2DM complete and partial remission was defined according to the criteria outlined in table 

4.1, in line with the American Diabetes Association criteria without time component74. The 

time component was not included because the majority of information of participants’ 

glycaemic state was collected at 1 year, making the point at which T2DM pharmacotherapy 

was stopped impossible to determine. The complete and partial remissions were reported 

together as ‘remission’.  

 

Remission 

Complete 
Remission 

HbA1c ≤42 mmol/mol AND 

Absence of T2DM pharmacotherapy 1-year post-
surgery 

Partial Remission HbA1c 42-48 mmol/mol AND 

Absence of T2DM pharmacotherapy 1-year post-
surgery 

No Remission 
HbA1c >48 mmol/mol OR 

Use of T2DM pharmacotherapy 1-year post-surgery 

Table 4.1. T2DM remission definition for clinical data analysis.  
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4.2.2 Prediction Scores 

Table 4.2 shows the factors included in the three T2DM remission scoring systems included in 

this chapter. T2DM duration and number of T2DM drugs were also included in the analysis as 

separate continuous variables and are analysed as individual factors as well as within scores.  

 

DiaRem Score DiaRem-Duration Score Ad-DiaRem Score 

Age (years) T2DM duration (years) Age (years) 

HbA1c (%) HbA1c (%) HbA1c (%) 

Use of non-insulin T2DM 
medications 

Use of non-insulin T2DM 
medications 

Use of non-insulin T2DM 
medications 

Insulin Treatment Insulin Treatment Insulin Treatment  

  Number of glucose-lowering 
agents 

  T2DM Duration (years) 

Table 4.2. Factors included in three T2DM remission prediction scores: DiaRem, DiaRem-

Duration, and Ad-DiaRem.  

 

 

Table 4.3 shows a breakdown of the scoring assigned to each factor within the three T2DM 

remission prediction scores. 
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4.2.3 Statistical Analysis 

Baseline Characteristics 

Continuous parametric variables were analysed using Student’s t test (ANOVA for more than 

2 groups) and non-parametric variables with Mann-Whitney U test (Kruskal-Wallis test for 

more than 2 groups). Results are displayed as mean +/- standard deviation (SD). Categorical 

variables (as percentage presence within the population) were compared using Pearson’s Chi-

Square test of homogeneity. Analysis for paired categorical baseline data with 1 or 2 years post-

RYGB was performed using McNemar’s test. P-values of <0.05 were considered statistically 

significant. 

 

Predictive Scores 

Binomial logistic regression analysis was performed to assess the contribution of variables 

within the models to remission outcomes 1 and 2 years after surgery. Family-wise multiple 

testing correction was performed. If the B(exp) values <1.000 they were inverted to give a 

positive odds ratio.  

 

Receiver operator characteristic curve area under the curve (ROCAUC) analysis was also 

performed to identify the diagnostic ability of the models. ROC curves determine the diagnostic 

ability of a binary score or test, producing a graphical representation and an area under the 

curve (AUC) value. They are created by plotting the true positive rate (sensitivity) against the 

false positive rate (1 – specificity). The AUC value represents probability that the score or test 

will actually discriminate between two groups, with a value of 0.5 indicating that the test is no 

better at predicting response than a random predictor. The predictive accuracy of each test was 

categorised according to table 4.4, in line with what is reported in clinical literature254,255.  
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Area under the curve Predictive accuracy 

0.900 – 1.000 Excellent 

0.800 – 0.900 Good 

0.700 – 0.800 Fair 

0.600 – 0.700 Poor 

0.500 – 0.600 Fail 

Table 4.4. Receiver operator characteristic predictive accuracy of area under the curve. 

 

Bivariate correlations were carried out between the factors included in the original DiaRem 

score and factors T2DM duration and number of T2DM drugs. 

 

Finally, Net Reclassification Improvement (NRI) analysis was performed to calculate the 

degree of improvement in the prediction from different scoring systems. This was calculated 

with the following equation: 

 

NRIA to B = % increase (remission)B to A + % decrease (non-remission) B to A 

 

Where: 

NRIA to B = NRI for score A compared to score B 

% increase (remission)B to A = Percentage increase of participants correctly identified by logistic 

regression as ‘remission’ in score B than score A 

% decrease (non-remission)BtoA = Percentage decrease of non-remission participants incorrectly 

identified by logistic regression as ‘remission’ in score B than score A 
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4.3 Results 

The participants included in this chapter were a sub-group of the PMMO cohort. To date, 1195 

participants have been recruited onto the PMMO study, of which 14.7% (n=174) had all of the 

following: T2DM pre-operatively; HbA1c measurements; list of medications 1 year post-

operatively; and a recorded date of diagnosis of diabetes. Of these, 80.5% (n=140) underwent 

a RYGB, the rest underwent VSG (n=34). In this chapter this group is referred to as the ‘whole 

T2DM group’. 

 

4.3.1 Diabetes Remission in the Whole T2DM Treated Group 

Figure 4.1 shows that the prevalence of T2DM remission was not significantly different 

between the two bariatric procedures (p=0.577). Among the participants who received RYGB, 

32.1% of them (n=45) achieved complete remission according to the ADA criteria, 2.1% of 

them (n=3) achieved partial remission, while 65.7% of them (n=92) did not meet either set of 

remission criteria. This was comparable to the rate of remission in those undergoing VSG, with 

32.4% (n=11) achieving complete remission, 2.9% partial remission (n=1), and 64.7% (n=22) 

not achieving any remission. Total remission prevalence 1 year-post RYGB was 34.3% and 1-

year post-VSG was 35.3%.  

 

During the period between 1 and 2 years after surgery there was a reduction in the percentage 

of participants who achieved remission, indicating that a number of participants relapsed. After 

2 years the incidences decreased to 27.4% for post-RYGB (n=23), and to 27.8% for post-VSG 

(n=5). However, Exact McNemar’s tests have indicated that the percentage drops in remission 

were not statistically different (p=1.000). Additionally, there was no significant difference 

detected in the level of remission between the two procedures (p=0.973).  
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4.3.2 Baseline Characteristics of the Whole T2DM That Might 

Influence the Chances of Diabetes Remission 

All baseline characteristics are outlined in table 4.5. When RYGB and VSG participants were 

considered together, 34.5% (n=60) of participants achieved T2DM remission 1-year post-

surgery. RYGB was identified as the most common procedure, performed on 80.0% and 80.7% 

of the remission and non-remission groups, respectively (p=0.912).  

Figure 4.1. Prevalence of T2DM remission 1 year post-operatively by procedure. RYGB (no 

remission n=95, remission n=48), VSG (no remission n=22, remission n=12)  
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Whole T2DM 

Group 
Remission No Remission P Value 

N 174 60 114 - 

Age (years) 51.0 (±9.4) 47.9 (±8.6) 52.3 (±9.4) 0.009 

Gender (% female) 53.4 53.3 53.5 0.982 

Caucasian (%) 58.0 53.3 60.5 0.361 

Procedure RYGB (%) 80.5 80.0 80.7 0.912 
      

Height (m) 1.7 (±0.1) 1.7 (±0.1) 1.7 (±0.1) 0.383 

Weight (kg) 132.4 (±26.7) 135.5 (±24.4) 135.5 (±28.5) 0.397 

BMI (kg/m2) 46.5 (±8.7) 47.3 (±9.2) 46.3 (±8.2) 0.546 

BMI classification (%): - - - - 

Class I (BMI<35) 4.6 3.4 5.3 0.578 

Class II (BMI 35-39.9) 17.9 18.6 17.5 0.858 

Class III (BMI 40-49.9) 49.7 47.5 50.9 0.670 

Class IV (BMI 50-59.9) 19.7 22.0 18.4 0.571 

Class V (BMI>60) 8.1 8.5 7.9 0.895 

Age of onset of obesity 23.1 (±13.2) 22.8 (±13.6) 23.3 (±13.2) 0.882 
      

Obstructive sleep apnoea (%) 34.1 36.2 33.0 0.679 

Polycystic ovarian syndrome (%females) 13.3 24.1 7.4 0.030 

Depression (%) 15.5 17.3 14.6 0.662 

History of depression (%) 21.6 21.2 21.9 0.919 

Binge-eating (%) 7.4 13.5 4.2 0.040 

History of binge-eating (%) 7.4 15.4 3.1 0.007 

Requires walking aid or wheelchair (%) 12.8 17.0 10.6 0.284 
      

Hypertension (%) 73.0 68.3 75.4 0.316 

Hyperlipidaemia (%) 60.3 41.7 70.2 <0.0001 
      

HbA1c (mmol/mol) 65.7 (±18.2) 57.8 (±17.1) 68.5 (±17.2) 0.001 

Total cholesterol 4.56 (±1.07) 4.54 (±1.05) 4.58 (±1.09) 0.820 

Triglycerides 2.16 (±1.30) 1.96 (±0.86) 2.13 (±0.97) 0.169 

HDL 1.09 (±0.382) 2.73 (±1.19) 1.13 (±0.42) 0.198 
      

Non-insulin-treated diabetes (%) 68.4 90.0 56.1 <0.0001 

Insulin-treated diabetes (%) 30.5 10.0 43.9 <0.0001 

Age at diabetes diagnosis (years) 43.9 (±9.9) 45.2 (±8.6) 43.2 (±10.1) 0.149 

Diabetes Duration (years) 7.6 (±6.5) 3.2 (±2.9) 9.5 (±6.6) <0.0001 

Table 4.5. Baseline characteristics for the T2DM group and by 1-year post-surgery T2DM remission 

status. 
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Effect of Age: The mean age at which participants underwent surgery was significantly lower 

for those who achieved T2DM remission (47.9 years ± 8.6 SD), than for those who did not 

achieve remission (52.3 years ± 9.4 SD), after 1-year post-surgery (p=0.009).  

 

Effect of Gender: Each group consisted of ~53% females. There was no significant difference 

in the prevalence of T2DM remission between males and females (p=0.982). 

 

Effect of Ethnicity: The ethnicity backgrounds were not significantly different among the groups 

(Caucasian 53.3% remission vs. 60.5% no remission, p=0.361), as reported in table 4.6.  

 

 Remission No remission Whole T2DM group 

Asian Indian 10.0 12.3 11.5 
Asian Pakistani 3.3 1.8 2.3 
Asian Bangladeshi 1.7 0.0 0.6 
Asian other 3.3 1.8 2.3 
Black African 0.0 3.5 2.3 
Black Caribbean 1.7 2.6 2.3 
Caucasian British 36.7 44.7 42.0 
Caucasian Irish 3.3 4.4 4.0 
Caucasian other 13.3 11.4 12.1 
Mixed Caucasian and Black African 0.0 0.9 0.6 
Mixed Caucasian and Black 
Caribbean 3.3 0.0 1.1 
Mixed Caucasian and Asian 3.3 1.8 2.3 
Mixed other 1.7 0.0 0.6 
Other 18.3 14.9 16.1 

Table 4.6. Participant-reported ethnicity for the whole T2DM group and by remission 
status. No remission n=114, remission n=60. All reported as %. 
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Effect of Anthropomorphic Variables: There was no effect of height on T2DM remission 

prevalence. The mean height of participants who did and did not achieve remission was 1.7m 

± 0.1 SD (p=0.383). The mean weights for the participants who achieved remission was similar 

to the ones who did not achieve remission, which was 135.5kg (± 24.4 SD and 28.5 SD 

respectively, p=0.397). There was no significant difference in the means for baseline BMI 

between the participants within the remission group (47.3kg/m2 ± 9.2 SD) and in the non-

remission group (46.3kg/m2 ± 8.2 SD) (p=0.546). In addition, the differences in the BMI class 

were not significant, with p > 0.5. Approximately half of the participants in each group were in 

the BMI class III (47.5% remission group, 50.9% non–remission group, p=0.670). Less than 

9% of the participants in each group had baseline BMIs in class V (8.5% remission, 7.9% no 

remission, p=0.895).  

 

Effect of Childhood Onset of Obesity: There was no significant difference in the age of onset of 

obesity between the participants who achieved remission and those who did not (22.8 years ± 

13.6 SD and 23.3 years ± 13.2 SD respectively, p=0.882).  

 

Effect of Pre-Operative Medication and Diabetes Control: A significantly greater proportion 

of T2DM participants are treated with insulin pre-operatively in the non-remission group 

(43.9%) than the remission group (10.0%), p<0.0001. Mean HbA1c values were significantly 

different between the two groups (p < 0.001), with participants in the no remission group (mean 

HbA1c = 68.5mmol/mol ±17.2 SD) having a higher mean than those who achieved remission 

(mean HbA1c = 57.8mmol/mol ± 17.1 SD). Use of pre-operative vitamin supplementation was 

not recorded. 

 

Effect of Age of Onset and of Duration of Diabetes: There was no significant difference in the 

mean age at which diabetes was diagnosed (45.2 years ± 8.6 for the remission group vs. 43.2 
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years ± 10.2 for the non-remission group, p=0.149). However, there was a significant difference 

in the duration of T2DM between the two groups. Participants who did not achieve T2DM 

remission had a longer mean duration of T2DM than those who did achieve remission (9.5 

years ±6.6 SD and 3.2 years ± 2.9 SD respectively, p<0.0001). 

 

Effect of Psychiatric Co-Morbidities: The rate of active depression pre-operatively was 17.3% 

for the participants who achieved T2DM remission, and 14.6% for those who did not. However, 

the difference was not significant (p=0.662), and around a fifth of both groups had a history of 

depression (21.2% and 21.9% respectively, p=0.919). Active binge-eating was approximately 

three times more prevalent in the remission group than the no remission group (13.5% and 

4.2%, p=0.040), while a history of binge-eating was approximately five times more prevalent 

in the remission group than the non-remission group (15.4% and 3.1%, p=0.007). However, the 

number of participants with active or a history of binge-eating disorder was small (n=11).   

 

Effect of Other Co-Morbidities: PCOS was over three times more prevalent in participants who 

achieved remission than those who did not achieve any T2DM remission (24.1% vs 7.4%, 

p=0.030). Also, the prevalence of hyperlipidaemia (requiring lipid-lowering drugs) was 

significantly higher in those who did not achieve T2DM remission (70.2% vs 41.7%, 

p<0.0001).  OSA requiring CPAP was present in 36.2% of the remission group and in 33.0% 

of the non-remission group respectively (p = 0.679), while functional disability requiring 

mobility aids or a wheelchair was present in 17.0% and 10.6% respectively (p = 0.284). 

Approximately three quarters of both groups were treated pharmacologically for hypertension 

(68.3% of the remission group, 75.4% of the no remission group, p=0.316). However, there 

were no significant differences between remission and non-remission groups in total cholesterol 

(4.54 ±1.05 SD and 4.58 ± 1.09 SD, p=0.820), triglycerides (1.96 ±0.86 SD and 2.13 ± 0.97 

SD, p=0.169) or HDL (2.73 ± 1.19 SD and 1.13 ± 0.42 SD, p=0.198).  
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4.3.3 Predictive Value of the Original DiaRem Score  

In this section, the unmodified DiaRem scoring method was applied to the whole dataset, both 

RYGB and VSG, to assess its predictive value in this group. Binomial logistic regressions were 

performed to assess the individual effects of the factors (pre-operative age, HbA1c and use of 

T2DM medications) that formed the DiaRem score. This was based on the likelihood that 

participants achieve T2DM remission 1 year after having bariatric surgery. Receiver operator 

characteristic (ROC) analysis was conducted to determine the overall predictive value. This 

was undertaken in the whole T2DM group for remission both 1 and 2 years post-operatively, 

and also for RYGB and VSG groups separately to determine whether the score has equal 

predictive value in each procedure.   

 

Predictive Value of DiaRem 1 Year Post-Surgery 

DiaRem was able to predict T2DM remission in the whole T2DM group, in addition to the 

RYGB and VSG groups (table 4.7). Sensitivity and specificity were higher, while the AUC was 

greater (0.913 vs. 0.764) when DiaRem was applied to VSG participants in comparison to the 

participants who had RYGB. However, this may be a statistical anomaly due to the relatively 

small sample size of the VSG group (RYGB n=140, VSG n=34).  

 

 Logistic Regression ROC 

 X2 P value Sensitivity 
% 

Specificity 
% AUC P 

value 95% CI 

Whole group 50.588 <0.0001 65.0 82.5 0.776 <0.001 0.705-0.846 

RYGB 34.392 <0.0001 43.8 88.0 0.764 <0.001 0.684-0.846 

VSG 39.650 <0.0001 100.0 95.5 0.913 <0.001 0.813-1.000 

Table 4.7. DiaRem remission prediction score value 1 year post-surgery. Whole group n=174, 

RYGB n=140, VSG n=34. ROC, receiver operator characteristic; AUC, area under the curve; X2, 

Chi-square value. 
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Figure 4.2 shows the ROC curve for DiaRem predicted remission 1-year post-surgery (both 

RYGB and VSG).  

 

 

 

All four of the predictor variables (age, HbA1c, insulin use, other T2DM drug use) were 

statistically significant, as shown in table 4.8. Not requiring insulin pre-operatively increased 

the odds of achieving T2DM remission 6.1 times compared to insulin use (CI 2.1–17.7). 

Likewise, not requiring the use of other T2DM medication increased the odds of achieving 

remission 5.3 times compared to the participants who were treated with T2DM medication (CI 

1.6-17.3). Increasing age and HbA1c levels were associated with increased likelihood of not 

achieving T2DM remission. In particular, participants aged >60 years had 9.9 times higher odds 

Figure 4.2. ROC curve of DiaRem score predictive value 1 year post-

surgery. Whole T2DM group (blue line) n=174. Green reference line 

corresponds to the curve expected from a score with no predictive value.  
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of not achieving T2DM remission than participants aged <40 years (CI 2.1-46.4), while the 

participants with an HbA1c >9.0% had 4.0 times greater odds of not achieving T2DM remission 

than participants with an HbA1c <6.5% (CI 1.2-12.7). 

 

 
B S.E. P value Odds 

Ratio 
95% CI for Odds Ratio 

Lower Upper 
 Age (years)   .013    

40-49  .484 .627 .441 1.622 .474 5.547 
50-59  1.126 .648 .083 3.082 .865 10.983 
>60  2.292 .789 .004 9.896 2.109 46.435 

HbA1c (%)   .027    

6.5-6.9  .141 .604 .816 1.151 .353 3.759 
7.0-8.9  1.297 .544 .017 3.659 1.259 10.635 
>9.0  1.381 .593 .020 3.980 1.244 12.731 

Other T2DM 
Medication Use 

1.666 .603 .006 5.292 1.622 17.260 

Insulin Use 1.814 .541 .001 6.137 2.127 17.708 
Constant -3.087 .953 .001 .046   

Table 4.8. Logistic regression results for factors included in DiaRem T2DM remission 

predictive score 1 year post-surgery. Whole T2DM group n=174. Age score compared to 

age <40 years. HbA1c score compared to HbA1c <6.5%. B, B coefficient; S.E., standard error. 

 

Both RYGB and VSG were assessed separately to determine if the predictor variables had the 

same significance in both groups of participants. Of the four predictor variables, only the 

differences in HbA1c score and insulin use were statistically significant in participants 

undergoing RYGB. Participants without pre-RYGB insulin use were 5.3 times more likely to 

achieve T2DM remission (CI 0.065 – 0.543). None of the four predictor variables were 

significant in the VSG group. 

 

Predictive Value of DiaRem 2 Years Post-Surgery 

The model for the DiaRem score was no longer significant when it was applied to the T2DM 

remission 2 years post-surgery (RYGB and VSG), with X2 = 15.149 (p = 0.056). In addition, 
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the ROC analysis found DiaRem to be poorly predictive of remission 2 years after surgery 

(AUC = 0.632, p = 0.027, CI 0.533-0.731). DiaRem was not predictive of remission 2 years 

after RYGB or VSG when the procedures were analysed separately.  

 
Optimum Score Threshold for DiaRem 

A number of cut-off thresholds,  ranging from a score of 5 to 8, have been suggested for DiaRem 

to aid its clinical application. In order to investigate this claim, the optimum threshold for 

DiaRem was determined in the PMMO cohort by analysing the AUC values with different 

thresholds. A cut-off score of 8 was determined to have the highest AUC for the DiaRem score 

(AUC = 0.714, CI 0.632-0.796, p < 0.0001), and logistic regression using this cut-off was 

statistically significant (p < 0.0001). DiaRem scores <8 increase the odds of achieving T2DM 

remission 6.25-fold (CI 0.080-0.329, p < 0.0001). 

 

4.3.4 Predictive Value of T2DM Duration 

It has been hypothesised that the DiaRem score mostly exerts its action through scoring 

surrogate markers of the extent of T2DM progression. This might be more simply estimated 

using just T2DM duration. A correlation analysis showed that T2DM duration was significantly 

correlated with three of the four factors included in DiaRem: age, HbA1c and insulin use (table 

4.9). 

 

 

 Age HbA1c Insulin 
use 

Sulfonylurea 
use 

Insulin sensitising 
agent use 

T2DM Duration 0.235* 0.300* 0.572* 0.075 -0.104 

Table 4.9. Pearson correlations for T2DM duration with DiaRem score variables. 

n=174, * p <0.001. 
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To determine the effects of the T2DM duration on the likelihood of the participants to achieve 

T2DM remission, logistic regression and ROCAUC analysis were performed.  

 

Predictive Value of T2DM Duration 1 Year Post-Surgery 

T2DM duration can predict 1-year T2DM remission with >70% specificity and <50% in the 

whole T2DM group, as well as in each surgery group when tested separately (table 4.10). The 

sensitivity rate (between 50-60%) and the predictive power (ROCAUC > 0.70) were similar 

between the two surgical procedures, although the specificity in the VSG group was 

approximately 15% higher than in the RYGB group.  

 

 Logistic Regression ROC 

 X2 P value Sensitivity 
% 

Specificity 
% AUC P 

value 95% CI 

Whole group 47.040 <0.0001 58.3 78.1 0.784 <0.001 0.718-0.850 

RYGB 39.341 <0.0001 52.1 82.6 0.796 <0.001 0.724-0.868 

VSG 9.009 0.003 58.3 68.2 0.710 0.045 0.539-0.881 

Table 4.10. T2DM duration remission prediction value 1 year post-surgery. Whole group 

n=174, RYGB n=140, VSG n=34. ROC, receiver operator characteristic; AUC, area under the 

curve; X2, Chi-square value.  

 

 

ROC analysis showed that T2DM duration for the participants who either had RYGB or VSG 

procedures can fairly predict T2DM remission 1 year after surgery (AUC = 0.784, p < 0.001, 

CI 0.718-0.850, figure 4.3). 
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For the whole T2DM group, a 1-year increase in T2DM duration increases the odds of not 

achieving T2DM remission 1.3-fold (CI 0.720-0.859), as shown in table 4.11. This was also 

true in the RYGB and VSG groups (CI 0.703-0.861 and CI 0.608-0.989 respectively). 

 

 

 
B S.E. P value Odds Ratio 

95% CI for Odds Ratio 
Lower Upper 

 T2DM Duration  -.204 .056 <.001 .815 .730 .910 
Constant .352 .375 .347 1.422   

Table 4.11. Logistic regression results for T2DM duration predicted 1 year post-surgery 

T2DM remission. Whole T2DM group n=174. B, B coefficient; S.E., standard error. 

 

Figure 4.3. ROC curve of T2DM duration predictive value 1 year post-

surgery. Whole T2DM group (blue line) n=174. Green reference line 

corresponds to the curve expected from a score with no predictive value. 
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Predictive Value of T2DM Duration 2 Years Post-Surgery  

In the whole T2DM group, T2DM duration remained a significant predictor of remission up to 

2 years post-surgery, although the predictive power was reduced (X2 = 19.799, p < 0.0001; 

ROCAUC = 0.677, p = 0.003, CI 0.586-0.768). The sensitivity also decreased to 28.6%, but 

the specificity increased to 91.9%. When assessing 2-year remission, a 1-year increase in 

T2DM duration increases the odds of not achieving T2DM remission by 1.2 times (CI 0.730-

0.910), similar to the odds observed in 1-year remission.  

 

In each surgery group T2DM duration was observed to be predictive of T2DM remission 2 

years post-surgery, with X2 = 15.171 for the RYGB group and X2 = 5.490 for the VSG group 

(p < 0.0001 and p = 0.019 respectively). Nonetheless, the ROC analysis was only significant 

for the RYGB group (AUC = 0.675, p = 0.008, CI 0.572-0.778). In the RYGB group T2DM 

duration as a predictor had a sensitivity of 39. 1%, specificity and 85.2%. For each additional 

year of T2DM duration the participants in the RYG had 1.2 times increased odds of not 

achieving remission (CI 0.727-0.925). As for the VSG group, the sensitivity and specificity of 

T2DM were 20.0% and 76.9% respectively. 

 

Optimum Score Threshold for T2DM Duration 

The T2DM duration thresholds of both 10 and 6 years were determined to have the greatest 

predictive power (AUC = 0.715, CI 0.641-0.790 and 0.636-0.793 respectively, p < 0.0001). 

However, logistic regression analysis found that only the 6-year threshold was significant. 

Having a duration below this threshold gave participants a 7.39 times increased odds ratio of 

achieving T2DM remission (CI 3.404-16.047, p < 0.0001). 
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To determine the most appropriate threshold cut-off for the diagnosis of recent onset T2DM the 

percentage of patients who achieved remission were plotted according to different duration 

thresholds. As shown in figure 4.4, no participants with a T2DM duration > 11 years had 

achieved remission in the whole T2DM group.  

 

 

4.3.5 Effect of T2DM Duration on the Predictive Value of the DiaRem 

Score 

The authors of the DiaRem score used age as a surrogate for T2DM duration. The analysis 

above has demonstrated that T2DM duration can predict remission on its own. To follow up, 

age was replaced with T2DM duration in the original DiaRem score to explore the effects on 

its predictive value by changing the parameter (table 4.12). The new score is called the 

‘DiaRem-Duration’ score.  

 

Figure 4.4. Percentage of participants who achieve 1-year post-surgery T2DM 

remission when their T2DM duration is above the T2DM threshold on the x axis. 

N=174. 
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Age (years) T2DM Duration 
(years) 

< 40 à score 0 

40–49 à score 1 

50–59 à score 2 

≥60 à score 3 

< 5 à score 0 

5–9 à score 1 

10–14 à score 2 

≥15 à score 3 

Table 4.12. Scoring for factor T2DM duration 

when replacing age in the DiaRem-Duration 

score. 

 

 

Predictive Value of DiaRem-Duration 1 Year Post-Surgery 

Table 4.13 shows the results of logistic regression and ROCAUC analysis for the DiaRem and 

DiaRem-Duration scores in the whole T2DM, as well as in separate surgery group (RYGB and 

VSG). Replacing age with duration did not significantly affect the predictive value of the 

DiaRem score, and duration was not a significant factor within the logistic regression model. 

