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Abstract

Background

Impact of bariatric surgery on vascular complications and mortality using real-world data are
lacking. In addition, there is lack of robust prediction model to predict diabetes remission.
Hence, in this thesis | undertook series of population- based studies examining outcomes of
bariatric surgery and a systematic review to recognise prediction-model for diabetes

remission following bariatric surgery.

Methods

Retrospective cohort matched controlled studies utilising IQVIA Medical Research Data
(IMRD)database to assess the impact of bariatric surgery on 1) incident cardiovascular
disease (CVD), and all-cause mortality in patients with obesity; 2) diabetes related
microvascular complications in patients with obesity and type 2 diabetes compared to

routine care.

Systematic literature search was undertaken. Studies developing or validating prediction
model for diabetes remission in adults after bariatric surgery were included and

performance assessed

Results

Project 1- Bariatric surgery was associated with a lower incident composite CVD (adjusted
HR 0.79, 95% Cl 0.62 to 1.02, p=0.074), which was statistically significant in the RYGB group
mainly driven by reduction in incidence heart failure. It was also associated with 30%

reduction in all-cause mortality compared to routine care.



Project 2- Bariatric surgery was associated with reduction in incident composite
microvascular complications (adjusted HR 0.63, 95% Cl 0.51-0.78, p<0.001), better glycaemic
status, higher proportion achieving target HbAlc on less glucose lowering medications.
Project 3- Identified 16 prediction model. ABCD and DiaRem had been widely externally
validated. Newer prediction model showed excellent performance in limited validation

studies.

Conclusions

Bariatric surgery was associated with reduction in incidence cardiovascular and diabetes
related microvascular complications, and all- cause mortality. Improvements in provision of
bariatric surgery can help reduce the burden of obesity. Further validation studies are

needed.
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Chapter 1: Introduction



1.1 Type 2 Diabetes mellitus

1.1.1 Definition

Diabetes Mellitus is defined as “a metabolic disorder characterized by chronic
hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism resulting
from defects in insulin secretion, insulin action, or both. The long-term effects of diabetes
mellitus include progressive development of the specific complications of retinopathy with
potential blindness, nephropathy that may lead to renal failure, and/or neuropathy with risk
of foot ulcers, amputation, Charcot joints, and features of autonomic dysfunction, including
sexual dysfunction. People with diabetes are at increased risk of cardiovascular, peripheral
vascular and cerebrovascular disease” (1). The definition itself reflects the complicated
nature of this condition.

Diabetes is broadly divided as type 1 diabetes mellitus, absolute insulin deficiency, and type
2 diabetes mellitus, which is a combination of insulin deficiency and insulin resistance. My
study will focus on type 2 diabetes. Type 2 diabetes constitutes nearly 90% of all cases of

diabetes.

1.1.2  Pathophysiology

Type 2 diabetes is complex metabolic disorder resulting from variable degree of insulin
resistance and pancreatic beta cell dysfunction. Initially, there is beta cell compensation to

fulfil the demand of increased insulin secondary to over accumulation of energy and insulin



resistance. With time, compensatory mechanism fails in patients with genetic predisposition

or acquired environmental factors leading to type 2 diabetes (2).

Fuel surfeit/Inactivity
Insulin resistance

Stressed Bcell

Bcell Compensation
Expansion of Bcell mass, enhanced insulin biosynthesis,
increased responsiveness of nutrient- secretion coupling

Susceptible Bcell
(Secondary to genetic and
acquired defects

Robust Bcell

Sustained adaptation Bcell dysfunction leading to IGT

Normal Glucose and early Type 2 Diabetes
tolerance

Established hyperglycaemia and
glucotoxicity

Severe Bcell failure and overt
and late Type 2 Diabetes

Figure 1: Mechanism of 8 cell failure and progression to type 2 Diabetes (2)

The major cause of morbidity and mortality in patients with type 2 diabetes are diabetes
related complications. Microvascular complications include neuropathy (autonomic and

peripheral), retinopathy, nephropathy which are leading cause of limb amputation,



blindness, and end-stage renal disease. Macrovascular complications include coronary artery
disease, stroke, and peripheral vascular disease.

Hyperglycaemia causes overproduction of reactive oxygen species (ROS) leading to increased
poly (ADP-ribose) polymerase (PARP) (3). PARP has an inhibitory effect on glyceraldehyde-3
phosphate dehydrogenase (GAPDH). Inhibition of GAPDH activates complex molecular
mechanism leading to the activation of the polyol pathway, oxidative stress pathway, and
the hexamine pathway, and overproduction of advanced glycation end-product and
increased synthesis of diacylglycerol and activation of protein kinase C pathway (3, 4).These
inflammatory responses and increased growth factors subsequently leads to cellular
damage, endothelial dysfunction and eventually macrovascular and microvascular

complications (3) ( Figure 2).
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Figure 2: Mechanism of hyperglycaemia induced cellular dysfunction and damage (3, 4)

VEGF-vascular endothelial growth factor, PDGF-platelet-derived growth factor, ET-1-endothelin-1; TGF-b-
transforming growth factor-b; NADPH- nicotinamide adenine dinucleotide phosphate

1.1.3  Epidemiology

Diabetes is a global health challenge. The prevalence of Diabetes worldwide had gone up
from 108 million in 1980 to 422 million in 2014 (5). Recent International diabetes federation
report has estimated 537 million adults (aged 20- 79 years) are living with diabetes

worldwide (6).In the UK, 2.7 million people are already diagnosed with diabetes and further



1.4% of the population are undiagnosed (7). The prevalence of diabetes in male and female
is 9.6% and 7.6% respectively. Prevalence increases as the age of population increases. <2%
of people aged 16-34 years had been estimated to have type 2 diabetes compared to 16.5%
in cohort aged >75 years (7). Type 2 diabetes is now being diagnosed even in childhood and

adolescence age, driven by the increasing prevalence of obesity.

1.1.4  Burden of diabetes related complications

Cardiovascular diseases are major cause of mortality in patients with type 2 diabetes (8).
Systematic review including 57 studies and 4549481 patients with type 2 diabetes found a
third were affected by cardiovascular disease (8). CVD was the cause of mortality in 50 % of
the total mortality recorded in this population (8). A recent systematic review including 52
studies found the prevalence of CVD in patients with type 2 diabetes ranging from 6.9% to
40.8%, with highest proportion of heart failure, followed by stroke and then peripheral

artery disease (9).

Systematic review including 24 studies found CVD to contribute 20-49% of total direct cost
toward treating type 2 diabetes (10). The median increase in cost of managing patients with
type 2 diabetes and CVD was 112%, greatest CVD related cost were for hospital admission,
followed by medications and outpatient care (10). Direct cost in patients with type 2
diabetes admitted for CVD was increased by >50% compared to patients with type 2

diabetes and no CVD (9)

Diabetic neuropathy is the most common cause of morbidity in diabetic patients. Diabetic

neuropathy along with peripheral vascular disease can lead to lower limb ulcer, gangrene,



and amputation. According to a US study, diabetes is the most common cause of non-
traumatic leg amputation (11, 12). Diabetic peripheral neuropathy (DPN) affects 50% of
patients with type 2 diabetes and is a leading cause of increased morbidity (pain, foot ulcers,
amputations, Charcot’s arthropathy) and mortality (13). Painful neuropathy is associated
with poor quality of sleep (13).Painful diabetic peripheral neuropathy gravely affects the
quality of life of the patients and causes a major economic burden to the patient, their
families and the health system. According to US data, nearly a third of diabetes and its
complication cost was related to foot disease. The average cost of care of diabetic patients
with ulcer in first year is 5.4 times higher than the diabetic without ulcer and 2.8times higher

in second year (12).

Diabetic retinopathy (DR) is the most common cause of preventable blindness and moderate
to severe visual impairment (14). Risk factors for DR are diabetes duration, poor glycaemic
control, hypertension, high lipid profile (15). Good glycaemic control for long term is needed
for DR management. However, it's well-established fact that intensive treatment usually as
offered in pregnancy or achieved by insulin pump therapy or pancreatic transplant cause

rapid deterioration in DR (16, 17).

Chronic kidney disease (CKD) is defined as a progressive loss of kidney function over the
time. It is expected that 2.6 million people aged 16 years and older in England have CKD
stage 3-5 (18). Evidence says that End stage renal disease (ESRD) is a marker of
cardiovascular event (19). The common risk factors of chronic kidney disease include

diabetes, hypertension, and smoking (20). Renal disease in subjects with high body mass



index is the combination of diabetes nephropathy, hypertensive nephropathy and obesity

related glomerulopathy(21).

Social and financial impact: Diabetes affects the emotional and overall well- being of the
patients and their family (22, 23). Because of diabetes induced complications and morbidity,
the care cost for these patients goes up (24).Care for patients with type 2 diabetes enforces
a major economic burden to the health system through direct medical care cost and
indirectly though by affecting the ability and productivity of patients. As per WHO data,
worldwide, the direct cost for diabetic management >$827 billion (25). As per UK data, type
2 diabetes and its complications management cost £8.8 billion a year which is under 9% of
annual NHS budget (26). Patients with diabetes have increased sickness leave, less income

and less productivity (24).

1.1.5 Risk factors

Type 2 diabetes is complex metabolic disorder. The cause of type 2 diabetes is usually
multifactorial, and risk factors include increasing age, ethnicity, family history and history of
gestational diabetes, lack of physical activity, high blood pressure, high cholesterol, and

obesity.

1.1.6  Type 2 diabetes and obesity

Obesity is an established major modifiable risk factor for the development of type 2 diabetes
and about 90% of individuals with type 2 diabetes have overweight or obesity (7). Obesity

increases the risk of developing type 2 diabetes up to five times compared to a healthy



weight adult (7). The prevalence of type 2 diabetes is increasing in parallel to the obesity
epidemic.

Three different hypotheses have been proposed to understand the mechanism linking type 2
diabetes and obesity (27), and it is likely that a combination of all these mechanisms may
explain the links between obesity and type 2 diabetes.

1) Inflammation hypothesis — Obesity represents chronic inflammation where
infiltrating macrophages in adipose tissue produce inflammatory molecule that leads
to pathological changes in insulin sensitivity and beta cell.

2) Lipid overflow hypothesis or Adipose Tissue Expandability Hypothesis-

Increased ectopic lipid stores (fat cells in organ like liver, muscle, and pancreas) cause
cytotoxic effect on peripheral cells and impairing their function, survival, and
regeneration.

3) Adipokine hypothesis
Adipose cells function as endocrine organ producing hormones with auto and
paracrine function. In patients with obesity, increased amount of adipose cell leads
to disturbed hormonal function causing metabolic impairment and failure of beta

cells.



Impaired glucose
disposal

The “inflammation hypothesis”

A

Macropfmages

Lipogenesis
tl Insulin resistance | l Differentiation

=

t Intracellular lipid
accumulation

=
N

AdipoR1 Adiponectin |

Cytokines

Impaired B-cell
function & cell
regeneration

t Intracellular lipid
accumulation

Triglycerides / Ceramides / DAG
Ser-p-IR/Ser-p-IRS1
PKC activation

Citrate synthase activity
HAD activity
CPT-1 activity

l PEPCK

: Adiponectin ¢

Ceramides, DAG, .
t Insulin resistance

Ceramides 1 MafA
DAG GLUT2

Figure 3: Mechanism linking type 2 diabetes and obesity (27)

The “adipokine hypothesis”

resistance

CNS

Food intake

f
4

Energy
expenditure

10




1.2 Obesity

“Overweight and obesity are defined as abnormal or excessive fat accumulation that
presents a risk to health” (5). The fat mass depends on body composition and may vary
depending on age, gender, and ethnicity.

There are various tools to measure obesity, most widely accepted and used is Body Mass
Index (BMI). It is calculated as a person’s weight (in kilograms) divided by the square of their
height (in metres), is a surrogate measure of adiposity in adult. It was given by Adolphe
Quetelet in 1832 as a measure of obesity in population studies (28) and later called Body
mass index by Ancel Keys in 1972. Waist circumference (29) and skin fold thickness are other
way to measure adiposity, and can be used along with BMI to give more information (30).
The severity of obesity has been classified based on BMI; a Healthy weight (18.5-24.9),
Overweight (25—-29.9), Obesity | (30—34.9), Obesity 1l (35—-39.9), Obesity Il (40 or more) (30).
The impact of fat mass on metabolic system and inflammatory system depends on the type
of fat and its distribution. BMI does not reflect the visceral and subcutaneous fat distribution
ratio. The visceral and subcutaneous fat distribution differs by gender and ethnicity (31).
Consequently, the classification based on anthropometric does not give information on
metabolic profile, the detrimental impact of obesity on individual and guidance on the
management.

In 2009, a classification Edmonton Obesity Staging System (EQSS) was proposed by Prof
Sharma based on clinical and functional assessments (32). This classification has provided a
holistic approach covering the physiological, psychological, and functional area. EOSS scoring

was noted to be a strong predictor of all-cause mortality over 20 years follow up in US

11



civilian population (33). However, the definition of sub-clinical, established and end-stage is
not well defined.

European Association for the Study of Obesity defined obesity as Adiposity- based chronic
disease (ABCD) incorporating three dimensions of obesity namely aetiology, degree of

adiposity and health risk (34).

1.2.1  Epidemiology

In 2016, more than 1.9 billion adults (218 years) were overweight or obese worldwide. Of
these over 650 million were obese. Obesity rates have more than doubled since 1980 and
are continuing to increase (5). The children and adolescents are also facing the health crisis
of obesity. The prevalence of obesity in boys and girls has increased from 11 million in 1975
to 124 million in 2016 which is a 10-fold increase (35).

In the UK, two-thirds of adults are with either overweight or obesity (7). The 2014 England
survey showed that 58% of women and 65% of man are overweight or obese. The
prevalence of morbid obesity defined as BMI 240 kg/m? was 2% in men and 4% in women
(36). The prevalence of obesity is high with increasing age in both genders (36) . Obesity in
older adults is an emerging health issue with more detrimental effect on patient well-being.
In elderly population with obesity, beside progressive increase in fat mass and fat
redistribution, there is loss in lean mass and bone mass (37) contributing further negative
impact to patients’ morbidity and all-cause mortality (38).

On ethnicity analysis, highest mean BMI had been noted to be in the white men group and
the black women group. Higher prevalence was recorded in the most deprived areas

compared to least deprived areas in females(36).
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1.2.2  Impact of Obesity

1.2.2.1 Metabolic impact

Obesity is a major risk factor for several health conditions and can lead to health crisis. The
common conditions related to overweight, and obesity include type 2 diabetes, cancers
(cancers of breast, endometrial, ovarian, colorectal, oesophageal, pancreatic, prostate),
coronary artery disease, congestive heart failure, asthma, chronic back pain, osteoarthritis,
pulmonary embolism and gallbladder diseases (39, 40).

The systematic review by Guh group analysing the data from 89 studies found the increased
incidence of type 2 diabetes giving RR 6.7 (95% Cl 3.10-4-97) in the male and 12.4 (95% ClI
9.07-17.06) in the female population with obesity (39). The RR of coronary artery disease
noted as 1.72 (95% Cl 1.51-1.96) in males and 3.10 (95% Cl 2.81-3.43) in females. Similar
trends were noted in congestive cardiac failure, pulmonary embolism, and cancers (breast,
colorectal, endometrial, oesophageal, prostate) in the overweight and obese population
(39).

The Framingham study with 44 years of follow up found increased relative risk of incidence
hypertension, cardiovascular events, hypercholesterolemia and diabetes in patients with
obesity and overweight compared to normal weight (41). Pan- European prospective study
showed positive linear association between BMI and coronary heart disease risk over a

median follow up period of 12.2 years (42).

13



Obesity increases the susceptibility of sleep apnoea by increasing mechanical load in upper
airway and decreases the compensatory neuromuscular responses. Neuromuscular signals

are mediated by circulating adipokines, which is influenced by body fat distribution (43).

1.2.2.2 Physical impact

There is close relationship between obesity and decreased physical activity, representing a
vicious cycle. Obesity and increased fat mass affects the body posture and function leading
to decreased physical activity (44). Altered and adapted posture and gait puts them at
increased risk of osteoarthritis and bone pain. A study done on 149 obese and overweight
patients including 34 with painful heel pain (PHP) and 115 without found close relation
between obesity and PHP (45). Lack of physical mobility leads to decreased bone mass
density and can increase the risk of osteoporosis and fracture (46).

Obesity has been associated with osteoarthritis. A systematic review of 14 prospective study
showed relative risk of knee osteoarthritis of 2.45 (95% Cl 1.88 to 3.20, p<0.001) in
overweight, and 4.55 (95% Cl 2.90 to 7.13, p<0.001) in patients with overweight and obesity
respectively (47). The study also calculated 35% increased risk of knee osteoarthritis with
increase in BMI of 5kg/m? (47).

Because of above, patients with obesity are at risk of undertaking decreased physical activity
and further contributing to obesity. The current culture appreciating the thin physique puts
pressure and causes stigma to overweight people. Work of Jaroslava Kopcakova’s et al have
shown that adolescents boys (n=3910) with negative body image are less likely to engage in
physical activity (48). This dissatisfaction with body image can lead to further barrier for

obese people to engage in physical activity.
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1.2.2.3 Psychological impact

Obesity adversely affects mental health aspects of individuals (49). There is deep seated
misconceptions that obesity is primarily caused by lack of physical activity, eating wrong type
of food, inadequate discipline, and weak will power (50). These stereotypes put the patients
with obesity at risk of discrimination, stigmatism right from the schooltime, noticed at work,
and in public places.

A systematic review focussed on weight bias in children found 71% adolescent student with
obesity experienced bullying, less liked as friend (51). The study also identified existence of
overt and implied weight bias among teachers (51). Weight based bullying make these
children feel self- conscious, unacknowledged and higher risk of depression compared to
students without obesity (51).

People with obesity get discriminated at the work place during recruitment and are
perceived as less efficient (52). These lead to various type of mental health problems,
affecting their self-esteem (53). People with obesity get discriminated and perceived as less
efficient in the workplace (52).

The meta-analysis which analysed 15 studies (58745 people) noted association between
obesity and increased risk of depression with Odd ratio (OR) of 1.55 (95% Cl 1.22-1.98) (54).
The impact of obesity on an individual’s mobility and chronic condition hinders their

socialisation aspect and further negatively impacts their mental health.
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1.2.2.4 Impact on quality of life

Increased incidence of metabolic disease including type 2 diabetes and cardiovascular
disease and mental health disease in patients with obesity, obesity has been associated with
decreased physical and mental quality of life. Meta-analysis of 8 published article found
significant reduction in physical QoL in all BMI categories of obesity , though decreased
mental QoL was only noticed in class 1l obesity (55).

Obesity has been identified as an independent risk factor for poor functional capacity and
disability (defined as impaired ability to do activities daily living) in elderly populations (38).
Elderly population with obesity has been reported to have poor recovery from other medical
condition and more prone to institutionalization.(38). This may contribute to huge impact on

patients’ quality of life.

1.2.2.5 Financial impact

Obesity affects the financial status at various level including micro and macroeconomic.

The excess per capita for overweight and obesity is higher compared with normal weight.
These include both social care and health care. Severely obese individuals are three times
more likely to require social care than those with a normal weight, resulting in increased risk
of hospitalisation and associated health and social care costs (56). Overweight and Obesity
related ill-health is estimated to have cost the NHS £6.1 billion in 2014/15 (57). This is more
than the £3.3 billion attributed to smoking related ill health and £3.3 billion attributed to

alcohol related ill health (56).
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Overall productivity is lower for patients with obesity compared to normal weight patients
due to loss of work secondary to higher absenteeism, long and short term disability and
premature mortality (58). Patients with obesity may also experience discrimination at work

(53) and are less likely to get a job, promotion and acknowledgement.

1.2.3  Pathogenesis of Obesity

The risk factors contributing to the current epidemiology of obesity is a complex system. In a
given environment, there is a wide variation in weight and fat mass indicating that obesity is
the result of complex interaction of genetic, environmental and behaviour factor including

current lifestyle.

1.2.3.1 Genetic factors

From the animal studies, we know that the hypothalamus plays a pivotal role in energy
balance and eating behaviour (59). The arcuate nucleus in the hypothalamus receives
positive (orexigenic) and negative (anorexigenic) signals from the stomach, intestines,
adipose tissue, and the pancreas (60). This complex system involves various neurons,
hormones, and peptides. Mutation in these neurons and receptors gene can contribute to
obesity (60, 61).

Role of genetics and heritability in obesity is mainly coming from studies done on twins,
children reared together or in adopted environment (62, 63). The study showed the body
weight is more closer to biological parent than the parent looking after them (63). 40-70% of

obesity has been estimated to be hereditary (64). Various gene had been discovered and still
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under investigation contributing to obesity (61). Genetic causes of obesity has been grouped
as Monogenic, polygenic and syndromic (62).

Monogenic cause include mutation in single gene in leptin-melanocortin pathway. Polygenic
gene include the combined effect of many genes amplified in weight gaining environment
(62). Syndromic obesity is obesity associated with other organ/ system involvement e.g.,

Prader Willi Syndrome.

1.2.3.2 Environmental and behaviour factors

Obesity is strongly influenced by environmental and behavioural factors. From agricultural
age, we transitioned to industrial age and currently living a deskbound life- style in digital
age. The Foresight Tackling Obesities: Future Choices Project in 2007 provided an obesity
system map highlighting the different factors leading to an obese society and their complex

relationship (figure 3) (65).
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Figure 4 - Tackling obesities: future choices - full systems map (65)

The factors have been grouped as - food consumption, food production, physiology,
individual psychology, social psychology, individual physical activity, and physical activity
environment (65).

Adding to complexity of subject, recent studies showed the impact of these environmental
factors on weight management differ modified by their genetic make-up. Studies done on
200 children aged 9-10 years showed that food consumption after watching food or toys
advertisement was increased linearly in children with obesity associated genotype (66). The
pooled result from Nurses' Health Study and Health Professionals Follow-up Study showed
persons with higher genetic alleles associated with obesity appeared to be more susceptible

to the adverse effects of sugar-sweetened beverages on BMI (67).
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Impact of environment on BMI starts even before the child is born. Early adulthood obesity
has been associated with high maternal BMI and higher maternal weight gain during

pregnancy (68).
1.2.4  Management

Obesity is a chronic condition and will need intervention with long term follow up. Currently
stepwise intensification management plan for obesity is - lifestyle intervention and

behaviour therapy, pharmacotherapy, and bariatric surgery.

1.2.4.1 Lifestyle and behavioural modification

Lifestyle (+/- behavioural) interventions primarily involve counselling, dietary intervention,
increased physical activity and behavioural therapy (40). These interventions can achieve 5-
10% loss of body weight. There are various types of dietary interventions available for
weight management with some focussing on carbohydrate restriction, some fat restriction
and others reduction in total calorie intake. Patient culture, belief, associated comorbidities
should be taken in to consideration and underlying cause of obesity should be targeted (69).
There are several commercial lifestyle programs both at individual and community level like
Slimming World, Weight Watcher UK, SlimFast, Atkins diet, Cambridge diet, Stillman diet,

DASH diet.

1.2.4.1.1 Weight loss in patients with obesity

The systematic review published in 2015 analysed 45 trials representing 11 commercial

weight loss programmes including self-directed programs (Atkins, Biggest Loser Club, eDiets,
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Lose It, SlimFast), very-low calorie diet programs (VLCD) (Health management resources,
Medifast, Optifast), Weight Watchers, Jenny Craig, Nurisystem and found weight loss
ranging from 0.1-13% at 3-12 months (70).

Weight loss by dietary intervention had been associated with reduction in incidence of type
2 diabetes and cardiovascular risk factor (71, 72).

Systematic review and meta-analysis of seven RCTs, with study duration ranging from 1 year
to 6 years, involving 4090 participants with impaired glucose tolerance found intervention
with lifestyle changes lead to significant reduction in risk of progression to type 2 diabetes
compared to control groups (RR = 0.53 (95% Cl: 0.41, 0.67), p < 0.001) (73).

Diabetes Prevention programme (DPP) research group analysed 3234 participants with
average follow up period of 2.8 years and noted more weight loss in lifestyle intervention
group compared to metformin and placebo group (71). The crude incidence of diabetes per
100 person years was 4.8, 7.8 and 11 in lifestyle, metformin, and placebo groups,
respectively. DPP group followed these participants further for median follow up of 5.7 years
(IQR 5.5 to 5.8 years) and all participants were offered lifestyle modification and support
(74). Overall incidence of diabetes in this 10 year follow- up study was lowest in lifestyle
intervention group compared to metformin and placebo group showed the durability of

lifestyle intervention (74).

1.2.4.1.2 Weight loss in patients with obesity and type 2 diabetes

Look AHEAD research group included participants with obesity and type 2 diabetes,
randomised 2,496 participants on intensive lifestyle (ILS) and 2,463 on Diabetes specific

education (DSE). They found more weight loss in ILS group compared to DSE group with net
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difference of 7.9 % (7.6-8.3%) over 1 year follow up and 3.9% (3.5-4.4%) over 4 years follow
up (75, 76). The prevalence of diabetes remission defined as HbAlc <6.5%, off glucose
lowering medication was 11% during 15 year and 3.9% by 4 years in ILS group compared to
<2% in DSE group (75). The positive impact on cardiovascular risk factor was also noted to be
more pronounced in ILS compared to DSE at 1 year follow up (72).

Recently conducted cluster randomised trial DIRECT study compared the impact of lifestyle
intervention and best practice care (77). 24% vs 0% managed to lose >15 kg body weight and
46% vs 4% managed to achieve Diabetes remission in intervention group compared to
control group respectively (77). However, it was a small sample size 306 patients (149 in
intervention) study, more than 98% were white ethnicity and were newly diagnosed with

diabetes with max diabetes duration of 6 years and not on insulin (77).

1.2.4.1.3 Limitations

This degree of weight loss by dietary intervention although metabolically important is poorly
sustained and patients usually regain weight over time (78).

DPP 10 years follow up, participants on lifestyle intervention group gained weight, crude
incidence of diabetes increased from 4.8 to 5.9 per 100 person years while it was maintained
in metformin group. Similarly in DIRECT study, over 2 years follow up, only 11% participants
(24% at 1 year) maintained weight loss >15 kg and 36% (from 46%) maintained diabetes
remission (79).

Long term compliance with life-style modification alone is difficult because of various
reasons. Patients faces external barriers like lack of time and suitable environment for

exercising, social and cultural beliefs (80) which may play role in weight management.

22



Weight loss by dietary intervention can lead to activation of compensatory biological
pathway to encourage food intake and restore previous body weight. The rebound in weight
gain had been explored at hormonal level. Weight is centrally controlled mainly in
hypothalamus by many hormonal signals from gastrointestinal system and adipose tissue
(60). Evidence showed that calorie restriction leads to reduction in satiety hormone like
leptin, peptide YY, cholecystokinin, insulin, amylin and increased hunger hormones level like
ghrelin, gastric inhibitory polypeptide (81). These changes cause increased hunger and
decreased satiety signal leading to weight gain relapse (82). Hence, we need further
adjuvant to reinforce the weight management. In clinical practice, pharmacotherapy is the

second modality followed by bariatric surgery.

1.2.4.2 Pharmacological approaches

Pharmacotherapy approved by the Food and Drug Administration (FDA) for obesity includes
Orlistat, Liraglutide, Phentermine-topiramate and Naltrexone- bupropion, but their use is
limited because of cost, side-effects, lack of long- term safety data and cardiovascular

outcomes (40, 83).

1.2.4.2.1 Orlistat

Orlistat is first approved weight management medication, is inhibitor of pancreatic, gastric,
and carboxyl ester lipases and phospholipase A2, which are required for the hydrolysis of
dietary fat in the gastrointestinal tract into fatty acids and monoacylglycerols. It can block
~30 % of fat absorption (69, 84). 10 % of the user can experience side effects like oily

spotting, flatus with discharge, bowel urgency (69).
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1.2.4.2.2 Naltrexone-bupropion

It is a combination of naltrexone and bupropion. Naltrexone is an opioid antagonist. It
antagonises the feedback effect of B-endorphins. Bupropion is a norepinephrine/dopamine
reuptake inhibitor. It stimulates the secretion of a-melanocyte stimulating hormone (MSH)
and B-endorphin from hypothalamic proopiomelanocortin (POMC) neurons. a-MSH binds to
MC3 and MC4 receptors leading to decreased food intake and increased satiety and resting
energy expenditure (85). B-endorphin has got inhibitory feedback effects which get
antagonised by Naltrexone. Common side effects are nausea with vomiting, constipation,
headache, insomnia, dry mouth and transient rise in blood pressure (69). NICE guideline TA
494 published December last year rejected Naltrexone because it will need to be taken long

term to get the benefit, hence not cost effective & absence of long term safety data (86).

1.2.4.2.3 Phentermine-topiramate

Combination therapy of phentermine and topiramate. Phentermine is a catecholamine
releaser anorexiant drug, leads to decreased food intake. Topiramate is neurotransmitter
gamma-aminobutyric acid (GABA) modulator leading to appetite suppression and augment
satiety (69). Side effects are depression, anxiety, insomnia, dry mouth, constipation,
dizziness, and dysgeusia (69). Its use is contraindicated in patients with established cardiac

conditions.
1.2.4.2.4 Glucagon- like peptide-1 agonist/ analogue

Glucagon- like peptide-1 agonist/ analogues are incretin-based glucose lowering medications

introduced in 2005. They act through G-proteins- coupled GLP-1 receptor. Peripherally, they
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inhibit both gastric emptying, glucagon secretion, hepatic gluconeogenesis and improves
insulin sensitivity (87). Centrally, they stimulate GLP-1 receptors and act on neurons as
neurotransmitter located in hypothalamus and brainstem (88, 89). Evidence shows that
central action of GLP-1 is beyond reduction in feeding and enhanced satiety. It has also been
associated with regulation glucose and lipid metabolism, cardiovascular functions, mental
function like cognitive functions, and emotional responses (88).

Currently available GLP1-analogues for weight management approved by FDA are liraglutide,
and semaglutide. Liraglutide and semaglutide are glucagon-like peptide-1(GLP-1) analogue
with 97% homology to human GLP-1. Higher dose Liraglutide (3 mg) and Semaglutide had
been approved by FDA for weight management. SCALE diabetes RCT showed 5% and 10% of
weight loss in 54.3% and 25.2% patients with obesity and type 2 diabetes taking liraglutide 3
mg at 56 weeks follow up (90). STEP (Semaglutide Treatment Effect in People with Obesity)
trial conducted on patients with obesity without diabetes showed weight loss of 5% or more
in 86.4% of patients,10% or more 69.1% of patients and 15% or more in 50.5% of patients at
follow up period of week 68 (91). Cardiovascular outcome trial Liraglutide Effect and Action
in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial with median follow
up of 3.8 years (92) and Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6) with
follow up of 2 years (93) has reported Liraglutide and Semaglutide are associated with
cardiovascular benefit in patients with type 2 diabetes.

Common side effects with GLP1A are injection site reaction, nausea, vomiting, pancreatitis,
constipation, diarrhoea, gallbladder disease, increased resting heart rate, suicidal behaviour,
worsening depression, unusual changes in mood or behaviour and hypoglycaemia when

taken in combination with other medications for diabetes.
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1.2.4.2.5 Combination therapy

Tirzepatide, dual glucagon like peptide and glucose dependent insulinotropic polypeptide
receptor agonist, is a new emerging therapeutic option in field of diabetes management. RCT
phase 3 trial including 478 patients with type 2 diabetes and randomised to weekly different
doses of tirzepatide and placebo. Over a follow up period of 40 weeks, tirzepatide was
associated with dose dependent weight loss of 7.0 to 9.5 kg (94).Frequent side effects

reported were nausea, vomiting and diarrhoea (94).

1.2.4.2.6 Limitations

Most of the studies focussing on impact of pharmacotherapy on weight loss had follow up of
<2 years and therefore the long-term data is lacking. Systematic review including RCT
analysing the impact of weight lowering medications identified 28 studies (95). They found
all medicines were associated with average < 5 kg weight loss compared with placebo at 1
year- with phentermine-topiramate offering weight loss of 8.8 kg, liraglutide 5.3 kg;
naltrexone-bupropion 5.0 kg; and orlistat 2.6 kg (95). Systematic review included 21 RCT
studies examining impact of pharmacotherapy on cardiovascular risk factor in patients with
obesity reported orlistat produced improvement in cardiovascular risk factor (96). Newer
medications like Liraglutide and Semaglutide have shown promising result on weight loss
and better glycaemic control. However long- term data examining efficiency of
pharmacotherapy is limited. Side effect and uncertainty around long term effect and

cardiovascular safety had restricted the use of most of the pharmacological options.
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Therefore, we need a more sustainable tool for weight management with promising long-

term benefit on weight and metabolic outcomes.
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Table 1: Efficacy of anti-obesity drugs (95)

Efficacy at 1

resting energy expenditure

Drug Mechanism of Action Side Effect
year

Orlistat Inhibit lipases and phospholipase A2.(69) . . o 2.6 kg (95%Cl
1999- Blocks the digestion and absorption of ~30% of Oily spotting, flatus with discharge, bowel 2.16 to 3.04 kg)

. urgency (69)
Long term dietary fat (95)

Inhibits dopamine and noradrenaline reuptake

Naltrexone- and activates POMC neurons. Nausea with vomiting, constipation, 5.0 kg (95%ClI
bupropion B-endorphin receptor antagonist headache, insomnia, dry mouth and 3.96t05.94
FDA 2014 Decreased food intake, increased satiety, and transient rise in blood pressure kg)(95)

Phentermine-

GABA receptor modulator

Insomnia, dry mouth, constipation, dizziness,

8.8 kg (95%Cl, -

vomiting, diarrhoea

’;%T;amate Appetite suppression and increases satiety and dysgeusia i:).(zgosio 742
Injection site reaction, nausea, vomiting,
GLP1A GLP-1 receptor agonist pancreatitis, constipation, diarrhoea,
e.g- Induces the sensation of satiety when binding to gallbladder disease, increased resting heart 5.3 kg (95%Cl, -
Liraglutide the GLP-1 receptors present in neurons rate, suicidal behaviour, worsening ' !
. . . . 6.06 to -4.52 kg)
2014- expressing POMC in the arcuate nucleus. depression, unusual changes in mood or (95)
Semaglutide | Slows gastric emptying, increased satiety, and behaviour and hypoglycaemia when taken in
2014 decreased food intake combination with other medications for
diabetes
Tirzepatide Dual GIP and GLP receptor agonist Gastrointestinal side-effect- nausea, 7- 9.5 kg, follow

up 40 weeks(94)
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1.2.4.3 Bariatric surgery

Bariatric surgery is currently the most durable treatment for obesity and the associated
chronic diseases including type 2 diabetes. There are various surgical procedures being
performed. Commonly done bariatric procedures world-wide are- Laparoscopic Adjustable
Gastric Band (LAGB), sleeve gastrectomy (SG), Roux-en-Y gastric bypass (LRYGB), one
anastomosis gastric bypass, and duodenal switch and pancreatic diversion. As per a survey
participated by 50 countries the total number of metabolic/bariatric surgery done in 2011
was 340,768 (97) and is estimated to increase further (98).

Procedure descriptions of the common bariatric procedures covered in subsequent chapters:
Adjustable gastric band (GB)- In this procedure, a silicone is placed around the proximal part
of stomach creating small pouch serving as mechanical fullness (99, 100).

Sleeve gastrectomy (SG)- Laparoscopically done sleeve gastrectomy is performed by
stapling/ transecting ~70-80% of stomach (greater curvature) leaving banana shaped
stomach (99, 100).

Gastric bypass (RYGB)- Stomach is stapled to create a proximal small pouch and distal
stomach. Jejunum is transacted and the distal part is connected to the small proximal gastric
pouch through a gastro-jejunostomy creating a Roux limb or alimentary limb. Distal stomach
and proximal small intestine is left intact and re- anastomosed distal to gastrojejunostomy.
RYGB leads ingested food to bypass the distal stomach, duodenum and proximal jejunum,
and rapidly go through the small gastric pouch and flow into the jejunum (99-101).
Biliopancreatic diversion with duodenal switch (DS)- Biliopancreatic diversion with duodenal

switch is multistep bariatric procedures. First step is sleeve gastrectomy with intact pylorus.

29



lleum is anastomosed to pylorus bypassing duodenum and jejunum. Biliopancreatic loop
consisting of bypassed small intestine loop and carrying bile and pancreatic juice joins the

digestive tract proximal to ileo-caecal valve (100).
1.2.4.3.1 Impact of bariatric surgery on weight loss

Meta-analysis including 11 studies found mean weight reduction of 26 kg (95%Cl 21-31 kg) in
patients who had bariatric surgery compared to control with follow-up ranging from 40
weeks to 2 years (102). Another systematic review including 80 studies found excess weight
loss % at 5 years of 47.94%, 62.5% and 53.25% after LAGB, LRYGB and LSG respectively (103).
Systematic review with 33 studies included showed 56.7% excess weight loss in gastric
bypass, 45.9% in LAGB, 74.1%in biliopancreatic bypass and 58.3% in sleeve gastrectomy with
at least 10 years of follow-up (104).

The non-randomized matched controlled prospective Swedish Obese Subjects (SOS)
intervention study included 2010 patients who underwent bariatric surgery and 2037
matched controls showed persistence weight loss of >15% over 20 years of follow up in all

the surgical group (105). This study highlighted the durability of bariatric surgery.

1.2.4.3.2 Bariatric surgery and metabolic effect

Over the last 20 years, bariatric and metabolic surgery has emerged as an effective
treatment for obesity and its associated comorbidities. In addition, bariatric surgery is also
associated with significant improvements in metabolic outcomes, such as type 2 diabetes,

hypertension, OSA, hyperlipidaemia, reduced mortality and cardiovascular disease (106).
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Although initial data was from large observational trials, more recently, the superiority of
bariatric surgery over medical therapy in patients with type 2 diabetes in terms of glycaemic
control, and the impact on cardiovascular disease risk factors has been confirmed in
randomised trials (107-109).

Several trial of up to 5-year duration showed the superiority of bariatric surgery to medical
treatment in patients with type 2 diabetes in terms of glycaemic control, hypertension and
lipids control as well as weight loss (108, 110, 111). Meta-analysis of RCT including four
studies found the relative risk of diabetes remission was 22 times higher in surgical group
compared to control group with relative risk 22.1 (3.2 to 154.3, P=0.002) (102). Similarly, the
probability of attaining metabolic syndrome remission was found to be higher in surgical

group compared to their control with relative risk 2.4 (1.6 to 3.6, P<0.001) (102).
1.2.4.3.3 Bariatric surgery and Diabetes related long term
complications

Data from longitudinal studies showed possible favourable impact of bariatric surgery on
glycaemic control and diabetes-related vascular complications in patients with type 2
diabetes (112, 113).

Swedish Obese Subject (SOS) study, a prospective matched controlled showed the reduction
in the incidence rate of microvascular (eye, kidney, and peripheral nerves) and
macrovascular (limb, heart, brain) complications in patients who had undergone bariatric
surgery. The collective incidence of microvascular complications in control and surgery arm
were 41.8 per 1000 person-years (95%Cl, 35.3-49.5) and 20.6 per 1000 person-years (95%Cl,

17.0-24.9) respectively (114). Similarly, the incidence of macrovascular complications in
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control and surgical arm were 44.2 per 1000 person-years (95%Cl, 37.5-52.1) and 31.7 per
1000 person-years (95%Cl, 27.0-37.2) respectively (114).

Another paper from the same SOS group published by Carlsson et.al studied 1498 patients in
the surgery arm and 1610 in the control arm, found the incidence of new onset albuminuria
significantly reduced in post bariatric patients compared to control group over 10 years
follow up with adjusted hazard ratio of 0.37 (95% Cl, 0.30-0.47) (115).

The systematic review by Sheng group analysing the data from nine studies found the
incidence of microvascular and macrovascular complication considerably lower in the
surgery arm than the non-surgery arm (RR = 0.37; 95% Cl 0.30-0.46 and RR = 0.52; 95% ClI
0.44-0.61 respectively)(116).

Amin et.al studied 152 patients with type 2 diabetes from a single centre noted reduced
progression of diabetic retinopathy (DR) and maculopathy in the surgical arm compared to
routine care arm (117). The incidence of site threatening DR and maculopathy was 5.7% and
5.6% in surgical arm compared to 12.1% and 15.4% in routine care respectively (117).
Another study from the same hospital published a retrospective study analysing 163 patients
with type 2 diabetes who underwent bariatric surgery and had pre and post eGFR available.
They noted significant improvement in eGFR especially in patients with preoperative eGFR<

60 mL/min/1.73m? (118).

1.2.4.3.4 Mechanism

Given the extent of weight loss and improvements in glycaemic control following bariatric
surgery, there has been considerable interest in the mechanisms leading to these effects.

Historically, bariatric surgery was categorized as restrictive and/or malabsorptive. Restrictive
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procedures restrict the amount of oral intake like Gastric band. In malabsorptive procedure,
there is manipulation of gastrointestinal tract leading to malabsorption like gastric bypass.
The effects of malabsorption understandably, has significant effects on weight loss but this
theory could not explain the early metabolic benefits of bariatric surgery seen even before
the substantial weight loss occurs. Then came the foregut and hindgut theory by Cumming
et al defined as proximal intestinal exclusion. This theory focused on stimulation of L cells in
small intestine and surge in level of glucose lowering incretin and appetite suppressing
hormones GLP1A, peptide YY and oxyntomodulin. The rise in the level of theses hormones
explains the early impact of bariatric surgery on glycaemic status (119).

The mechanisms by which malabsorption and changes in gut hormones influence weight loss

and glucose control are discussed below.

1.2.4.3.4.1 Gut hormones

Bariatric surgery like RYGB, SG and DS has been associated with increased level of incretin
hormones due to rapid nutrient entry in distal part of small intestine. Glucagon like peptide
(GLP-1), glucose-dependent insulinotropic peptide (GIP) and Peptide YY (PYY) are secreted
by Land K-cells mostly located in the ileum and colon (82, 120). GLP1 induces insulin
secretion, insulin sensitivity, preservation of B cell function and mass and regulation of
proliferation (121). It also slows down gastric emptying and gallbladder contraction, and
reduces gastric, and pancreatic secretion (121).

Study conducted on 41 patients with obesity and type 2 diabetes who underwent gastric

bypass, gastric band or very low-calorie diet found improved Insulin resistance measured as
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HOMA-IR, insulin production, and GLP-1 responses after a standard meal test over 42 days

follow up period in gastric bypass group (122).

1.2.4.3.4.2 Nervous system

Food intake and resting energy expenditure in hypothalamus is regulated by neuroendocrine
system of anorexic and orexigenic neuronal signaling. Bariatric surgery has been associated
with alteration in neuropeptide signaling and food reward system (123). Study done on five
females demonstrated decreased dopamine receptor in patients post sleeve gastrectomy or
gastric bypass leading to increased level of dopamine. Increased extracellular level of
dopamine had been suggested as one of the pathway to achieve early satiety (124).
Increased level of GLP-1, GIP and PYY induces anorexigenic effect on brain and suppress
appetite (82, 120). Ghrelin is orexigenic peptide leading to increased appetite. Decreased
level of ghrelin has been evidenced in patients post SG and RYGB (82, 120).

Peripheral nervous system plays vital role in food intake regulation. Vagal afferent nerve in
stomach and duodenum area respond to stretch stimulus by luminal food material. Small
stomach pouch leads to early satiety signal to brain via vagal neurons and reduces food
intake (82, 125) which could be an important mechanism in gastric band beside restricting

the amount of food intake.

1.2.4.3.4.3 Gut microbiota

Bariatric surgery causes change in dietary habit, luminal anatomy, and environment.
Reduced gastric acid secretion post bariatric surgery can cause rise in pH in the colon.

Bypassing parts of stomach and small intestine may lead of incompletely digested food.
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These changes lead to alteration in gut microbiome and may contribute to weight loss (120,

126).

1.2.4.3.4.4 Bile acid adaptation

Due to change in anatomy after bariatric surgery, increased amount and change in
composition of bile salt had also been noted in distal duodenum. Increased bile acid in ileum
facilitates the secretion of fibroblast growth factor 19 (FGF19). FGF19 act on signaling
pathway and farnesoid X receptor (FXR) to inhibit hepatic bile acid and stimulate GLP-1A,
PYY and increases insulin sensitivity leading to weight loss and diabetes management (82,

126).

1.2.4.3.4.5 Change in food choices, taste, smell

Bariatric surgery was associated with shift in choice of food and less rewarding eating
behavior (82). Study conducted on 58 patients in surgical group and 25 in control group
found that there was lower activation in brain reward system to high calories food in RYGB
group compared to GB and control group (127). This finding could explain the change in the

food choice after bariatric surgery and shifting to healthier food choices
1.2.4.3.4.6 Malabsorption and enteroplasticity

The surface area of stomach and small intestine is decreased to various level depending on
type of bariatric surgery. This leads to malabsorption of macro and micronutrients. Work of
Carswell et al showed increased fat content in faecal material of patients post RYGB and DS
(128). Protein malnutrition and anaemia secondary to iron and vitamin B12 deficiency has

been associated with bariatric procedures (100).
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Enteroplasticity is adaptation on lumen lining and cells to any stress, aging or change in
environment. L cells proliferation has been evidenced post SG and RYGB in animal studies
(82). These L cells are nutrient sensitive and has been associated with increased release of

GLP1 for a given amount of nutrients.

1.2.4.3.5 Side effects

Short term side- effects

Like any surgical procedures, bariatric surgery is associated with peri-operative and post-
operative complications and side-effects. A systematic review of 38 RCT involving 4030
patients found risk of short- term all-cause mortality defined as mortality (<30 days) as
0.18% (95% Cl, 0.04%-0.38%) (129). In early stage, bariatric surgery is associated with risk of
anastomotic leak (0.6% to 7%), gastrointestinal gut stenosis leading to symptoms of
dysphagia (130). There is 11% risk of bleeding in patients undergoing RYGB or SG during peri-
operative stage (130). Slippage (8%) and band erosion (0.31% to 1.96%) are common
complication in patients undergoing GB (130).

Long term side-effects

In late stage, due to alteration in enterohepatic circulation especially in RYGB and duodenal
switch, patients are at increased risk of gall stone. There is high risk of malignant ulcer (5%),
spontaneous bowel perforation, small bowel obstruction and hernia (130). Patients are at
increased risk of early and late dumping syndrome after bariatric surgery especially in
patients who had RYGB (131). Bariatric surgery had been associated with macro and micro

nutrient deficiencies including vitamin B1, B12 and D deficiencies, iron and folate (132).
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Systematic review of 32 studies involving 148,643 patients showed patients are at higher risk
of suicide/ self- harm attempt after bariatric surgery (133). Systematic review of 10 studies
with three years follow up found increased risk of alcohol use disorders after bariatric

surgery (134).

1.2.4.4 Guidelines and Recommendations

NICE guideline CG 189 (135) recommends considered bariatric surgery as a treatment option
for people with obesity if all of the following criteria are fulfilled:

e They have a BMI of 40 kg/m? or more, or between 35 kg/m? and 40 kg/m? and other
significant disease (for example, type 2 diabetes or high blood pressure) that could be
improved if they lost weight.

e All appropriate non-surgical measures have been tried but the person has not
achieved or maintained adequate, clinically beneficial weight loss.

e The person has been receiving or will receive intensive management in a tier 3
service.

e The person is generally fit for anaesthesia and surgery.

e The person commits to the need for long-term follow-up.

American Diabetes Association (ADA) 2011: recommends that “Bariatric surgery may be
considered for adults with BMI > 35 kg/m? and type 2 diabetes, especially if the diabetes or
associated comorbidities are difficult to control with lifestyle and pharmacologic
therapy.”(136)

International Diabetes Federation (IDF) 2011: recommends “Bariatric surgery is an

appropriate treatment for people with type 2 diabetes and obesity. Surgery should be an
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accepted option in people who have type 2 diabetes and a BMI of > 35 kg/m? or more.
Surgery should be considered as an alternative treatment option in patients with a BMI
between 30 kg/m? and 35 kg/m? when diabetes cannot be adequately controlled by optimal
medical regimen, especially in the presence of other major cardiovascular disease risk

factors.”(137)

1.2.4.5 Diabetes remission and prediction model

Bariatric surgery had been found to have superior effect on diabetes glycaemic control,
decreasing the number of anti- diabetes medications, but not all patients with type 2
diabetes achieve similar outcomes. Diabetes remission rates around 30-70% have been
reported following bariatric surgery (138-142). The observed variation in the figures may be
due to differences in definitions of diabetes remission (143), the population studied, the
type of bariatric surgery and duration of follow-up. Identifying predictors and developing
prediction model had got lots of attention in last one decade, but not widely used in clinical

practice.
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1.3 Rationale for my thesis projects:

Bariatric surgery is acknowledged as the most effective treatment for weight loss and
remitting obesity related comorbidities, and metabolic syndrome. The clinical trials have
repeatedly showed the superiority of bariatric surgery for weight management over routine
clinical (non-surgical) treatment. Previous RCT by Mingrone et.al (108) , Ikramuddin et.al
(144) and STAMPEDE study (145) showed reduction in cardiovascular risk factor like type 2
diabetes, hypertension, and hyperlipidaemia in surgical patients over five- year follow up,
but no analysis was presented to compare the impact of bariatric surgery on incidence of
cardiovascular disease. These studies also had small sample size and majority of bariatric
procedures were RYGB.

Like any other intervention, follow-up and patient compliance can play a vital role in the
outcome. Therefore, we need real world data to analyse the impact of bariatric surgery on
incidence of cardiovascular and diabetes related microvascular complications which is
currently limited.

SOS study showed reduction in incidence of cardiovascular disease which was defined as
fatal or non- fatal cardiovascular events (myocardial infarction or stroke whichever comes
first) over median follow up of 14.7 years. SOS study also showed reduction in incidence of
macrovascular and microvascular complications. However, most of the procedures in the
SOS were open surgery and >60% were vertical gastroplasty, which is not performed
nowadays. SOS study was conducted in the era when use of medications like statin and ACE-I
was limited. Now newer glucose lowering medications like GLP1A and SGLT2 | and newer

bariatric procedures are being practiced.
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Retrospective cohort study by Johnson et.al showed reduction in macrovascular
complication defined as myocardial infarction, stroke or all- cause mortality and
microvascular complication defined as diagnosis of blindness, laser eye treatment or retinal
surgery, nontraumatic amputation, or new haemodialysis (113). None of the studies showed
the impact of different type of bariatric procedures on incidence on vascular complications.
The number of bariatric surgery being done UK is increasing (238 in 2000 to 2543 in 2007)
and more laparoscopic procedures are being done compared open surgery (28%
laparoscopic procedures in 2000 compared with 74.5% in 2007) (146).
With increasing prevalence of obesity in elderly and associated chronic health conditions and
emerging safety evidence for bariatric surgery, number of patients undergoing bariatric
surgery is gradually increasing (147) . However, impact of bariatric surgery on health
outcome and all-cause mortality is not clear from current literature. A previous study from
the United Kingdom National Bariatric Surgery Registry (NBSR) showed improvement/
remission in obesity-related complications following bariatric surgery (148), but the NBSR
only included patients who had bariatric surgery and there was no control arm. Hence, |
conducted series of matched control cohort studies examining the impact of bariatric
surgery on incidence of vascular complications.
My hypothesis:

1) Bariatric surgery reduces the incidence of cardiovascular complications and mortality

in patients with and without diabetes.
2) Bariatric surgery reduces the incidence of diabetes related microvascular
complications (Diabetes related foot disease, Sight threatening diabetes retinopathy,

and nephropathy) in patients with type 2 diabetes and obesity.
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In addition, | undertook a systematic review to identify different diabetes remission

prediction models and their relevance for clinical practice.
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1.4 Layout of my chapters

This Section provides the outline of the following chapters of the thesis.
Chapter 2 is method section.

Chapter3, 4, 5 and 6 are results sections.

Chapter 3 covers Impact of bariatric surgery on cardiovascular disease and mortality

in patients with and without type 2 diabetes.
Chapter 4 focusses on impact of bariatric surgery on cardiovascular disease and
mortality in elderly population.
In chapter 5, impact of bariatric surgery on diabetes related microvascular
complication in patients with type 2 diabetes and obesity has been presented.
Chapter 6 presents the impact of bariatric surgery on diabetes glycaemic status and
glucose lowering medications.
Chapter 7 presents a systematic review on prediction models for diabetes remission in
patients with type 2 diabetes who underwent bariatric surgery.

Chapter 8 is Discussion and future directions.
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In this thesis | conducted five studies, four based on the IQVIA Medical Research Data (IMRD)
database and one systematic review. In this chapter | have discussed aspects common to
retrospective cohort studies performed using IQVIA Research (IMRD) database. Methods
regarding specific aspects of each cohort study and the systematic review are detailed in the
relevant chapter.

In the present UK NHS structure, primary care maintains a complete care record of the
patients. The primary care staff enter patient information electronically using different
clinical systems. Commonly used systems are TPP System One, EMIS Web, INPS Vision and
Microtest Open volution. The information on these systems has been till recently being
coded using READ codes.

Electronic health records are precious tool in field of medical research. They are
electronically collected and digitally stored. It provides real world data and allows us to
assess the impact of intervention on healthcare and patient from a different angle. In UK,
General practice research database and IMRD database had been used consistently in

research field (1, 2) and appraising NICE guidelines (3).

2.1 Ethical approval

The IMRD data acquisition was approved by the NHS South-East Multicentre Research Ethics
Committee in 2003. In addition to this, a protocol specific to this piece of research was
submitted to the Scientific Review committee and obtained approval in January 2018

(18THIN0O97).
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2.2 Data source- IQVIA Medical Research Data

(IMRD) — UK

| utilised IQVIA Medical Research Data (IMRD) (previously known as The Health
Improvement Network, THIN) UK database as data source. IMRD database is a partnership
between The In Practice System (INPS) who supply the Vision GP computer system and
Cegedim strategic data (CSD) EPIC (4). The health care records are entered by the primary
care staff on Vision computer system using Read codes (5). This patient data is collected
from the Vision clinical system on regular basis and processed and validated by CSD EPIC
Medical Research UK. They supply these data to IMRD database (6).

