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· The primary care perspective

What is Diabetes?

Diabetes is a group of metabolic disorders characterised by persistent hyperglycaemia which in turn causes many of the potential presenting symptoms:

Polyuria due to the osmotic diuresis.

Thirst due to fluids and electrolyte loss.

Blurred vision due to osmotic changes in the lens.

Pruritus vulvae or generalised pruritus.
Recurrent skin sepsis or candida infections.

Weight loss due to fluid depletion, fat and muscle breakdown.
Fatigue.

Diabetic Ketoacidosis.
Hyperosmolar non-ketotic coma.
Or it may present with the complications of diabetes:

MI/Angina

TIA/CVA

Peripheral vascular disease
Retinopathy – opportunist or as a consequence of visual loss

Peripheral neuropathy

Impotence

NB It may be asymptomatic, especially in type II diabetes.
Why is managing diabetes important?

Diabetes is responsible a significant increase in mortality (shortening life by an average of 6 to 8 years) mainly due to premature cardiovascular disease. It is also an important cause of morbidity:

Commonest cause of blindness < 60 years in the UK.

Commonest cause of end stage renal failure requiring dialysis in the UK.

Commonest cause of non-traumatic amputation in the UK.
Classification and terms 

Primary diabetes:
Type 1 & Type 2 diabetes
· Insulin-dependent (IDDM) and non-insulin dependent diabetes (NIDDM) have been renamed Type 1 and Type 2 diabetes

· The terms Type 1 and Type 2 were introduced to describe the cause of insulin dependent and non-insulin dependent diabetes respectively. Both of these pathological processes will be clinically staged by the treatment that they need – from diet to insulin

· Impaired Glucose Tolerance (IGT)* is a stage of impaired glucose regulation (Fasting plasma glucose ‹ 7.0 mmol/ and OGTT two hour value › 7.8mmol/l but ‹ 11.1 mmol/l).

· Impaired Fasting Glycaemia (IFG)* has been introduced to classify individuals who have fasting glucose values above the normal range but below those diagnostic of diabetes. (Fasting plasma glucose › 5.5 mmol/l but ‹ 7.0 mmol/l).

· The WHO in January 2011 added HBa1c as a diagnostic test for diabetes in non pregnant adults. Type 2 diabetes is diagnosed in adults who are not pregnant by a glycated haemoglobin (HbA1c) level of 6.5% (48 mmol/mol) or above. 


Diabetes UK recommends that all those with IFG should have an OGTT to exclude the diagnosis of diabetes, and are actively managed with life style advice. 
Secondary diabetes:
Iatrogenic: Steroids and thiazide diuretics
Pancreatic: Pancreatitis, hemochromatosis, cystic fibrosis, pancreatic surgery or pancreatic tumour.
Hormonal: Cushing’s, Phaeochromocytoma, Acromegaly or Thyrotoxicosis. 

Diagnosis

1. Diabetes symptoms (i.e. polyuria, polydipsia and unexplained weight loss) plus 

· a random venous plasma glucose concentration › 11.1 mmol/l or 

· or a fasting plasma glucose concentration › 7.0 mmol/l  or
· two hour plasma glucose concentration › 11.1 mmol/l two hours after 75g anhydrous glucose in an oral glucose tolerance test (OGTT). 

2. With no symptoms diagnosis should not be based on a single blood glucose result. At least one additional glucose test result on another day with a value in the diabetic range is essential, either fasting, from a random sample or from the two hour post glucose load. If the fasting or random values are not diagnostic the two-hour value should be used. 

A diagnosis of diabetes has important legal and medical implications for the patient and it is therefore essential to be secure in the diagnosis. 

Screening – The Wilson Criteria

The Wilson criteria for screening emphasized the important features of any screening program, as follows:
· The condition should be an important health problem. 

· The natural history of the condition should be understood.
· There should be a recognisable latent or early symptomatic stage. 

· There should be a test that is easy to perform and interpret, acceptable, accurate, reliable, sensitive and specific. 

· There should be an accepted treatment recognised for the disease. 

· Treatment should be more effective if started early. 