DiaRem-Duration had decreased predictive value in participants that underwent VSG.  
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Score Procedure 

Logistic Regression ROC 

X2 P value Sensitivity 
% 

Specificity 
% AUC P 

value 
95% 
CI 

DiaRem 

Whole 
group 50.588 <0.0001 65.0 82.5 0.776 <0.001 0.705-

0.846 

RYGB 34.392 <0.0001 43.8 88.0 0.764 <0.001 0.684-
0.846 

VSG 39.650 <0.0001 100.0 95.5 0.913 <0.001 0.813-
1.000 

DiaRem-
Duration 

Whole 
group 63.330 <0.0001 58.3 86.8 0.765 <0.001 0.692-

0.839 

RYGB 48.796 <0.0001 68.6 81.5 0.768 <0.001 0.685-
0.852 

VSG 35.773 <0.0001 100.0 90.9 0.784 0.007 0.631-
0.937 

Table 4.13. DiaRem and DiaRem-Duration remission prediction scores value 1 year post-

surgery. Whole group n=174, RYGB n=140, VSG n=34. ROC, receiver operator characteristic; 

AUC, area under the curve; X2, Chi-square value. 

 

Figure 4.5 shows the ROC curves for both DiaRem and DiaRem-Duration scores. 
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Predictive Value of DiaRem-Duration 2 Years Post-Surgery 

Unlike DiaRem, DiaRem-Duration was predictive of T2DM remission 2 years post-surgery in 

the whole T2DM group (X2 = 26.809, p = 0.001). Sensitivity and specificity were 25.0% and 

94.6% respectively, but the ROC analysis showed poor predictive value (AUC = 0.666, p = 

0.005, CI 0.563-0.770). When the participants were assessed separately based on procedure the 

DiaRem-Duration score was found to only be predictive of 2-year remission in the RYGB group 

(X2 = 21.463, p = 0.006; AUC = 0.666, p = 0.005, CI 0.563-0.770) and not VSG. 

 

 

Figure 4.5. ROC curves of DiaRem and DiaRem-Duration scores 

predictive value 1 year post-surgery. DiaRem (blue line) and DiaRem-

Duration (green line), n=174. Yellow reference line corresponds to the curve 

expected from a score with no predictive value.  
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Optimum Score Threshold for DiaRem-Duration 

In the whole T2DM group a cut-off score of 7 was determined to have the greatest predictive 

power for the DiaRem-Duration score (AUC = 0.729, CI 0.651-0.807, p < 0.0001), with a 

statistically significant regression (p < 0.0001). Being below the threshold gave participants a 

7.67 times increased odds ratio of achieving T2DM remission (CI 0.062-0.723, p < 0.0001). 

 

4.3.6 Number of T2DM Drugs as a Predictive Factor 

The number of medications a person is on has been proposed as another indicator of T2DM 

progression since more severe and irreversible forms of T2DM are highly likely to require 

combined pharmacotherapy to achieve glycaemic control. Here, the predictive value of this 

factor was explored using logistic regression and ROC analysis.  

 

Firstly, a correlation analysis showed that the number of T2DM drugs was significantly 

correlated with three of the four factors included in DiaRem: HbA1c, insulin use, and the use 

of sulfonylureas and insulin sensitising agents (table 4.14). 

 

 Age HbA1c Insulin 
use 

Sulfonylurea 
use 

Insulin sensitising 
agent use 

Number of 

T2DM drugs 
-0.056 0.512* 0.585* 0.512* 0.353* 

Table 4.14. Pearson correlations for number of T2DM drugs with DiaRem score 

variables. N=174, * p <0.001. 

 

Predictive Value of Number of Non-Insulin T2DM Drugs 1 Year Post-Surgery 

Table 4.15 outlines the results which confirmed that the number of T2DM drugs can predict 1-

year post-surgery remission in all groups, especially in the VSG group in which the predictive 

power reached the clinically accepted AUC threshold of 0.800.  
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 Logistic Regression ROC 

 X2 P value Sensitivity 
% 

Specificity 
% AUC P value 95% CI 

Whole group 30.477 <0.0001 65.0 77.2 0.743 <0.001 0.664-
0.822 

RYGB 21.571 <0.0001 60.4 81.5 0.731 <0.001 0.639-
0.822 

VSG 12.177 <0.0001 50.0 95.0 0.818 0.002 0.670-
0.966 

Table 4.15. Number of T2DM drugs remission prediction value 1 year post-surgery. Whole 

group n=174, RYGB n=140, VSG n=34. ROC, receiver operator characteristic; AUC, area under 

the curve; X2, Chi-square value. 

 

By adding one T2DM drug the participants who had either procedure had 2.3 times increased 

odds of not achieving T2DM remission (CI 0.309-0.613), as shown in table 4.16.  

 

 
B S.E. P value Odds Ratio 

95% CI for Odds Ratio 
Lower Upper 

 Number of T2DM 
drugs 

-.832 .175 <.001 .435 .309 .613 

Constant .920 .345 .008 2.510   

Table 4.16. Logistic regression results for number of T2DM drugs predicted 1 year post-

surgery T2DM remission. Whole T2DM group n=174. B, B coefficient; S.E., standard error.  

 

 

ROC analysis showed that in participants who had either RYGB or VSG surgery the number 

of T2DM drugs had fair predictive value at predicting 1-year remission in the whole T2DM 

group (AUC = 0.743, p < 0.001, CI 0.664-0.822, figure 4.6). 
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Predictive Value of Number of T2DM Drugs 2 Years Post-Surgery 

In the whole T2DM group, number of T2DM drugs was predictive of 2-year remission 

according to the logistic regression model (X2 = 5.685, p = 0.017), but not according to the 

ROC analysis (AUC = 0.592, p = 0.122, CI 0.475-0.709). The sensitivity was 0.0% while the 

specificity was 100%, as the model did not predict any participants to achieve remission. In the 

RYGB group, logistic regression and ROC analysis were not statistically significant. On the 

other hand, the logistic regression analysis showed a significant result in the VSG group (X2 = 

6.850, p = 0.009).  

 

Figure 4.6. ROC curve of number of T2DM drugs predictive value 1 year 

post-surgery. Whole T2DM group (blue line) n=174. Green reference line 

corresponds to the curve expected from a score with no predictive value. 
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Optimum Score Threshold for the Number of T2DM Drugs 

The optimum threshold for number of T2DM drugs (the number with the highest ROCAUC) 

was 2 (AUC = 0.711, p < 0.001, CI 0.727-0.795). Participants on 2 or more medications had 

3.6 times increased odds of not achieving T2DM remission (CI 1.441-8.945, p = 0.006). 

 

 

4.3.7 The Effect of the Number of T2DM Drugs on the Predictive 

Value of DiaRem 

During the course of this work another research group published details of a proposed 

Advanced-DiaRem (Ad-DiaRem) score, in which two factors were added to the DiaRem score 

(T2DM duration and number of glucose lowering agents) and the weighting of all factors was 

redistributed. This score has not been externally validated before. In this section, Ad-DiaRem 

was applied to the three groups, and its predictive value was compared to DiaRem to determine 

if the addition of number of glucose lowering agents improves the predictive power of DiaRem. 

 

 

Predictive Value of Ad-DiaRem 1 Year Post-Surgery 

Table 4.17 shows the results of logistic regression and ROCAUC analysis for both DiaRem and 

the Ad-DiaRem scores for the three groups. The addition of number of T2DM drugs included 

in Ad-DiaRem improved the predictive value of the DiaRem score and raised its predictive 

power to reach the accepted threshold for clinical scores (AUC = 0.800) in the whole T2DM 

group and the RYGB group. 
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Score Procedure 

Logistic Regression ROC 

X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

DiaRem 

Whole 
group 50.588 <0.0001 65.0 82.5 0.776 <0.001 0.705-

0.846 

RYGB 34.392 <0.0001 43.8 88.0 0.764 <0.001 0.684-
0.846 

VSG 39.650 <0.0001 100.0 95.5 0.913 <0.001 0.813-
1.000 

Ad-
DiaRem 

Whole 
group 65.151 <0.0001 61.0 84.7 0.823 <0.001 0.758-

0.887 

RYGB 49.131 <0.0001 48.9 86.8 0.819 <0.001 0.745-
0.892 

VSG 26.361 0.006 75.0 90.0 0.903 <0.001 0.804-
1.000 

Table 4.17. DiaRem and Ad-DiaRem remission prediction scores value 1 year post-surgery. 

Whole group n=174, RYGB n=140, VSG n=34. ROC, receiver operator characteristic; AUC, area 

under the curve; X2, Chi-square value. 

 

 

Figure 4.7 shows the ROC curves for both DiaRem and Ad-DiaRem in the whole T2DM group. 
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Of the six predictor variables included in the Ad-DiaRem score, only participant age was 

statistically significant in the logistic regression model, with increasing age at the time of 

surgery associated with decreased odds of achieving T2DM remission (as shown in table 4.18). 

Participants aged > 53 years had 5.9 times increased odds of not achieving T2DM remission 

(CI 0.045-0.634) compared to the participants aged < 41 years. Increasing HbA1c was 

associated with decreased odds of achieving T2DM remission, with an HbA1c level > 7.5% 

compared to < 6.9% increasing the odds of not achieving T2DM remission by 47.6 times (95% 

Figure 4.7. ROC curves of DiaRem and Ad-DiaRem scores predictive 

value 1 year post-surgery. DiaRem (blue line) and Ad-DiaRem (green line), 

n=174. Yellow reference line corresponds to the curve expected from a score 

with no predictive value.  
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CI 0.284-0.097). Additionally, having a T2DM duration of 7-13 years compared to < 7 years 

increased the odds of not achieving remission by 35.7 times.  

 

 
B S.E. P value Odds 

Ratio 

95% CI for Odds 
Ratio 

Lower Upper 
 Age (years)   .019    

 42-52 -.771 .610 .207 .463 .140 1.530 
>52 -1.780 .676 .008 .169 .045 .634 

HbA1c (%)   .067    

7.0-7.4  -.324 .707 .647 .723 .181 2.889 
>7.4  -1.259 .547 .021 .284 .097 .829 

Insulin Use -.113 .866 .896 .893 .164 4.874 
Other glucose-lowering agent 
use 

-.273 1.338 .839 .761 .055 10.480 

Number of glucose-lowering 
agents used 

  .650    

1 -1.968 1.723 .253 .140 .005 4.094 
2 -2.245 1.783 .208 .106 .003 3.488 
>2 -2.180 1.948 .263 .113 .002 5.148 

T2DM Duration (years)   .060    
7.0-13.9  -1.500 .682 .028 .223 .059 .850 
>14  -1.625 .858 .058 .197 .037 1.058 

Constant 4.042 1.299 .002 56.945   

Table 4.18. Logistic regression results for factors included in Ad-DiaRem T2DM 
remission predictive score 1 year post-surgery. Whole T2DM group n=174. Age score 
compared to age 15-41 years. HbA1c score compared to HbA1c 4.5-6.9%. Number of 
glucose-lowering medications score compared to 0. Duration score compared to duration <6.9 
years. B, B coefficient; S.E., standard error. 

 

 

Predictive Value of Ad-DiaRem 2 Years Post-Surgery 

In the whole group, the model for the Ad-DiaRem score was still significant when applied to 

T2DM remission 2 years post-surgery (X2 = 21.999, p = 0.024). Although sensitivity decreased 

from 61% to 18.5%, the specificity increased from 84.7% to 93.1%. None of the six predictor 

variables were statistically significant when considered separately. The ROC analysis identified 
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Ad-DiaRem as having poor predictive value for T2DM remission 2 years post-surgery (AUC 

= 0.666, p = 0.005, CI 0.565-0.766). The Ad-DiaRem model and ROC analysis were not 

statistically significant when applied to each surgery group separately to predict T2DM 

remission 2 years post-surgery. 

 

Optimum Score Threshold for the Ad-DiaRem Score 

A cut-off score of 9 was determined to have the highest predictive power for the Ad-DiaRem 

score (AUC = 0.769, CI 0.639-0.846, p < 0.0001). In addition, the logistic regression test on 

the Ad-DiaRem cut-off threshold of 9 revealed a statistically significant result (p < 0.0001). 

Participants below the threshold had an 11.1 times increased odds ratio of achieving T2DM 

remission (CI 0.043-0.189, p < 0.0001). 

 

4.3.8 Net Reclassification Improvement  

Net Reclassification Improvement (NRI) analysis was performed to calculate the improvement 

in prediction by using different scoring systems. It is a score calculated from the percentage 

increase in participants correctly identified in one score than another, and the percentage 

decrease in participants incorrectly identified when the optimum threshold cut-offs for all the 

scores are applied. A larger NRI value indicates a greater improvement in classification, 

therefore a better score. The NRI for the Ad-DiaRem score yielded an improvement in 

classification over DiaRem (NRI value = 0.11), T2DM duration (NRI value = 0.10), DiaRem-

Duration (NRI value = 0.03) and number of T2DM drugs (NRI value = 0.12). This indicates 

that the Ad-DiaRem score performed better in correctly classifying the participants than each 

of the other scores.  
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Based on the results summarised in table 4.19 the Ad-DiaRem scores is better at predicting 

T2DM remission 1 year post-RYGB than the DiaRem score and is the only score to reach the 

clinically accepted ROCAUC threshold of 0.8 in both the RYGB and VSG groups. Duration as 

a single factor had similar predictive value to the DiaRem score, though did not improve the 

predictive value of the DiaRem score when added to it, as did number of T2DM drugs as a 

single factor.  
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  Logistic Regression ROC 

  X2 Sensitivity 
% 

Specificity 
% AUC 95% CI 

DiaRem 

Whole 
group 50.588** 65.0 82.5 0.776** 0.705-0.846 

RYGB  
34.392** 43.8 88.0 0.764** 0.684-0.846 

VSG 39.650** 100.0 95.5 0.913** 0.813-1.000 

Duration 

Whole 
group 47.040** 58.3 78.1 0.784** 0.718-0.850 

RYGB 39.341** 52.1 82.6 0.796** 0.724-0.868 

VSG 9.009* 58.3 68.2 0.710* 0.539-0.881 

DiaRem-
Duration 

Whole 
group 63.330** 58.3 86.8 0.765** 0.692-0.839 

RYGB 48.796** 68.6 81.5 0.768** 0.685-0.852 

VSG 35.773** 100.0 90.9 0.784* 0.631-0.937 

Number of 
T2DM 
Drugs 

Whole 
group 30.477** 65.0 77.2 0.743** 0.664-0.822 

RYGB 21.571** 60.4 81.5 0.731** 0.639-0.822 

VSG 12.177** 50.0 95.0 0.818* 0.670-0.966 

Ad-DiaRem 

Whole 
group 65.151** 61.0 84.7 0.823** 0.758-0.887 

RYGB 49.131** 48.9 86.8 0.819** 0.745-0.892 

VSG 26.361* 75.0 90.0 0.903** 0.804-1.000 

Table 4.19. T2DM remission prediction value for scores DiaRem, DiaRem-Duration and 

Ad-DiaRem along with individual factors T2DM duration and number of T2DM drugs. 1-

year remission for the whole group n=174, post-RYGB n=140, and post-VSG n=34. ROC, 

receiver operator characteristic; AUC, area under the curve; X2, Chi-square value. *p<0.05, 

**p<0.001. 
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4.4 DISCUSSION 

This chapter describes the preoperative factors associated with T2DM remission in the entire 

diabetic group, both insulin-treated and non-insulin-treated, and in participants undergoing 

RYGB and VSG. The rates of T2DM reported in this chapter are lower than those of similar 

studies in the literature, which may reflect the increased heterogeneity and ethnic diversity of 

this group. Many of the key predictors of remission previously identified were found to be 

prognostic in this group, including T2DM drug use (particularly insulin), T2DM duration, and 

baseline HbA1c. Ultimately these factors are surrogate clinical markers of pancreatic b-cell 

deterioration and indicate that a person whose T2DM is of long duration and poorly controlled 

requiring many medications and possibly insulin will likely be damaged beyond reversal, 

decreasing the probability of that participant achieving remission. 

 

Addition of T2DM duration alone did not significantly improve the predictive accuracy of the 

DiaRem score. However, addition of this plus number of T2DM drugs did, causing the Ad-

DiaRem score to be the only one to meet the clinically accepted AUC cut-off of 0.8. 

Misclassification was still present with all of the scoring systems applied in these groups, 

indicating the need for further additions to these scoring systems that may more accurately 

predict remission. With the dawn of personalised medicine comes the potential for scoring 

systems that incorporate genetic and genomic variation in metabolism impairment and may 

elucidate underlying differences in T2DM pathogenesis that predict response to bariatric 

surgery.  

 

4.4.1 Prevalence of T2DM Remission 

The prevalence of T2DM remission for the whole T2DM group was around 35% for both 

RYGB and VSG procedures 1-year post-surgery. This is lower than has been previously 
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reported, for example by Mas-Lorenzo, et al. who reported remission in 58.1% of their 

participants using the same definition of remission79. This may be due to participants of this 

study remaining on metformin treatment after surgery despite improved glycaemic profiles 

which may render medication unnecessary. Metformin is known to have a number of beneficial 

effects beyond improving glycaemic control, including anti-atherosclerotic, neuroprotective, 

and anti-tumour256, and this improvement in morbidity and mortality is seen regardless of 

change in glycaemic level257.  

 

According to the most recent ADA guidelines, treatment with metformin is recommended for 

participants at high risk of developing T2DM, particularly participants with a BMI >35 kg/m2 

or aged over 60 years. Treatment with metformin in at risk participants has been shown to 

reduce the incidence of T2DM by as much as 31%258, and as participants in diabetes remission 

can be considered high risk for recurrence, treatment with metformin may significantly reduce 

their chances of remission. Additionally, treatment with metformin ensures that participants 

receive more frequent reviews of their glycaemic control under the care of their general 

practitioner, thereby improving the chances of early diagnosis and management of any micro 

or macrovascular complications associated with T2DM that may arise, or early diagnosis and 

management if the patient relapses intoT2DM. Together this may mean that some participants 

who would be euglycemic without medication are still treated with metformin and therefore do 

not meet the strict ADA T2DM remission criteria. 

 

Prevalence of T2DM remission did not decrease significantly between 1 and 2 years post-

operatively. This finding is supported by a 2015 systematic review and meta-analysis which 

included studies with follow up periods of up to 20 years that found no significant interaction 

between T2DM remission and length of follow up when surgical procedure was accounted 

for259. The same study found that glycaemic improvements are also maintained years after 

surgery. This may be because maximum weight loss and some weight regain has usually been 
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achieved within 2 years of surgery, bringing the participant to a more stable weight and 

therefore more stable glycaemic control260.  

 

Hypoglycaemia can be a complication following bariatric surgery, typically appearing more 

than 3 years post-operatively261. The prevalence of severe episodes requiring hospitalisation is 

likely to be less than 0.5%, however the prevalence of individuals with mild symptoms 

suggestive of hypoglycaemia in the post-bariatric population could be more than 20%262. The 

syndrome results from an exaggerated insulin response to glucose ingestion, and although many 

mechanisms have been proposed the full picture remains unclear263. Hypoglycaemia was not 

reported in the 1 and 2 year follow up notes for any individuals identified in the PMMO study, 

however 2 years of follow up may be too limited to detect hypoglycaemia as a 31-year follow 

up study published in 2017 reported that median time-to-first hypoglycaemic event was more 

than 3 years post-surgery261.  

 

There was no difference in the rate of remission between RYGB and VSG procedures. These 

results are supported by a recent systematic review of randomised control trials which found 

only 1 trial out of the 7 included demonstrated a significant difference between procedures, 

with RYGB participants having a greater remission rate than VSG 3 months post-surgery264. 

Another meta-analysis of randomised control trials identified no significant difference in 

HbA1c, FPG or T2DM medication use between RYGB and VSG participants265. Similar or 

non-statistically significant results have been found in a number of other systematic reviews266–

269, while only two meta-analyses have been identified that find one procedure to be preferable 

for T2DM remission (RYGB in both cases)270,271. 

 

Another possible reason why remission rates are lower in this group than groups reported in the 

literature is that insulin-treated T2DM accounts for a relatively large proportion of this group 



 141 

(32%). Many of the studies reporting remission rates as high as 83% are entirely non-insulin-

treated groups, using only oral hypoglycaemic agents6, and in a recently published American 

database entitled Bariatric Outcomes Longitudinal Database (BOLD) containing details of over 

113,000 participants seeking bariatric surgery, only 10% of the population were treated with 

insulin at baseline214. The effect of insulin treatment on T2DM remission will be explored 

further in the next chapter of this thesis. 

 

4.4.2 Clinical Baseline Factors That Affect T2DM Remission  

Effect of Age on T2DM Remission: Participants in the remission group were around 4 years 

younger at the time of surgery than participants in the non-remission group. Young age has 

been identified as a predictor of remission in many studies28,73,83,84, which is why it was included 

in the DiaRem score85. It is thought that age, just like many clinical factors predictive of T2DM 

remission, is a surrogate marker of duration of T2DM, with older people likely to have been 

suffering with the disease for longer85, allowing for further decline of b-cell function83. 

 

Effect of BMI on T2DM Remission: There was no significant difference in BMI between the 

remission and non-remission groups. The literature is not clear on BMI as a predictor of T2DM 

remission. Many studies have found that higher BMI is associated with greater 

remission8,35,83,84,89,94–96, however others such as a meta-analysis by Wang, et al. found that BMI 

is not predictive of remission272. Wang, et al. found that BMI was only predictive of remission 

in a Chinese population who form less than 2.3% of our cohort272.  

 

Effect of T2DM Duration on T2DM Remission: Similarly to age, T2DM duration is believed to 

be a marker of decline of b-cell function. T2DM duration in participants of the remission group 

was around 7 years shorter than the non-remission group (3 years vs. 10 years respectively), 
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which confirms previous findings that a diagnosis less than 5 years before bariatric surgery is 

associated with improved odds of achieving remission28,83,87–90.  

 

Effect of HbA1c on T2DM Remission: Lower HbA1c is known to be associated with T2DM 

remission, and the group included in this chapter confirm this with the remission group having 

an HbA1c value around 10 mmol/mol below that of the non-remission group. The amount of 

glycaemic control that a participant has before surgery, regardless of medication use, affects 

the likelihood of achieving remission88,96,100. 

 

Effect of Binge-Eating Disorder Diagnosis on T2DM Remission: A novel finding in this group 

is that the presence of active or a history of binge-eating disorder is up to five times more 

prevalent in the remission than non-remission group. Typically, pre-operative presence of 

binge-eating disorder has been associated with decreased post-surgery weight loss233. Eating 

disorders do not seem to affect T2DM control however they may cause obesity which 

predisposes to T2DM273,274. Only 11 participants in this group had binge-eating disorder which 

may too few to draw conclusions from these results. Nevertheless, this is an interesting finding 

that has not been reported before and should be explored further.  

 

Effect of Polycystic Ovarian Syndrome Diagnosis on T2DM Remission: Polycystic ovarian 

syndrome (PCOS) was three times higher in the remission group than non-remission group in 

this study. Insulin insensitivity is a feature of PCOS and is known to be ameliorated by bariatric 

surgery-induced weight loss275,276. Only 11 participants in this study had PCOS prior to surgery 

which limits the inferences that can be made from these data, however it may be that the 

participants with PCOS in this study have a milder form of T2DM that is more easily reversible 

with bariatric surgery-induced weight loss, predisposing them to remission. Further exploration 

of this effect is needed. 
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Effect of Hyperlipidaemia on T2DM Remission: Hyperlipidaemia (defined as treatment with 

lipid-lowering medication) was nearly twice as common in the non-remission group as the 

remission group. A meta-analysis and systematic review in 2014 found that pre-operative 

higher HDL and lower cholesterol, triglycerides and LDL were present in remission groups 

than non-remission groups277.  Despite this pre-operative cholesterol levels are not included in 

any T2DM remission scores. The contribution of hyperlipidaemia and statin use to T2DM 

remission will be explored further in chapters 6 and 7 of this thesis. 

 

It is important to note that the small numbers in subgroup analyses presented here limit the 

reliability of these data. Ethnicity data in particular contain very small sample sizes so 

although no effect of ethnicity on remission was identified this may be a result of reduced 

power.  

 

4.4.3 Predictive Value of Remission Prediction Scores 

DiaRem Has Limited Predictive Value in The Whole T2DM Group 

When applied to the whole T2DM group, DiaRem only had fair predictive value 1 year after 

surgery. Since its introduction by Still, et al.85 in 2014 it has been applied in 13 further studies. 

Initial validation studies found that the score had good predictive value at 1 and 2 years post-

operatively110,250,251, and others expanded the predictive application of DiaRem to up to 10 years 

post-operatively278 and lack of T2DM relapse253. In the group described in this chapter, DiaRem 

was not predictive of remission 2 years post-operatively, though this is likely due to the small 

group size with adequate clinical information available.  

 

Three studies have applied the DiaRem score, which was created for the RYGB procedure, to 

different procedures. A 2018 study by Wood, et al.279 found that although the discriminatory 

ability of DiaRem was good in all procedure groups (RYGB, VSG and AGB), it performed 
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better in AGB, though only specifically in Hispanic participants. Similarly, Pucci, et al.110 

identified a significant difference in the predictive power of DiaRem between RYGB and VSG 

at 2 years post-operatively. However, once adjusted for percentage weight loss this association 

became non-significant. The most recent study included in this analysis, by Ahuja, et al.280, 

showed DiaRem to have good predictive value in participants that underwent the mini gastric 

bypass. In the group included in this chapter DiaRem had increased sensitivity and specificity 

in VSG participants compared to RYGB, however this may be accounted for by the relatively 

smaller group size. 

 

The poorer predictive value of DiaRem in this group compared to others could be attributed to 

the greater ethnic diversity of this group to other groups the score has been validated in. The 

original Still, et al.85 study was 97% Caucasian, however the group is this chapter is < 61% 

Caucasian. A 2016 paper with a number of participants common to those in this chapter also 

reported only 61% Caucasian ethnicity, and found that the greater ethnic diversity in their group 

may have reduced the predictive power of DiaRem at high scores281. Wood, et al.279 assessed 

the predictive power of DiaRem in Hispanic and Caucasian participants, and found that 

although they were equally discriminative in both ethnicities, there were slightly different 

optimal cut-offs for each group. This shows that DiaRem score predictive ability is affected by 

the ethnicity of the group it is applied to. Other studies have also found that the predictive power 

of DiaRem is reduced at high DiaRem scores90, something that other T2DM remission scores, 

such as Ad-DiaRem, have tried to improve101.  

 

In this group all four factors included in the DiaRem score were found to be independently 

predictive of T2DM remission, with increasing age, increasing HbA1c, insulin use, and other 

T2DM medication use all associated with decreased odds of achieving remission, despite a 

study by Honarmand, et al.252 which found that DiaRem had slightly improved predictive value 

when other T2DM medication use was excluded from the score. A number of different optimum 

cut-offs between 5 and 8101,250–252 have been reported in the literature, which no doubt reflects 
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the heterogeneity of groups that DiaRem has been applied to. The optimum cut-off value for 

the score in this group was identified as ≤ 8, which has also been reported by Ahuja, et al.280 

and, in Caucasian participants undergoing RYGB or VSG, Wood, et al.279. When this cut-off 

was applied, DiaRem had decreased ability to correctly classify participants when compared to 

each of the other scoring systems, indicating that in this group DiaRem has the least predictive 

value. 

 

Addition of T2DM Duration to The DiaRem Score Did Not Improve Predictive Value  

T2DM duration is frequently identified as a key predictor of remission, with long duration of 

T2DM associated with decreased probability of achieving remission77,89,260,282.  Similarly to 

insulin use, a longer duration of T2DM is believed to indicate a more severe form of T2DM 

due to progressive b-cell deterioration to a point where damage is no longer reversible. Schauer, 

et al.28 identified short duration of <5 years as a significant predictor of T2DM remission in 

2003, and since then this has been confirmed by a number of other groups, although the 

suggested cut-off for duration has varied up to 10 years, as suggested by Casella, et al.283 for 

participants undergoing VSG.  