IMRD data contains de-personalised electronic medical record from 787 general practises It
provides longitudinal patient record of 17 million patients (3.1 million patients are actively
registered with GP practices which are participating in IMRD) (7, 8). Data from IMRD has

been approved for observational research studies (9).

2.2.1  The IMRD structure and presentation

2.2.1.1 Information presentation

Information on patient demographics, health condition(s), treatment(s) etc are presented
mainly under five files. These files are cross-referenced via patient identification code and
practice identification code making the data pseudo-anonymised (Figure 1).

1. Practice file- Information about practice, location
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2. Patient file — Gives information on patient’s demographics, registration date.

3. Therapy file — Gives information on all prescriptions along with the date issued,

formulation, strength, quantity, and dosing instructions, indication for treatment for all

new prescriptions, and events leading to withdrawal of a drug or treatment.

4. Medical file (medical diagnosis)- Gives information on medical diagnoses, date of

diagnosis, and referrals to hospitals and specialists.

5. Additional health data - vaccinations and prescription contraceptives; miscellaneous

information such as smoking, height, weight, immunizations, pregnancy, birth, death,

and laboratory results.

Database Structure

IMRD

Database

Linking method

Practice ID patient IB

I

Figure 1: IMRD database layout
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2.2.2  Selection of general practice and study
participants-

To ensure the quality of data, strict criteria is used for selection of general practices and
patients enrolled. The general practice should have acceptable computer usage standard
and Acceptable Mortality Recording (AMR) for at least a year before contributing to data
source. For acceptable computer usage, general practice should have been using the Vision
system for at least a year, have at least a medical record, one additional health data and two
prescriptions per patients. AMR is an indicator of practice data quality and is defined when
practice declares its mortality rate like expected rate for their population by National
statistics (10).

From the eligible GP practices, study participants must have been registered with their
practice for at least a year before study entry to ascertain documentation of concomitant

diseases and treatments.

2.2.3 READ codes

Read codes are alphanumeric code developed by Dr James Read, a general practitioner in
Loughborough to help with the computerized system in GP surgeries. Initially, it had four
alphanumeric character (4 byte) consisting upper case letters and numbers 0-9 which later
on expanded to five characters (Read code version 2) and incorporated lower case letters
(11). It was first published in BMJ in 1986. In 1988, RCGP and BMA decided to adopt the

coding system nationally (5). It is being used widely by GPs in the UK for better health care
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record, patient care and for research purposes. Read codes were further developed and lead
to version 2 and 3

Read codes used are seven-character string variables arranged as hierarchy system. The first
letter represents a group of condition. Subsequent letter or number add more specific
information. eg C10..00 refers to diabetes mellitus, C10E.00 refers to type 1 diabetes and
C10F.00 refers to type 2 diabetes.

Read codes are selected by two individuals independently. Key words or various synonyms
for each variable of interest are identified and used to search Read codes in Read code
database, Read code repositories and supplementary information of published articles that
used similar condition read codes. Identified list of Read codes are discussed with all study
team members, general practitioners, and speciality field experts.

For drugs codes, each drug including its synonyms and market name are searched in BNF and
similar steps mentioned before are implemented to achieve the final list of Read code

For specific lists please refer to the relevant study chapter.

2.2.4  Important dates

Acceptable Mortality Reporting (AMR) as detailed in section 1.2.3 is has been calculated by

CSD Medical Research UK from reviewing trends in death reporting for each individual
practices.

Vision date is when the practice started using the Vision practice management software to
record consultations.

Index date is defined as the documented date of bariatric surgery in the exposed group

58



Patients in control group were assigned same date as their expose patient to mitigate
immortal bias.

Study end date- | defined our exit date as 31/01/2018.

Exit date- was defined as earliest of the following end points:
e Outcome of interest date under consideration
e Death date
o Date they leave the practice.
e Date the practice ceases contributing to the database.

e Study end date (31/01/2018 for our studies)

Study
start date

— Study
end date

|
[ ]
January 1990 1 January 2018
Patient _ Patient
start date end date

:‘te:::;t registration date into practice Earliest of :
2. Practice :gn date P 1. Patient transfer date from practice
. 2. Death date
3

A. Study start date

B. Vision date or
Computerisation date

C. AMRdate

. Date the practice cease contributing
to the database
4. Studyend date (31/01/2018

Figure 2: Important dates
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2.2.5 Data Extraction for Epidemiological Research

(DEXtER)

DExtER software designed by PhD student K Gokhale and Prof. Nirantharakumar was used
for data extraction (12). DExtER software uses three strep process- extraction of data from
high quality patient based data system, transformation and loading the extracted data in
target system (12). It has been widely used for epidemiological and observational studies

(13, 14)
2.2.6  Validation of IMRD database

IMRD database is an established database for epidemiology- based research work and
subjected to validation studies compared with established database including General
practice Research database, direct questionnaire from health professional and NHS
prescription service (15, 16). Vincent et al validated the Hepatitis C virus specific code and
compared it with direct questionnaire from GP and found the code to be specific of
predicting HCV infection (15). Another study compared the smoking cessation medication/
prescription data in IMRD database (THIN database) to NHS prescription service during
January 2004 to December 2005 and found the data to be highly comparable supporting the

use of IMRD for pharmacological study (2).
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2.2.7  Strengths and Limitation of IMRD database:

The strength and limitations of each study has been discussed in chapter 3-6. IMRD database
represents wide UK population, in term of demographics, prevalence of disease and
mortality (9).

The quality of data from IMRD UK is very much dependent on the data uploaded by primary
care team. The quality can be affected by what the GP considers to be important for the
long-term care of individual patients. However, the outcomes of our study including
diabetes, chronic kidney disease, atrial fibrillation, hypertension, heart failure, obesity,
stroke are part of Quality Outcome Framework (incentive payment scheme) (17) ensuring
consistency in definitions and mitigating against detection bias.

In this section, | have presented few limitations which is common to my chapter 3-6

1) Index date- The index date for patients in our study is the date bariatric surgery was
offered. The date of surgical intervention may not be the exact date, it can be the
date the information was put on the system.

2) Drug codes- Medications prescribed during inpatient stay are not recorded in GP
record as it does not feature on discharge letters. Few medications given by specialist
in hospital only may be missing. Medications like insulin type is mentioned, but not
the exact dosing. Adherence to medication may not be picked up by this database if
not mentioned in GP notes.

3) Right-censoring. | censored the patient as the incidence of the outcome of interest
was observed (per criteria mentioned in 2.3.3). | could have missed event which

happened before the index date or after the exit date.
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2.3 Study design and study population

| conducted retrospective, matched controlled cohort studies using IMRD UK database. |
defined my study period as 01-01-1990 to 31-01-2018. Two datasets were extracted for my
thesis - project 1 (included patients with obesity, had bariatric surgery) and project 2

(patients with obesity and type 2 diabetes, had bariatric surgery).

2.3.1 Project 1- Patients with obesity and had

bariatric surgery

In my first dataset, | defined exposed group as adult population (age 18-75 years), with body
mass index (BMI) >30 kg/m? underwent bariatric surgery during study period 01 January
1990 to 31 January 2018

Every exposed patient was matched for two controls within the same general practice by age

(+ 2 years), sex, body mass index (BMI, +2 kg/m?) and diabetes status.
2.3.2  Project 2- Patients with obesity and type 2

diabetes and subsequently had bariatric surgery

Second data set included patients aged 18-75 years with BMI) >30 kg/m? and type 2 diabetes
and subsequently had bariatric surgery during study period 01 January 1990 to 31 January
2018. Every exposed patient was matched for two controls within the same general practice

by age (* 2 years), sex, body mass index (BMI, +2 kg/m?) and diabetes duration (+ 3 years).
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| used matched control as it makes sure that each patient in exposed group is paired on key
variables which were age, sex and BMI of my study. | chose not to use propensity score
matching for two reasons. Firstly, the index date for control group was selected in the absence of
a intervention and secondly due to the computational difficulty of calculating multiple
propensity scores for each unexposed participant when they are eligible to be controls for

multiple exposed participants with different index dates (18).

2.4 Limitations of study design

My studies are retrospective matched control longitudinal cohort studies. Longitudinal cohort
nature of my study allowed me to examine multiple outcomes with long latency period.
However, observational nature of my studies have limitations. Firstly, data collected for
participants and covariables were routinely collected data which lead to missing data on
covariables. These covariables could be important confounding factors in outcome which could
not be examined. In dataset, there were missing data on ethnicity and socio-economic status.
Socio-economic status has been identified as independent risk factor for diabetes related foot
disease in patients with type 2 diabetes (19). Socio-economic status could possibly cause referral
bias to weight management service and accessing health care system which is a selection bias
(20).I do not have data about dietary habit and physical activity which could have contributed to
outcomes. Family history of cardiovascular disease has been identified as risk factor for
cardiovascular disease. | do not have data on family history which could be important
confounder for my outcomes.

Secondly, | presented the association of bariatric surgery and incidence of vascular

complications. However due to lack of randomisation, we cannot account for the reason why
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patients in control group did not have bariatric surgery. Study lacks the capacity to explain

this association and causality (21).

2.5 Outcomes

2.5.1 Projectl

The outcomes were incidence of composite cardiovascular disease (CVD), atrial fibrillation,
hypertension, and all- cause mortality in surgical group compared to routine care. |
conducted this analysis in patients with and without diabetes. | also analysed the incidence
CVD, atrial fibrillation and all- cause mortality in elderly population defined as aged 65-75

years. Results have been presented in chapter 3 & 4.

2.5.2 Project 2

The outcomes were incidence of diabetes related microvascular complications. | also
examined impact of bariatric surgery on glycaemic status and glucose lowering medications.

Results have been presented in chapter 5 & 6
2.6 Co-variates

Covariates that may impact the outcomes were selected based on biological plausibility and
literature review. For our studies in project 1, common covariates of interest were age,

gender, body mass index (BMI), ethnicity and social deprivation status. For studies in project
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2, beside co-variables mentioned for project 1, we also adjusted for diabetes duration,
baseline HbA1lc, and baseline insulin user.

Age at baseline was categorised as <40 years, 41-60 years and >60 years, but included as
continuous variable in regression analysis. BMI below 14 kg/m? and above 100 kg/m? was
considered implausible. BMI was categorised as <35 kg/m?, 35-39.9 kg/m? and >40 kg/m?.
The Hbalc was standardised and expressed as percentage IFCC. Diabetes duration at
baseline was calculated from the time of diagnosis of diabetes and index date and expressed
in years.

In Cox regression analysis. | adjusted the result for above covariates and smoking status,
alcohol consumption, socio-economic deprivation status and ethnicity. Smoking and alcohol
consumption was categorised as non, active and ex group (eg non-smoker, smoker and ex-
smoker).

Social deprivation status was expressed as Townsend quartile which is a measure of material
deprivation within a population. It incorporates four variables- unemployment, non- car
ownership, non- home ownership and household overcrowding.

Ethnicity was categorised as Caucasian, Black Afro-Caribbean, South Asian, Mixed race and
other.

A missing category was used for missing data for BMI, Townsend quintile, smoking status,
alcohol consumption and ethnicity.

| adjusted for morbidity index called Charlsons Comorbidity Index in adjusted model for

mortality.
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2.7 Analysis

| outline the general principles, but specific methods will be detailed in relevant chapters.
STATA, version 15 was used to analyse the data. This is a statistical software for data science

by StataCorp (22)

2.7.1 Baseline characteristics

Descriptive analysis of the baseline characteristics for patients in surgical and control group
was performed and expressed in mean, standard deviation (SD), medians with interquartile
range (IQR), and percentage.

Age was presented as mean (SD) and percentage in different category. Gender was
presented as percentage of male and female in surgical and control group.

Number of patients were presented as percentage in different BMI (in kg/m?), smoking and
alcohol category and were included as categorical variable in analysis.

Townsend quintile and ethnicity were counted as categorised as categorical variable. 1%
quartile represents least deprived (<20%) and 5™ quartile represents most deprived (>80%).
Missing category was used for missing data for BMI, Townsend quintile and ethnicity.

The STROBE (23) statements, stated that the reporting of p-values in baseline tables is not
recommended, particularly for large database studies. P- values in such circumstances do
not provide any clinically meaningful information. Hence, baseline patients’ characteristics
has been presented in line with the guidance and no p-value calculated to compare the

baseline characteristics.
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2.7.2  Survival analysis

Survival analysis is a method for analysis of longitudinal data who have time as an outcome
variable (24). Time stands for the time until the event of interest happens. Survival analysis
gives the probability of the even to happen in a group.

| used Cox Proportional hazard regression and Nelson- Aalen estimator graph.

2.7.2.1 Cox Proportional hazard regression

Cox proportional hazard regression is also called cox regression analysis. It is a
semiparametric regression model. It allows us to examine the impact of different covariates
on the rate of particular outcome of interest happening at a particular point in time (24).
The Cox proportional hazards model makes two assumptions: (1) survival curves for different
group (intervention and control group) should have hazard functions that are proportional
over the time (2) Each covariables have multiplicative effect in the hazard function that is
linear and constant over time (25). The proportional hazards assumption was checked using

the Schoenfeld residuals test.

2.7.2.2 Nelson—Aalen estimator graph

Nelson Aalen estimator graph gives a direct nonparametric estimate for the cumulative
hazard function based on irregular time intervals (24).

The difference between the exposed and control group was expressed as a Hazard ratio with
95% confidence interval. P-value of less than 0.05 (5%) was considered statistically

significant.
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| analysed the impact of bariatric surgery on cardiovascular disease in surgical vs non-surgical
group. | did subset analysis based on type of bariatric surgery. | also run the analysis in
patients with and without diabetes. For subset analysis | compared the cohort who
underwent a particular type of surgery and their matched control.

Similarly, | examined the impact of bariatric surgery on incidence microvascular
complications in surgical vs non-surgical and further subset analysis based on type of

bariatric surgery.
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Chapter 3: Impact of bariatric surgery on

cardiovascular outcomes and mortality
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3.1 Contents of chapter 3

Cardiovascular disease (CVD) had been censured as a major cause of mortality worldwide
(1). According to WHO estimate, 31% (17.9 million) of death in 2016 was from CVD and
majority (85%) were caused by heart attack and stroke (1). In UK, it the second major cause
of mortality (2). Obesity is a major risk factor for CVD and mortality and contributes to the
pathogenesis of several CVD risk factors such as hypertension, hyperlipidaemia, and type 2

diabetes (3-5).

Weight loss, via lifestyle intervention or bariatric surgery, has been associated with
significant improvements/remission of CVD risk factors (such hypertension, hyperlipidaemia,
and type 2 diabetes) and mortality (6-10). Systematic review including 54 studies showed
weight loss by dietary intervention with or without exercise was associated in reduction in

mortality (11).

Bariatric surgery offers significant sustained weight loss in patients with obesity. Many
studies including randomized control trial showed the positive impact of bariatric surgery on
reduction in cardiovascular risk factor like diabetes, hypertension. and hyperlipidaemia, (7-
10, 12) but the impact on cardiovascular event itself using real world data is limited.
Outcome from real world data is available from US and Sweden. However, UK has unique
National Health Service. In UK, patients referred to weight management service get two
years close follow up in secondary/ tertiary care and then discharged to primary care for

long term follow up.
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In this chapter, | examined the impact of bariatric surgery on incidence of cardiovascular
outcomes and mortality in patients with obesity, with and without type 2 diabetes. Subset
analysis based on type of surgery was undertaken This chapter is presented in format of a

published article.

With increasing prevalence of elderly population and increasing prevalence of obesity like all
age groups, the number of patient eligible for bariatric surgery will rise. In my dataset, the
number of patients who had bariatric surgery gradually increased over time (Fig 1). Analysis
based on age of patient showed number of elderly patients (age 260 years) undergoing
bariatric surgery is also increasing as expected. | have presented association of bariatric

surgery and incidence CVD and mortality in chapter 4.
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Figure 1 - Distribution of bariatric surgery in different age groups over time
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Background: Cohort studies have shown that bariatric surgery may reduce the incidence of and mortality
from cardiovascular disease (CVD), but studies using real-world data are limited. This study examined the
impact of bariatric surgery on incident CVD, hypertension and atrial fibrillation, and all-cause mortality.
Methods: A retrospective, matched, controlled cohort study of The Health Improvement Network
primary care database (from 1 January 1990 to 31 January 2018) was performed (approximately 6 per
cent of the UK population). Adults with a BMI of 30 kg/m? or above who did not have gastric cancer
were included as the exposed group. Each exposed patient, who had undergone bariatric surgery, was
matched for age, sex, BMI and presence of type 2 diabetes mellitus (I2DM) with two controls who had
not had bariatric surgery.

Results: A total of 5170 exposed and 9995 control participants were included; their mean(s.d.) age was
45-3(10-5) years and 21-5 per cent (3265 of 15 165 participants) had T2DM. Median follow-up was 3-9
(i.q.r. 1-8— 6-4) years. Mean(s.d.) percentage weight loss was 20-0(13-2) and 0-8(9-5) per cent in exposed
and control groups respectively. Overall, bariatric surgery was not associated with a significantly lower
CVD risk (adjusted hazard ratio (HR) 0-80; 95 per cent c.i. 0-62 to 1-02; P = 0-074). Only in the gastric
bypass group was a significant impact on CVD observed (HR 0-53, 0-34 to 0-81; P = 0-003). Bariatric
surgery was associated with significant reduction in all-cause mortality (adjusted HR 0-70, 0-55 to 0-89;
P = 0-004), hypertension (adjusted HR 0-41, 0-34 to 0-50; P < 0-001) and heart failure (adjusted HR 0-57,
0-34t0 0-96; P = 0-033). Outcomes were similar in patients with and those without T2DM (exposed versus
controls), except for incident atrial fibrillation, which was reduced in the T2DM group.

Conclusion: Bariatric surgery is associated with a reduced risk of hypertension, heart failure and
mortality, compared with routine care. Gastric bypass was associated with reduced risk of CVD compared
to routine care.
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Introduction

Cardiovascular disease (CVD) is a leading cause of mortal-
ity worldwide! . Obesity is a major risk factor for CVD
and mortality, and contributes to the pathogenesis of sev-
eral CVD risk factors such as hypertension, hyperlipi-
daemia and type 2 diabetes mellitus (T2DM)*~5. Weight
loss, via lifestyle intervention or bariatric surgery, has
been associated with significant improvements/remission

© 2020 BJS Society Ltd
Published by John Wiley & Sons Ltd

in CVD risk factors (hypertension, hyperlipidaemia and
T2DM) as well as a reduction in CVD and mortality,
although the impact on CVD and mortality is mainly from
observational studies’~10.

Several studies!!~!* (including RCTs) have established
that bariatric surgery is associated with a reduction in
CVD risk factors, but the impact on CVD is limited to
a few observational studies'®’*~'7. In the UK, patients
with a BMI of 35kg/m? or above and obesity-related
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complications, a BMI of 40kg/m? or above without
obesity-related complications, or a BMI of 30-35 kg/m?
with recent-onset T2DM can be offered bariatric surgery
according to National Institute for Health and Care
Excellence guideline CG189'8. Patients are usually
followed up for 2years after surgery by the bariatric
multidisciplinary team if they were treated in the National
Health Service, and then discharged to primary care!®. A
previous study'® from the UK National Bariatric Surgery
Registry (NBSR) showed improvement or remission in
obesity-related complications following bariatric surgery,
but the NBSR included only patients who had surgery and
hence there was no control group. In addition, the NBSR
study'? did not report on the impact on CVD or mortality.
Hence, there is interest in real-world outcomes of bariatric
surgery in order to ascertain its place in the management
paradigm of people with obesity.

The present hypothesis was that bariatric surgery is
associated with a reduction in CVD, all-cause mortality
and hypertension. A population-based study was devised
with the primary aim of assessing the impact of bariatric
surgery on incident combined CVD (ischaemic heart dis-
ease (IHD), heart failure (HF) and stroke and transient
ischaemic attack (TTA)) and all-cause mortality. Secondary
aims included assessing the impact of bariatric surgery on
incident hypertension and atrial fibrillation (AF).

Methods

A retrospective, matched, controlled cohort study using a
data set from The Health Improvement Network (THIN)
database from 1 January 1990 to 31 January 2018 was per-
formed. THIN contains anonymized electronic records
from 787 general practices. It includes longitudinal records
of 15 million patients (3-1 million active patients), covering
6-2 per cent of the UK population?’~22, and is represen-
tative of the UK general population in relation to age, sex,
health conditions, major chronic illnesses and mortality
rates”>. THIN contains information on patient demo-
graphics, therapies, symptoms and medical diagnoses.
It also includes additional health data such as smoking
and alcohol status, height, weight, death, and laboratory
and investigation results. Symptoms and diagnoses are
recorded using Read codes?*. The THIN database has
been used previously by the authors’ group and others
to examine chronic non-communicable disease (such as
diabetes, CVD, obesity and its related complications) and
mortality?> ~28.

Ethical approval for the study was granted by the Scien-
tific Review Committee in January 2019 (SRC reference
number 18THINO097).
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Study population

Primary care practices were eligible for inclusion in the
study if they had been using the Vision electronic records
system (In Practice Systems Ltd, London, UK) for at least
1 year, and had acceptable mortality recording (an indica-
tor of the practice data quality) for at least 1 year preceding
study entry?’. In addition, study participants must have
been registered with an eligible practice for at least 1year
before study entry to ensure adequate documentation of
concomitant diseases and treatments.

The exposed population was defined as patients who
had undergone bariatric surgery (gastric banding, sleeve
gastrectomy, Roux-en-Y gastric bypass (RYGB) or duode-
nal switch) between 1 January 1990 and 31 January 2018.
Every patient in the exposed cohort was matched with
two controls (who had not had bariatric surgery) by age
(%2 years), sex, BMI (2 kg/m?) and presence of T2DM.
Patients were excluded from the study if they met any of
the following criteria: BMI below 30kg/m?, age above
75 years, a record of gastric cancer before the index date
(study entry date), or had undergone gastric balloon or
endobarrier, or revisional bariatric surgery.

Follow-up

For patients in the exposed group, the index date was
defined as the first Read code documentation date of
bariatric surgery; the same index date was assigned to the
corresponding matched controls to mitigate immortal time
bias*®. Study participants were followed up from the index
date to the first record of any of the following: occurrence
of the outcome of interest; death; study participant left
the practice; the practice ceased contributing to THIN
database.

Outcome measures

The incident composite CVD (IHD, HE, stroke and TTA),
all-cause mortality, incident hypertension and AF were
recorded. The individual components of the composite
CVD outcome were examined separately.

Statistical analysis

Baseline characteristics are summarized as mean(s.d.) or
median (i.q.r.) values for continuous variables, depending
on data distribution, and as proportions for categorical
variables. Cox proportional hazards regression was used to
calculate crude and adjusted hazard ratios (HRs) and 95 per
cent confidence intervals for the occurrence (incident) of
each outcome of interest in the exposed and control groups.

www.bjs.co.uk B7S



Impact of bariatric surgery on cardiovascular outcomes and mortality

Fig. 1 Flow diagram of participant selection

Source population
n=15011524
(787 practices)

v

n=17025
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Gastric cancer n=171 (exposed 57, control 114
—»  Age/BMI restriction n =979 (exposed 328, control 651)
Gastric balloon/endobarrier procedure n=710
(exposed 252, control 458)

A 4

Used for main analysis
Participants included n=15165
(exposed 5170, control 9995)

v v

v v

Gastric band Gastrectomy Gastric bypass Duodenal switch
n=>5832 n=3356 n=>5867 n=110
Exposed Control Exposed Control Expossed Control Expossed Control
n=1965 n=3867 n=1158 n=2198 n=2010 n=3857 n=37 n=73

Each exposed patient who was excluded was removed from the study along with their matching controls.

Patients with the outcome of interest at baseline were
excluded from the analysis; for example, when the outcome
of interest was incident CVD, patients with baseline CVD
were excluded. The proportional hazards assumption was
checked using the Schoenfeld residuals test.

Co-variables in the adjusted multivariable model were
selected based on biological plausibility; these included age,
sex, BMI, smoking status, alcohol consumption, ethnicity
and social deprivation status®'*2. BMI was categorized as
less than 35, 35-40 and more than 40kg/m?. Smoking
and alcohol intake were categorized as user, non-user
and ex-user. Social deprivation status was represented by
the Townsend deprivation quintile’3, which is based on
material deprivation within a population. Ethnicity was
categorized as Caucasian, Afro-Caribbean, South Asian
or mixed. Missing categories were used where values for
BMI, smoking status, Townsend quintile or ethnicity were
not recorded.

For composite CVD and AF outcomes, HRs were
adjusted for all of the above-mentioned co-variables plus
baseline hypertension and diabetes (model 1). For incident
hypertension, the same co-variables were included, except
for baseline hypertension. For mortality, an additional
model was fitted, adjusting for the same variables included
in model 1 plus the Charlson co-morbidity index**
(model 2).
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Preplanned subgroup analyses based on the type
of bariatric surgery and baseline T2DM status were
performed. Outcome was analysed in participants under-
going each type of surgery and their corresponding
controls. Multivariable analysis was not performed in
the duodenal switch subgroup, owing to small numbers.
Based on T2DM status, outcomes in the participants
with and without T2DM were analysed. In the T2DM
subgroup analysis, duration of diabetes was included in
the regression model (model 3) along with all co-variables
included in model 1 (and model 2 in the case of mortality).
A forest plot was used to represent graphically the impact
of bariatric surgery based onT2DM status.

Percentage weight loss (%WL) was calculated as
change in weight (postsurgery weight, defined as weight
after the index date within 15 months minus baseline
weight)/baseline weight x 100. For the control group who
had no surgery, weight change was calculated using a
similar formula. Independent-samples 7 tests were used to
compare % WL in exposed and control groups.

Nelson—Aalen plots (non-parametric estimator) were
used to display the cumulative hazard function for each
outcome over a 10-year period. Two-tailed P <0-050
was considered statistically significant. All analyses were
conducted using Stata® version 15 (StataCorp, College
Station, Texas, USA).
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Results

A total of 5170 participants who had undergone bariatric
surgery over the study period were identified (exposed
group) and 9995 matched controls (Fig. ).

Baseline characteristics

Table 1 summarizes the baseline demographics of exposed
and matched control participants. The mean(s.d.) age of
the cohort was 45-3(10-5) years; 21-5 per cent had T2DM.
The study population was mostly white European women
with class III obesity. There was a high prevalence of men-
tal health disorders, ranging from 24-1 to 46-1 per cent in
the study population, which might reflect the underlying
psychological impact and drivers of obesity. The rate of
obstructive sleep apnoea was higher in the exposed group
than in the control cohort (11-1 versus 3-4 per cent respec-
tively), which probably reflects the active screening for this
condition in a population undergoing bariatric surgery.

Weight changes

Some 4346 (84-1 per cent) of the 5170 exposed partici-
pants and 6957 (69-6 per cent) of the 9995 controls had
weight measurement at baseline and at least once after
bariatric surgery. Median follow-up for weight measure-
ment was 1 (i.q.r. 0-6—12) years. The mean(s.d.) % WL was
20-0(13-2) per cent in the exposed group versus 0-8(9-5)
per cent in controls. All surgical procedures resulted in
greater mean(s.d.) % WL compared with that in matched
controls (gastric band (1610 and 2789 participants respec-
tively): 12-8(11-8) versus 0-3(9-8) per cent; sleeve gastrec-
tomy (944 and 1338 participants): 22(12-1) versus 1-1(9-4)
per cent; RYGB (1764 and 2781 participants): 26-1(11-8
versus 1-2(9-2) per cent; duodenal switch (28 and 49 par-
ticipants): 23-4(12-3) versus —0-1(7-0) per cent).

Combined cardiovascular disease

After excluding 759 participants who had CVD at base-
line, the study included 4922 exposed and 9484 control
participants. Bariatric surgery was not significantly associ-
ated with a lower risk of composite CVD in the adjusted
model (adjusted HR 0-80, 95 per cent c.i. 0-62 to 1-02;
P = 0-074). Only RYGB had a statistically significant asso-
ciation with composite CVD (adjusted HR 0-53, 0-34 to
0-81; P = 0-003) (Table 2).

Ischaemic heart disease

After excluding 485 participants with a diagnosis of IHD
at baseline, there were 5013 exposed and 9667 control

© 2020 BJS Society Ltd
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Table 1 Baseline characteristics of participants in exposed and
control groups
Exposed Control
(n = 5170) (n = 9995)
Age (years)
<40 1687 (32-6) 3192 (31-9)
41-60 3098 (59-9) 6040 (60-4)
> 60 385 (7-4) 763 (7-6)
Mean(s.d.) 45.2(10-6) 45.3(10-5)
Sex
M 1012 (19-6) 1890 (18-9)
F 4158 (80-4) 8105 (81-1)
BMI (kg/m?)
<35* 493 (9-5) 1077 (10-8)
35-30.9 950 (18-4) 1950 (19:5)
> 40 3634 (70-3) 6780 (67-8)
Missing 93 (1-8) 188 (1-9)
Smoking status
Non-smoker 2866 (55-4) 5719 (57-2)
Smoker 700 (13-5) 1873 (18-7)
Ex-smoker 1579 (30-5) 2319 (23-2)
Missing 25 (0-5) 84 (0-8)
Alcohol status
Non-drinker 1196 (23-1) 2316 (23-2)
Current drinker 3266 (63-2) 6427 (64-3)
Ex-drinker 205 (4-0) 313 (3-1)
Missing 503 (9:7) 939 (9-4)
Ethnicity
Caucaslian 2154 (41-7) 3759 (37-6)
Black Afro-Caribbean 92 (1-8) 177 (1-8)
South Asian 77 (1-5) 124 (1-2)
Mixed race 33 (0-6) 36 (0-4)
Other 32 (0-6) 33 (0-3)
Missing 2782 (53-8) 5866 (58-7)
Townsend quintile
1 (least deprived) 9565 (18-5) 1454 (14-5)
2 860 (16-6) 1531 (15-3)
3 952 (18-4) 1845 (18.5)
4 961 (18-6) 2057 (20-6)
5 (most deprived) 672 (13-0) 1662 (16-6)
Missing 770 (14-9) 1446 (14-5)
Baseline co-morbidity
Mental health condition
Anxiety 1469 (28-4) 2404 (24-1)
Depression 2381 (46-1) 3440 (34-4)
Cardiovascular disease
Atrial fibrillation 83 (1-6) 137 (1-4)
Heart failure 43 (0-8) 76 (0-8)
Ischaemic heart disease 157 (3-0) 328 (3-3)
Hypertension 1603 (31-0) 2944 (29.5)
Stroke/TIA 76 (1-5) 159 (1-6)
Diabetes mellitus
T1IDM 17 (0-3) 47 (0-5)
T2DM 1176 (22-7) 2089 (20-9)
Obstructive sleep apnoea 572 (11-1) 335 (3-4)

Values in parentheses are percentages unless indicated otherwise. *BMI
range 30-34-9kg/m? in exposed group and 28-34-9kg/m? in control
group. TIA, transient ischaemic attack; TIDM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus.
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Table 2 Impact of bariatric surgery on study outcomes across all surgical procedures and for individual procedures
Hypertension Atrial fibrillation Combined cardiovascular event
Exposed Control Exposed Control Exposed Control
Overall: all surgical procedures 3567 7051 5087 9858 4922 9484
Outcome events 118 (3-3) 567 (8:0) 59(1-2) 130 (1-3) 87 (1-8) 230 (2-4)
Person-years 14297-2 285737 210117 430537 202422 41206-1
Crude incidence ratei 8-25 19-84 2:81 3-02 4-30 5.58
Follow-up (years)* 3.5 (1-6-6-0) 3.6 (1-6-6-1) 3.6 (1-7-6-1) 4.0 (1-8-65) 3.6 (1-7-6-1) 4.0 (1-8-65)
Hazard ratiot
Unadjusted 0-42 (0-34, 0-51); < 0-001 0-94 (0-69, 1-28); 0-708 0-78 (0-61, 1-00); 0-045
Adjusted§ 0-41 (0-34, 0-50); < 0-001 0-93 (0-68, 1-27); 0-661 0-80 (0-62, 1-02); 0-074
Intervention: gastric band 1470 2902 1946 3834 1883 3716
Outcome events 72 (4-9) 278 (9-6) 31(1-6) 51(1-3) 45 (2.4) 92 (2-5)
Person-years 74397 143426 10274-7 20780-2 9954.9 20019-8
Crude incidence ratei 9-68 19-38 3-02 2-45 4.52 4-60
Follow-up (years)* 4.9 (2-4-7-4) 4.7 (2:2-7-3) 5.1 (2-6-7-6) 5.4 (2-6-7-8) 5.2 (2-6-7-6) 5.4 (2-6-7-8)
Hazard ratiot
Unadjusted 0-50 (0-39, 0-65); < 0-001 1-24 (0-80, 1-94); 0-340 0-99 (0-69, 1-41); 0-953
Adjusted§ 0-50 (0-38, 0-65); < 0-001 1-21 (077, 1-92); 0-406 1-07 (0-75, 1-54); 0-708
Intervention: sleeve gastrectomy 768 1512 1135 2162 1101 2064
Outcome events 21 2-7) 92 (6:-1) 10 (0-9) 22 (1-0) 14 (1-3) 34 (1-6)
Person-years 2256-2 4538-8 3590-7 7075-4 3402-6 6706-9
Crude incidence ratei 9-31 2027 278 311 412 5.07
Follow-up (years)* 2.3 (1-0-4-1) 2.3 (1-0-4-4) 2.5 (1-2-4-6) 2.5(1-1-4-8) 2.4 (1-1-4-4) 2.5(1-1-4-8)
Hazard ratiot
Unadjusted 0-45 (0-28, 0-73); 0-001 0-93 (0-44, 1-97); 0-852 0-83 (0-45, 1-55); 0-559
Adjusted§ 0-47 (0-29, 0-77); 0-002 0-98 (0-45, 2-16); 0-965 0-80 (0-42, 1-52); 0-494
Intervention: gastric bypass 1305 2585 1971 3789 1903 3635
Outcome events 24 (1-8) 194 (7-5) 18(0-9) 57 (1-5) 27 (1-4) 104 (2.9)
Person-years 4538-5 9543-3 70498 14978-5 6787-3 14261-8
Crude incidence ratei 5-29 20-33 2:55 3-81 3-98 7-29
Follow-up (years)* 3.1 (1-4-5-1) 3.4 (1.5-5.5) 32 (1-5-5-3) 3.7 (1-7-5-8) 32 (1-4-5.2) 3.7 (1-7-5-8)
Hazard ratiof
Unadjusted 0-26 (0-17, 0-40); < 0-001 0-68 (0-40, 1-15); 0-149 0-55 (0-36, 0-85); 0-006
Adjusted§ 0-25 (0-16, 0-38); < 0-001 0-65 (0-38, 1-11); 0-112 0-53 (0-34, 0-81); 0-003
Intervention: duodenal switch 24 52 35 73 35 69
Outcome events 1(4) 3(6) 0(0) 0(0) 1(3) 0(0)
Person-years 627 1489 96-5 219-5 97-34 217-53

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.); fvalues in parentheses are 95 per cent confidence intervals,
followed by P value. Hazard ratio (HR) values are for exposed group with control group as reference (HR 1-00). £Rate per 1000 person-years. §Adjusted
for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension and type 2 diabetes mellitus.

participants. There was no difference in incident IHD
between exposed and control cohorts (adjusted HR 0-85,
95 per cent c.i. 0-61 to 1-19; P = 0-349), and no significant
reduction in incident IHD in the RYGB group versus con-
trols (adjusted HR 0-57, 0-32 to 1-03; P = 0-061) (Table 3).

Heart failure

After excluding 119 participants with diagnosis of HF at
baseline, 5127 exposed and 9919 control participants were
included. There was a statistically significant reduction in
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incident HF in the exposed group (adjusted HR 0-57, 95
per cent c.i. 0-34 to 0-96; P = 0-033). Examination of the
data based on the type of bariatric surgery showed a sta-
tistically significant decrease in incident HF in the RYGB
group (adjusted HR 0-24, 0-08 to 0-68; P = 0-007), but not
in the gastric band and sleeve gastrectomy cohorts (7zble 3).

Stroke and transient ischaemic attack

After excluding 235 participants with a diagnosis of stroke
and TIA at baseline, there were 5094 exposed and 9836
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Table 3 Impact of bariatric surgery on separate cardiovascular events across all surgical procedures and in individual procedures

Ischaemic heart disease Heart failure Stroke and transient ischaemic attack
Exposed Control Exposed Control Exposed Control
Overall: all surgical procedures 5013 9667 5127 9919 5094 9836
Outcome events 49 (1.0 123 (1-3) 19 (0-4) 72 (0-7) 37 (0-7) 83 (0-8)
Person-years 20681-4 42126-0 212811 434186 211021 43064-6
Crude incidence ratef 2.37 2.92 0-89 1.66 1.75 1.93
Follow-up (years)* 36 (1.7-6-1) 4.0 (1-8-6-5) 36 (1.7-6-2) 4 (1-8-6-5) 36 (1.7-6-1) 4(1-8-6-5)
Hazard ratiot
Unadjusted 0-82 (0-59, 1-14); 0-233 0-55 (0-33, 0-90); 0-019 0-91 (0-62, 1-35); 0-649
Adjusted§ 0-85 (0-61, 1-19); 0-349 0-57 (0-34, 0-96); 0-033 0-98 (0-66, 1-45); 0-907
Intervention: gastric band 1912 3772 1954 3845 1943 3820
Outcome events 25(1-3) 54 (1-4) 9 (0-5) 23 (0-6) 21 (141) 29 (0-8)
Person-years 101395 20405-0 104029 20904-0 10308-8 207730
Crude incidence ratef 247 2-65 0-87 11 2.04 1-40
Follow-up (years)* 52 (2-6-7-6) 54 (2:6-7-8) 52 (2.7-7-6) 5.4 (2.7-7-8) 52 (2:6-7-6) 5.4 (2.7-7-8)
Hazard ratiot
Unadjusted 0-94 (0-59, 1-51); 0-800 0-79 (0-37, 1-71); 0-553 1-46 (0-83, 2-56); 0-186
Adjusted§ 1-02 (0-63, 1-65); 0-937 0-90 (0-41, 1-99); 0-795 1-67 (0-94, 2-96); 0-079
Intervention: sleeve gastrectomy 1120 2111 1143 2177 1146 2157
Outcome events 8(0-7) 15(0-7) 6 (0-5) 15(0-7) 5(0-4) 14 (0-6)
Person-years 34791 6863-8 3608-2 7129-8 3619-1 7067-4
Crude incidence ratef 2-30 219 166 210 1-38 1.08
Follow-up (years)* 2-4(1-1-4.5) 2:5(1-1-4-8) 2.5 (1-2-4-6) 2-5(1-1-4-8) 2.5 (1-2-4-6) 2:5(1-1-4-8)
Hazard ratio}
Unadjusted 1-06 (0-45, 2-51); 0-887 0-81 (0-32, 2-10); 0-669 0-71 (0-25, 1-97); 0-509
Adjusted§ 1-05 (0-43, 2-54); 0-920 0-91 (0-34, 2-44); 0-854 0-68 (0-24, 1-95); 0-470
Intervention: gastric bypass 1946 3713 1993 3825 1969 3787
Outcome events 15(0-8) 54 (1-5) 4(0-2) 34 (0-9) 11 (0-6) 40 (1-1)
Person-years 6965-5 14638-0 7164-8 151669 7069-2 15005-0
Crude incidence ratef 215 369 0-56 224 1-56 2-67
Follow-up (years)* 3-2(1-5-5-3) 3.7 (1.7-5-8) 32 (1-5-5-2) 3-7(1-7-5-8) 32 (1-5-5-2) 3.7 (1-7-5-8)
Hazard ratiot
Unadjusted 0-59 (0-33, 1-05); 0-072 0-25 (0-09, 0-72); 0-009 0-59 (0-30, 1-15); 0-121
Adjusted§ 0-57 (0-32, 1-03); 0-061 0-24 (0-08, 0-68); 0-007 0-59 (0-30, 1-16); 0-128
Intervention: duodenal switch 35 71 37 72 36 72
Outcome events 13 0(0) 0(0) 0(0) 0(0) 0(0)
Person-years 97-3 2193 105-2 2179 1051 219-3

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.); fvalues in parentheses are 95 per cent confidence intervals,
followed by P value. Hazard ratio (HR) values are for exposed group with control group as reference (HR 1-00). £Rate per 1000 person-years. §Adjusted
for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension and type 2 diabetes mellitus.

control participants. No association of bariatric surgery and
incident stroke and TTA was found (adjusted HR 0-98, 95
per cent c.i. 0-66 to 1-45; P = 0-907).

All-cause mortality

Over a median follow-up of 3-9 (i.q.r. 1-8—-6-4) years, 90
deaths in the exposed and 278 in the control group were
recorded. Mortality was reduced in the exposed group
(adjusted HR 0-70, 95 per cent 0-55 to 0-89; P = 0-004).
Further adjustment for Charlson’s co-morbidity index
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(model 2) gave a similar result (adjusted HR 0-70, 0-55 to
0-89; P = 0-004). There was also a significant reduction
in mortality in the gastric band (adjusted HR 0-54, 0-35
to 0-84; P = 0-007) and RYGB (adjusted HR 0-66, 0-45 to
0-97; P = 0-033) groups (Table 4).

Incident hypertension

After excluding 4547 participants with hypertension at
baseline, the study included 3567 and 7051 participants in
exposed and control groups respectively. Bariatric surgery
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Table 4 Impact of bariatric surgery on mortality for all surgical procedures

Overall Gastric band Sleeve gastrectomy Gastric bypass
Exposed Control Exposed Control Exposed Control Exposed Control
5170 9995 1965 3867 1158 2198 2010 3857
Outcome events 90 (1-7) 278 (2-8) 25 (1-3) 108 (2-7) 27 (2-:3) 61 (2-8) 37 (1-8) 113 (2-9)
Person-years 214913 438636 10464-0 210869 3671-0 7216:0 72511 15341-2
Crude Incidence ratei 419 6-34 2:39 4-88 7-35 8:45 510 737
Follow-up (years)* 36(1.7-62) 4.0(1-8-6:5) 52(2-7-76) 55(2-7-7-8) 2:5(1-2-4:6) 2-6(1-1-4.8) 3.25(1-49-5.26) 3.76 (1-76-5-86)
Hazard ratiot
Unadjusted 0-67 (0-53, 0-85); 0-001 0-49 (0-32, 0-76); 0-001 0-89 (0-57, 1-40); 0-615 0-71 (0-49, 1-02); 0-067

Adjusted model 1§
Adjusted model 29

0-70 (0-55, 0-89); 0-004
0-70 (0-55, 0-89); 0-004

053 (0-34, 0-83); 0-005
0-54 (0-35, 0-84); 0-007

0-97 (0-61, 1-55); 0-901
0-96 (0-60, 1-54); 0-874

069 (0-47, 1-01); 0-055
0-66 (0-45, 0-97); 0-033

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.); fvalues in parentheses are 95 per cent confidence intervals,
followed by P value. Hazard ratio (HR) values are for exposed group with control group as reference (HR 1-00). $Rate per 1000 person-years. §Adjusted for
age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension, and type 2 diabetes mellitus. JAdjusted
for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension and Charlson co-morbidity index.

Fig. 2 Forest plot of cardiovascular disease outcomes and mortality in all patients, and those with and without type 2 diabetes mellitus

Population HR HR
Atrial fibrillation
Overall 0 0-94 (0-69, 1-28)
T2DM 0 0-55 (0-32, 0-96)
No T2DM 1-21 (0-83, 1-76)
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Overall —a— 0-42 (0-34, 0-51)
T2DM a0 0-37 (0-22, 0-60)
No T2DM —a— 0-42 (0-34, 0:52)
CVD
Overall _—0 078 (0-61, 1-00)
T2DM o 0-72 (0-49, 1-08)
No T2DM 0 0-78 (0-57, 1-06)
IHD
Overall 'n} 0-82 (0-59, 1-14)
T2DM 0 0-81 (0-49, 1-33)
No T2DM i} 0-78 (0-51, 1-21)
Heart failure
Overall 0 0-55 (0-33, 0:91)
T2DM 0-50 (0-24, 1-05)
No T2DM 0 0-54 (0-27, 1-09)
Stroke and TIA
Overall 0 091 (0-62, 1-35)
T2DM 0 0-59 (0-30, 1-15)
No T2DM O 114 (071, 1-84)
Mortality
Overall B — 067 (0-53, 0-85)
T2DM 0-57 (0-39, 0-82)
No T2DM o 0-72 (053, 0-98)
! ! | |
0 0-5 1-0 15 2:0

Unadjusted hazard ratios (HRs) are shown with 95 per cent confidence intervals. CVD, cardiovascular disease; ITHD), ischaemic heart disease; TIA, transient

ischaemic attack.
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was associated with a significant reduction in incident
hypertension compared with the control group (adjusted
HR 0-41, 95 per cent ci. 0-34 to 0-50; P<0-001). All
bariatric procedures (except duodenal switch) were asso-
ciated with a statistically significant reduction in incident
hypertension compared with matched controls (7able 2).

Atrial fibrillation

After excluding 220 participants with AF at baseline, there
were 5087 and 9858 participants in exposed and control
groups respectively. There was no difference in incident AF
between the two cohorts (adjusted HR 0-93, 95 per cent c.i.
0-68 to 1-:27; P = 0-661). The increase in incident AF in
the gastric band group versus controls was not significant
(adjusted HR 1-21, 0-77 to 1-92; P = 0-406), and neither
was the reduction in incident AF in the RYGB group
(adjusted HIR 0-65, 0-38 to 1-11; P = 0-112) (Tuble 2).

Nelson—-Aalen cumulative hazard estimates
for study outcomes

Fig. SI (supporting information) shows the cumulative haz-
ard estimates for the study outcomes over the 10-year
interval. The association between bariatric surgery and the
reduction in incident hypertension, CVD, HF and mortal-
ity started within the first 2 years of bariatric surgery, with
the impact on hypertension and HF becoming apparent
within the first year after surgery.

Impact of type 2 diabetes mellitus

Subgroup analyses were performed in participants with
and without T2DM. There were 3265 participants (1176
exposed and 2089 controls) with and 11 900 without (3994
exposed and 7906 controls) T2DM.

Preoperative and postoperative weights were available
for 1114 exposed and 1839 controls with T2DM, and for
3232 exposed and 5118 controls without T2DM. Over
a median follow-up of 1 (i.q.r. 0-6—1-1) years, mean(s.d.)
%WL was 22-0(12-3) per cent for exposed participants
with T2DM and 1-6(6-7) per cent for controls. Similarly,
over a median follow-up of 1 (0-6-1-3) years, mean(s.d.)
% WL was 19-7(13-5) and 0-6(10-3) per cent in exposed and
control participants without T2DM respectively.

The relationship between bariatric surgery and the out-
comes examined was similar in those with and without
T2DM, except that surgery was associated with lower like-
lihood of AF in patients with T2DM (adjusted HR 0-57,
95 per cent c.i. 0-32 to 1-01; P = 0-053), but a higher risk
in patients without T2DM (adjusted HR 1-24, 0-85 to
1-81; P = 0-271). Findings for stroke and TIA were similar
(Fig. 2; Table S1, supporting information).

© 2020 BJS Society Ltd
Published by John Wiley & Sons Ltd

The HR for mortality was reduced in the surgical com-
pared with the control group in cohorts with and without
T2DM (Table S2, supporting information).

Discussion

In this population-based study, bariatric surgery was asso-
ciated with greater weight loss and reductions in incident
hypertension, CVD and all-cause mortality compared with
rates in matched obese patients who had not undergone
bariatric surgery. These findings are consistent with the
Swedish Obese Subjects (SOS) study”!?, which observed
lower incident CVD and mortality in patients who under-
went bariatric surgery compared with matched controls
over a median follow-up period of 14-7years. However,
unlike the present study, the SOS study also found a reduc-
tion in incident AF. This may be explained partly by the
longer follow-up in the SOS study. However, most pro-
cedures in the SOS were open surgery and more than 60
per cent were vertical gastroplasties, which is also not per-
formed nowadays. Furthermore, the present data showed
that the benefits of bariatric surgery were evident atan even
shorter follow-up duration (approximately 2 years) than in
the SOS study, in which the impact of bariatric surgery
on CVD started to become apparent approximately 6 years
after surgery (based on Kaplan—Meier analysis)!°.

A systematic review®® including eight controlled clini-
cal studies (5 RYGB, 3 gastric band) with follow-up of
7-5(0-7) years found evidence of a mortality reduction
(odds ratio 0-55, 95 per cent c.i. 0-49 to 0-63) after bariatric
surgery. The present study has shown that mortality bene-
fits start to occur relatively early following bariatric surgery.
Similarly, the impact on HE, hypertension and CVD also
started early during the follow-up, within the first 2 years.
Consistent with the reduction in incident hypertension in
the present study, bariatric surgery was also associated with
a significant reduction in the risk of HF compared with
the control group. A systematic review?® summarizing the
impact of bariatric surgery using data from seven stud-
ies found a reduction in incident HF in patients who had
bariatric surgery, similar to the present study.

The present subgroup analysis based on the type of
surgery showed a reduction in incident hypertension, irre-
spective of the type of intervention. This is not surprising
considering the magnitude of weight loss observed for all
bariatric procedures, given that a previous study®’ found
that even a 5-kg weight loss over 18 months reduced inci-
dent hypertension over 7 years of follow-up. However, the
observed reduction in incident combined CVD, THD and
HF was evident primarily in the RYGB group. The expla-
nation for this difference is not clear, but could be due

www.bjs.co.uk B7S



Impact of bariatric surgery on cardiovascular outcomes and mortality

to multiple factors. RYGB resulted in greater % WL than
gastric banding and sleeve gastrectomy, and hence could
have contributed to the favourable outcomes observed in
the RYGB group®®. In addition, unlike gastric banding,
RYGB results in increased secretion of glucagon-like pep-
tide (GLP) 1°%. A recent cardiovascular outcome study™ in
patients with T2DM showed a favourable impact on CVD
in those treated with GLP-1 receptor agonists.

The associations between bariatric surgery and CVD
and hypertension were similar in patients with and without
T2DM, except that patients with T2DM who underwent
bariatric surgery had a non-significant reduction in the
risk of AF and stroke and TIA compared with controls,
whereas patients without T2DM had non-significant
increased risk of AF and stroke and TIA after bariatric
surgery. Most previous studies*' ~* analysing the impact
of bariatric surgery in patients with T2DM focused on
weight loss and glycaemic control, and had small sam-
ple sizes. A recent retrospective study'® from the USA
found a lower risk of composite cardiovascular out-
come in participants with diabetes undergoing bariatric
surgery. After analysing the outcomes separately, these
authors'® found a reduction in coronary artery disease,
but a non-significant difference in CVD, as in the present
study. A meta-analysis® including five cohort studies
found a 48 per cent reduction in macrovascular compli-
cations during follow-up of 5—15 years, but no data were
presented for individual components of macrovascular
complications.

Given the observational nature of the present study,
residual biases cannot be ruled out. The THIN database
is a validated primary care data source and had been used
previously by the authors and other researchers?#647.
Immortal time bias was minimized by matching on the
index date. Moreover, the large sample size allowed
exploration of the relative effects of different bariatric
procedures, compared with previous studies that included
only one type of procedure.
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4.1 Abstract

Background: Bariatric surgery is the most effective treatment to produce sustained weight
loss. Bariatric surgery has been associated with significant improvements in obesity-related
complications and long-term reduction in cardiovascular disease (CVD) and mortality.
However, whether bariatric surgery in older patients is beneficial or harmful has not been
well examined, which is important considering the rising obesity prevalence and increasing
life expectancy. Hence, we aimed to assess the impact of bariatric surgery on weight,
incident CVD, hypertension, atrial fibrillation & mortality in older patients with obesity.
Methods: We conducted a retrospective cohort matched-controlled study of elderly
population defined as age > 65 years, who had bariatric surgery (Gastric band, sleeve
gastrectomy, or gastric bypass) between 1/1/1990-31/1/2018. We used IQVIA Medical
Research Data (IMRD), a validated & representative primary care electronic database. Each
patient in surgical group was matched for up to 2 controls (no bariatric surgery) for age,
gender, and baseline body mass index (BMI) and diabetes status. Adults with a
BMI<30kg/m?, age>75yrs and Gastric cancer in surgical group at baseline were excluded
along with their controls. The study variables were identified using Read codes. CVD was
defined as a composite of ischemic heart disease (IHD), heart failure (HF) & cerebrovascular
accident (CVA).

Results: The analysis included 156 patients in surgical group & 299 patients in control group
with mean (SD) age 67.3 (2.6) years, 65.05% were women & median (IQR) follow-up of 2.92
years (1.39-5.31).

The percentage total body weight loss (mean, Cl) was greater in the surgical cohort (19.1%,

Cl 17.0% to 21.1%) compared to control group (1.0%, Cl 0.2% to 1.6%). After adjusting for
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gender, baseline BMI, diabetes, hypertension, smoking, alcohol intake, social deprivation &
ethnicity, the HR for incident CVD in the exposed vs control cohorts was 0.54 (95%Cl 0.22-
1.34, p=0.181). On examining the individual components of the composite CVD showed non-
significant increase in incident IHD, reduction in incident CVA and reduction in incident HF.
Statistically non-significant increase in mortality was noted in surgical group compared to
control group with adjusted Hr of 1.34 (0.68- 2.65, p= 0.404.