· There should be a policy on who should be treated. 

· Diagnosis and treatment should be cost-effective. 

· Case-finding should be a continuous process.
Screening for diabetes – BMJ 2002

A cross sectional survey of patients over 45 years to detect the prevalence of undiagnosed diabetes.

Prevalence = 0.2% in patients > 45 with no risk factors.

Prevalence = 2.8% in patients with a risk factor (Obesity, FH or Hypertension).

Screening for diabetes within primary care (using a fasting blood sugar) forms part of the annual review for patients with hypertension, IHD, CVA, TIA, PVD and dyslipidaemia in many practices.

What is the prevalence of diabetes?
Currently 2 million people in the UK have diabetes (20% Type1 and 80% Type 2) BUT the life time risk for a young adult is 10% due to its increasing prevalence. Many type 2 diabetics are asymptomatic and remain undiagnosed for years.
Type 1 diabetes
Type 1 diabetes accounts for approximately 20% of diabetics in the UK, classically occurring in younger people and often developing in spring and autumn, which may reflect its possible association with viral illness as a potential trigger. There is a genetic predisposition to type 1 diabetes (30% concordance in identical twins) but much less than in type 2 diabetes.
Patients usually have a short period of increasingly severe symptoms before they seek or require medical help (unlike type 2 diabetes). 

It is caused by autoimmune destruction of the beta cells of the pancreas producing an absolute deficiency of insulin (c.f. type 2) which will eventually produce diabetes and diabetic ketoacidosis. 
This failure of insulin production means that patients with type 1 diabetes need insulin treatment rather than oral hypoglycaemics.

Type 1 diabetes may be preceded by the appearance of a variety of islet cell antibodies (ICA) or anti insulin auto antibodies (IAA) – reflecting its autoimmune aetiology.
Auto antibodies against a variety of islet cell antigens including glutamic acid decarboxylase (GAD), IA-2 (a tyrosine phosphatase-like protein), and insulin provides early markers of autoimmune disease activity.
Measurement of these immunologic markers has been shown to be of considerable value in assisting with the diagnosis and management of patients with imminent type 1 diabetes and in predicting the development of diabetes in first-degree relatives of diabetic patients.
Type 2 diabetes
Type 2 diabetes accounts for approximately 80% of diabetic patients in the UK.

The increasing incidence of type 2 diabetes is a consequence of the increasing prevalence of obesity in the UK population (70% of Type 2 diabetics are obese). Increasing obesity results in increased insulin resistance, so that the body is less sensitive to the effects of endogenous insulin production by the pancreas. 
There is also a genetic predisposition to type 2 diabetes, as testified by 90% concordance in identical twins, but unlike type 1 diabetes there is no HLA association or autoimmune pathogenesis.

Insulin levels may be normal or elevated but its effect is blunted by insulin resistance causing blood glucose levels to rise.

1 in 5 (20%) adult in the UK are clinically obese BMI >30 
1 in 2 (50%) adults are overweight BMI > 25

By the age of six years 1 in 5 children are overweight (85th centile) and 1 in 15 (95th centile) are obese – they are twice as likely to become obese adults as children with a normal weight.
The W.H.O. declared obesity an epidemic in 1998!

The Metabolic Syndrome (Syndrome X)

The development of type 2 diabetes and the risks associated with it are inexorably linked to the metabolic syndrome. This is characterised by a group of metabolic risk factors in one person.  
They include:
· Central obesity (excessive fat tissue in and around the abdomen) 

· Atherogenic dyslipidaemia (mainly high triglycerides and low HDL cholesterol) 

· Raised blood pressure (130/85 mmHg or higher) 

· Insulin resistance or glucose intolerance (the body can’t properly use insulin or blood sugar) 

· Prothrombotic state (e.g., high fibrinogen or plasminogen activator inhibitor [–1] in the blood) 

· Proinflammatory state (e.g., elevated high-sensitivity C-reactive protein in the blood) 

The underlying causes of this syndrome are overweight/obesity, physical inactivity and genetic factors. People with the metabolic syndrome are at increased risk of coronary heart disease and other diseases related to arthrosclerosis and type 2 diabetes.