 

T2DM duration as a single factor had significant predictive value in both RYGB and VSG 

participants. The use of T2DM duration alone had fair predictive value 1-year post-surgery, 

similar to DiaRem, and also 2 years post-surgery for both procedure types. For each additional 

year of T2DM duration the odds of achieving T2DM remission decreased 1.3 times, 

demonstrating the stability of the predictive value at different lengths of follow-up after surgery. 

In the whole T2DM group, two duration threshold cut-offs (10 years and 6 years) were 

identified as having equal highest AUC. When the duration threshold was set at 10 years no 

participants were predicted to achieve remission, suggesting 6 years duration is a more 

appropriate cut-off. The duration of T2DM for participants who achieved remission was 

approximately a third that of participants who did not achieve remission, indicating that T2DM 
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remission plays a significant role in predicting remission of these participants. However, T2DM 

duration alone is a crude indicator of severity of T2DM and therefore prediction of remission.  

 

This study found that there were no cases of remission in participants with a T2DM duration > 

11 years, therefore NICE’s recommendation is reasonable and clinically relevant, although it 

should be noted that participants are likely to have glycaemic improvements despite not 

achieving remission status. 

 

Duration of T2DM was clinical information not available to the creators of the DiaRem score, 

and therefore age was used as a surrogate factor; something that has been done previously to 

positive effect284. Increasing age was shown to decrease the probability of remission, and Still, 

et al. postulated that older participants were likely to have had T2DM for longer and therefore 

have decreased b-cell function85. T2DM duration was available for the participants included in 

this group, therefore it was proposed that replacing age with T2DM duration would improve 

the predictive value of DiaRem, creating a new score called the DiaRem-Duration score. 

DiaRem-Duration was found to have a slightly lower optimum cut-off (≤ 7) than DiaRem, and 

when the two scores were compared using NRI, DiaRem-Duration had a slightly improved 

ability to correctly classify participants as ‘remission’ or ‘no remission’.  

 

DiaRem-Duration was found to have similar predictive value to DiaRem 1-year post-surgery 

and could be applied to participants undergoing VSG. The only slight advantage that DiaRem-

Duration had over DiaRem was that it was predictive of remission 2 years post-operatively, 

albeit only poorly. Interestingly, insulin use was not a significant independent predictor of 

remission, only use of other T2DM medications which decreased the odds of achieving 

remission 7.2 times. Through NRI analysis it was found that although DiaRem-Duration and 

DiaRem perform similarly in both groups of participants. The removal of age and addition of 
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duration as factors slightly increased the predictive value of this score. However, T2DM 

duration is more difficult to obtain clinically than age, as it is often self-reported by the 

participant as time since diagnosis, which may not adequately reflect disease duration as 

diagnosis typically occurs years after b-cell function has declined285.  

 

Addition of Number of T2DM Medications Improved the Predictive Value of the DiaRem 

Score  

This study found that the number of T2DM drugs a participant is taking is predictive of 

remission without the addition of other clinical factors. During the progression of T2DM, 

patients are typically prescribed combined therapy when previous monotherapy has failed to 

adequately control their T2DM, and therefore it is usually people with this more severe T2DM 

that is less likely to respond to bariatric surgery that will be prescribed multiple drugs213. As a 

single factor number of T2DM drugs had similar 1-year remission predictive value to the 

original DiaRem score for the whole T2DM group and also for each procedure separately. Each 

additional T2DM drug that participants were using corresponded to a more than double increase 

in odds of not achieving remission, and imposing a threshold cut-off value of two drugs meant 

that participants with more than two T2DM drugs were more than three times as likely to not 

achieve remission as those whose T2DM was controlled with fewer than two drugs. 

 

This factor was not included in the original DiaRem score and it was proposed that its addition 

would increase the predictive ability of this score, however another research group introduced 

the Ad-DiaRem score while this work was being undertaken. The Advanced-DiaRem (Ad-

DiaRem) score was developed in in 2017 by Aron-Wisnewsky, et al.101 to reduce the limitations 

of the DiaRem score. It has been reported that DiaRem is less predictive at mid and high scores, 

with up to one third of high scoring286 and half of mid-range scoring participants achieving 

remission85. It would therefore be beneficial to modify this system to reduce the number of 
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individuals being misidentified. Additionally, DiaRem does not account for novel anti-

hyperglycaemic drugs such as GLP-1 analogues which may improve glucose control and 

increase chances of achieving remission101. The factors included in the original DiaRem score 

were consequently expanded to include the number of glucose lowering agents and T2DM 

duration, whilst the use of ISA and sulfonylureas was expanded to include any other T2DM 

non-insulin agents. It was believed that the inclusion of number of medications and expanding 

the type of drugs included would give a more accurate picture of the extent of b-cell damage 

and would allow for easier transferal of the Ad-DiaRem score to countries with different 

standard prescribing practice. Aron-Wisnewsky, et al.101 reported that the addition of these 

factors to DiaRem led to an additional 8% of participants being correctly classified, as well as 

fewer misclassifications in mid-range scores. This study is the first external validation study of 

the Ad-DiaRem score.  

 

When applied to the group included in this chapter, Ad-DiaRem was found to have a good 

predictive value 1-year post-surgery above that of DiaRem, and an AUC above the clinically 

accepted 0.800 cut-off in the whole T2DM group and for both RYGB and VSG procedure 

groups. NRI analysis confirmed that the Ad-DiaRem score has improved predictive accuracy 

over the other scores and factors analysed in this chapter. The Aron-Wisnewsky101 study 

reported AUC results around 0.1 higher than those reported in this chapter, potentially due to 

the increased ethnic diversity of this group, however the improved predictive value of Ad-

DiaRem over DiaRem was comparable. 

 

The original Ad-DiaRem study101 identified the optimum cut-off score as < 10, and when 

applied to this group we found the same results (reported here as ≤ 9). More validation studies 

of Ad-DiaRem in other groups are needed but this is promising as it demonstrates that the Ad-

DiaRem cut-off is applicable to multiple groups and is perhaps less affected by ethnic diversity 

than DiaRem, which has had a variety of optimum cut-off points reported in the literature.  
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Including anti-hyperglycaemic drugs such as GLP1 analogues that were not widely available 

when DiaRem was published in 201485 in the analysis did not affect the results of this study as 

there were no participants who received these newly developed drugs that did not also take 

insulin sensitizing agents or sulfonylureas. As drug development for diabetes improves, it 

becomes more likely that these drugs will be used independently of other medications, therefore 

prediction scores should be revalidated to account for changes to prescribing practice.  

 

Despite the introduction of improved T2DM remission prediction scores, such as the Ad-

DiaRem score, misclassification is still present. Identification of patient groups in which these 

scores have different efficacy may lead to use of specific scores in different patient groups or 

score optimisation that improves predictive value and provides patients and medical 

professionals with a more accurate prognosis for improved distribution of scare NHS resources.  
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CHAPTER 5: CLINICAL MODELS TO 

PREDICT TYPE 2 DIABETES 

REMISSION IN NON-INSULIN 

TREATED PEOPLE FOLLOWING 

BARIATRIC SURGERY 
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5.1 Introduction 

This chapter describes the baseline characteristics of the insulin-treated and non-insulin-treated 

T2DM groups, and the efficacy with which they separately and in combination as DiaRem and 

Ad-DiaRem scores predict 1 year post-operative T2DM remission in non-insulin-treated 

participants. 

 

Although the DiaRem score developed by Still, et al. has been validated both internally and 

externally it has limitations, particularly its decreased predictive power at mid-range and higher 

scores85,90,286 and in ethnically-diverse cohorts281. A very large factor in determining DiaRem 

score is insulin use which contributes 10 points out of a possible 22. Pre-operative use of insulin 

is frequently identified as a strong negative predictor of diabetes remission, with participants 

with insulin-treated T2DM rarely achieving remission85,103,104. As insulin-treated people are 

unlikely to achieve complete remission it is of clinical benefit to apply this score to non-insulin-

treated people and determine it the score has useful predictive efficacy in that group. 

 

The aims of this study are to: 

(a) Identify T2DM remission rates in the non-insulin-treated group 1 and 2 years post-

surgery (RYGB and VSG) 

(b) Explore whether T2DM duration and number of T2DM drugs can predict T2DM 

remission or improve the predictive value of current scoring systems in non-insulin-

treated T2DM participants 

(c) Evaluate the predictive value of current T2DM remission prediction scores, DiaRem 

and Ad-DiaRem, in non-insulin-treated participants and identify optimum threshold 

cut-off scores 
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5.2 Methods 

Chapter 2 describes the main methods and materials used for the analysis of the non-insulin 

treated group in this chapter. Below is a brief summary of these.  

 

5.2.1 T2DM Remission 

T2DM remission was defined as HbA1c ≤48 mmol/mol in the absence of T2DM 

pharmacotherapy 1 year post-surgery. 

 

5.2.2 Prediction Scores 

The same remission prediction scores that were analysed in the whole T2DM group in chapter 

4 (DiaRem and Ad-DiaRem, and individual factors T2DM duration and number of T2DM 

drugs) are analysed in this chapter. Insulin use was not included in the DiaRem and Ad-DiaRem 

scores as this analysis is conducted only in non-insulin-treated participants.  

 

5.2.3 Statistical Analysis 

Baseline Characteristics 

Continuous parametric variables were analysed using Student’s t test (ANOVA for more than 

2 groups) and non-parametric variables with Mann-Whitney U test (Kruskal-Wallis test for 

more than 2 groups). Results are displayed as mean +/- standard deviation (SD). Categorical 

variables are presented percentage presence within the population and compared using 

Pearson’s Chi-Square test of homogeneity. Analysis of paired categorical baseline data with 1 
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or 2 years post-RYGB was performed using McNemar’s test. P-values of <0.05 were 

considered statistically significant throughout. 

 

Predictive Scores 

Binomial logistic regression analysis was performed to assess contribution of variables within 

models to remission outcome 1 and 2 years after surgery. Familywise multiple testing 

correction was performed. Where B(exp) values were <1.000 values were inverted to give a 

positive odds ratio. Receiver operator characteristic curve area under the curve (ROCAUC) 

analysis was also performed. Bivariate correlations were carried out between the factors 

included in the original DiaRem score and the factors T2DM duration and number of T2DM 

drugs. 

 

Finally, Net Reclassification Improvement (NRI) analysis was performed to calculate the 

degree of improvement in the prediction from different scoring systems. This was calculated 

with the following equation: 

NRIA to B = % increase (remission)B to A + % decrease (non-remission) B to A 

 

Where: 

NRIA to B = NRI for score A compared to score B 

% increase (remission)B to A = Percentage increase of participants correctly identified by logistic 

regression as ‘remission’ in score B than score A 

% decrease (non-remission)BtoA = Percentage decrease of non-remission participants incorrectly 

identified by logistic regression as ‘remission’ in score B than score A 
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5.3 Results 

In the analysis of participants not treated with insulin both RYGB and VSG procedures were 

included (n=118). Of these, 56.8% (n=67) had their medication list and HbA1c measurement 

recorded 2 years post-operatively. 

 

5.3.1 A Comparison of Diabetes Remission Prevalence Between 

Insulin-Treated and Non-Insulin-Treated Participants 

The prevalence of T2DM remission was different between the insulin-treated and non-insulin-

treated groups with T2DM. Almost half of the non-insulin-treated participants achieved 

complete or partial T2DM remission 1 year post surgery (45.8%) while only 10.7% of the 

insulin-treated group achieved T2DM remission (p < 0.0001, figure 5.1). Remission rates fell 

in both groups between 1 and 2 years post-operatively, so that at 2 years post-operation the 

remission rate was 37.3% for the non-insulin-treated group and 8.6% for the insulin-treated 

group, p = 0.002), however an exact McNemar’s test determined that this reduction in remission 

rate was not statistically significant, p = 1.000.  
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5.3.2 Baseline Characteristics of the Non-Insulin-Treated T2DM 

Group 

All baseline characteristics are outlined in table 5.1. When RYGB and VSG participants were 

considered together, 32.1% (n=56) of participants were treated with insulin for their T2DM. 

The RYGB procedure was most common in both insulin-treated and non-insulin-treated 

participants, although RYGB was performed significantly more in the insulin-treated group 

(91.1% and 76.4% respectively, p = 0.015). 

 

Figure 5.1. T2DM remission status 1 year post-operatively in insulin-treated and non-insulin-

treated participants. Insulin-treated n=56, non-insulin-treated n=118.  
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 Insulin-Treated Non-Insulin-Treated P Value 

N 56 118 - 

Age (years) 50.9 (±9.0) 51.1 (±9.7) 0.887 

Gender (% female) 53.4 52.5 0.728 

European Caucasian (%) 64.3 55.1 0.251 

Procedure RYGB (%) 91.1 75.4 0.015 
     

Height (m) 1.7 (±0.1) 1.7 (±0.1) 0.880 

Weight (kg) 125.8 (±23.9) 135.6 (±27.5) 0.024 

BMI (kg/m2) 43.9 (±6.7) 47.7 (±9.3) 0.003 

BMI classification (%): - - - 

Class I (BMI<35) 8.9 2.6 0.062 

Class II (BMI 35-39.9) 19.6 17.1 0.683 

Class III (BMI 40-49.9) 53.6 47.9 0.482 

Class IV (BMI 50-59.9) 14.3 22.2 0.219 

Class V (BMI>60) 3.6 10.3 0.131 

Age of onset of obesity (years) 22.9 (±12.2) 23.2 (±13.8) 0.923 
     

Obstructive sleep apnoea (%) 29.6 36.2 0.400 

Polycystic ovarian syndrome (%females) 3.7 15.9 0.106 

Depression (%) 14.9 15.8 0.882 

History of depression (%) 27.7 18.8 0.224 

Binge-eating (%) 4.2 9.0 0.294 

History of binge-eating (%) 6.3 8.0 0.704 

Requires walking aid or wheelchair (%) 6.4 16.0 0.108 
     

Hypertension (%) 82.1 68.6 0.061 

Hyperlipidaemia (%) 76.8 52.5 0.002 
     

HbA1c (mmol/mol) 76.9 (±15.3) 60.3 (±17.2) <0.0001 

Total cholesterol 4.66 (±1.19) 4.52 (±1.01) 0.441 

Triglycerides 2.00 (±0.78) 2.24 (±1.48) 0.197 

HDL 1.15 (±0.51) 1.94 (±8.57) 0.521 
     

Age at diabetes diagnosis (years) 38.4 (±8.5) 46.6 (±9.4) <0.0001 

Diabetes Duration (years) 12.9 (±6.2) 5.0 (±4.9) <0.0001 

Table 5.1.  Baseline characteristics for the insulin-treated and non-insulin-treated T2DM groups.  
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Effect of Age: There was no difference in mean age at which participants underwent surgery 

(50.0 years ± 9.0 SD for insulin-treated and 51.1 years ± 9.7 SD for non-insulin-treated, p = 

0.887). 

 

Effect of Gender: Around half of the participants in both groups were female (53.4% for insulin-

treated and 52.5% for non-insulin-treated, p = 0.728). 

 

Effect of Ethnicity: There was no significant difference in ethnicity between the insulin-treated 

and non-insulin-treated groups (p = 0.251), and more than half of both groups self-reported as 

Caucasian. 

 

Effect of Anthropomorphic Variables: There was no effect of height. The mean height of all 

participants was 1.7m ± 0.1 SD (no difference between insulin and non-insulin treated groups 

p = 0.383). Non-insulin-treated participants were heavier than insulin-treated participants 

(135.6kg ± 27.5 SD and 125.8kg ± 24.4 SD respectively, p = 0.024), resulting in participants 

with non-insulin-treated T2DM having a higher baseline BMI (47.7kg/m2 ± 9.3 SD for non-

insulin-treated and 43.9kg/m2 ± 6.7 SD for insulin-treated, p = 0.003). There was no significant 

difference in BMI class between the groups, with over half of participants in each group falling 

in BMI class III.  

 

Effect of Childhood Onset of Obesity: There was also no significant difference in the age of 

onset of obesity between insulin-treated and non-insulin treated participants (22.9 years ± 12.2 

SD and 23.2 years ± 13.8 SD respectively, p = 0.923).  

 



 158 

Effect of Pre-Operative Diabetes Control: Mean HbA1c values were significantly higher in 

insulin-treated participants than non-insulin-treated (76.9 mmol/mol ± 15.3 SD and 60.3 

mmol/mol ± 17.2 SD respectively, p < 0.0001). 

 

Effect of Age of Onset and of Duration of Diabetes: T2DM was diagnosed at an earlier age in 

the insulin-treated participants (38.4 years ± 8.5 SD and 46.6 years ± 9.4 SD, p < 0.0001), and 

the insulin-treated participants also had a greater duration of T2DM (12.9 years ± 6.2 SD and 

5.0 years ± 4.9 SD, p < 0.0001). 

 

Effect of Psychiatric Co-Morbidities: There was no difference in rate of depression, history of 

depression or binge-eating disorder between participants treated with and without insulin. 

Depression was active in around 15% of both groups (14.9% and 15.8% respectively, p = 

0.882), and a history of depression in around a quarter (27.7% and 18.8% respectively, p = 

0.224). Active binge-eating had a much lower prevalence in both groups, with only 4.2% of the 

insulin-treated group and 9.0% of the non-insulin-treated group having a diagnosis, and a 

further 6.3% and 8.0% respectively having a history of binge-eating, p = 0.704. 

 

Effect of Other Co-Morbidities: OSA requiring CPAP was present in around a third of both 

groups (29.6% of the insulin-treated group and 36.2% of the non-insulin-treated group, p = 0.4). 

There was no difference in prevalence of functional disability requiring mobility aids or a 

wheelchair (6.4% of insulin-treated participants and 16.0% of non-insulin-treated participants, 

p = 0.108). Similarly, there was no difference in the rate of PCOS between women in the 

insulin-treated and non-insulin-treated groups (3.7% and 15.9% respectively, p = 0.106). 

Around three quarters of both groups were treated pharmacologically for hypertension (82.1% 

of insulin-treated and 68.6% of non-insulin-treated participants, p = 0.061). The prevalence of 

hyperlipidaemia was significantly higher in insulin-treated participants (76.8% vs.52.5%, p = 
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0.002), but there was no significant difference between the insulin-treated and non-insulin 

treated groups in total cholesterol (4.66 ± 1.19 SD and 4.52 ± 1.01 SD, p = 0.441), triglycerides 

(2.00 ± 0.78 SD and 2.24 ± 1.48 SD, p = 0.197) or HDL (1.15 ± 0.51 SD and 1.94 ± 8.57 SD, 

p = 0.521).  

 

5.3.3 Predictive Value of the Original DiaRem Score in Non-Insulin-

Treated Participants 

In this section, the unmodified DiaRem score is applied to the non-insulin-treated participants. 

These results are then compared to the predictive value of DiaRem in the whole T2DM cohort 

(from chapter 4) to determine if DiaRem maintains its predictive accuracy when applied to the 

non-insulin-treated group.   

 

Predictive Value of DiaRem In Non-Insulin-Treated Participants 1 Year Post-Surgery 

DiaRem was able to predict T2DM remission in the non-insulin-treated group (shown with 

DiaRem in the whole T2DM group in table 5.2).  

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

Whole T2DM group 50.588 <0.0001 65.0 82.5 0.776 <0.001 0.705-0.846 

Non-Insulin-Treated 
group 28.205 <0.0001 70.4 68.8 0.697 <0.001 0.602-0.791 

Table 5.2. DiaRem remission prediction score value 1 year post-surgery in the whole T2DM group 

and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group n=118. ROC, 

receiver operator characteristic; AUC, area under the curve; X2. Chi-square value. 
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ROC analysis showed that DiaRem had decreased predictive value in the non-insulin-treated 

group than in the whole T2DM group (figure 5.2). 

 

 

 

All three of the remaining predictor variables were statistically significant (as shown in table 

5.3). Lack of treatment with any T2DM medications increased the odds of achieving remission 

11.5 times compared to participants who were treated with T2DM medication (CI 0.016-0.482).  

Increasing age and HbA1c were associated with increased likelihood of not achieving T2DM 

remission. Participants aged <40 years had 4.5 times increased odds of achieving T2DM 

Figure 5.2. ROC curves of DiaRem score predictive value 1 year post-

surgery in the whole T2DM group and non-insulin-treated group. Whole 

T2DM group (blue line) n=174, non-insulin-treated group (green line) n=118. 

Yellow reference line corresponds to the curve expected from a score that had 

no predictive value.  
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remission than those aged 40-49 years (CI 0.049-0.997), and 14.7 times increased odds 

compared to participants aged 50-59 years (CI 0.011-0.402). Participants with an HbA1c <6.5% 

had 4.7 times increased odds of achieving T2DM remission compared to participants with an 

HbA1c of 6.5-6.9% (CI 0.067-0.690). 

 

 
B S.E. P value Odds 

Ratio 

95% CI for Odds 
Ratio 

Lower Upper 

 Age (years)   .025    

40-49  -1.150 .751 .126 .317 .073 1.380 
50-59  -1.505 .766 .050 .222 .049 .997 
>60  -2.689 .907 .003 .068 .011 .402 

HbA1c (%)   .021    

6.5-6.9  -.036 .621 .954 .965 .286 3.259 
7.0-8.9  -1.539 .596 .010 .215 .067 .690 
>9.0  -1.216 .638 .057 .296 .085 1.035 

Other T2DM 
Medication Use 

-2.447 .876 .005 .087 .016 .482 

Constant 4.270 1.243 .001 71.496   

Table 5.3. Logistic regression results for factors included in DiaRem T2DM remission 

predictive score 1 year post-surgery in non-insulin-treated participants. N=118. Age 

score compared to age <40 years. HbA1c score compared to HbA1c <6.5%. B, B coefficient; 

S.E., standard error. 

 

 

Predictive Value of DiaRem In Non-Insulin-Treated Participants 2 Years Post-Surgery 

The model for the DiaRem score was no longer significant when applied to non-insulin-treated 

T2DM remission 2 years post-surgery (X2 = 5.824, p = 0.560), nor was ROC analysis. 

 

Optimum Score Threshold for DiaRem in Non-Insulin-Treated Participants 

A cut-off score of 8 was determined to have the greatest AUC for the DiaRem score (0.647, CI 

0.547-746, p = 0.006), in non-insulin-treated participants (the same as for the whole T2DM 
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group), and logistic regression with this threshold was statistically significant (p = 0.01). Being 

below the cut-off gave participants a 3.78 times increased odds ratio of achieving T2DM 

remission (CI 0.120-0.602, p < 0.00 

 

5.3.4 Predictive Value of T2DM Duration in Non-Insulin-Treated 

Participants 

A correlation analysis was conducted to identify if T2DM duration was correlated with the 

same DiaRem factors in the non-insulin-treated group as the whole T2DM group. Duration was 

still correlated with age, became correlated with sulfonylurea use and was no longer correlated 

with HbA1c (table 5.4). 

 

 Age HbA1c Insulin 
use 

Sulfonylurea 
use 

Insulin sensitising 
agent use 

Whole T2DM group 0.235* 0.300* 0.572* 0.075 -0.104 

Non-Insulin-Treated group 0.281* 0.163 - 0.369* 0.167 

Table 5.4. Pearson correlations for T2DM duration with DiaRem score variables in the whole 

T2DM group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group 

n=118. * p < 0.01. 

 

 

To determine the effects of the T2DM duration on the likelihood that non-insulin-treated 

participants achieve T2DM remission logistic regression and ROCAUC analysis were 

performed. These are compared with the results from the whole T2DM group.  
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Predictive Value of T2DM Duration 1 Year Post-Surgery in Non-Insulin-Treated 

Participants 

T2DM duration can predict 1 year T2DM remission in the non-insulin-treated group with 

increased sensitivity and decreased specificity compared to the whole T2DM group (table 5.5). 

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

Whole T2DM 
group  47.040 <0.0001 58.3 78.1 0.784 <0.001 0.718-

0.850 

Non-Insulin-
Treated group 23.789 <0.0001 64.8 62.5 0.712 <0.001 0.620-

0.804 

Table 5.5. T2DM duration remission prediction value 1 year post-surgery in the whole T2DM 

group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group 

n=118. ROC, receiver operator characteristic; AUC, area under the curve; X2, Chi-square value. 

 

 

ROC analysis showed that in RYGB and VSG participants with non-insulin-treated T2DM, 

T2DM duration had fair predictive value at predicting 1 year remission (AUC = 0.712, p < 

0.001, CI 0.620-0.804, figure 5.3). 
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For each year decrease in T2DM duration the odds of a participant achieving T2DM remission 

increases 1.3 times (CI 0.705-0.887, table 5.6).  

 

 

 
B S.E. P value Odds Ratio 

95% CI for Odds Ratio 
Lower Upper 

 T2DM Duration  -.235 .058 <.001 .791 .705 .887 
Constant .874 .301 .004 2.397   

Table 5.6. Logistic regression results for number of T2DM drugs predicted 1 year post-

surgery T2DM remission in the non-insulin-treated group. Whole T2DM group n=118. 

B, B coefficient; S.E., standard error.  

 

Figure 5.3. ROC curves of T2DM duration predictive value 1 year post-

surgery in the whole T2DM group and non-insulin-treated group. Whole 

T2DM group (blue line) n=174, non-insulin-treated group (green line) n=118. 

Yellow reference line corresponds to the curve expected from a score that had 

no predictive value.  
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Predictive Value of T2DM Duration 2 Years Post-Surgery in Non-Insulin-Treated 

Participants 

T2DM duration was still able to predict remission 2 years post-surgery in the non-insulin-

treated group according to logistic regression, X2 = 7.755, p = 0.005, but not ROC analysis. 

Each 1 year decrease in T2DM duration increased the odds of achieving remission 1.2 times 

(CI 0.731-0.966). 

 
Optimum Score Threshold for T2DM Duration in Non-Insulin-Treated Participants 

All threshold cut-offs between 2 and 12 years duration of T2DM were significant. The highest 

AUC was found with duration > 12 years (0.391, CI 0.290-0.492, p = 0.041). However, the 

model failed to predict any cases of remission. When the threshold of > 6 years, which was the 

optimum cut-off for the whole T2DM group, was applied AUC = 0.318, CI 0.222-0.412, p = 

0.001. Having a duration of T2DM less than 7 years at surgery gave participants a 9.72 times 

increased odds ratio achieving T2DM remission (CI 3.135-30.153, p < 0.001). 

 

5.3.5 Effect of T2DM Duration on the Predictive Value of the DiaRem 

Score in Non-Insulin-Treated Participants 

T2DM can predict remission as a single factor. Next it was added to the DiaRem score, 

replacing age (as shown in table 4.12, Chapter 4.3.5), to explore whether this improved the 

predictive value in non-insulin-treated participants. The resulting score is called the ‘DiaRem-

Duration’ score. 
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Predictive Value of DiaRem-Duration 1 Year Post-Surgery 

Replacing age with T2DM duration did not significantly improve the predictive value of the 

DiaRem score (table 5.7).  