Conclusions: Bariatric surgery is effective weight loss intervention in older patients. We
showed no major impact of surgery on incident CVD, hypertension, and mortality. But the
points estimates were in favour of surgery in all outcomes except IHD and mortality. Larger
studies are needed to examine the impact of bariatric surgery on metabolic, vascular, QOL

and functionality outcomes in older patients are needed.

4.2 Introduction

The life expectancy has increased world-wide leading to increase in older population.
Worldwide it had been estimated that the population over 60 years was 12% in 2015 will
rise to 22% by 2050 (1). Obesity statistics for UK published early this year showed high
prevalence of obesity in the age group 65-74 years, 75% were overweight or obese and 36%
of this population were obese in 2019 (2).

High prevalence of obesity in older people will result in significant burden due to the well-
established obesity-related complications such as type 2 diabetes, cardiovascular disease
(CVD) musculoskeletal disorders and some cancers as well as functional disability and poor
quality of life (3). Obesity in older population, is further complicated by reduction in muscle

mass (sarcopenia). Sarcopenic obesity contribute to the increased morbidity (4).
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Bariatric surgery is currently the most effective obesity treatment modality that results in
sustained weight loss and long-term improvement in obesity-related complications (5, 6).
We have shown in our previous study that bariatric surgery is associated with reduction in
incidence of cardiovascular disease, diabetes-related microvascular complications, and
mortality compared to standard care (7, 8).

There is no clear guideline on age limit for bariatric surgery. Systematic review including 13
studies found trend toward safety and better outcome after bariatric surgery in elderly
population (9).This observation could be due to increasing laparoscopic procedures. In UK,
74.5% bariatric procedures are done laparoscopically in 2007 compared 28% in year 2000
(10). Studies has been conducted comparing the impact of bariatric surgery in elderly vs non
elderly and found better mortality and morbidity remission in younger age group (11).

The outcomes of bariatric surgery in older patients compared to older patients with obesity
who did not receive bariatric surgery is unknown.

Therefore, in this study we aimed to assess the impact of bariatric surgery on weight loss,
incident cardiovascular disease (CVD), hypertension, atrial fibrillation, & mortality in older

patients (265 years) with obesity.

4.3 Methods

4.3.1  Study design and data source

We conducted a retrospective, matched, controlled cohort study utilising a dataset from
The IQVIA Medical Research Data (IMRD) database, from 1/1/1990 to 31/1/2018. IMRD

contains electronic medical record from more than 787 general practices; it includes
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longitudinal patient records of 15 million patients (3.1 million active patients) and covers
around 6.2% of the UK population (12-14). IMRD contains information on patient
demographics (e.g., age, sex), therapies (e.g., medications, dose), symptoms and medical
diagnoses, and additional health data such as smoking and alcohol status, physiological
measures, and test results. These information are recorded using Read codes (15). The
IMRD database has been used previously used by our group and others to examine chronic
non-communicable disease (such as diabetes, CVD, obesity, and its related complications)

and mortality (16-19).

4.3.2 Population

Primary care practices were eligible for inclusion in the study at the later of the following
dates: one year after beginning to use the Vision electronic records system, and one year
after demonstrating Acceptable Mortality Recording (an indicator of the practice data
quality) to ensure the quality of data (20). Study participants must have been registered
with an eligible practice for at least one year before study entry to ensure adequate
documentation of concomitant diseases and treatments.

Our population for this study was subset of the dataset used for previous study (7).

Our inclusion criteria for patients in surgical group were patients aged 65- 75 years who had
bariatric surgery [gastric banding (GB), sleeve gastrectomy (SG), Roux-en-Y gastric bypass
(RYGB), duodenal switch (DS)] between 1/1/1990 and 31/1/2018. Every patient in surgical
(bariatric surgery) cohort was matched up to 2 controls who had not had bariatric surgery
by age (* 2 years), sex and body mass index (BMI, +2 kg/m?) and diabetes status from same
general practice. Patients were excluded from the surgical group if they met any of the

following criteria had a BMI <30 kg/m?, age > 75 years, had a record of gastric cancer before
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the index date (study entry date), had gastric balloon or endo-barrier or had revisional

bariatric surgery.

4.3.3 Follow-up

For patients in surgical group, study entry date (index date) was defined as the first Read
code documentation date of bariatric surgery; the same index date was assigned to the
corresponding matched controls to mitigate immortal time bias.

Study participants were followed-up from the index date until the earliest of the following:
a) occurrence of the outcome of interest, b) death, c) study participant left the practice, d)

the practice ceased contributing to IMRD.

434 Outcome

Primary outcomes were incident composite CVD [Ischaemic heart disease (IHD),
cerebrovascular accident including stroke and transient ischaemic attack (CVA), or heart
failure (HF)], and mortality. Secondary outcomes included the separate CVD outcomes (IHD,

CVA, HF) hypertension, incident atrial fibrillation (AF).

4.3.5  Statistical analysis

We calculated crude and adjusted hazard ratios (HR) and 95% confidence intervals (Cls) for
the occurrence (incident) of each outcome of interest in the exposed vs. control groups
using Cox proportional hazards regression. The proportional hazards assumption was

checked using the Schoenfeld residuals test.
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Patients with the outcome of interest at baseline were excluded from the analysis; for
example, when the outcome of interest was incident CVD, patients with baseline CVD were
excluded.

Covariates in the adjusted/multivariable model were selected based on biological
plausibility; these included age, sex, body mass index (BMI), smoking status, alcohol
consumption, ethnicity, and social deprivation status (21, 22). BMI (in kg/m?) was
categorised as <35 kg/m?, 35-40 kg/m? and > 40 kg/m?2. Smoking and alcohol intake were
categorised as user, non-user and ex-user. Social deprivation status was represented by
Townsend deprivation quintile which is based on material deprivation within a population.
Ethnicity was categorised as Caucasian, Afro-Caribbean, south Asian, mixed. A missing
category was used for missing data for BMI and Townsend quintile.

For Combined CVD, individual cardiovascular disease, hypertension and AF outcomes, the
HRs were adjusted for all above-mentioned covariates, plus baseline hypertension and
diabetes (model 1). For incident hypertension, the same covariates were included except for
baseline hypertension. For mortality, an additional model was fitted adjusting for the same
variables included in model 1 plus Charlson comorbidity index status (model 2).
Percentage weight loss was calculated as change in weight (post-surgical weight - baseline
weight) / baseline weight x 100. For control group who had no surgery, latest weight
available after the index date was accounted equivalent to post -surgical weight. T-test was
used to compare the percentage weight loss in surgical and control group.

A two-tailed p-value < 0.05 was considered statistically significant. All analyses were

conducted using Stata version 15 (23).
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4.4 Results

4.4.1 Baseline characteristics

From dataset of 15165 eligible participants, we identified cohort of 455 patients aged 265
years consisting of 156 patients in surgical and 299 patients in control group. The
percentage of elderly patients (defined as aged 65-75 years) undergoing bariatric surgery
has increased gradually, and noted to be 0% in year 2005 and 6% in year 2015 (Fig 1). This
could be due to the introduction of laparoscopic surgery and increasing popularity of the

intervention.
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Figure 1: Number of elderly patients undergoing bariatric surgery from year 1997 to 2017

Mean age was 67.5 (£2.6) years, 65.1% were female. The prevalence of Type2 diabetes was

44.08% in exposed vs 45.82% in control group.
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The prevalence of cardiovascular disease at baseline was higher in control group compared

to exposed which could be due the selection process of candidates for bariatric surgery. The

prevalence of obstructive sleep apnoea was four times higher in exposed group than control

group which could be the result of screening processes before bariatric surgery.
In exposed group, 40 (25.64%) had gastric band, 57 (36.54%) had sleeve gastrectomy and

the rest 59 (37.82%) had gastric bypass. No patients had duodenal switch.

Table 1: Baseline characteristics of surgical and control group

Surgical Control
N= 156 N=299
Age Mean (SD) 67.46 (2.38) 67.18 (2.66)
Sex n (%)
Male 55 (35.26%) 104 (34.78%)
Female 101 (64.74%) 195 (65.22%)
BMI
BMI Categories
28-34.9 24 (15.38%) 53 (18.73%)
35-39.9 39 (25%) 77 (25.75%)
>=40 91 (58.33%) 164 (54.85%)
Missing 2 (1.28%) 2 (0.67%)

Smoker categories

Non-Smoker

72 (46.15%)

144 (48.16%)

Smoker 10 (6.41%) 27 (9.03%)
Ex-Smoker 74 (47.44%) 128 (42.81%)
Missing

Drinker Categories
Non-drinker 39 (25%) 82 (27.42%)
Drinker 99 (63.46%) 194 (64.88%)
Ex- Drinker 8 (5.13%) 10 (3.34%)
Missing 10 (6.41%) 13 (4.35%)
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Ethnicity

Caucasian 63 (40.38%) 129 (43.14%)
Blac Afro-Caribbean | 2 (1.28%) 0
South Asian 1 (0.64%) 1 (0.33%)
Mixed 0 0
Other 2(1.28 1 (0.33%)
Missing 88 (56.41%) 168 (56.19%)
Townsend
<20% 32 (20.51%) 61 (20.40%)
20-40% 35 (22.44%) 59 (19.73%)
40-60% 22 (14.10%) 58 (19.40%)
60-80% 21 (13.46%) 53 (17.73%)
>80% 20 (12.82%) 36 (12.04%)
Missing 26 (16.67%) 32 (10.70%)
Baseline comorbidities
Mental Health Conditions
Anxiety 35 (22.44%) 74 (24.75%)
Depression 65 (41.67%) 78 (26.09%)

Cardiovascular Diseases

Atrial Fibrillation 5(3.21%) 25 (8.36%)
Hypertension 96 (61.54%) 203 (67.89%)
Heart Failure 6 (3.85%) 13 (4.35%)
Ischemic Heart 12 (7.69%) 48 (16.05%)
Disease
Stroke/TIA 6 (3.85%) 16 (5.35%)
DM
Type 2 DM 75 (48.08%) 137 (45.82%)
Type 1 DM 0 2 (0.67%)
OSA 22 (14.10%) 9 (3.01%)
Follow up 2.86 (1.39- 5.0) 3.05 (1.36- 5.37
Intervention
Gastric Band 40 (25.64%) 77
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Gastrectomy

57 (36.54%)

112

Gastric bypass

59 (37.82%)

110

4.4.2 Weight loss

Significant weight loss was noted in surgical group compared to control group. Data for

weight before and after the index date was available for 135 (86.54%) exposed and 242

(80.94%) control participants. There was 19.05% (£11.9%) weight loss in exposed vs 0.93%

(£5.4%) in control group over the median follow up period of 1 (IQR 0.6- 1.1) year.

4.4.3  Cardiovascular disease and mortality

After adjusting for gender, baseline BMI, diabetes, hypertension, smoking, alcohol intake,
social deprivation & ethnicity, no association was noted between surgery and incident
combined CVD (adj HR 0.53, 95%CI 0.21- 1.33, p=0.178).

On examining the individual components of the composite CVD showed no statistically

significant differences between surgical and control groups, but the point estimates for IHD

was higher and for heart failure was lower in surgical group vs control (Table 2).

Analysing the impact of bariatric surgery on incidence of hypertension and atrial fibrillation

showed no statistical difference. However, the point estimate for hypertension was lower

(adj HR 0.35, 95% CI 0.08- 1.49, p= 0.156) and for atrial fibrillation was higher (adj HR 0.956,

95% Cl 0.38- 2.41, p= 0.924) in surgical vs control group. Similarly, no statistically significant

impact of bariatric surgery was noted on mortality, though point estimate was higher (adj

HR 1.30, 95% Cl 0.65- 2.60, 0.453) in surgical vs control group (Table 2).
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Table 2: The impact of bariatric surgery on cardiovascular disease and all- cause mortality

Exposed Control Exposed Control Exposed Control
Cardiovascular disease Hypertension Atrial fibrillation
Number of patients 136 232 N=60 N=96 N=151 N=274
Outcome events, n (%) 7 (5.15%) 21 (9.05%) 3 (5%) 10 (10.42%) 8 (5.30%) 15 (5.47%)
Person-years 431.12 793.82 161.62 285.71 481.04 955.95
IRR 16.24 26.45 18.56 35 16.63 15.69
Follow-up years, 2.71 (1.23-4.65) |2.85(1.12-5.16) | 2.22 (1.19-3.45) | 2.51 (0.98-4.37) | 2.84 (1.3-4.41) | 2.9(1.21-5.04)

Unadj HRR (95% CI), p-value

0.62 (0.26- 1.48), 0.283

0.535 (0.147- 1.95), 0.343

1.038 (0.44- 2.45), 0.931

Adj HRR (95% CI) , p-value

0.53 (0.21- 1.33), 0.178

0.35 (0.08- 1.49), 0.156

0.96 (0.38-2.41), 0.924

Ischaemic heart disease

Heart failure

Cardiovascular disease (stroke)

Number of patients 144 251 150 286 150 283

Outcome events, n (%) 6 (4.17%) 10 (3.98%) 1 (0.67%) 14 (4.90) 2 (1.33%) 7 (2.47%)
Person-years 460.71 889.75 489.55 1002.02 489.26 1007.14

IRR 13.02 11.24 2.043 13.97 4.09 6.95

Follow-up years, 2.79 (1.27-4.65) |2.93 (1.18-5.36) | 2.86 (1.33-4.76) | 2.91 (1.29- 5.04) | 2.84 (1.33-4.98) | 2.98 (1.31- 5.34)

Unadj HRR (95% CI), p-value

1.11 (0.403- 3.065), 0.838

0.14 (0.019- 1.099), 0.062

0.66 (0.13- 3.27), 0.609

Adj HRR (95% CI), p-value

1.36 (0.44- 4.22), 0.599

0.13 (0.02- 1.06), 0.056

0.42 (0.05- 3.34), 0.410
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All- cause Mortality

Number of patients 156 299

Outcome events, n (%) 16 (10.26%) 26 (8.70%)
Person-years 517.66 1087.86

IRR 30.91 239

Follow-up years, 2.86 (1.39-5.0) 3.05(1.36-5.37)

Unadj HRR (95% CI), p-value | 1.364 (0.727-2.558), 0.334

Adj HRR (95% | Model 1 | 1.433 (0.72- 2.84), 0.303
CI), p-value Model 2 | 1.30 (0.65- 2.60), 0.453

IRR= Crude Incidence Rate/1000-person years

Adjusted Model 1: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline
hypertension, Type2 diabetes.

Adjusted Model 2: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline
hypertension, Charlson comorbidity index.



4.5 Discussion

In this population based matched control cohort study, we have reported that bariatric
surgery had beneficial effect on weight loss with no obvious impact on CVD or mortality
outcomes when compared to routine care.in elderly population This lack of significant
association could reflect the small sample size and the low number of events.

With increasing prevalence of elderly population and increasing prevalence of obesity like all
age groups, the number of patient eligible for bariatric surgery is rising. The study from US
showed that of all the bariatric procedures done, percentage of elderly patients (defined as
aged >60 years) increased to 10.1% over study period of 2009 to 2013 compared to 2.7% in
1999- 2005 (24). Hence, we need strong evidence for the impact of bariatric surgery in
elderly population.

The meta-analysis involving nine studies with studies conducted on patients who underwent
gastric bypass found 4 times higher mortality,1.88 times morbidity and less weight loss, in
elderly (defined as age > 60 years) compared to younger population (25). The remission of
hypertension recorded from 3 studies showed lower remission rate in older vs younger
cohort. This systematic review also analysed 30 days mortality from 7 studies and found it to
be higher in the elderly vs younger (25).

Another systematic review involving 26 studies conducted pooled analysis and found the
weight loss, diabetes remission and hypertension remission and postoperative complications

in older population are comparable to younger population (26). There had been wide
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heterogeneity in these studies. The definition of elderly population itself had been different
in these studies.

The studies focussed on the impact of bariatric surgery in elderly population found bariatric
surgery to be safe and effective on weight management and CVD risk factor including
diabetes, and hypertension (27, 28). The study based on NCQIOP database included 2010
elderly participants (265 years) underwent bariatric surgery noted increased mortality in the
elderly compared younger (<65 years) especially in cohort undergoing LSG similar to our
study (29).

BMI for weight measurement has been always criticised for not giving a complete picture of
obesity. However, the things become more challenging in the elderly cohort. Sarcopenia is
defined as loss of skeletal muscle mass and function and had been frequently associated
with the older population (30). Obesity in the elderly population had led to a new concept of
sarcopenic obesity (31). We do not have tool to measure the proportion of fat muscle mass
and lean muscle mass lost resulting in weight loss in post bariatric participants. Loss in lean
muscle mass can contribute to further increase in muscle weakness aggravating sarcopenic
effect and a detrimental impact on mobility and mortality. It is important to examine the
impact of bariatric surgery on body composition and not mere body weight.

The elderly population with obesity may have decreased physiological reserve and their
bodies had been exposed to metabolic consequences of obesity for a long time. We know
from the work of Barnette et al that the prevalence of comorbidity increases as the age
increases and a steep rise in multimorbidity was noted by the age of 65 years (32). The paper
from US found the increasing adverse event and mortality as the age increases and a sharp

rise after the age of 65 years (33). Remission of comorbidities will be lower and mortality

90



higher in older population compared to younger population is expected. Hence, the more
important questions are to compare older patients with obesity who had routine care or
pharmacotherapy with bariatric surgery.

There has been new emerging glucose lowering medications like glucagon like peptide 1
agonist and analogue and sodium glucose cotransporter 2 inhibitor. Beside glucose lowering
effect, these medications have been found to offer significant weight loss and cardiorenal
benefit (34). The mean age of participants in these studies is <55 years. Studies are needed
to examine the safety of weight loss by pharmacotherapy in elderly population especially
from the perspective of muscle mass loss and impact of functionality.

Our study is a retrospective study with a small sample size but still bigger than most of the
available studies in the literature. We had limited follow up. Study showed no association
between bariatric surgery and mortality, but we could not identify if mortality noted in
surgical group was secondary of surgery related or other. One of major limitation of our
study was no data on mobility and quality of life. Reduced mobility with poor quality of life
could be detrimental implication of obesity in elderly patients with obesity. Elderly
population with obesity has been also reported to have poor recovery from other medical
condition and more prone to institutionalization (35).

Studies are needed to examine impact of bariatric surgery on quality of life in elderly
population. Focus of bariatric surgery in elderly population probably need to shift and should
be based on safety and impact on mobility and quality of life rather than mortality and major

adverse cardiac events.
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However, to our knowledge, no previous studies analysed the impact of bariatric surgery on
incident CVD as in our study comparing the elderly cohort who had surgery and who had

routine care.

4.6 Conclusion

Bariatric surgery is an effective tool in the management of weight loss even in elderly
population. No statistically benefit of bariatric surgery on incident cardiovascular disease
and mortality was noted. Larger studies are needed to assess the impact of bariatric surgery

on obesity related chronic health conditions and quality of life and functionality
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Chapter 5: Impact of bariatric surgery on
incident microvascular complications in

patients with type 2 diabetes
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5.1 Contents of chapter 5

Diabetes-related microvascular complications have significant negative impact on the health
and health care economy. Diabetes-related foot disease (DFD) is the leading cause for non-
traumatic lower limb amputation (1); sight threatening diabetic retinopathy (STDR) is a
leading cause of blindness at younger age (2) and diabetic nephropathy is the leading cause

of chronic kidney disease (CKD) and end-stage renal disease (3).

Diabetes causes high economic burden with large proportion coming from microvascular
complications. The medical expenses of patients with diabetes is 2.3 times higher than the
patients without diabetes (4). The recent ADA data has shown 26% rise in economic costs of
diabetes (including direct and indirect costs) in 2017 compared to 2012 (4) and this is
estimated to inflate further as per study from UK and world-wide (5, 6). Diabetes accounts
for 10% of the NHS budget and 80% of this diabetes expense is spent in dealing with
diabetes related complication mainly led by prolonged hospital stay, cardiovascular disease,

kidney disease and neuropathy

Obesity is a major modifiable cause of type 2 diabetes. Obesity had been also found to an
independent contributing factor for CKD (7) and associated with development and

progression of DPN (8, 9).

Weight loss and bariatric surgery had been associated with good glycaemic control, blood
pressure, hyperlipidaemia, and other vascular risk factor, which should lead to improvement

in microvascular complications.
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In this chapter, | examined the impact of bariatric surgery on incidence of microvascular
complications in patients with obesity and type 2 diabetes. Subset analysis based on type of

surgery was conducted This chapter is presented in format of a published article.
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The Impact of Bariatric Surgery on
Incident Microvascular
Complications in Patients With
Type 2 Diabetes: A Matched
Controlled Population-Based
Retrospective Cohort Study

https://doi.org/10.2337/dc20-0571

OBJECTIVE

To assess the impact of bariatric surgery (BS) on incident microvascular compli-
cations of diabetes-related foot disease (DFD), sight-threatening diabetic retinop-
athy (STDR), and chronic kidney disease (CKD) in patients with type 2 diabetes and
obesity.

RESEARCH DESIGN AND METHODS

A retrospective matched, controlled population-based cohort study of adults with
type 2 diabetes between 1 January 1990 and 31 January 2018 using IQVIA Medical
Research Data (IMRD), a database of primary care electronic records. Each patient
with type 2 diabetes who subsequently had BS (surgical group) was matched on the
index date with up to two patients with type 2 diabetes did not have BS (nonsurgical
group) within the same general practice by age, sex, preindex BMI, and diabetes
duration.

RESULTS

Included were 1,126 surgical and 2,219 nonsurgical participants. In the study
population 2,261 (68%) were women. Mean (SD) age was 49.87 (9.3) years vs. 50.12
(9.3) years and BMI was 46.76 (7.96) kg/m? vs. 46.14 (7.49) kg/m? in the surgical
versus nonsurgical group, respectively. In the surgical group, 22.1%, 22.7%, 52.2%,
and 1.1% patients had gastric band, sleeve gastrectomy, Roux-en-Y gastric bypass
(RYGB), and duodenal switch, respectively. Over a median follow-up of 3.9 years
(interquartile range 1.8-6.4), BS was associated withreduction in incident combined
microvascular complications (adjusted hazard ratio 0.53, 95% Cl 0.43-0.66, P <
0.001), DFD (0.61, 0.50-0.75, P <0.001), STDR (0.66, 0.44-1.00, P = 0.048), and CKD
(0.63, 0.51-0.78, P < 0.001). Analysis based on the type of surgery showed that all
types of surgery were associated with a favorable impact on the incident of
composite microvascular complications, with the greatest reduction for RYGB.

CONCLUSIONS

BS was associated with a significant reduction in incident diabetes-related micro-
vascular complications.
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Impact of BS on DFD, STDR, and CKD in Diabetes
]

The rising levels of obesity and type 2
diabetes are major global health chal-
lenges. Vascular complications (micro-
vascular and macrovascular) are the
major causes of morbidity and mortality
in patients with type 2 diabetes (1,2).

Worldwide, the cost of health expen-
ditures due to diabetes has increased
from U.S. dollars (USD) 232 billionin 2007
to USD 727 billion in 2017 and is esti-
mated to rise further to USD 825 billion
by 2030. The major portion of direct
cost in diabetes management is spent in
managing diabetes-related complications
and its consequences (2). The cost of
diabetes management had been esti-
mated to be 20 times more in patients
with four or more diabetes-related com-
plications compared with patients with
diabetes with no complications (2). In the
U.K., diabetes accounts for 10% of the
National Health Service budget, and 80%
of this expense is spent dealing with
diabetes-related complications mainly
due to prolonged hospital stay, cardio-
vascular disease (CVD), kidney disease,
and neuropathy (3).

Despite improved clinical management
of type 2 diabetes over the last two de-
cades, including new classes of glucose-
lowering medication (dipeptidyl peptidase
4 inhibitor, sodium—glucose cotransporter
2 [SGLT2] inhibitor, glucagon-like peptide
1 agonist), the reduction in microvascular
complications is far less compared with the
reductions observed in CVD (4). Diabetes-
related foot disease (DFD) is the leading
cause for nontraumatic lower limb ampu-
tation in the developed world (5), sight-
threatening diabetic retinopathy (STDR)
is a leading cause of blindness at younger
age (6), and diabetic nephropathy is the
leading cause of chronic kidney disease
(CKD) and end-stage renal disease (7).

Obesity is an established risk factor
for type 2 diabetes, hypertension, and
hyperlipidemia (8). In addition, obesity is
an independent risk factor for CKD (9),
peripheral neuropathy (10-12), CvD (13),
and mortality (14). A number of studies
have shown that intentional weight loss
is associated with improvements in gly-
cemic control, blood pressure, hyperlip-
idemia, and other vascular risk factors
(15,16). Among the several interventions
for the treatment of obesity, bariatric
surgery (BS) provides the most significant
and sustainable weight loss and has a
favorable impact on glycemic control and
other vascular risk factors (17-19). We

recently showed that BS in patients with
and without type 2 diabetes was asso-
ciated with a reduction in incident hy-
pertension, CVD, and all-cause mortality
compared with routine care (20). Hence,
it would be expected that BS may also
reduce the incidence of microvascular
complications in patients with type 2
diabetes.

Currently, the impact of BS on diabe-
tes-related microvascular complications
remains unclear. A meta-analysis of 10
studies (3 randomized controlled trials
and 7 controlled studies) involving 17,532
patients found an overall reductionin the
incidences of retinopathy and nephrop-
athy, but not neuropathy, in the surgical
arm compared with the nonsurgical arm,
but there was heterogeneity in findings
and in the definition of microvascular
outcomes between the studies (21). Hence,
there is lack of large, population-based
studies examining the impact of BS on
individual diabetes-related microvascu-
lar outcomes.

Our hypothesis was that BS is associ-
ated with a reduction in the incidence of
microvascular complications compared
with routine care in people with type 2
diabetes and obesity. We therefore con-
ducted a population-based matched con-
trolled cohort study to assess the impact
of BS on incident microvascular compli-
cations in patients with type 2 diabetes.
We also examined the findings stratified
by individual bariatric procedures.

RESEARCH DESIGN AND METHODS

Study Design and Data Source

A retrospective matched controlled co-
hort study using the 1QVIA Medical Re-
search Data (IMRD) database was conducted.
IMRD is an electronic primary care da-
tabase that includes longitudinal patient
records of >15 million patients, of which
3.7 million are currently active (contrib-
uting datato the database). The database
covers ~6.2% of the U.K. population and
has been shown to be representative
of the U.K. demographic structure (22).
IMRD contains demographic information,
clinical diagnoses, procedures, laboratory
results, medications, lifestyle information,
and every consultation episode with pri-
mary care. IMRD (previously referred as
The Health Improvement Network [THIN]
database) has previously been used for
research related to diabetes and vascular
outcomes (23-27) and to assess effective-
ness of bariatric surgery (20,28).
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Study Population

Primary care practices were eligible for
inclusion in the study if they had been
using the Vision electronic records sys-
temforatleast 1yearandhad Acceptable
Mortality Reporting (an indicator of the
practice data quality) for at last 1 year
before study entry (29). In addition, study
participants must have been registered
with an eligible practice for at least 1 year
before study entry. The above-mentioned
criteria were to ensure data extracted
was high quality, with adequate docu-
mentation of concomitant diseases and
treatments. The surgical cohort was adult
patients (=18 years) with obesity (BMI
=30 kg/m?) who had type 2 diabetes
and a subsequent record of a primary BS,
comprising gastric banding (GB), sleeve
gastrectomy (SG), Roux-en-Y gastric by-
pass (RYGB), or duodenal switch (DS).
Each patient with type 2 diabetes who
had BS (surgical group) was matched on
the index date with up to two patients
with type 2 diabetes who did not have
BS (nonsurgical group) within the same
general practice by age (*2 years), sex,
preindex BMI (*2 kg/m?), and diabe-
tes duration (%3 years). Patients in the
surgical group and their corresponding
nonsurgical group were excluded from
the study if they met any of the following
criteria: had a BMI <30 kg/m?, age >75
years, gastric balloon or endobarrier, or gas-
tric cancer before BS or had been coded
as type 1 diabetes (Supplementary Fig. 1).

Follow-up

Theindex date for the surgical cohort was
the date of BS. For the nonsurgical pop-
ulation, the index date was assigned as
the corresponding index date of their
matched surgical patient to mitigate
immortal time bias (30). Eligible partic-
ipants were monitored from the index
date until the earliest occurrence of the
following end points: 1) incidence of the
outcome of interest; 2) death; 3) patient
left the practice; 4) the practice ceased
contributing to the database; or 5) study
end date (31 January 2018).

Outcome Measures

The primary outcome measures were
composite microvascular disease, DFD,
STDR, and CKD. Outcomes were defined
by a rigorous process of clinical Read code
selection (31), reviewing them against ex-
isting literature, and ratifying through an
expert panel of specialists in the field and
primary care professionals.
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DFD was defined as a composite of
foot ulcer, gangrene, deformity, or am-
putation, moderate/high foot risk, pe-
ripheral vascular disease (PVD), or
diabetes-related peripheral neuropathy
(DPN) according to Read codes in the
IMRD database, defined as DFD1. Mod-
erate foot risk was defined as presence of
DPN, deformity, or noncritical limb is-
chemia. High foot risk was defined as
previous ulcer, amputation, more than
two of the three parameters of DPN,
deformity, or PVD (32,33). We consid-
ered alternative definitions for DFD in the
analysis. DFD2 was defined as any of the
components of DFD1, not including PVD/
DPN codes. DFD3 was defined as any of
the components of DFD2 without includ-
ing moderate/high foot risk codes. In
addition, we explored the risk of in-
cident DPN and PVD separately as sec-
ondary outcomes.

STDR was defined as preproliferative
retinopathy (R2), proliferative retinopa-
thy (R3), or maculopathy (M1); retinop-
athy treatment (photocoagulation/vitreous
injection); or vision loss (24). In a sensitivity
analysis, we excluded vision loss from the
outcome definition, because this may have
been caused by pathologies other than
diabetes such as macular degeneration
or cataract.

CKD was defined as estimated glomer-
ular filtration rage (eGFR) <60 mL/min/
1.73 m? or albuminuria (albumin-to-
creatinine ratio [ACR] =3 mg/mmol) (34).
In addition, we looked at eGFR <30 mL/
min/1.73 m? and macroalbuminuria (ACR
>30 mg/mmol) separately. We used the
Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation to cal-
culate the eGFR value from the creati-
nine value (35). In sensitivity analysis, we
defined two consecutive values of eGFR
<60 mL/min/1.73 m? and two consec-
utive ACR =3 mg/mmol as outcomes. In
both analyses, patients who had the
outcome measure of interest before
the index date were excluded.

All outcomes defined above are as-
sessed annually as part of the Quality and
Outcomes Framework (QOF) scheme in
primary care and are therefore likely to
be accurate; this regular assessment also
mitigates surveillance bias (36).

Statistical Analysis

Baseline characteristics are summarized
as mean (SD) or median (interquartile
range [IQR]) for continuous variables and

proportions for categorical variables. Co-
variates in the adjusted/multivariable
model were selected based on biologi-
cal plausibility. These included age, sex,
high BMI, smoking status, ethnicity, so-
cial deprivation status, hypertension sta-
tus, diabetes duration, baseline HbA,

post

surgical weight (latest available)
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the latest weight and HbA;. to avoid
inflation of results in favor of surgery.
Postsurgical weight was defined as latest
weight available for the surgical or non-
surgical group after the index date and
before the exit date. Percentage weight
loss (%WL) was calculated as

baseline weight
X 100

baseline weight

and medications, including ACE inhibi-
tors, antilipid drugs, and insulin. BMI was
categorized as <35 kg/m?, 35-40 kg/m?,
and >40 kg/m?. Smoking was catego-
rized as smoker, nonsmoker, and former
smoker. Social deprivation status was
represented by the Townsend depriva-
tion quintile, whichis based on material
deprivation within a population (31).
Race/ethnicity was categorized as Cau-
casian, Afro-Caribbean, south Asian, or
mixed. A missing category was used for
missing data for BMI, Townsend quin-
tile, smoking status, and race/ethnicity.
Hypertension status and medications
were handled as binomial variables and
age, diabetes duration, and baseline HbA;
as continuous variables.

We calculated crude and adjusted
hazard ratios (adjHRs) and 95% Cls for the
occurrence (incident) of each outcome of
interestin the surgical versus nonsurgical
groups using a Cox proportional hazards
regression model. Participants with the
outcome of interest in the surgical or
nonsurgical group at baseline were ex-
cluded from the respective analysis. For
CKD analysis, we also excluded the pa-
tients on renal replacement therapy, de-
fined as a patient with renal transplant or
on dialysis at baseline.

The proportional hazards assumption
was checked using the Schoenfeld resid-
uals test. We adjusted for biologically
plausible confounders as mentioned
above.

Stratifying by type of surgery, we
analyzed the outcome in participants un-
dergoing GB, SG, and RYGB and their
corresponding nonsurgical control group.
We did not perform this analysis in the DS
subgroup due to small numbers.

We know that beneficial effects of
BS on weight loss and glycemic control
lessen over time, so we reported

For the nonsurgical group who had no
surgery, weight change was calculated
using latest weight after the index date
and baseline weight. Independent sam-
ple t test was used to compare the %WL
in surgical and nonsurgical groups. HbA; .
was standardized as a percentage (Di-
abetes Control and Complications Trial
[DCCT] unit). We calculated the change
in HbA, (latest HbA,. available after the
index date minus baseline HbA;.) and
used the independent sample t test to
compare the percentage difference be-
tween surgical and nonsurgical groups.

We used Nelson-Aalen plots (nonpara-
metric estimator) to present the cumu-
lative hazard function for each outcome
over 10-year periods. A two-tailed P
value <0.05 was considered statistically
significant. All analyses were conducted
using Stata 15 software.

RESULTS

Baseline Characteristics

We included 1,126 surgical and 2,219 non-
surgical participants. Baseline character-
istics are summarized in Table 1. Mean
(SD) age was 50 (9.3) years, and 2,261
(67.59%) participants were women. Mean
(SD) BMI was 46.76 (7.96) kg/m? vs. 46.14
(7.49) kg/m?, and mean (SD) HbA;, was
7.78% (1.82) vs. 7.82% (1.69) for surgical
versus nonsurgical participants, respec-
tively. Median (IQR) diabetes duration
was 4.72 (2.17-8.93) vs. 4.63 (1.91-8.19)
years in surgical versus nonsurgical par-
ticipants. Most of the study population
(88.9% of the surgical and 82.1% of the
nonsurgical) was not recorded as active
smokers. Insulin was prescribed for 270
surgical (23.98%) versus 315 of the non-
surgical participants (14.20%). The prev-
alence of microvascular complications at
baseline was similar in the surgical and
nonsurgical groups.
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Table 1—Baseline characteristics of participants in the surgical and nonsurgical Of the 1,126 participants in the sur-

groups gical group, 249 (22.1%), 255 (22.7%),
surgical Nonsurgical 610 (52.2%), and 12 (1.1%) patients had
Population, n 1126 2219 GB, SG, RYGB, and DS, respectively.
Age Weight Change
Age categories, years, n (%) Data on weight before and after the index
<41 171 (15.19) 329 (14.83) ) )
41 60 803 (71.31) 1,568 (70.66) date were available for 1,067 surgical
61 max 152 (13.50) 322 (14.51) (94.8%) and 1,943 nonsurgical (87.6%)
Mean (SD) 49.87 (9.3) 50.12 (9.3) participants. Over the median (IQR)
Sex, n (%) follow-up of 2.8 years (1.2—-4.9) in the
Male 366 (32.50) 718 (32.36) surgical group and 3.4 years (1.5-5.6) in
el _ ) PED (e L0k, (T the nonsurgical group, the surgical group
BMiggtegor'es' L, @ () B S i achieved a greater mean (SD) %WL of
35 399 165 (1;1'65) 340 (15'50) 21.6% (13%) compared with 4.6% (9.7%)
=40 901 (80.02) 1,748 (78.77) in the nonsurgical group.
Missing 3 (0.27) 6 (0.27) Participants who underwent surgery
Mean (SD) 46.76 (7.96) 46.14 (7.49) lost more weight compared with their
Smoker categories, n (%) matched nonsurgical participants for all
gl;ZiZ:Jker igg Eig:gg; 1_;;5;9(55;;0?) surgical procedures: GB, 14.6% (13.9%)
Former smoker 438 (38.90) 633 (28.53) vs. 4.6% (10.3%), P < 0.001; SG, 20.6%
Missing 0 (0) 2 (0.09) (11.5%) vs. 4.2% (10.1%), P < 0.001;
Drinker categories, n (%) RYGB, 25.0% (12.0%) vs. 4.8% (9.1%),
Nondrinker 315 (27.98) 625 (28.17) P < 0.001; and DS, 21.2% (10.8%) vs.
Drinker 688 (6110) 1,403 (6323) 1.7% (9.3%), P < 0.001.
Former drinker 74 (6.57) 92 (4.15)
Missing 49 (4.35) 99 (4.46) Glycemic Control
Raé:/uectahs?;'ty' n (%) 0 (56 L (T HbA,. values before and after the index
Black Afro Caribbean 25 (2.22) '37 (1.67) date were available for 1,043 surgical
South Asian 32 (2.84) 56 (2.52) (93%) and 1,958 nonsurgical (88%) par-
Mixed race 7 (0.62) 10 (0.45) ticipants. Over the median (IQR) follow-up
Other 2 (0.18) 9 (0.41) period of 2.6 years (1-4.9) in the surgical
- M'Ssmi o CAD ) LS ) group versus 3.1 years (1.2-5.5) in the
ownsend, n (7 . -y H
1 (least deprivation <20%) 185 (16.43) 250 (11.27) ”f’”surg'ca' group, participants in thg sur-
2 178 (15.81) 290 (13.07) gical group achieved a mean reduction in
3 219 (19.45) 463 (20.87) HbA;.0f 1.3% (95% CI 1.2-1.5) (14.2 mmol/
4 234 (20.78) 492 (22.17) mol [13.1-16.4]), while in the nonsurgical
5 (most deprived >80%) 160 (14.21) 414 (18.66) group, HbA,. increased by 0.2% (95% CI
Missing 150 (13.32) 310 (13.97)

0.1-0.3) (2.2 mmol/mol [1.1-3.3]). The

Baseli biditi . .
aseline comorbidities mean HbA;. reduction difference be-

Mental health conditions, n (%)

Anxiety 310 (27.53) 526 (23.70) tween the surgical and nonsurgical co-
Depression 616 (54.71) 1,001 (45.11) horts was 1.5% (95% ClI 1.4-1.7) (16.4
Cardiovasculgr diseases, n (%) mmol/mol [15.3-18.5]). Participants re-
Hypertension 620 (55.06) 1,239 (55.84) ceiving any of the surgical procedures
Atrial fibrillation 26 (2.31) 47 (2.12) hi d ter HbA ducti
Heart failure 16 (1.42) 46 (2.07) achievead greater HbA, . reductions com-
Ischemic heart disease 74 (6.57) 165 (7.44) pared with the nonsurgical group, with
Stroke/transient ischemic attack 30 (2.66) 70 (3.15) a mean reduction difference of 1% (95%
Obstructive sleep apnea 243 (21.58) 175 (7.89) Cl 0.7-1.3) (10.9 mmol/mol [7.6-14.2])
Diabetes duration, median (IQR) 4.72 (2.17 8.93) 4.63 (191 8.19) in GB, 1.4% (1.1-1.7) (15.3 mmol/mol
Insuli , n (% 270 (23.98 315 (14.20 D )
Basr:I::enmurscer; r;s(c )Iar complications ( ) ( ) [12.0-18.5]) in SG, 1.8% (1.6-2.0) (19.6
I I V u I 1
Any microvascular complica:)ion (DFD3/STDR/CKD) 649 (57.64) 1,220 (54.98) mmol/mol [17.4-21.8]) in RYGB, and
DFD1 350 (31.08) ! 633 (28.53) 2.4% (9.8—4.0) (26.2 mmol/mol [8.7-
DFD2 212 (18.83) 371 (16.72) 43.6]) in DS.
DFD3 61 (5.42) 106 (4.78) . . .
DPN 155 (13.77) 291 (13.11) Composite Microvascular Disease
PVD 126 (11.19) 226 (10.18) BS was associated with 47% reduction in
STDR 57 (5.06) 151 (6.80) the hazard of developing composite mi-
CKD 481 (42.72) 865 (38.98)

crovascular complications versus nonsur-

CKD, eGFR <60 mL/min/1.73 m? or ACR =3; DFD1, ulcer or gangrene or deformity or amputation gical (adjHR 0.53; 95% Cl 0.43-0.66) over
or moderate/high foot risk or DPN/PVD; DFD2, ulcer or gangrene or deformity or amputation or the median follow-up period of 2.2 years
moderate/high foot risk; DFD3, ulcer or gangrene or deformity or amputation. (IQR 1-4.4)
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Analysis based on the type of surgery
showed that all types of surgery were
associated with favorable impact on the
incidence of composite microvascular
complications. The adjHRs and follow-up
duration in each surgical procedure can
be found in Table 2.

Diabetes-Related Foot Disease,
Peripheral Neuropathy, and PVD

BS was associated with reduction in the
hazards of incidence DFD1 by 39% (P <
0.001). Analysis based on the type of
surgery showed that all types of surgery
were associated with favorable impact
on the incident of DFD1; however, this
reached statistical significance only in
the RYGB and GB groups but not in
the SG group (Table 2). BS was associ-
ated with reduction in incidence DFD2

Table 2—Incidence of composite microvascular

subgroup analyses

by 37% (P < 0.001) and DPN by 28%
(P 0.037). There was nonsignificant
reduction in hazards of DFD3 and PVD
in the surgical group versus the non-
surgical group in adjusted analysis
(Table 3).

STDR

Over the median follow-up of 3.5 years
(IQR 1.6-5.7), BS was associated with a
34% reduction in incidence of STDR (P
0.048). In a sensitivity analysis excluding
low vision/blindness in the outcome
definition, we found a 42% reduction
inincidence of STDRin the surgical group
compared with the nonsurgical group,
(P 0.021) (Table 2). Stratifying by the
type of BS showed that there was a
statistically significant decrease in inci-
dent STDR in the GB cohort versus their

Composite microvascular

nonsurgical counterparts, but no association
was observed in the SG or RYGB groups
(Table 2).

CKD

Over the median follow-up of 2.7 years
(IQR 1.1-4.9), there was a 37% reduc-
tion in incident CKD in the surgical group
compared with the nonsurgical group
(P < 0.001) (Table 2). An examination
of the data based on the type of BS
showed that all types of surgery were
associated with favorable impact on in-
cident CKD, but this was statistically
significant in RYGB and SG but not in
GB (Table 2).

No significant association was ob-
served between BS and incident eGFR
<60 mL/min/1.73 m* or <30 mL/min/
1.73 m? (Table 4).

complications and DFD, STDR, and nephropathy in total population and

complications DFD1 STDR CKD
Surgical  Nonsurgical Surgical Nonsurgical Surgical Nonsurgical Surgical Nonsurgical
Population, n 477 999 776 1,586 1,069 2,068 645 1,354
Outcome events, n (%) 116 (24.3) 420 (42.0) 125 (16.1) 396 (25.0) 34 (3.2) 96 (4.6) 113 (17.5) 385 (28.4)
Person years 1,478.6 2,768.3 2,681.7 5,271.4 4,014.3 8,205.3 2,108.4 4,378.2
Crude IRR 78.45 151.72 46.61 75.12 8.47 11.7 53.6 87.94
Follow up 24(144) 21(143) 3.0(1352) 2.8(1.3 5.0) 3.3(1.5 5.5) 3.6 (1.5 5.9) 2.7 (1.1 4.9) 2.7 (1.1 5.0)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value
Gastric banding

0.52 (0.42 0.64), <0.001
0.53 (0.43 0.66), <0.001

0.62 (0.51 0.76), <0.001
0.61 (0.50 0.75), <0.001

0.72 (0.49 1.07), 0.105
0.66 (0.44 1.00), 0.048

0.61 (0.49 0.75), <0.001
0.63 (0.51 0.78), <0.001

Population, n 133 240 188 366 240 465 165 308
Outcome events, n (%) 49 (36.8) 127 (52.9) 39 (20.7) 119 (32.5) 12 (5.0) 36 (7.7) 51 (30.9) 121 (39.3)
Person years 514.4 845.9 895.3 1,521.9 1,223.4 2,399.5 692.5 1,287.2
Crude IRR 95.25 150.13 43.56 78.19 9.81 15 73.65 94
Follow up 35(1 6.2) 2.7 (13 56) 4.3 (2 7.2) 3.8(1.8 6.3) 4.9 (2.3 7.5) 5.2 (2.6 7.5) 4.1 (1.4 6.5) 3.7 (1.8 6.4)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

Sleeve gastrectomy

0.64 (0.46 0.89), 0.008
0.65 (0.46 0.91), 0.013

0.55 (0.39 0.80), 0.001
0.53 (0.36 0.78), 0.001

0.65 (0.34 1.25), 0.194
0.49 (0.24 0.99), 0.048

0.77 (0.55 1.06), 0.112
0.77 (0.55 1.09), 0.144

Population, n 104 206 165 335 241 456 147 283
Outcome events, n (%) 21(20.2) 73 (35.4) 27 (164) 76 (22.7) 6 (2.5) 12 (2.6) 17 (11.6) 65 (23)
Person years 299.07 439.21 484.73 926.2 782.32 1,521.87 425.9 756.58
Crude IRR 70.22 166.21 55.7 82.06 7.67 7.89 39.92 85.91
Follow up 2.3 (1 4.0) 1.6 (0.7 3.6) 2.4(0.9 43) 23(141) 28(135) 28(1249) 22(142) 2(09 4.0)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

Gastric bypass

0.45 (0.27 0.73), 0.001
0.49 (0.29 0.83), 0.008

0.69 (0.44 1.07), 0.098
0.70 (0.44 1.11), 0.13

1 (0.376 2.69, 0.989
1.41 (0.49 3.99), 0.523

0.47 (0.27 0.80), 0.005
0.52 (0.29 0.91), 0.023

Population, n 236 542 413 869 577 1,123 329 748
Outcome events, n (%) 44 (18.6) 220 (40.6) 57 (13.8) 201 (23.1) 16 (2.8) 48 (4.3) 44 (13.4) 197 (26.3)
Person years 656.1 1,446.46 1,277.87  2,775.225 1,978.4 4,206.25 979.26 2,288.854
Crude IRR 67.06 152.1 44.61 72.43 8.087 11.41 44.93 86.07
Follow up 2.2 (1 4.2) 1.9 (0.9 4.1) 2.6 (1.3 4.4) 2.8 (1.3 4.8) 3.0 (1.5 5.0) 3.5(1.6 5.6) 2.5 (1 4.4) 2.5 (1 4.8)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

0.44 (0.32 0.61), <0.001
0.42 (0.30 0.59), <0.001

0.61 (0.46 0.82), 0.001
0.58 (0.43 0.79), 0.001

0.72 (0.41 1.27), 0.255
0.63 (0.35 1.16), 0.137

0.52 (0.38 0.72), <0.001
0.51 (0.36 0.71), <0.001

AdjHR, adjusted for age, sex, smoking status, baseline BMI category, ethnicity, Townsend quantile, hypertension, diabetes duration, baseline HbA; ., and
medications, including ACE inhibitors, antilipid drugs, and insulin. Crude HR, unadjusted HR. DFD1, ulcer/gangrene/deformity/amputation/moderate
or high foot risk/peripheral neuropathy/PVD; IRR, incidence rate ratio/1,000 person years.
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Table 3—Incidence of DFD2 and DFD3, peripheral neuropathy, and PVD

DFD2 DFD3 DPN PVD
Surgical Nonsurgical Surgical Nonsurgical Surgical Nonsurgical Surgical Nonsurgical
Population, n 914 1,848 1,065 2,113 971 1,928 1,000 1,993
Outcome events, n (%) 147 (16.1) 453 (24.5) 29 (2.7) 64 (3.0) 58 (6.0) 157 (8.1) 29 (3.0) 81 (4.1)
Person years 3,314.8 6,488.0 4,028.9 8,457.09 3,590.71 7,308.73 3,642.73 7,667.25
Crude IRR 44.35 69.82 7.2 7.57 16.15 21.48 7.96 10.56
Follow up 3.3 (1.5 5.4) 3.0 (1.4 5.3) 3.3 (1.6 5.5) 3.6 (1.6 6.0) 3.2 (1.5 5.4) 3.4 (1.5 5.7) 3.2 (1.5 5.4) 3.5 (1.6 5.6)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

0.63 (0.53 0.76), <0.001
0.63 (0.52 0.76), <0.001

0.96 (0.62 1.48), 0.841
0.87 (0.55 1.37), 0.538

0.75 (0.55 1.01), 0.06
0.72 (0.52 0.98), 0.037

0.75 (0.49 1.15), 0.185
0.70 (0.45 1.09), 0.113

AdjHR, adjusted for age, sex, smoking status, baseline BMI category, ethnicity, Townsend quantile, hypertension, diabetes duration, baseline HbA;.and
medications, including ACE inhibitors, antilipid drugs and insulin. Crude HR, unadjusted HR. DFD2, amputation/ulcer/gangrene/deformity/moderate/
high foot risk; DFD3, amputation/ulcer/gangrene/deformity; IRR, incidence rate ratio/1,000 person years.

There was a 40% reduction in incident
albuminuria in the surgical group com-
pared with the nonsurgical group (P <
0.001) and a 64% reduction in macro-
albuminuria (P 0.009) (Table 4).

In a sensitivity analysis, the observed
association of BS with reduction in in-
cidence microalbuminuria, defined with
two consecutive measurements, ACR
=3 mg/mmol persisted with an adjHR of

0.52 (95% Cl 0.37-0.72). But no associ-
ation of BS and incidence eGFR <60 mL/
min/1.73 m? (two consecutive results)
was found.

Nelson-Aalen Cumulative Hazard
Estimates for Study Outcomes

The cumulative hazard estimates for the
study outcomes over a 10-year period
can be found in Supplementary Fig. 2.

Table 4—Incidence of eGFR <60 mL/min per 1.73 m?, eGFR <30 mL/min per
1.73 m?, ACR >3 mg/mmol, and ACR >30 mg/mmol and sensitivity analysis

eGFR ACR
Surgical Nonsurgical Surgical Nonsurgical
Population, n 963 1,931 737 1,510
eGFR <60 ACR =3
Outcome events, n (%) 67 (6.96) 174 (9.01) 109 (14.79) 372 (24.64)
Person years 3,482.7 7,405.5 2,525.8 5,001.2
Crude IRR 19.24 23.5 43.16 74.38
Follow up 3.4 (15 55) 3.5(1.556) 2.9 (1.3 55) 2.8 (1.1 5.1)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

0.82 (0.62 1.1), 0.181
0.81 (0.62 1.11), 0.21

0.58 (0.47 0.72), <0.001
0.60 (0.48 0.75), <0.001

eGFR <30 ACR >30
Outcome events, n (%) 8 (0.8) 28 (1.5) 8 (1.1) 48 (3.2)
Person years 3,693.9 7,826.8 2,907.4 6,200.2
Crude IRR 18.14 22.23 2.75 7.74
Follow up 3.7 (1.7 6.0) 3.7 (1.7 6.0) 3.5(1.6 5.7) 3.8 (1.6 6.1)

Crude HR (95% Cl), P value

AdjHR (95% Cl), P value

Sensitivity analysis
Population, n 963

Outcome events, n (%) 67 (7.0)
Person years 3,482.7
Crude IRR 19.24
Follow up 3.2 (1.5 5.3)

Crude HR (95% Cl), P value
AdjHR (95% Cl), P value

0.63 (0.29 1.37), 0.242
0.74 (0.32 1.70), 0.48
Two consecutive eGFR <60

0.83 (0.62 1.09), 0.181
0.83 (0.62 1.11), 0.21

0.36 (0.17 0.76), 0.007
0.36 (0.17 0.77), 0.009
Two consecutive ACR =3

1,931 924 1,795
174 (9.0) 46 (5.0) 168 (9.4)
7,405.5 3,419.7 6,675.1

23.50 13.45 25.17

35(1.4 5.6) 3.3 (15 5.4) 3.3 (14 5.6)

0.53 (0.39 0.74), <0.001
0.52 (0.37 0.72), <0.001

AdjHR, adjusted for age, sex, smoking status, baseline BMI category, ethnicity, Townsend quantile,
hypertension, diabetes duration, baseline HbA;. and medications, including ACE inhibitors,
antilipid drugs and insulin; Crude HR, unadjusted HR; IRR, incidence rate ratio/1,000 person

years.

The figure illustrates the association be-
tween BS and the reduction in incident
composite microvascular complications,
DFD1, STDR, and CKD. The impact of BS
on incident DFD1 and CKD was apparent
within the first 2-3 years postsurgery,
whereas the impact on STDR took longer
to become apparent (5-6 years).

CONCLUSIONS

Our study provides real-world population-
based data showing that BS was associ-
ated with significant reduction in incident
composite microvascular complications,
DFD, STDR, CKD, and DPN, in patients
with type 2 diabetes compared with rou-
tine care, after accounting for many po-
tential confounders. The association
between BS and the reduction in incident
STDR took longer to become apparent
compared with the other microvascular
complications (Supplementary Fig. 2). In
addition, BS was associated with greater
reductions in weight and HbA,. compared
with routine care during the follow-up,
with the greatest reductions observed in
the RYGB and DS groups.

Our results are similar to other pub-
lished findings but add novel aspects. Our
group previously showed in single-center
matched controlled studies that over 3
years, BS was associated with less eGFR
decline (37) and incident maculopathy
(38) compared with routine care; but
these studies were of a small sample
size, from a single center, and with a
limited number of patients.