There are no well-accepted criteria for diagnosing the metabolic syndrome. The criteria proposed by the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) are the most current and widely used.

According to the ATP III criteria, the metabolic syndrome is identified by the presence of three or more of these components:

· Central obesity as measured by waist circumference:
Men — Greater than 40 inches
Women — Greater than 35 inches

· Elevated fasting triglycerides
· Lowered HDL cholesterol

· Elevated blood pressure
· Elevated fasting glucose 
The ATP III panel did not find evidence to recommend routine measurement of insulin resistance (e.g. increased fasting blood insulin), prothrombotic state or proinflammatory state.

MODY – Maturity Onset Diabetes of the Young
MODY is a type of diabetes affecting young people. It runs in families (autosomal dominant) and often develops before the age of 25 years. The main problem relates to reduced production of insulin by the pancreas. 
There are 6 genes which have been currently identified as causing MODY. 
The type of MODY inherited will depend on the gene responsible and are labeled as MODY 1 to MODY 6.
The  genes identified are:

HNF1-a  (accounts for 70% of cases) – responds well to sulphonylureas.
Glucokinase  - microvascular complications less common.
HNF1-b 

HNF4-a 

IPF1 very rare
Neuro D1 extremely rare
About 1-2% of people who have diabetes may have MODY and it is treated in the same way as type 2 diabetes but because of its autosomal dominant inheritance their children will have a 50% chance of becoming diabetic.
Some of the implications of diabetes

Patient
· Emotional – the shock of the diagnosis and the emotional bereavement steps associated with the loss of health e.g. denial, anger, guilt, depression etc. The anxieties associated with the diagnosis which is often a result of their health beliefs and personal experiences of outcomes for people with diabetes.
· Social – The management or complications of diabetes e.g. hypos may prevent or inhibit school trips, holidays, hobbies etc. The social stigma of diabetes may inhibit patients e.g. concerns over injecting at the restaurant table.
· Financial – potential job loss (HGV, PSV drivers etc), increased life, critical illness, income protection and travel insurance. Potential negative implications for career progression, due to occupational or employer prejudice. Lost opportunity costs incurred through time spent in hospitals, outpatients or GP diabetes clinics. Income lost due to sick leave.
· Physical – the symptoms of diabetes, the complications of diabetes etc.
· Medicinal – most diabetics are taking three or more medications.

GP
· Creating and implementing a policy for diabetes screening.

· Making sure the diagnosis is correct.

· Education and training issues for GPs.

· Developing a patient centered, evidence based approach to managing diabetes.

· Appropriate use of resources.
· Knowing when to refer.

· Data acquisition and recording.

· Audit of performance.

· GP income – (Diabetes Quality and Outcome measures under the New Contract).
· Personal and professional satisfaction of improved patient care.

Practice

· Organisation and delivery of the diabetes service within the practice.

· Developing effective call and recall procedures.

· Space required for delivering dedicated services e.g. for dietician, podiatrist, diabetes specialist nurse and GP.

· Education and training needs for GPs, Nurses and admin teams.

· IT support costs.

· Practice income – (Diabetes Quality and Outcome Framework targets).

· Improved practice reputation.


Consultation skills
Consultation skills are essential for achieving improved patient understanding of diabetes, its implications and treatment options.

The classical medical model relies on dealing with patients in isolation: taking a medical history, examination and investigation to produce a diagnosis, informing the patient of the diagnosis and prescribing a treatment. 

It does not take account of the patient’s; social issues, psychological factors, health/illness beliefs, attitudes to treatment, fears or expectations. Furthermore, it commonly does not involve the patient in shared decision making.

Podell’s rule of thirds

The limitations of the classical medical model help explain Podell’s rule of thirds, which related to compliance with treatment:

1/3 of patients will comply closely enough with treatment to make it effective.

1/3 of patients don’t comply closely enough with treatment rendering it ineffective.

1/3 of patients do no accept or follow treatment at all.

Helman Folk – The antecedents to the consultation

By the time a patient makes an appointment they have already refined their ideas, concerns, expectations and health beliefs through their self assessment of their symptoms:
What is the problem?