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

DiaRem 28.205 <0.0001 70.4 68.8 0.697 <0.001 0.602-
0.791 

DiaRem-Duration 37.941 <0.0001 72.2 64.1 0.687 <0.001 0.592-
0.783 

Table 5.7. DiaRem and DiaRem-Duration remission prediction scores value 1 year post-

surgery in the non-insulin-treated group. N=118. ROC, receiver operator characteristic; AUC, 

area under the curve; X2, Chi-square value. 

 

 

The DiaRem-Duration score had decreased predictive value in non-insulin-treated participants 

compared to the whole T2DM group (table 5.8).  

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

Whole T2DM group 63.330 <0.0001 58.3 86.8 0.765 <0.001 0.692-
0.839 

Non-Insulin-Treated 
group 37.941 <0.0001 72.2 64.1 0.687 <0.001 0.592-

0.783 

Table 5.8. DiaRem-Duration score remission prediction value 1 year post-surgery in the whole 

T2DM group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group 

n=118. ROC, receiver operator characteristic; AUC, area under the curve; X2, Chi-square value. 
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The ROCAUC decreased from 0.765 (p < 0.001, CI 0.692-0.839) in the whole T2DM group to 

0.687 (p < 0.001, CI 0.592-0.783) in the non-insulin-treated group (figure 5.4). 

 

 

 

Predictive Value of DiaRem-Duration 2 Years Post-Surgery 

The logistic regression model for the DiaRem-Duration score was still a significant predictor 

of 2 year T2DM remission in the non-insulin-treated group, X2 = 14.453, p = 0.044, although 

ROC analysis was not. 

 

Figure 5.4. ROC curves of DiaRem-Duration score predictive value 1 

year post-surgery in the whole T2DM group and non-insulin-treated 

group. Whole T2DM group (blue line) n=174, non-insulin-treated group 

(green line) n=118. Yellow reference line corresponds to the curve expected 

from a score that had no predictive value.  
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Optimum Score Threshold for DiaRem-Duration 

When applied to the non-insulin-treated group the optimum threshold cut-off for the DiaRem-

Duration dell from 7 to 5 (AUC = 0.659, CI 0.560-0.758, p = 0.003), however the optimum 

threshold of 7 in the whole T2DM group was still (AUC = 0.640, p = 0.009, CI 0.540-0.739). 

Having a score < 5 gave participants 4.4 times increased odds of achieving T2DM remission 

(CI 0.116-0.560, p < 0.001), and having a score < 7 afforded participants 5.13 times increased 

odds of achieving remission (CI 0.073-0.523, p < 0.001).  

 

 

5.3.6 Predictive Value of Number of T2DM Drugs in Non-Insulin-

Treated Participants 

The DiaRem Score is thought to be an indicator of the progression of T2DM. To explore 

whether number of drugs can be used as a surrogate marker of this a correlation between 

number of drugs and the factors included in the DiaRem score was carried out (table 5.9). 

Number of T2DM drugs was correlated with HbA1c, and sulfonylurea and insulin sensitising 

agent use.  

 

 Age HbA1c Insulin 
use 

Sulfonylurea 
use 

Insulin sensitising 
agent use 

Whole T2DM group -0.056 0.512* 0.585* 0.512* 0.353* 

Non-Insulin-Treated group -0.006 0.392* - 0.765* 0.548* 

Table 5.9. Pearson correlations for number of T2DM drugs with DiaRem score variables in the 

whole T2DM group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated 

group n=118. * p < 0.01. 
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Predictive Value of Number of Non-Insulin T2DM Drugs 1 Year Post-Surgery 

Table 5.10 outlines the results which confirm that number of T2DM drugs can predict 1 year 

post-surgery remission in the non-insulin-treated group. The logistic regression model was 

not as strong in the non-insulin-treated group but the AUC values were above 0.7 in both 

groups. 

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

Whole T2DM group 30.477 <0.0001 65.0 77.2 0.743 <0.001 0.664-
0.822 

Non-Insulin-Treated 
group 15.578 <0.0001 70.4 64.1 0.708 <0.001 0.607-

0.797 

Table 5.10. Number of T2DM drugs remission prediction value 1 year post-surgery in the whole 

T2DM group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group 

n=118. ROC, receiver operator characteristic; AUC, area under the curve; X2, Chi-square value. 

 

ROC analysis showed that in RYGB and VSG participants with non-insulin-treated T2DM, 

T2DM duration had fair predictive value at predicting 1 year remission (AUC = 0.712, p < 

0.001, CI 0.620-0.804, figure 5.5). 
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Addition of one T2DM drug corresponds to 2.3 times increased odds of not achieving T2DM 

remission (CI 0.309-0.613), which is the same increase that is seen in the whole T2DM group 

(table 5.11). 

 

 

 

 

 

Figure 5.5. ROC curves of number of T2DM drugs predictive value 1 year 

post-surgery in the whole T2DM group and non-insulin-treated group. 

Whole T2DM group (blue line) n=174, non-insulin-treated group (green line) 

n=118. Yellow reference line corresponds to the curve expected from a score 

that had no predictive value.  
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B S.E. P value Odds 

Ratio 
95% CI for Odds Ratio 

Lower Upper 
 Number of T2DM drugs -.847 .235 <.001 .429 .270 .680 
Constant 1.121 .399 .005 3.067   

Table 5.11. Logistic regression results for number of T2DM drugs predicted 1 year post-

surgery T2DM remission. Whole T2DM group n=174. B, B coefficient; S.E., standard error. 

Logistic regression for number of non-insulin T2DM therapies predicting likelihood of T2DM 

remission in non-insulin-treated participants 1 year post-surgery (n=118). B, B coefficient; 

S.E., standard error; T2DM, type 2 diabetes. 

 

Predictive Value of Number of T2DM Drugs 2 Years Post-Surgery 

Neither logistic regression nor ROCAUC analysis were significant for number of T2DM drugs 

as a predictor of 2 year post-surgery remission in the non-insulin-treated participants. 

 

Optimum Score Threshold for T2DM Drugs 

The optimum threshold for number of T2DM drugs in the non-insulin-treated group (the 

number with the highest ROCAUC) was 2 (AUC = 0.672, p < 0.001, CI 0.574-0.771). This 

threshold was also the optimum for the whole T2DM group. Being treated with 2 or more 

medications corresponded to 4.2 times increased odds of not achieving T2DM remission (CI 

1.949-9.1975, p < 0.001). 

 

5.3.7 Effect of Number of T2DM Drugs on the Predictive Value of the 

DiaRem Score in Non-Insulin-Treated Participants 

To determine whether the improvement in predictive value by adding number of T2DM drugs 

to DiaRem that was seen in the whole T2DM group is maintained in the non-insulin-treated 

group the Advanced-DiaRem (Ad-DiaRem) score was applied. The Ad-DiaRem score includes 
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the original DiaRem factors with the addition T2DM duration and number of glucose lowering 

agents, and weighting of these factors is redistributed.  

 

Predictive Value of Ad-DiaRem 1 Year Post-Surgery 

Table 5.12 shows the results of logistic regression and ROCAUC analysis for both DiaRem and 

the Ad-DiaRem scores in the non-insulin-treated group. The addition of number of T2DM drugs 

and T2DM duration included in Ad-DiaRem improved on the predictive value of the DiaRem 

score.  

 

 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

DiaRem 28.205 <0.0001 70.4 68.8 0.697 <0.001 0.602-
0.791 

Ad-Duration 39.220 <0.0001 67.9 72.1 0.778 <0.001 0.696-
0.860 

Table 5.12. DiaRem and Ad-DiaRem remission prediction scores value 1 year post-surgery in 

the non-insulin-treated group. N=118. ROC, receiver operator characteristic; AUC, area under 

the curve; X2, Chi-square value. 

 

 

The Ad-DiaRem score had similar predictive value in both the whole T2DM group and the non-

insulin-treated group (table 5.13). There was no significant difference in ROCAUC values 

between the Ad-DiaRem score in the non-insulin-treated group and the whole T2DM group, 

both having ‘fair’ predictive value (figure 5.6). 
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 Logistic Regression ROC 

 X2 P Sensitivity 
% 

Specificity 
% AUC P 95% CI 

Whole T2DM group  63.330 <0.0001 58.3 86.8 0.765 <0.001 0.692-
0.839 

Non-Insulin-Treated 
group 39.220 <0.0001 67.9 72.1 0.778 <0.001 0.696-

0.860 

Table 5.13. Ad-DiaRem score remission prediction value 1 year post-surgery in the whole T2DM 

group and non-insulin-treated group. Whole T2DM group n=174, non-insulin-treated group n=118. 

ROC, receiver operator characteristic; AUC, area under the curve; X2, Chi-square value. 

 

 

Figure 5.6. ROC curves of Ad-DiaRem score predictive value 1 year post-

surgery in the whole T2DM group and non-insulin-treated group. Whole 

T2DM group (blue line) n=174, non-insulin-treated group (green line) n=118. 

Yellow reference line corresponds to the curve expected from a score that had 

no predictive value.  
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Of the five remaining predictor variables when insulin use is removed only use of other 

medication to treat T2DM was statistically significant, with participants not treated with 

medication for their T2DM increasing the odds of achieving T2DM remission 15.2 times (CI 

0.006-0.794). Being aged < 41 years also increased the odds of achieving T2DM remission 2.6 

times compared to participants aged > 52 years (CI 0.043-0.978, table 5.14).  

 

 
B S.E. P value. Odds 

Ratio 

95% CI for Odds 
Ratio 

Lower Upper 
 Age (years)   .133    

42-52  -.974 .728 .181 .378 .091 1.574 
>52  -1.581 .796 .047 .206 .043 .978 

HbA1c (%)   .150    

7.0-7.4  -.291 .732 .691 .748 .178 3.137 
>7.4  -1.118 .576 .052 .327 .106 1.011 

Other glucose-lowering 
agent use 

-2.714 1.267 .032 .066 .006 .794 

Number of glucose-
lowering agents used 

  .760    

1 .554 .765 .469 1.740 .389 7.787 
2 .306 .739 .679 1.359 .319 5.787 
>2   .321    

T2DM Duration (years) -1.029 .683 .132 .357 .094 1.362 
7.0-13.9  -20.824 12884.793 .999 .000 .000 . 
>14  3.948 1.350 .003 51.834   

Constant 4.042 1.299 .002 56.945   

Table 5.14. Logistic regression results for factors included in Ad-DiaRem T2DM 

remission predictive score 1 year post-surgery. N=118. Age score compared to age 15-41 

years. HbA1c score compared to HbA1c 4.5-6.9%. Number of glucose-lowering medications 

score compared to 0. Duration score compared to duration <6.9 years. B, B coefficient; S.E., 

standard error. 
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Predictive Value of Ad-DiaRem 2 Years Post-Surgery 

The Ad-DiaRem score logistic regression and ROC analysis were not statistically significant 

when applied to T2DM remission in participants with NI-T2DM 2 years post-surgery (RYGB 

and VSG).  

 

Optimum Score Threshold for the Ad-DiaRem Score 

A threshold cut-off score of both 8 and 9 had the greatest AUC for the Ad-DiaRem score (0.723, 

CI 0.630-0.817 and CI 0.630-0.816 respectively, p < 0.0001), and logistic regression for both 

of these were statistically significant (p < 0.0001). Scores of 8 or below gave participants 8.78 

times increased odds ratio of achieving T2DM remission (CI 0.064-0.326, p < 0.001), and a 

score of 9 or below gave a similar odds ratio of 8.40 (CI 0.048-0.293, p < 0.001). 

 

5.3.8 Net Reclassification Improvement  

Net Reclassification Improvement (NRI) analysis was performed to calculate the improvement 

in prediction by using different scoring systems. A value is calculated from the percentage of 

correctly identified ‘remission’ participants and incorrectly identified ‘non-remission’ 

participants for two remission prediction scores when their optimum threshold cut-offs are 

applied. A larger NRI value indicates that a greater improvement in predictive value one score 

has over the other. Ad-DiaRem was identified to be the best remission prediction score, with 

NRI values as follows when compared to each of the other scores: DiaRem score 0.15; T2DM 

duration 0.08; DiaRem-Duration score 0.13; and number of T2DM drugs 0.20. This indicates 

that Ad-DiaRem is better able to correctly classify participants than each of the other scores. 

DiaRem-Duration also had improved predictive value over DiaRem (0.03). 

 

Table 5.15 outlines a summary of the ROCAUC results of different remission prediction scores 

and factors in both the whole T2DM group and the non-insulin-treated group. All factors and 
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scores had decreased predictive value in the non-insulin-treated group, but the number of 

T2DM drugs as a factor was the most stable between groups, with ROCAUC only decreasing 

by 0.035 when applied to non-insulin-treated participants. This was less than half of the 

reduction in predictive power than DiaRem, duration, or DiaRem Duration. Ad-DiaRem was 

the second most stable score or factor between groups, with ROCAUC decreasing by 0.045 

when applied to non-insulin-treated participants. 

 

 Whole T2DM Group Non-Insulin-Treated Group 

 AUC 95% CI AUC 95% CI 

DiaRem 0.776** 0.705-0.846 0.697** 0.602-0.791 

Duration 0.784** 0.718-0.850 0.712** 0.620-0.804 

DiaRem-
Duration 0.765** 0.692-0.839 0.687** 0.592-0.783 

Number of 
T2DM Drugs 0.743** 0.664-0.822 0.708** 0.607-0.797 

Ad-DiaRem 0.823** 0.758-0.887 0.778** 0.696-0.860 

Table 5.15. T2DM remission prediction value for scores DiaRem, DiaRem-Duration 

and Ad-DiaRem along with individual factors T2DM duration and number of T2DM 

drugs for the whole T2DM group and non-insulin-treated group. 1-year remission for 

the whole T2DM group n=174, and non-insulin-treated group n=118. AUC, area under the 

curve. **p<0.001. 
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5.4 DISCUSSION 

This chapter describes the preoperative factors associated with T2DM remission in the non-

insulin-treated T2DM group. All scores had reduced ability to predict T2DM remission in the 

non-insulin-treated group because insulin use is such a strong negative predictor of remission 

and forms a vital part of the scoring system. The Ad-DiaRem score was the best predictor of 1 

year remission in the non-insulin-treated group and had the least reduction in predictive value 

when moved from the whole T2DM group to the non-insulin-treated group. This indicates that 

the addition of number of T2DM drugs to the DiaRem score and reorganising the weighting of 

other factors in the DiaRem algorithm reduced the influence of insulin use on the predictive 

value of the score.  

 

5.4.1 T2DM Remission 

The incidence of T2DM remission is known to be reduced in insulin-treated T2DM groups. 

One of the key reasons for this decreased remission rate is that typically treatment of T2DM 

occurs in a slow stepwise manner, beginning with diet control and lifestyle changes, followed 

by introduction of oral hypoglycaemic agents and lastly insulin therapy. Insulin therapy is a late 

intervention in T2DM treatment primarily because administration of an injection is less 

acceptable to participants than oral medication287, and injection of insulin can cause 

hypoglycaemia, weight gain and increased appetite288. Once participants have reached the point 

of introducing insulin therapy, their T2DM duration is frequently >10 years, as in this group 

where mean T2DM duration in non-insulin-treated participants was only 5 years but in insulin-

treated participants was > 12 years. By this point chronic hyperglycaemia has caused 

progressive b-cell deterioration287 . Although short-term intensive insulin treatment can restore 

b-cell function in participants with T2DM287,289 the typically late introduction of insulin in the 
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T2DM treatment plan means that damage is likely to be more severe and less reversible. 

Treatment with insulin can therefore be considered a surrogate marker of T2DM severity.  

 

Other studies have also found the rate of remission in insulin-treated groups to be lower than 

non-insulin-treated groups. A 2013 study by Ramos-Levi, et al.282 found that 67% of the oral 

therapy group achieved T2DM remission while only 30% of the insulin therapy group achieved 

remission, and a study by Blackstone, et al.77 reported rates of remission in insulin treated vs. 

non-insulin-treated participants as low as 14% vs. 54%, results similar to those reported in this 

chapter (11% vs. 46%).  

 

5.4.2 Clinical Baseline Factors That Differ Between Insulin-Treated 

and Non-Insulin-Treated Groups  

Procedure: RYGB was the most common procedure in both groups, but RYGB accounted for 

a significantly higher percentage of the surgeries in the insulin-treated group than in the non-

insulin treated group. Studies have shown that RYGB typically results in greater post-surgery 

excess weight loss than VSG, compounding the weight loss-independent metabolic 

improvements through weight loss-dependent mechanisms204. For this reason, insulin-treated 

participants with severe T2DM in need of more profound improvements in glycaemic control 

may opt for RYGB more frequently than their non-insulin-treated counterparts for whom 

weight loss-independent improvements in glycaemic control will likely be enough to achieve 

remission.  

 

BMI: BMI was higher in the non-insulin-treated group and is not a result of higher remission 

rates in the non-insulin-treated group as chapter 4 of this thesis found no difference in BMI of 

the remission or non-remission groups. BMI was found to be higher in participants undergoing 



 179 

VSG in chapter 3 of this thesis, therefore the increased BMI seen in the non-insulin-treated 

group may be due to the presence of more participants undergoing the VSG procedure. The 

VSG procedure can be an attractive alternative to RYGB in people with a very high BMI 

because, despite offering less post-surgery weight loss, VSG has reduced complication rates, is 

a less technically challenging procedure, and requires fewer lifestyle changes while maintaining 

the possibility of later conversion to RYGB204. 

 

Pre-Operative Diabetes Control: HbA1c values were lower in the non-insulin-treated group 

where T2DM remission was more prevalent. Low HbA1c and better glycaemic control are 

known to be associated with T2DM remission88,96,100. 

 

Age of Onset and of Duration of Diabetes: Non-insulin-treated participants were diagnosed 

with T2DM later and had a shorter duration of disease at the time of surgery. These factors are 

thought to indicate the relatively reduced severity of T2DM in this group compared to the 

insulin-treated group and be markers of progressive decline in b-cell function.  

 

Hyperlipidaemia: Hyperlipidaemia (defined by treatment with lipid-lowering pharmacological 

therapy) was present in over half of the participants in both groups, although prevalence was 

higher in the insulin-treated group. In the whole T2DM group described in chapter 4 of this 

thesis hyperlipidaemia was nearly twice as common in the non-remission group who are overly 

represented in the non-insulin-treated group.  
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5.4.3 Predictive Value of Remission Prediction Scores in Non-Insulin-

Treated Participants 

DiaRem Has Reduced Predictive Value in The Non-Insulin-Treated Group 

In the non-insulin-treated group DiaRem had decreased specificity leading to poor ROCAUC. 

This indicated that insulin use is a strong predictive factor in remission and in the DiaRem 

score. In the original Still, et al. study, insulin use corresponded to 7.3 times decreased odds 

ratio of achieving remission, similar to the 6.1 decreased odds ratio for insulin use in the whole 

T2DM group. In the non-insulin-treated group the weighting of other predictive factors 

increased when the insulin factor was removed, particularly the use of other T2DM medication, 

the odds ratio of which increased from 5.3 times to 11.5 times odds of not achieving remission. 

Despite the threshold cut-off remaining the same as the whole T2DM group when applied to 

the on-insulin-treated group (≤ 8), demonstrating some stability in applying the system to 

another group, DiaRem is arguably not an appropriate scoring system for participants with non-

insulin-treated T2DM as it has decreased ability to predict 1 year remission when the primary 

factor, insulin, is no longer included.  

 

Addition of T2DM Duration to The DiaRem Score Did Not Improve Predictive Value in 

the Non-Insulin-Treated Group 

T2DM duration as a single factor had slightly decreased predictive value in the non-insulin-

treated group compared to the whole T2DM group. In both groups for each additional year of 

T2DM duration the odds of achieving T2DM remission decreased 1.3 times and a threshold 

value of 6 was significant, demonstrating that the decrease in change of remission for each 

additional year of duration was stable and not affected by insulin use.  

In the whole T2DM group insulin use as part of the DiaRem-Duration score was not a 

significant independent predictor of remission, only use of other T2DM medications which 
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decreased the odds of achieving remission 7.2 times. For this reason, it was supposed that the 

DiaRem-Duration score may have improved predictive value in the non-insulin-treated group, 

however it was found to have poor predictive value similar to DiaRem. The predictive efficacy 

of the DiaRem-Duration score was decreased in the non-insulin-treated group compared to the 

whole T2DM group, and a different threshold cut-off was identified as optimal. These results 

highlight that some of the predictive value of the DiaRem-Duration score comes from the 

inclusion of insulin use, and without this factor this score is less able to discern which 

participants will achieve remission and which will not.  

 

Addition of Number of T2DM Drugs to The DiaRem Score Improved Predictive Value in 

the Non-Insulin-Treated Group 

In chapter 4 of this thesis the predictive value of the Ad-DiaRem score was analysed in the 

whole T2DM group. Through logistic regression analysis it was found that insulin use was not 

a significant independent predictor of remission within the Ad-DiaRem score, which suggests 

that this score will perform better in a non-insulin-treated group than DiaRem. 

 

Number of T2DM drugs as an individual factor had fair predictive value in the non-insulin-

treated group, and according to NRI analysis Ad-DiaRem improved the classification of 

participants compared to the other prediction scores and factors in both the whole T2DM group 

and non-insulin-treated group. Both number of T2DM drugs and the Ad-DiaRem score had the 

least reduction in predictive value between the whole T2DM group and the non-insulin-treated 

group, indicating that they rely on insulin use less as a discriminator between remission and 

non-remission. Additionally, the optimum threshold cut-off score of 9 for Ad-DiaRem in the 

whole T2DM group remained significant in the non-insulin-treated group, therefore no change 

to the threshold needs to be made when applying the score to people receiving different T2DM 

treatment. 
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It is frequently stated that insulin treatment should not be left as a last resort until T2DM has 

progressed to irreversible b-cell damage, but should be considered earlier as a treatment290. 

Therefore, participants with more recent and less severe T2DM are likely to be commencing 

insulin treatment, reducing the predictive power of insulin as a factor in traditional remission 

scores and increasing the need for a remission prediction score that is equally effective in non-

insulin-treated and insulin-treated people. Assessing number of T2DM drugs and using the Ad-

DiaRem score may be particularly useful remission prediction methods for assessing 

individuals who are borderline eligible for insulin treatment because of their similar predictive 

power in a non-insulin-treated group and also a mixed insulin-treated and non-insulin-treated 

group.  
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CHAPTER 6: GENOMIC PREDICTORS 

OF TYPE 2 DIABETES REMISSION 

AFTER BARIATRIC SURGERY 
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6.1 Introduction 

This chapter describes the exploratory identification and validation of gene transcripts that 

predict 1 year post-operative remission of T2DM for participants undergoing RYGB and VSG 

procedures.  

 

As the work on the DiaRem score in Chapters 4 and 5 of this thesis indicates, many patients do 

not behave as current clinical T2DM remission prediction scores predict. This is likely because 

current T2DM remission prediction scores are applied to all patients with T2DM, which was 

traditionally seen as one disease. However, recent research by Ahlqvist, et al. suggests that 

T2DM may be a number of diseases with distinct characteristics and risk profiles86. Ahlqvist, 

et al. identified five clusters of diabetes, four of which could come under the umbrella term of 

T2DM, and found that when the genetic loci associated with diabetes were analysed between 

the clusters there were no genetic variants common to all clusters. Additionally, they found that 

the clusters were not associated with duration of T2DM and that C-peptide measurements 

within each cluster were stable over time, which suggests that these clusters may be separating 

people based on different aetiology of T2DM, not just by stage of progression of disease. 

Another way to detect the mechanisms of these differing aetiologies is through gene expression 

analysis. 

 

Prognostic gene expression profiling has been successfully demonstrated in other diseases, 

particularly breast cancer where gene expression biomarkers can predict response to endocrine 

therapy and chemotherapy291. There is also potential for this in bariatric surgery: basal 

expression of a de novo lipogenesis gene ATP-citrate lyase (ACL) in subcutaneous adipose 

tissue from 23 obese people without T2DM was correlated with percentage reduction in 

HOMA-IR after biliopancreatic diversion165. The same research group later reported that 

baseline expression of subcutaneous adipose tissue inflammatory mRNA markers (upregulated 
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IL-6, TNFa and CD11B and downregulated CD163) were associated with lack of T2DM 

remission post-bariatric surgery166. These studies shed light on the underlying differences in 

T2DM at baseline between people who will have different post-operative glycaemic profiles. 

However, adipose tissue biopsies have limited value as a prognostic indicator since they are 

typically taken at the time of surgery rather than before intervention. To my knowledge there 

have been no studies to date identifying pre-operative circulating gene expression markers 

predictive of T2DM remission after bariatric surgery. 

 

The aims of this study are to: 

a) Identify gene transcripts, from pre-operative whole blood, that predict post-surgery 

T2DM remission, using RNA-sequencing. 

b) Validate candidate transcripts in a larger group of participants using RT-qPCR. 

c) Explore whether expression of validated transcripts correlate with clinical factors that 

might be added to current T2DM remission prediction scores to improve their 

predictive value. 
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6.2 Methods 

Chapter 2 describes the main methods and materials used for the analysis in this chapter. Below 

is a brief summary of these.  

 

6.2.1 RNA-Sequencing 

Pre-operative whole blood samples from 25 participants, both with and without T2DM who 

had clinical data recorded up to 1 year post-RYGB, underwent RNA-sequencing by the Oxford 

High-Throughput Genomics Hub.   

 

T2DM remission was defined based on the American Diabetes Association time component 

excluded criterion292. The number of samples included in this study was small, therefore the 

ADA remission category of ‘partial remission’ was grouped with ‘no remission’. This meant 

that anything other than complete remission was defined as no remission (as shown in table 

6.1). 

 

Complete Remission 
HbA1c ≤42 mmol/mol AND 

Absence of T2DM pharmacotherapy 1 year post-surgery 

No Remission 
HbA1c >42 mmol/mol OR 

Use of T2DM pharmacotherapy 1 year post-surgery 

Table 6.1. T2DM remission definition for RNA-seq data analysis.  

 

Partek Genomics Suite software was used to analyse the RNA-seq data, and the normalized 

reads were mapped to the AceView Transcript Database NCBI (August 2010 release).  
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Hierarchical clustering of RNA-seq results was performed using R studio EdgeR Bioconductor 

package based on a list of differentially expressed genes between all ‘remission’ and ‘no 

remission’ samples.  

 

Differential expression analysis of the expression values, measured in Reads Per Kilobase of 

transcript per Million mapped reads (RPKM), between samples of different T2DM remission 

status pre-RYGB was performed using ANOVA and linear contrasts. Gene lists were created 

of transcripts that met multi-test correction false discovery rate (Benjamini Hochberg) criteria 

<0.05, fold change <-1.5 or >1.5. and differential expression analysis repeated.  

 

6.2.2 Transcript Validation with RT-qPCR 

Participants were included in this analysis if they had full clinical information up to at least 1 

year post-surgery, underwent RYGB or VSG, had T2DM pre-operatively, and had an RNA 

sample collected pre-surgery. An additional 10 pre-operative samples were included from 

subjects who met all the previous criteria except that they did not have T2DM pre-operatively. 

A power analysis based on the RNA-seq effect size observed for each transcript determined 

that an n of approximately 45 would be needed to detect qPCR expression of all transcripts with 

80% power179. 