Sheng et al. (39) also showed that BS
was associated with lower risk of inci-
dent composite microvascular complica-
tions in a systematic review, but unlike
our study, there were no results based on
individual microvascular complications.
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The Swedish Obese Subject (SOS)
study, a prospective matched controlled
intervention study, showed a reduction
in the incidence rate of composite mi-
crovascular complications in patients who
had undergone BS (n 343) compared
with controls (n 260) (18). However,
there were limitations in that the ma-
jority surgical procedure performed was
vertical gastroplasty, mean (=SD) diabe-
tes duration in surgical group was short
(2.9 £ 4.7 years), and there was no
assessment of individual microvascular
outcomes. In addition, the SOS study
started before many of the current type
2 diabetes interventions were established
(such as the use of statins and ACE
inhibitors/angiotensin receptor blockers).

Another study from the U.S., with a
design similar to our study, based on four
integrated health systems, found that BS
was associated with reduction in incident
retinopathy, nephropathy, and neurop-
athy (40). This study did not examine the
impact of BS on STDR, and the impact on
nephropathy was measured only using
eGFR and not albuminuria.

After BS, patients show a decrease in
fat mass as well as a loss of lean mass,
including muscle mass (41,42). There-
fore, itis difficult to differentiate whether
change in creatinine level and creatinine-
based eGFR is indicative of true improve-
ment in renal function. However, in our
study, the association between surgery
and reductionin incident CKD was mainly
driven by a reduction in albuminuria,
which is not affected by loss of muscle
mass.

In another study of similar design from
Denmark, RYGB was associated with a
reduction in the incidence of microvas-
cular complications (CKD, retinopathy, and
neuropathy), similar to what we ob-
served in our study (HR 0.53, 95% ClI
0.38-0.73) (43). But in that study, they
did not report the outcomes of individ-
ual microvascular complications, and our
study adjusted for more variables in the
Cox regression analysis (such as the
Townsend social deprivation index).

The Longitudinal Assessment of Bari-
atric Surgery (LABS) Study examined the
impact of RYGB and GB over a follow-up
period of up to 7 years and found ben-
eficial effect on weight loss, diabetes, and
hypertension status (44). While this
was a study conducted in general pop-
ulation with obesity, our study was
specifically focused on people with

type 2 diabetes and reported on com-
prehensive outcomes of multiple vas-
cular complications.

The Teen-LABS study specifically re-
ported the impact of BS on CKD in ad-
olescents with type 2 diabetes with a
sample size of 30. No other microvascu-
lar complications were analyzed (45).
Our study was specific in adults, included
multiple bariatric procedures, had a larger
sample size, and reported on DFD and
STDR.

We recently used the IMRD database
to show that BS was associated with a
reduction in incident CVD, hypertension,
and mortality in patients with and with-
out diabetes (20). Taken together with
the findings of this study, this suggests
that BS can play an important role in
reducing the burden of type 2 diabetes
by reducing the incidence of hyperten-
sion, CVD, microvascular disease, and
mortality as well as resulting in significant
improvements in weight and glycemic
control. These benefits were observed
despite that more patients in the surgical
group had insulin treatment at baseline.
Furthermore, in addition to reducing the
personal burden of type 2 diabetes, the
observed potential benefits are likely to
have significant savings in health care
costs considering the high cost of di-
abetes-related macro- and microvascular
complications (3). Despite these poten-
tial benefits in people with type 2 di-
abetes, access to BS is limited in most
Western health care systems, and im-
proving access to BS in patients with
type 2 diabetes might therefore have
positive implications for diabetes care
(46).

There are several plausible mecha-
nisms for the observed beneficial effects
of BS on incident microvascular compli-
cations. It is likely that BS exerts its
beneficial effects by improving the es-
tablished risk factors for microvascular
complications, including weight, HbA,,
blood pressure, lipids, and CVD (19,47,48).
In addition, recent data suggest that BS
can result in SGLT2 inhibition (49), and
several studies previously showed that
BS is associated with increased incretin
and GLP-1 responses (50). These could
contribute to the improved vascular out-
comes after BS considering the latest
cardiovascular outcomes trials in type 2
diabetes showing that GLP-1 receptor
agonists and SGLT2 inhibitors can reduce
CVD and CKD (51-53).

Singh and Associates

We managed to conduct subgroup
analysis by type of procedure, which
added novelty to our study. We showed
that all types of surgery included in this
study were associated with a reductionin
the incidence of composite microvascu-
lar complications versus the nonsurgical
arm. However, there was some variation
in the relationship between the type of
surgery and individual microvascular out-
comes. GB had afavorable impact on DFD
and STDR but not CKD, SG had a favorable
impact on CKD only, and RYGB had a
favorable impact on CKD and DFD but not
STDR. These observations are not fully
understood as yet and require further
evaluation.

We could not find any studies com-
paring the impact of different bariatric
procedures on microvascular diseases
as we did in our study. The systematic
review by Billeter et al. (21) showed that
only three studies included all types of
surgery in same study (18,38,54). How-
ever, none of these articles reported the
outcomes based on type of surgery, and
only the Johnson et al. (54) article re-
ported individual microvascular compli-
cations, and again, no subgroup analysis
by types of surgery was reported.

Limitations and Strengths

The main limitation of our study is its
observational nature, and hence, causa-
tion cannot be proven. However, we used
matching and extensive adjustments to
account for confounding. Participants
with the outcome of interest at baseline
were excluded from the analysis due to
methodological considerations. There-
fore, any effect of BS in patients who
already have microvascular complica-
tions requires future research. C-peptide
data were not available in our study data
set becauseitisnotyetaroutine caretest
in the U.K.; however, we included the
information on diabetes duration and
baseline insulin use and adjusted our
outcomes for these variable. We had a
short follow-up period duration.

Our study has several strengths: we
used avalidated primary care data source
(the IMRD database) and used previously
by our team (23—-27) and other research-
ers to explore similar outcomes (55,56).
Using IMRD allowed us to include a large
sample size, matched with a nonsurgi-
cal sample, and adjust for several cova-
riates, improving the generalizability of
our findings. Furthermore, the outcomes
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of our study were measured as part of
the QOF annually, ensuring consistency
in definitions and militating against de-
tection bias.

Conclusion

BS was associated with a reduction in
microvascular complications, including
DFD, STDR, CKD, and DPN, in patients
with type 2 diabetes and obesity. Im-
proving access to BS could reduce the
burden of type 2 diabetes, and access to
surgery needs to be improved.
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Chapter 6: Glycaemic outcomes in patients
with type 2 diabetes following bariatric
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6.1 Contents of chapter 6

Despite the development of several new classes of glucose lowering pharmacotherapy like
sodium-glucose transport-2 (SGLT2) inhibitors and glucagon-like peptide 1 (GLP-1) agonists),
only half of patients achieve HbAlc targets of < 7.0%.(1)

Weight loss had been associated with increased insulin sensitivity and improved glycaemic
control in patients with obesity and type 2 diabetes. There is now good evidence to show
that therapeutic approaches targeting weight loss have a beneficial effect on glycaemic
control. The DIiRECT trial showed that at 1 year after dietary intervention, 45.6% patients
achieved diabetes remission (defined as HbAlc < 6.5%, off glucose lowering medication) (2).
Bariatric surgery offering significant and sustained weight loss has shown superior effect
over medical treatment for achieving good glycaemic control, reduction in insulin
requirements and glucose lowering treatments and diabetes remission (3-6).

The International Diabetes Federation (IDF) has acknowledged bariatric surgery as safe,
effective and appropriate treatment option in patients with type 2 diabetes and obesity (7).
Bariatric surgery had been accepted as a management option in patients with obesity and
poorly controlled diabetes in national and international guidelines (8, 9). In this chapter, |
have presented the impact of bariatric surgery on glycaemic status and glucose lowering

medications from real-world data.
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6.3.1  Abstract

Background: Clinical trials have shown that bariatric surgery resulted in greater glycaemic
control and diabetes remission in patients with type 2 diabetes compared to routine medical
treatment. However, real-world studies are limited. We conducted a population-based study
examining the impact of bariatric surgery on glycaemic control and medication use in
patients with type 2 diabetes.

Methods: A retrospective matched, controlled cohort study between 1/1/1990 and
31/1/2018 using the IQVIA Medical Research Data (IMRD-UK) primary care electronic
records database. Adults with a BMI > 30 kg/m? and type 2 diabetes who had bariatric
surgery (exposure) were matched for age, sex, body mass index (BMI) and diabetes duration
to two controls with type 2 diabetes who had not had bariatric surgery.

Results: 1126 patients in the surgical and 2219 patients in the control group were analysed.
For study cohort, mean (SD) age was 50.0 (9.3) years, 67.6% were women, and median (IQR)
follow-up was 3.6 (1.7- 5.9) years. The median diabetes duration was 4.7 (2.2- 8.9) years vs
4.6 (1.9- 8.2) years and glycated haemoglobin (HbAlc) was 7.78% (1.82) and 7.82% (1.69) in
the surgical and control groups, respectively.

A significantly higher proportion of patients in the surgical group achieved HbA1lc of < 6.0%
than the control group (65.8% vs 22.8%). The surgical group showed a decrease in mean
HbAlc of 1.5% (95% Cl 1.4 to 1.7), 1.4% (95% Cl 1.2 to 1.5) and 1.3% (95% Cl 1.1 to 1.5)
between baseline and 1-, 2- and 3-years’ follow-up, respectively, while mean HbAlc

increased between baseline and each year of follow-up in the control group. The proportion
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of patients receiving glucose lowering medications decreased from baseline to study end in
the surgical group (92.2% to 66.5%) but increased in the control group (85.3% to 90.2%).
Conclusions: Bariatric surgery is associated with a significant improvement in glycaemic
control, greater achievement of normal HbA1lc and reduced need for glucose lowering

therapy in patients with type 2 diabetes in a real-world setting.

6.3.2  Backgrounds

Improving glycaemic control and achieving diabetes remission are important treatment aims
in patients with type 2 diabetes. Long term intensive glycaemic control to reduce diabetes-
related complications has been the cornerstone of diabetes management. Epidemiological
studies have shown that a 1% reduction in HbAlc is associated with a 21% decrease in
deaths related to diabetes, a 14% decrease in myocardial infarction and a 37% decrease in
risk of microvascular complications over a median of 10 years’ follow-up (1). Reduction in
HbA1lc has also been associated with a 24% decrease in annual average healthcare cost in
the first year and a 17% decrease in the second year compared to patients who did not
achieve HbAlc reduction (2).

Despite the development of several new classes of glucose lowering pharmacotherapy, only
half of patients with type 2 diabetes achieve HbAlc targets of < 7.0% (53mmol/mol) and 64%
are estimated to be achieving individualised glycaemic targets (3). From the annual National
Diabetes Audit (NADIA) in the UK, the percentage of patients achieving HbAlc < 7.5% (58
mmol/mol) was 65.8% in 2011-12 and 66.8% in 2017-18 (4). Hence, further treatment
strategies to improve the achievement of glycaemic targets are needed. Weight loss is an

important treatment strategy that can have a significant impact on glycaemic control, as
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shown by the DIRECT and LookAHEAD trials that utilised very low energy diet and intensive
lifestyle interventions respectively (5, 6).

Bariatric surgery is the most successful weight loss treatment in the short and long term (7,
8). Several RCTs have also shown that bariatric surgery in people with type 2 diabetes is
associated with significant improvements in glycaemic control, reduction in insulin
requirements and glucose lowering treatments, and diabetes remission. (9-11). However,
the uptake and accessibility of bariatric surgery in patients with type 2 diabetes remains low;
in Europe, the number of bariatric surgeries per one million population was only 72 in
Germany and 117 in England (12, 13). Hence, it is important to examine the impact of
bariatric surgery on glycaemic outcomes in a real world setting, especially given that real
world studies have shown bariatric surgery was associated with a reduction in incident
cardiovascular disease, microvascular complications, and mortality in patients with and
without type 2 diabetes (14, 15).

Here we aimed to assess the impact of bariatric surgery on glycaemic control and the use of
glucose lowering medications in patients with obesity and type 2 diabetes who underwent

bariatric surgery compared to routine care in a real-world UK setting.

6.3.3 Methods

6.3.3.1 Study design and data source

We conducted a retrospective cohort study between 1/1/1990 and 31/1/2018 utilising the
IQVIA Medical Research Data (IMRD-UK) database. The IMRD database uses de-identified

data of over 15 million patients collected as a part of their routine primary care, covering
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nearly 6% of the UK population at a given time point (16). It contains information on patient
demographics, treatments, physical measurements, laboratory results, symptoms, and
medical diagnoses. This database is specifically suitable for research relevant to conditions
that are part of the Quality and Outcomes Framework (QOF), including type 2 diabetes, as
the QOF scheme incentivizes primary care physicians for identification and management of
these conditions, and so they are well recorded (17).

Practices were eligible for inclusion from a year after installation of electronic medical
records software and achieving acceptable mortality reporting, a measure of data quality
(18). Patients registered with an eligible practice for at least one year were eligible for

inclusion to ensure completeness of data.

6.3.3.2 Study population

We included patients aged 18 to 75 years with type 2 diabetes. The surgical cohort was
defined as patients with type 2 diabetes who underwent primary bariatric surgery [gastric
banding (GB), sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB), or duodenal switch
(DS)] during the study period. Every patient in the exposed cohort was matched with up to 2
control patients (type 2 diabetes but who did not undergo bariatric surgery) within the same
general practice for age (+ 2 years), sex, body mass index (BMI, +2 kg/m?) and diabetes
duration (%3 years).

The date of bariatric surgery was assigned as the index date for exposed patients and the
same date was assigned as index date to their matched control patients in order to minimise

immortal time bias (19).

108



Patients in the surgical group along with their controls were excluded from the study if they
met any of the following criteria at baseline: BMI < 30 kg/m?, age > 75 years, prior record of
gastric cancer, prior record of gastric balloon/endo-barrier/revisional bariatric surgery.
Eligible participants were followed up from the index date until the earliest occurrence of
the following end points: a) record of target HbAlc (outcome (2) as defined below); b)
death; c) patient left the practice; d) the practice ceased contributing to the database; and e)

study end date (31/1/2018).

6.3.3.3 Outcome measures

The main outcomes of our study were: (1) mean change in HbAlc from baseline (yearly for
up to 3 years); (2) attainment or maintaining of glycaemic targets, defined as HbAlc < 6.0%
(42mmol/mol), £ 6.5% (48mmol/mol) and < 7% (53mmol/mol) (9, 20), irrespective of their
baseline HbAlc and use of glucose lowering medication; and (3) number and type of glucose
lowering medications being used after bariatric surgery. We also assessed percentage weight

loss in surgical and control group.

6.3.3.4 Statistical analysis

For outcome (1), HbAlc is expressed as a percentage (Diabetes Control and Complications
Trial, DCCT unit). Change in HbAlc was defined as the difference between latest available
HbA1lc in each year after the index date (up to 3 years) and the baseline HbAlc. We
disregarded HbA1c readings available within 28 days of index date as HbAlc measurements
within 28 days of surgery may be the result of short-term effects of surgery. We used the

independent sample t-test to compare change in HbAlc in the surgical and control groups.
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For the analysis of outcome (2), achieving target HbA1lc, we used Cox proportional hazards
regression analysis and calculated unadjusted and adjusted hazard ratios (HR) among
patients who underwent bariatric surgery compared to their matched controls for each of
the 3 glycaemic targets. For our study, we assessed achieving or maintaining glycaemic
targets of <7% (53 mmol/mol), < 6.5% (48mmol/mol) and <6 % (42 mmol/mol) based on
earliest date after index date irrespective of baseline HbAlc and glucose lowering
medications, as per the recommendations by ADA, NICE and studies examining diabetes
remission after bariatric surgery (9, 20, 21). The proportional hazards assumption was
checked using the Schoenfeld residuals test. The analysis was repeated in subsets of patients
based on their insulin use status at baseline and the type of bariatric surgery they
underwent.

For outcome (3), glucose lowering medications included metformin, sulphonylurea, glinides,
acarbose, thiazolidinediones, dipeptidyl peptidase 4 (DPP4) inhibitors, sodium-glucose
transport-2 (SGLT2) inhibitors, glucagon-like peptide 1 (GLP-1) agonists, and insulin. The
proportion of patients who were prescribed each of these drugs at any time point before
and after index date (pre- and post-surgery in the surgical group) are presented graphically
drugs.

We also assessed the number of glucose-lowering medications pre- and post-bariatric
surgery in the surgical and control groups. The number of glucose-lowering medications was
categorised as no medication, monotherapy (one medication), dual therapy (two
medications) and polypharmacy (= 3 medications).

Percentage weight loss (%WL) was calculated as change in weight (post-surgical weight

defined as the latest available data after the index date - baseline weight) / baseline weight
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x 100. For the control group who had no surgery, weight change was calculated using a
similar formula.

A two-tailed p-value <0.05 was considered statistically significant. All analyses were
conducted using Stata version 15.

Covariates in the adjusted/multivariable model were selected based on biological plausibility
and these included: age, sex, baseline BMI, ethnicity, social deprivation status, baseline
HbA1c, diabetes duration and insulin use. BMI was categorised as < 35 kg/m?, 35-40 kg/m?
and > 40 kg/m?. Social deprivation status was represented by Townsend deprivation quintile
which is based on material deprivation within a population. Ethnicity was categorised as
White, Afro-Caribbean, South Asian and mixed. A missing category was used for missing data
for BMI, Townsend quintile and ethnicity. Baseline HbAlc and diabetes duration were

treated as continuous variables and insulin use as a binary variable.

6.3.4 Results

6.3.4.1 Baseline characteristics

The baseline characteristics of the 3345 participants included are summarised in Table 1. For
the whole cohort, the mean age was 50 (9.3) years. Two thirds of the participants in the
study (67.59%) were female. Baseline HbAlc was available for 1117 (99.2%) patients in
surgical and 2184 (98.4%) in control group. The mean baseline HbA1c was similar in both
groups (7.8%), but more participants in the surgical group were prescribed insulin compared
to the control group (270 (23.98%) vs 315 (14.20%)). The median follow-up was 3.4 years

(1.6- 5.6) years in the surgical group and 3.7 (1.7- 6.1) years in the control group. Out of 1126
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participants in surgical group, 249 (22.1%), 255 (22.7%), 610 (52.2%) and 12 (1.1%) of

patients had GB, SG, RYGB and DS, respectively.

Table 1: Baseline characteristics of participants in surgical and non-surgical groups

Exposed Unexposed
Population, n 1126 2219
Age, years, Mean (SD) 49.87 (9.3) 50.12 (9.3)
Age Categories, years, n (%)
<41 171 (15.19) 329 (14.83)
41-60 803 (71.31) 1568 (70.66)
61-max 152 (13.50) 322 (14.51)
Sex, n (%)
Male 366 (32.50) 718 (32.36)
Female 760 (67.50) 1501 (67.64)
BMI, kg/ m?, Mean (SD) 46.76 (7.96) 46.14 (7.49)
BMI Categories, kg/m?, n (%)
30-34.9 57 (5.06) 121 (5.46)
35-39.9 165 (14.65) 344 (15.50)
>40 901 (80.02) 1748 (78.77)
Missing 3(0.27) 6(0.27)
Ethnicity, n (%)
White Caucasian 620 (55.06) 1094 (49.30)
Black Afro-Caribbean 25 (2.22) 37 (1.67)
South Asian 32 (2.84) 56 (2.52)
Mixed Race 7 (0.62) 10 (0.45)
Other 2(0.18) 9 (0.41)
Missing 440 (39.08) 1013 (45.65)
Townsend quintile, n (%)
1 (Least deprived) 185 (16.43) 250 (11.27)
2 178 (15.81) 290 (13.07)
3 219 (19.45) 463 (20.87)
4 234 (20.78) 492 (22.17)
5 (Most deprived) 160 (14.21) 414 (18.66)
Missing 150 (13.32) 310 (13.97)
Diabetes Status
Diabetes duration (years), Median (IQR) | 4.7 (2.1-8.9) 4.6 (1.9-8.1)
Mean HbA1lc, Mean (SD) 7.8(1.8) 7.8(1.7)
Insulin user n (%) 270 (23.98) 315 (14.20)
No glucose lowering medication n (%) 88 (7.82) 326 (14.69)
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6.3.4.2 Mean HbAlc and change in glycaemic status

At 1 year after index date, mean (SD) HbA1c for the surgical (n=699) and control (n=1444)
groups was 6.3% (1.3) vs 7.9% (1.8), respectively. Mean of reduction in HbAlc was 1.5%
(95% Cl 1.7 to 1.4) in surgical group compared to an increase of HbAlc in the control group
(0.1% (95% Cl1 0.0 to 0.2)) which equates to difference in mean change of 1.7 (95% Cl 1.5 to
1.8).

Participants receiving any of the surgical procedures achieved greater HbAlc reductions
compared to their matched controls, with a difference in mean HbAlc change of 1.0% (95%
C1 0.7 to 1.3) in GB, 1.6% (1.3 to 1.9) in SG, 2.0% (1.7 to 2.2) in RYGB, and 3.2% (0.8 to 5.6) in
DS.

At 2 years, mean (SD) HbA1c for the surgical (n=571) and control (n=1245) groups was 6.4%
(1.4) vs 8.0% (1.8). Participants in the surgical group achieved a mean reduction in HbA1lc of
1.4% (95% Cl 1.2 to 1.5), while mean HbA1c in the control group increased by 0.2% (95% ClI
0.1t00.3).

Similarly, at 3 years, mean (SD) HbA1lc for the surgical (n=442) and control (n=1024) groups
was 6.6% (1.5) vs 8.1% (1.9). Participants in the surgical group achieved a mean reduction in
HbA1c of 1.3% (95% Cl 1.1 to 1.5), while mean HbA1c in the control group increased by 0.3%

(95% C1 0.2 to 0.4). The above is summarised in Figure 1 a) and b).
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Mean HbA1c (95% CI) in Surgical vs Control group
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Figure 1: a) Mean (SD) HbA1c in surgical vs control groups. b) Mean HbA1c change from baseline in surgical vs
control groups; GB= Gastric band, SG= Sleeve gastrectomy, RYGB= Gastric bypass
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6.3.4.3 Achieving glycaemic targets

At baseline, 132 (11.72%) patients in the surgical group and 219 (9.87%) patients in the
control group had HbA1c £ 6.0% (42 mmol/mol). Over the median (IQR) follow-up of 1.8
(0.6- 4.3) years, 741 (65.8%) vs 506 (22.8%) patients achieved a HbAlc < 6.0% in the surgical
vs control group. Achieving and maintaining HbAlc < 6% was significantly more likely in the
surgical vs control groups (adjusted HR 5.86 (95% CI 5.19 to 6.60), p<0.001) (Table 2).

All surgical procedures were associated with achieving target HbAlc < 6.0% (42 mmol/mol)
(Table 1). Analysing by insulin status showed similar results.

Before index date, 328 (29.13%) patients in the surgical and 540 (24.34%) in the control
group had HbAlc £ 6.5%, and 483 (42.9%) patients in the surgical and 861 (38.81%) patients
in the control group had HbAlc £ 7.0%. Achieving or maintaining target HbAlc of < 6.5% and
< 7.0% was greater in the surgical group irrespective of type of surgery and baseline insulin

use (Table 2).
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Table 2: Achieving targeted HbA1c in surgical and control groups

HBAlc<6 HBAlc < 6.5 HBA1c<7.0

Surgical Control Surgical Control Surgical Control
Total Population 1126 2219 1126 2219 1126 2219
Outcome events, n (%) 741 (65.81) 506 (22.80) 897 (79.66) 946 (42.63) 980 (87.03) 1283 (57.82)
Person-years 1179.55 7421.33 1227.48 58883.31 908.79 4469.07
Crude Incidence Rate* 416.39 68.18 730.77 160.69 1078.36 287.08
Follow-up years, Median (IQR) 0.7 (0.3-1.9) 2.7(1.1-5.1) | 0.5(0.3-1.1) | 1.8(0.6-4.0) | 0.4(0.2-0.8) | 1.1(0.4-3.0)

HR (95% Cl), Unadjusted 4.90 (4.36- 5.49), <0.001 3.52 (3.21- 3.87), <0.001 2.85 (2.62- 3.11), <0.001
p-value Adjusted 5.86 (5.19- 6.60), <0.001 3.94 (3.57- 4.34), <0.001 2.98 (2.73- 3.26), <0.001

On Insulin 270 315 270 315 270 315
Outcome events, n (%) 115 (42.59) 50 (15.87) 172(62.70) 84 (26.67) 211 (78.15) 123 (39.05)
Person-years 640.38 1067.41 475.13 952.24 342.60 796.95
Crude Incidence Rate* 179.58 46.84 362 88.21 615.89 154.34
Follow-up years, Median (IQR) 1.3(0.5-3.7) 3.1(1.1-5.4) 0.8(0.3-2.5) | 2.5(0.9-4.7) | 0.5(0.3-1.3) | 1.6 (0.6-4.0)

HR (95% Cl), Unadjusted 3.48 (2.50- 4.86), <0.001 3.54 (2.72- 4.6), <0.001 3.35(2.68- 4.20), <0.001
p-value Adjusted 3.98 (2.83- 5.60), <0.001 3.75 (2.87- 4.90), <0.001 3.55 (2.82- 4.46), <0.001

Not on Insulin 856 1904 856 1904 856 1904
Outcome events, n (%) 626 (73.13) 459 (23.95) 725 (84.70) 862 (45.27) 769 (89.84) 1160 (60.92)
Person-years 1139.18 6353.92 752.34 4931.07 566.19 3672.12
Crude Incidence Rate* 549.52 71.77 963.66 174.81 1358.2 315.89
Follow-up years, Median (IQR) 0.6 (0.3-1.4) 2.7(1.1-5.1) | 0.4(0.2-0.8) | 1.7(0.6-3.8) | 0.4(0.2-0.7) | 1(0.4-2.7)

HR (95% Cl), Unadjusted 5.88 (5.19- 6.66), <0.001 4.07 (3.67- 4.51), <0.001 3.09 (2.81- 3.40), <0.001
p-value Adjusted 6.21 (5.46- 7.06), <0.001 3.99 (3.59- 4.43), <0.001 2.92 (2.64- 3.22), <0.001
Gastric Band 249 492 249 492 249 492
Outcome events, n (%) 143 (57.43) 140 (28.46) 186 (74.70) 235 (47.76) 211 (84.74) 308 (62.60)
Person-years 652.74 2075.4 450.23 1644.53 303.48 1221.87
Crude Incidence Rate* 219.08 67.46 413.12 142.9 695.27 252.07
Follow-up years, Median (IQR) | 1.5 (0.6- 4.1) 3.6(1.4-6.5) | 0.8(0.4-2.1) | 2.5(0.7-5.6) | 0.6(0.3-1.2) | 1.2(0.5-3.8)

HR (95% Cl), Unadjusted 2.87 (2.26- 3.62), <0.001 2.38 (1.96- 2.89), <0.001 2.12 (1.77- 2.53), <0.001
p-value Adjusted 3.50 (2.72- 4.49), <0.001 2.59 (2.11- 3.18), <0.001 2.27 (1.89- 2.72), <0.001
Sleeve Gastrectomy 255 497 255 497 255 497
Outcome events, n (%) 173 (67.84) 93 (18.71) 209 (81.96) 195 (39.24) 220 (86.27) 279 (56.14)
Person-years 316.27 1435.30 212.16 1135.16 172.05 869.38
Crude Incidence Rate* 546.99 64.79 985.12 171.8 1278.68 320.92
Follow-up years, Median (IQR) 0.6 (0.3-1.2) 2.3(1.0-4.4) | 0.5(0.2-0.9) | 1.6(0.6-3.3) | 0.4(0.2-0.7) | 1(0.4-2.4)

HR (95% Cl), Unadjusted 6.55 (5.06- 8.47), <0.001 4.35 (3.56- 5.33), <0.001 3.04 (2.53- 3.65), <0.001
p-value Adjusted 8.29 (6.29- 10.92), <0.001 4.77 (3.84- 5.922), <0.001 3.12 (2.56- 3.78), <0.001
Gastric bypass 610 1206 610 1206 610 1206
Outcome events, n (%) 418 (68.52) 267 (22.14) 494 (80.98) 505 (41.87) 538 (88.20) 680 (56.38)
Person-years 797.77 3850.68 553.68 3058.41 423.93 2345.38
Crude Incidence Rate* 523.96 69.34 892.21 1165.12 1269.07 289.93
Follow-up years, Median (IQR) 0.6 (0.3-1.5) 2.7(1.7-4.9) | 0.4(0.2-0.9) | 1.7(0.6-3.9) | 0.4(0.2-0.7) | 1.1(0.4-2.9)

HR (95% Cl), Unadjusted

5.71 (4.88- 6.68), <0.001

4.04 (3.55- 4.60), <0.001

3.25 (2.89- 3.66), <0.001

p-value

Adjusted

7.32 (6.19- 8.66), <0.001

4.98 (4.33-5.73), <0.001

3.69 (3.26- 4.19), <0.001

IRR = Crude Incidence Rate/1000 person-years

Adjusted for age, sex, baseline BMI, ethnicity, Townsend quintile, baseline HbAlc, diabetes

duration and insulin use.
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6.3.4.4 Change in medications

At baseline, the use of glucose lowering medications was similar in the surgical and control
groups except that the percentage of patients on insulin (24.0% vs 14.2%) and GLP-1
agonists (25.6% vs 12.2%) which was higher in the surgical group compared to the control
group. This observation could be reflection of closer follow up provided to patients under
weight management service. There were 88 (7.8%) patients in the surgical vs 326 (14.7%) in
the control group without pharmacotherapy prescriptions (Table 3).

Over the study period, the proportion of patients on glucose lowering medications
decreased in the surgical group (92.2% at baseline to 66.5%), while it increased in the control
group (85.3% at baseline to 90.2%).

In the surgical group, the percentage of patients taking metformin, sulphonylurea, DPP4
inhibitors, GLP-1 agonists and insulin decreased after the intervention compared to baseline.
In the control group, the percentage of patients taking metformin, sulphonylurea, and
insulin increased, with a significant increase in DPP4 inhibitor and GLP-1 agonists.

There was a reduction in thiazolidinediones, glinides and acarbose, and an increase in SGLT2

inhibitors in both groups during the study period.

Table 3: Change in glucose lowering medications before and after index date in surgical and control groups.

Surgical Control

Before N (%) After N (%) Before N (%) After N (%)
Metformin 1024 (90.94) 683 (60.66) 1863 (83.96) 1881 (84.77)
Glitazones 332 (29.48) 67 (5.95) 547 (24.65) 373 (16.81)
Glinides 26 (2.31) 4 (0.36) 38 (1.71) 8 (0.36)
Sulphonylurea 475 (42.18) 160 (14.21) 852 (38.40) 904 (40.74)
Acarbose 31 (2.75) 8(0.71) 32 (1.44) 14 (0.63)
DPP4 inhibitor 178 (15.81) 102 (9.06) 325 (14.65) 641 (28.89)
SGLT2 inhibitor 53 (4.71) 71(6.31) 70 (3.15) 352 (15.86)
GLP-1 agonist 288 (25.58) 109 (9.68) 270 (12.17) 512 (23.07)
Insulin 270 (23.98) 136 (12.08) 315 (14.20) 429 (19.33)
No treatment 88 (7.82) 388 (34.46) 326 (14.69) 217 (9.78)
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The percentage of patients on no medication, monotherapy, dual therapy and polytherapy

was similar in the surgical and control groups at baseline. After surgery/index date, the
percentage of patients on no medication increased from 7.8 to 34.5% and there was a
significant reduction in the proportion of patients on dual and polytherapy. In the control
group, the percentage of patients on no therapy and monotherapy decreased after index

date, and a significant increase in polytherapy was noted (31.9 % to 42.9%) (Figure 2).
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Figure 2: Percentage of patients on glucose lowering medications before and after index date (pre- and post-

surgery) in surgical and control groups.

6.3.4.5 Change in weight

Data on weight before and after index date was available for 1067 (94.8%) surgical and 1943

(87.6%) control participants. Over the median (IQR) follow-up of 3.2 years (1.4-5.4), the
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surgical group achieved a greater %WL (mean, 95% Cl) of 21.6% (20.8% to 22.4%) compared
t0 4.6% (4.1% to 5.0%) in the control group.

A greater weight reduction was noted in the surgical group compared to their matched
controls for all surgical procedures, WL (mean (95% Cl)): GB 14.6% (12.8% to 16.3%) vs
4.6% (3.6% to0 5.5%); SG 20.6% (19.1% to 22.1%) vs 4.2% (3.2% to 5.2%); RYGB 25.0% (24.0%
to 25.9%) vs 4.8% (4.2% to 5.3%); and DS 21.2% (14.5% to 28.1%) vs 1.7% (2.7% to 6.0%).
Similarly, a greater weight reduction was noted in both insulin and non-insulin users in the
surgical compared to the control group, %WL: 22.6% (95% Cl 21.2 to 24.1%) vs 4.1% (95% ClI
2.8% t0 5.4%) in insulin users and 21.3% (95% Cl 20.4% to 22.2%) vs 4.6% (95% Cl 4.2% to

5.1%) in non-insulin users.

6.3.5 Discussion

Our study provides real-world evidence of superior effect of bariatric surgery in people with
type 2 diabetes and obesity in achieving better glycaemic control and meeting glycaemic
targets with less glucose lowering medications over median (IQR) follow-up of 3.6 (1.7- 5.9)
years compared to routine care. These results occurred within the context of higher insulin
prescriptions at baseline and less glucose lowering medications prescriptions in the surgical
group compared to routine care. Bariatric surgery was associated with significant greater
weight loss in people with type 2 diabetes compared to routine care.

The effect of bariatric surgery on glycaemic status is well evidenced in clinical studies.
Guidance on choice and titration of glucose lowering medications post bariatric surgery is
currently not well defined (22, 23). In our study, we found metformin, sulphonylurea, insulin

and GLP-1 agonists were commonly used medications.
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Diabetes cure or reversal has been identified as a top research priority by a project led by
patients with type 2 diabetes and their carers (24). The DIiRECT trial showed diabetes
remission rate of 36% over two years based on a diabetes remission definition of HbAlc <
6.5% (48 mmol/mol), using an integrated structured weight management programme. The
LookAHead study defined diabetes remission as fasting plasma glucose <126 mg/dL and
HbA1lc £6.5% and off glucose- lowering medication showed diabetes remission rate of 7.3%
(95% Cl 6.2% to 8.4%) at four years’ follow-up using an intensive lifestyle intervention (6). A
meta-analysis of eight RCTs found bariatric surgery achieved higher a remission rate
compared to a non-surgical intervention with a risk ratio 5.41 (95% Cl 2.47 to 11.85) over 1-2
years’ follow-up, and 8.36 (2.71 to 25.85) over 3-5 years’ follow-up (25). In a systematic
review of RCTs comparing bariatric surgery vs non-surgical treatments showed a 22% higher
chance of diabetes remission in the surgical compared to control group, with a relative risk
22.1 (95% Cl 3.2 to 154.3) in a complete case analysis (26).

Our results support these findings and show that achieving HbAlc in the normoglycemic
range is possible (for more than half of patients) within a real-world setting with bariatric
surgery, while this was not observed in the routine care group using pharmacotherapy.
Insulin use has been shown to be predictor of poorer glycaemic outcomes and diabetes
remission in post bariatric surgery patients (27). Despite higher insulin user in bariatric
surgery at baseline, more patients managed to achieve targeted glycaemic control in surgical
group compared to routine care.

In our study, we observed a HbA1lc reduction of 1.3% (95% Cl 1.1 to 1.5) and 70.3% and

79.9% of patients in the surgical group achieved HbAlc of < 6.5% and < 7.0%, respectively

over a median follow up period of 3.4 years follow-up. Reduction in HbAlc was noted in all
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surgical groups and was highest in the RYGB group followed by SG and GB. In our study,
70.3% and 79.9% of patients in the surgical group achieved HbA1lc of < 6.5% and < 7.0%,
respectively over a median follow up period of 3.4 years. The proportion of patients
achieving the targeted HbA1lc was higher than those noted in RCTs (9, 10). These differences
could be because 29.1% and 42.9% of patients in our study had HbAlc < 6.5% and < 7.0%,
respectively at baseline while all patients in both the RCTs (9, 10) had HbA1lc > 7.0%. Good
glycaemic status in surgical group was noted despite being on less glucose lowering
medications. Percentage of patients on SGLT2I and GLP1A medication reduced in surgical
group in post op stage. RCT GRAVITAS (GLP-1 Receptor Agonist Intervention for poor
responders after bariatric surgery) by Miras et al showed adjuvant effect of Liraglutide on
diabetes management of patients who underwent RYGB or SG (28). Patients on liraglutide
managed to achieve reduction in HbAlc and weight over 26 weeks follow up (28). This study
and review article by Pournaras.et.al (29) highlights that to achieve and maintain targeted
HbA1c, multimodal treatment should be adapted for management of patients with type 2
diabetes. Continuation of GLP1A and SGLT2I class of medications in surgical group could
have resulted in further reduction in HbAlc and better cardiovascular outcomes.

A retrospective observational study of patients with type 2 diabetes using the Clinical
Practice Research Datalink, including 1320 patients in the surgical group and 1296
propensity score matched patients in the control group, found a positive impact of bariatric
surgery on glycaemic status and diabetes remission defined by either a coded record of
diabetes resolution or absence of prescription of diabetes medications for at least a six-
month period (30). However, there was no further analysis based on type of surgery and the

result was not adjusted for baseline HbAlc or diabetes duration.
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The mechanism behind glycaemic improvement after bariatric surgery is complex and
incompletely understood. The likely mechanism includes changes in beta cell reserve, insulin
sensitivity, gluconeogenesis, glucose uptake and utilization in peripheral organs (31, 32).
Weight loss has been associated with enhanced insulin sensitivity (33). In our study, patients
who had bariatric surgery achieved a greater percentage weight loss compared to the
control group (21.6% vs 4.6%). Weight loss due to bariatric surgery has been associated with
changes in hormones(34), gut microbiome(35), taste and smell senses(36), intestinal
enteroplasticty, and vagus nerve function (37). Bariatric surgery leads to an increase in
satiety hormones GLP-1 and pancreatic peptide YY (PYY) and a decrease in the hunger
hormone ghrelin (34). These hormonal changes differ from those seen following weight loss
by dietary intervention which may explain the sustainability of bariatric surgery on metabolic
effect (31, 34). Bariatric surgery alters bile acid and gut microbial environment creating a
weight losing environment (35). Change in taste and smell after surgery impact the choice of
food in post-bariatric surgery patients and leads to high calorie food being perceived as less
rewarding (36, 38).

Weight loss may cause a reduction in ectopic fat in the pancreas, leading to a reduction in
adipo-toxicity, a reduction in peripheral fat leading to down regulation of proinflammatory
signals and improving pancreatic cell survival and insulin sensitivity (32). Reduction in
triglyceride and ectopic fat in the liver and muscle may improve insulin sensitivity (32).

We have shown previously the relationship between bariatric surgery and reduction in
micro- and macrovascular complications and mortality (14, 15). Taken together with the
findings of this study, bariatric surgery can be seen to reduce the burden of type 2 diabetes

on both patients and the health economy.
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6.3.6  Limitations and strengths

Our findings should be interpreted within certain limitations. The IMRD-UK database is a
validated primary care data source and had been used by our team and other researchers in
numerous studies (14, 39-41). Because of the retrospective nature of the study and the
limited data on some covariates, residual confounding cannot be excluded.

However, our study provides real-world data regarding the impact of bariatric surgery on
glycaemic status and glucose lowering medications. The large sample size allowed us to
explore the effect in different types of bariatric surgery. Our study included patients with
type 2 diabetes on insulin as well as non-insulin users, and we were able to analyse the

outcomes in these two groups separately.

6.3.7 Conclusion

Bariatric surgery was associated with a large reduction in HbAlc in patients with type 2
diabetes and obesity compared to routine care. It was also associated with a reduction in
polypharmacy. Bariatric surgery is an effective treatment for patients with type 2 diabetes
and obesity and can result in HbAlc in the normoglycemic range. Increased utilization of
bariatric surgery may reduce the burden of diabetes-related complications for both patients

and the health system.
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Chapter 7: Prognostic models for
predicting remission of diabetes following
bariatric surgery: A systematic review and

meta-analysis
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7.1 Contents of chapter

Literature review found bariatric surgery is successful in achieving diabetes remission in
patients with preserved pancreatic beta cell function e.g. younger age, shorter duration of
diabetes, and higher C-peptide level, and space to reduce insulin resistance e.g. extra body
mass index, fat distribution pattern.(1) Prediction models encapsulating these factors could
be good tool to help clinician and patient to make informed choice.

A systematic review published in 2016 identified 8 studies and revealed 2 prediction model
DiaRem (2) and ABCD (3) with external validation and 4 other models in developmental
stage.(4)

However, things have moved fast and many more prediction models including DiaBetter (5),
DRS (6) and IMS (7) has emerged to envisage diabetes remission in patients undergoing
bariatric surgery or metabolic surgery. The prediction model described in previous
systematic review had been externally validated in more studies, in different population and
in patients undergoing sleeve gastrectomy since this systematic review. There are studies
presenting more than one prediction model and compared them (8, 9).

Considering the growing literature in this area and increasing use of bariatric surgery
worldwide, there is a need to undertake systematic review to identify the available
prediction model, critically summarise their findings in patients with type 2 diabetes
undergoing bariatric surgery.

In this chapter, | have presented systematic review to identify available prediction models
and assess how good they are in predicting diabetes remission in patients undergoing

bariatric surgery. This chapter is presented in format of a published article
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Prognostic Models for Predicting
Remission of Diabetes Following
Bariatric Surgery: A Systematic
Review and Meta-analysis

Diabetes Care 2021;44:2626-2641 | https;//doi.org/10.2337/dc21-0166

BACKGROUND

Remission of type 2 diabetes following bariatric surgery is well established, but
identifying patients who will go into remission is challenging.

PURPOSE

To perform a systematic review of currently available diabetes remission predic-
tion models, compare their performance, and evaluate their applicability in clini-
cal settings.

DATA SOURCES

A comprehensive systematic literature search of MEDLINE, MEDLINE In-Process &
Other Non-Indexed Citations, Embase, and Cochrane Central Register of Con-
trolled Trials (CENTRAL) was undertaken. The search was restricted to studies
published in the last 15 years and in the English language.

STUDY SELECTION

All studies developing or validating a prediction model for diabetes remission in
adults after bariatric surgery were included.

DATA EXTRACTION

The search identified 4,165 references, of which 38 were included for data extrac-
tion. We identified 16 model development and 22 validation studies.

DATA SYNTHESIS

Of the 16 model development studies, 11 developed scoring systems and 5 pro-
posed logistic regression models. In model development studies, 10 models
showed excellent discrimination with area under the receiver operating charac-
teristic curve 20.800. Two of these prediction models, ABCD and DiaRem, were
widely externally validated in different populations, in a variety of bariatric pro-
cedures, and for both short- and long-term diabetes remission. Newer prediction
models showed excellent discrimination in test studies, but external validation
was limited.

LIMITATIONS

While the key messages were consistent, a large proportion of the studies were
conducted in small cohorts of patients with short duration of follow-up.

CONCLUSIONS

Among the prediction models identified, the ABCD and DiaRem models were the
most widely validated and showed acceptable to excellent discrimination. More
studies validating newer models and focusing on long-term diabetes remission
are needed.
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Bariatric surgery is an established cost-
effective treatment option in patients
with type 2 diabetes. In addition to sus-
tained weight loss, it is associated with
significant improvements in glycemic con-
trol, including achieving type 2 diabetes
remission (1-3), and reduction in the risk
of micro- and macrovascular complica-
tions and mortality (4-6). The proportion
of patients achieving diabetes remission
following bariatric surgery varies between
studies and is estimated to be between
30 and 70%. This proportion lessens with
longer follow-up and with longer diabetes
duration at the time of surgery (7-9). This
observed variation in the remission prev-
alence may be attributed to differences
in definitions of diabetes remission, the
population studied, the type of bariatric
surgery, and the duration of follow-up.

Type 2 diabetes is one of the main
indications for bariatric surgery in people
with obesity (10). Given the variation in
the rates of diabetes remission following
bariatric surgery, a number of studies
aiming to identify predictors of diabetes
remission following bariatric surgery
have been published (11-14). Variables
associated with better (-cell function
such as younger age, shorter diabetes
duration, high C-peptide, lack of insulin
treatment, and lower preoperative HbA;,
(15) and lower preoperative BMI have
been identified as predictors of type 2
diabetes remission postsurgery.

In consideration of the importance of
predicting diabetes remission for individu-
alizing care and helping patients and
health care professionals to make informed
decisions, several scoring systems incorpo-
rating the above-mentioned variables to
predict diabetes remission have been
developed (16-18). With acknowledgment
of the mounting literature in this area and
the increasing use of bariatric surgery
worldwide, there is a need to describe the
available prediction models and assess
their ability to predict diabetes remission in
patients with type 2 diabetes undergoing
bariatric surgery and their utility in clinical
practice.

METHODS

This systematic review followed the Pre-
ferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines (19). The protocol was reg-
istered on International prospective

register of systematic reviews (PROS-
PERO), reg. no. CRD42019124644.

Data Sources and Searches
We searched MEDLINE and MEDLINE In-
Process & Other Non-Indexed Citations,
Embase (Ovid), and Cochrane Central
Register of Controlled Trials (CENTRAL).
An example of the search strategy used
in Embase can be found in Supplemen-
tary Table 1. Key search terms were type
2 diabetes, remission, and bariatric sur-
gery. The search terms for prognostic/pre-
dictive models included prediction,
prognosis, sensitivity, specificity, ROC
(receiver operating characteristics) curve,
and AUC (area under the ROC curve)
with wild cards as well as other search
terms as per published guidance (20).
The search was limited to articles
published in the English language and in
the last 15 years, as the concept of dia-
betes remission was established and
coined by the American Diabetes Asso-
ciation in 2009. The final search was
performed on 26 January 2019 and
updated on 8 August 2020 (Fig. 1).
EPPI-Reviewer 4 software was used for
compiling the references, first screening
by title and abstract, second screening
of full text, and collaborating among
reviewers (21).

Study Selection
First screening by title and abstract was
performed by two reviewers (PS. and
S.B.) independently. Discrepancies were
discussed to reach a consensus. We
included clinical studies (observational or
interventional studies) (Setting, S) involv-
ing adults with type 2 diabetes (Partici-
pants, P) who subsequently had bariatric/
metabolic surgery (Interventions, 1) and
those who developed or validated a pre-
diction model to predict diabetes remis-
sion (Outcome, O). Multiple definitions of
diabetes remission were used, but we
included only studies with definitions of
HbA;. of =6.5% (48 mmol/mol) and par-
ticipants being off glucose-lowering medi-
cation, with follow-up of at least a year.
We excluded review articles, studies
with participants including children/adoles-
cents or those with gastric cancer or gas-
tric ulcer, studies where the intervention
was other than bariatric/metabolic sur-
gery, studies with an outcome of diabetes
remission defined as HbA,. >6.5% (48
mmol/mol), studies with a follow-up

Singh and Associates

period <12 months, and studies where
the analysis was limited to identifying
predictors.

Data Extraction and Quality
Assessment

The data extraction template was drafted
on DistillerSR software (22). Data were
collected by PS. and independently col-
lected by second reviewers (N.J.A., J.H.,
and S.B.). We adapted the CHecklist for
critical Appraisal and data extraction for
systematic Reviews of prediction Model-
ling Studies (CHARMS) toolkit (23) to
design the data collection domains; we
gathered data on the country, data
source, type of study, demographics of
participants, type of bariatric procedure,
length of follow-up, definition of diabetes
remission, statistical method used for
model development, and performance
measures (Supplementary Table 3). We
calculated the discrimination scores
for models when this was not reported by
the authors and where data to calculate
them were available in the publication.

Risk of Bias Assessment

We used a customized version of the
Prediction model Risk Of Bias ASsess-
ment Tool (PROBAST) to assess risk of
bias and applicability (24). The assess-
ment was done under four domains for
risk of bias—participants, predictors, out-
comes, and analysis—and three domains
for applicability and generalizability: par-
ticipants, predictors, and outcomes. The
participants domain covers bias in patient
selection and study design, the predictors
domain is related to definition of predic-
tors included in the prediction model,
the outcome domain covers definition
and measurement of the outcome, and
the analysis domain relates to statistical
analysis, handling missing data and over-
fitting (24) (Supplementary Table 4).

Statistical Analysis

A prediction model has three main
phases: model development (preferably
with internal validation), external valida-
tion, and investigation of clinical impact
(25). Model development and validation
involve identifying predictors, selecting
the important predictors by regression
analysis/modeling, proposing a model
by assigning relative weights to the indi-
vidual predictors included, conducting
internal validation, and validating in
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an external cohort to avoid overfit-
ting (26). In this review, we classed
the studies with development and
internal validation of a prediction
model as model development studies
and studies with external validation
of prediction models in a new cohort
as validation studies.

We explored these phases for the iden-
tified prediction models and assessed the
performance (26,27). We assessed the per-
formance of the models based on discrimi-
nation, defined as the ability to distinguish
between those who will and who will not
achieve the outcome of interest, and cali-
bration, defined as the ratio of those

expected to have a desired outcome to
those observed to achieve the outcome.

Data Synthesis and Analysis

For prediction models presented as a
scoring system, the sensitivity and specif-
icity will vary depending on different cut
points. Therefore, we chose to assess dis-
crimination using area under the ROC
curve (AUC), which covers all the sensitiv-
ity and specificity values at different cut
points (28) and allows comparison of the
prediction models. AUC of 0.5 signifies no
ability to discriminate. For our study, we
followed the categorizations used by
Zhang et al. (29), defining 0.501-0.699 as

Diabetes Care Volume 44, November 2021

poor discrimination, 0.700-0.799 as
acceptable discrimination, 0.800—0.899 as
excellent discrimination, and 0.900-1.000
as outstanding. For studies where AUC
was not reported, where possible we cal-
culated discrimination using published
tables providing information on the par-
ticipants, their score, and their outcome
in terms of remission and nonremission.
We used Stata for the analysis, generat-
ing AUC graphs and values (with 95% Cl).
Calibration was estimated by calculating
the expected number (E) who should
experience  diabetes  remission  as
reported in the model/score develop-
ment paper and obtaining the observed
number (O) from the tables providing
information on score and outcome. This
information was then used to calculate E-
to-O ratio (30). E-to-O ratio of 1 repre-
sents perfect calibration, <1 represents
underestimation of the events, and >1
represents overestimation (30).

As our search yielded studies with
significant heterogeneity, we undertook
three separate random-effects meta-anal-
yses of studies based on 1) their duration
of follow-up, 2) the HbA,. cutoffs used to
define remission, and 3) the type of bar-
iatric surgery (Fig. 2A-F). We excluded
studies from analysis where AUC was not
known or could not be estimated with
95% Cl.

Our first meta-analysis was based on
follow-up duration; studies were grouped
into those with follow-up of 1 year and
those with follow-up of >1 year. In stud-
ies where diabetes remission was defined
using two HbA,. cutoff values (e.g., 6.0%
[42 mmol/mol] and 6.5% [48 mmol/
mol]), we included the AUC for the higher
cutoff only to avoid duplication of data
sources.

The second meta-analysis was based
on HbA;. cutoffs, and studies were
grouped into those with HbA;. cutoffs
of 6.5% (48 mmol/mol) and 6% (42
mmol/mol). In studies where diabetes
remission was assessed at two follow-
up points, we included the data with
longer follow-up duration.

The third meta-analysis was based on
type of surgery; studies were grouped
into Roux-en-Y gastric bypass (RYGB) or
sleeve gastrectomy (SG) groups. We
excluded studies in which the discrimina-
tion score was not available for specific
interventions separately. Similar to the
previous two meta-analyses, we included
the AUC for the higher HbA,. cutoff and
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Table 3—Continued

Part ¢ pant character st cs

Study va dated

Types of
Outcomes/events surgery

HbA,
(%)

D abetes durat on
(years)

BM
(kg/m?)

Age
(years)
435+63

471 +109

numbers
2,190; 64 8% F

Groups and

Source of data

Pub cat on reference

RYGB, SG, GB Ad-D aRem,

897 (59 7%)/1,502

at 2 years,
n =782 (53 6%)/1,459

n=

77%+16

N

Retrospect ve,

Dckereta (61), 2019

D aRem

srae,

1999-2011

at 5 years
113 of 214 (52 8%) at 1
year, 59 of 131 (45 0%)

ABCD, D aRem,
Ad-D aRem,

RYGB

80(71-98)

60 (3-10)

48 (37-57) 306 (28 7-329)

214 at 1 year,
117 (54 7%) F;

N =

Retrospect ve,

Kam eta (62), 2020

Ch na

D aBetter

at 3 years

131 at 3 years

RYGB, SG MS

88 (65 2%),

FU
37 (62 7%) at 1 year,

n=

75(68-89)

1 (0-5)

40 + 11 390+63

N = 135, 103
(76%) F

Retrospect ve,

Park et a (63), 2020

1 year

Korea

ABCD

SG

83+22
24 (42 4%) at 5 years

27+31

477 £124 37651

59, 38 F

N =

2006-2014
Retrospect ve,

Retrospect ve,
North Caro na,

Lee et a (64), 2020

D aRem

RYGB, SG,
BPD/DS, LAGB

n (CR) = 215 (35 7%),

7514

NA

506 +102 471+78

N = 602, 441
(733%) F

Guerron et a

n (ony PR) = 134

(65), 2020

2000-2007

(22 3%)

Data are mean + SD or med an ( nterquart e range) un ess otherw se nd cated N = tota number of part c pants n = number of part ¢ pants ach ev ng d abetes rem sson BPD, b opancreat ¢ d vers on;
CR, comp ete rem ss on; DS, duodena sw tch; F, femae; FU, fo ow-up; GB, gastr ¢ band; LAGB, aparoscop ¢ adjustab e gastr ¢ band; LSG, aparoscop c s eeve gastrectomy; LSG/DJB, aparoscop ¢ s eeve

gastrectomy w th duodena -jejuna bypass; M, ma e; MC, mu tcenter; NA, not ava ab e; PR, parta rem sson; s ng e, s ng e center
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longer follow-up duration where AUC
was available for more than one HbA;.
cutoff or length of follow-up.