What are the potential causes?

How likely are they?

What are the potential consequences – psychological, social, financial, physical etc?

What are my treatment options?

What are the pros and cons of treatment?

Should I seek advice or treatment (Friend, family, internet, complimentary care or even their GP!)?

Their consequent medical health understanding may be accurate or informed or based on misconception or previous adverse experience.

Pendleton

Pendleton defined a number of tasks that should be considered during a consultation to achieve improved patient medical health understanding. They do not all have to be tackled in the first consultation!
· Defining the reason for attendance
Establishing the nature of the problem, its history and the consequences for the patient.
Determining the patients health ideas and beliefs, fears and expectations (disease & treatment).

· Consideration of  ongoing existing medical problems

· Achieving a shared understanding of the problem with the patient (the nature of the problem, its cause and potential consequences) which best fits with their health beliefs, using language they understand. Don’t forget to check that they have understood your explanation!

· Achieving a shared understanding of the treatment options available to them.

· Involving the patient in shared decision making to define their management plan which best fits with their health beliefs and social / financial situation – to which they feel able to commit.

· Managing the consultations and health service resources appropriately.
· Establishing and maintaining a relationship with the patient.

Roger Neighbour

He defined another patient orientated consultation model which added two important tasks missing from the Pendleton model; safety netting (If I (the GP) am correct what do I expect to happen? How will I know if I’m wrong, what will I do if I’m wrong?) and housekeeping (Am I emotionally ready for the next patient?).

Utilising these models can improve; the effectiveness of your consultations, your professional satisfaction and patient outcomes.
Glycaemic control
The landmark United Kingdom Prospective Diabetes Study (UKPDS) was a randomised, prospective, controlled trial examined the health outcomes following intensive glycaemic control and blood pressure control in 5,102 newly diagnosed type 2 diabetics. It established that the risk of diabetes macro and microvascular complications could be reduced with tight glycaemic
 and blood pressure control
. 
UKPDS conclusions:

Intensive blood glucose control by either sulphonylurea or insulin substantially reduced the risk of microvascular complications (nephropathy and retinopathy by 1/3), but not macrovascular disease (e.g. stroke, myocardial infarction).
In the intensive control group metformin decreased the risk of diabetes related complications in obese type II diabetics; metformin was associated with fewer hypoglycaemic attacks and less weight gain than insulin and sulphonylureas.
As a consequence of this study target glycosylated haemoglobin concentration should be 6.5 - 7.0% or less. The ACCORD trial demonstrated that there is a lower limit to the reduction in HbA1c. The CVD risk increased in Type 2 diabetics when the HbA1c was lowered below 6.5%.
Another important trial, the smaller Diabetes Control and Complications Trial (DCCT) trial
, was a randomised, prospective, controlled trial that demonstrated improved microvascular outcomes with intensive glycaemic control in 1,444 type 1 diabetics.
Long term follow up of both the DCCT and UKPDS patients who had been randomised to tighter glycaemic control revealed reduced cardiovascular morbidity and mortality (BMJ 2008). This is in contrast to the findings at the end of the trial which demonstrated reduced microvascular complications but not macrovascular complications. 
The changing of HbA1c reporting from 2009

From April 2009 the DCCT aligned measurement of HbA1c will be phased out and replaced with the new IFCC method which has completely different units! Instead of being reported as a percentage it will be expressed in mmol/l.
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BP treatment

The United Kingdom Prospective Diabetes Study (UKPDS) - 39 looked at tight blood pressure control (<150/85 mmHg) vs less tight control (180/115 mmHg) in the prevention of microvascular and macrovascular complications.
The tight BP control group had:

· 1/3 reduction in diabetes related deaths. 

· 1/3 reduction in macrovascular disease. 

· 1/3 reduction in microvascular end points e.g. reduced risk of photocoagulation.