 

Primer and probe design (manufactured by Integrated DNA Technologies), RNA extraction 

and reverse transcription, and RT-qPCR was performed by the Natural and Medical Sciences 

Institute at the University of Tuebingen. Human ribosomal protein L13A (RPL13A) mRNA 

was used as a reference gene.  
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The DDCt method was used to analyse the qPCR results181. ΔCt values (difference in the number 

of qPCR cycles before the transcript becomes detectable between transcript of interest and 

housekeeping gene). T tests were performed on ΔCt values between ‘remission’ and ‘no 

remission’ subject groups using SPSS Version 24. Relative quantification, or the fold change 

between transcript expression in the different T2DM remission groups, is calculated by 2-ΔΔCt.  

 

6.2.3 Exploration of Transcript Function 

GTExPortal software was used to identify the location of expression of specific transcripts. A 

list of SNPs was created for the transcript from Ensembl182 and this was submitted to 

SNPnexus183,184 which assembles information from various external databases including 

Ensembl, SIFT185, PolyPhen186, the Catalogue of Published Genome-Wide Association 

Studies187, and ClinVar188. 
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6.3 Results 

 

6.3.1 RNA-Sequencing Group Baseline Characteristics 

This section describes the participant group included in the RNA-sequencing analysis. Pre-

operative whole blood samples from 25 participants with clinical data up to 1 year post-RYGB 

underwent RNA-sequencing. Pre-operative T2DM was present in 13 subjects, of which 8 

achieved ADA complete remission 1 year post-RYGB (table 6.2).  

 

Remission status 1 year post-RYGB N 

Non-remission T2DM 5 

Remission T2DM 8 

Non-T2DM 12 

Total 25 

Table 6.2. Number of pre-RYGB samples undergoing RNA-

sequencing for each T2DM status. 

 

There was no significant statistical difference in clinical and biochemical characteristics at 

baseline between the subjects who would go on to achieve T2DM remission 1 year post-RYGB 

and those who would not, except that a larger proportion of the ‘remission’ group were 

European Caucasian (87.5% vs. 20.0%, p = 0.015, see table 6.3). All participants were being 

pharmacologically treated for hypertension and hyperlipidaemia.  
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Whole 

T2DM 

Group 

Remission No Remission P Value 

N 13 8 5 - 

Age (years) 55.7 (8.4) 56.5 (±9.0) 52.2 (±7.0) 0.387 

Gender (% female) 38.5 37.5 40.0 0.928 

Caucasian (%) 61.5 87.5 20.0 0.015 
      

Height (m) 1.7 (±0.1) 1.7 (±0.1) 1.7 (±0.1) 0.770 

Weight (kg) 135.9 (±25.4) 140.9 (±29.5) 127.9 (±16.6) 0.392 

BMI (kg/m2) 47.5 (±9.2) 49.5 (±10.2) 44.3 (±7.2) 0.351 
      

Obstructive sleep apnoea (%) 61.5 75.0 40.0 0.207 

Polycystic ovarian syndrome (%females) 20.0 33.3 0.0 0.361 

Depression (%) 15.4 12.5 20.0 0.715 

History of depression (%) 15.4 12.5 20.0 0.715 

Binge-eating (%) 0.0 0.0 0.0 - 

History of binge-eating (%) 7.7 12.5 0.0 0.411 

Requires walking aid or wheelchair (%) 10.0 12.5 0.0 0.411 
      

Hypertension (%) 100.0 100.0 100.0 - 

Hyperlipidaemia (%) 100.0 100.0 100.0 - 
      

HbA1c (mmol/mol) 53.0 (±11.5) 51.7 (±9.5) 55.0 (±15.0) 0.632 

Total cholesterol 4.68 (±0.81) 4.68 (±0.80) 4.67 (±1.00) 0.984 

Triglycerides 1.73 (±0.85) 1.51 (±0.72) 2.11 (±1.07) 0.376 

HDL 1.12 (±0.33) 1.23 (±0.26) 0.94 (±0.40) 0.252 

LDL 2.91 (±0.94) 3.07 (±1.05) 2.69 (±0.93) 0.648 
      

Insulin use (%) 7.7 0.0 20.0 0.188 

T2DM duration (years) 10.0 (±8.7) 8.7 (±7.6) 14.0 (±14.1) 0.495 

Table 6.3. Baseline characteristics for the whole RNA-seq group and by 1-year post-surgery T2DM 

remission status for pre-RYGB participants. Mean ±SD unless stated otherwise. 
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6.3.2 General Evidence for Genomic Predictors of T2DM Remission 

Hierarchical clustering was performed to visualize the mRNA expression pattern in these 

participants. Figure 6.1 shows clustering of samples from patients that went on to achieve 

T2DM remission (green boxes). This analysis was done blind to outcome. The grouping of 5 

participants together who did achieve T2DM remission suggests that these samples have more 

similar mRNA expression patterns with each other than with subjects who did not achieve 

T2DM remission (outside the green boxes). This suggests that the samples in this group have 

gene expression patterns that may predict which T2DM outcome group these bariatric patients 

will be categorised in – remission or no remission. 

 

Figure 6.1. Cluster dendrogram identifying closeness of pre-surgery RNA-sequencing gene 

expression profiles between remission and non-remission groups. Remission group (encompassed by 

green boxes) n=8, non-remission group (outside green boxes) n=5. Remission 1 year post-RYGB. Codes 

are arbitrary and are used to identify individuals.  
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6.3.3 RNA-Sequencing Analysis of Individual Transcripts 

Each sample contained a mean of 28.0 ±3.9 million reads. As few as 5 million reads is 

considered sufficient to accurately quantify medium to highly expressed genes, although some 

studies have used a sequence depth of 100 million reads to quantify lowly expressed genes293. 

Differential expression analysis (ANOVA) identified 21 mRNA gene transcripts from 18 genes 

between subjects who did or did not achieve T2DM remission 1 year post-RYGB (table 6.4). 

 

Transcript No Remission Remission Fold 
change  RPKM SD RPKM SD 

ACSL6.u 2.47E-06 5.52E-06 4.31E-02 4.04E-02 -
1.74E+04 

SURF4.h 2.14E-02 2.94E-02 6.40E-07 1.81E-06 3.35E+04 
ZNF532.n 2.49E-02 3.54E-02 2.74E-10 7.74E-10 9.10E+07 
PIGG.j 2.08E-02 2.85E-02 1.29E-06 2.46E-06 1.61E+04 
HMGCS1.a 2.79E-02 1.83E-02 7.08E-04 1.14E-03 3.94E+01 
HMGCS1.b 6.78E-02 4.46E-02 1.72E-03 2.77E-03 3.94E+01 
TCEANC.h 7.60E-02 1.05E-01 3.78E-03 7.99E-03 2.01E+01 
jyshorbu.b 2.55E-01 2.46E-01 4.78E-02 8.75E-02 5.33E+00 
CCDC60andTMEM233.e 3.41E-02 3.59E-02 2.57E-03 7.26E-03 1.33E+01 
LRP6.b 3.72E-03 3.79E-03 6.40E-12 1.81E-11 5.80E+08 
SLC2A5.s 3.27E-02 5.32E-02 3.56E-11 9.95E-11 9.20E+08 
FAM198B.c 1.23E-03 1.81E-03 2.24E-11 6.34E-11 5.51E+07 
FAM198B.a 3.02E-03 4.43E-03 5.48E-11 1.55E-10 5.51E+07 
EXTL3.l 9.73E-05 1.60E-04 2.32E-07 6.46E-07 4.20E+02 
mobler.e 5.44E-02 6.26E-02 3.75E-08 1.06E-07 1.45E+06 
PSD4.b 5.50E-02 7.49E-02 1.72E-03 3.52E-03 3.20E+01 
MEPCE.e 1.69E-02 2.04E-02 2.30E-11 6.50E-11 7.38E+08 
LOC440335.g 5.79E-02 8.92E-02 1.09E-08 3.09E-08 5.31E+06 
DBF4B.e 9.29E-03 1.47E-02 1.24E-10 3.50E-10 7.51E+07 
SMARCD3.h 1.76E-01 5.90E-02 5.35E-02 4.37E-02 3.30E+00 
MAPKAPK3.j 1.13E-01 1.77E-01 1.31E-04 3.66E-04 8.59E+02 
Table 6.4. Expression level of differentially expressed transcripts pre-surgery between 

remission and non-remission groups. Remission n=8, non-remission n=5. Remission 1 

year post-RYGB. In bold are the 4 transcripts taken forward for further analysis. RPKM, 

reads per million kilobase of transcript per million mapped reads; SD, standard deviation. 
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Of the 21 differentially expressed transcripts, four transcripts from three genes were chosen to 

take forward to testing in the whole PMMO cohort: ACSL6.uAug10, HMGCS1.aAug10, 

HMGCS1.bAug10, and SMARCD3.hAug10. ‘Aug10’ refers to the version of transcriptome 

these transcripts were aligned to (August 2010 version) and for the remainder of this chapter is 

removed from the transcript titles. These transcripts were chosen as they had the greatest 

stability of expression across individuals, i.e. showing universally high or low expression in all 

subjects of the T2DM remission status group. Figure 6.2 shows that transcripts SMARCD3.h, 

HMGCS1.a and HMGCS1.b, jyshorbu.b and ACSL6.u had the lowest SD to RPKM ratio and 

therefore are the five most stably expressed transcripts. Jyshorbu.b was not included in the final 

list of transcripts to take forward for further analysis as it is not a transcript from a gene from 

the NCBI gene model nor supported by a GenBank mRNA or a RefSeq sequencing with a 

HUGO official symbol or LocusLink provisional symbol, and therefore there is little 

information available for this transcript.  

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2. Standard deviation to RPKM ratio of the 21 differentially expressed transcripts to 

identify stability of expression. N=13. RPKM, reads per kilobase of transcript per million mapped reads; 

SD, standard deviation. 
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Figure 6.3 shows the mean expression levels of these four transcripts between patients with 

different T2DM remission status 1 year post-RYGB. 

 

 

 

6.3.4 RT-qPCR Replication of RNA-seq Results - Group Baseline 

Characteristics 

To replicate the RNA-seq results, reverse transcription quantitative polymerase chain reaction 

(RT-qPCR) was performed on a different group of participants referred to as the ‘replication 

group’. The replication group consisted of pre-operative whole blood samples from 109 

participants who underwent RYGB or VSG, and had clinical information recorded up to 1 year 

post-surgery. Two samples yielded too little mRNA to merit analysis and so were excluded, 

Figure 6.3. Expression level of the four transcripts chosen to carry forward for validation. No 

remission group n=5, remission group n=8. *p<0.05, error bars show standard deviation. RPKM, 

reads per kilobase of transcript per million mapped reads. 
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and three more samples were excluded due to aberrantly high or low Ct (threshold cycle) values 

for endogenous reference gene ribosomal protein L13A (RPL13A). Thus, 104 participants were 

included in this analysis.  

 

Of 104 participants, 10 did not have T2DM pre-operatively, and of the remaining 94 who did 

have T2DM pre-operatively, 57.4% (n=54) achieved T2DM remission 1 year post-surgery and 

42.6% did not achieve remission. Table 6.5 describes the participant groups that are included 

in the RT-qPCR analysis. 

 

Compared to the non-remission group at baseline the remission group had a shorter T2DM 

duration (3.7 years vs. 9.8 years, p = 0.009), reduced insulin use (18.6% vs. 44.7%, p = 

0.011), a lower mean HbA1c (54.9 mmol/mol vs. 69.3 mmol/mol, p < 0.001) and reduced 

prevalence of hyperlipidaemia defined as pharmacological treatment with a lipid-lowering 

drug (37.2% vs. 65.8%, p = 0.001).  
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 All T2DM Remission No Remission P Value 

N 94 54 40 - 

Surgery type (% RYGB) 67.0 68.5 65.0 0.720 

Age (years) 49.8 (±10.3) 48.6 (±10.5) 52.6 (±8.9) 0.049 

Gender (% female) 60.6 59.3 62.5 0.751 

Caucasian (%) 59.6 63.0 55.0 0.437 
      

Height (m) 1.7 (±0.1) 1.7 (±0.1) 1.7 (±0.1) 0.069 

Weight (kg) 135.8 (±26.9) 137.6 (±26.9) 130.4 (±22.7) 0.238 

BMI (kg/m2) 46.9 (±7.2) 46.3 (±6.8) 47.1 (±8.1) 0.631 
      

Obstructive sleep apnoea (%) 33.7 30.8 37.5 0.498 

Polycystic ovarian syndrome (%females) 13.0 15.4 10.0 0.591 

Depression (%) 11.0 15.0 6.1 0.224 

History of depression (%) 24.7 27.5 21.2 0.535 

Binge-eating (%) 2.8 2.6 2.9 0.936 

History of binge-eating (%) 8.3 7.9 8.8 0.887 

Requires walking aid or wheelchair (%) 14.3 17.8 10.3 0.326 
      

Hypertension (%) 71.6 65.1 78.9 0.168 

Hyperlipidaemia (%) 50.6 37.2 65.8 0.010 
      

HbA1c (mmol/mol) 58.3 (±18.5) 54.9 (±14.3) 69.3 (±17.6) <0.001 

Total cholesterol 4.50 (±1.11) 4.43 (±1.01) 4.45 (±1.12) 0.604 

Triglycerides 1.98 (±1.37) 1.73 (±0.84) 2.40 (±1.85) 0.056 

HDL 1.09 (±0.30) 1.08 (±0.28) 1.05 (±0.31) 0.599 

LDL 2.57 (±0.90) 2.56 (±0.78) 2.51 (±0.88) 0.810 
      

Insulin use (%) 30.9 18.6 44.7 0.011 

T2DM duration (years) 6.8 (±6.7) 3.7 (±3.8) 9.8 (±7.5) 0.009 

Table 6.5. Baseline characteristics for the whole RT-qPCR group and by 1-year post-surgery 

T2DM remission status for pre-RYGB participants. Mean ±SD unless otherwise stated. 
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6.3.5 Microarray Validation by RT-qPCR  

ΔCt values were calculated as follows for each of the target transcripts in all participants, with 

endogenous reference gene RPL13A: 

ΔCt = Ct target – Ct endogenous reference gene 

 

One of participants who did achieve remission 1 year post-RYGB had no detectable signal for 

ACSL6.u or SMARCD3.h and therefore no ΔCt values could be calculated for these two splice 

variants. An unpaired t-test was performed between the mean ΔCt’s of the remission and non-

remission groups for each of the four transcripts. No transcripts were significantly differentially 

expressed between the two groups when both RYGB and VSG participants were included.  

 

This analysis was repeated including only participants who underwent RYGB (n=68). 

Participants without T2DM comprised 7.4% of the RYGB group (n=5), and of the remaining 

63 subjects 58.7% did achieve remission 1 year post-RYGB (n=37) and 41.2% did not (n=26). 

There was a significant difference in expression of the transcript HMGCS1.b between those 

who did not achieve remission and those who did, p=0.036 (as seen in table 6.6). N.B. A smaller 

ΔCt corresponds to a higher expression level. There was no significant difference in expression 

of the other three transcripts between participants who achieved remission and those that did 

not.  
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 Mean ΔCt (±SD) P value 

No Remission (n=26) Remission (n=37) 

ACSL6.u 10.42 (±1.00) 10.34 (±1.19) 0.775 

HMGCS1.a 5.69 (±1.93) 6.45 (±1.83)’ 0.120 

HMGCS1.b 5.29 (±1.45) 6.18 (±1.73)’ 0.036 

SMARCD3.h 7.41 (±1.39) 7.05 (±1.29) 0.302 

Table 6.6. Mean expression values for the four target transcripts in the remission and 

non-remission groups. Remission 1 year post-RYGB. A smaller ΔCt corresponds to a greater 

expression level.  ΔCt, change in threshold cycle values between target transcript and 

endogenous reference gene; SD, standard deviation; ’n=36. 

 

The relative fold change of HMGCS1.b between participants who did not achieve T2DM 

remission and who did 1 year after RYGB was 0.54, indicating that the expression of 

HMGCS1.b in remission participants was almost half that of non-remission participants (figure 

6.4). Significance was judged using the standard 0.05 threshold guarding against false positives 

using independent evidence. The other transcript of the same gene, HMGCS1.a, shows the same 

pattern but fails to reach significance. 
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Effect of Lipid-Lowering Drugs 

A point-biserial correlation showed that there was no statistically significant correlation 

between HMGCS1.b expression and lipid-lowering drug use (rpb = -0.165, p = 0.207). When 

users of lipid-lowering drugs were excluded from the analysis the effect of future remission 

status on HMGCS1.b was still present although no longer statistically significant (mean 

HMGCS1.b ΔCt for non-remission group 4.75 ± 1.22 and remission group 5.70 ± 1.63, p = 

0.18, n = 7 and 16 respectively). 

 

 

 

 

Figure 6.4. RT-qPCR expression of four transcripts in pre-RYGB blood . Remission 1 

year post-surgery. Remission group n=37, no remission group n=26.HMGCS1b shows a 

significant difference in fold change between participants who do achieve remission and those 

who do not. * p = 0.031. 
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6.3.6 HMGCS1.b Expression in Participants Without T2DM 

HMGCS1.b expression in participants without T2DM was not significantly different from 

expression in the T2DM group as a whole, (5.76 ±1.10 SD and 5.82 ±1.67 SD respectively, p 

= 0.943) or from expression in participants with T2DM when grouped by remission status 

(figure 6.5). 

 

 

 

 

Figure 6.5. RT-qPCR expression of HMGCS1.b in the RYGB 

group, including people without diabetes. No remission n=26, 

remission n=37, no diabetes n=5. HMGCS1b shows a significant 

difference in ΔCt between participants who do achieve remission and 

those who do not. ΔCt, change in threshold cycle values between target 

transcript and endogenous reference gene; * p = 0.036. Error bars 

±SEM (standard error of the mean). 
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6.3.7 Predictive Value of HMGCS1.b 

Binomial logistic regression was performed to ascertain the effect of HMGCS1.b expression 

alone on the likelihood that participants achieved T2DM remission 1 year post-RYGB. The 

logistic regression model was statistically significant showing that increased ΔCt value 

(decreasing gene expression levels) is correlated with increased likelihood of achieving T2DM 

remission, X2 = 4.608 p = 0.032. Sensitivity was 81.1%, specificity was 42.3%, positive 

predictive value was 66.7% and negative predictive value was 61.1%. ROC analysis showed 

that HMGCS1.b ΔCt measurement alone had poor predictive (AUC = 0.649) value at predicting 

1 year T2DM remission (p = 0.046, CI 0.508-0.789, figure 6.6). 

 

 

 

Figure 6.6. ROC curve of HMGCS1.b remission predictive 

value 1 year post-RYGB. N=68. Green reference line corresponds 

to the curve expected from a score with no predictive value. 



 202 

A random selection of samples comprising 50% of the whole RYGB cohort (n=34) identified 

the mean HMGCS1.b ΔCt value to be 5.75 (±1.40). Based on this, a cut-off of 5.75 ΔCt was 

used as a cut-off point to score participants on their HMGCS1.b expression.  

 

This cut-off of 5.75 was then applied to the whole RYGB group (n=68). The binary logistic 

regression model using this cut-off was significant (X2 = 9.324, p = 0.002) and ROC analysis 

showed that the 5.75 cut-off remained a significant predictor of T2DM remission (AUC = 

0.692, p = 0.01, CI 0.556-0.827) (figure 6.7). Participants with an HMGCS1.b value above the 

5.75 cut-off (i.e. had lower expression of HMGCS1.b) had a 5.1 times increased chance of 

achieving T2DM remission (p = 0.003).  

 

Figure 6.7. ROC curve of HMGCS1.b ΔCt cut-off value 5.75 

remission predictive value 1 year post-RYGB. N=68. Green 

reference line corresponds to the curve expected from a score with 

no predictive value. ΔCt, change in threshold cycle values between 

target transcript and endogenous reference gene. 
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6.3.8 Exploration of Function of HMGCS1.b 

Transcript expression was located using GTExPortal294. Figure 6.8 is taken from the 

GTExPortal website and shows that the locations with greatest expression of transcript 

HMGCS1.b (ENST00000433297.2) are: oesophageal mucosa, skin, vagina, Epstein-Barr virus-

transformed lymphocytes, brain (frontal cortex, spinal cord, hypothalamus), and liver.  

 

 

To explore the function of HMGCS1.b a list of 280 variants associated with HMGCS1.b 

(ENST00000433297.2) was downloaded from Ensembl, 193 of which were SNPs with dbSNP 

rs identifiers. These were submitted to SNPnexus, a tool which identifies the potential 

significance of known and novel SNPs. None of the SNPs were present in the catalogue of 

published genome-wide association studies, therefore this HMGCS1 variant is not yet 

associated with any known traits. 

 

Figure 6.8. GTExPortal figure showing tissue-specific expression of transcript HMGCS1.b. 

Recorded in GTExPortal as ENST00000433297.2. TPM, transcripts per million; EBV, Epstein-

Barr virus. Figure from GTExPortal294. 
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To predict the likely pathogenicity of these SNPs they were submitted to SIFT and PolyPhen 

(through SNPnexus). SIFT (Sorts Intolerant From Tolerant) predicts whether amino acid 

substitutions will have a phenotypic effect. SIFT scores £0.05 are predicted to be deleterious 

amino acid substitutions. PolyPhen (Polymorphism Phenotyping) software also predict the 

impact of amino acid substitutions, and PolyPhen scores 0.15-0.84 are predicted to be possibly 

damaging whilst scores 0.85-1.0 are probably damaging.  Through SNPnexus 28 SNPs were 

identified as being possibly or probably damaging by PolyPhen and also deleterious by SIFT. 

These SNPs are shown in table 6.7.  

 

184 of the SNPs submitted to SNPnexus were associated with a copy number variation (CNV) 

as annotated by the Database of Genomic Variants. All of these SNPs overlapped with a loss 

as identified by Teague, et al. by optical mapping295, although this copy number loss was not 

analysed for association with any phenotypic traits.  
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SNP Base 
Substitution 

AA 
Position Wild AA Mutant AA SIFT 

Score 
PolyPhe
n score 

rs1018652181 A|C 418 Valine Glycine 0.01 0.81 
rs1047641009 A|C 19 Isoleucine Serine 0 0.999 
rs1052778975 G|A 309 Threonine Isoleucine 0 0.929 
rs146233971 T|A 492 Histidine Leucine 0.04 0.979 
rs151190839 G|A 394 Proline Leucine 0.04 0.201 
rs186693306 T|A 303 Aspartic acid Valine 0.02 0.51 
rs189025670 G|A 231 Arginine Cysteine 0.02 0.835 
rs200852425 T|G 502 Arginine Serine 0 0.966 
rs201493530 A|G 104 Valine Alanine 0.01 0.924 
rs202048838 A|G 503 Leucine Proline 0 0.603 
rs377181188 A|G 49 Isoleucine Threonine 0 0.85 

rs745911220 T|A 454 Tyrosine 
Phenylalanin
e 0.02 0.771 

rs748699156 C|G 16 Aspartic acid Histidine 0 0.724 
rs750422914 C|A 32 Aspartic acid Tyrosine 0 0.987 
rs752437169 G|C 147 Serine Cysteine 0 0.967 
rs752479224 G|C 470 Proline Arginine 0 0.848 
rs754007742 C|G 380 Alanine Proline 0 0.999 

rs757349080 C|T 116 Glycine 
Glutamic 
acid 0 0.994 

rs759662824 C|A 378 Glycine Valine 0 1 
rs760000174 T|C 498 Lysine Arginine 0.04 0.453 
rs765025376 C|T 150 Glycine Arginine 0 0.996 
rs769336414 A|G 87 Isoleucine Threonine 0 0.983 
rs769894152 C|G 268 Cysteine Serine 0.05 0.89 
rs770255909 A|G 162 Valine Alanine 0.01 0.967 
rs772328019 C|G 208 Aspartic acid Histidine 0.02 0.982 
rs780589640 G|A 89 Arginine Tryptophan 0.02 0.961 

rs907841992 T|A 19 Isoleucine 
Phenylalanin
e 0 0.996 

rs959207677 G|T 111 Leucine Methionine 0 0.999 
Table 6.7. HMGCS1.b SNPs with corresponding base and amino acid substitutions which are 

predicted by both SIFT and PolyPhen software to be deleterious or damaging. SNP, single 

nucleotide polymorphism; AA, amino acid. 

 

Despite the identification of possibly and probably damaging SNPs, none were present in the 

ClinVar database which is a public archive that contains reports mutations causing disease.  
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6.3.9 HMGCS1.b Expression Correlation with Clinical Factors 

When analysed in RYGB participants as a whole, i.e. showing both remission and no remission, 

HMGCS1.b ΔCt was not correlated with any laboratory values. When remission and no 

remission participants were analysed separately, HMGCS1.b expression was correlated with 

triglyceride levels in ‘remission’ participants (r2 = 0.224, p = 0.015) and LDL cholesterol in ‘no 

remission’ participants (r2 = 0.298, p = 0.029), as shown in figure 6.9. A logistic regression 

model combining HMGCS1.b ΔCt values with triglyceride and LDL levels was not statistically 

significant.  

 



 207 

 

A 

B 

Figure 6.9. Logistic regression between HMGCS1.b ΔCt values and (A) Triglycerides in 

remission participants (n=37), showing increasing HMGCS1.b expression (smaller ΔCt) 

is correlated with higher triglyceride level, p=0.015 and (B) LDL cholesterol in non-

remission participants (n=26). Decreasing HMGCS1.b expression (greater ΔCt) is 

correlated with higher LDL level, p=0.029. 

R2 = 0.224 

R2 = 0.298 
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When the ΔCt cut-off of 5.75 was applied to the T2DM RYGB group, HMGCS1.b ΔCt score 

was found to correlate with HDL level -0.377, p = 0.001. An independent sample t-test 

identified a significant difference between mean HDL level in participants with an HMGCS1.b 

ΔCt £ 5.75 (1.22 mmol/L ±0.35) and mean HDL in participants with an HMGCS1.b ΔCt > 5.75 

(0.97 mmol/L ±0.26, p = 0.01) (figure 6.10). This means that higher expression of HMGCS1.b 

(lower ΔCt) is associated with higher blood HDL levels. 

 

 

 

 

 

Figure 6.10. HMGCS1.b ΔCt levels above 5.75 are associated with a lower 

mean HDL level in participants with T2DM undergoing RYGB, *p = 0.01. 

N=37, error bars SEM. SEM; standard error of the mean. 
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6.3.10 Effect of HDL on Clinical Remission Scores 

HMGCS1.b expression level is correlated with high blood HDL levels in this RYGB group, 

indicating that blood HDL level may be a candidate factor for inclusion in clinical remission 

predictions scores. To further explore this HDL level was added to the remission prediction 

scores (DiaRem and Ad-DiaRem) that were discussed in chapters 4 of this thesis.  

 

Effect of HDL on the Predictive Value of the DiaRem Score 

According to the International Diabetes Federation definition of Metabolic Syndrome an HDL 

level below 1.03 mmol/L is considered to be low in females, and below 1.29 mmol/L in males. 

These HDL thresholds were applied to the RYGB T2DM group described in chapter 4.3.2., 

with high HDL given a score of 1 and low HDL a score of 0. This score was then added to the 

DiaRem score calculated in chapter 4 (called DiaRem+HDL score) and ROC analysis 

performed. Table 6.8 shows that whilst the DiaRem+HDL had fair accuracy in predicting 1 

year post-RYGB remission it was not superior to DiaRem. 