RESULTS

Following the initial search, we retrieved
5,825 articles. After removal of 1,660 dup-
licates, 4,165 publications were identified
for title and abstract screening: 91 publi-
cations were identified as eligible for full
text screening, and 44 were excluded, as
these were conference papers or posters
with limited information, especially on
methods and risk of bias. The remaining
47 published articles were screened by
full text; 9 were excluded after screening
of the full text (reasons outlined in
Supplementary Table 2). The remaining 38
published articles were retained for data
extraction.

Study Characteristics

Of the 38 studies included in this review,
16 focused on model development
(Tables 1 and 2) and 22 focused on exter-
nal validation (Table 3). External valida-
tion studies were defined as studies
validating a predefined prediction model
in a different population or time period
from the population/time period used to
develop the model.

Model Development Studies

Of the 16 model development studies,
11 produced scoring systems, while
the other 5 were logistic regression pre-
diction models. The scoring systems were
as follows: ABCD, for age, BMI, C-peptide,
and duration (Lee et al. [16]), from Tai-
wan in 2013; Robert et al. (31) from
France in 2013; Diabetes Remission score
(DiaRem) (Still et al. [17,32]) from the
US. in 2014; diabetes remission score
(DRS) (Ugale et al. [33]) from India in
2014; Individualized Metabolic Surgery
(IMS) score (Aminian et al. [18]) from the
US. in 2017; Advanced-DiaRem (Ad-
DiaRem) (Aron-Wisnewsky et al. [34])
from France in 2017; DiaBetter (Pucci
et al. [35]) from the UK. in 2017; Dia-
Rem2 (Still et al. [36]) in 2018, an
updated version of the preexisting Dia-
Rem model developed by the same
group; 5-year diabetes remission (Sy-DR)
(Debédat et al. [37]) from France in 2018;
Metabolic Surgery Diabetes Remission
(MDR) score (Moh et al. [38]) from Japan
in 2020; and Umemura et al. (39) from
Singapore in 2020. The five logistic
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Performance ABCD based on Follow up

Performance DiaRem based on Follow up

Paper % Paper %
id ES (95% CI) Weight id ES (95% CI) Weight
1 | ;
Original, 2013 (16) —_— 079(0.73,086) 583 ! '
Modified ABCD, 2015 (44) —_— 079(069,090) 337 Original, 2013 (17) R — 084(080,089)  7.92
Lee, 2015 (46) _— 072(061,083) 325 Sampaio-Neto, 2015 (47) —_— 083(073,092) 425
Lee, 2016 (48) e 082(0.76,087) 669 Lee, 2016 (48) —_— 073(067,079) 677
l[ee, gg:; :33; —_— g;g Eg g?gg ;gg Honarmand, 2017 (51) . 078(075,081) 927
ee, | —— H
3 X P
Raj, 2017 (53) —_— 061(045,077) 180 Tharakan, 2017(52) ! 068(061,074) 594
Seki, 2018 (54) - 0.75(0.63,0.87) 304 Wood, 2018(60) e 082(0.79,086) 873
Shen, 2018 (55) —_— 0.82(0.78,0.87) 7.14 Shen, 2018(55) —— 080(0.76,085)  8.07
Ahuja, 2018 (57) —_— 079(069,088) 389 Ahuja, 2018 (57) —_— 084(076,092) 495
Aimalki 1, 2018 (58) _— 083(0.78,090) 625 Kam et al, 2019 (62) —_— 070(063,076) 630
Almalki 2, 2018 (58) |—— 0.85(0.80,0.90)  6.77 Guerron, 2020 (65) —_— 079(075,083) 873
Kam, 2019 (62) —_— 074(067,079) 605 Stallard, 2017 (43) . 080068092 308
Lee, 2020 (64) —_—— 082(0.72,092) 360 L g
MOR, 2020 (38) . v 067(057.077) 369 Subotal (I-squared = 70.2%, p = 0.000) —_— 078(075,081) 7402
Umemura et al, 2020 (39) R 081(069,093) 300 with estimated predictive interval ' (0.69,0.88)
Sublotal (I-squared = 56.0%, p = 0.003) —_—— 0.79(0.76,082)  76.99 i
with estimated predictive interval B (0.70,088) > i
’ H Mehaffey, 2017 (50) —f——————— | 084(070,098) 244
>
! ki il 1 — e — 7 414
LeeMH, 2015 (45) —_— 073(062,084) 319 Dicker, 2010 (51) ' 078(0.69,0.65)
Loo, 2017 (49) P 087(080,093 561 Kam et al, 2020 (62) —_— 079(071,086) 555
Chen, 2018 (59) _— 0.74(060,088) 232 DiaBetter G, 2017(35) | — 087(081,092)  7.46
Chen, 2018 (59) | —— 085 (0.80,090) 697 DiaBetter VG, 2017 (35) —_—— 082(076,088) 639
Kam, 2019 (62) —_— 075(067,082) 493 Subotal (-squared = 3.5%, p = 0.387) 083(0.80,086) 2598
— 1
Subtotal (I-squared = 60.7%, p = 0.038) a 080(0.74,086) 2301 with estimated predictive interval | (077.089)
with estimated predictive interval H (0.62,0.99) N
Overall (I-squared = 55.2%, p = 0.001) —_—— 080(0.77,082)  100.00 Overall (I-squared = 65.1%, p = 0.000) — 070(077,082) 10000
with estimated predictive interval 1 (071 0.88) with estimated predictive interval j 071,0.88)
NOTE: Weights are from random effects analysis H NOTE: Weights are from random effects analysis :
T T T T T T 1 T T T T
0.4 05 06 07 08 09 1 04 05 06 07 08 09 1
c Performance ABCD based on HbA1c cutoff D Performance DiaRem based on HbA1c cutoff
Paper Paper %
id ES (95% CI) Weight a ES 95% C) Weight
6 1 .
Original, 2013 (16) —_— 0.79 (0.73, 0.86) 533 6 H
Modified ABCD, 2015 (44) e 077(068,087) 321 Sampaio-Neto, 2015 (47) e 084(076,092) 458
Lee, 2015 (46) —_— 081(071,091) 307 —_—
et 201 — gmomos 4z Hovarmand, 2017 61) — or7508) 9%
Lee, 2016 (48) —— 0.82(0.77,0.87) 671 4 .
Lee. 2017 (49) [ —— 074(065,083) 365 Tharakan 2,2017(52) e 073(067,080) 581
Lee, 2017 (49) | —— 085(081,088) 871 Kam et al, 2020 (62) —— 079(071,086) 516
Seki, 2018 (54) —_—— 085(076,094) 363 Subotal (I-squared = 38.5%, p = 0.165) —_—— 077(074,080)  31.30
i i ew— O with estimated predictive interval . (068,0.86)
Kam, 2019 (62) —— 075(067,082) 431 \
Lee, 2020 (64) —_— 077(065,088) 242 65 |
Sublotal (1-squared = 28.1%, p = 0.169) —_— 081(079,083) 5763 Original, 2013 (17) —_— 084(080,089)  7.72
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' Mehaffey, 2017 (50) —_— e | 084(070,098) 214
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Lee, 2016 (48) —_— 082(076,087) 639 —_—
Raj, 2017 (53) —_— 061(045,0.77) 137 Ahuja, 2018 (57) 0 084(0.76,092) 455
e H 07506306 243 Dicker, 2019 (61) —_— 078(069,088) 374
Shen, 2018 (55) —_— 0.82(0.78, 0.87) 698 Guerron, 2020 (65) — 0.79(0.75, 0.83) 865
Ahuja, 2018 (57) —_— 079(069,088) 324 DiaBetter (SG), 2017 (35) L —— 087(081,092) 720
2:'" gg:g (2? —_— 3;; g%. gggr ; ;g DiaBetter( VG), 2017 (35) —_—— 0.82(0.76,088)  6.03
Vo 20m0 ey — el o o Stallard, 2017 (43) B 080(068,092) 273
Umemura et al, 2020 (39) R 081(069,093) 240 Subotal (I-squared = 54 6%, p = 0.012) —_— 081(078,084) 6870
Subtotal (I-squared = 51.3%, p = 0.020) —_— 078(0.74,081) 4237 with estimated predictive interval \ (073,089)
with estimated predictive interval ! (0.67,0.88) '
Overall (Lsquared = 42.0% p = 0017) z 0800708 10000 Overall (-squared = 59.2%, p = 0.001) —_— 080(0.77,082)  100.00
with estimated predictve interval ¥ 073 0.87) with estimated predictive interval H (0.72,0.87)
NOTE: Weights are from random effects analysis H NOTE: Weights are from random effects analysis N
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E Performance ABCD based on type of surgery F Performance DiaRem based on type of surgery
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Figure 2 Meta analysis. A: Performance of ABCD based on follow up. B: Performance of DiaRem based on follow up. C: Performance of ABCD
based on HbA;. cutoff defining diabetes duration. D: Performance of DiaRem based on HbA,. cutoff defining diabetes duration. E: Performance of
ABCD based on type of bariatric surgery. F: Performance of DiaRem based on type of bariatric surgery. ES, effect size.

regression models were those of Hayes
et al. (40) from New Zealand in 2011,
Dixon et al. (13) from Taiwan in 2013,
Ramos-Levi et al. (41) from Spain in 2014,
Cotillard et al. (42) from France in 2015,
and Stallard et al. (43) from Canada in
2016 (Table 2).

Participants

Of 16 studies, 14 used retrospective data
and 2 used prospective data (13,40).
Eight studies included participants who
had undergone RYGB (13,16,17,34,36,37,
40,42), two studies included participants
who had SG (33,39), and the remaining

studies included more than one type of
bariatric surgical procedure (18,31,35,38,
41,43). Study sample size ranged from 46
to 690 participants, with a female pre-
ponderance except in two studies, DRS
(Ugale et al. [33]) and the study of Ume-
mura et al. (39), which had higher male
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representation. The mean age of partici-
pants ranged between 36.5 and 57.6
years and mean BMI from 23.4 (33) to
49.7 kg/mz. Diabetes duration was avail-
able for all studies except that of Ume-
mura et al. (39). Mean diabetes duration
ranged from 2.1 years in the study by Lee
et al. (16) (ABCD model) to 9.9 years in
that of Ugale et al. (33) (DRS model). Pre-
operative HbA;. ranged from 6.8% (51
mmol/mol) in the study by Still et al. (17)
(DiaRem score) to 9.1% (76 mmol/mol) in
the study of Dixon et al. (13).

Follow-up Duration

The median follow-up range was 1-5
years. The majority of the studies
reported remission rates at 1 year. Three
studies reported longer follow-up: 2 years
in DiaBetter (Pucci et al. [35]) and 5 years
in IMS (Aminian et al. [18]) and 5y-DR
(Debédat et al. [37]).

Outcome Definition

Different definitions for diabetes remis-
sion were noted with some focusing on
complete diabetes remission (defined as
HbA;. <6.0% [42 mmol/mol] and no
antidiabetes medication for at least 12
months) (13,16,31,37) and others com-
bining complete and partial diabetes
remission (defined as <6.5% [48 mmol/
mol] and off medications for 12 months)
(17,18,34,38,39). DiaRem2 (36) and Stal-
lard et al. (43) defined diabetes remission
as an HbA;. of <5.7% (39 mmol/mol)
and =5.9% (41 mmol/mol), respectively,
after patients were off antidiabetes medi-
cations at 12 months.

Method/Analysis and Presentation
Predictors in the models varied and
included age, baseline BMI, C-peptide,
diabetes duration, HbA,, insulin use,
glucose-lowering medications, sex, and
micro- and macrovascular complications.
5y-DR (37) included postoperative varia-
bles as predictors in the prediction
model. The number of predictors ranged
from 2 (40) to 10 (42). For five prediction
models a logistic regression model was
proposed; for the models of Dixon et al.
(13) and Hayes et al. (40) a logarithmic
equation was given, while Ramos-Levi
et al. (41), Cotillard et al. (42), and
Stallard et al. (43) defined the predic-
tors to be included in the prediction
model but gave no equation in their
publication.

The method for deriving the scoring
system varied among the 11 models.
For DiaRem (17) and DiaRem2 (36)
investigators reported hazard ratios
using Cox regression and odds ratios of
the final logistic models, respectively, to
create a scoring system. Umemura et al.
(39) used a weighing algorithm and
gave an odds ratio. In IMS (18) a nomo-
gram and benchmarks selected by an
expert panel were used. Ad-DiaRem
(34) and 5y-DR (37) used machine learn-
ing; Ad-DiaRem used a sparse support
vector machine and formulated a linear
integer programming task, and 5y-DR
used a fully corrective binning approach
to assign intervals and weight for each
variable. MDR (38) used quartile and
tertile cutoffs to obtain the weighting of
each of the predictors in the scoring
system. ABCD (16), Robert et al. (31),
DRS (33), and DiaBetter (35) offered
no information on how the weight-

ing for individual predictors was
decided.
Performance

For representing the model performance,
AUC was presented in the publications of
Ad-DiaRem (34), Dixon et al. (13), Robert
et al. (31), Ramos-Levi et al. (41), Stallard
et al. (43), DiaBetter (35), DiaRem2 (36),
5y-DR (37), and MDR (38). We calculated
the AUC for ABCD (16), DiaRem (17) and
the study by Umemura et al. (39) (Sup-
plementary Material). No AUC or per-
formance was reported for DRS (33),
IMS (18) or by Hayes et al. (40) or Cotil-
lard et al. (42), and data in the publica-
tions were insufficient to calculate these.

Of 12 prediction models for which
AUC was available, 10 (Dixon et al. [13],
Ramos-Levi et al. [41], Stallard et al.
[43], DiaRem [17], Robert et al. [31],
Ad-DiaRem [34], DiaBetter [35], Dia-
Rem2 [36], 5y-DR [37], and Umemura
et al. [39]) had excellent discrimination
(0.80-0.89) and two (ABCD [16] and
MDR [38]) had acceptable discrimina-
tion (0.70-0.79), irrespective of diabetes
remission definition (Table 1).

Risk of Bias Assessment

The studies developing DiaRem (17) and
Ad-DiaRem (34) were found to have low
risk of bias, and that of Dixon et al. (13)
was of unclear risk. The remaining model
development studies had high risk of
bias, mainly due to deficiencies in the
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analysis domain. However, the appli-
cability in practice was of low risk in
all model development studies (Supple-
mentary Table 5).

Validation Studies

We identified 22 studies externally vali-
dating the prediction models (44-65).
Study characteristics are summarized in
Table 3. Of the 22 external validation
studies, 9 validated the ABCD score, 6
validated DiaRem, 1 validated IMS, and
the remaining 6 compared two or more
models.

Participants

In 19 studies retrospective data were
used (44-48,51,52,54-65), and in 3 data
were collected prospectively (49,50,53).
The sample size ranged from 53 (53) to
2,190 (61), and mean age ranged from
35.7 years (45) to 51.0 years (51,52,65).
All studies had a female predominance
except one (54). Mean BMI ranged
from 26.9 kg/m? (46) to 52.1 kg/m?
(50). Median diabetes duration ranged
from 1 year (63) to 9.6 years (54), and
mean presurgery HbA;. ranged from
7.2% (55 mmol/mol) (60) to 9.1% (76
mmol/mol) (46).

Eight studies included participants who
underwent RYGB (47,48,50-52,57,58,62),
five included participants who underwent
SG (44,54-56,64), and the remaining nine
included a range of surgery types (45,46,
49,53,59-61,63,65) (Table 3).

Follow-up Duration

One study had a follow-up period of 10
years (50), six studies had a follow-up
period of 5 years (45,49,58,59,61,64), one
had 3 vyears’ follow-up (62), and the
remaining studies had follow-up of 1 year.

Outcome Definition

For defining diabetes remission, the HbA;.
cutoff was taken as 5.7% (39 mmol/mol)
in two studies (51,65) and 6.0% (42
mmol/mol) in 13 studies (44-49,52,54,
55,58,62,64), and in the remaining studies
diabetes remission was def-ined as HbA,.
=6.5% (48 mmol/mol).

Performance

Although 16 models were identified in
model development studies, few of these
were externally validated in more than
one external cohort; models that were
externally validated in more than one
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cohort were predominantly scoring sys-
tems. Direct comparison of the models
was seen in only six studies (48,55,
57,59,61,62).

Here we present the assessment of
validation studies based on the predic-
tion models validated. As ABCD and
DiaRem scores were validated most fre-
quently, we present these studies first
followed by the remainder of the pre-
diction models externally validated.

ABCD Score

In the original model development paper,
the authors also reported an external vali-
dation in a new cohort (16). We calcu-
lated the AUC to be 0.79 (95% Cl
0.73-0.86) (acceptable discrimination)
(Table 1 and Fig. 2) and calibration (E-to-
O ratio) as 1.01 in the external cohort. In
a subsequent study, ABCD score cutoff
values for each variable were modified
(44). In this cohort, we calculated AUC as
0.77 (0.68-0.87) and 0.79 (0.69-0.90) for
complete and partial diabetes remission,
respectively (44). Calibration was not
available.

The ABCD score with the new cutoffs
(44) has been externally validated in
13 studies (45,46,48,49,53-59,62,64). Of
these 13 validation studies, 5 looked at
long-term diabetes remission at 3-5 years
(45,49,59,62,64) and the remaining 8 at 1
year. In one study poor discrimination
was found (53), while in others the dis-
crimination was found to be acceptable
to excellent depending on the type of
surgery and follow-up duration. Model
development studies for MDR (38) and
Umemura et al. (39) also validated
ABCD in their cohort and found the per-
formance to be poor and excellent,
respectively.

It was difficult to ascertain calibration
score, as it was not widely available, and
when available the results were inconsis-
tent. Calibration was only mentioned in
two studies (55,62) and found to be over-
estimating by 13% (55) and 12% (62) for
diabetes remission at 1 year and underes-
timating by 15% (62) at 3 years.

ABCD Meta-analysis.  For ABCD, meta-
analysis of the results from multiple stud-
ies showed acceptable discrimination with
AUC of 0.79 (95% Cl 0.76-0.82) for 1-year
follow-up and 0.80 (0.74-0.86) for longer-
term follow-up (Fig. 2A). At the different
HbA, . cutoffs, discrimination was excellent
with an AUC of 0.81 (95% Cl 0.79-0.83)

for HbA;. cutoff of 6.0% (42 mmol/mol)
and acceptable at 0.78 (0.74-0.81) for
HbA,. cutoff of 6.5% (48 mmol/mol) (Fig.
2B). For RYGB, meta-analysis showed
excellent discrimination for ABCD with an
AUC of 0.82 (95% Cl 0.80-0.85), while for
SG, discrimination was acceptable with
AUC of 0.79 (0.76-0.82) (Fig. 20).

DiaRem Score

The DiaRem score has been externally
validated in 11 studies (47,48,50-52,55,
57,60-62,65) (Table 1 and Fig. 2). Three
studies looked at long-term (>1 year)
(50,61,62) diabetes remission, and the
remaining focused on remission at 1 year.

Excellent discrimination was found for
five external validation studies (47,50,55,
57,60), acceptable for five (48,51,61,62,
65), and poor for one (52).

Calibration was presented in two
studies (55,62). We were able to calcu-
late the E-to-O ratio for a further six
studies: DiaRem underestimated the
probability of diabetes remission in the
studies by Ahuja et al. (57) (E-to-O ratio
0.67) and Mehaffey et al. (50) (E-to-O
ratio 0.63 at 2 years and 0.71 at 10
years). It overestimated the probability
of diabetes remission in the other four
studies (47,48,51,52), with E-to-O ratios
of 1.31, 1.71, 1.14, and 1.25 in the stud-
ies by Honarmand et al. (51), Lee et al.
(48), Sampaio-Neto et al. (47), and Thara-
kan et al. (52), respectively. Calibration
was inconsistent across the studies.

In the model development studies of
Ad-DiaRem (34), DiaBetter (35), Dia-
Rem2 (36), and 5y-DR (37), DiaRem was
validated in their cohorts and excellent
discrimination was found, while Stallard
et al. (43) found good discrimination.

DiaRem Meta-analysis.  In meta-analysis,
discrimination for DiaRem was as follows:
AUC 0.78 (95% CI 0.75-0.81) for short-
term and 0.83 (95% CI 0.80-0.86) for lon-
ger-term follow-up (Fig. 2B). At HbA;. cut-
offs of 6.0% (42 mmol/mol) and 6.5% (48
mmol/mol), the AUCs were 0.77 (95% ClI
0.74-0.80) and 0.81 (95% Cl 0.78-0.84),
respectively (Fig. 2D).

For RYGB, meta-analysis showed acce-
ptable discrimination for DiaRem with
AUC of 0.78 (95% Cl 0.74-0.82). No
meta-analysis was performed for SG, as
there was only one study identified with
validation of DiaRem in an SG cohort
(Fig. 2F).

Singh and Associates

Performance of Other Prediction Models
The discrimination scores for other pre-
diction model are summarized in Table 1.
The IMS score was externally validated by
three validation studies (55,59,63) and
one model development study (Umemura
et al. [39]). Discrimination was found to
be excellent in the study by Shen et al.
(55) and acceptable in the RYGB cohort of
Chen et al. (59) and in the study by Park
et al. (63) but poor in the SG cohort of
Chen et al. (59) and Umemura et al. (39).

Ad-DiaRem (34) was externally vali-
dated in three validation studies (55,61,
62) and 5y-DR model development study
(37). Kam et al. (62) in their study found
acceptable performance, while the other
three found excellent performance.

DiaBetter (35), Dixon et al. (13), and
Ramos-Levi et al. (41) were noted to
have excellent discrimination (55), and
DRS (33) had good performance in one
external validation study (57). The Robert
et al. (31) and Hayes et al. (40) prediction
models performed poorly in one external
validation with an AUC <0.70 (55). No
external validation studies are available
for DiaRem2 (36), Stallard et al. (43),
Cotillard et al. (42), 5y-DR (37), MDR (38),
or Umemura et al. (39).

Calibration in an external validation
study for Ad-DiaRem, DiaBetter, Dixon
et al, and Ramos-Levi et al. found the
models to be overestimating with pre-
dicted (or expected)-to-observed ratios of
1.06, 1.05, 1.13, and 1.12, respectively
(55). Hayes et al. and Robert et al. were
noted to be overestimating by 23-30%
with predicted-to-observed ratios of 1.23
and 1.30, respectively (55).

Risk of Bias Assessment
Guerron et al. (65) had low risk of bias,
three studies (45,50,53) were classified
as high risk of bias as a result of the
analysis domain, and the remaining
external validation studies had unclear
risk of bias (Supplementary Table 6).
We rated risk of bias in the analysis
domain as unclear either if information
on missing data was not reported or was
not included in the analysis or if model
performance was not reported; if neither
was reported, we rated the domain as
high risk of bias. However, no concerns
were raised in terms of applicability, with
all studies rated as low risk.

Ideally, a sensitivity analysis restricted
to low risk of bias studies should be per-
formed. In our review, only one external
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validation study—validating the DiaRem
model—was rated as low risk of bias
(65); results of the meta-analyzed stud-
ies for DiaRem were consistent with the
findings of this study.

CONCLUSIONS

In this systematic review, we have iden-
tified currently available models for
predicting diabetes remission following
bariatric surgery. We assessed and com-
pared the performance of these models
and evaluated their applicability in clinical
settings. The most externally validated
models in our review were ABCD and
DiaRem. Although the ABCD and DiaRem
models were primarily developed for pre-
dicting diabetes remission at 1-year fol-
low-up, they have been validated in
studies predicting long-term diabetes
remission. The AUC estimate for DiaRem
for long-term diabetes remission and dia-
betes remission defined with an HbA;.
cutoff of 6.5% (48 mmol/mol) was higher
than for ABCD. The AUC for ABCD for pre-
dicting short-term remission and diabetes
remission defined by an HbA;. cutoff of
6.0% (42 mmol/mol), was higher than
that for DiaRem. Specifically for patients
who underwent RYGB, AUC was higher in
ABCD than for DiaRem. However, in all
instances, Cls overlapped.

Due to the lack of discrimination
(AUC) score with 95% Cl, we were not
able to include in our meta-analysis
three studies (34,37,43) conducted on
patients who underwent RYGB and vali-
dating DiaRem that otherwise showed
excellent performance. Furthermore,
many studies validating ABCD were con-
ducted by the same authors who devel-
oped the ABCD model and included
patient cohorts similar to the derivation
population, raising the possibility of bias
based on population selection. It was
therefore not possible to determine
whether one model was better than the
other.

Remission of diabetes is an important
outcome for patients considering bariat-
ric surgery. A project by Diabetes UK,
led by patients with type 2 diabetes
and their carers, identified diabetes
cure or reversal as a top research prior-
ity (66). With the increasing number of
patients with obesity and type 2 diabe-
tes now being offered bariatric surgery,
it is important to identify those who are
more likely to achieve remission. This

will enable patients and health care
professionals to make informed choices
when considering different treatment
options. However, given the wide choice
of prediction models currently available,
it is difficult to identify the ones that
best predict remission and are easy to
use in routine clinical practice.

The models identified in our review
had certain common characteristics in
relation to the predictors included and
the duration of follow-up, which for
most studies was 12 months. On the
other hand, there was considerable het-
erogeneity in the definition of diabetes
remission, cohort size, and populations
studied, including types of bariatric sur-
gery, thereby adding to the difficulty in
comparing these models. We found sig-
nificant variation in the threshold for
HbA,. used to define diabetes remis-
sion, with cutoffs ranging from 5.7 to
6.5% (39 to 48 mmol/mol), and with
some studies using a combination of par-
tial and complete remission. However, in
this review, we found that the definition
did not affect the performance of the
prediction models significantly.

Duration of diabetes remission is an
important consideration in assessment of
the benefits of bariatric surgery in
patients with type 2 diabetes. In our
review, we observed that 13 of 16 model
development studies were designed with
the aim of predicting diabetes remission
at 1 year, thus underscoring the need for
longer follow-up of cohorts (18). The rate
of diabetes remission has been inversely
associated with diabetes duration and
has been noted to be greatest in patients
with shorter diabetes duration (12,67).
Moreover, diabetes remission is highest
during the first year following the inter-
vention and declines over subsequent
years and with longer follow-up (7-9). In
the prospective Swedish Obese Subjects
(SOS) study, with follow-up of >18 years,
the incidence of diabetes remission was
72.3% at 2 years, 38.1% at 10 years, and
30.4% at 15 years (68). In a randomized
controlled trial with 5 years’ follow-up,
findings indicated diabetes relapse in 53%
of patients in the RYGB group and 37% in
the biliopancreatic diversion group among
patients who achieved diabetes remission
at 2 years’ follow-up (9). Similar results
were reported in a retrospective multisite
study from the U.S. with 5 years’ follow-
up (69). These findings suggest that diabe-
tes may relapse over time and that in a

high proportion of patients, remission of
diabetes may only be achieved for a short
term. Despite this, short-term diabetes
remission may offer huge clinical and
financial benefits to patients and health
care systems. Besides the benefit of
reduction in the incidence of micro- and
macrovascular diabetes—related complica-
tions, short-term diabetes remission,
through freedom from diabetes medica-
tions and reduced need for monitoring,
may motivate patients to maintain weight
loss and enhance their quality of life.

Future studies should therefore include
a uniform and agreed definition of diabe-
tes remission and a longer follow-up
period to determine the effects of bariat-
ric surgery on long-term diabetes remis-
sion. This is particularly important when
considering the cost-effectiveness of bar-
iatric surgery.

The outcomes of bariatric surgery such
as weight loss and long-term metabolic
benefit vary with the type of bariatric
procedure (5,70,71). A network meta-
analysis showed that the probability of
achieving diabetes remission was greatest
in mini—gastric bypass (91.2%), followed
by biliopancreatic diversion without duo-
denal switch (87.3%), laparoscopic SG
(61.4%), RYGB (59.3%), gastric banding
(29.6%), and then great curvature plica-
tion (18.6%) (71). Despite this, none of
the prediction models included the type
of surgery as a predictor. However, when
we analyzed the performance of predic-
tion models in RYGB and SG separately,
we found no major differences between
the two procedures. With many new bar-
iatric procedures becoming available,
there is a need to develop and validate
the models across the various bariatric
procedures.

The indication for bariatric surgery in
patients with BMI <35 kg/m? is conten-
tious, and currently none of the guide-
lines recommend bariatric surgery in
nonobese individuals. In a recent system-
atic review and meta-analysis Ji et al. (72)
evaluated 12 studies examining the
impact of bariatric surgery in patients
with type 2 diabetes and BMI <30 kg/m’
over a follow-up period ranging from 6
months to 3 years. They found a 1.58%
(~16 mmol/mol) reduction in HbA;. at 2
years using a random-effects model (72).
However, investigators of other studies
comparing the impact of bariatric surgery
in populations with and without obesity
observed that surgery in a population
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without obesity is a less effective tool for
diabetes management (73). We found
two studies—a model development study
by Ugale et al. (33) and the validation
study of Lee et al. (46)—with a focus on
cohorts with mean BMI =30 kg/mz;
Ugale et al. did not provide model dis-
crimination, and Lee et al. found accept-
able discrimination in this normal weight
population. Based on available data, it is
difficult to assess the performance of pre-
diction models in those with low BMI.
The impact of BMI on the performance
of the prediction models is important and
requires further study.

Susceptibility to type 2 diabetes is
known to vary among people of different
ethnicities, and it is likely that these dif-
ferences may extend to remission of dia-
betes following bariatric surgery. In the
studies included in our review, the test
cohort for DiaRem was 98% Caucasian,
while for ABCD, the participants were
from five Asian clinics. We identified one
validation study where Wood et al. (60),
validating the DiaRem score in a White
and Hispanic population, noted an AUC
of 0.84 (0.80-0.88) and 0.79 (0.71-0.86)
in White and Hispanic patients, respec-
tively. A meta-analysis including 14 stud-
ies showed greater weight loss in
Caucasians compared with African Ameri-
cans, but no difference was noted in the
outcome of diabetes remission between
these two ethnic groups (74,75). None of
the prediction models identified ethnicity
as a predictor, and data on direct compar-
isons between ethnic groups were limited
to the above-mentioned studies. We
were therefore unable to explore any
possible differences between ethnicity
and incidence of diabetes remission
post—bariatric surgery.

Five of the models, including two scor-
ing systems, ABCD (16) and DRS (33), and
three logistic regression models, of Dixon
et al. (13), Ramos-Levi et al. (41), and
Cotillard et al. (42), included C-peptide
levels (13,16,33,41,42) as one of the
predictors. C-peptide can be measured
as urinary C-peptide, urinary C-pepti-
de—to—creatinine ratio, or venous blood
C-peptide levels measured as random,
fasting, or in a stimulated state (glucagon
stimulation test, mixed-meal tolerance
test) (76). These factors may pose difficul-
ties in standardization and can present as
a limitation in using certain scoring sys-
tems that have C-peptide as one of the
predictors. Moreover, C-peptide is not

measured routinely in the diagnosis or
management of type 2 diabetes in most
clinical settings. Prediction models using
C-peptide, therefore, cannot be widely
used by primary care physicians or in the
early stages of weight management con-
sultation. Models such as DiaRem and
Ad-DiaRem that focus predominantly on
routinely measured clinical parameters
may therefore have greater applicability
across a wider range of clinical settings. If
C-peptide is available, however, ABCD
(16) is a reliable prediction model with a
similar predictive performance and has
the advantage of being validated in differ-
ent bariatric procedures and for long-
term diabetes remission (49,59,62). 5y-DR
(37) included postoperative number of
glucose-lowering medications, fasting cap-
illary blood glucose, weight loss, and 1-
year remission to predict long-term dia-
betes remission. Postoperative parame-
ters will not be available in the clinical
consultation setting for bariatric surgery,
and, hence, use of this prediction model
is limited.

Treatment with insulin has been used
in many models as a predictor. Patient
preference for noninsulin treatments and
therapeutic inertia are recognized causes
for delay in treatment with insulin (77). In
instances where insulin treatment is
delayed, treatment with insulin as a pre-
dictor can overestimate the chances of
remission. Conversely, if insulin is initiated
early, the possibility of diabetes remission
may be underestimated.

The inconsistency in calibration
scores with existing models either
overestimating or underestimating the
observed remission rates suggests that
there are other variables that could
influence remission. The utility of the
prediction models largely depends on
the clinical setting and resources avail-
able. The choice of a model used to
predict remission must therefore be
tailored to these factors.

Strengths and Limitations

We believe our study is the first system-
atic review summarizing prediction model
performance for diabetes remission in
patients undergoing bariatric surgery. We
calculated the discrimination score (AUC)
for the studies where data were available
and where AUC was not reported by the
authors themselves.

Singh and Associates

While the robust search strategy used
in this review is a strength of our study,
there are certain limitations: we restricted
our search to articles published in English
and published in the last 15 years. We
were also unable to contact the authors
for further information regarding the per-
formance of prediction models, where
pertinent information was not available.
It is possible that some relevant articles
were not included in the review and
meta-analysis. However, not many predic-
tion models were available before our
search date and the likely impact of this
on our findings would be minimal.

While the key messages were consis-
tent, a large proportion of the studies
were conducted in small cohorts of
patients with short duration of follow-
up. In the majority of external validation
studies routinely collected data were
used; consequently, follow-up data were
not available for all patients who under-
went bariatric surgery. While the studies
had predefined inclusion and exclusion
criteria for participants, with complete
data at 1 year of follow-up for those
included, there remains a possibility of
selection bias due to lack on information
on patients lost to follow-up in the rou-
tinely collected source data. Validation
studies in large cohorts with longer fol-
low-up are therefore needed to over-
come these limitations.

Conclusion

This systematic review identified 16 pre-
diction models, with DiaRem (17) and
ABCD (16) as the two most widely vali-
dated models to predict diabetes remis-
sion following bariatric surgery. Newer
models published in the last 3—4 years
showed promising results in test cohorts,
but there is a limited number of external
validation studies. More external valida-
tion studies are needed for assessing the
performance and clinical applicability of
the new prediction models. Future stud-
ies should also examine these models in
real-world clinical settings to assess the
impact on patient outcomes.
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8.1 Summary of findings

Type 2 diabetes and obesity are global health challenges. Both diseases are associated with
increased risk of morbidity and mortality and have a negative impact on patients’ quality of
life. In addition, type 2 diabetes and obesity are associated with significant costs to health
care systems and the wider economy globally. Hence, there is a major interest in treating
and preventing obesity, type 2 diabetes, and their complications. Weight loss has been
shown to have many beneficial benefits on the health of patients with obesity or type 2
diabetes.

Although bariatric surgery is currently the most effective method to achieve long term
sustained weight loss in patients with obesity, there is limited data on the impact of bariatric
surgery on hard clinical outcomes in the UK population. In addition, there is lack of data
about the best pre-operative predictors of outcome following bariatric surgery particularly
weight loss and type 2 diabetes remission. Hence, in my research | conducted a series of
population- based studies examining the outcomes of bariatric surgery in the UK population
and a systematic review to assess prediction model of diabetes remission following bariatric

surgery

Using real- world primary care data, | have shown in chapter 3 that bariatric surgery was
associated with a 65% reduction in hypertension, 20% reduction in composite cardiovascular
disease (CVD) and 30% reduction in mortality in patients with obesity who underwent
surgery compared to patients with obesity who did not have bariatric surgery. Our subgroup

analysis based on the type of surgery showed that reduction in incident hypertension was
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seen irrespective of the type of bariatric procedure. On the other hand, the observed
reduction in incident composite CVD was primarily evident in gastric bypass (RYGB) cohort
and this was mainly driven by a significant reduction in incident heart failure. The reduction
in mortality was mainly evident the gastric band (GB) and gastric bypass groups compared to
their matched control.

Bariatric surgery offered significant weight loss even in an elderly population compared to

routine care (Chapter 4), but cardiovascular and mortality benefit was not noted.

In chapter 5, | have shown that bariatric surgery was associated with 47% reduction in
incident composite microvascular complications irrespective of type of surgery in patients
with type 2 diabetes and obesity compared to those receiving routine care.

Examining the individual microvascular outcomes (diabetes related foot disease, DFD; sight
threatening retinopathy, STDR; and chronic kidney disease, CKD) in different surgical group
showed wide variation. GB had a favourable impact on DFD and STDR; SG had a favourable
impact on CKD only; and RYGB had a favourable impact on CKD and DFD. These observations
could be because of variation in hormonal changes and different intensity of change in body

composition and metabolic profile in the various types of bariatric surgery.

| have also demonstrated in chapter 6 the superior effect of bariatric surgery in people with
type 2 diabetes and obesity in achieving better glycaemic control and meeting glycaemic
targets with less glucose lowering medications compared to routine care.

In UK, NHS spends £9 billion/ year on management of patients with cardiovascular disease

and £8 billion in treating diabetes related complications. My work indicates that offering
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bariatric surgery to patients with obesity and type 2 diabetes could contribute to clinical and
financial benefit to patients and health care system and decrease the burden of disease.
Given these benefits, access to bariatric surgery should be expanded and provided to wider
population.

In the current situation, limited resources would necessitate identifying patients who are
most likely to benefit from bariatric surgery (1). In chapter 7, | undertook a systematic
review of currently available prediction models for type 2 diabetes remission following
bariatric surgery. The review identified 16 prediction models using various predictors such as
age, baseline HbAlc, baseline BMI, insulin use, C-peptide, and diabetes duration, to predict
diabetes remission in patients who had undergone bariatric surgery. Two prediction models
- ABCD and DiaRem - were the most widely validated and showed acceptable to excellent
performance. Newer prediction models such as DiaBetter and DiaRem2 also showed
excellent performance in model development study and the limited available studies. Using
prediction model will help clinician and patients to make informed choice while opting for
bariatric surgery. This will encourage clinicians in primary care to consult patients with

obesity for bariatric surgery and refer appropriately.

8.2 Future studies

8.2.1 Prognosis of cardiovascular disease

Although the work described in my thesis has addressed key aspects concerning the long-

term benefit of bariatric surgery it opens up new areas for research. In my study, | have
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shown statistically non- significant reduction in incidence composite cardiovascular disease
in surgical group compared to control group. Outcomes like cardiovascular disease have long
latency period and will need longer follow up study and it is likely that the limited duration
of follow up in my studies could have contributed to uncertainties in this area. SOS study
reported number needed to treat was 16 to prevent one incidence of myocardial infarction
over 15 years follow up (2). We therefore need further studies with longer follow up.

| demonstrated the positive impact of bariatric surgery on incidence composite
cardiovascular disease in patients with obesity and no history of cardiovascular disease at
baseline (before index date). In my dataset, 759 patients (out of 15165) had at least one of
cardiovascular disease (ischaemic heart disease, heart failure, cerebrovascular accident) and
hence not included in analysis. Impact of bariatric surgery on prognosis of cardiovascular
disease is lacking. We need study to examine if bariatric surgery offers benefit in patients
with obesity and previous cardiovascular events and whether it can prevent further events
or stabilise the severity of condition in those with established disease. However, conducting
such study could be ethically challenging as patients undergoing bariatric surgery need to be

fit for surgery.
8.2.2 Study comparing bariatric surgery vs newer

pharmacotherapy or dietary intervention

In recent years, literature evidenced positive impact of low- calorie diet on weight loss and
cardiovascular risk factor. DIRECT study and DIADEM-I study showed that dietary

intervention can offer significant weight loss and diabetes remission (3, 4). There have been
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new developments in pharmacotherapy field like Glucagon like peptide-1 Agonist (GLP1A)
and Sodium glucose cotransporter 2 inhibitor (SGLT2I) which have shown promising results
on weight loss and cardiovascular risk factor in patients with obesity (5-7). We need study
comparing head-to-head effect of bariatric surgery, newer pharmacotherapies, and very
low-calorie diet (VLCD) on short- and long-term weight management and cardiovascular risk
factors, including type 2 diabetes.

Conducting such study could be expensive. We need study using network meta-analysis to
compare the various intervention — different type of bariatric surgery, pharmacotherapy and
dietary intervention combining direct and indirect comparison (8).

The definition for life-style intervention used in literature has substantial heterogeneity (9).
Going forward, we will need a standardised definition for life-style intervention, taking in

consideration patients demographics, ethnicity, and cultures.

8.2.3 Weight loss in elderly population

In chapter 4, | showed though bariatric surgery offered significant weight loss in an elderly
population, cardiovascular and mortality benefit was not noted. This could be due to small
sample size and small follow up in our study. There is high prevalence of sarcopenic obesity
in elderly population and associated with morbidity and mortality (10, 11). Hence with
recent advancements in new imaging technologies for characterizing body composition like
nuclear magnetic resonance imaging (NMRI) and computed tomography (CT) (12), future
studies are needed to examine the impact of bariatric surgery on lean muscle mass and fat

distribution especially in patients suspected of sarcopenic obesity. However, new
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technologies for measuring body composition are expensive and currently not widely
available.

Besides cardiovascular disease and chronic health conditions, obesity has been identified as
independent risk factor for poor functional capacity and disability defined as ability to do
activities daily living in elderly populations (11). Elderly population with obesity have been
reported to have poor recovery from other medical condition and more prone to
institutionalization.(11). Studies are needed to examine the impact of bariatric surgery on

quality of life and above-mentioned parameters in elderly population.
8.2.4 Prognosis of diabetes related microvascular

complications

In chapter 5, | presented the association between bariatric surgery and a reduction in
incidence of macro and microvascular complications. In my dataset, 13689 patients had one
of composite microvascular complication as baseline. Rapid improvement in glycaemic
control, drastic change in muscle mass and vitamin deficiencies following bariatric surgery
may result in worsening of vascular outcomes, at least in the short term. Intensive treatment
as offered in pregnancy or achieved by insulin pump therapy or pancreatic transplant has
been noted to cause rapid deterioration in diabetes retinopathy (13). The systematic review
which included four large studies has shown that diabetic retinopathy improved in 20% but
progressed further in 25% after bariatric surgery in patients with established diabetic
retinopathy (14). We need studies to examine the impact of bariatric surgery on prognosis of

existing microvascular complications in patients with obesity, type 2 diabetes and
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established microvascular complication. Results from these studies will guide the weight
management service how to monitor these patients in peri-operative stage to achieve better

outcome.

8.2.5 Adjuvant effect of glucose lowering medication
in post- operative stage

In chapter 6, | showed superior impact of bariatric surgery on glycaemic status despite being
on lower number of glucose- lowering medication compared to control group. Percentage of
patients on SGLT2l and GLP1A medication reduced in surgical group in post op stage. RCT by
Miras et al showed adjuvant effect on diabetes management of patients who underwent
RYGB or SG over a 26 weeks follow up (15). Continuation of GLP1A and SGLT2I class of
medications in surgical group could have resulted in further reduction and better outcomes.
Cardiovascular outcome trial for Liraglutide (LEADER) and semaglutide (SUSTAIN-6) have
shown reduction in composite cardiovascular events in patients with type 2 diabetes (16).
Recent studies conducted on patients without type 2 diabetes has shown beneficial impact
of GLP1A and SGLT2I on cardio-renal condition (17). In light of emerging evidence, current
clinical practice of stopping these medications in patients post bariatric surgery should be re-

addressed.
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8.2.6 Using term “diabetes remission”

In chapter 7, | presented a systematic review and identified 16 prediction models for
diabetes remission in patients undergoing bariatric surgery. Term diabetes remission has
been emerging area of interest in context of with or without bariatric surgery.

Despite wide heterogenicity in definitions for diabetes remission, there was a common
theme. In all studies, diabetes remission was based on achieving a targeted glycaemic status
defined by HbA1c cut-offs and/ or fasting blood glucose without glucose lowering
medications

Although HbAlc is an important easily accessible and measurable parameter used in clinical
practice to access the severity of diabetes condition, pathology of diabetes is not limited to
hyperglycaemia and HbA1lc.Patients with lower HbAlc are at lower risk of developing
vascular complications but their risk is not nil. Equally, there are patients with poorly
controlled diabetes and still no complication (18). We need more studies to understand this
transient honeymoon stage of diabetes remission. There is currently no clear data about
achieving diabetes remission and its impact on hard end point in term of diabetes care,
diabetes related vascular complications.

Outside research area, term “diabetes remission” could be misleading and false reassurance
to patients and healthcare professionals and could lead to disadvantage to these patients.
Patients achieving targeted HbAlc and diagnosed as diabetes remission may not get annual
diabetes care and medication like GLP1A and SGLT2| with cardio-renal protective effect
might be stopped to fit the remission definition. Patients with diabetes relapse may present

in future with poorly controlled diabetes and higher risk of vascular complications. Probably
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patients achieving targeted glycaemic status off medication should be diagnosed as diabetes
remission under surveillance.

We could argue improved glycaemic control without medication could reduce the burden of
polypharmacy on patient and health care system. Diabetes cure or reversal has been
identified as a top research priority by a project led by patients with type 2 diabetes and
their carers (19). Patient with newly diagnosed diabetes will be motivated and engaged in
weight management and diabetes management. Predicting diabetes remission could help
healthcare professionals and patients to make informed choices about treatment options if
remission is an outcome of interest to the patients. At a population level it is important for
policy makers and payers to prioritise resources. However, concept of predicting diabetes
remission should be used cautiously because of the above-mentioned limitations and

bariatric surgery should not be limited to people who are likely to get remission.

8.2.7 Need for future prediction model

Bariatric surgery has been associated with significant sustained weight loss, remission and
improvement of many other health conditions including hypertension, dyslipidaemia, and
obstructive sleep apnoea (20, 21)

We need prediction model to predict long term weight loss and remission and improvement
of obesity related health conditions like hypertension, dyslipidaemia, and sleep apnoea and

quality of life.
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8.3 Future Plans

Despite the increasing prevalence of obesity, the provision for weight management is
constrained. The number of prescription item and cost for anti-obesity medications has gone
down. There was an 8% reduction in the number of items prescribed in 2018 compared to
2017. Net ingredients cost of item was £8.1 million in 2018 compared to £44.8 million in
2008 (22).

Even though evidence of the beneficial effect of weight loss and bariatric surgery on
metabolic outcomes are available, provision of Tier 3 (Specialist weight management
services for people with severe and complex obesity) and 4 (Bariatric/ weight loss surgery)
weight management services is inconsistent. A survey participated by 91% Clinical
Commissioning Groups (CCG) found that only 57% of CCG commission Tier 3 service and 73%
commission Tier 4 service (1). More evidence is needed to identify barriers in accessing
weight management service from patients’ aspect and expand weight management service
to wider population to build healthier community.

The West Midland Clinical Research Network has recently funded a project called STOP
Diabesity. As a part of this research team, | will be working in collaboration with clinicians,
researchers, and statisticians in the West Midlands. One of the themes is the outcomes of
post bariatric surgery including cardiovascular risk factor and mortality. | am currently
involved in a project examining the effect of social deprivation and ethnicity on access to
bariatric surgery and weight loss pharmacotherapy using the Clinical Practice Research
Datalink (CPRD) database. UK National Statistical data has shown a higher prevalence of

obesity in more deprived communities and certain ethnicities.(23) The CPRD study will help
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to understand any inequalities in accessing health services. This information can be used to
redesign the referral criteria to secondary and tertiary care for weight management and
bariatric surgery, taking ethnicity and social deprivation status in account or to suggest a
different threshold based on these factors for these cohort.