 

 Logistic Regression ROC 

 X2 P value Sensitivity 
% 

Specificity 
% AUC P 

value 95% CI 

DiaRem 34.392 <0.0001 43.8 88.0 0.764 <0.001 0.684-0.846 

DiaRem+HDL 28.569 0.001 44.7 82.9 0.772 <0.001 0.685-0.858 

Table 6.8. DiaRem and DiaRem+HDL remission prediction scores value 1 year post-RYGB. 

DiaRem group n=140, DiaRem+HDL group n=115. ROC, receiver operator characteristic; AUC, 

area under the curve; X2, Chi-square value. 
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Effect of HDL on the Predictive Value of the Ad-DiaRem Score 

HDL score was then added to the Ad-DiaRem score to form the Ad-DiaRem+HDL score. 

Results of the logistic regression and ROC analysis are shown in table 6.9. 

 

 Logistic Regression ROC 

 X2 P value Sensitivity 
% 

Specificity 
% AUC P 

value 95% CI 

Ad-DiaRem 49.131 <0.0001 48.9 86.8 0.819 <0.001 0.745-0.892 

Ad-
DiaRem+HDL 40.068 <0.0001 57.9 85.5 0.816 <0.001 0.737-0.895 

Table 6.9. Ad-DiaRem and Ad-DiaRem+HDL remission prediction scores value 1 year post-

RYGB. Ad-DiaRem group n=140, Ad-DiaRem+HDL group n=115. ROC, receiver operator 

characteristic; AUC, area under the curve; X2, Chi-square value. 
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6.4 Discussion 

This chapter describes the identification and validation of the transcript HMGCS1.bAug10 

from the HMGCS1 gene as a potential biomarker to predict 1 year post-RYGB T2DM 

remission, with higher expression corresponding with a lower chance of remission. Based on 

evidence in the literature that highlights the importance of cholesterol metabolism for 

pancreatic b-cell function I suggest that the identification of putative clinically-relevant 

differences in HMGCS1 expression between people with T2DM supports the hypothesis that 

there are multiple mechanisms and subgroups of T2DM. People with diabetes caused by these 

different underlying mechanisms may respond to bariatric surgery to different extents, and 

higher HMGCS1 expression may be a biomarker for a subtype of T2DM that is less easily 

reversible.  

 

Despite the significant difference in ethnicity between the remission and non-remission groups 

of the small exploratory RNA-seq analysis one of the four transcripts was confirmed using a 

different methodology in a larger cohort which did not differ in ethnicity between remission 

and non-remission groups. Further work is needed to explore whether expression of the other 

three transcripts (ACSL6.u, HMGCS1.a and SMARCD3.h) are affected by ethnicity.  

 

6.4.1 HMG-CoA Synthase  

HMG-CoA synthase (3-hydroxy-3-methylglutaryl-CoA synthase) is an enzyme that catalyses 

the condensation of acetyl-CoA with acetoacetyl-CoA to form HMG-CoA, the substrate for 

HMGC-CoA reductase. Two isozymes of HMGCS exist: HMGCS1 is the cytosolic form that 

produces a required intermediate for de novo cholesterol biosynthesis (shown in figure 6.11, 

from a paper by Vock C, et al.296); HMGCS2 is the mitochondrial form responsible for shunting 

of excess acetyl-CoA into ketone synthesis (this is overexpressed in mice with type 1 diabetes 
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causing diabetic ketoacidosis297) and branched-chain amino acid degradation. Despite sharing 

65% of their amino acid residues (in hamsters) these two proteins come from different genes: 

HMGCS1 is located on chromosome 5p12, while HMGCS2 is located on chromosome 1p12.  

 

 

Mitochondrial HMG-CoA Synthase 

Mitochondrial HMG-CoA synthase (from HMGCS2) is induced by fasting through forkhead 

box transcription factor FOXA2, promoting fatty acid oxidation and ketogenesis 298. Insulin 

regulates hepatic lipid metabolism by suppressing FOXA2 both in normal and chronically 

hyperinsulinemic mice298, which has the added effect of suppression of bile acid transporters, 

Figure 6.11. HMG-CoA synthase 1 is the first step 

of the mevalonate pathway leading to cholesterol 

synthesis. Figure from Vock C, et al.296 
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causing hepatic accumulation of bile acids299. Glucagon acts through activation of cyclic 

adenine monophosphate regulatory element binding protein (CREB) in the fasted state to 

increase expression of mitochondrial HMG-CoA synthase300. HMGCS2 deficiency is an 

autosomal recessive disorder characterized by hypoketotic hypoglycaemia after prolonged 

fasting300.   

 

Cytosolic HMG-CoA Synthase 

Cytosolic HMG-CoA synthase (from HMGCS1) is regulated very differently. Its expression is 

repressed in response to fasting and cholesterol feeding300. No deficiencies in HMGCS1 have 

yet been identified. Cytosolic HMG-CoA synthase has been localised to a variety of human 

tissues by the Human Protein Atlas; primarily brain, liver and duodenum, however it is also 

expressed in pancreatic tissue301. The importance of cholesterol metabolism for pancreatic b-

cell function has been recognized in recent years, and the maintenance of cholesterol 

homeostasis has been implicated in the development of T2DM302.  

 

Effect of Statins on HMGCS1 

Statins are lipid-lowering drugs which inhibit HMG-CoA reductase, a rate-limiting enzyme that 

catalyses the conversion of HMG-CoA, produced by HMGCS1, to mevalonate. Statin use has 

been shown to increase expression of a number of genes in the cholesterol pathway, including 

HMGCS1303,304.  Whilst there was no difference in baseline treatment with lipid-lowering drugs 

including statins between the remission and non-remission groups of the exploratory RNA-seq 

experiment there was greater use of lipid-lowering drugs in the non-remission group of the 

qPCR replication experiment. However, further analysis showed no correlation between 

treatment with lipid-lowering drugs and HMGCS1.b expression, therefore it is unlikely that the 

increased expression of this gene in the non-remission participants is due to increased use of 

statins. 
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6.4.2 Transcript Variant HMGCS1.b 

Little is known about the individual transcripts and splice variants of HMGCS1. NCBI RefSeq 

reports 9 different transcripts, of which AceView’s HMGCS1.a corresponds to transcript 

variant 1 (NCBI Reference Sequence: NM_001098272.2), and HMGCS1.b corresponds to 

transcript variant 2 (NCBI Reference Sequence: NM_002130.7). According to AceView the 

transcript HMGCS1.b is 3340 base pairs long (although RefSeq reports that variant 2 is longer 

at 5391 base pairs, and Ensemble reports 3466 base pairs), with 10 exons spanning 23.99 

kilobases on the NCBI 37 August 2010 genome. Liver tissue shows the 6th highest expression 

of the HMGCS1.b Ensembl transcript. SIFT and PolyPhen software predict 28 SNPs to be 

damaging or deleterious however there is no known association between these SNPs and 

clinical phenotypes, leaving much yet to be elucidated. 

 

6.4.3 Cholesterol Homeostasis and Glycaemic Control 

Figure 6.12, from a paper by Ward PS. and Thompson CB.305, shows how glucose in lipogenic 

tissues is metabolized to pyruvate through glycolysis, and ultimately leads to acetyl-CoA 

formation in the cytoplasm. This acetyl-CoA is the substrate for cytosolic HMGCS1 and the 

first step in de novo fatty acid and cholesterol biosynthesis306.   
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Figure 6.12. Pathway from glucose uptake to the production of acetyl-CoA, the substrate for 

HMGCS1. Glucose taken up through GLUT1 transporter undergoes glycolysis to pyruvate which, in 

the mitochondria, forms acetyl-CoA by pyruvate dehydrogenase (PDH). When condensed with 

glutamine-derived oxaloacetate (OAA) via citrate synthase (CS) acetyl-CoA forms citrate which then 

leaves the mitochondria and is converted by ATP-citrate lyase (ACL) to acetyl-CoA for lipid synthesis. 

Glucose uptake and metabolism can be increased through activation of PI3K/Akt signalling downstream 

of receptor tyrosine kinase (RTK), and also activate ACL to produce acetyl-CoA. Oncogenes mTORC1 

and Myc (through the enzyme glutaminase, GLS) promote protein synthesis and mitochondrial 

metabolism. Figure from Ward PS. and Thompson CB.305. 
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Increased expression of ATP-citrate lyase (ACL), the enzyme that links glycose catabolism 

with de novo lipid synthesis and which can be seen in figure 6.12, has previously been 

associated with impaired improvement in insulin resistance after bariatric surgery165. ACL 

converts citrate to acetyl-CoA, the substrate for HMG-CoA synthase. The authors of the study 

proposed that the subcutaneous adipose tissue of people with repressed lipid synthesis is better 

placed to lose fat which may contribute to the relatively greater improvement in insulin 

resistance. Mouse studies have further explored the relationship between ACL and glycaemic 

control and found that hepatic ACL deficiency results in decreased expression of 

gluconeogenesis genes and improved insulin sensitivity307. The relationship between HMG-

CoA synthase and glycaemic control has not been explored before, however reports of 

predictive significance of ACL suggests a promising link between lipogenesis and glycaemic 

control.  

 

Previous mouse studies by a Canadian group have shown that changes to cholesterol 

homeostasis may contribute to b-cell dysfunction in T2DM. They found that ATP-binding 

cassette transporter A1 (ABCA1), a cholesterol transporter, is essential for normal glucose 

tolerance, insulin sensitivity and insulin secretion in vitro, and that the beneficial anti-

hyperglycaemic effects of rosiglitazone require b-cell ABCA1 expression306. The cause of 

impaired insulin secretion in response to ABCA1 knock-out was identified to be cholesterol 

accumulation within b-cells that prevents exocytosis of insulin granules162,308. The same group 

later confirmed their previous findings by showing that microRNA miR-33a expression, which 

regulates ABCA1 expression, controlled islet cholesterol and insulin secretion309. Together 

these studies show that expression of genes that play a role in the cholesterol pathway affects 

b-cell function.  

 



 217 

Overexpression of genes involved in cholesterol biosynthesis has also been shown to be 

involved in T2DM pathogenesis. Overexpression of sterol-regulatory binding element protein 

2 (SREBP2), a known regulator of HMGCS1310, in mouse b-cells results in intracellular 

accumulation of cholesterol leading to severe diabetes categorized by increased HbA1c (more 

than five-fold compared to controls), decreased glucose- and potassium-stimulated insulin 

secretion, and reduced b-cell size and number311. These islets with overexpression of SREBP2 

had elevated expression of HMG-CoA synthase. The group of participants that had higher 

expression of HMGCS1.b in this study (no-remission) had higher HbA1c values than the 

remission/low-HMGCS1.b group. A number of antipsychotic drugs including clozapine and 

haloperidol have been shown to increase HMGCS1 expression through activation of SREBP 

and SREBP-controlled gene expression, providing the lipid building blocks needed for 

increased myelination and oligodendrocyte function in diseases such as schizophrenia312. 

 

Cholesterol accumulation also disrupts insulin secretion through increased neuronal nitric oxide 

synthase dimerization inhibiting glucokinase activation and release from insulin granules313. A 

study by Hao, et al. revealed that islet cholesterol levels directly changed the extent of glucose-

stimulated insulin secretion, independent of free fatty acid levels. The group of participants in 

my study who had increased expression of HMGCS1.b and did not achieve T2DM remission 

contained more than double the number of insulin users than the non-remission and lower 

HMGCS1.b group.  

 

A number of studies have identified lipid and inflammatory markers that predict the 

development of T2DM314–316. Therapy with pravastatin, an HMG-CoA reductase inhibitor 

which prevents the step in cholesterol biosynthesis after HMG-CoA synthase, reduced the 

hazard of becoming diabetic by 30% during 5 years of follow-up316. This may indicate that in 

some people reduced activity in the cholesterol biosynthesis pathway is protective against 

T2DM development.  
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Another proposed mechanism for the relationship between cholesterol homeostasis and 

glycaemic control is that glucose as a regulator of acetyl-CoA production influences the 

expression of genes in the cholesterol biosynthesis pathway. Upregulated HMGCS1 expression 

has been identified in rat islets infused with high levels of glucose, with expression increasing 

in a dose-dependent manner with glucose exposure306. Cholesterol homeostasis is already 

known to be important for b-cell function, and this work306 suggests that the cholesterol 

biosynthesis pathway adapts in rat islets to chronic high glucose levels by increasing the 

expression of genes and the corresponding enzymes involved in this pathway, as well as 

inducing pancreatic de novo fatty acid synthesis.  

 

Participants in this chapter who did not achieve T2DM remission had poorer glucose control 

(higher mean HbA1c values) before surgery than those who did achieve remission. The nearly 

doubled HMGCS1.b expression in the participants who did not achieve remission may be 

caused by higher circulating glucose, perhaps due to reduced adherence to anti-hyperglycaemic 

medication.  

 

Alternatively, the increased HMGCS1.b levels in participants who do not achieve T2DM 

remission may be a result of increased b-cell dysfunction that prevents them from achieving 

complete remission. A Korean study in 2008 found that rats with streptozotocin-induced 

diabetes had a 31 fold increased expression of pancreatic HMGCS in response to the b-cell 

toxicity that returned to the level of non-diabetic rats on reversal of b-cell damage317.  

 

Participants with more profound b-cell dysfunction are known to have less chance of achieving 

T2DM remission after bariatric surgery, as this damage is likely to be irreversible318. However, 

it is not clear from the results of this chapter whether increased HMGCS1.b expression causes 

or is a result of b-cell dysfunction. Increased HMGCS1.b expression could simply be a result 
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of poorer glycaemic control by patients, though the finding that insulin use in the non-remission 

group was more than double that of the remission group suggests that b-cell dysfunction plays 

a significant role in this effect. This is the first time HMGCS1 expression has been associated 

with glucose control in humans.  

 

Together this suggests that increased HMGCS1.b expression may be causing intracellular 

cholesterol accumulation and b-cell dysregulation in a subset of people with T2DM, 

contributing towards a different T2DM pathophysiology than that of the group with lower 

HMGCS1.b expression.  

 

High HMGCS1.b expression level was associated with high blood HDL levels in this RYGB 

group. HDL facilitates reverse cholesterol transport, promoting cholesterol efflux from cells 

and delivery to the liver where biliary excretion319. In T2DM, HDLs have been shown to be 

dysregulated resulting in impaired anti-inflammatory and antioxidant activity, and reduced 

cholesterol efflux320–322. The raised HDL level associated with increased HMGCS1.b expression 

in the non-remission group may thus be a compensatory mechanism in response to increased 

intracellular cholesterol. Alternatively, low HDL may be a marker of insulin resistance323, 

therefore participants with the more ‘insulin resistant’ T2DM subtype may be more responsive 

to weight loss and therefore go on to achieve T2DM remission than the more ‘insulin deficient’ 

subtype. HDL was proposed to provide a clinically easy-to-measure substitute for HMGCS1.b 

expression that could improve the predictive accuracy of T2DM remission prediction scores. 

However, when blood HDL level was added to remission prediction scores DiaRem and Ad-

DiaRem there was no improvement in predictive value. The effect of HMGCS1.b expression in 

participants that underwent VSG is not clear from this work as the sample size for this group 

was limited which may have reduced the power of the RT-qPCR. 
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7 
 

CHAPTER 7: EXPLORING 

MECHANISMS OF TYPE 2 DIABETES 

REMISSION THROUGH 

TRANSCRIPTOME PROFILING 
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7.1 Introduction 

This chapter describes the exploratory identification and validation of transcripts that are 

differentially expressed within 10 days of bariatric surgery between participants with T2DM 

that will either achieve T2DM remission or not to elucidate some of the weight-loss 

independent mechanisms of T2DM remission. Additionally, longitudinal expression of the 

transcript, identified in chapter 6 as predictive of T2DM remission, is analysed to identify how 

longitudinal changes in expression might contribute to T2DM remission. 

 

A number of different mechanisms have been proposed to explain the phenomenon of T2DM 

remission including caloric restriction, gut hormone changes, increased bile acids, and changes 

to the gut microbiome. Studying the changes that occur in the early post-operative period, 

before significant weight loss has occurred, may help to reveal how these changes are brought 

about and why T2DM remission is not achieved by all.  

 

Few transcriptome profiling studies have been carried out in humans after bariatric surgery. So 

far, expression of 20 genes, some involved in lipid metabolism, have been shown to decrease 

in skeletal muscle 1 year after RYGB324, and a pilot study by Berisha, et al. identified a further 

204 transcripts from 200 unique genes with differential expression 6-12 months after bariatric 

surgery325. However, neither of these studies assessed the early weight-loss independent 

mechanisms of T2DM remission that can occur within the first 10 days of surgery, identified 

predictors of remission, nor identified differences between remission and non-remission groups 

that might elucidate why not all T2DM subjects achieve remission.  
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The aims of this study are to: 

• Identify differences in gene expression profile in whole blood sampled 10 days post-

RYGB between participants with T2DM who achieve remission and those who do not 

achieve remission 1 year post-RYGB, using RNA-sequencing 

• Validate candidate transcripts in a larger group of participants using RT-qPCR 

• Explore the longitudinal behaviour of transcript HMGCS1.bAug10 from pre-RYGB to 

10 days post-RYGB 
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7.2 Methods 

Chapter 2 describes the main methods and materials used for the analysis in this chapter. Below 

is a brief summary of these.  

 

7.2.1 RNA-Sequencing 

Whole blood samples taken 10 days post-RYGB from 28 participants both with and without 

T2DM, underwent RNA-sequencing by Oxford High-Throughput Genomics Hub.   

 

T2DM remission was defined as shown in table 7.1. 

 

Complete Remission 
HbA1c ≤42 mmol/mol AND 

Absence of T2DM pharmacotherapy 1 year post-surgery 

No Remission 
HbA1c >42 mmol/mol OR 

Use of T2DM pharmacotherapy 1 year post-surgery 

Table 7.1. T2DM remission definition for RNA-seq data analysis. 

 

Partek Genomics Suite software was used to analyse the RNA-seq data, and the normalized 

reads were mapped to the AceView Transcript Database NCBI (August 2010 release).  

 

Differential expression analysis of the expression values, measured in Reads Per Kilobase of 

transcript per Million mapped reads (RPKM), between samples of different T2DM remission 

status pre-RYGB was performed using ANOVA and linear contrasts. Gene lists were created 
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of transcripts that met multi-test correction false discovery rate (Benjamini Hochberg) criteria 

<0.05, fold change <-1.5 or >1.5. and differential expression analysis repeated.  

 

7.2.2 Transcript Validation with RT-qPCR 

Participants were included in this analysis if they had full clinical information up to at least 1 

year post-surgery, underwent RYGB or VSG, had T2DM pre-operatively, and had an RNA 

sample collected 10 days post-surgery. An additional 10 pre-operative samples were included 

from subjects who met all the previous criteria except they did not have T2DM pre-operatively, 

although 2 of these samples were not included analysed due to poor mRNA quality. A power 

analysis based on the RNA-seq effect size observed for each transcript determined that an n of 

approximately 45 would be needed to detect qPCR expression of all transcripts with 80% 

power179.  

 

Primer and probe design (manufactured by Integrated DNA Technologies), RNA extraction 

and reverse transcription, and RT-qPCR was performed by the Natural and Medical Sciences 

Institute at the University of Tuebingen. Human ribosomal protein L13A (RPL13A) mRNA 

was used as a reference gene. The DDCt method was used to analyse the qPCR results181. ΔCt 

values (difference in the number of qPCR cycles before the transcript becomes detectable 

between transcript of interest and housekeeping gene). T tests were performed on ΔCt values 

between ‘remission’ and ‘no remission’ subject groups using SPSS Version 24. 
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7.3 Results 

 

7.3.1 Post-Operative RNA-Sequencing Group Baseline Characteristics 

This section describes the participant groups that are included in the post-operative RNA-

sequencing analysis. Whole blood samples taken 10 days post-RYGB from 25 participants with 

clinical data up to 1 year post-RYGB underwent RNA-sequencing. Pre-operative T2DM was 

present in 17 subjects, of which 10 achieved ADA complete remission 1 year post-RYGB (table 

7.2).  

 

 

 

 

 

 

 

 

 

There was no significant statistical difference in clinical and biochemical characteristics or 

in use of lipid-lowering drugs at baseline between the subjects who would go on to achieve 

T2DM remission 1 year post-RYGB and those who would not except that, as expected, a 

larger proportion of the no remission group were treated with insulin (71.4% vs. 00.0%, p 

= 0.001) and they had a longer T2DM (20.5 ±6.2 years vs. 8.5 ±7.0 years, p = 0.017, see 

table 7.3). 

Remission status 1 year post-RYGB N 

Non-remission T2DM 7 

Remission T2DM 10 

Non-T2DM 11 

Total 28 

Table 7.2. Number of 10 day post-RYGB samples undergoing 

RNA-sequencing for each T2DM status group. 
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 Whole T2DM 
Group Remission No 

Remission P Value 

N 17 10 7 - 
Age (years) 54.2 (8.5) 54.5 (±9.9) 53.7 (±6.7) 0.858 
Gender (% female) 41.2 30.0 57.1 0.263 
European Caucasian (%) 76.5 80.0 71.4 0.682 

     

Height (m) 1.7 (±0.1) 1.7 (±0.1) 1.7 (±0.1) 0.849 
Weight (kg) 145.4 (±30.7) 149.9 (±32.0) 138.8 (±29.9) 0.480 
BMI (kg/m2) 49.4 (±10.1) 50.5 (±9.4) 47.8 (±11.6) 0.611 

     

Obstructive sleep apnoea (%) 53.3 55.6 50.0 0.833 
Polycystic ovarian syndrome 

(%females) 
14.3 0.0 33.3 0.212 

Depression (%) 6.7 11.1 0.0 0.715 
History of depression (%) 20.0 6.7 33.3 0.292 
Binge-eating (%) 6.7 0.0 16.7 0.205 
History of binge-eating (%) 13.3 22.2 0.0 0.215 
Requires walking aid or wheelchair 

(%) 
23.1 14.3 33.3 0.416 

     

Hypertension (%) 88.2 90.0 85.7 0.787 
Hyperlipidaemia (%) 52.9 50.0 57.1 0.772 

     

HbA1c (mmol/mol) 58.8 (±16.2) 52.9 (±15.0) 67.1 (±14.9) 0.073 
Total cholesterol 4.38 (±1.17) 4.19 (±1.10) 4.64 (±1.34) 0.533 
Triglycerides 1.79 (±0.63) 1.63 (±0.67) 2.00 (±0.57) 0.347 
HDL 1.13 (±0.29) 1.11 (±0.30) 1.15 (±0.32) 0.822 
LDL 2.54 (±1.18) 2.53 (±1.19) 2.56 (±1.19) 0.969 

     

Insulin use (%) 29.4 0.0 71.4 0.001 
T2DM duration (years) 12.6 (±8.9) 8.1 (±7.0) 20.5 (±6.2) 0.017 

Table 7.3. Baseline characteristics for the whole RNA-seq group and by 1-year post-surgery T2DM remission 

status of 10-day post-RYGB participants. Mean ±SD unless otherwise stated. 



 227 

7.3.2 Longitudinal Behaviour of HMGCS1.b 

To explore the behaviour of the transcript identified in Chapter 6 as predictive of T2DM 

remission 1 year post-RYGB RNA-seq data from the very small number of individuals who 

had both pre- and 10 day post-RYGB bloods taken was analysed (remission n=7, no remission 

n=2, non-T2DM n=9). A paired samples t-test between pre and post-RYGB HMGCS1.b 

expression was not statistically significant; but the pattern of HMGCS1.b expression in figure 

7.1 shows the expression decreasing with surgery in both samples in the no remission group, 

and all samples returning to a range seen in people without T2DM. 

 

 

There was no significant correlation between HMGCS1.b expression pre- or 10 days post-

RYGB and HbA1c level 3 months after surgery, or 1 year after surgery. There was also no 

significant correlation between HMGCS1.b expression pre-surgery and change in HbA1c 

within the first year of surgery. 

Figure 7.1. Longitudinal RNA-seq derived mean expression of HMGCS1.b in participants pre- 

and 10 days post-RYGB. No remission group n=2, remission group n=7, non-T2DM group n=9. 

Error bars ±SEM. RPKM, reads per kilobase of transcript per million mapped reads; SEM, standard 

error of the mean. 
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7.3.3 RNA-Sequencing to identify differentially expressed transcripts 

between the remission and non-remission groups 10 days post-

operatively 

Differential expression analysis of whole blood 10 days post-RYGB identified 3 candidate 

transcripts from 3 genes between subjects who did and did not achieve T2DM remission 1 year 

post-RYGB, shown in table 7.4. 

 

Transcript No Remission Remission Fold change 

 RPKM SD RPKM SD  

jarsworby.a 4.28E-02 4.12E-02 5.75E-03 1.72E-02 7.45E+00 

ANXA6.a 7.86E-03 6.90E-03 1.65E-07 4.9E-07 4.76E+04 

TRAF1.c 2.37E-02 1.84E-02 1.51E-03 3.15E-03 1.57E+01 

Table 7.4. Mean expression levels for differentially expressed transcripts 10 days post-

RYGB between remission and non-remission groups. No remission group n= 7, remission 

group n=10. P < 0.05. RPKM, reads per kilobase of transcript per million mapped reads.  

 

Of the three differentially expressed transcripts, two transcripts from two genes were chosen to 

take forward to testing in the larger PMMO cohort: ANXA6.a (annexin A6 transcript a) and 

TRAF1.c (TNF receptor-associated factor 1 transcript c). Jarsworby.a was not included in the 

list of transcripts to take forward for further analysis as it is not a transcript from a gene from 

the NCBI gene model nor supported by a GenBank mRNA or a RefSeq sequencing with a 

HUGO official symbol or LocusLink provisional symbol, therefore there is little information 

available for this transcript. Figure 7.2 shows the mean expression levels 10 days post-RYGB 

between participants with different T2DM remission status 1 year post-RYGB.  
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7.3.4 Post-Operative RT-qPCR Group Baseline Characteristics 

To validate the RNA-seq results, RT-qPCR was performed on a different group of participants 

known as the ‘post-operative validation group’. The post-operative validation group consisted 

of whole blood samples taken 10 days post-operatively from 90 participants who underwent 

RYGB or VSG, and had clinical information recorded up to 1 year post-surgery. The yield of 

mRNA from 25 samples was too small to merit analysis and so these were excluded, leaving a 

total of 65 samples. Of the 65 participants, 8 did not have T2DM pre-operatively, and of the 

remaining 57 who did have T2DM pre-operatively 47.3% (n=27) achieved T2DM remission 1 

year post-surgery and 42.7% (n=30) did not achieve remission. Table 7.5 describes the baseline 

pre-surgery characteristics of the participant group that are included in the post-operative RT-

qPCR analysis.  

 

Figure 7.2. RNA-seq derived transcript expression 10 days post-RYGB by 1 year post-RYGB 

T2DM remission status. No remission n=7, remission n=10. Mean expression ±SEM. * p < 0.001. 