Following the work presented in this thesis, | will apply for a grant to undertake external
validation and clinical impact studies for newer prediction models like DiaRem, DiaRem2,
and DiaBetter for predicting diabetes remission in patients post bariatric surgery, in the
CPRD data set.

| am also intending to develop a prediction model for health outcomes and quality of life
which can be used in primary care. General practitioners are usually the first port of call for
patients. | will design a prediction model including predictors which are easily available in
primary care, does not require uncommon tests (like c-peptide) and could be adapted for
patients coming from different ethnicity and social deprivation category

The West Midlands population is rich in diversity and culture and will be an ideal context for

me to pursue my objectives.
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Read Codes

Diabetes

Code Description

C10..00 Diabetes mellitus

C100.00 Diabetes mellitus with no mention of complication
C100100 Diabetes mellitus, adult onset, no mention of complication
C100111 Maturity onset diabetes

C100112 Non-insulin dependent diabetes mellitus

C100z00 Diabetes mellitus NOS with no mention of complication
C101.00 Diabetes mellitus with ketoacidosis

C101100 Diabetes mellitus, adult onset, with ketoacidosis

C101y00 Other specified diabetes mellitus with ketoacidosis
C101z00 Diabetes mellitus NOS with ketoacidosis

C102.00 Diabetes mellitus with hyperosmolar coma

C102100 Diabetes mellitus, adult onset, with hyperosmolar coma
C102z00 Diabetes mellitus NOS with hyperosmolar coma

C103.00 Diabetes mellitus with ketoacidotic coma

C103100 Diabetes mellitus, adult onset, with ketoacidotic coma
C103y00 Other specified diabetes mellitus with coma

C103z00 Diabetes mellitus NOS with ketoacidotic coma

C104.00 Diabetes mellitus with renal manifestation

C104.11 Diabetic nephropathy

C104100 Diabetes mellitus, adult onset, with renal manifestation
C104y00 Other specified diabetes mellitus with renal complications
C104z00 Diabetes mellitus with nephropathy NOS

C105.00 Diabetes mellitus with ophthalmic manifestation

C105100 Diabetes mellitus, adult onset, + ophthalmic manifestation
C105y00 Other specified diabetes mellitus with ophthalmic complicatn
C105z00 Diabetes mellitus NOS with ophthalmic manifestation
C106.00 Diabetes mellitus with neurological manifestation
C106.11 Diabetic amyotrophy

C106.12 Diabetes mellitus with neuropathy

C106.13 Diabetes mellitus with polyneuropathy

C106100 Diabetes mellitus, adult onset, + neurological manifestation
C106y00 Other specified diabetes mellitus with neurological comps
C106z00 Diabetes mellitus NOS with neurological manifestation
C107.00 Diabetes mellitus with peripheral circulatory disorder




C107.11 Diabetes mellitus with gangrene

C107.12 Diabetes with gangrene

C107100 Diabetes mellitus, adult, + peripheral circulatory disorder
C107200 Diabetes mellitus, adult with gangrene

C107400 NIDDM with peripheral circulatory disorder

C107y00 Other specified diabetes mellitus with periph circ comps
C107z00 Diabetes mellitus NOS with peripheral circulatory disorder
C108y00 Other specified diabetes mellitus with multiple comps
C108z00 Unspecified diabetes mellitus with multiple complications
C109.00 Non-insulin dependent diabetes mellitus

C109.11 NIDDM - Non-insulin dependent diabetes mellitus

C109.12 Type 2 diabetes mellitus

C109.13 Type Il diabetes mellitus

C109000 Non-insulin-dependent diabetes mellitus with renal comps
C109011 Type Il diabetes mellitus with renal complications

C109012 Type 2 diabetes mellitus with renal complications

C109100 Non-insulin-dependent diabetes mellitus with ophthalm comps
C109111 Type Il diabetes mellitus with ophthalmic complications
C109112 Type 2 diabetes mellitus with ophthalmic complications
C109200 Non-insulin-dependent diabetes mellitus with neuro comps
C109211 Type Il diabetes mellitus with neurological complications
C109212 Type 2 diabetes mellitus with neurological complications
C109300 Non-insulin-dependent diabetes mellitus with multiple comps
C109311 Type Il diabetes mellitus with multiple complications
C109312 Type 2 diabetes mellitus with multiple complications
C109400 Non-insulin dependent diabetes mellitus with ulcer
C109411 Type Il diabetes mellitus with ulcer

C109412 Type 2 diabetes mellitus with ulcer

C109500 Non-insulin dependent diabetes mellitus with gangrene
C109511 Type Il diabetes mellitus with gangrene

C109512 Type 2 diabetes mellitus with gangrene

C109600 Non-insulin-dependent diabetes mellitus with retinopathy
C109611 Type Il diabetes mellitus with retinopathy

C109612 Type 2 diabetes mellitus with retinopathy

C109700 Non-insulin dependent diabetes mellitus - poor control
C109711 Type Il diabetes mellitus - poor control

C109712 Type 2 diabetes mellitus - poor control

C109800 Reaven's syndrome

C109900 Non-insulin-dependent diabetes mellitus without complication
C109911 Type Il diabetes mellitus without complication

C109912 Type 2 diabetes mellitus without complication

C109A00 Non-insulin dependent diabetes mellitus with mononeuropathy
C109A11 Type Il diabetes mellitus with mononeuropathy

C109A12 Type 2 diabetes mellitus with mononeuropathy




C109B00 Non-insulin dependent diabetes mellitus with polyneuropathy
C109B11 Type Il diabetes mellitus with polyneuropathy

C109B12 Type 2 diabetes mellitus with polyneuropathy

C109C00 Non-insulin dependent diabetes mellitus with nephropathy
C109C11 Type Il diabetes mellitus with nephropathy

C109C12 Type 2 diabetes mellitus with nephropathy

C109D00 Non-insulin dependent diabetes mellitus with hypoglyca coma
C109D11 Type Il diabetes mellitus with hypoglycaemic coma

C109D12 Type 2 diabetes mellitus with hypoglycaemic coma

C109E00 Non-insulin depend diabetes mellitus with diabetic cataract
C109E11 Type Il diabetes mellitus with diabetic cataract

C109E12 Type 2 diabetes mellitus with diabetic cataract

C109F00 Non-insulin-dependent d m with peripheral angiopath
C109F11 Type Il diabetes mellitus with peripheral angiopathy
C109F12 Type 2 diabetes mellitus with peripheral angiopathy
C109G00 Non-insulin dependent diabetes mellitus with arthropathy
C109G11 Type Il diabetes mellitus with arthropathy

C109G12 Type 2 diabetes mellitus with arthropathy

C109HO00 Non-insulin dependent d m with neuropathic arthropathy
C109H11 Type Il diabetes mellitus with neuropathic arthropathy
C109H12 Type 2 diabetes mellitus with neuropathic arthropathy
C109J00 Insulin treated Type 2 diabetes mellitus

C109J11 Insulin treated non-insulin dependent diabetes mellitus
C109J12 Insulin treated Type Il diabetes mellitus

C109K00 Hyperosmolar non-ketotic state in type 2 diabetes mellitus
C10A.00 Malnutrition-related diabetes mellitus

C10A.11 Jamaica type diabetes

C10A000 Malnutrition-related diabetes mellitus with coma

C10A100 Malnutrition-related diabetes mellitus with ketoacidosis
C10A200 Malnutrition-related diabetes mellitus with renal complicatn
C10A300 Malnutrit-related diabetes mellitus wth ophthalmic complicat
C10A400 Malnutrition-related diabetes mellitus wth neuro complicatns
C10A500 Malnutritn-relat diabetes melitus wth periph circul complctn
C10A600 Malnutrition-related diabetes mellitus with multiple comps
C10A700 Malnutrition-related diabetes mellitus without complications
C10AWO00 Malnutrit-related diabetes mellitus with unspec complics
C10AX00 Malnutrit-relat diabetes mellitus with other spec comps
C10B.00 Diabetes mellitus induced by steroids

C10B000 Steroid induced diabetes mellitus without complication
C10C.00 Diabetes mellitus autosomal dominant

C10C.11 Maturity onset diabetes in youth

C10D.00 Diabetes mellitus autosomal dominant type 2

C10D.11 Maturity onset diabetes in youth type 2

C10EROO Latent autoimmune diabetes mellitus in adult




C10F.00 Type 2 diabetes mellitus

C10F.11 Type Il diabetes mellitus

C10F000 Type 2 diabetes mellitus with renal complications
C10F011 Type Il diabetes mellitus with renal complications
C10F100 Type 2 diabetes mellitus with ophthalmic complications
C10F111 Type Il diabetes mellitus with ophthalmic complications
C10F200 Type 2 diabetes mellitus with neurological complications
C10F211 Type Il diabetes mellitus with neurological complications
C10F300 Type 2 diabetes mellitus with multiple complications
C10F311 Type Il diabetes mellitus with multiple complications
C10F400 Type 2 diabetes mellitus with ulcer

C10F411 Type Il diabetes mellitus with ulcer

C10F500 Type 2 diabetes mellitus with gangrene

C10F511 Type Il diabetes mellitus with gangrene

C10F600 Type 2 diabetes mellitus with retinopathy

C10F611 Type Il diabetes mellitus with retinopathy

C10F700 Type 2 diabetes mellitus - poor control

C10F711 Type Il diabetes mellitus - poor control

C10F800 Reaven's syndrome

C10F811 Metabolic syndrome X

C10F900 Type 2 diabetes mellitus without complication

C10F911 Type Il diabetes mellitus without complication

C10FAO0 Type 2 diabetes mellitus with mononeuropathy
C10FA11 Type Il diabetes mellitus with mononeuropathy
C10FB0OO Type 2 diabetes mellitus with polyneuropathy

C10FB11 Type Il diabetes mellitus with polyneuropathy

C10FC00 Type 2 diabetes mellitus with nephropathy

C10FC11 Type Il diabetes mellitus with nephropathy

C10FD0O0 Type 2 diabetes mellitus with hypoglycaemic coma
C10FD11 Type Il diabetes mellitus with hypoglycaemic coma
C10FEOO Type 2 diabetes mellitus with diabetic cataract

C10FE11 Type Il diabetes mellitus with diabetic cataract

C10FFO0 Type 2 diabetes mellitus with peripheral angiopathy
C10FF11 Type Il diabetes mellitus with peripheral angiopathy
C10FG00 Type 2 diabetes mellitus with arthropathy

C10FG11 Type Il diabetes mellitus with arthropathy

C10FHOO Type 2 diabetes mellitus with neuropathic arthropathy
C10FH11 Type Il diabetes mellitus with neuropathic arthropathy
C10FJOO0 Insulin treated Type 2 diabetes mellitus

C10FJ11 Insulin treated Type Il diabetes mellitus

C10FKOO0 Hyperosmolar non-ketotic state in type 2 diabetes mellitus
C10FK11 Hyperosmolar non-ketotic state in type Il diabetes mellitus
C10FLOO Type 2 diabetes mellitus with persistent proteinuria
C10FL11 Type Il diabetes mellitus with persistent proteinuria




C10FMO00 Type 2 diabetes mellitus with persistent microalbuminuria
C10FM11 Type Il diabetes mellitus with persistent microalbuminuria
C10FNOO Type 2 diabetes mellitus with ketoacidosis

C10FN11 Type Il diabetes mellitus with ketoacidosis

C10FPO0O Type 2 diabetes mellitus with ketoacidotic coma

C10FP11 Type Il diabetes mellitus with ketoacidotic coma
C10FQO0 Type 2 diabetes mellitus with exudative maculopathy
C10FQ11 Type Il diabetes mellitus with exudative maculopathy
C10FR0O0O Type 2 diabetes mellitus with gastroparesis

C10FR11 Type Il diabetes mellitus with gastroparesis

C10FS00 Maternally inherited diabetes mellitus

C10G.00 Secondary pancreatic diabetes mellitus

C10G000 Secondary pancreatic diabetes mellitus without complication
C10H.00 Diabetes mellitus induced by non-steroid drugs

C10H000 DM induced by non-steroid drugs without complication
C10J.00 Insulin autoimmune syndrome

C10J000 Insulin autoimmune syndrome without complication
C10K.00 Type A insulin resistance

C10K000 Type A insulin resistance without complication

C10L.00 Fibrocalculous pancreatopathy

C10L000 Fibrocalculous pancreatopathy without complication
C10M.00 Lipoatrophic diabetes mellitus

C10MO000 Lipoatrophic diabetes mellitus without complication
C10N.00 Secondary diabetes mellitus

C10NOOO Secondary diabetes mellitus without complication
C10N100 Cystic fibrosis related diabetes mellitus

C10P.00 Diabetes mellitus in remission

C10P100 Type Il diabetes mellitus in remission

C10P111 Type 2 diabetes mellitus in remission

C10y.00 Diabetes mellitus with other specified manifestation
C10y100 Diabetes mellitus, adult, + other specified manifestation
C10yy00 Other specified diabetes mellitus with other spec comps
C10yz00 Diabetes mellitus NOS with other specified manifestation
C10z.00 Diabetes mellitus with unspecified complication

C10z100 Diabetes mellitus, adult onset, + unspecified complication
C10zy00 Other specified diabetes mellitus with unspecified comps
C10zz00 Diabetes mellitus NOS with unspecified complication




Bariatric Read Codes

Code Description

7616 Other connection of stomach to jejunum

7616000 Bypass of stomach by anastomosis of stomach to jejunum NEC
7622000 Bypass of duodenum by anastomosis of stomach to jejunum
761H011 Insertion of gastric balloon

761H411

7622200 Bypass of duodenum NOS

761H600 Attention to gastric balloon

ZV45P00 [V]Presence of gastric bypass

7613111 Mason vertical banded gastroplasty

7616600 Laparoscopic gastric bypass

7622 Bypass of duodenum

7616y00 Other specified other connection of stomach to jejunum
7616200 Other connection of stomach to jejunum NOS

7616013 Mason high gastric bypass

7642500 Duodenal switch

7613000 Gastroplasty NEC

7611 Partial excision of stomach

7615000 Bypass stomach by anastomosis stomach to transposed jejunum
761H000 Insertion of gastric bubble

761H100 Attention to gastric bubble

7615 Connection of stomach to transposed jejunum

761H400 Removal of gastric balloon

761H500 Insertion of gastric balloon

7611400 Sleeve gastrectomy and duodenal switch

7611600 Laparoscopic sleeve gastrectomy

7613500 Partitioning of stomach NEC

7611500 Sleeve gastrectomy NEC

7613600 Maintenance of gastric band

7613300 Partitioning of stomach using band

7613400 Partitioning of stomach using staples

7611200 Partial gastrectomy and anastomosis stomach to jejunum NEC
7613100 Partitioning of stomach

7611100 Partial gastrectomy & anastomosis stomach to transp jejunum
7613200 Laparoscopic adjustable gastric banding

7611y00 Other specified partial excision of stomach

7611200 Partial excision of stomach NOS

7615y00 Other specified connection of stomach to transposed jejunum
7615200 Connection of stomach to transposed jejunum NOS




Hypertension

Code Description

G2...00 Hypertensive disease

G2...11 BP - hypertensive disease

G20..00 Essential hypertension

G20..11 High blood pressure

G20..12 Primary hypertension

G200.00 Malignant essential hypertension

G201.00 Benign essential hypertension

G202.00 Systolic hypertension

G203.00 Diastolic hypertension

G20z.00 Essential hypertension NOS

G20z.11 Hypertension NOS

G21..00 Hypertensive heart disease

G210.00 Malignant hypertensive heart disease

G210000 Malignant hypertensive heart disease without CCF
G210100 Malignant hypertensive heart disease with CCF
G210z00 Malignant hypertensive heart disease NOS
G211.00 Benign hypertensive heart disease

G211000 Benign hypertensive heart disease without CCF
G211100 Benign hypertensive heart disease with CCF
G211z00 Benign hypertensive heart disease NOS

G21z.00 Hypertensive heart disease NOS

G21z000 Hypertensive heart disease NOS without CCF
G21z011 Cardiomegaly - hypertensive

G21z100 Hypertensive heart disease NOS with CCF
G21zz00 Hypertensive heart disease NOS

G22..00 Hypertensive renal disease

G22..11 Nephrosclerosis

G220.00 Malignant hypertensive renal disease

G221.00 Benign hypertensive renal disease

G222.00 Hypertensive renal disease with renal failure
G22z.00 Hypertensive renal disease NOS

G22z.11 Renal hypertension

G23..00 Hypertensive heart and renal disease

G230.00 Malignant hypertensive heart and renal disease
G231.00 Benign hypertensive heart and renal disease
G232.00 Hypertensive heart&renal dis wth (congestive) heart failure
G233.00 Hypertensive heart and renal disease with renal failure
G234.00 Hyperten heart&renal dis+both(congestv)heart and renal fail
G23z.00 Hypertensive heart and renal disease NOS
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G24..00 Secondary hypertension

G240.00 Secondary malignant hypertension

G240000 Secondary malignant renovascular hypertension

G240z00 Secondary malignant hypertension NOS

G241.00 Secondary benign hypertension

G241000 Secondary benign renovascular hypertension

G241z00 Secondary benign hypertension NOS

G244.00 Hypertension secondary to endocrine disorders

G242.00 Secondary hypertension NOS

G24z000 Secondary renovascular hypertension NOS

G24z100 Hypertension secondary to drug

G24zz00 Secondary hypertension NOS

G25..00 Stage 1 hypertension (NICE - Nat Ins for Hth Clin Excl 2011)
G25..11 Stage 1 hypertension

G250.00 Stage 1 hyperten (NICE 2011) without evidnce end organ damge
G251.00 Stage 1 hyperten (NICE 2011) with evidnce end organ damge
G26..00 Severe hypertension (Nat Inst for Health Clinical Ex 2011)
G26..11 Severe hypertension

G27..00 Hypertension resistant to drug therapy

G28..00 Stage 2 hypertension (NICE - Nat Ins for Hth Clin Excl 2011)
G2y..00 Other specified hypertensive disease

G2z..00 Hypertensive disease NOS

Gyu2.00 [X]Hypertensive diseases

Gyu2000 [X]Other secondary hypertension

Gyu2100 [X]Hypertension secondary to other renal disorders

Ischaemic Heart Disease

Code Description

G3...00 Ischaemic heart disease

G3...11 Arteriosclerotic heart disease
G3...12 Atherosclerotic heart disease
G3...13 IHD - Ischaemic heart disease
G30..00 Acute myocardial infarction
G30..11 Attack - heart

G30..12 Coronary thrombosis

G30..13 Cardiac rupture following myocardial infarction (M)
G30..14 Heart attack

G30..15 MI - acute myocardial infarction
G30..16 Thrombosis - coronary
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G30..17 Silent myocardial infarction

G300.00 Acute anterolateral infarction

G301.00 Other specified anterior myocardial infarction
G301000 Acute anteroapical infarction

G301100 Acute anteroseptal infarction

G301z00 Anterior myocardial infarction NOS

G302.00 Acute inferolateral infarction

G303.00 Acute inferoposterior infarction

G304.00 Posterior myocardial infarction NOS

G305.00 Lateral myocardial infarction NOS

G306.00 True posterior myocardial infarction

G307.00 Acute subendocardial infarction

G307000 Acute non-Q wave infarction

G307100 Acute non-ST segment elevation myocardial infarction
G308.00 Inferior myocardial infarction NOS

G309.00 Acute Q-wave infarct

G30A.00 Mural thrombosis

G30B.00 Acute posterolateral myocardial infarction
G30X.00 Acute transmural myocardial infarction of unspecif site
G30X000 Acute ST segment elevation myocardial infarction
G30y.00 Other acute myocardial infarction

G30y000 Acute atrial infarction

G30y100 Acute papillary muscle infarction

G30y200 Acute septal infarction

G30yz00 Other acute myocardial infarction NOS

G30z.00 Acute myocardial infarction NOS

G31..00 Other acute and subacute ischaemic heart disease
G310.00 Postmyocardial infarction syndrome

G310.11 Dressler's syndrome

G311.00 Preinfarction syndrome

G311.11 Crescendo angina

G311.12 Impending infarction

G311.13 Unstable angina

G311.14 Angina at rest

G311000 Myocardial infarction aborted

G311011 MI - myocardial infarction aborted

G311100 Unstable angina

G311200 Angina at rest

G311300 Refractory angina

G311400 Worsening angina

G311500 Acute coronary syndrome

G311z00 Preinfarction syndrome NOS

G312.00 Coronary thrombosis not resulting in myocardial infarction
G31y.00 Other acute and subacute ischaemic heart disease
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G31y000 Acute coronary insufficiency

G31y100 Microinfarction of heart

G31y200 Subendocardial ischaemia

G31y300 Transient myocardial ischaemia
G31yz00 Other acute and subacute ischaemic heart disease NOS
G32..00 Old myocardial infarction

G32..11 Healed myocardial infarction

G32..12 Personal history of myocardial infarction
G33..00 Angina pectoris

G330.00 Angina decubitus

G330000 Nocturnal angina

G330z00 Angina decubitus NOS

G331.00 Prinzmetal's angina

G331.11 Variant angina pectoris

G332.00 Coronary artery spasm

G33z.00 Angina pectoris NOS

G33z000 Status anginosus

G33z100 Stenocardia

G33z200 Syncope anginosa

G33z300 Angina on effort

G33z400 Ischaemic chest pain

G33z500 Post infarct angina

G332600 New onset angina

G332700 Stable angina

G33zz00 Angina pectoris NOS

G34..00 Other chronic ischaemic heart disease
G340.00 Coronary atherosclerosis

G340.11 Triple vessel disease of the heart
G340.12 Coronary artery disease

G340000 Single coronary vessel disease
G340100 Double coronary vessel disease
G341.00 Aneurysm of heart

G341.11 Cardiac aneurysm

G341000 Ventricular cardiac aneurysm
G341100 Other cardiac wall aneurysm
G341111 Mural cardiac aneurysm

G341200 Aneurysm of coronary vessels
G341300 Acquired atrioventricular fistula of heart
G341z00 Aneurysm of heart NOS

G342.00 Atherosclerotic cardiovascular disease
G343.00 Ischaemic cardiomyopathy

G344.00 Silent myocardial ischaemia

G34y.00 Other specified chronic ischaemic heart disease
G34y000 Chronic coronary insufficiency
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G34y100 Chronic myocardial ischaemia

G34yz00 Other specified chronic ischaemic heart disease NOS

G34z.00 Other chronic ischaemic heart disease NOS

G34z000 Asymptomatic coronary heart disease

G35..00 Subsequent myocardial infarction

G350.00 Subsequent myocardial infarction of anterior wall

G351.00 Subsequent myocardial infarction of inferior wall

G353.00 Subsequent myocardial infarction of other sites

G35X.00 Subsequent myocardial infarction of unspecified site

G36..00 Certain current complication follow acute myocardial infarct
G360.00 Haemopericardium/current comp folow acut myocard infarct
G361.00 Atrial septal defect/curr comp folow acut myocardal infarct
G362.00 Ventric septal defect/curr comp fol acut myocardal infarctn
G363.00 Ruptur cardiac wall w'out haemopericard/cur comp fol ac MI
G364.00 Ruptur chordae tendinae/curr comp fol acute myocard infarct
G365.00 Rupture papillary muscle/curr comp fol acute myocard infarct
G366.00 Thrombosis atrium,auric append&vent/curr comp foll acute Mi
G37..00 Cardiac syndrome X

G38..00 Postoperative myocardial infarction

G380.00 Postoperative transmural myocardial infarction anterior wall
G381.00 Postoperative transmural myocardial infarction inferior wall
G382.00 Postoperative transmural myocardial infarction other sites
G383.00 Postoperative transmural myocardial infarction unspec site
G384.00 Postoperative subendocardial myocardial infarction

G38z.00 Postoperative myocardial infarction, unspecified

G39..00 Coronary microvascular disease

G3y..00 Other specified ischaemic heart disease

G3z..00 Ischaemic heart disease NOS

Gyu3.00 [X]Ischaemic heart diseases

Gyu3000 [X]Other forms of angina pectoris

Gyu3100 [X]Other current complicatns following acute myocard infarct
Gyu3200 [X]Other forms of acute ischaemic heart disease

Gyu3300 [X]Other forms of chronic ischaemic heart disease

Gyu3400 [X]Acute transmural myocardial infarction of unspecif site
Gyu3500 [X]Subsequent myocardial infarction of other sites

Gyu3600 [X]Subsequent myocardial infarction of unspecified site
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Heart Failure

Code Description

101..00 Heart failure confirmed

2JZ..00 On optimal heart failure therapy

661M500 Heart failure self-management plan agreed
661N500 Heart failure self-management plan review
662f.00 New York Heart Association classification - class |
662g.00 New York Heart Association classification - class Il
662h.00 New York Heart Association classification - class Il
662i.00 New York Heart Association classification - class IV
662p.00 Heart failure 6 month review

662T.00 Congestive heart failure monitoring

662W.00 Heart failure annual review

679W100 Education about deteriorating heart failure
8B29.00 Cardiac failure therapy

8H2S.00 Admit heart failure emergency

8HBE.OO Heart failure follow-up

8HTLOOO Referral to rapid access heart failure clinic
G232.00 Hypertensive heart&renal dis wth (congestive) heart failure
G234.00 Hyperten heart&renal dis+both(congestv)heart and renal fail
G554000 Congestive cardiomyopathy

G58..00 Heart failure

G58..11 Cardiac failure

G580.00 Congestive heart failure

G580.11 Congestive cardiac failure

G580.14 Biventricular failure

G580000 Acute congestive heart failure

G580100 Chronic congestive heart failure

G580200 Decompensated cardiac failure

G580300 Compensated cardiac failure

G580400 Congestive heart failure due to valvular disease
G581.00 Left ventricular failure

G581.11 Asthma - cardiac

G581.12 Pulmonary oedema - acute

G581.13 Impaired left ventricular function

G581000 Acute left ventricular failure

G582.00 Acute heart failure

G583.00 Heart failure with normal ejection fraction
G583.11 HFNEF - heart failure with normal ejection fraction
G583.12 Heart failure with preserved ejection fraction
G582.00 Heart failure NOS
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G58z.11 Weak heart

G58z.12 Cardiac failure NOS

G5y4z00 Post cardiac operation heart failure NOS

SP11111 Heart failure as a complication of care

SP11200 Cardiorespiratory failure as a complication of care

Stroke & TIA

Code DESCRIPTION

G6...00 Cerebrovascular disease

G60..00 Subarachnoid haemorrhage

G600.00 Ruptured berry aneurysm

G601.00 Subarachnoid haemorrhage from carotid siphon and bifurcation
G602.00 Subarachnoid haemorrhage from middle cerebral artery
G603.00 Subarachnoid haemorrhage from anterior communicating artery
G604.00 Subarachnoid haemorrhage from posterior communicating artery
G605.00 Subarachnoid haemorrhage from basilar artery

G606.00 Subarachnoid haemorrhage from vertebral artery

G60X.00 Subarachnoid haemorrh from intracranial artery, unspecif
G60z.00 Subarachnoid haemorrhage NOS

G61..00 Intracerebral haemorrhage

G61..11 CVA - cerebrovascular accid due to intracerebral haemorrhage
G61..12 Stroke due to intracerebral haemorrhage

G610.00 Cortical haemorrhage

G611.00 Internal capsule haemorrhage

G612.00 Basal nucleus haemorrhage

G613.00 Cerebellar haemorrhage

G614.00 Pontine haemorrhage

G615.00 Bulbar haemorrhage

G616.00 External capsule haemorrhage

G617.00 Intracerebral haemorrhage, intraventricular

G618.00 Intracerebral haemorrhage, multiple localized

G619.00 Lobar cerebral haemorrhage

G61X.00 Intracerebral haemorrhage in hemisphere, unspecified
G61X000 Left sided intracerebral haemorrhage, unspecified

G61X100 Right sided intracerebral haemorrhage, unspecified

G61z.00 Intracerebral haemorrhage NOS

G62..00 Other and unspecified intracranial haemorrhage

G620.00 Extradural haemorrhage - nontraumatic
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G621.00 Subdural haemorrhage - nontraumatic

G622.00 Subdural haematoma - nontraumatic

G623.00 Subdural haemorrhage NOS

G62z.00 Intracranial haemorrhage NOS

G63..00 Precerebral arterial occlusion

G63..11 Infarction - precerebral

G63..12 Stenosis of precerebral arteries

G630.00 Basilar artery occlusion

G631.00 Carotid artery occlusion

G631.11 Stenosis, carotid artery

G631.12 Thrombosis, carotid artery

G632.00 Vertebral artery occlusion

G633.00 Multiple and bilateral precerebral arterial occlusion
G634.00 Carotid artery stenosis

G63y.00 Other precerebral artery occlusion

G63y000 Cerebral infarct due to thrombosis of precerebral arteries
G63y100 Cerebral infarction due to embolism of precerebral arteries
G632.00 Precerebral artery occlusion NOS

G64..00 Cerebral arterial occlusion

G64..11 CVA - cerebral artery occlusion

G64..12 Infarction - cerebral

G64..13 Stroke due to cerebral arterial occlusion

G640.00 Cerebral thrombosis

G640000 Cerebral infarction due to thrombosis of cerebral arteries
G641.00 Cerebral embolism

G641.11 Cerebral embolus

G641000 Cerebral infarction due to embolism of cerebral arteries
G642.00 Cerebral infarction NOS

G64z.11 Brainstem infarction NOS

G64z.12 Cerebellar infarction

G64z000 Brainstem infarction

G64z100 Wallenberg syndrome

G64z111 Lateral medullary syndrome

G642200 Left sided cerebral infarction

G64z300 Right sided cerebral infarction

G64z400 Infarction of basal ganglia

G65..00 Transient cerebral ischaemia

G65..11 Drop attack

G65..12 Transient ischaemic attack

G65..13 Vertebro-basilar insufficiency

G650.00 Basilar artery syndrome

G650.11 Insufficiency - basilar artery

G651.00 Vertebral artery syndrome

G651000 Vertebro-basilar artery syndrome
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G652.00 Subclavian steal syndrome

G653.00 Carotid artery syndrome hemispheric

G654.00 Multiple and bilateral precerebral artery syndromes
G655.00 Transient global amnesia

G656.00 Vertebrobasilar insufficiency

G657.00 Carotid territory transient ischaemic attack
G65y.00 Other transient cerebral ischaemia

G65z2.00 Transient cerebral ischaemia NOS

G65z000 Impending cerebral ischaemia

G652100 Intermittent cerebral ischaemia

G652200 Transient cerebral ischaemia NOS

G66..00 Stroke and cerebrovascular accident unspecified
G66..11 CVA unspecified

G66..12 Stroke unspecified

G66..13 CVA - Cerebrovascular accident unspecified
G660.00 Middle cerebral artery syndrome

G661.00 Anterior cerebral artery syndrome

G662.00 Posterior cerebral artery syndrome

G663.00 Brain stem stroke syndrome

G664.00 Cerebellar stroke syndrome

G665.00 Pure motor lacunar syndrome

G666.00 Pure sensory lacunar syndrome

G667.00 Left sided CVA

G668.00 Right sided CVA

G669.00 Cerebral palsy, not congenital or infantile, acute
G67..00 Other cerebrovascular disease

G670.00 Cerebral atherosclerosis

G670.11 Precerebral atherosclerosis

G671.00 Generalised ischaemic cerebrovascular disease NOS
G671000 Acute cerebrovascular insufficiency NOS
G671100 Chronic cerebral ischaemia

G671200 Generalised ischaemic cerebrovascular disease NOS
G672.00 Hypertensive encephalopathy

G672.11 Hypertensive crisis

G673.00 Cerebral aneurysm, nonruptured

G673000 Dissection of cerebral arteries, nonruptured
G673100 Carotico-cavernous sinus fistula

G673200 Carotid artery dissection

G673300 Vertebral artery dissection

G674.00 Cerebral arteritis

G674000 Cerebral amyloid angiopathy

G675.00 Moyamoya disease

G676.00 Nonpyogenic venous sinus thrombosis

G676000 Cereb infarct due cerebral venous thrombosis, nonpyogenic
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G677.00 Occlusion/stenosis cerebral arts not result cerebral infarct
G677000 Occlusion and stenosis of middle cerebral artery

G677100 Occlusion and stenosis of anterior cerebral artery

G677200 Occlusion and stenosis of posterior cerebral artery

G677300 Occlusion and stenosis of cerebellar arteries

G677400 Occlusion+stenosis of multiple and bilat cerebral arteries
G678.00 Cereb autosom dominant arteriop subcort infarcts leukoenceph
G679.00 Small vessel cerebrovascular disease

G67A.00 Cerebral vein thrombosis

G67B.00 Reversible cerebral vasoconstriction syndrome

G67B.11 Call-Fleming syndrome

G67y.00 Other cerebrovascular disease OS

G672.00 Other cerebrovascular disease NOS

G68..00 Late effects of cerebrovascular disease

G680.00 Sequelae of subarachnoid haemorrhage

G681.00 Sequelae of intracerebral haemorrhage

G682.00 Sequelae of other nontraumatic intracranial haemorrhage
G683.00 Sequelae of cerebral infarction

G68W.00 Sequelae/other + unspecified cerebrovascular diseases
G68X.00 Sequelae of stroke,not specfd as h'morrhage or infarction
G6W..00 Cereb infarct due unsp occlus/stenos precerebr arteries
G6X..00 Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs
G6y..00 Other specified cerebrovascular disease

G6z..00 Cerebrovascular disease NOS

Gyu6.00 [X]Cerebrovascular diseases

Gyu6000 [X]Subarachnoid haemorrhage from other intracranial arteries
Gyu6100 [X]Other subarachnoid haemorrhage

Gyu6200 [X]Other intracerebral haemorrhage

Gyu6300 [X]Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs
Gyu6400 [X]Other cerebral infarction

Gyu6500 [X]Occlusion and stenosis of other precerebral arteries
Gyu6600 [X]Occlusion and stenosis of other cerebral arteries
Gyu6700 [X]Other specified cerebrovascular diseases

Gyu6C00 [X]Sequelae of stroke,not specfd as h'morrhage or infarction
Gyu6D00 [X]Sequelae/other + unspecified cerebrovascular diseases
Gyub6E00 [X]Subarachnoid haemorrh from intracranial artery, unspecif
Gyu6F00 [X]Intracerebral haemorrhage in hemisphere, unspecified
Gyu6G00 [X]Cereb infarct due unsp occlus/stenos precerebr arteries
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Retinopathy Codes

Code Description

6688 Registered partially sighted

6688 Registered partially sighted

6688.11 Registered partially blind

6689 Registered blind

6689 Registered blind

6689.11 Registered severely sight impaired

668B.00 Poor visual acuity

7270 Operations on vitreous body

7276 Pan retinal photocoagulation for diabetes

7276 Pan retinal photocoagulation for diabetes
3128000 Fundoscopy normal

3128200 Dilated fundoscopy normal

7270100 Extirpation of vitreous body NEC

7270200 Injection of vitreous substitute into vitreous body
7270300 Injection into vitreous body NEC

7270400 Pars plana vitrectomy

7270411 Vitrectomy using pars plana approach

7270500 Air/gas exchange of vitreous

7270600 Internal tamponade of retina using gas

7270800 Internal tamponade of retina using liquid
7270900 Internal tamponade of retina using oil

7272012 Photocoagulation of the retina NEC

7272013 Laser therapy lesion of retina

7272300 Laser destruction of lesion of retina

7272500 Panretinal laser photocoagulation to lesion of retina NEC
7272600 Laser photocoagulation to lesion of retina NEC
7272800 Panretinal laser photocoagulation to lesion of retina
7272900 Focal laser photocoagulation of retina

7273000 Epiretinal dissection

7274800 Injection of therapeutic substance around the eye
7277600 Injection of therapeutic substance into macula
1a00000 Uses guide dog for the blind

1B75.00 Loss of vision, Severe visual loss

1B77.00 Deteriorating vision, Severe visual loss

22E6.00 O/E - glass (prosthetic) eye

22E6.11 O/E - false eye

22E6.12 O/E - glass eye

22E6.13 O/E - prosthetic eye

22EF.00 O/E - has one eye
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2B68.00 O/E - visual acuity R-eye=6/60

2B69.00 O/E -R-eye counts fingers only

2B6A.00 O/E-R-eye perceives light only

2B6A.11 O/E - blind R-eye

2B6B.00 O/E - R-eye completely blind

2B6C.00 O/E - R-eye sees hand movements
2B6E.O00 O/E - visual acuity R-eye=3/60

2B6L.00 O/E - pinhole visual acuity R-eye=6/60
2B6P.00 O/E - pinhole R-eye sees hand movements
2B6Q.00 O/E - pinhole R-eye counts fingers only
2B6R.00 O/E - pinhole R-eye perceives light only
2B6S.00 O/E - pinhole R-eye completely blind
2B6T.00 O/E - R-eye visual acuity (corrected) 1/60
2B6V.00 O/E - R-eye visual acuity (corrected) 2/60
2B6W.00 O/E - R-eye visual acuity (corrected) 4/60
2B6X.00 O/E - R-eye visual acuity (corrected) 5/60
2B78.00 O/E - visual acuity L-eye=6/60

2B79.00 O/E -L-eye counts fingers only

2B7A.00 O/E-L-eye perceives light only

2B7A.11 O/E - blind L-eye

2B7B.00 O/E - L-eye completely blind

2B7C.00 O/E - L-eye sees hand movements
2B7E.00 O/E - visual acuity L-eye=3/60

2B7L.00 O/E - pinhole visual acuity L-eye=6/60
2B7P.00 O/E - pinhole L-eye sees hand movements
2B7Q.00 O/E - pinhole L-eye counts fingers only
2B7R.00 O/E - pinhole L-eye perceives light only
2B7S.00 O/E - pinhole L-eye completely blind
2B7T.00 O/E - L-eye visual acuity (corrected) 1/60
2B7V.00 O/E - L-eye visual acuity (corrected) 2/60
2B7W.00 O/E - L-eye visual acuity (corrected) 4/60
2B7X.00 O/E - L-eye visual acuity (corrected) 5/60
2BB1.00 O/E - retina normal

2BB4.00 O/E - retinal microaneurysms

2BB5.00 O/E - retinal haemorrhages

2BB6.00 O/E - retinal exudates

2BB7.00 O/E - retinal vascular prolif.

2BB8.00 O/E - vitreous haemorrhages

2BBa.00 O/E- non-referable retinopathy

2BBD.00 O/E - Right retina normal

2BBE.OO O/E - Left retina normal

2BBF.00 Retinal abnormality-diabetes related
2BBI.00 O/E - no retinopathy

2BBJ.00 O/E - no right diabetic retinopathy
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2BBK.00 O/E - no left diabetic retinopathy

2BBk.00 O/E - right eye stable treated prolif diabetic retinopathy
2BBL.00 O/E - Diabetic maculopathy present both eyes

2BBI.00 O/E - left eye stable treated prolif diabetic retinopathy
2BBM.00 O/E - diabetic maculopathy absent both eyes

2BBm.00 O/E - right eye clinically significant macular oedema
2BBn.00 O/E - left eye clinically significant macular oedema
2BB0.00 O/E - sight threatening diabetic retinopathy

2BBO.00 O/E - Laser photocoagulation scars

2BBP.00 O/E - right eye background diabetic retinopathy
2BBQ.00 O/E - left eye background diabetic retinopathy

2BBr.00 Impair vision due diab retinop

2BBR.00 O/E - right eye preproliferative diabetic retinopathy
2BBS.00 O/E - left eye preproliferative diabetic retinopathy
2BBT.00 O/E - right eye proliferative diabetic retinopathy
2BBV.00 O/E - left eye proliferative diabetic retinopathy
2BBW.00 O/E - right eye diabetic maculopathy

2BBX.00 O/E - left eye diabetic maculopathy

2BBY.00 O/E - referable retinopathy

5B4..11 Retinal laser therapy

5B42.00 Laser therapy - retinal lesion

668C.00 Certificate of vision impairment

668D.00 Registered sight impaired

7270A00 Removal of internal tamponade agent from vitreous body
7270C00 Injection of vitreous substitute into vitreous body NEC
7270D00 Injection of Ranibizumab into vitreous body

7270y00 Other specified operation on vitreous body

7270200 Operation on vitreous body NOS

727C000 Insertion sustained release device posterior segment of eye
727C100 Injection of steroid into posterior segment of eye
727C200 Injection therapeutic substance posterior segment of eye NEC
727Cy00 Other specified operations on posterior segment of eye
727Cz00 Operations on posterior segment of eye NOS

7L19E00 Injection of triamcinolone

8D36.00 Removable artificial eye

8F6..11 Blind rehabilitation

8F61.00 Blind rehabilitation

8F62.00 Blind lead dog rehabilitation

8HIE.O0 Referral to visual impairment multidisciplinary team
9m08.00 Exclu diab ret screen as blind

9Nfa.00 Requires deafblind manual alphabet interpreter
9INfb.00 Requires deafblind block alphabet interpreter

9NfB.00 Requires deafblind communicator guide

9Nfc.00 Requires deafblind haptic communication interpreter
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9NID.00 Seen by visual impairment teacher

C105.00 Diabetes mellitus with ophthalmic manifestation

C105000 Diabetes mellitus, juvenile type, + ophthalmic manifestation
C105100 Diabetes mellitus, adult onset, + ophthalmic manifestation
C105y00 Other specified diabetes mellitus with ophthalmic complicatn
C105z00 Diabetes mellitus NOS with ophthalmic manifestation
C108100 Insulin-dependent diabetes mellitus with ophthalmic comps
C108111 Type | diabetes mellitus with ophthalmic complications
C108112 Type 1 diabetes mellitus with ophthalmic complications
C108700 Insulin dependent diabetes mellitus with retinopathy
C108711 Type | diabetes mellitus with retinopathy

C108712 Type 1 diabetes mellitus with retinopathy

C109100 Non-insulin-dependent diabetes mellitus with ophthalm comps
C109111 Type Il diabetes mellitus with ophthalmic complications
C109112 Type 2 diabetes mellitus with ophthalmic complications
C109600 Non-insulin-dependent diabetes mellitus with retinopathy
C109611 Type Il diabetes mellitus with retinopathy

C109612 Type 2 diabetes mellitus with retinopathy

C10A300 Malnutrit-related diabetes mellitus wth ophthalmic complicat
C10E100 Type 1 diabetes mellitus with ophthalmic complications
C10E111 Type | diabetes mellitus with ophthalmic complications
C10E112 Insulin-dependent diabetes mellitus with ophthalmic comps
C10E700 Type 1 diabetes mellitus with retinopathy

C10E711 Type | diabetes mellitus with retinopathy

C10E712 Insulin dependent diabetes mellitus with retinopathy
C10EPOO Type 1 diabetes mellitus with exudative maculopathy
C10EP11 Type | diabetes mellitus with exudative maculopathy
C10F600 Type 2 diabetes mellitus with retinopathy

C10F611 Type Il diabetes mellitus with retinopathy

C10FQO0 Type 2 diabetes mellitus with exudative maculopathy
C10FQ11 Type Il diabetes mellitus with exudative maculopathy
F404100 Blind hypotensive eye

F404200 Blind hypertensive eye

F420.00 Diabetic retinopathy

F420000 Background diabetic retinopathy

F420100 Proliferative diabetic retinopathy

F420200 Preproliferative diabetic retinopathy

F420300 Advanced diabetic maculopathy

F420400 Diabetic maculopathy

F420500 Advanced diabetic retinal disease

F420600 Non proliferative diabetic retinopathy

F420700 High risk proliferative diabetic retinopathy

F420800 High risk non proliferative diabetic retinopathy

F420z00 Diabetic retinopathy NOS
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F421.00 Other background retinopathy

F421.11 Microvascular retinal changes

F421000 Unspecified background retinopathy

F421800 Retinal microaneurysms NOS

F421C00 Other intraretinal microvascular abnormality
F421z00 Other background retinopathy NOS

F422.00 Other proliferative retinopathy

F422y00 Other specified other proliferative retinopathy
F422z00 Proliferative retinopathy NOS

F425900 Maculopathy

F42y900 Macular oedema

F49..00 Blindness and low vision

F49..11 Impaired vision

F49..12 Low vision

F49..13 Partial sight

F49..14 Sight impaired

F490.00 Blindness, both eyes

F490000 Unspecified blindness both eyes

F490100 Both eyes total visual impairment

F490200 Better eye: near total VI, Lesser eye: unspecified
F490300 Better eye: near total VI, Lesser eye: total VI
F490400 Better eye: near total VI, Lesser eye: near total VI
F490500 Better eye: profound VI, Lesser eye: unspecified
F490600 Better eye: profound VI, Lesser eye: total VI
F490700 Better eye: profound VI, Lesser eye: near total VI
F490800 Better eye: profound VI, Lesser eye: profound VI
F490900 Acquired blindness, both eyes

F490z00 Blindness both eyes NOS

F491.00 Better eye: low vision, Lesser eye: profound VI
F491000 One eye blind, one eye low vision

F491100 Better eye: severe VI, Lesser eye: blind, unspecified
F491200 Better eye: severe VI, Lesser eye: total VI
F491300 Better eye: severe VI, Lesser eye: near total VI
F491400 Better eye: severe VI, Lesser eye: profound VI
F491500 Better eye: moderate VI, Lesser eye: blind, unspecified
F491600 Better eye: moderate VI, Lesser eye: total VI
F491700 Better eye: moderate VI, Lesser eye: near total VI
F491800 Better eye: moderate VI, Lesser eye: profound VI
F491z00 One eye blind, one eye low vision NOS

F492.00 Low vision, both eyes

F492000 Low vision, both eyes unspecified

F492100 Better eye: severe VI, Lesser eye: low vision unspecified
F492200 Better eye: severe VI, Lesser eye: severe VI
F492300 Better eye: moderate VI, Lesser eye: low vision unspecified
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F492400 Better eye: moderate VI, Lesser eye: severe VI
F492500 Better eye: moderate VI, Lesser eye: moderate VI
F492z00 Low vision, both eyes NOS

F493.00 Visual loss, both eyes unqualified

F494.00 Legal blindness USA

F495.00 Profound impairment, one eye

F495000 Blindness, one eye, unspecified

F495100 Lesser eye: total visual impairment, Better eye: unspecified
F495200 Lesser eye: total VI, Better eye: near normal vision
F495300 Lesser eye: total VI, Better eye: normal vision

F495400 Lesser eye: near total VI, Better eye: unspecified
F495500 Lesser eye: near total VI, Better eye: near normal vision
F495600 Lesser eye: near total VI, Better eye: normal vision
F495700 Lesser eye: profound VI, Better eye: unspecified
F495800 Lesser eye: profound VI, Better eye: near normal vision
F495900 Lesser eye: profound VI, Better eye: normal vision
F495A00 Acquired blindness, one eye

F495z00 Profound impairment one eye NOS

F496.00 Low vision, one eye

F496000 Low vision, one eye, unspecified

F496100 Lesser eye: severe VI, Better eye: unspecified

F496200 Lesser eye: severe VI, Better eye: near normal vision
F496300 Lesser eye: severe VI, Better eye: normal vision
F496400 Lesser eye: moderate VI, Better eye: unspecified
F496500 Lesser eye: moderate VI, Better eye: near normal vision
F496600 Lesser eye: moderate VI, Better eye: normal vision
F496z00 Low vision, one eye NOS

F497.00 Severe visual impairment, binocular

F498.00 Moderate visual impairment, binocular

F49A.00 Blindness, monocular

F49B.00 Severe visual impairment, monocular

F49C.00 Moderate visual impairment, monocular

F49D.00 Visual impairment

F49y.00 Visual loss, one eye, unqualified

F492.00 ?

F49z.11 Acquired blindness

F4H7300 Cortical blindness

F4K2800 Vitreous haemorrhage

Fy1..00 Combined visual and hearing impairment

Fyl..11 Dual sensory impairment - deafblind

Fyl..12 Deafblind

FyuF700 [X]Other proliferative retinopathy

FyuH400 [X]Vitreous haemorrhage in diseases classified elsewhere
FyuL.00 [X]Visual disturbances and blindness
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medcode description

Z6F..11 Laser therapy

796..00 Provision for visual and hearing impairment
7961.00 Provision of guide help for visual and hearing impairment
7962.00 Provision of communicator for visual and hearing impairment
Z9E1100 Provision of artificial eye

Z9E1200 Provision of removable artificial eye

Z9E2.00 Optical low vision aid provision

Z9E3.00 Provision of optical low vision aid - near
Z9E3100 Provision of magnifier low vision aid - near
Z9E3200 Provision of low vision hand magnifier

Z9E3300 Provision of low vision stand magnifier

Z9E3400 Provision of low vision headband magnifier
Z9E3500 Provision of spectacle low vision aid - near
Z9E3800 Near low vision aid - integral spectacle magnifier
Z9E3900 Near low vision aid - clip-on spectacle magnifier
Z9E3B00 Near low vision aid - integral spectacle telescope
Z9E3C00 Near low vision aid - clip-on spectacle telescope
Z9E3D00 Near low vision aid - extra cap for telescope
Z9E4.00 Provision of optical low vision aid - distance
Z9ES5.00 Provision of non-optical low vision aid

Z9E5100 Provision of electronic low vision aid

Z9E5400 Provision of ancillary low vision aid

ZK74.00 Issue of local authority blind registration
ZN56800 Blind telephone user

ZN56A00 Deaf-blind telephone user

ZV41000 Problem with sight

ZV43000 [V]Has artificial eye globe

ZV43100 [V]Has artificial eye lens

ZV52200 [V]Fitting or adjustment of artificial eye




Amputations

Code Description

14N4.00 H/O: limb amputation

14N4.11 Amputee - limb

14N4100 H/O: lower limb amputation
14N4Z00 H/O: limb amputation NOS
2G42.00 O/E - Amputated right leg

2G43.00 O/E - Amputated left leg

2G44.00 O/E - Amputated right above knee
2G45.00 O/E - Amputated left above knee
2G46.00 O/E - Amputated right below knee
2G47.00 O/E - Amputated left below knee
2G4A.00 O/E - amputated left midfoot
2G4B.00 O/E - amputated right midfoot
2G56.00 O/E - Amputated right forefoot
2G57.00 O/E - Amputated left forefoot
2G61.00 O/E - Amputated right toe

2G62.00 O/E - Amputated left toe

7L06.00 Amputation of leg

7L06000 Hindquarter amputation

7L06011 Ferre hindquarter amputation
7L06012 Gordon - Taylor hindquarter amputation
7L06013 Jaboulay hindquarter amputation
7L06014 King hindquarter amputation
7L06015 Sorrondo hindquarter amputation
7L06016 Steelquist hindquarter amputation
7L06017 Taylor hindquarter amputation
7L06100 Disarticulation of hip

7L06111 Boyd disarticulation of hip

7L06112 Fitzmaurice - Kelly disarticulation of hip
7L06200 Amputation above knee

7L06211 Kirk amputation of leg through thigh
7L06212 Amputation of leg through thigh
7L06300 Amputation through knee

7L06311 Batch disarticulation of knee
7L06312 Callander disarticulation of knee
7L06313 Disarticulation of knee

7L06314 Gritti-Stokes disarticulation of knee
7L06315 Kirk disarticulation of knee
7L06316 Mazet disarticulation of knee
7L06317 McFaddin disarticulation of knee
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7L06318 Slocum disarticulation of knee
7L06319 Spittler disarticulation of knee
7L06400 Amputation below knee

7L06411 Boyd amputation of leg below knee
7L06412 Burgess amputation of leg below knee
7L06413 Guyon amputation of leg below knee
7L06y00 Other specified amputation of leg
7L06200 Amputation of leg NOS

7L07.00 Amputation of foot

7L07000 Amputation through ankle

7L07011 Pirogoff amputation of foot through ankle
7L07012 Syme amputation of foot through ankle
7L07100 Disarticulation of tarsal bones
7L07111 Boyd amputation of hindfoot

7L07200 Disarticulation tarsometatarsal joint
7L07211 Lisfranc tarsometatarsal amputation
7L07212 Tarsometatarsal amputation

7L07300 Amputation through metatarsal bones
7L07311 Chopart midtarsal amputation
7L07312 Ray transmetatarsal amputation
7L07y00 Other specified amputation of foot
7L07z00 Amputation of foot NOS

7L07z11 Hey amputation of foot

7L08.00 Amputation of toe

7L08000 Amputation hallux

7L08011 Amputation great toe

7L08100 Amputation of phalanx of toe

7L08200 Proximal hemiphalangectomy of toe
7L08300 Amputation lesser toe

7L08400 Terminalisation of hallux

7L08500 Terminalisation of lesser toe

7L08y00 Other specified amputation of toe
7L08z00 Amputation of toe NOS

7P20000 Delivery of rehabilitation for amputation of limb
8D47600 Midfoot amputation prosthesis
N36yMO00 Old amputee NOS

Z6P3100 Lower limb amputee mobility practice
76X2.00 Lower limb amputee transfer practice
7K12E00 Disarticulation of bone

SP16.00 Late amputation stump complication
SP16000 Late amputation stump complication, unspecified
SP16100 Neuroma of amputation stump
SP16200 Chronic infection of amputation stump
SP16300 Necrosis of amputation stump
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SP16400

Bony prominence in amputation stump

SP16500 Poorly shaped amputation stump

SP16z00 Late amputation stump complication NOS

SyuKMO00 [X]Other and unspecified amputation stump complications
7L07213 Disarticulation of metatarsal bones

7L08.11 Disarticulation of toe

7L08z11 Disarticulation of toe NOS

7L09.00 Operations on amputation stump

7L09000 Reamputation at higher level

7L09100 Excision of lesion of amputation stump

7L09200 Shortening of amputation stump

7L09300 Revision coverage of amputation stump

7L09400 Drainage of amputation stump

7L09500 Excision neuroma amputation stump

7L09y00 Other specified operation on amputation stump

7L09z00 Operation on amputation stump NOS

TB05.00 Amputation of limb(s) with complication, without blame
U635.00 [X]JAmputat limb cause abn reac pt/lat comp no misad at time

Charcot

Code Description

C108H00 Insulin dependent diabetes mellitus with arthropathy
C108J00 Insulin dependent diab mell with neuropathic arthropathy
C108J11 Type | diabetes mellitus with neuropathic arthropathy
C108J12 Type 1 diabetes mellitus with neuropathic arthropathy
C109H00 Non-insulin dependent d m with neuropathic arthropathy
C109H11 Type Il diabetes mellitus with neuropathic arthropathy
C109H12 Type 2 diabetes mellitus with neuropathic arthropathy
C10EJOO Type 1 diabetes mellitus with neuropathic arthropathy
C10EJ11 Type | diabetes mellitus with neuropathic arthropathy
C10EJ12 Insulin dependent diab mell with neuropathic arthropathy
C10FHOO0 Type 2 diabetes mellitus with neuropathic arthropathy
C10FH11 Type Il diabetes mellitus with neuropathic arthropathy
N030100 Diabetic Charcot arthropathy

N035.00 Neuropathic arthropathy

N035.11 Charcot's arthropathy

N06z700 Arthropathy NOS, of the ankle and foot

N030.00 Arthropathy associated with endocrine and metabolic disorder
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C108H11 Type | diabetes mellitus with arthropathy

C108H12 Type 1 diabetes mellitus with arthropathy

C109G00 Non-insulin dependent diabetes mellitus with arthropathy
C109G11 Type Il diabetes mellitus with arthropathy

C109G12 Type 2 diabetes mellitus with arthropathy

C10EHO00 Type 1 diabetes mellitus with arthropathy

C10EH11 Type | diabetes mellitus with arthropathy

C10EH12 Insulin dependent diabetes mellitus with arthropathy
C10FG00 Type 2 diabetes mellitus with arthropathy

C10FG11 Type Il diabetes mellitus with arthropathy

N065700 Unspecified polyarthropathy of the ankle and foot
NO6y700 Other specified arthropathy of the ankle and foot

Foot

Code Description

14F6.00 H/O: foot ulcer

14F6.00 H/O: foot ulcer

14F7.00 H/O: arterial lower limb ulcer

14F7.00 H/O: arterial lower limb ulcer

2G48.00 O/E - ankle ulcer

2G4E.00 Healed leg ulcer

2G54.00 O/E - Right foot ulcer

2G55.00 O/E - Left foot ulcer

2G5H.00 O/E - Right diabetic foot - ulcerated
2G5L.00 O/E - Left diabetic foot - ulcerated
2G5S.00 O/E - right healed foot ulcer

2G5T.00 O/E - left healed foot ulcer

2G5V.00 O/E - right chronic diabetic foot ulcer
2G5W.00 O/E - left chronic diabetic foot ulcer
2G64.00 O/E - infected toe

8CMT.00 Leg ulcer care pathway

8CS3.00 Agreeing on leg ulcer treatment plan
8CT1.00 Leg ulcer compression therapy finished
8CV2.00 Leg ulcer compression therapy started
C108500 Insulin dependent diabetes mellitus with ulcer
C108511 Type | diabetes mellitus with ulcer
C108512 Type 1 diabetes mellitus with ulcer
C109400 Non-insulin dependent diabetes mellitus with ulcer
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C109411 Type Il diabetes mellitus with ulcer
C109412 Type 2 diabetes mellitus with ulcer
C10E500 Type 1 diabetes mellitus with ulcer
C10E511 Type | diabetes mellitus with ulcer
C10E512 Insulin dependent diabetes mellitus with ulcer
C10F400 Type 2 diabetes mellitus with ulcer
C10F411 Type Il diabetes mellitus with ulcer
M271.00 Non-pressure ulcer lower limb
M271.11 Foot ulcer

M271.12 Ischaemic leg ulcer

M271.13 Leg ulcer NOS

M271.14 Neurogenic leg ulcer

M271.15 Trophic leg ulcer

M271000 Ischaemic ulcer diabetic foot

M271100 Neuropathic diabetic ulcer - foot
M271100 Neuropathic diabetic ulcer - foot
M271200 Mixed diabetic ulcer - foot

M271300 Arterial leg ulcer

M271400 Mixed venous and arterial leg ulcer
M271700 Neuropathic foot ulcer

M271700 Neuropathic foot ulcer

M273.00 Non-healing leg ulcer

M274.00 Recurrent leg ulcer

813W.00 Diabetic foot examination declined
2G5G.00 O/E - Right diabetic foot at high risk
2G5K.00 O/E - Left diabetic foot at high risk
2G5E.00 O/E - Right diabetic foot at low risk
2G51.00 O/E - Left diabetic foot at low risk
2G5d.00 O/E - Left diabetic foot at increased risk
2G5e.00 O/E - Right diabetic foot at increased risk
2G5F.00 O/E - Right diabetic foot at moderate risk
2G5J.00 O/E - Left diabetic foot at moderate risk




Gangrene

Code Description

R054200 [D]Gangrene of toe in diabetic

R054300 [D]Widespread diabetic foot gangrene

R054200 [D]Gangrene of toe in diabetic

R054300 [D]Widespread diabetic foot gangrene

G732. Peripheral gangrene

G7320 Gangrene of toe

G7321 Gangrene of foot

C107.11 Diabetes mellitus with gangrene

C107.12 Diabetes with gangrene

C1072 Diabetes mellitus, adult with gangrene

C1095 Non-insulin dependent diabetes mellitus with gangrene
C1086 Insulin dependent diabetes mellitus with gangrene
A3AOF Gas gangrene-foot

G732. Peripheral gangrene

C107.11 Diabetes mellitus with gangrene

C107.12 Diabetes with gangrene

C1072 Diabetes mellitus, adult with gangrene

C1095 Non-insulin dependent diabetes mellitus with gangrene
C1086 Insulin dependent diabetes mellitus with gangrene
R054200 [D]Gangrene of toe in diabetic

R054300 [D]Widespread diabetic foot gangrene

R054200 [D]Gangrene of toe in diabetic

R054300 [D]Widespread diabetic foot gangrene

G7320 Gangrene of toe

G7321 Gangrene of foot

A3AOF Gas gangrene-foot
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Peripheral neuropathy

Code Description

1M8..00 Diabetic peripheral neuropathic pain

C106.12 Diabetes mellitus with neuropathy

C106.13 Diabetes mellitus with polyneuropathy

C108B00 Insulin dependent diabetes mellitus with mononeuropathy
C108B11 Type | diabetes mellitus with mononeuropathy

C108B12 Type 1 diabetes mellitus with mononeuropathy

C108C00 Insulin dependent diabetes mellitus with polyneuropathy
C108C11 Type | diabetes mellitus with polyneuropathy

C108C12 Type 1 diabetes mellitus with polyneuropathy

C109A00 Non-insulin dependent diabetes mellitus with mononeuropathy
C109A11 Type Il diabetes mellitus with mononeuropathy

C109A12 Type 2 diabetes mellitus with mononeuropathy

C109B00 Non-insulin dependent diabetes mellitus with polyneuropathy
C109B11 Type Il diabetes mellitus with polyneuropathy

C109B12 Type 2 diabetes mellitus with polyneuropathy

C109H00 Non-insulin dependent d m with neuropathic arthropathy
C109H11 Type Il diabetes mellitus with neuropathic arthropathy
C109H12 Type 2 diabetes mellitus with neuropathic arthropathy
C10EBOO Type 1 diabetes mellitus with mononeuropathy

C10EB11 Type | diabetes mellitus with mononeuropathy

C10EB12 Insulin dependent diabetes mellitus with mononeuropathy
C10EC00 Type 1 diabetes mellitus with polyneuropathy

C10EC11 Type | diabetes mellitus with polyneuropathy

C10EC12 Insulin dependent diabetes mellitus with polyneuropathy
C10FAO0 Type 2 diabetes mellitus with mononeuropathy

C10FA11 Type Il diabetes mellitus with mononeuropathy

C10FB0OO Type 2 diabetes mellitus with polyneuropathy

C10FB11 Type Il diabetes mellitus with polyneuropathy

F366.00 Polyneuropathy

F367.00 Peripheral neuropathy

F36y.00 Other idiopathic peripheral neuropathy

F36yz00 Other idiopathic peripheral neuropathy NOS

F372.00 Polyneuropathy in diabetes

F372.11 Diabetic polyneuropathy

F372.12 Diabetic neuropathy

F372000 Acute painful diabetic neuropathy

F372100 Chronic painful diabetic neuropathy

F372200 Asymptomatic diabetic neuropathy

F3y0.00 Diabetic mononeuropathy
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Fyu6B00 [X]Other mononeuropathies of lower limb

Fyu7500 [X]Polyneuropathy/other endocrine+metabolic diseases CE
FyuACO0 [X]JAutonomic neuropathy/endocrine+metabolic diseases CE
SD72200 Neuropathic foot blister

29B9.00 10g monofilament sensation R foot abnormal

29BA.00 10g monofilament sensation L foot abnormal

29B2.11 O/E - loss of touch sensation

29B8.00 10g monofilament sensation absent

29H2.00 O/E - vibration sense reduced

29H3.00 O/E - vibration sense absent

29H4.00 O/E - Vibration sense of right foot abnormal

29H6.00 O/E - Vibration sense of left foot abnormal

29H8.00 O/E - vibration sense left foot reduced

29H9.00 O/E - vibration sense right foot reduced

29HA.00 O/E - Vibration sense of right foot absent

29HB.00 O/E - Vibration sense of left foot absent

29BM.00 10g monofil sensation plantar aspect gt toe R foot absent
29BN.00 10g monofil sensation plantar aspect gt toe L foot absent
29BP.00 10g monofil sensation plantar aspect mid toe R foot absent
29BQ.00 10g monofil sensation plantar aspect mid toe L foot absent
29BR.00 10g monofil sensation plantar aspect lit toe R foot absent
29BS.00 10g monofil sensation plantar aspect lit toe L foot absent
29BT.00 10g monofil sensat plantar aspect 1st met hd R foot absent
29BV.00 10g monofil sensat plantar aspect 1st met hd L foot absent
29C2.00 O/E - tactile discrim.abnormal

29C3.00 Pin prick sensation of right foot abnormal

29C4.00 Pin prick sensation of left foot abnormal

29C7.00 Tactile discrimination right foot abnormal

29C8.00 Tactile discrimination left foot abnormal

29D2.00 O/E - deep sensation reduced

29D3.00 O/E - deep sensation absent

29E2.00 O/E - pain sensation reduced

29E3.00 O/E - analgesia present

29E4.00 On examination allodynia

29F2.00 O/E - temp. discrim. reduced

29F3.00 O/E - temp. discrim. absent

29G2.00 O/E - joint posn.sense reduced

29G3.00 O/E - joint posn.sense absent

2912.00 O/E - stereognosis - reduced
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Peripheral vascular disease

Code Description

1M11000 Ischaemic foot pain at rest

1M11100 Ischaemic foot pain when walking
C107.12 Diabetes with gangrene

G73..00 Other peripheral vascular disease
G73..11 Peripheral ischaemic vascular disease
G73..12 Ischaemia of legs

G73..13 Peripheral ischaemia

G731.00 Thromboangiitis obliterans

G731000 Buerger's disease

G731100 Presenile gangrene

G731z00 Thromboangiitis obliterans NOS
G732.00 Peripheral gangrene

G732000 Gangrene of toe

G732100 Gangrene of foot

G732200 Gangrene of finger

G732300 Gangrene of thumb

G732400 Gangrene of hand

G733.00 Ischaemic foot

G734.00 Peripheral arterial disease

G73y.00 Other specified peripheral vascular disease
G73y000 Diabetic peripheral angiopathy
G73y100 Peripheral angiopathic disease EC NOS
G73y200 Acrocyanosis

G73yz00 Other specified peripheral vascular disease NOS
G73z.00 Peripheral vascular disease NOS
G73z000 Intermittent claudication

G73z011 Claudication

G732012 Vascular claudication

G73z100 Spasm of peripheral artery

G73zz00 Peripheral vascular disease NOS
Gyu7400 [X]Other specified peripheral vascular diseases
R054.00 [D]Gangrene

R054000 [D]Gangrene, spreading cutaneous
R054200 [D]Gangrene of toe in diabetic
R054300 [D]Widespread diabetic foot gangrene
R054z00 [D]Gangrene NOS

24E3.00 O/E - R.femoral pulse absent

24E5.00 O/E - R.popliteal pulse absent

24E7.00 O/E - R.post.tib pulse absent
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24E9.00 O/E - R.dorsalis pedis absent

24EA.00 O/E - Absent right foot pulses

24EC.00 O/E - Right dorsalis pedis abnormal
24ED.00 O/E - Right posterior tibial pulse abnormal
24EG.00 O/E right leg pulses all absent

24EH.00 Right posterior tibial pulse impalpable
24EL.00 Right dorsalis pedis pulse impalpable
24F3.00 O/E - L.femoral pulse absent

24F5.00 O/E - L.popliteal pulse absent

24F7.00 O/E - L.post.tib. pulse absent

24F9.00 O/E - L.dorsalis pedis absent

24FA.00 O/E - Absent left foot pulses

24FC.00 O/E - left dorsalis pedis abnormal
24FD.00 O/E - Left posterior tibial pulse abnormal
24FG.00 O/E left leg pulses all absent

24F).00 Left posterior tibial pulse impalpable
24FL.00 Left dorsalis pedis pulse impalpable
24H..00 O/E - poor tissue perfusion

Acarbose

Code Generic name
98475997 Acarbose 100mg tablets
98475998 Acarbose 50mg tablets
98915997 Acarbose 100mg tablets
98915998 Acarbose 50mg tablets

DDP4i

Code Generic name

26160978 Saxagliptin 5mg / dapagliflozin 10mg tablets
26161978 Saxagliptin 5mg / dapagliflozin 10mg tablets
30131978 Sitagliptin 50mg/5ml oral suspension
31126978 Sitagliptin 50mg/5ml oral solution

53004979 Saxagliptin 2.5mg / Metformin 850mg tablets
53005979 Saxagliptin 2.5mg / Metformin 850mg tablets
53006979 Saxagliptin 2.5mg / Metformin 1g tablets
53007979 Saxagliptin 2.5mg / Metformin 1g tablets
54904979 Linagliptin 2.5mg / Metformin 850mg tablets
54905979 Linagliptin 2.5mg / Metformin 850mg tablets
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54906979 Linagliptin 2.5mg / Metformin 1g tablets
54907979 Linagliptin 2.5mg / Metformin 1g tablets
59371979 Sitagliptin 50mg tablets

59372979 Sitagliptin 50mg tablets

59373979 Sitagliptin 25mg tablets

59374979 Sitagliptin 25mg tablets

78723978 Alogliptin 6.25mg tablets

78724978 Alogliptin 6.25mg tablets

78725978 Alogliptin 25mg tablets

78726978 Alogliptin 25mg tablets

78727978 Alogliptin 12.5mg tablets

78728978 Alogliptin 12.5mg tablets

78729978 Alogliptin 12.5mg / Metformin 1g tablets
78730978 Alogliptin 12.5mg / Metformin 1g tablets
81159998 Linagliptin 5mg tablets

81160998 Linagliptin 5mg tablets

81513998 Saxagliptin 2.5mg tablets

81514998 Saxagliptin 2.5mg tablets

82068998 Metformin 1g / Sitagliptin 50mg tablets
82573998 Saxagliptin 5mg tablets

82575998 Saxagliptin 5mg tablets

83401998 Metformin 1g / Sitagliptin 50mg tablets
84008998 Vildagliptin 50mg / Metformin 1g tablets
84009998 Vildagliptin 50mg / Metformin 850mg tablets
84010998 Vildagliptin 50mg / Metformin 1g tablets
84011998 Vildagliptin 50mg / Metformin 850mg tablets
84338998 Vildagliptin 50mg tablets

84341998 Vildagliptin 50mg tablets

84639998 Sitagliptin 100mg tablets

84640998 Sitagliptin 100mg tablets

Glinides

Code Generic name

85266998 Repaglinide 2mg tablets
85267998 Repaglinide 1mg tablets
85268998 Repaglinide 500microgram tablets
88131996 Nateglinide 180mg tablets
88131997 Nateglinide 120mg tablets
88131998 Nateglinide 60mg tablets
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88132996 Nateglinide 180mg tablets
88132997 Nateglinide 120mg tablets
88132998 Nateglinide 60mg tablets
91908990 Repaglinide 500microgram tablets
91923996 Repaglinide 2mg tablets
91923997 Repaglinide 1mg tablets
91923998 Repaglinide 500microgram tablets
91924996 Repaglinide 2mg tablets
91924997 Repaglinide 1mg tablets
91924998 Repaglinide 500microgram tablets
92981979 Repaglinide 2mg tablets
92996979 Repaglinide 1mg tablets
92999979 Repaglinide 500microgram tablets
93009979 Repaglinide 500microgram tablets

Glitazones

Code Generic name

47709978 Pioglitazone 30mg tablets

82196978 Pioglitazone 30mg tablets

85622998 Pioglitazone 15mg / Metformin 850mg tablets
85624998 Pioglitazone 15mg / Metformin 850mg tablets
85625998 Pioglitazone 15mg / Metformin 850mg tablets
87165998 Metformin with rosiglitazone 1000mg + 4mg tablet
87166998 Metformin with rosiglitazone 1000mg + 2mg tablet
87179998 Metformin & rosiglitazone 1g+4mg tablets
87180998 Metformin & rosiglitazone 1g+2mg tablets
87181998 Rosiglitazone 4mg / metformin 1g tablets
87182998 Rosiglitazone 2mg / metformin 1g tablets
87770998 Metformin & rosiglitazone 500mg+2mg tablets
87771998 Metformin & rosiglitazone 500mg+1mg tablets
87772998 Metformin with rosiglitazone 500mg + 2mg tablet
87773998 Rosiglitazone 2mg / metformin 500mg tablets
87774998 Metformin with rosiglitazone 500mg + 1mg tablet
87775998 Rosiglitazone 1mg / metformin 500mg tablets
87884998 Pioglitazone 45mg tablets

87885998 Pioglitazone 45mg tablets

88523996 Troglitazone 400mg tablets

88523998 Troglitazone 200mg tablets

88528996 Troglitazone 400mg tablet

88528998 Troglitazone 200mg tablet

89763996 Rosiglitazone 8mg tablets
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89763997 Rosiglitazone 4mg tablets
89763998 Rosiglitazone 2mg tablet

90048996 Rosiglitazone 8mg tablets
90048997 Rosiglitazone 4mg tablets
90048998 Rosiglitazone 2mg tablet

91880990 Pioglitazone 15mg tablets
92237997 Pioglitazone 30mg tablets
92237998 Pioglitazone 15mg tablets
92238997 Pioglitazone 30mg tablets
92238998 Pioglitazone 15mg tablets

GLP1

Code Generic name

26220978 Liraglutide 6mg/ml solution for injection 3ml pre-filled disposable devices

39144978 Albiglutide 30mg powder and solvent for solution for injection pre-filled disposable devices

52039979 Lixisenatide 20micrograms/0.2ml solution for injection 3ml pre-filled disposable devices

52040979 Lixisenatide 20micrograms/0.2ml solution for injection 3ml pre-filled disposable devices

52041979 Lixisenatide 10micrograms/0.2ml solution for injection 3ml pre-filled disposable devices

52042979 Lixisenatide 10micrograms/0.2ml solution for injection 3ml pre-filled disposable devices and Lixisenatide 20micrograms/0
52043979 Lixisenatide 10micrograms/0.2ml solution for injection 3ml pre-filled disposable devices

52044979 Lixisenatide 10micrograms/0.2ml solution for injection 3ml pre-filled disposable devices

53431978 Dulaglutide 1.5mg/0.5ml solution for injection pre-filled disposable devices

53432978 Dulaglutide 1.5mg/0.5ml solution for injection pre-filled disposable devices

53433978 Dulaglutide 0.75mg/0.5ml solution for injection pre-filled disposable devices

53434978 Dulaglutide 0.75mg/0.5ml solution for injection pre-filled disposable devices

55150978 Exenatide 2mg powder and solvent for prolonged-release suspension for injection pre-filled disposable devices
55151978 Exenatide 2mg powder and solvent for prolonged-release suspension for injection pre-filled disposable devices
55818978 Insulin degludec 100units/ml / Liraglutide 3.6mg/ml solution for injection 3ml pre-filled disposable devices
55819978 Insulin degludec 100units/ml / Liraglutide 3.6mg/ml solution for injection 3ml pre-filled disposable devices
55842978 Liraglutide 6mg/ml solution for injection 3ml pre-filled disposable devices

81305998 Exenatide 2mg injection

81307998 Exenatide 2mg powder and solvent for prolonged-release suspension for injection vials

82793998 Liraglutide 6mg/ml solution for injection 3ml pre-filled disposable devices

82794998 Liraglutide 6mg/ml solution for injection 3ml pre-filled disposable devices

84693998 Exenatide 10micrograms/0.04ml solution for injection 2.4ml pre-filled disposable devices

84694998 Exenatide 5Smicrograms/0.02ml solution for injection 1.2ml pre-filled disposable devices

84696998 Exenatide 10micrograms/0.04ml solution for injection 2.4ml pre-filled disposable devices

84697998 Exenatide 5micrograms/0.02ml solution for injection 1.2ml pre-filled disposable devices
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Insulin

Code Generic name

24830978 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

24831978 Insulin aspart 100units/ml solution for injection 3ml cartridges

24869978 Insulin aspart 100units/ml solution for injection 10ml vials

46282978 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices

46283978 Insulin glargine 100units/ml solution for injection 3ml cartridges

46889978 Insulin glargine 300units/ml solution for injection 1.5ml pre-filled disposable devices

46890978 Insulin glargine 300units/ml solution for injection 1.5ml pre-filled disposable devices

47074978 Insulin glulisine 100units/ml solution for injection 3ml pre-filled disposable devices

51391978 Insulin lispro 200units/ml solution for injection 3ml pre-filled disposable devices

52067979 Insulin degludec 200units/ml solution for injection 3ml pre-filled disposable devices

52068979 Insulin degludec 200units/ml solution for injection 3ml pre-filled disposable devices

52069979 Insulin degludec 100units/ml solution for injection 3ml pre-filled disposable devices

52070979 Insulin degludec 100units/ml solution for injection 3ml pre-filled disposable devices

52071979 Insulin degludec 100units/ml solution for injection 3ml cartridges

52072979 Insulin degludec 100units/ml solution for injection 3ml cartridges

55553979 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices

55818978 Insulin degludec 100units/ml / Liraglutide 3.6mg/ml solution for injection 3ml pre-filled disposable devices
55819978 Insulin degludec 100units/ml / Liraglutide 3.6mg/ml solution for injection 3ml pre-filled disposable devices
60064979 Insulin aspart 100units/ml solution for injection 3ml cartridges

62300979 Insulin human 100units/ml solution for injection 3.15ml cartridges 5 cartridge

63546979 Insulin human 500units/ml solution for injection 20ml vials

63547979 Insulin human 500units/ml solution for injection 20ml vials

64797979 Insulin human 100units/ml solution for injection 10ml vials

68748978 Insulin aspart 100units/ml solution for injection 1.6ml cartridges

68749978 Insulin aspart 100units/ml solution for injection 3ml cartridges

71799979 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml cartridges

81164998 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

81426998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

81687998 Insulin isophane biphasic human 15/85 100units/ml suspension for injection 3ml cartridges

81790998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
81962998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

81963998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
82096979 Insulin detemir 100units/ml solution for injection 3ml pre-filled disposable devices

82457998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 10ml vials

82458998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 10ml vials

83403998 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

83404998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
83405998 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
84421998 Insulin glulisine 100units/ml solution for injection 3ml pre-filled disposable devices

40




84422998 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices
84779998 Insulin detemir 100units/ml solution for injection 3ml pre-filled disposable devices
85591998 Insulin glulisine 100units/ml solution for injection 3ml cartridges

86028998 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml cartridges
86029998 Insulin lispro 100units/ml solution for injection 3ml cartridges

86044998 Human insulin 3mg unit dose blisters

86045998 Human insulin 1mg unit dose blisters

86046998 Insulin human 3mg inhalation powder blisters

86047998 Insulin human 1mg inhalation powder blisters

86077998 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices
86078998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials
86080998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
86081998 Insulin isophane human 100units/ml suspension for injection 10ml vials

86168998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

86169998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml cartridges
86173998 Insulin soluble bovine 100units/ml solution for injection 10ml vials

86174998 Insulin soluble bovine 100units/ml solution for injection 3ml cartridges

86175998 Insulin soluble bovine 100units/ml solution for injection 3ml cartridges

86176998 Insulin soluble bovine 100units/ml solution for injection 10ml vials 1 vial

86177998 Isophane insulin 100iu/ml injection cartridges

86178998 Isophane insulin 100iu/ml injection

86179998 Insulin isophane bovine 100units/ml suspension for injection 3ml cartridges

86180998 Insulin isophane bovine 100units/ml suspension for injection 10ml vials

86182998 Insulin soluble porcine 100units/ml solution for injection 3ml cartridges

86183998 Insulin soluble porcine 100units/ml solution for injection 10ml vials

86184998 Insulin soluble porcine 100units/ml solution for injection 3ml cartridges 5 cartridge
86185998 Insulin soluble porcine 100units/ml solution for injection 10ml vials 1 vial

86186998 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 3ml cartridges
86187998 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 10ml vials
86188998 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 3ml cartridges
86189998 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 10ml vials
86190998 Insulin isophane porcine 100units/ml suspension for injection 3ml cartridges

86191998 Insulin isophane porcine 100units/ml suspension for injection 10ml vials

86193998 Insulin isophane porcine 100units/ml suspension for injection 3ml cartridges

86194998 Insulin isophane porcine 100units/ml suspension for injection 10ml vials

86214998 Insulin glulisine 100units/ml solution for injection 3ml pre-filled disposable devices
86215998 Insulin glulisine 100units/ml solution for injection 3ml pre-filled disposable devices
86236998 Insulin glulisine 100units/ml solution for injection 3ml cartridges

86237998 Insulin glulisine 100units/ml solution for injection 10ml vials

86238998 Insulin glargine 100units/ml solution for injection 3ml cartridges

86239998 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices
86240998 Insulin glargine 100units/ml solution for injection 10ml vials

86241998 Insulin glargine 100units/ml solution for injection 3ml cartridges

86242998 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices
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86243998 Insulin glargine 100units/ml solution for injection 10ml vials

86245998 Insulin detemir 100units/ml solution for injection 3ml pre-filled disposable devices

86246998 Insulin detemir 100units/ml solution for injection 3ml cartridges

86247998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices

86248998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml cartridges

86249998 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

86250998 Insulin lispro 100units/ml solution for injection 3ml cartridges

86251998 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

86252998 Insulin lispro 100units/ml solution for injection 3ml cartridges

86253998 Insulin lispro 100units/ml solution for injection 10ml vials

86254998 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

86255998 Insulin lispro 100units/ml solution for injection 3ml cartridges

86256998 Insulin lispro 100units/ml solution for injection 10ml vials

86259998 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
86260998 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml cartridges

86261998 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
86262998 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml cartridges

86263998 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

86264998 Insulin aspart 100units/ml solution for injection 3ml cartridges

86265998 Insulin aspart 100units/ml solution for injection 10ml vials

86266998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

86267998 Insulin isophane human 100units/ml suspension for injection 5ml vials

86268998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

86269998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

86270998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

86271998 Insulin isophane human 100units/ml suspension for injection 10ml vials

86272998 Insulin glargine 100units/ml solution for injection 3ml cartridges

86274998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

86275998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

86276998 Insulin isophane human vial 100unit/ml sterile suspension injection

86278998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
86279998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 3ml cartridges

86280998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 5ml vials

86281998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
86282998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 3ml cartridges

86283998 Insulin isophane biphasic human 25/75 100units/ml suspension for injection 5ml vials

86284998 Insulin isophane biphasic human 15/85 100units/ml suspension for injection 3ml pre-filled disposable devices
86285998 Insulin isophane biphasic human 15/85 100units/ml suspension for injection 3ml pre-filled disposable devices
86286998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
86287998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml cartridges

86288998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
86291998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml cartridges

86294998 Insulin isophane biphasic human 40/60 100units/ml suspension for injection 3ml cartridges

86295998 Insulin isophane biphasic human 40/60 100units/ml suspension for injection 3ml cartridges
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86298998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
86300998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

86301998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
86303998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
86304998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
86305998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

86306998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
86308998 Insulin isophane biphasic human 20/80 100units/ml suspension for injection 3ml cartridges
86309998 Insulin isophane biphasic human 20/80 100units/ml suspension for injection 3ml cartridges
86310998 Insulin isophane biphasic human 10/90 100units/ml suspension for injection 3ml cartridges
86311998 Insulin isophane biphasic human 10/90 100units/ml suspension for injection 3ml cartridges
86312998 Insulin soluble human 100units/ml solution for injection 10ml vials

86313998 Human insulin 100iu/ml preloaded injection pen

86314998 Insulin soluble human 100units/ml solution for injection 3ml cartridges

86315998 Insulin soluble human 100units/ml solution for injection 3ml cartridges

86316998 Insulin soluble human 100units/ml solution for injection 10ml vials

86317998 Insulin soluble human 100units/ml solution for injection 3ml cartridges

86318998 Insulin soluble human 100units/ml solution for injection 3ml pre-filled disposable devices
86319998 Insulin human 100units/ml solution for injection 10ml vials

86549998 Insulin glulisine 100units/ml solution for injection 3ml cartridges

86551998 Insulin glulisine 100units/ml solution for injection 10ml vials

86553998 Insulin glulisine 100units/ml solution for injection 10ml vials

87363979 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml cartridges

87364979 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml cartridges

87365979 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
87367979 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
87372979 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
87373979 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
87376979 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
87378979 Insulin isophane porcine 100units/ml suspension for injection 10ml vials

87379979 Insulin isophane human 100units/ml suspension for injection 5ml vials

87383979 Insulin isophane human 100units/ml suspension for injection 10ml vials

87384979 Insulin isophane human 100units/ml suspension for injection 10ml vials

87385979 Insulin isophane human 100units/ml suspension for injection 10ml vials

87387979 Isophane insulin 100iu/ml injection

87390979 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 10ml vials

87392979 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml cartridges
87401979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
87402979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
87403979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
87405979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
87406979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
87407979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges
87408979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials
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87409979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

87410979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

87411979 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 1.5ml cartridges
87416979 Insulin isophane biphasic human 20/80 100units/ml suspension for injection 1.5ml cartridges
87426979 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
87428979 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
87429979 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml cartridges

87431979 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml cartridges

87433979 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml cartridges

87434979 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

87435979 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

87436979 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

87437979 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

87438979 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

87440979 Insulin aspart 100units/ml solution for injection 3ml cartridges

87442979 Insulin aspart 100units/ml solution for injection 3ml cartridges

87471998 Insulin detemir 100units/ml solution for injection 3ml pre-filled disposable devices

87472998 Insulin detemir 100units/ml solution for injection 3ml cartridges

87473998 Insulin detemir 100units/ml solution for injection 3ml cartridges

87967998 Insulin biphasic isophane human prb 25:75; 100 units/ml injection

88003998 Insulin soluble human 100units/ml solution for injection 3ml cartridges

88413998 Insulin soluble porcine 100units/ml solution for injection 10ml vials

88851998 Human insulin 100iu/ml preloaded injection pen

88978998 Insulin isophane biphasic Porcine 30/70 Mix 100units/ml suspension for injection 1.5ml cartridges
88995998 Insulin isophane biphasic Porcine Isophane 100units/ml suspension for injection 1.5ml cartridges
88999998 Insulin soluble porcine 100units/ml solution for injection 3ml cartridges

89554998 Insulin aspart biphasic 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
89555998 Insulin biphasic aspart human pyr 30:70; 100 units/ml injection 5 3ml disposable pen(s)

89639979 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices

89640979 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices

89643979 Insulin glargine 100units/ml solution for injection 3ml pre-filled disposable devices

89659979 Insulin glargine 100units/ml solution for injection 10ml vials

89661979 Insulin glargine 100units/ml solution for injection 10ml vials

89668979 Insulin glargine 100units/ml solution for injection 3ml cartridges

89673979 Insulin glargine 100units/ml solution for injection 3ml cartridges

89888998 Insulin biphasic isophane human emp 30:70; 100 units/ml injection

89990997 Insulin biphasic lispro human prb 50:50; 100 units/ml injection 5 3ml disposable pen(s)

89990998 Insulin biphasic lispro human prb 25:75; 100 units/ml injection 5 3ml cartridge(s)

90012998 Insulin lispro 100units/ml solution for injection 1.5ml cartridges

90015998 Insulin lispro 100units/ml solution for injection 1.5ml pre-filled disposable devices

90168998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
90169998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
90202979 Insulin soluble human 100units/ml solution for injection 3ml cartridges

90207979 Insulin soluble porcine 100units/ml solution for injection 10ml vials
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90271979 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

90272979 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices

90379998 Insulin aspart human pyr 100 iu/ml injection

90681996 Insulin biphasic isophane human emp 25:75; 100 units/ml injection

90682997 Insulin biphasic isophane human prb 50:50; 100 units/ml injection

90682998 Insulin biphasic isophane human prb 40:60; 100 units/ml injection

90683997 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 1.5ml cartridges

90683998 Insulin biphasic isophane human pyr 40:60; 100 units/ml injection

90684996 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

90684997 Insulin biphasic isophane human pyr 20:80; 100 units/ml injection

90684998 Insulin biphasic isophane human pyr 10:90; 100 units/ml injection

90685998 Insulin zinc mixed human 100units/ml suspension for injection 10ml vials

90686998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

90687998 Insulin isophane human prb 100iu/ml injection

90688998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

90689998 Insulin soluble human prb 100unit/ml injection

90690998 Insulin human 100units/ml solution for injection 10ml vials

90691998 Insulin soluble human pyr 100unit/ml injection

90697996 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
90697997 Insulin biphasic isophane human prb 20:80; 100 units/ml injection

90697998 Insulin biphasic isophane human prb 10:90; 100 units/ml injection

90698998 Insulin zinc suspension mixed bovine and porcine 100unit/ml injection

91160998 Insulin zinc suspension mixed porcine 100unit/ml injection

91273997 Insulin biphasic isophane human prb 50:50; 100 units/ml injection

91273998 Insulin biphasic isophane human prb 40:60; 100 units/ml injection

91274998 Human insulin 100iu/ml preloaded injection pen

91275996 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
91275997 Insulin biphasic isophane human prb 20:80; 100 units/ml injection

91275998 Insulin biphasic isophane human prb 10:90; 100 units/ml injection

91276998 Human isophane insulin 100iu/ml preloaded injection pen

91289998 Insulin isophane biphasic human 15/85 100units/ml suspension for injection 5ml vials

91290996 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 10ml vials

91290997 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
91290998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 1.5ml cartridges

91291997 Insulin isophane biphasic human 40/60 100units/ml suspension for injection 3ml pre-filled disposable devices
91291998 Insulin biphasic isophane human pyr 40:60; 100 units/ml injection

91292996 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 10ml vials

91292997 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
91292998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml cartridges

91293997 Insulin isophane biphasic human 20/80 100units/ml suspension for injection 3ml pre-filled disposable devices
91293998 Insulin biphasic isophane human pyr 20:80; 100 units/ml injection

91294997 Insulin isophane biphasic human 10/90 100units/ml suspension for injection 3ml pre-filled disposable devices
91294998 Insulin biphasic isophane human pyr 10:90; 100 units/ml injection

91295998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
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91505998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
91509998 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

91612998 Insulin aspart 100units/ml solution for injection 3ml pre-filled disposable devices

91700998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 3ml cartridges
91701998 Insuman comb 25 100iu/ml Injection

91758998 Insulin glargine 100units/ml solution for injection 3ml cartridges

92323998 Insulin lispro biphasic 50/50 100units/ml suspension for injection 3ml pre-filled disposable devices
92376996 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 5ml vials
92376997 Insulin biphasic isophane human crb 25:75; 100 units/ml injection

92555998 Insulin glargine 100units/ml solution for injection 3ml cartridges

92906998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 1.5ml cartridges
92907998 Insulin biphasic isophane human pyr 40:60; 100 units/ml injection

92908998 Insulin biphasic isophane human pyr 20:80; 100 units/ml injection

92909998 Insulin biphasic isophane human pyr 10:90; 100 units/ml injection

92932998 Insulin biphasic isophane human pyr 30:70; 100 units/ml injection

93137992 Insulin isophane (human) 100 i/u inj

93139992 Insulin isophane 100 i/u

93467992 Insulin soluble inj i/u”2

93566979 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

93567979 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

93568979 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

93569979 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

93570979 Insulin aspart 100units/ml solution for injection 10ml vials

93572979 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

93574979 Insulin lispro 100units/ml solution for injection 3ml pre-filled disposable devices

93582979 Insulin lispro 100units/ml solution for injection 10ml vials

93585979 Insulin lispro 100units/ml solution for injection 10ml vials

93586979 Insulin lispro 100units/ml solution for injection 10ml vials

93587979 Insulin lispro 100units/ml solution for injection 10ml vials

93589979 Insulin soluble human 100units/ml solution for injection 10ml vials

93590979 Insulin soluble human 100units/ml solution for injection 10ml vials

93592979 Insulin soluble human 100units/ml solution for injection 3ml cartridges

93594979 Human insulin 100iu/ml injection cartridges

94201992 Insulin zinc lente 100iu/ml injection

94202992 Insulin neusulin (neutral)(purified) 100 i/u inj

94292998 Insulin soluble human emp 100unit/ml injection

94298998 Insulin biphasic isophane human emp 25:75; 100 units/ml injection

94319998 Insulin biphasic isophane human pyr 10:90; 100 units/ml injection

94322998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

94328998 Insulin biphasic isophane human pyr 20:80; 100 units/ml injection

94337998 Insulin isophane biphasic human 30/70 100units/ml suspension for injection 3ml pre-filled disposable devices
94413998 Insulin biphasic isophane human pyr 40:60; 100 units/ml injection

94436998 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 1.5ml cartridges
94477992 Neutral insulin 100iu/ml injection
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94948998 Insulin soluble porcine 100units/ml solution for injection 1.5ml cartridges 5 1.5ml cartridge(s)
95158992 INSULIN HUMAN (NEUTRAL) 40 I/U INJ

95162992 Insulin soluble human 100units/ml solution for injection 10ml vials

95163992 Isophane insulin 100iu/ml injection

95164992 Insulin zinc lente 100iu/ml injection

95168992 Insulin semitard 40 i/u inj

95846992 Insulin zinc lente 100iu/ml injection

96044992 Insulin bp 100 i/u

96045998 Isophane insulin 100iu/ml injection

96046992 Insulin humulin m4 cartridge 100 i/u

96046998 Insulin zinc mixed bovine 100units/ml suspension for injection 10ml vials
96047998 Insulin neutral human 100unit/ml injection

96048998 Insulin neutral human 100unit/ml injection

96049998 Insulin soluble porcine 100units/ml solution for injection 1.5ml cartridges
96050998 Neutral insulin bovine 100unit/ml injection 1 10ml vial(s)

96051998 Insulin protamine zinc bovine 100units/ml suspension for injection 10ml vials
96052998 Insulin isophane human 100units/ml suspension for injection 3ml cartridges
96053997 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 1.5ml cartridges
96055998 Insulin isophane porcine 100units/ml suspension for injection 1.5ml cartridges
96056998 Insulin isophane bovine 100units/ml suspension for injection 1.5ml cartridges
96057998 Insulin zinc crystalline human 100units/ml suspension for injection 10ml vials
96058998 Insulin zinc suspension crystalline human pyr 100unit/ml long acting injection
96060998 Insulin zinc suspension mixed human pyr 100unit/ml injection

96061998 Insulin zinc mixed bovine vial 100unit/ml sterile suspension injection
96062998 Insulin biphasic 100 units/ml injection

96064992 Insulin semitard 100 i/u inj

96065998 Insulin soluble bovine 100units/ml solution for injection 10ml vials

96076992 Insulin bovine protamine zinc 100 i/u inj

96282992 Isophane insulin 100iu/ml injection

96283992 Insulin isophane (nph) 100 i/u inj

96284992 Insulin humulin m4 100 i/u inj

96285992 Insulin hypurin protamine zinc 100 i/u inj

96286992 Insulin human velosulin 100 i/u inj 0

96287992 Insulin isophane human 100units/ml suspension for injection 10ml vials
96289992 Insulin novo ultratard mc 100 i/u inj

96290992 Insulin human 100units/ml solution for injection 10ml vials

96291992 Isophane insulin 100iu/ml injection

96292992 Insulin isophane (highly purified) 100 i/u inj

96294992 Insulin zinc bovine susp 100 i/u inj

96295992 Insulin quicksol (soluble neutral) 100 i/u inj

96548992 Insulin humulin m cartridge 100 i/u

96688992 Insulin human 100units/ml solution for injection 10ml vials

96689992 Insulin zinc crystalline susp 100 i/u inj

96787992 Insulin soluble human 100units/ml solution for injection 3ml cartridges
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96792992 Insulin pur-in mix 50/50 100 i/u inj

96794992 Insulin pur-in mix 15/85 100 i/u inj

96795992 Insulin pur-in isophane 100 i/u inj

97051997 Insulin isophane biphasic human 50/50 100units/ml suspension for injection 10ml vials
97051998 Insulin biphasic isophane human prb 40:60; 100 units/ml injection

97052996 Insulin biphasic isophane human prb 30:70; 100 units/ml injection

97052997 Insulin isophane biphasic human 20/80 100units/ml suspension for injection 3ml cartridges
97052998 Insulin biphasic isophane human prb 10:90; 100 units/ml injection

97053998 Insulin zinc lente 100iu/ml injection

97244992 Insulin depo s.c.s. 5400 i/u inj

97322997 Human insulin 100iu/ml preloaded injection pen

97322998 Human insulin 100iu/ml injection cartridges

97323998 Isophane insulin 100iu/ml injection

97524998 Insulin 100iu/ml injection

97525998 Insulin soluble bovine 100units/ml solution for injection 3ml cartridges

97526998 Isophane insulin 100iu/ml injection cartridges

97527998 Insulin zinc mixed bovine 100units/ml suspension for injection 10ml vials

97528998 Insulin protamine zinc bovine 100units/ml suspension for injection 10ml vials
97598992 Insulin isophane (nph) 40 i/u

97599992 Isophane insulin 100iu/ml injection

97600992 Insulin bovine protamine zinc 40 i/u inj

97602992 Insulin soluble 40 i/u inj

97854998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
98048990 Insulin isophane bovine 100units/ml suspension for injection 1.5ml cartridges
98198998 Insulin aspart 100units/ml solution for injection 3ml cartridges

98225998 Insulin biphasic isophane human emp 50:50; 100 units/ml injection

98226998 Insulin biphasic isophane human emp 30:70; 100 units/ml injection

98227998 Neutral insulin 100iu/ml injection

98228996 Insulin isophane human 100units/ml suspension for injection 3ml cartridges

98228997 Insulin isophane human 100units/ml suspension for injection 10ml vials

98228998 Insulin isophane human 100units/ml suspension for injection 3ml pre-filled disposable devices
98268998 Insulin zinc crystalline human 100units/ml suspension for injection 10ml vials
98474990 Insulin human 100units/ml solution for injection 10ml vials

98480998 Insulin soluble porcine 100units/ml solution for injection 1.5ml cartridges

98481997 Isophane insulin 100iu/ml injection cartridges

98481998 Isophane insulin 100iu/ml injection

98505998 Insulin zinc lente 100iu/ml injection

98525990 Insulin zinc mixed bovine 100units/ml suspension for injection 10ml vials

98817998 Insulin zinc crystalline human 100units/ml suspension for injection 10ml vials
98895998 Insulin lispro biphasic 25/75 100units/ml suspension for injection 3ml pre-filled disposable devices
98982998 Insulin soluble human 100units/ml solution for injection 10ml vials

99144998 Insulin zinc suspension amorphous porcine 100unit/ml injection

99196998 Insulin biphasic 100 units/ml injection

99359998 Isophane insulin 100iu/ml injection
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99401998 Insulin zinc lente 100iu/ml injection

99402998 Insulin aspart 100units/ml solution for injection 10ml vials

99415998 Insulin isophane biphasic porcine 30/70 100units/ml suspension for injection 10ml vials
99480998 Insulin zinc lente 100iu/ml injection

99532998 Isophane insulin 100iu/ml injection

99533998 Isophane insulin 100iu/ml injection

99553998 Insulin soluble human 100units/ml solution for injection 3ml cartridges
99554998 Insulin isophane human prb 100iu/ml injection

99556998 Insulin zinc lente 100iu/ml injection

99557998 Insulin soluble human 100units/ml solution for injection 3ml cartridges
99976992 Insulin soluble 100 i/u inj

99977992 Insulin isophane 50%/neutral 50% 100 i/u inj

99978992 Insulin isophane (purified) 100 i/u inj

Metformin

Code Generic name

28975978 Metformin 850mg/5ml oral solution sugar free
28977978 Metformin 1g/5ml oral solution sugar free
45821978 Empagliflozin 5mg / Metformin 850mg tablets
45822978 Empagliflozin 5mg / Metformin 850mg tablets
45823978 Empagliflozin 5mg / Metformin 1g tablets
45824978 Empagliflozin 5mg / Metformin 1g tablets
45825978 Empagliflozin 12.5mg / Metformin 850mg tablets
45826978 Empagliflozin 12.5mg / Metformin 850mg tablets
45827978 Empagliflozin 12.5mg / Metformin 1g tablets
45828978 Empagliflozin 12.5mg / Metformin 1g tablets
46249978 Metformin 1g modified-release tablets
46254978 Metformin 750mg modified-release tablets
53004979 Saxagliptin 2.5mg / Metformin 850mg tablets
53005979 Saxagliptin 2.5mg / Metformin 850mg tablets
53006979 Saxagliptin 2.5mg / Metformin 1g tablets
53007979 Saxagliptin 2.5mg / Metformin 1g tablets
54496979 Metformin 1g modified-release tablets
54786979 Metformin 500mg modified-release tablets
54904979 Linagliptin 2.5mg / Metformin 850mg tablets
54905979 Linagliptin 2.5mg / Metformin 850mg tablets
54906979 Linagliptin 2.5mg / Metformin 1g tablets
54907979 Linagliptin 2.5mg / Metformin 1g tablets
56930978 Canagliflozin 50mg / Metformin 850mg tablets
56931978 Canagliflozin 50mg / Metformin 1g tablets
56932978 Canagliflozin 50mg / Metformin 1g tablets
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58558979 Metformin 500mg modified-release tablets
71281979 Metformin 500mg/5ml oral solution
74441978 Metformin 1g modified-release tablets
74453978 Metformin 500mg modified-release tablets
74454978 Metformin 500mg modified-release tablets
76199978 Metformin 1g modified-release tablets
76990978 Dapagliflozin 5mg / Metformin 850mg tablets
76991978 Dapagliflozin 5mg / Metformin 850mg tablets
76992978 Dapagliflozin 5mg / Metformin 1g tablets
76993978 Dapagliflozin 5mg / Metformin 1g tablets
78729978 Alogliptin 12.5mg / Metformin 1g tablets
78730978 Alogliptin 12.5mg / Metformin 1g tablets
79508979 Metformin 850mg/5ml oral suspension
79510979 Metformin 850mg/5ml oral solution
79512979 Metformin 500mg/5ml oral solution
81158998 Metformin 500mg modified-release tablets
81344998 Metformin 1g modified-release tablets
81701998 Metformin 500mg modified-release tablets
82068998 Metformin 1g / Sitagliptin 50mg tablets
82916998 Metformin hydrochloride 1g sachets
82917998 Metformin hydrochloride 500mg sachets
82918998 Metformin 1g oral powder sachets sugar free
82919998 Metformin 500mg oral powder sachets sugar free
83031998 Metformin 1g modified-release tablets
83032998 Metformin 1g modified-release tablets
83401998 Metformin 1g / Sitagliptin 50mg tablets
83619998 Metformin 500mg modified-release tablets
83732998 Metformin 750mg modified-release tablets
83733998 Metformin 750mg modified-release tablets
84008998 Vildagliptin 50mg / Metformin 1g tablets
84009998 Vildagliptin 50mg / Metformin 850mg tablets
84010998 Vildagliptin 50mg / Metformin 1g tablets
84011998 Vildagliptin 50mg / Metformin 850mg tablets
84268978 Metformin 1g modified-release tablets
85554998 Metformin 850mg capsules

85555998 Metformin oral solution

85622998 Pioglitazone 15mg / Metformin 850mg tablets
85624998 Pioglitazone 15mg / Metformin 850mg tablets
85625998 Pioglitazone 15mg / Metformin 850mg tablets
85673998 Metformin 500mg/5ml oral solution sugar free
85674998 Metformin 500mg/5ml oral solution
87053998 Metformin 500mg modified-release tablets
87054998 Metformin 500mg modified-release tablets
87165998 Metformin with rosiglitazone 1000mg + 4mg tablet
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87166998 Metformin with rosiglitazone 1000mg + 2mg tablet
87179998 Metformin & rosiglitazone 1g+4mg tablets
87180998 Metformin & rosiglitazone 1g+2mg tablets
87181998 Rosiglitazone 4mg / metformin 1g tablets
87182998 Rosiglitazone 2mg / metformin 1g tablets
87536998 Metformin 500mg/5ml oral solution

87770998 Metformin & rosiglitazone 500mg+2mg tablets
87771998 Metformin & rosiglitazone 500mg+1mg tablets
87772998 Metformin with rosiglitazone 500mg + 2mg tablet
87773998 Rosiglitazone 2mg / metformin 500mg tablets
87774998 Metformin with rosiglitazone 500mg + 1mg tablet
87775998 Rosiglitazone 1mg / metformin 500mg tablets
87883998 Metformin 500mg modified-release tablets
89128979 Metformin 1g modified-release tablets
89129979 Metformin 1g modified-release tablets
89188979 Metformin 500mg/5ml oral solution

89868979 Metformin 500mg modified-release tablets
89870979 Metformin 500mg modified-release tablets
89871979 Metformin 500mg modified-release tablets
91221997 Metformin hydrochloride 850mg tablets
91221998 Metformin hydrochloride 500mg tablets
91686990 Metformin 500mg/5ml oral solution

92983990 Metformin 500mg/5ml oral solution

93167990 Metformin 500mg/5ml oral solution

93459979 Metformin 850mg tablets

93462979 Metformin 500mg tablets

93469979 Metformin 500mg tablets

94235992 Metformin 500mg tablets

94248990 Metformin 500mg tablets

95270992 Metformin 800 mg tab

95271992 Metformin 850mg tablets

95272992 Metformin 250 mg tab

95600990 Metformin 500mg tablets

95880998 Metformin 500mg modified-release tablets
96111990 Metformin 500mg tablets

96270990 Metformin 500mg tablets

96850990 Metformin 500mg tablets

97087997 Metformin 850mg tablets

97087998 Metformin 500mg tablets

97110989 Metformin 850mg tablets

97110990 Metformin 500mg tablets

98125989 Metformin 850mg tablets

98125990 Metformin 500mg tablets

98493989 Metformin 500mg tablets
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98493990 Metformin 850mg tablets
98654989 Metformin 500mg tablets
98654990 Metformin 850mg tablets
99149990 Metformin 500mg tablets
99513989 Metformin 850mg tablets
99513990 Metformin 500mg tablets
99514989 Metformin 850mg tablets
99514990 Metformin 500mg tablets
99590997 Metformin 850mg tablets
99590998 Metformin 500mg tablets

SGLT2i

Code Generic name

26160978 Saxagliptin 5mg / dapagliflozin 10mg tablets
26161978 Saxagliptin 5mg / dapagliflozin 10mg tablets
45821978 Empagliflozin 5mg / Metformin 850mg tablets
45822978 Empagliflozin 5mg / Metformin 850mg tablets
45823978 Empagliflozin 5mg / Metformin 1g tablets
45824978 Empagliflozin 5mg / Metformin 1g tablets
45825978 Empagliflozin 12.5mg / Metformin 850mg tablets
45826978 Empagliflozin 12.5mg / Metformin 850mg tablets
45827978 Empagliflozin 12.5mg / Metformin 1g tablets
45828978 Empagliflozin 12.5mg / Metformin 1g tablets
53325979 Dapagliflozin 5mg tablets

53326979 Dapagliflozin 5mg tablets

53327979 Dapagliflozin 10mg tablets

53328979 Dapagliflozin 10mg tablets

56930978 Canagliflozin 50mg / Metformin 850mg tablets
56931978 Canagliflozin 50mg / Metformin 1g tablets
56932978 Canagliflozin 50mg / Metformin 1g tablets
70445978 Empagliflozin 25mg tablets

70446978 Empagliflozin 25mg tablets

70447978 Empagliflozin 10mg tablets

70448978 Empagliflozin 10mg tablets

76399978 Canagliflozin 300mg tablets

76400978 Canagliflozin 300mg tablets

76401978 Canagliflozin 100mg tablets

76402978 Canagliflozin 100mg tablets

76980978 Canagliflozin 100mg tablets

76981978 Canagliflozin 100mg tablets

76990978 Dapagliflozin 5mg / Metformin 850mg tablets
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76991978 Dapagliflozin 5mg / Metformin 850mg tablets
76992978 Dapagliflozin 5mg / Metformin 1g tablets
76993978 Dapagliflozin 5mg / Metformin 1g tablets

Sulphonylurea

Code Generic name

39422978 Gliclazide 60mg modified-release tablets
39755978 Gliclazide 30mg modified-release tablets
55225978 Gliclazide 60mg modified-release tablets
55773978 Gliclazide 30mg modified-release tablets
62836979 Gliclazide 40mg tablets

68690978 Gliclazide 30mg modified-release tablets
69061979 Gliclazide 120mg/5ml oral suspension
80004979 Gliclazide 160mg/5ml oral suspension
81260998 Gliclazide 80mg/5ml oral suspension
82136998 Gliclazide 40mg tablets

82137998 Gliclazide 40mg tablets

82304998 Gliclazide 30mg modified-release tablets
82989998 Gliclazide 30mg modified-release tablets
83916998 Gliclazide 30mg modified-release tablets
83949998 Gliclazide 30mg modified-release tablets
84493978 Gliclazide 60mg modified-release tablets
84494978 Gliclazide 60mg modified-release tablets
85003998 Gliclazide oral solution

85547978 Gliclazide 30mg modified-release tablets
85901998 Glibenclamide 5mg/5ml oral suspension
86018998 Gliclazide 40mg/5ml oral suspension
88135998 Gliclazide 80mg tablets

88334998 Glimepiride 4mg tablets

88355998 Glimepiride 4mg tablets

88447996 Glimepiride 3mg tablets

88447997 Glimepiride 1mg tablets

88447998 Glimepiride 2mg tablets

88449996 Glimepiride 3mg tablets

88449997 Glimepiride 1mg tablets

88449998 Glimepiride 2mg tablets

91407998 Gliclazide 30mg modified-release tablets
91559998 Glibornuride 25mg tablet

92831990 Gliclazide 30mg modified-release tablets
93483979 Glimepiride 4mg tablets

93509979 Glimepiride 1mg tablets
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93528979 Glimepiride 2mg tablets
93545979 Gliclazide 80mg tablets
93546979 Gliclazide 80mg tablets
93556979 Glibenclamide 5mg tablets
93564990 Glimepiride 1mg tablets
94371992 Tolbutamide 100 mg tab
94470992 Glymidine 500mg tablets
95025990 Gliclazide 80mg tablets
95148998 Tolbutamide 50mg/ml injection
95149997 Tolazamide 250mg tablets
95149998 Tolazamide 100mg tablets
95150997 Tolazamide 250mg tablets
95150998 Tolazamide 100mg tablet
95672992 Tolbutamide 1 gm tab
95674992 Tolbutamide 250 mg tab
95870992 Butamide cap

95898990 Gliclazide 80mg tablets
96220990 Glibenclamide 5mg tablets
96264998 Glymidine sodium 500mg tablet
96280998 Gliquidone 30mg tablets
96281998 Glipizide 2.5mg tablets
96282997 Glipizide 5mg tablets
96282998 Glipizide 2.5mg tablets
96283997 Gliclazide 30mg modified-release tablets
96283998 Gliclazide 80mg tablets
96427990 Gliclazide 80mg tablets
96495990 Gliclazide 80mg tablets
96687998 Chlorpropamide 250mg tablets
96755997 Chlorpropamide 250mg tablets
96755998 Chlorpropamide 100mg tablets
96893990 Glipizide 5mg tablets
96981998 Acetohexamide 500mg tablets
97026990 Gliclazide 80mg tablets
97032990 Gliclazide 80mg tablets
97057997 Glibenclamide 2.5mg tablets
97057998 Glibenclamide 5mg tablets
97089998 Tolbutamide 500mg tablets
97097997 Glibenclamide 5mg tablets
97109998 Tolbutamide 500mg tablets
97127997 Glibenclamide 5mg tablets
97127998 Glibenclamide 2.5mg tablets
97133992 Chlorpropamide 500 mg tab
97146990 Glipizide 5mg tablets
97154990 Gliclazide 80mg tablets
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97166990 Gliclazide 80mg tablets
97202990 Glipizide 5mg tablets
97236992 Daonil 10 mg tab

97303998 Gliclazide 80mg tablets
97537997 Glibenclamide 5mg tablets
97537998 Glibenclamide 2.5mg tablets
97538990 Gliclazide 80mg tablets
97552990 Glibenclamide 2.5mg tablets
97583997 Glibenclamide 5mg tablets
97583998 Glibenclamide 2.5mg tablets
97590990 Gliclazide 80mg tablets
97834990 Glipizide 5mg tablets
97889990 Gliclazide 80mg tablets
97938990 Gliclazide 80mg tablets
98053990 Tolbutamide 500mg tablets
98133990 Gliclazide 80mg tablets
98188989 Chlorpropamide 250mg tablets
98664989 Glibenclamide 2.5mg tablets
98664990 Glibenclamide 5mg tablets
99145998 Glibenclamide 2.5mg tablets
99195998 Tolbutamide 500mg tablets
99246990 Chlorpropamide 100mg tablets
99247989 Chlorpropamide 250mg tablets
99347990 Tolbutamide 500mg tablets
99349990 Tolbutamide 500mg tablets
99419998 Glipizide 5mg tablets
99580989 Glibenclamide 2.5mg tablets
99580990 Glibenclamide 5mg tablets
99582989 Glibenclamide 2.5mg tablets
99582990 Glibenclamide 5mg tablets
99588998 Glibornuride 25mg tablets
99589998 Gliquidone 30mg tablets
99591998 Glipizide 5mg tablets
99668997 Glibenclamide 5mg tablets
99668998 Glibenclamide 2.5mg tablets
99754998 Acetohexamide 500mg tablets
99764997 Chlorpropamide 250mg tablets
99764998 Chlorpropamide 100mg tablets
99787998 Glibenclamide 5mg tablets
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Appendices for Chapter 3

Appendices for manuscript 1

Supplementary Figure S1: Unadjusted Nelson—Aalen cumulative hazard estimates for

cardiovascular disease and mortality

eFigure 1. Unadjusted Nelson-Aalen cumulative hazard estimates for cardiovascular diseases and mortality

Composite CVD

Exposes

All-cause Mortality

The cumulative hazard estimates over 10 years period for the study outcomes exposed vs
control:

Combined CVD was defined as ischaemic heart disease (IHD), heart failure (HF) and
cerebrovascular accident (CVA) whichever happened first in exposed vs control; Incidence of
Components of composite CVD in exposed vs control ;All-cause mortality in exposed vs
control (see Table 2 & 3 for adjusted hazard estimates)

CVA

Exposed

7120
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Supplementary Table S1: Impact of bariatric surgery on cardiovascular outcomes in participants with and without type 2 diabetes mellitus

Hypertension Atrial fibrillation Combined Cardiovascular event
Type 2 DM Exposed Control Exposed Control Exposed Control
518 854 1148 2032 1060 1821
Outcome events, n (%) 19 (3.7) 81 (9.5) 16 (1.4) 54 (2.7) 34 (3.2) 85 (4.7)
Person-years 1913.3 2962.1 4416.3 8158.2 4005.7 7241.1
Crude Incidence Rate* 9.93 27.35 3.62 6.62 8.49 11.74
Follow-up years, Median (IQR) 3.2(1.5-5.4) 3.1(1.4-5.2) 3.4(1.6-5.5) 3.7(1.8-5.9) 3.3(1.5-5.5) 3.6(1.7-5.8)
HR (95% CI) Unadjusted 0.37 (0.22-0.60), <0.001 0.55 (0.32-0.96), 0.037 0.72 (0.49-1.08),0.113
| > i Adjusted Model 1 0.33 (0.2-0.56), <0.001 0.57 (0.32-1.01), 0.053 0.78 (0.52-1.18), 0.239
p vaiue Adjusted Model 3 0.34 (0.20-0.56), <0.001 0.58 (0.33-1.02), 0.060 0.77 (0.51-1.16) 0.204
Hypertension Atrial fibrillation Combined Cardiovascular event
NoType2 DM 3049 6197 3939 7826 3862 7663
Outcome events, n (%) 99 (3.3) 486 (7.8) 43 (1.1) 76 (1.0) 53 (1.4) 145 (1.9)
Person-years 12383.9 25611.6 16595.4 34895.4 16236.5 33965.0
Crude Incidence Rate* 7.99 18.98 2.59 2.18 3.26 4.27
Follow-up years, Median (IQR) 3.5(1.6-6.1) 3.7(1.6- 6.2) 3.7(1.7-6.2) 4.1 (1.8-6.7) 3.7(1.7-6.2) 4.1 (1.8- 6.6)

HR (95% CI), | Unadjusted

0.42 (0.34-0.52), <0.001

1.21 (0.83-1.76), 0.316

0.77 (0.57-1.06), 0.112

p value Adjusted Model 1 0.41 (0.33-0.51), <0.001 1.24 (0.85-1.81), 0.271 0.80 (0.59-1.11), 0.182
Type 2 DM Ischaemic Heart disease Heart Failure Cerebrovascular accident
1096 1905 1157 2039 1142 2020
Outcome events, n (%) 22 (2.0) 50 (2.6) 9 (0.8) 33 (1.62) 11 (1.0) 35 (1.73)
Person-years 4179.1 7629.8 4467.0 8255.7 4403.1 8168.1
Crude Incidence Rate* 5.26 6.55 2.01 4.0 2.50 4.29
Follow-up years, Median (IQR) 3.3(1.6-5.5) 3.7(1.7-5.9) 3.4 (1.6-5.6) 3.7(1.8-5.9) 3.4 (1.6-5.6) 3.7(1.8-5.9)
HR (95% CI) Unadjusted 0.81 (0.49-1.33), 0.406 0.50 (0.24-1.05), 0.069 0.59 (0.3-1.15), 0.121
| > | Adjusted Model 1 0.89 (0.53-1.50), 0.674 0.55 (0.26-1.19), 0.128 0.67 (0.34-1.34), 0.260
p vatue Adjusted Model 3 0.87 (0.52-1.47), 0.610 0.57 (0.26-1.22) 0.147 0.66 (0.33-1.31) 0.235
No Type 2 DM Ischaemic Heart disease Heart Failure Cerebrovascular accident
3917 7762 3970 7880 3952 7816
Outcome events, n (%) 27 (0.7) 73 (0.9) 10 (0.3) 39 (0.5) 26 (0.7) 48 (0.6)
Person-years 16502 34496.2 16814.1 35162.8 16699 34896.6
Crude Incidence Rate* 1.64 2.12 0.59 1.11 1.56 1.38
Follow-up years, Median (IQR) 3.7(1.7-6.3) 4.1(1.8-6.6) 3.7 (1.8-6.3) 4.1(1.8-6.7) 3.7(1.7-6.3) 4.1 (1.8-6.7)

HR (95% CI), | Unadjusted

0.78 (0.50-1.21), 0.272

0.54 (0.27-1.09), 0.087

1.14 (0.71-1.84), 0.582

p value Adjusted Model 1

0.82 (0.53-1.28), 0.385

0.58 (0.29-1.16), 0.124

1.22 (0.75-1.97), 0.425

*Rate per 1000 person years. HR: Hazard rate

Adjusted Model 1: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension.
Adjusted Model 3: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline hypertension, DM duration.
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Supplementary Table S2: Impact of bariatric surgery on mortality in participants with and without type 2 diabetes mellitus

Type 2 DM No Type 2 DM
Mortality Exposed Control Exposed Control
1176 2089 3994 7906
Outcome events, n(%) 36 (3.1) 120 (5.7) 54 (1.4) 158 (2.0)
Person-years 4567.3 8517.1 16924.0 35346.5
Crude Incidence Rate/1000 person years 7.88 14.09 3.19 4.47
Follow-up years, Median(IQR 3.4 (1.6-5.6) 3.8(1.8-5.9) 3.7(1.8-6.3) 4.1(1.8-6.7)

0.72 (0.53-0.98), 0.037

Unadjusted 0.56 (0.39-0.82), 0.002
. Adjusted Model 1 0.62 (0.42-0.91), 0.016 0.75 (0.55-1.03), 0.073
HR ratio (95% CI), p val
ratio 5% C), pvalue ;. sted Model 2 0.64 (0.44-0.95), 0.026 0.73 (0.53-1.00), 0.050
Adjusted Model 3 0.65 (0.44- 0.96), 0.030

*Rate per 1000 person years
HR = Hazard rate

Adjusted Model 1: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline

hypertension.