RPKM, reads per kilobase of transcript per million mapped reads. 
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 All T2DM Remission 
No 

Remission 
P Value 

N 57 27 30 - 

Surgery type (% RYGB) 66.7 59.3 73.3 0.260 

Age (years) 50.9 (±9.0) 48.7 (±7.9) 53.0 (±9.6) 0.071 

Gender (% female) 66.7 70.4 63.3 0.574 

European Caucasian (%) 52.6 59.3 46.7 0.342 
      

Height (m) 1.7 (±0.1) 1.7 (±0.1) 1.6 (±0.1) 0.301 

Weight (kg) 131.0 (±29.7) 138.8 (±28.4) 123.8 (±29.4) 0.057 

BMI (kg/m2) 48.2 (±11.5) 50.4 (±13.0) 46.2 (±9.7) 0.176 
      

Obstructive sleep apnoea (%) 40.0 55.6 25.0 0.021 

Polycystic ovarian syndrome (%females) 15.6 26.7 5.9 0.106 

Depression (%) 19.1 20.8 17.4 0.764 

History of depression (%) 19.1 20.8 17.4 0.764 

Binge-eating (%) 4.5 4.3 2.3 0.947 

History of binge-eating (%) 11.4 13.0 9.5 0.713 

Requires walking aid or wheelchair (%) 20.5 19.0 21.7 0.825 
      

Hypertension (%) 79.2 84.0 75.0 0.420 

Hyperlipidaemia (%) 78.2 74.1 82.1 0.469 
      

HbA1c (mmol/mol) 63.0 (±15.6) 56.9 (±14.4) 69.4 (±14.3) 0.003 

Total cholesterol 5.02 (±1.01) 5.17 (±1.01) 4.86 (±1.00) 0.290 

Triglycerides 2.20 (±1.58) 1.95 (±1.12) 2.45 (±1.92) 0.265 

LDL 1.20 (±0.32) 1.23 (±0.30) 1.18 (±0.35) 0.584 

HDL 2.85 (±0.82) 3.02 (±0.80) 2.67 (±0.82) 0.151 
      

Insulin use (%) 26.4 12.0 39.3 0.025 

T2DM duration (years) 7.3 (±9.8) 2.6 (±3.1) 13.3 (±12.5) 0.187 

Table 7.5. Baseline characteristics for the whole 10-day post-RYGB RNA-seq group and by 1-year 

post-surgery T2DM remission status. Mean ±SD unless otherwise stated. 
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7.3.5 Microarray Validation by RT-qPCR  

ΔCt values were calculated as follows for each of the target transcripts in all participants, with 

endogenous reference gene RPL13A:  

ΔCt = Ct target – Ct endogenous reference gene 

 No TRAF1.c signal was detectable for 7 of the samples, therefore no ΔCt values could be 

calculated for this transcript in those individuals. An unpaired t-test was performed between the 

mean ΔCt’s of the remission and non-remission groups for each of the four transcripts. No 

transcripts were significantly differentially expressed between the two groups. This analysis 

was repeated including only participants who underwent RYGB (n=42). Participants without 

T2DM comprised 9.6% of the RYGB group (n=4), and of the remaining 38 subjects 42.1% did 

achieve remission 1 year post-RYGB (n=16) and 57.9% did not (n=22). There was no 

significant difference in expression of either of the transcripts between those who did not 

achieve remission and those who did (as shown in figure 7.3).  

 

Figure 7.3. RT-qPCR expression of transcripts ANXA6.a and TRAF1.c 10-

days post-RYGB. No remission n=27, remission n=30. Error bars ±SEM. SEM, 

standard error of the mean. 
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7.4 Discussion 

Transcripts ANXA6.a and TRAF1.c were identified by RNA-seq as differentially expressed 10 

days post-RYGB between remission and non-remission groups, however these were not 

validated by RT-qPCR. It may be that there is no effect or, due to the very limited sample size 

resulting from poor quality of some RNA samples in the exploratory RT-qPCR experiment. 

These are outlined below with potential mechanisms for the transcripts that were identified by 

RNA-seq.  

 

Changes in the longitudinal expression of HMGCS1.b were also not significant, due to the 

extremely small sample size, however there was a pattern of normalised expression after 

surgery. The effect of this gene on glycaemic control has not been assessed in humans until 

now, and I propose a potential mechanism of decreased cholesterol available for bile acid 

synthesis for the increased baseline HMGCS1.b expression preventing T2DM remission. 

 

7.4.1 Potential Mechanisms of HMGCS1.b Prevention of T2DM 

Remission 

Chapter 6 described how HMGCS1.b overexpression could predispose to a type of T2DM that 

is less responsive to bariatric surgery. This discussion explores how bile acids may be the link 

between the HMGCS1 cholesterol biosynthesis pathway and T2DM remission.  

 

HMG-CoA synthase 1 (encoded by HMGCS1) accommodates the first step in de novo fatty 

acid and cholesterol synthesis. Approximately half of cholesterol production is utilised by the 

liver to synthesise bile acids55. Bile acids are important regulators of intestinal nutrient 

absorption and cholesterol homeostasis, and can regulate hepatic glucose homeostasis through 
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gut signalling 56. Rats and humans with T2DM have higher levels of bile acids and lower levels 

of fibroblast growth factor 19 (FGF-19) than those without T2DM 64. FGF-19 is an inhibitor of 

the primary rate-limiting hydroxylase in bile acid synthesis from cholesterol, cholesterol 7a-

hydroxylase (CYP7A1), which indicates a possible impairment of the bile acid pathway in 

T2DM.  

 

Overexpression of other genes within the cholesterol biosynthesis pathway have been 

associated with bile acid synthesis and metabolism. CYP27A1, the rate limiting enzyme for the 

alternate cholesterol biosynthesis pathway, is upregulated by transcription factor PPAR-

γ activation in human macrophages326,327. PPAR-γ polymorphisms have been associated with 

increased T2DM risk132, and increased expression of PPAR-γ  is associated with increased 

insulin sensitivity and protection against T2DM131. This would seem to contrast with previous 

evidence of cholesterol biosynthesis genes such as SREBP-2, overexpression of which 

regulates HMGCS1310 and increases the risk of T2DM311, but unlike SREBP-2 PPAR- γ 

agonists cause increased cholesterol efflux from macrophages328. Additionally, cholesterol 

transporter ABCA1 which is known to be essential for normal glucose tolerance, insulin 

sensitivity and insulin secretion306 is induced by PPAR- γ, causing its beneficial effects on 

glycaemic by facilitating improved cholesterol efflux from b-cells 162,308,329,330. 

 

RYGB increases the circulating pool of bile acids and FGF-19 in rodents and humans with 

T2DM62, and this increase is correlated with T2DM remission64. One proposed mechanism for 

this effect is that the anatomical rearrangements result in a delay in bile acid mixing with food, 

leading to longer exposure of the ileum to free bile acids, which may be more bioactive and 

thus stimulate FGF-19 to a greater extent which increases the liver actions of FGF-19, and 

enhances glucose homeostasis331.  

 



 234 

A 2005 study by a Chinese group assessed bile acids prior to bariatric surgery to identify 

patterns predictive of T2DM remission. They found that prior to RYGB, total bile acid level 

was higher in the remission group than the non-remission group331. The group found that the 

difference was not statistically significant and hypothesised that this was because of intragroup 

variation, however it may be that there was not actually an effect. In the participants included 

in this chapter, lower HMGCS1.b expression was associated with T2DM remission after 

RYGB, which, in keeping with the findings from the Chinese group, could be due to increased 

HMGCS1.b expression causing increased intracellular accumulation of cholesterol. This would 

mean less cholesterol is able to be transported to the liver for conversion to bile acids, and that 

the baseline total bile acid level would thus be lower in the non-remission group. Lower bile 

acid levels in T2DM are associated with decreased hepatic insulin sensitivity, increased 

gluconeogenesis, and decreased incretin hormone secretion, all of which would limit the ability 

to achieve T2DM remission332.  

 

Additionally, insulin treatment has been shown to decrease the bile acid pool and alter bile acid 

composition333, and as insulin use is more than twice as common in the non-remission group as 

the remission group, this could be a potential mechanism for the poor glycaemic profile of these 

participants.  

 

It may be that higher HMGCS1.b expression results in intracellular cholesterol accumulation, 

preventing cholesterol from reaching the liver and being converted to bile acids which are 

associated with improved glycaemic control post-bariatric surgery.  

 

Longitudinal expression analysis showed that both remission and non-remission groups had 

post-surgery expression of HMGCS1.b in the same range as people who had never had T2DM. 

If replicated in a larger sample this could highlight the fact that all patients improve after 
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surgery, and the remission and non-remission binary categories are very simplified, and do not 

reflect the significant biological improvements. If replicated in a larger sample, this may be an 

indicator of the mechanism by which glycaemic improvement is achieved or a reflection of the 

improved glycaemic and lipid status. It should be noted that bariatric surgery induces glycaemic 

improvement in the majority of patients, despite not all meeting the definition of remission. 

Further analysis to distinguish between these is required, both in surgery patients and using 

mouse models, and further work should include analysis of HMGCS1.b expression and T2DM 

relapse.  

  

7.4.2 Potential Mechanism of ANXA6.a Prevention of T2DM 

Remission 

The RNA-seq results in this study were not replicated in the larger group by RT-qPCR. This 

may be due to a number of reasons which are considered below. In these sections the possible 

mechanisms by which the transcripts ANXA6.a and TRAF1.c may affect T2DM remission are 

also explored. 

 

The ANXA6 protein is a Ca2+ dependent phospholipid binding protein which alters intracellular 

cholesterol distribution and, with increased expression, causes decreased cholesterol efflux 

from cells as it promotes cholesterol accumulation in late endosomes334. Expression of this gene 

is upregulated in the monocytes of obese patients, which the authors suggested be caused by 

decreased suppression of ANXA6 expression by a BMI-related increase in adiponectin335,336. 

In my dataset there was no difference in BMI between the remission and non-remission groups 

for either the original RNA-seq experiment or the RT-qPCR replication experiment, therefore 

the fact that changes in in this transcript were not replicated by RT-qPCR is not simply due to 

different levels of obesity between the experimental groups. 
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Cholesterol efflux is essential for the formation of bile acids, an increase of which is one of the 

proposed mechanisms of weight-loss independent anti-diabetes effects of bariatric surgery 64, 

and overexpression of ANXA6 has been shown to increase lipid droplet number and size in 

HuH7 cell line hepatocytes337.  T2DM patients who do not achieve remission are reported to 

have lower levels of circulating bile acid than patients who do achieve remission64. Bile acid 

diversion studies demonstrate the role of bile acids in increasing hepatic glucose production 

and decreasing intestinal gluconeogenesis65. This suggests that if the greater expression of 

ANXA6 in the non-remission group were replicated, it might act by preventing them from 

achieving remission by impairing cholesterol efflux and preventing the rise in bile acid 

production that is associated with improved glycaemic control post-RYGB.   

 

7.4.3 Potential Mechanisms of TRAF1.c Prevention of T2DM 

Remission 

TRAF1, tumour necrosis factor receptor-associated factor 1, regulates NF-kB pathways 

involved in immunity and apoptotic processes, and has recently been shown to contribute to 

insulin-resistance: TRAF1 knock down has been shown to alleviate palmitate-induced insulin 

resistance and lipid accumulation in HepG2 cells, and to reverse suppression of glucose uptake 

and gluconeogenesis338. A study of rheumatoid arthritis susceptibility genes revealed that a 

TRAF1 single nucleotide polymorphism was associated with total cholesterol and LDL 339. 

Additionally, tumour necrosis factor-a (TNFa), with which TRAF1 is associated, negatively 

regulated PPAR- γ340, and good evidence is available for the role of TNFa in the development 

of insulin resistance and T2DM341. TNFa reduces expression of glucose transporter type 4 

(GLUT4) and inhibits the insulin receptor through phosphorylation of IRS1342,343. In this way, 

a possible reason for the higher expression of TRAF1.c in the non-remission group is similar 

to that for ANXA6.a; that overexpression of TRAF1.c leads to increased intracellular 

accumulation of lipid and prevents the rise in bioavailable bile acid associated with T2DM 
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remission. Alternatively, overexpression of TRAF1.c may be further suppressing glucose 

uptake through up-regulated NF-kB inflammatory pathways. 

 

7.4.4 Limitations 

At 10 days post-RYGB, transcripts involved in cholesterol homeostasis were differentially 

expressed between remission and non-remission groups of the RNA-seq experiment, however 

these results were not validated by RT-qPCR. There are a number of limitations that may have 

prevented this replication. 

 

Technical Limitations 

A power calculation, conducted before the RT-qPCR experiment, indicated that 90 samples 

would be needed to see the effect size predicted from the RNA-seq experiment for the two 

transcripts of interest, however the mRNA yield from 25 samples was too low to be included 

in the analysis. It is not clear why the yield was so low in these samples, but this may have 

hindered the power of the RT-qPCR to find statistically significant differences in gene 

expression. High quality of RNA and DNA is needed for RT-qPCR, and issues here 

compromised the reliability of the replication effort344,345. As such, the longitudinal study in 

particular is seriously limited by sample size so results so this series of experiments should be 

repeated for proper validation. RNA-seq reads were mapped to AceView transcriptome which 

does not have pre-designed primers and probes for identification of transcripts, so these were 

designed specifically for this study which may have introduced some variability. Additionally, 

multiplexing three transcripts together introduces additional challenges when designing primers 

and probes.  
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Different Participant Groups 

The 10 day RNA-seq and RT-qPCR experiments were conducted in different participant groups 

with some differences is baseline characteristics. The RNA-seq group had a limited sample size 

and so may not have been fully representative of the larger RT-qPCR group. The RNA-seq 

group had a much lower percentage of women in the remission category which may have 

contributed to the higher prevalence of hypertension in this group. Additionally, the two groups 

had different glycaemic profiles, with the RNA-seq group having decreased overall HbA1c. 

Most interestingly the RNA-seq group had lower prevalence of hyperlipidaemia, with the 

subjects in the RT-qPCR experiments having approximately 1.5 times increased prevalence. 

This increased presence of circulating cholesterol may have negated any bile-depleting effects 

of ANXA6.a and TRAF1.c. 

 

T2DM Remission Definition  

One of the limitations of this study is that although focussing on remission is a helpful binary 

outcome for analysis, all participants did achieve some degree of improvement in glycaemic 

control with bariatric surgery. This may explain why HMGCS1.b expression was normalised in 

the non-remission group after RYGB, and there was no longer any difference in expression 

between participants with and without T2DM remission. Whilst there was a significant 

correlation between HMGCS1.b expression and 1-year remission status there was no significant 

correlation between HMGCS1.b and change in HbA1c within the first year of surgery. 

Glycaemic control is a continuum, and a simplified binary classification does not reflect the 

reduction in clinical risk profile of patients who achieve significant improvement in glycaemic 

control but do not meet the definition of remission. Despite this, T2DM remission remains a 

key outcome measure for analysis of bariatric surgery, in part because as a target for patients it 

can improve engagement in T2DM management and it is a marker of the reduction in burden 

of costly drugs on the health economy.   
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The global epidemic of obesity puts individuals at high risk of serious co-morbidity, particularly 

type 2 diabetes (T2DM). T2DM is a chronic progressive disease affecting over 380 million 

people1 which is not only costly to individuals, who have an estimated 35% higher mortality 

than the general population3, but also to economies worldwide. Around 10% of the NHS budget 

is spent on treating T2DM and its associated complications, which equates to over £192 million 

a week2. Having T2DM increases the risk of developing many serious conditions such as 

cardiovascular disease, nephropathy and cancer. T2DM is the single most common cause of 

end stage renal disease requiring dialysis or transplant, the leading cause of preventable sight 

loss in the UK, and also the most common cause of lower limb amputations346. People suffering 

with diabetes also have a twofold increased risk of stroke and occupy on average one in seven 

UK hospital beds, contributing to the UK hospital bed shortage346. Current research in the field 

of T2DM has two main aims: The first is to understand the pathogenesis of T2DM by 

identifying subtypes of the disease. Diabetes typically comes on slowly and insidiously, so 

onset and early pathogenesis is hard to study. Some attempts have been made by studies such 

as INTER99, IMIDIA and INTERACT, however studying bariatric cohorts provides a unique 

opportunity to study disease resolution by at least two mechanisms – weight loss-dependent 

and weight loss-independent. The second is to optimise treatments for T2DM. Understanding 

who will achieve diabetes remission and why might add to our understanding of the first aim. 

 

Early remission of T2DM after bariatric surgery is a fascinating phenomenon, and whilst our 

understanding of the mechanisms driving this phenomenon have seen major advances 

throughout the last decade there is much yet to be fully elucidated. Gene expression profiling 

has enabled progression of scientific and clinical knowledge in many fields since its inception, 

particularly in the field of cancer. Its application to bariatric surgery will help to identify gene 

expression signatures that are predictive of T2DM remission, improving patient selection for 

different surgical procedures and therefore improving outcomes, and will also reveal more 

about the mechanisms involved and how these may affect people differently depending on the 
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aetiology of their T2DM. Developments in this field will contribute towards the goal of more 

personalised medicine. The work presented in this thesis contributes towards this area of 

research in several ways: 

 

PMMO Cohort  

As part of this research I personally recruited and took clinical histories from more than 400 

bariatric patients to the PMMO study, a cohort of over 2,500 participants for whom clinical and 

genetic data is collected. This combination of data allows for many different research questions 

to be explored. Analysis of the baseline characteristic of the cohort shows that it is 

representative of the IFSO global registry bariatric cohort191, and therefore findings in these 

participants may be applicable to global bariatric groups, particularly ethnically diverse cohorts. 

Comparison between the PMMO and IFSO cohorts revealed some differences in the prevalence 

and severity of some co-morbidities that may be a result of different referral patterns, clinical 

guidelines, ethnic diversity, and resource management between countries. Particularly, T2DM 

is significantly more prevalent in the PMMO cohort which made it ideal for analysing T2DM 

remission, and also hypertension and depression which may be due to more severely affected 

individuals being referred for surgery, due to limited NHS resources. With increasing BMI 

comes increasing obesity stigma, and this can cause avoidance of healthcare whereby people 

only seek treatment for their obesity at a late stage when they have more complications347. The 

level of obesity stigma is likely different in different countries and the implications of this 

should be explored further. 

 

Analysis of the PMMO cohort also identified some co-morbidities and factors that differ in 

baseline prevalence and magnitude between different bariatric procedures: BMI, T2DM, 

hypertension, hyperlipidaemia, and psychiatric disorders. There is currently no research into 

how choice of procedure affects psychiatric disorders, which is surprising given their much 

higher prevalence in bariatric cohorts216,226, and more research in this area would improve 
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patient outcomes and aid the decision making process. The prevalence of mental health 

conditions is increasing in the UK348, and continuation of the PMMO cohort will enable further 

exploration of how these baseline clinical factors affect procedure choice, ensuring that 

individuals receive the procedure that will result in the best physical and mental health 

improvements. There should be a particular focus on ensuring adequate recruitment of 

participants undergoing VSG as a number of hypotheses in this thesis regarding the effect of 

clinical and genomic predictors of remission scores could not be explored in the VSG 

population due to limited sample size.  

 

Clinical Predictors of T2DM Remission 

Chapters 4 and 5 present an exploration of factors that affect T2DM remission in different 

T2DM groups, and the attempts to optimise clinical remission prediction scores for improved 

clinical decision making. The prevalence of remission in the PMMO cohort was nearly half of 

that reported in other studies using the same definition of remission79, however this is most 

likely due to two factors: increased heterogeneity of the cohort and differences in local and 

national guidelines that encourage the use of metformin in patients that have achieved remission 

in order to reap other benefits258. The widely used DiaRem score85 was found to have limited 

predictive value in the heterogeneous cohort described in this thesis, which is supported by 

results from other validation studies279,281, but the data presented here indicates that it is 

particularly limited in non-insulin-treated participants and, therefore, may be inappropriate for 

use in bariatric populations with diverse ethnicities and a low proportion of insulin-treated 

people. The results of this study showed that DiaRem could be applied to people undergoing 

VSG as well as RYGB, although the VSG sample size available was limited and ideally should 

be repeated with more participants: this work will be ongoing within the PMMO study group.  
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This study also revealed that T2DM duration and number of T2DM drugs as stand-alone factors 

had similar predictive value to the DiaRem score, indicating that simpler measures of pancreatic 

b-cell deterioration could replace scoring systems. In this way, routine measurement of C-

peptide before surgery could be a simpler predictor of remission, and as part of the further work 

for this thesis routine C-peptide measurement is recommended in the PMMO cohort. In fact, 

number of T2DM drugs alone had the most stable predictive value between non-insulin-treated 

and insulin-treated participants of all the factors and scores analysed, which suggests that it 

may be a better predictor of remission in patients who have only recently started insulin or 

require very small doses. Age proved to be a suitable substitute for T2DM duration in the 

DiaRem score, however as bariatric surgery becomes a more widely performed and accepted 

operation the age at which patients seek surgery may decrease and this scoring system factor 

will need to be revisited. The addition of both of these factors to the DiaRem score and the re-

weighting of these factors to create the Ad-DiaRem score101  greatly improved the predictive 

value of the score generally, and also improved its limited accuracy in non-insulin-treated 

groups. The analysis presented in this thesis identified Ad-DiaRem as a better T2DM remission 

prediction score and found that it was more applicable to a diverse cohort than DiaRem. This 

has implications for UK bariatric cohorts in which unrealistic expectations of T2DM remission 

may negatively affect other post-operative outcomes, such as mental health and weight loss349. 

To further this work the Ad-DiaRem score should be applied to a larger sample of people 

undergoing VSG.  

 

This study is the first to attempt to provide an evidential basis for identification of an optimum 

threshold for the definition of ‘recent-onset’ T2DM. The NICE recommended threshold of 10 

years duration190 was not evidence-based, but decided upon by clinical discussion between 

experts and patients, and this research can now support that recommendation. Insulin treatment 

is being recommended to be started earlier in T2DM progression which may decrease the 

predictive value of scoring systems like DiaRem that rely heavily on insulin use as a marker of 
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significant b-cell deterioration, but our data validates  number of T2DM drugs and T2DM 

duration as viable alternatives.  

 

As the PMMO cohort grows, further work will include exploring the factors predictive of long 

term T2DM remission (>2 years), after most relapses have occurred. Wood, et al. have reported 

that the DiaRem score is able to predict 5 year remission253, however the long term predictive 

value has not been analysed in a heterogeneous cohort such as the PMMO cohort, and Ad-

DiaRem predictive value for long term remission has not yet been explored. Recalling that both 

weight loss-dependent and weight loss-independent mechanisms underlie remission, it would 

be interesting to know whether different predictive scores (comparing scores focussing more 

or less on indicators of b-cell health) were useful in unpicking potentially different mechanisms 

of relapse. Additionally, particular consideration should be given to the application of the 

DiaRem and Ad-DiaRem scores to those patients with T2DM who are not particularly obese, 

where the risk to benefit ratio may be considerably different from obese patients with many co-

morbidities. A recent report by the Lord Darzi Review for Health and Care stressed the 

economic and fiscal importance of early intervention for tackling serious national health 

conditions and supported the widening of access to services which have the potential to relieve 

significant disease burdens350. These recommendations may encourage earlier bariatric surgery 

intervention for the treatment of T2DM and, as bariatric demand far exceeds supply, highlights 

the crucial need to ensure that precious NHS resources are distributed towards those most likely 

to benefit, and that the NHS, in its 70th anniversary, is able to continue providing free care at 

the point of use. For individual patients, better prediction of post-operative outcomes will aid 

clinical risk-benefit evaluation and may help avoid patients who will not respond well to 

surgery from undergoing an unnecessary operation.  
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Genomic Predictors of T2DM Remission 

Despite the advances in T2DM remission prediction score accuracy, a number of patients do 

not achieve the expected outcomes of surgery. A recent Lancet study86 identified clusters of 

T2DM patients based on clinical variables, and found these clusters to be associated with known 

T2DM genetic variations, in accordance with suggestions that T2DM may occur through a 

number of different aetiologies, causing different clinical sub-phenotypes: these may respond 

differently to therapeutic intervention. It may be in these differences in T2DM aetiology that 

the answer to why some people cannot achieve T2DM remission lies.  

 

This is the first study to identify a baseline gene expression blood marker predictive of T2DM 

remission after bariatric surgery. In our dataset, HMGCS1.b, a transcript which encodes the 

enzyme HMG-CoA synthase of the cholesterol synthesis pathway, was inversely associated 

with T2DM remission. The relationship between HMGCS1 and glycaemic control has not been 

explored before, though some studies have identified other genes in the same pathway that are 

associated with glycaemic control. Garrido-Sanchez, et al. assessed basal gene expression 

markers in adipose tissue in relation to post-BPD outcomes, finding that increased ATP-citrate 

lyase (ACL) was associated with impaired improvement in insulin resistance165. Although their 

study did not include any people with T2DM, it did suggest a link between expression levels of 

lipogenesis genes in adipose tissue samples taken at the time of surgery and glycaemic control 

after bariatric surgery.  

 

Dysfunction or dysregulation of other cholesterol-related genes have been associated with 

T2DM aetiology. ABCA1, a cholesterol transporter, has been shown to be essential for 

prevention of intracellular cholesterol accumulation which impairs insulin secretion162,306,308. 

Overexpression of the cholesterol biosynthesis gene SREBP2, a known regulator of HMGCS1, 

also leads to intracellular accumulation of cholesterol as well as higher HbA1c levels, decrease 
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insulin secretion, and reduced b-cell size and number311. Intracellular cholesterol levels can 

directly influence glucose-stimulated insulin secretion: excess cholesterol stabilises nNOS 

dimers which bind glucokinase to insulin granules, preventing them from being released and 

activated313. Insulin-treatment was more common in the non-remission T2DM group of Chapter 

6 which supports the hypothesis that increased HMGCS1.b expression may impair insulin 

secretion in these participants, and that the increased treatment with insulin in these patients 

may not solely be a result of increased progression of disease.  

 

Increased understanding of T2DM aetiology may hasten the advent of personalised medicine, 

whereby gene expression profiles will dictate the optimum treatment for individual patients, for 

example, earlier introduction of insulin treatment in patients with overexpression of genes that 

impair insulin secretion (perhaps including HMGCS1). There is already good evidence that 

patients with monogenic forms of diabetes, such as MODY, benefit from different therapeutic 

approaches in terms of drugs351, therefore, increased identification and understanding of gene 

variants involved in polygenic T2DM may also inform treatment options. Additionally, 

studying whether specific genetic signatures are associated with better outcomes from different 

surgical procedures, particularly VSG, which is an increasingly popular option but relatively 

understudied compared to RYGB, could ultimately aid the choice of procedure for patients and 

ensure that they achieve optimum outcomes in terms of weight loss and reduction in co-

morbidities. 