Adjusted Model 2: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline

hypertension, Charlson co morbidity index

Adjusted Model 3: Adjusted for age, sex, BMI, smoking status, alcohol consumption, Townsend deprivation quintile, ethnicity, baseline
hypertension, Charlson co morbidity index and T2DM duration.
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Appendices for Chapter 5

Appendices for manuscript 2

| 787 practices eligible for inclusion

l

15,011,524 patients eligible from the
selected practices

|

Patients aged between 18 and 75
(n=8,618,829)

l

Patients with a record of type 2 diabetes

(n=515,978)

Exclusions:
* Recording of stomach cancer at baseline (n=142)
« Inconsistent recording of Type of diagnosis 1 diabetes

invalidating type 2 diabetes diagnosis (n=38,701)

y Y
Patients with a record of bariatric surgery Unexposed patient pool
(n=1,281) (n=475,854)

Exclusions:

« Recording of type 2 diabetes after bariatric surgery (n=93)
*  BMlrecord before bariatric surgery < 30kg/m?(n=14)

* Recording of gastric balloon/endobarrier procedure (n=48)

Matching Algorithm for age, sex, BMI and diabetes duration

| l

Bariatric Surgery exposed cohort Unexposed cohort

(n=1,126) (n=2,219)

Supplementary Figure 1: Flowchart showing participant selection
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Composite Microvascular complications
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Appendices for Chapter 7

Appendices for manuscript 4

Supplementary Table 1: Search strategy used in Embase
1. exp *Diabetes Mellitus, Type 2/ or exp *DIABETES MELLITUS/ or diabetes.mp.
2. exp *REMISSION, SPONTANEOUS/ or exp *REMISSION INDUCTION/ or
remission.mp.

2or3or4or5Sor6
bariatric.mp. or exp *BARIATRICS/

9. gastric band*.mp.

10. exp *Gastric Bypass/ or roux en y.mp. or exp *Anastomosis, Roux-en-Y/

11. gastrectomy.mp. or exp *GASTRECTOMY/

12. exp *Gastrectomy/ or sleeve gastrectomy.mp. or exp *Gastroplasty/

13. exp *Biliopancreatic Diversion/ or duodenal switch.mp.

14. metabolic surgery.mp. or exp *Bariatric Surgery/

15.80r9%9o0r10or 11 or12or 13 or 14

16. (Stratification or ROC curve or discrimination or discriminate or c-statistic or ¢
statistic or area or area under the curve or AUC or calibration or indices or
algorithm$).mp. or multivariable.ti,ab. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]

17. Validat$.mp. or Predict$.ti. or Rule$.mp. or (Predict$ and (Outcome$ or Risk$ or
Model$)).mp. or ((History or Variable$ or Criteria or Scor$ or Characteristic$ or
Finding$ or Factor$) and (Predict$ or Model$ or Decision$ or Identif$ or
Prognos$)).mp. or (Decision$.mp. and ((Model$ or Clinical$).mp. or Logistic
Models/)) or (Prognostic and

(History or Variable$ or Criteria or Scor$ or Characteristic$ or Finding$ or Factor$ or
Model$)).mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word] 18. predict®*.mp.

19. exp *Observer Variation/ or exp *"Reproducibility of Results"/ or observ*.mp.

20. exp *Algorithms/ or validat®.mp. or exp *"Sensitivity and Specificity"/

21. ((prognos* or predict*) adj3 model).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] 22. scor*.mp.

23. exp *ROC CURVE/ or ROC.mp.

3. reversal.mp.
4. cure*.mp.
5. resolv*.mp.
6. treat®*.mp.
7.

8.
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24. AUC.mp. or exp *Area Under Curve/

25. 16 0or 170or 18 or 19 or 20 or 21 or 22 or 23 or 24

26.1 and 7 and 15 and 25

27. limit 26 to (english language and last 15 years)

Supplementary Table 2: Papers excluded on full-text

Paper ID

Reasons for exclusion

Bhasker (2018)

Bhasker AG, Dixon JB, Lakdawala M.
Selection of Bypass vs Sleeve for the
Management of Type-2 Diabetes in Severely
Obese: Could Ethnicity Play a Role? Obesity
surgery. 2018;28(10):3073-9

No model development or validation.
Used the prediction score as adjusting
variable to choose the appropriate type of
bariatric surgery

Haruta (2017)

Haruta H, Kasama K, Ohta M, Sasaki A,
Yamamoto H, Miyazaki Y, et al. Long-Term
Outcomes of Bariatric and Metabolic Surgery
in Japan: Results of a Multi-Institutional

Survey. Obesity surgery. 2017;27(3):754-62

No model development or validation.
Remission rate for type 2 diabetes mellitus
at 3 years after surgery stratified by
prediction model

Wood (2016)

G. Craig Wood MTM, PhD2; Christopher D.
Still, DO1; et alAnnemarie G. Hirsch, PhD,
MPH3. Association of DiaRem Score With
Cure of Type 2 Diabetes Following Bariatric
Surgery Author Affiliations. JAMA Surg.
2016(151(8):779-781.
doi:10.1001/jamasurg.2016.0251).

Population (P)-Used the same population
as was used to develop the model

Park J Y et al (2015)
Park Ji Y, Kim Yong J. Prediction of Diabetes
Remission in Morbidly Obese Patients After

Roux-en-Y Gastric Bypass. Obesity surgery.
2016;26(4):749-56.

Outcome (O)- Definition of diabetes
remission not fulfilled. Mean follow-up
was 12.3+8.0 with IQR of 1.0 months to
41.3months

Panunzi Simona (2016)

Panunzi S, Carlsson L, De Gaetano A,
Peltonen M, Rice T, Sjostrom L, et al.
Determinants of Diabetes Remission and
Glycemic Control After Bariatric Surgery.
Diabetes care. 2016;39(1):166-74LID.

Outcome (O)- Definition of diabetes
remission not fulfilled. Diabetes
remission was defined without mention of
HbA Ic or follow up duration
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Ha Jane et al (2019)

Ha J, Kwon Y, Kim Nam H, Park S, Menzo
Emanuele L, Rosenthal Raul J. Discordance in
prediction for prognosis of type 2 diabetes after
metabolic surgery: comparison of the ABCD,
DiaRem, and individualized metabolic surgery

models. Annals of surgical treatment and
research. 2019;97(6):309-18

No model development or validation.
Evaluated discordance between
prediction models

Sjoholm K et al (2020)

No model development or validation.
Evaluated diabetes relapse rate

Sjoholm K, Svensson PA, Taube M, Jacobson
P, Andersson-Assarsson JC, Carlsson LMS, et
al. Evaluation of Prediction Models for Type 2
Diabetes Relapse After Post-bariatric Surgery
Remission: a Post hoc Analysis of 15-Year
Follow-up Data from the Swedish Obese
Subjects (SOS) Study. Obesity Surgery. 2020

Sohal D S et al (2020)

Sohal DS, Nain PS, Singh P, Ahuja A, Singh A.
ABCD score of > 6 predicts diabetes remission
following bariatric surgery.

International Journal of Diabetes in Developing
Countries. 2020

Outcome (O)- Definition of diabetes
remission not fulfilled. Follow up of
period of 6 month

Ceperuelo-Mallafre Victoria et al (2019)
Ceperuelo-Mallafre V, Llaurado G, Keiran N,
Benaiges E, Astiarraga B, Martinez L, et al.
Preoperative Circulating Succinate Levels as a
Biomarker for Diabetes Remission After

Bariatric Surgery. Diabetes care.
2019;42(10):1956-65.

Outcome (O)- Definition of diabetes
remission not fulfilled. Focussed on
identifying single predictor, small number
of outcomes (<30)

Supplementary Table 3: Data collection questionnaire

Characteristic of study | Types of Study

Refid

Publication Reference

Aim/Objective

Number of participants?

Type of study

Source Source of data?

Country

Centres -> Single/ multiple
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Study Date (start)

Study Date (end)

Number of outcome/events

Number of outcomes/events in relation to the number of candidate
predictors (Events Per Variable)

Number of participants with any missing value (include predictors
and outcomes) -> Lost to follow up/ died/ no information

Handling of missing data -> Others

Participants Age Mean (SD)
Males
Females
Diabete Duration
Body mass index mean (SD)
HbA1c Mean (SD)
Inclusion Criteria
Exclusion Criteria
Types of Surgery -> Gastric Band/ Gastric bypass/ Sleeve
gastrectomy/ duodenal switch

Outcomes Definition for measurement of outcome
Method for measurement of outcome
Was the same outcome definition (and method for measurement)
used in all patients?
Type of outcome
Was the outcome assessed without knowledge of the candidate
predictors (i.e., blinded)?
Were candidate predictors part of the outcome (e.g., in panel or
consensus diagnosis)?
Time of outcome occurrence or summary of duration of study -
Follow-up

Predictors Number of variables
Types of variables (Number and type of predictors (e.g.,
demographics, patient history, physical examination, additional
testing, disease characteristics)
Definition for measurement of candidate predictors
Method for measurement of candidate predictors
Timing of predictor measurement -> Patient Presentation/ at
diagnosis/ treatment initiation/ post operatively
Handling of predictors in the modelling -> Continuous/ linear/
categorised

Analysis Modelling method -> Logistic regression

Method for selection of predictors for inclusion in multivariable
modelling (e.g., all candidate predictors, pre-selection based on
unadjusted association with the outcome)
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Method for selection of predictors during multivariable modelling
(e.g., full model approach, backward or forward selection) and
criteria used (e.g., p-value, Akaike Information Criterion)

Shrinkage of predictor weights or regression coefficients (e.g., no
shrinkage, uniform shrinkage, penalized estimation)

Performance

Calibration (calibration plot, calibration slope, Hosmer-Lemeshow
test) and Discrimination (C-statistic, D-statistic, log-rank)
measures with confidence intervals

Classification measures (e.g., sensitivity, specificity, predictive
values, net reclassification improvement) and whether a-priori cut
points were used

Method used for testing model performance: development dataset
only (random split of data, resampling methods e.g. bootstrap or
cross-validation, none) or separate external validation (e.g.
temporal, geographical, different setting, different investigators)

In case of poor validation, whether model was adjusted or updated
(e.g., intercept recalibrated, predictor effects adjusted, or new
predictors added)

Final and other multivariable models (e.g., basic, extended,
simplified) presented, including predictor weights or regression
coefficients, intercept, baseline survival, model performance
measures (with standard errors or confidence intervals)

Any alternative presentation of the final prediction models, e.g.,
sum score, nomogram, score chart, predictions for specific risk
subgroups with performance

Comparison of the distribution of predictors (including missing
data) for development and validation datasets

Interpretation of presented models (confirmatory, i.e., model useful
for practice versus exploratory, i.e., more research needed)

Comparison with other studies, discussion of generalizability,
strengths and limitations.

Supplementary Table 4: PROBAST data collection questionnaire

Participants

Were appropriate data sources used, e.g. cohort, RCT or nested
case-control study data?

Were all inclusions and exclusions of participants appropriate?

Predictors

Were predictors defined and assessed in a similar way for all
participants?

Were predictor assessments made without knowledge of outcome
data?

Are all predictors available at the time the model is intended to be
used?

Outcome

Was the outcome determined appropriately?
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Was a pre-specified or standard outcome definition used?

Were predictors excluded from the outcome definition?

Was the outcome defined and determined in a similar way for all
participants?

Was the outcome determined without knowledge of predictor
information?

Was the time interval between predictor assessment and outcome
determination appropriate?

Analysis

Were there a reasonable number of participants with the outcome?

Were continuous and categorical predictors handled appropriately?

Were all enrolled participants included in the analysis?

Were participants with missing data handled appropriately?

Was selection of predictors based on univariable analysis avoided?

Were complexities in the data (e.g. censoring, competing risks,
sampling of controls) accounted for appropriately?

Were relevant model performance measures evaluated
appropriately?

Were model overfitting and optimism in model performance
accounted for?

Do predictors and their assigned weights in the final model
correspond to the results from multivariable analysis?
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Supplementary Table 5: Risk of bias assessment and applicability for model development studies

Risk of Bias Applicabili
ty
Part1cs1pant Predictors | Outcome Analysis Overall Partlc;pant Predictors | Outcome Overall

ABCD; Lee et al; 2013 (16) L L L H H L L L L
DiaRem ;Still et al; 2014 (17) L L L L L L L L L
Robert et.al; 2013 (31) L L L H H L L L L
DRS; Ugale S; 2014 (33) L L L H H L L L L
ADDiaRem; Aron-Wisnewsky

etal; 2017 (34) L L L L L L L L L
DiaBetter; Pucci et.al; 2017 (35) ucC L L H H L L L L
IMS; Aminian et.al; 2017 (18) L L L H H L L L L
DiaRem 2; Still et al; 2018 (36) ucC ucC L H H L L L L
Hayes et.al; 2011 (40) ucC L L H H L L L L
Dixon el.al; 2013 (13) L L L ucC ucC L L L L
5 models; Ana et al; 2014 (41) ucC ucC L H H L L L L
Cotillard et al; 2015 (42) ucC L L H H L L L L
Stallard et al; 2016 (43) ucC L L H H L L L L
5y-DR, 2018 (37) ucC L L H H L L L L
MDR, 2020 (38) L L L H H L L L L
Umemura, 2020 (39) ucC L L H H L L L L

L= low risk, UC = unclear, H = high risk
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Supplementary Table 6: Risk of bias assessment and applicability for external validation studies

Risk of Bias Applicabi.l
1ty
Participants Predictors Outcome Analsysi Overall Particispant Predi;:tor Outcome Overall Applicability
Lee et al 2015 (44) L L L ucC ucC L L L L
Lee MH et al 2015 (45) L L L H H L L L L
Lee et al 2015 (46) L L L ucC ucC L L L L
Sampaio-Neto Jose, et al 2015 (47) uc L L ucC ucC L L L L
Lee et al 2016 (48) L L L ucC ucC L L L L
Lee et al 2017 (49) L L L ucC ucC L L L L
Mehaffey et al 2017 (50) ucC L L H H L L L L
Honarmand K, et al 2017 (51) ucC L L ucC ucC L L L L
Tharkan, 2017 (52) uC L L uC uC L L L L
Raj et al, 2017 (53) L L L H H L L L L
Seki et al. 2018 (54) ucC L L ucC ucC L L L L
Shen et al 2018 (55) L L L ucC ucC L L L L
Naitoh et al 2018 (56) ucC L L ucC ucC L L L L
Ahuja et al 2018 (57) L L L ucC uC L L L L
Almalki et al 2018 (58) L L L ucC ucC L L L L
Chen et al 2018 (59) L L L ucC ucC L L L L
Wood et al 2018 (60) L L L ucC ucC L L L L
Dicker et al 2019 (61) L L L ucC ucC L L L L
Kam et al, 2020 (62) ucC L L ucC ucC L L L L
Park et al, 2020 (63) L L L ucC ucC L L L L
Lee et al, 2020 (64) L L L ucC ucC L L L L
Guerron et al, 2020 (65) L L L L L L L L L

L= low risk, UC = unclear, H = high risk



Supplementary Material 7: Example of AUC analysis
Model development studies Predicting success of metabolic surgery: age, body mass index, C-
peptide, and duration score.

Lee et al 2013 (16)
From table:

Table: pop = population achieving diabetes remission; disease: 0 = no diabetes remission, 1 =
diabetes remission

score pop disease
0 2 0
0 1 1
1 6 0
1 3 1
2 17 0
2 13 1
3 13 0
3 11 1
4 10 0
4 7 1
5 6 0
5 8 1
6 4 0
6 20 1
7 3 0
7 20 1
8 0 0
8 15 1
9 0 0
9 13 1
10 0 0
10 4 1

Analysis: roctab disease score
[fweight= pop |
ROC -Asymptotic Normal--
Obs  Area Std. Err. [95% Conf. Interval]
176 0.7909  0.0329 0.72636  0.85539

A probability score for preoperative prediction of type 2 diabetes remission following RYGB
surgery. Still CD, Wood GC, Benotti P, Petrick AT, Gabrielsen J, Strodel WE, et al. Lancet
Diabetes Endocrinol. 2014 score (17)

From table S6 DiaRem score:
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Table: pop = population achieving diabetes remission; disease: 0 = no diabetes remission, 1 =

diabetes remission

scoring class pop disease
0-2 5 3 0
0-2 5 20 1
3-7 4 27 0
3-7 4 48 1
8-12 3 42 0
8-12 3 12 1
13- 17 2 133 0
13- 17 2 17 1
18- 22 1 52 0
18- 22 1 1 1

roctab disease class [fweight=pop]

ROC -Asymptotic Normal--
Obs  Area Std. Err.
[95% Conf. Interval]
355 0.8404  0.0231 0.79522  0.88560

Prognostic factors and a new preliminary scoring system for remission of type 2 diabetes
mellitus after laparoscopic sleeve gastrectomy; Akira Umemura (39)

Table: pop = population achieving diabetes remission; disease: 0 = no diabetes remission, 1 =

diabetes remission

score score disease | pop
range

Poor 1 0 8
Poor 1 1 7
Moderate | 2 0 3
Moderate | 2 1 5
Good 3 0 0
Good 3 1 26

roctab disease score [fweight= pop |, graph summary

ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
49 0.8648  0.0456 0.77538  0.95428
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Validation studies Preoperative Prediction of Type 2 Diabetes Remission After Gastric Bypass

Surgery:

A Comparison of DiaRem Scores and ABCD Scores. Lee et al (48)

Validation of ABCD score From
Table 4:

Table: popl = population achieving diabetes remission defined as hbalc of 6.0%, pop2 =
population achieving diabetes remission defined as hbalc of 6.5%, disease: 0 = no diabetes

remission, 1 = diabetes remission

score popl pop2 disease
0 2 1 0
0 0 1 1
1 13 11 0
1 1 3 1
2 25 20 0
2 3 8 1
3 25 19 0
3 16 22 1
4 25 17 0
4 17 25 1
5 10 4 0
5 19 25 1
6 10 3 0
6 23 30 1
7 4 3 0
7 23 24 1
8 1 0 0
8 16 17 1
9 0 0 0
9 11 11 1
10 0 0 0
10 1 1 1

Complete remission roctab disease score [fweight= popl |
ROC -Asymptotic Normal--
Obs  Area Std. Err. [95% Conf. Interval]
245  0.8198  0.0258 0.76918  0.87048

Partial remission. roctab disease score [fweight= pop?2 |
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
245 0.8176  0.0274 0.76389  0.87123
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Validating DiaRem score

Table: pop = population achieving diabetes remission defined as hbAlc of 6.5%; disease: 0 =

no diabetes remission, 1 = diabetes remission

score score pop disease
0-2 5 0 0
0-2 5 5 1
3-7 4 10 0
3-7 4 58 1
8-12 3 61 0
8-12 3 47 1
13-17 |2 13 0
13-17 |2 8 1
1822 |1 31 0
1822 |1 12 1

Complete and partial remission. roctab disease score [fweight= pop]
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
245  0.7319  0.0296 0.67393  0.78995

Predictors of long-term diabetes remission after metabolic surgery; Lee MH et al (45)

From Table 6:

Table: popl = CR = population achieving diabetes remission defined as hbalc of 6.0%; pop2

= PR= population achieving diabetes remission defined as hbalc of 6.5%; disease: 0 = no

diabetes remission, 1= diabetes remission

CR PR
score popl pop2 disease
1 4 3 0
1 0 1 1
2 1 1 0
2 0 0 1
3 7 5 0
3 1 3 1
4 9 6 0
4 4 7 1
5 10 5 0
5 5 10 1
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6 3 2 0
6 11 12 1
7 12 3 0
7 16 25 1
8 6 2 0
8 18 22 1
9 5 3 0
9 25 27 1
10 3 3 0
10 17 17 1

Complete remission. roctab disease score [fweight= popl |
ROC -Asymptotic Normal--
Obs  Area Std.Err. [95% Conf. Interval]
157  0.7631 0.0398 0.68507 0.84105

Partial remission disease score [fweight= pop2 |
ROC -Asymptotic Normal--
Obs  Area Std.Err. [95% Conf. Interval]
157 0.7323  0.0572 0.62012  0.84445

The Effect and Predictive Score of Gastric Bypass and Sleeve Gastrectomy on Type 2 Diabetes
Mellitus Patients with BMI <30 kg/m? (46)
From Table 6:

Table: popl = CR = population achieving diabetes remission defined as hbalc of 6.0%; pop2
= PR = population achieving diabetes remission defined as hbalc of 6.5%; disease: 0 =no
diabetes remission, 1 = diabetes remission

CR PR
Score | popl pop2 disease
0 3 2 0
0 0 1 1
1 12 9 0
1 0 3 1
2 19 14 0
2 2 7 1
3 12 8 0
3 5 9 1
4 9 6 0
4 4 7 1
5 3 2 0
5 5 6 1
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Complete remission roctab disease score [fweight= popl |

ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
80 0.8087  0.0509 0.70903  0.90847

Partial remission. roctab disease score [fweight= pop2 |
ROC -Asymptotic Normal--
Obs  Area Std.Err. [95% Conf. Interval]
80 0.7164  0.0564 0.60575  0.82702

Metabolic Surgery for Diabetes Treatment: Sleeve Gastrectomy or Gastric Bypass World
journal of surgery. 2017;41(1):216-23. Lee W-J, Chong K, Aung L, Chen S-C, Ser K-H, Lee Y-C
(49)

From tables 6 and 7 of Lee et al (49):

Table: popl = population achieving diabetes remission in SG at 1 yr; pop2 = population
achieving diabetes remission in gastric bypass at 1 year; pop3 = population achieving diabetes
remission in SG at 5 years; pop4 = population achieving diabetes remission in gastric bypass
at 5 years; disease: 0 = no diabetes remission, 1 = diabetes remission

SG lyr | GB 1yr | SG 5 GBS
yr yr

score score disease | popl pop2 pop3 pop4
range
2-0 1 0 5 57 3 15
2-0 1 1 0 9 0 3
4-3 2 0 12 70 9 22
4-3 2 1 4 61 0 6
6-5 3 0 16 27 10 5
6-5 3 1 16 84 0 17
8-7 4 0 13 5 0 4
8-7 4 1 26 79 9 22
10-9 5 0 2 1 0 0
10-9 5 1 15 67 3 15

109 460 34 109
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SG at 1 year, roctab disease score [fweight= popl]
ROC -Asymptotic Normal--
Obs  Area Std.Err. [95% Conf. Interval]
109 0.7432  0.0450 0.65501 0.83133

RYGB at 1 year, roctab disease score [fweight= pop2]
ROC -Asymptotic Normal--
Obs  Area Std.Err.  [95% Conf. Interval]
460 0.8483  0.0171 0.81484 0.88185

SG at 5 year, roctab disease score [fweight= pop3]
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
34 1.0000  0.0000 1.00000  1.00000

RYGB at 5 year roctab disease score [fweight= pop4]
ROC -Asymptotic Normal--
Obs  Area Std.Err.  [95% Conf. Interval]
109 0.8654  0.0344 0.79796  0.93289

Do Bariatric Surgery-Related Type 2 Diabetes Remission Predictors Add Clinical Value? A
Study on Asian Indian Obese Diabetics; Raj et al (53)
From table 6:

Table: pop 1= total = population achieving diabetes remission irrespective of type of surgery;
pop2 = PR = population achieving diabetes remission in SG; pop3 = PR = population
achieving diabetes remission in RYGB; disease: 0 = no diabetes remission, 1 = diabetes
remission

total SG RYGB
score score disease | popl pop2 pop3
range
1-5 1 0 5 3 2
1-5 1 1 15 6 9
6-7 2 0 5 4 1
6-7 2 1 22 18 4
>7 3 0 0 0
>7 3 1 6 4 2
53 35 18

Total roctab disease score [fweight= popl]
ROC -Asymptotic Normal--
Obs  Area Std. Err. [95% Conf. Interval]
53 0.6105  0.0834 0.44693  0.77400
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SG roctab disease score [fweight= pop2]
ROC -Asymptotic Normal--
Obs  Area Std.Err. [95% Conf. Interval]
35 0.6480  0.0987 0.45443  0.84149

RYGB roctab disease score [fweight= pop3]
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
18 0.5556  0.1623 0.23751  0.87360

The Effects of Laparoscopic Sleeve Gastrectomy with Duodenojejunal Bypass on Japanese
Patients with BMI < 35 kg/m2 on Type 2 Diabetes Mellitus and the Prediction of Successful
Glycemic Contro; Seki et al (54)

From table 6:

Table: popl = CR = population achieving diabetes remission defined as hbalc of 6.0%; pop2
= PR = population achieving diabetes remission defined as hbalc of 6.5%; disease: 0 = no
diabetes remission, 1 = diabetes remission

CR PR
score popl pop2 disease
1 6 5 0
1 0 1 1
2 16 13 0
2 0 3 1
3 15 9 0
3 6 12 1
4 4 3 0
4 5 6 1
5 3 2 0
5 6 7 1
6 1 1 0
6 1 1 1
7 0 0 0
7 2 2 1

65 65

Complete remission, roctab disease score [fweight= popl]
ROC -Asymptotic Normal--
Obs  Area Std. Err. [95% Conf. Interval]
65 0.8461 0.0451 0.75767  0.93455

Partial remission roctab disease score [fweight= pop2]
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ROC -Asymptotic Normal--
Obs Area Std. Err.  [95% Conf. Interval]
65 0.7514  0.0592 0.63544 0.86740

Predicting remission of diabetes post metabolic surgery: a comparison of ABCD, diarem, and

DRS scores; Ahuja et al (57)
From table 3:

Score rangel = ABCD score, score range 2 = DiaRem score, score range 3 = DRS score popl
= CR = population achieving diabetes remission in ABCD scoring; pop2 = PR = population
achieving diabetes remission defined as hbalc of 6.5%; disease: 0 = no diabetes remission, 1

= diabetes remission

ABCD DiaRem DRS

score | score | pop | diseas | score |score | pop | score score | pop3 | disease

range | 1 1 e range |2 2 range3 3 3

1 2

2-0 1 7 0 18-22 |1 10 severe 1 0 0

2-0 | 3 1 18-22 |1 3 severe 1 0 1

4-3 2 10 |0 13-17 |2 10 Moderat | 2 17 0
e

4-3 2 4 1 13-17 | 2 3 Moderat | 2 9 1
e

6-5 3 9 0 8-12 |3 3 Mild 3 12 0

6-5 3 29 1 8-12 |3 10 Mild 3 64 1

8-7 4 4 0 3-7 4 7

8-7 4 32 1 3-7 4 40

10-9 |5 0 0 0-2 5 0

10-9 |5 4 1 0-2 5 16

ABCD roctab disease scorel [fweight= popl]
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
102 0.7861 0.0488 0.69048 0.88174

DiaRem roctab disease score2 [fweight= pop2]
ROC -Asymptotic Normal--
Obs  Area Std. Err.  [95% Conf. Interval]
102 0.8403  0.0415 0.75898  0.92158

DRS roctab disease3 score3 [fweight= pop3]
ROC -Asymptotic Normal--
Obs  Area Std. Err. [95% Conf. Interval]
102 0.7315  0.0504 0.63266 0.83026
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Laparoscopic gastric bypass for the treatment of type 2 diabetes: a comparison of Roux-en-Y

versus single anastomosis gastric bypass. 2018;14(4); Almalki et al (58)

From table 7:

In RYGB

Table: pop = population achieving diabetes remission; disease: 0 = no diabetes remission, 1 =

diabetes remission

RYGB In RYGB with single
anastomosis
score score pop disease | score range | score | pop
range
2-0 1 28 0 2-0 1 14
2-0 1 3 1 2-0 1 5
4-3 2 28 0 4-3 2 17
4-3 2 18 1 4-3 2 30
6-5 3 10 0 6-5 3 11
6-5 3 28 1 6-5 3 46
8-7 4 4 0 8-7 4 3
8-7 4 26 1 8-7 4 70
10-9 5 0 0 10-9 5 0
10-9 5 12 1 10-9 5 53
roctab disease score [fweight= pop]
ROC -Asymptotic Normal--

Obs Area  Std. Err.

157  0.8397

In RYGB with single anastomosis, roctab disease score [fweight= pop]

ROC

0.0301

Obs Area Std. Err.

249  0.8517

0.0269

[95% Conf. Interval]
0.78084  0.89864

-Asymptotic Normal--
[95% Conf. Interval]
0.79903

0.90446

78



References

1. Mingrone G, Panunzi S, De Gaetano A, Guidone C, laconelli A, Leccesi L, et al. Bariatric
surgery versus conventional medical therapy for type 2 diabetes. The New England journal of
medicine. 2012;366(17):1577-85.

2. Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Aminian A, Brethauer SA, et al. Bariatric Surgery
versus Intensive Medical Therapy for Diabetes - 5-Year Outcomes. N Engl ] Med.
2017;376(7):641-51.

3. PM,VC,PS,CWIR, AAT, RS. Changes in glycaemic control, blood pressure and lipids 5
years following laparoscopic adjustable gastric banding combined with medical care in
patients with type 2 diabetes: a longitudinal analysis. Clinical obesity. 2018;8(3).

4, Avenell A, Robertson C, Skea Z, Jacobsen E, Boyers D, Cooper D, et al. Bariatric surgery,
lifestyle interventions and orlistat for severe obesity: the REBALANCE mixed-methods
systematic review and economic evaluation. 2018.

5. SinghP, SubramaniaA, AdderleyN, GokhaleK, SinghalR, Bellarys, et al. Impact of Bariatric
Surgery on Cardiovascular Outcomes and Mortality: A Population-Based Cohort Study. The
British journal of surgery. 2020;107(4):432- 42.

6. Singh P, Adderley N, Subramanian A, Gokhale K, Singhal R, Toulis KA, et al. The Impact of
Bariatric Surgery on Incident Microvascular Complications in Patients With Type 2 Diabetes:
A Matched Controlled Population-Based Retrospective Cohort Study. Diabetes Care 2021.
2021;44 (1):116-24.

7. Brethauer SA, Aminian A, Romero-Talamas H, Batayyah E, Mackey J, Kennedy L, et al. Can
diabetes be surgically cured? Long-term metabolic effects of bariatric surgery in obese
patients with type 2 diabetes mellitus. Annals of surgery. 2013;258(4):628-36; discussion 36.

8. Schauer PR, Mingrone G, lkramuddin S, Wolfe B. Clinical Outcomes of Metabolic Surgery:
Efficacy of Glycemic Control, Weight Loss, and Remission of Diabetes. Diabetes Care.
2016;39(6):902-11.

9. Mingrone G, Guidone C, laconelli A, Nanni G, Castagneto M, Panunzi S, et al. Bariatric-
metabolic surgery versus conventional medical treatment in obese patients with type 2
diabetes: 5 Year follow-up of an open-label, single-centre, randomised controlled trial. The
Lancet. 2015;386(9997):964-73.

10. FR,DM N, RHE, PRS, KG A, PZZ, et al. Metabolic Surgery in the Treatment Algorithm for
Type 2 Diabetes: A Joint Statement by International Diabetes Organizations. Diabetes care.
2016;39(6).

11. Mahmood F, Munasinghe A, MacAno C, Sharples A, Etumnu N, Katreddy V, et al. Factors
predicting remission or improvement of type 2 diabetes after gastric bypass. 33rd American
Society for Metabolic Surgery Annual Meeting, ASMBS 2016 United States. 2016;12(7
Supplement 1):5165-S6.

12. Panunzi S, Carlsson L, De Gaetano A, Peltonen M, Rice T, Sjostrom L, et al. Determinants of
Diabetes Remission and Glycemic Control After Bariatric Surgery. Diabetes care.
2016;39(1):166-74LID.

13. Dixon JB, Chuang LM, Chong K, Chen SC, Lambert GW, Straznicky NE, et al. Predicting the
glycemic response to gastric bypass surgery in patients with type 2 diabetes. Diabetes care.
2013;36(1):20-6LID.

14. Blackstone R, Bunt JC, Cortes MC, Sugerman HJ. Type 2 diabetes after gastric bypass:
remission in five models using HbA1c, fasting blood glucose, and medication status. Surgery
for obesity and related diseases: official journal of the American Society for Bariatric Surgery.
2012;8(5):548-55LID.

79



15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

29.

30.

31.

Park JY. Prediction of Diabetes Remission after Bariatric or Metabolic Surgery. 2018.

Lee W-J, Hur Kyung Y, Lakadawala M, Kasama K, Wong Simon KH, Chen S-C, et al. Predicting
success of metabolic surgery: age, body mass index, C-peptide, and duration score. Surgery
for obesity and related diseases: official journal of the American Society for Bariatric Surgery.
2013;9(3):379-84.

Still CD, Wood GC, Benotti P, Petrick AT, Gabrielsen J, Strodel WE, et al. A probability score
for preoperative prediction of type 2 diabetes remission following RYGB surgery. Lancet
Diabetes Endocrinol. 2014;2(1):38-45.

Aminian A, Brethauer SA, Andalib A, Nowacki AS, Jimenez A, Corcelles R, et al. Individualized
Metabolic Surgery Score: Procedure Selection Based on Diabetes Severity. Annals of surgery.
2017;266(4):650-7LID.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews
and metaanalyses: the PRISMA statement. 2009.

Geersing GJ, Bouwmeester W, Zuithoff P, Spijker R, Leeflang M, Moons KG. Search filters for
finding prognostic and diagnostic prediction studies in Medline to enhance systematic
reviews. PLoS One. 2012;7(2):e32844.

EPPI-Reviewer 4: systematic review software 2017 [Available from:
http://eppi.ioe.ac.uk/cms/Default.aspx?alias=eppi.ioe.ac.uk/cms/er4.

DistillerSR. DistillerSR 2020 [Available from:
https://www.evidencepartners.com/products/distillersrsystematic-review-software/.

Karel G. M. Moons JAHdG, Walter Bouwmeester, Yvonne Vergouwe,. Critical Appraisal and
Data Extraction for Systematic Reviews of Prediction Modelling Studies: The CHARMS
Checklist. 2014 October.

Wolff RF, Kleijnen Systematic Reviews Y, United Kingdom (R.F.W., M.W.), Moons KGM, Julius
Center for Health Sciences and Primary Care and Cochrane Netherlands UMCU, Utrecht
University, Utrecht, the Netherlands (K.G.M., J.B.R.), Riley RD, Centre for Prognosis Research
RIfPCaHS, Keele University, Keele, United Kingdom (R.D.R.), et al. PROBAST: A Tool to Assess
the Risk of Bias and Applicability of Prediction Model Studies. Annals of Internal Medicine.
2019;170(1):51-8.

Moons KG, Altman DG, Vergouwe Y, Royston P. Prognosis and prognostic research:
application and impact of prognostic models in clinical practice. BMJ (Clinical research ed).
2009;338:b606.

Moons KG, Kengne AP, Woodward M, Royston P, Vergouwe Y, Altman DG, et al. Risk
prediction models: I. Development, internal validation, and assessing the incremental value
of a new (bio)marker. Heart. 2012;98(9):68390.

Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, Obuchowski N, et al. Assessing the
performance of prediction models: a framework for some traditional and novel measures.
Epidemiology. 2010;21(1):128-38. 28. Mandrekar JN. Receiver operating characteristic
curve in diagnostic test assessment. J Thorac Oncol. 2010;5(9):1315-6.

Zhang R, Borisenko O, Telegina |, Hargreaves J, Ahmed AR, Sanchez Santos R, et al.
Systematic review of risk prediction models for diabetes after bariatric surgery. The British
journal of surgery. 2016;103(11):1420-7.

Hanson RK. Assessing the Calibration of Actuarial Risk Scales: A Primer on the E/O Index.
http://dxdoiorg/101177/0093854816683956. 2016.

Robert M, Ferrand-Gaillard C, Disse E, Espalieu P, Simon C, Laville M, et al. Predictive factors
of type 2 diabetes remission 1 year after bariatric surgery: impact of surgical techniques.
Obes Surg. 2013;23(6):770-5.

80



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Still Christopher D, Wood GC, Benotti P, Petrick Anthony T, Gabrielsen J, Strodel William E, et
al. Preoperative prediction of type 2 diabetes remission after Roux-en-Y gastric bypass
surgery: a retrospective cohort study. The lancet Diabetes & endocrinology. 2014;2(1):38-45.
Ugale S, Gupta N, Modi KD, Kota SK, Satwalekar V, Naik V, et al. Prediction of remission after
metabolic surgery using a novel scoring system in type 2 diabetes — a retrospective cohort
study. Journal of Diabetes & Metabolic Disorders. 2014;13(1):89.

Aron-Wisnewsky J, Sokolovska N, Liu Y, Comaneshter DS, Vinker S, Pecht T, et al. The
advanced-DiaRem score improves prediction of diabetes remission 1 year post-Roux-en-Y
gastric bypass. Diabetologia. 2017;60(10):1892-902.

Pucci A, Tymoszuk U, Cheung WH, Makaronidis JM, Scholes S, Tharakan G, et al. Type 2
diabetes remission 2 years post Roux-en-Y gastric bypass and sleeve gastrectomy: The role of
the weight loss and comparison of DiaRem and DiaBetter scores. Diabetic Medicine. 2017.
CDS,PB, TM,AC, GCW. DiaRem2: Incorporating Duration of Diabetes to Improve
Prediction of Diabetes Remission After Metabolic Surgery. Surgery for obesity and related
diseases: official journal of the American Society for Bariatric Surgery. 2019;15(5).

Debedat J, Sokolovska N, Coupaye M, Panunzi S, Chakaroun R, Genser L, et al. Long-term
Relapse of Type 2 Diabetes After Roux-en-Y Gastric Bypass: Prediction and Clinical Relevance.
Diabetes Care. 2018;41(10):2086-95.

Moh Mei C, Cheng A, Tan Chun H, Lim Boon K, Tan Bo C, Ng D, et al. Metabolic Surgery
Diabetes Remission (MDR) Score: a New Preoperative Scoring System for Predicting Type 2
Diabetes Remission at 1 Year After Metabolic Surgery in the Singapore Multi-ethnic Asian
Setting. Obesity surgery. 2020;30(9):3387-93.

Umemura A, Sasaki A, Nitta H, Nikai H, Baba S, Takahara T, et al. Prognostic factors and a
new preliminary scoring system for remission of type 2 diabetes mellitus after laparoscopic
sleeve gastrectomy. Surgery Today. 2020.

Hayes MT, Hunt LA, Foo J, Tychinskaya Y, Stubbs RS. A model for predicting the resolution of
type 2 diabetes in severely obese subjects following Roux-en Y gastric bypass surgery. Obes
Surg. 2011;21(7):910-6.

Ramos-Levi AM, Matia P, Cabrerizo L, Barabash A, Sanchez-Pernaute A, Calle-Pascual AL, et
al. Statistical models to predict type 2 diabetes remission after bariatric surgery. Journal of
diabetes. 2014;6(5):472-7LID.

Cotillard A, Poitou C, Duchateau-Nguyen G, Aron-Wisnewsky J, Bouillot JL, Schindler T, et al.
Type 2 Diabetes Remission After Gastric Bypass: What Is the Best Prediction Tool for
Clinicians? Obesity surgery. 2015;25(7):112832LID.

Stallard R, Sahai V, Drover JW, Chun S, Keresztes C. Defining and Using Preoperative
Predictors of Diabetic Remission Following Bariatric Surgery. JPEN J Parenter Enteral Nutr.
2016;42(3):573-80.

Lee W-J, Almulaifi A, Tsou JJ, Ser K-H, Lee Y-C, Chen S-C. Laparoscopic sleeve gastrectomy for
type 2 diabetes mellitus: predicting the success by ABCD score. Surgery for obesity and
related diseases: official journal of the American Society for Bariatric Surgery.
2015;11(5):991-6.

Lee MH, Lee W-J, Chong K, Chen J-C, Ser K-H, Lee Y-C, et al. Predictors of long-term diabetes
remission after metabolic surgery. Journal of gastrointestinal surgery: official journal of the
Society for Surgery of the Alimentary Tract. 2015;19(6):1015-21.

Lee W-J, Almulaifi A, Chong K, Chen S-C, Tsou JJ, Ser K-H, et al. The Effect and Predictive
Score of Gastric Bypass and Sleeve Gastrectomy on Type 2 Diabetes Mellitus Patients with
BMI<30 kg/m(2). Obesity surgery. 2015;25(10):1772-8.

81



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sampaio-Neto J, Nassif LS, Branco-Filho AJ, Bolfarini LA, Loro LS, de SM, et al. EXTERNAL
VALIDATION OF THE DIAREM SCORE AS REMISSION PREDICTOR OF DIABETES MELLITUS TYPE
2 IN OBESE PATIENTS UNDERGOING ROUXEN-Y GASTRIC BYPASS. Arq Bras Cir Dig.
2015;28(Suppl 1):19-22.

Lee W-J, Chong K, Chen S-C, Zachariah J, Ser K-H, Lee Y-C, et al. Preoperative Prediction of
Type 2 Diabetes Remission After Gastric Bypass Surgery: a Comparison of DiaRem Scores and
ABCD Scores. Obesity surgery. 2016;26(10):2418-24.

Lee W-J, Chong K, Aung L, Chen S-C, Ser K-H, Lee Y-C. Metabolic Surgery for Diabetes
Treatment: Sleeve Gastrectomy or Gastric Bypass? World journal of surgery. 2017;41(1):216-
23.

Mehaffey JH, Mullen MG, Mehaffey RL, Turrentine FE, Malin SK, Kirby JL, et al. Type 2
diabetes remission following gastric bypass: does diarem stand the test of time? Surgical
endoscopy. 2017;31(2):538-42LID.

Honarmand K, Chetty K, Vanniyasingam T, Anvari M, Chetty VT. Type 2 diabetes remission
rates 1-year postRoux-en-Y gastric bypass and validation of the DiaRem score: the Ontario
Bariatric Network experience. Clinical obesity. 2017;7(3):176-82LID.

Tharakan G, Scott R, Szepietowski O, Miras AD, Blakemore Al, Purkayastha S, et al.
Limitations of the DiaRem Score in Predicting Remission of Diabetes Following Roux-En-Y
Gastric Bypass (RYGB) in an ethnically Diverse Population from a Single Institution in the UK.
Obesity surgery. 2017;27(3):782-6LID.

Praveen Raj P, Bhattacharya S, Saravana Kumar S, Sabnis SC, Parthasarathi R, Swamy PDK, et
al. Do Bariatric Surgery-Related Type 2 Diabetes Remission Predictors Add Clinical Value? A
Study on Asian Indian Obese Diabetics. Obesity surgery. 2017;27(8):2113-9LID.

Seki Y, Kasama K, Yasuda K, Yokoyama R, Porciuncula JP, Kurokawa Y. The Effects of
Laparoscopic Sleeve Gastrectomy with Duodenojejunal Bypass on Japanese Patients with
BMI < 35 kg/m2 on Type 2 Diabetes Mellitus and the Prediction of Successful Glycemic
Control. Obesity surgery. 2018;28(8):2429-38.

Shen SC, Wang W, Tam KW, Chen HA, Lin YK, Wang SY, et al. Validating Risk Prediction
Models of Diabetes Remission After Sleeve Gastrectomy. Obes Surg. 2018.

Naitoh T, Kasama K, Seki Y, Ohta M, Oshiro T, Sasaki A, et al. Efficacy of Sleeve Gastrectomy
with Duodenallejunal Bypass for the Treatment of Obese Severe Diabetes Patients in Japan:
a Retrospective Multicenter Study. Obesity Surgery. 2018;28(2):497-505.

Ahuja A, Tantia O, Chaudhuri T, Khanna S, Seetharamaiah S, Majumdar K, et al. Predicting
remission of diabetes post metabolic surgery: a comparison of ABCD, diarem, and DRS
scores. Obesity Surgery. 2018:1-7.

Almalki OM, Lee W-J, Chong K, Ser K-H, Lee Y-C, Chen S-C. Laparoscopic gastric bypass for the
treatment of type 2 diabetes: a comparison of Roux-en-Y versus single anastomosis gastric
bypass. Surgery for obesity and related diseases: official journal of the American Society for
Bariatric Surgery. 2018;14(4):509-15.

Chen J-C, Hsu N-Y, Lee W-J, Chen S-C, Ser K-H, Lee Y-C. Prediction of type 2 diabetes
remission after metabolic surgery: a comparison of the individualized metabolic surgery
score and the ABCD score. Surgery for obesity and related diseases: official journal of the
American Society for Bariatric Surgery. 2018;14(5):640-5.

Craig Wood G, Horwitz D, Still CD, Mirshahi T, Benotti P, Parikh M, et al. Performance of the
DiaRem Score for Predicting Diabetes Remission in Two Health Systems Following Bariatric
Surgery Procedures in Hispanic and nonHispanic White Patients. Obesity Surgery.
2018;28(1):61-8.

82



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

Dicker D, Golan R, Aron-Wisnewsky J, Zucker JD, Sokolowska N, Comaneshter DS, et al.
Prediction of LongTerm Diabetes Remission After RYGB, Sleeve Gastrectomy, and Adjustable
Gastric Banding Using DiaRem and Advanced-DiaRem Scores. Obes Surg. 2019;29(3):796-804.
Kam H, TuY, Pan J, Han J, Zhang P, Bao Y, et al. Comparison of Four Risk Prediction Models
for Diabetes Remission after Roux-en-Y Gastric Bypass Surgery in Obese Chinese Patients
with Type 2 Diabetes Mellitus. Obesity surgery. 2020;30(6):2147-57.

Park DG CY, Kim SH, Kim YJ. Diabetes Remission Rate after Sleeve Gastrectomy or Roux-en-Y
Gastric Bypass; Utilizing Individualized Metabolic Surgery Score for Korean Patients. ] Metab
Bariatr Surg. 2020;9:13-8.

Lee MH, Almalki OM, Lee WJ, Chen SC, Chen JC, Wu CC. Laparoscopic Sleeve Gastrectomy for
Type 2 Diabetes Mellitus: Long-Term Result and Recurrence of Diabetes. Obesity Surgery.
2020.

Guerron AD, Perez JE, Risoli T, Lee HJ, Portenier D, Corsino L. Performance and improvement
of the DiaRem score in diabetes remission prediction: a study with diverse procedure types.
Surgery for Obesity and Related Diseases. 2020.

Mehaffey JH, Mullen MG, Mehaffey RL, Turrentine FE, Malin SK, Schirmer B, et al. Diabetes
remission following gastric bypass: Does diarem stand the test of time? 2016 Scientific
Session of the Society of American Gastrointestinal and Endoscopic Surgeons, SAGES 2016
Boston, MA United States. 2016;30(SUPPL. 1):5461.

SF,PR,KC,AD, ER,AF. Top ten research priorities for type 2 diabetes: results from the
Diabetes UK-James Lind Alliance Priority Setting Partnership. The lancet Diabetes &
endocrinology. 2017;5(12).

AJ,IN,JO,ES, EN, ES. Duration of type 2 diabetes and remission rates after bariatric
surgery in Sweden 2007-2015: A registry-based cohort study. PLoS medicine. 2019;16(11).
Sjostrom L, Peltonen M, Jacobson P, Ahlin S, Andersson-Assarsson J, Anveden A, et al.
Association of bariatric surgery with long-term remission of type 2 diabetes and with
microvascular and macrovascular complications. JAMA. 2014;311(22):2297-304LID.
Arterburn DE, Bogart A, Sherwood NE, Sidney S, Coleman KJ, Haneuse S, et al. A multisite
study of long-term remission and relapse of type 2 diabetes mellitus following gastric bypass.
Obesity surgery. 2013;23(1):93-102LID. 71. Dogan K, Gadiot RP, Aarts EOQ, Betzel B, van
Laarhoven CJ, Biter LU, et al. Effectiveness and Safety of Sleeve Gastrectomy, Gastric Bypass,
and Adjustable Gastric Banding in Morbidly Obese Patients: a Multicenter, Retrospective,
Matched Cohort Study. Obes Surg. 2015;25(7):1110-8.

LD,YF,HL,YZ DQ,ST, et al. Comparative Effectiveness of Bariatric Surgeries in Patients
With Obesity and Type 2 Diabetes Mellitus: A Network Meta-Analysis of Randomized
Controlled Trials. Obesity reviews: an official journal of the International Association for the
Study of Obesity. 2020.

Leighton E, Sainsbury CA, Jones GC. A Practical Review of C-Peptide Testing in Diabetes.
Diabetes Ther. 82017. p. 475-87.

MP,RRR, TL,SES, FJS, DR M, et al. Resistance to Insulin Therapy Among Patients and
Providers: Results of the Cross-National Diabetes Attitudes, Wishes, and Needs (DAWN)
Study. Diabetes care. 2005;28(11).

&3