 

Cholesterol homeostasis can adapt in response to chronic high glucose levels306, so further work 

is needed to identify whether the high HMGCS1.b expression seen in Chapter 6 might be 

causing or simply reflecting poor glucose control. This is important in considering whether 

gene expression profiling might contribute additional predictive value to clinical scoring 

systems. At the moment, such tests are beyond general NHS capacities, but this situation might 

change as technologies advance and molecular tests become cheaper.  
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Mechanisms of T2DM Remission 

Changes to cholesterol biosynthesis through differential expression of HMGCS1 are in line with 

evidence that highlights the importance of bile acids to T2DM remission. An increase in 

circulating bile acids is observed after RYGB and VSG and is associated with improved glucose 

tolerance post-surgery62. Indeed, circulating levels are higher in those who achieve T2DM 

remission than those who do not64. However, glycaemic improvement occurs in most patients 

following bariatric surgery, regardless of whether the definition of remission is met, and this 

improvement appears to be in line with the post-surgery normalisation of HMGCS1 expression 

reported in this thesis. Bile acids are proposed to exert their actions on glycaemic control by 

acting as ligands resulting in: TGR5-activation stimulating GLP-1 expression which suppresses 

hepatic gluconeogenesis and stimulates insulin secretion; FXR-activated stimulation of 

glycogen synthesis57. Changes to cholesterol and lipid pathways that result in higher levels of 

circulating bile acids may well contribute to the phenomenon of weight loss-independent 

T2DM remission, and the research undertaken as part of this thesis suggests that the mechanism 

by which high expression of HMGCS1 may be preventing T2DM remission is through 

cholesterol accumulation within cells that results in lower bile acid levels.  

 

Further research to be undertaken following this thesis includes the analysis of bile acid levels 

in conjunction with expression of HMGCS1 and exploration of the expression of different 

HMGCS1 transcripts, and their ratios, to determine how particular transcripts may be affecting 

T2DM remission. At the time of writing this thesis, the longitudinal expression of HMGCS1.b 

is being explored by RT-qPCR by this research group in 10-day post-surgery blood samples. 

More work is needed on the role of HMGCS1 and its various transcripts to understand the full 

extent of its influence on glycaemic control. It would also be useful to analyse expression of 

this gene in tissue samples taken at the time of surgery: both from the PMMO collection, and 

in datasets available to us through collaboration.  
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Many mechanisms for the weight-loss independent remission of T2DM have been proposed 

and it is likely that all play a role, with each mechanism playing a more or less significant role 

depending on the individual and their particular T2DM aetiology. Identification of gene 

expression differences between remission and non-remission groups in the early post-operative 

period will help to elucidate how these glycaemic improvements are brought about. Differential 

expression of genes involved in lipid homeostasis after surgery has been reported before. Park, 

et al. identified five genes involved in lipid and fatty acid metabolism that were differentially 

expressed in skeletal muscle with bariatric surgery-induced weight loss in three obese people 

(GPD1, glycerol-3-phosphate dehydrogenase 1; FABP7, fatty acid binding protein 7; 

AKR1C1/2/3, aldo-keto reductase family 1 members),  and the GPD1 results were replicated in 

another participant group324. GPD1 catalyses the production of glycerol-6-phosphate which is 

acylated to form triglycerides, providing a link between glucose and lipid metabolism. The 

authors report that GPD1 expression was lower in skeletal muscle following bariatric surgery 

and suggest that GPD1 may modulate the increased sensitivity of skeletal muscle to insulin 

following surgery. Another study group identified 200 genes, including many that are involved 

in lipid metabolism, that were altered in 11 participants 6-12 months after bariatric surgery325. 

One of these genes was DHCR24, which was decreased after bariatric surgery, and encodes an 

enzyme involved in cholesterol biosynthesis: its expression was correlated with HbA1c, FPG 

and weight post-bariatric surgery.  

 

The challenge for all of these studies, including the one presented in this thesis, will be to 

establish cause and effect: are the gene expression changes indicating the mechanisms of 

improvements in glycaemia, or simply reflecting the fact that it has taken place? We used very 

early post-surgery samples in our work to try to focus on a time-period where active 

improvements were taking place, but 10 days might already have been too late. In the PMMO 

study, we originally planned to also collect samples for RNA analysis two days after surgery, 

but clinical protocols changed such that most patients are now sent home much earlier after 
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surgery meaning that very few samples were collected at that time. Analysis of these very early 

samples might, in any case, have been confounded by effects of anaesthetics, trauma of surgery 

and wound healing, which could ‘drown out’ signals of diabetes remission. It may be necessary 

to turn to mouse models, with inducible over-expression of key genes in key tissues, to fully 

elucidate this. 

 

This thesis describes the first study of gene expression profile changes between people 

experiencing remission or non-remission of T2DM, in the early post-operative period. Despite 

the identification of promising transcripts, ANXA6.a and TRAF1.c, using RNA-seq 

(particularly TRAF1 which is associated with TNFa, for which there is good evidence from 

mouse models showing that it is important for risk of T2DM and obesity generally352), the 

transcripts were not validated by RT-qPCR. This study had a number of limitations which may 

have prevented this replication, including baseline differences between the two experimental 

groups, and technical limitations causing the experiment to be underpowered. The genes from 

which these transcripts come have plausible biological roles for their action in preventing 

T2DM remission, and more work is needed in this area to confirm or rule out the involvement 

of these genes. Further to a recent study which found that TNFa expression was increased in 

subcutaneous adipose tissue 1 year after bariatric surgery352, further work should include 

analysis of TRAF1 expression at this time point, with particular focus on the effect of T2DM 

relapse on expression. Additionally, the observation of expression level normalisation of 

HMGCS1.b was limited by sample size and should be repeated with a greater number of 

longitudinal participants. Recruitment to the PMMO study will continue following this thesis, 

which will facilitate the exploration of these hypotheses, and potentially  also the identification 

of gene expression profiles that are predictive of long term remission. 

 

A number of studies are currently ongoing into the effect of the EndoBarrier on T2DM, one of 

which is taking place at the Imperial Weight Centre. The results of studies, thus far, have been 
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variable, with some studies showing no effect on glycaemic control, insulin or GLP-123, and 

others reporting significant decreases in FPG and HbA1c353. If the improvement in glycaemic 

control is confirmed it remains to be seen whether these results are weight loss-independent 

and, therefore, may result from similar mechanisms to the ones driving RYGB-associated 

glycaemic improvements. As the body of evidence behind the EndoBarrier grows it would be 

interesting to repeat the studies described in this thesis in participants undergoing the 

EndoBarrier to see if the same variation in response is predicted by scores and gene expression 

profiles, and whether the same early post-procedure gene expression changes identify similar 

mechanisms driving the metabolic effects to bariatric surgery. Professor Blakemore has worked 

with the Endobarrier study group in the Imperial Weight Centre to co-ordinate the collection of 

RNA samples for this purpose. Further work into the mechanisms of T2DM remission could 

also include analysis of participants undergoing highly restrictive eating regimes (for example 

on very low carbohydrate diets).  

 

A limitation of this study and others that analyse T2DM remission is that concentrating on the 

term ‘remission’ can have limited value given that almost every bariatric surgery patient 

achieves some clinically significant improvement. The aim of treating diabetes is to gain 

glycaemic control which decreases the risk of serious complications, regardless of whether 

medications are required to maintain this goal. Using remission as an endpoint is not perfect 

but it does allow analysis of the relative ability of different bariatric procedures to improve 

glycaemic control, especially internationally where varied prescribing practice limit direct 

comparison. Another limitation has been the difficulty separating weight related and non-

weight related effects on glycaemic improvement. A limited number of HbA1c measurements 

were available 3 months post-surgery. However, if these experiments were to be repeated, FPG 

and C-peptide measurements taken 10 days and one month post-surgery would be valuable to 

assess even earlier changes in glycaemic control, that are less likely to be influenced by weight 

loss.  



 251 

The reported prevalence of T2DM relapse is highly variable, ranging from 24-63% and 

occurring between 2-15 years after surgery354. Weight regain has been associated with 

remission in some, but not all, studies, and other factors that indicate poor b-cell function such 

as longer duration of T2DM and insulin use can predict cases of relapse in some studies. 

Differential gene expression analysis between long-term remission and relapse participant 

groups may identify whether there is a difference in the underlying mechanisms between 

intermediate and long-term T2DM remission. Including weight changes in the analysis may 

also determine whether relapse is associated with weight regain or if the mechanisms that drove 

the initial glycaemic improvement have failed over time. Identification of factors beyond 

individual control, such as genetic or gene expression profiles, that influence long-term 

outcomes may reduce patient-perceived stigma and fear surrounding weight regain and T2DM 

relapse after bariatric surgery355, reducing counter-productive attitudes of personal 

responsibility and will-power350. 

 

Through collaborative work with other PhD students in our research group the five key genes 

identified in this thesis (ACSL6, ANXA6, HMGCS1, SMARCD3, TRAF1) have been included 

on a custom genotypic array of 50,000 SNP markers associated with T2DM and obesity. This 

has the potential to identify functional polymorphisms or rare deleterious mutations in these 

genes that influence T2DM aetiology and the outcomes of different bariatric procedures, 

particularly shedding more light on the interaction between cholesterol homeostasis and 

glycaemic control. This ongoing genotyping study of 2000 patients may identify hidden MODY 

cases, of which there may be up to 40 cases, based on estimated prevalence of undiagnosed 

MODY356. Patients with MODY benefit from different therapeutic approaches in terms of 

drugs351, and future work will include identifying whether the same could be true of surgery. 

Future work could also include the exploration of the use of genetic risk scores for T2DM in 

predictive algorithms. 
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The work described in this thesis contributes new evidence to the field of T2DM aetiology and 

to the mechanisms driving T2DM remission after bariatric surgery. The potential of gene 

expression profiling as a valuable tool to address the aims of current diabetes research has been 

demonstrated by this study, and it holds great potential for further exploration of this complex 

disease from which many millions of people around the world suffer. Growing knowledge of 

both clinical and genomic factors that influence T2DM will likely lead to better, more 

personalised treatments that are tailored to individual health needs, and which will decrease the 

worldwide burden of T2DM.   
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APPENDICES 

Appendix 1.1 PMMO Patient Information Sheet 

Ref: 11\LO\0935, Version 12, 20th Oct 2016 
Prof Alexandra I F Blakemore 

Commonwealth Building 5.S5a 
Hammersmith Hospital 
Hammersmith Campus 

Du Cane Road, London W12 0NN 
 
THIS INFORMATION SHEET IS VALID FOR USE UNTIL 30 November 2022  

INFORMATION SHEET FOR RESEARCH 
PARTICIPANTS AT NHS HOSPITAL TRUSTS - PRE 
SURGERY 
 
You will be given a copy of this Information Sheet and a signed copy of your 
consent form to keep, should you decide to participate in the study. 
 
STUDY TITLE: PERSONALISED MEDICINE FOR MORBID OBESITY 
 
You are being invited to take part in a research study. Before you decide, it is important 
for you to understand why the research is being done and what it will involve. Please 
take time to read the following information carefully and discuss it with friends, relatives 
and your GP if you wish. Ask us if there is anything that is not clear or if you would like 
more information. Take time to decide whether or not you wish to take part. 
  
If you do decide to take part, please let us know beforehand if you have been involved 
in any other study during the last year. You are free to withdraw at any time without 
explanation. Thank you for reading this. 
 
WHAT IS THE PURPOSE OF THE STUDY? 
 
This study aims to investigate the genetic cause of obesity and diabetes, and also its 
implication on the outcomes of bariatric surgery (obesity surgery) in terms of weight 
loss and diabetes resolution. We will further investigate the mechanisms that underline 
diabetes remission following surgery. We will also look at how other factors, such as 
mood, your way of handling emotions, and your exercise levels affect the outcomes of 
surgery. 
 
The management of obesity is challenging and obesity surgery is by far the most 
effective treatment currently available. Obesity surgery carries different risks and 
benefits and it is important to balance these by choosing the right procedure for each 
patient. In particular, some patients fail to achieve the expected weight loss or 
experience complications and re-operations. It was previously shown that certain 
genetic differences account for 5-6% of morbid obesity cases and patients with 
different genetic variants (different forms of the same gene) may respond differently to 
surgical procedures.  
 
Bariatric surgery has further been shown to result in rapid type 2 diabetes mellitus 
remission in some patients. Currently, researchers are still unable to predict remission 
of diabetes (where clinically blood sugar level and insulin response returns to normal 
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levels) following bariatric surgery which is crucial for assessing the risks and benefits 
of bariatric surgery for obese diabetic patients. 
 
WHY HAVE I BEEN CHOSEN? 
 
We are recruiting obese adults with BMI > 35 kg/m2 and/ or patients pre- and post-
bariatric (obesity) surgery. 
 
You should not take part in this study if you (1) have donated blood in the last three 
months and/ or (2) are currently receiving or intend to receive treatment with a new 
drug that has not yet been approved by the European Medicines Agency (EMA) within 
the next 2 months. 
 
DO I HAVE TO TAKE PART? 
 
It is up to you to decide whether or not to take part. If you do decide to take part you 
will be given this information sheet to keep and be asked to sign a consent form. If you 
decide to take part you are still free to withdraw at any time and without giving a reason 
and without affecting your future treatment.  
 
 
WHAT WILL HAPPEN TO ME IF I TAKE PART? 
 
Visit 1: Screening visit 
 
If you meet the criteria, a member of our research team will telephone or write to you 
to obtain consent to proceed onto the first study visit (screening visit). During the 
screening visit the study will be explained to you in person, confirmation of your 
understanding of the study will be sought and the consent form signed. After consent 
has been obtained, you will undergo the following procedure at the screening visit: 
 

• You will have your family history recorded as well as height, weight, head 
circumference, foot- and hand size taken. Sometimes, a photographic 
documentation will also be obtained from you to be studied by a clinical 
geneticist for the purpose of this research. 
  

• We will ask you to complete a number of questionnaires online after obtaining 
informed consent at your screening visit. For this, you will be given a link and 
login details to access and complete all questionnaires at home. These 
questionnaires ask you about your eating habits, personality and mood, and 
smoking behaviour, and will be used to help us examine behavioural 
changes. In total the questionnaires will be answered in two separate 
occasions, which are after the initial screening, and after study visit 6. 
 

• We will ask you to complete a brief ‘scratch and sniff’ test which measures 
your sense of smell by scratching 12 cards in a booklet and identifying each 
smell.  

 
• We will also use the data collected from your blood results upon your initial 

referral to screen for clinical markers such as levels of glucose, insulin and C-
peptide.  

 
• With your permission, we will also take a sample of DNA from your blood or 

saliva to look for genetic variations that may affect the outcomes of the surgery. 
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• If you have a suitable smartphone, you will also be invited to consider using a 

free commercially-produced app called MOVES (http://www.moves-app.com/) 
to record your day-to-day walking, together with a new app called 
WLCompanion (http://www.wlcompanion.com) which has been specially 
designed at Imperial College London for this study. These two apps work 
together to record your mood and exercise activities throughout your weight 
loss journey. We will ask you to complete a feedback questionnaire for the apps 
at your next visit. 
 

• If you are a bariatric surgery patient, you will be asked to bring an early morning 
urine sample as well as a faeces sample for later clinical and microbiological 
analyses. You need to store your faeces sample in your domestic freezer 
before you come arrive at the screening visit. 

 
Number of visits 
 
If you are a bariatric surgery patient, all the medical checks are satisfactory, and you 
are happy to participate in the study, you will be asked to be involved in six subsequent 
study visits at your hospital following your first screening visit: at the time of surgery 
(visit 2), two days after the surgery when still being in the hospital (visit 3), then again 
at 10 days after surgery and 3 or 6 months, at 12months and at 18 months or 2 years 
after surgery (visits 4 to 7 respectively).  Except for study visit 7, all efforts will be made 
to ensure participation in the study will not require any additional hospital visits, above 
and beyond the standard follow-up procedure. 
 
Your second study visit will happen during bariatric surgery. During your operation, we 
will take a very small sample of muscle tissue from your abdominal wall, liver tissue 
from your left liver lobe, fat from under the skin at one of your incisions and fat inside 
your abdomen. 
 
Your third study visit will be 2 days after the surgery while you are still in the hospital 
and involves one blood sample and body weight measurements.  
 
On your 4th study visit (10 days after surgery), we will take your body weight, and blood 
and urine sample. This will be during your routine follow-up appointment.  
 
The same applies for your 5th visit; we will take again your body weight and blood and 
urine sample. We will also take a faeces sample on this visit. As for visit 1, you will be 
given appropriate container to store your urine and faeces samples. You need to store 
your faeces sample in your domestic freezer before you come to visit 5. 
 
Your 6th study visit will be when you come for your 12 months follow-up appointment. 
We will take your body weight and blood sample from you along with a urine and faeces 
sample. Additionally you have to fill in psychological questionnaires.  
 
Your last study visit (study visit 7) at 18 months or 2 years is not part of your clinical 
follow-up appointments. We will ask you to come back to the hospital where we will 
take your blood and body weight and you need to provide us with an early urine and 
faeces sample.  
 
Each study visit can last up to one hour. You will be asked to abstain from alcohol and 
strenuous exercise for 24 hours before the visit.  
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To understand the long-term behavioural changes in bariatric surgery patients, we will 
also ask you to complete a final set of psychological questionnaires 5 years after your 
bariatric surgery.  
 
DNA and RNA will be prepared from blood and tissue samples for the purpose of the 
study. We will use the most up-to-date and efficient methods of DNA analysis available 
to us at the time. Your sample will be stored for up to 15 years. If new methods arise 
during the time of the study, we will apply these if feasible. Sometimes this may mean 
that samples are sent outside Imperial College London, to other research institutes 
(nationally or internationally) that we work with, or as a part of a commercial DNA 
processing service. We would only send your sample to partners working with us on 
this research providing a confidential service. You will only be contacted by our 
research team in the event that a genetic cause for your obesity has been identified. 
 
Blood samples will be used to screen for clinical markers such as levels of glucose, 
insulin and C-peptide. No more than 100 mls of blood will be taken from each 
participant during the entire study which roughly amounts to a volume of 20 teaspoons 
(no more than 15 mls on each visit).  
 
 
WHAT ARE THE SIDE EFFECTS OR RISKS OF TAKING PART? 
 
We do not anticipate any significant side effects from taking part in the study. You may 
experience pain or mild discomfort from giving a blood sample due to venepuncture 
which involves of inserting a needle into your arm to withdraw venous blood. The 
complications of tissue collection during surgery, especially liver biopsy can be that of 
bleeding, leakage causing abdominal inflammation or requiring further interventions 
(second operation), or abscess infection. The risk of developing serious complications 
such as clinically significant blood loss in a liver biopsy and tissue collection such as 
adipose tissue is 0.5% and 0.1% respectively.  This risk will be further reduced as the 
liver biopsy will be done with direct vision. To ensure your comfort and to minimise 
risks, study visits will be conducted by experienced researchers and surgeons.  
 
Please report any unusual or unpleasant experiences immediately to the senior 
clinician (Dr Le Roux on: 079 7071 9453). Although we do not anticipate any adverse 
effects, you will be provided with contact numbers and clear instructions that, if you 
feel unwell, you should call us.  
 
WHAT ARE THE POSSIBLE DISADVANTAGES OF TAKING PART? 
 
Some inconvenience may result from the completion of the psychological 
questionnaires, which can be time-consuming, but this will be explained to you in detail 
before you decide whether or not to participate. There are minor risks of placing an 
intravenous catheter to draw blood from a vein, and rarely the risk of infection, but we 
do not anticipate any problems arising from participation in this study. The risks of 
tissue collection during surgery can be bleeding, leakage causing peritonitis or 
requiring further interventions (second operation), or may progress to an abscess 
infection. To ensure your comfort and to minimise risks, experienced researchers and 
surgeons will conduct study visits. 
 
 
WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART? 
 

1) Direct benefits: The GPs of the patients identified with genetic causes for their 
obesity will be informed, the patients and in addition to their family members 
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can be referred for formal genetic counselling by their GPs. This referral is 
optional. 

2) We hope the future benefits will be: 
a) Be able to predict which patients benefit most from bariatric surgery 

optimising NHS services by assessing risk versus benefit balance for each 
patient. 

b) Identification of new therapeutic targets 
c) For monogenic (caused by single gene disorder) obesity and diabetes, this 

study will provide the basis of personalised medicine i.e. choice of surgery 
type and management protocols.  

 
 
WHAT IF NEW INFORMATION BECOMES AVAILABLE? 
 
Sometimes during the course of a research project, new information becomes 
available about the project that is being studied. If this happens, your research doctor 
will tell you about it and discuss with you whether you want to continue in the study. If 
you decide to continue in the study you will be asked to sign an updated consent form. 
Also, on receiving new information your research doctor might consider it to be in your 
best interests to withdraw you from the study. If relevant new information that may 
medically benefit you emerges, this will be communicated to your GP. 
 
 
WHAT HAPPENS WHEN THE RESEARCH STUDY STOPS? 
 
Once the study has finished, you or your GP can be informed of the study results if you 
or your GP wishes to be informed. If you have any problems immediately following the 
study, then you should contact one of the research doctors on the numbers provided 
below.  
 
 
WHAT IF SOMETHING GOES WRONG? 
 
Imperial College London holds insurance policies, which apply to this study.  If you 
experience serious and enduring harm or injury as a result of taking part in this study, 
you may be eligible to claim compensation without having to prove that Imperial 
College is at fault.  This does not affect your legal rights to seek compensation. 
 
If you are harmed due to someone’s negligence, then you may have grounds for a 
legal action.  Regardless of this, if you wish to complain, or have any concerns about 
any aspect of the way you have been treated during the course of this study then you 
should immediately inform the senior clinician Dr Le Roux, Office: 020 3313 5970/ 079 
7071 9453 and the Clinical Trial Coordinator Mr Ozdemir 077 1405 1480. 
 
WILL MY TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL? 
 
All information and samples which are collected about you during the course of the 
research will be kept strictly confidential. Any information about you which leaves the 
hospital will have your name and address removed so that you cannot be recognised 
from it. The data collected with the phone-apps, will be stored anonymously on our 
servers. At no time, would your personal details, such as your name and address be 
shared with other partners. At the start of the study it is a requirement that your GP is 
informed, with your consent, of your participation in this study. 
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IMPLICATIONS OF GENETIC TESTING FOR INSURANCE 
 
Association of British Insurers (ABI) has extended its moratorium of not using 
predictive genetic testing results in their decision making for insurance applications 
until 2017. At least until 2017 there are no anticipated implications of genetic testing 
for obesity in terms of insurance.  However, there may be implications in terms of 
insurance policies in future if the current moratorium is not extended. 

 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? 
 
The results are likely to be published in the year following the study. Your confidentiality 
will be ensured  
at all times and you will not be identified in any publication. 
 
 
WHO IS ORGANISING AND FUNDING THE RESEARCH? 
 
The study is funded by the Biomedical Research Centre and is organised by the 
Department of Medicine, Imperial College London. The lead scientist (called the 
Principal Investigator) of this study is Professor Alex Blakemore (http://bit.ly/1mrbZE8). 
 
PAYMENT 
 
We do not have funding to provide payment for participation in the study. Participation 
in the study is completely voluntary. 
 
WHO HAS REVIEWED THE STUDY? 
 
This study has been reviewed by the London–Riverside Research Ethics Committee 
or your Local Ethics Committee. 
 
CONTACT FOR FURTHER INFORMATION 
 
 
If you experience any problems during the study, you may withdraw at any stage and 
this will not affect your future treatment. The medical doctors involved in the study at 
Imperial College Healthcare NHS Trust are Dr Le Roux, and the surgeon Mr Olbers. 
For further information and enquiries, Dr Le Roux and Mr Ozdemir will be available 
by telephone during working hours (Dr Le Roux and Mr Ozdemir 020 8383 4285/ 077 
1405 1480), or you can contact your local Trust. The hospital switchboard at Imperial 
College Healthcare NHS Trust (020 8383 1000) has home and mobile phone 
numbers for the doctor involved in the study and can contact them at any time 
outside normal working hours. 
 
Thank you for taking the time to read the information about 
our study and for considering taking part. 
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Appendix 1.2 PMMO Patient Consent Form 

Ref 11\LO\0935, Version 12, 20th Oct 2016 Valid until 30/11/2022 
Prof Alexandra I F Blakemore 

Commonwealth Building 5.S5a 
Hammersmith Hospital 
Hammersmith Campus 

Du Cane Road, London W12 0NN 
Participant Consent Form for NHS HOSPITAL TRUSTS - PRE SURGERY 

 
 Title of project:  Personalised Medicine for Morbid Obesity 
 
Name of Principal Investigator: Prof A. Blakemore.  Please initial each statement:  
 
1. I confirm that I have read and understand the Participant Information Sheet Protocol Version 12 
dated 20th Oct 2016 for the above study. 
 
2. I have had the opportunity to ask questions and discuss this study. All my questions have been 
answered fully and I have received enough information about the study. 
 
3. I understand that my participation is voluntary and that I am free to withdraw at any time, 
without giving any reason, and without my medical care or legal rights being affected.   
 
4. I agree that my medical notes and data collected from the study may be accessed by 
individuals involved in the study; Imperial College London, Imperial College Healthcare NHS Trust 
or other Trust, or by regulatory authorities where it is relevant to my taking part in this research. 
  
5. I give permission for my data to be used for research by individuals involved in the study and 
Imperial College Healthcare NHS Trust so long as they do not contain identifying personal 
information. 
 
6. I give permission for the data collected in the questionnaires and smell test to be used for the 
purposes of the study. 
 
7. I give permission for the blood test results collected upon my initial referral to the service to be 
used for the purposes of the study. 
 
8. I give permission for my General Practitioner to be informed of my participation in this study and 
the  
results of any medical tests from my visits i.e. blood tests. 
 
9. I give permission for anonymised data on my exercise and mood, recorded through the 
smartphone apps Moves and WLCompanion, to be used in this study 
 
10. I agree for a DNA sample to be taken and stored to look for changes that may be involved in 
obesity and the control of appetite. This may include sending my anonymised sample to other 
research centres in or outside the UK and may include commercial companies. 
 
11. I am happy for my photographic images to be stored and studied by a clinical geneticist for the 
purpose of this research. 
 
12. I agree to my samples being collected as detailed in the patient information sheet and/ or my 
tissue samples collected during my surgery. 
 
13. The indemnity arrangements have been discussed with me.  
 
14. I agree to take part in the above study. 
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15. I am happy to be contacted for possible participation in future research studies. 
 

________________________  ________________   ______________ 
Name of Participant (block capitals)  Signature    Date  
 
__________________________  ________________   ________________  
Principal Investigator    Signature    Date  
 
__________________________   ________________    ________________ 
Name of Person taking consent   Signature                 Date   
(if different from Principal Investigator) 
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Appendix 1.3 R Script – Genome Clustering of RNA-seq Data 

#packages to install 
biocLite("edgeR") 
biocLite("limma") 
biocLite("MLSeq") 
install.packages("ggplot2") 
 
#read in file with headings and row names 
rnaseq <- read.delim("E:/Olivia RNA-seq/Machine Learning/raw_transcript_reads.txt", 
header=TRUE, row.names=1) 
 
#filter out lowly expressed genes 
keep <- rowSums(cpm(rnaseq)>1) >= 2 
filteredrnaseq=rnaseq[keep,] 
 
#create DGElist 
DGElist <- DGEList(filteredrnaseq) 
 
#TMM method of normalisation 
TMM=calcNormFactors(DGElist,method =c("TMM")) 
 
#VOOM 
v=voom(TMM,plot=T) 
 
#for dist need to transpose it to form matrix 
rnaseq.t=t(rnaseq) 
 
#calculate distance between samples. 
a<-dist(rnaseq.t,method="euclidean") 
 
#create clusters and save as myclust 
myclust<-hclust(a,method="ward.D") 
 
#plot as dendrogram. count roughly how many clusters there are 
plot(myclust) 