· 1/3 of the tight control group required treatment with three or more treatments to achieve target blood pressure.
Initial treatment was with captopril or atenolol. These treatments were equally effective in reducing the risk of fatal and non-fatal diabetic complications in type 2 diabetics.
Other important trials pertaining to hypertension include the ALLHAT and ASCOT trials,  the latter demonstrating that betablockers as a first line agent double the chance of patients developing diabetes and increases CVD risk hence their relegation to the status of a fourth line agent.
NICE guidelines for BP & Type 2 diabetes 
In the absence of nephropathy the threshold for commencing antihypertensive therapy is a sustained BP >= 140/90 mmHg and the optimal treatment blood pressure target is < 140/<80 mmHg. If nephropathy is present the target BP reduced to < 130/80.
Control of hypertension, particularly systolic blood pressure (SBP) is more difficult in patients with diabetes (particularly difficult to reduce SBP below 140 mmHg), the majority requiring two or more antihypertensive agents (ALLHAT).

BP reduction and ACE inhibitors lead to a reduction in the rate of renal decline. If ACE inhibitor treatment has to be discontinued because of persistent cough then the recommended alternative is an angiotensin receptor blocker (ARB). 

Type I and 2 diabetics with persistent microalbuminuria or proteinuria and any level of BPs are likely to benefit from ACE inhibition (or ARB) titrated to recommended maximum dose (e.g. Ramipril 10mg a day).

  

If the patient does not have microalbuminuria then use thiazides, long acting dihydropyridines (e.g. amlodipine), ACE inhibitors or angiotensin II receptor antagonists, as first-line treatments (UKPDS, ALLHAT etc) using the A/CD protocol. Do not prescribe short-acting calcium channel blockers and consider avoiding doxazosin or using it as a second line agent in light of adverse outcomes in the ALLHAT trial. Also Betablockers have become a fourth line agent following the excess mortality demonstrated in the ASCOT trial.
Diabetics > 50 years with controlled hypertension should also be offered aspirin – irrespective of CVD risk assessment! (Hypertension Optimal Treatment trial & BHS 2004 guidelines). There is however on-going debate over the merits of aspirin as a primary prevention strategy in Type 2 diabetes (BMJ 2008).
Lipid treatment

Type 2 diabetes

All type 2 diabetics > 40 years of age should be considered for statin therapy irrespective of their cholesterol level following the Heart Protection and CARDs study. In some Type 2 patients thought to be at low risk then the risk can be quantified using the UKPDS risk calculator and patients found to be at risk should be considered for statins and aspirin (See NICE guidelines for Type 2 diabetes 2008).
NICE recommend a treat to target approach with a target cholesterol of < 4.0 mmol/l and an LDL < 2.0 mmol/l.

Heart Protection Study
The landmark MRC/BHF Heart Protection Study 2003 recruited 20,000 patients of which 6000 had diabetes. Patients were randomised to 40 mg simvastatin daily or identical placebo for a 5 year period. 

The primary end-points were: first major coronary event or first major vascular event. Diabetics who did not have overt vascular disease at entry into the trial had a highly significant 33% reduction in the event rate in simvastatin-treated vs. placebo-treated patients even if their LDL prior to treatment was < 3.0 or total cholesterol < 5.0.
The Collaborative Atorvastatin Diabetes Study (CARDS)

Patients with type 2 diabetes (40 to 75 years) with no history of vascular disease were randomised to either atorvastatin 10mg per day or to placebo. In order to be included in the trial they needed one other risk factor for CVD which could include: hypertension, retinopathy, micro or macro albuminuria or being a current smoker. Patients also had to have LDL cholesterol below 4.4. mmol/l and a triglyceride level below 6.78 mmol/l to be included in the study. 
Of the 3000 patients in the study - about half the patients were over 60 years of age, one third were women and about one fifth were smokers. Patients receiving atorvastatin had a reduction in all cause mortality (1/4), coronary events (1/3), revascularisation procedures  (1/3) and fewer strokes (1/2). 

Type 1 diabetes
All type 1 diabetics with a 10 year CVD risk > 20% or a total cholesterol greater than 5.0mmol or LDL >2.5 should be considered for a statin. If they have a CVD risk >20% they should also be considered for aspirin.
Microproteinuria management

Microalbuminuria refers to the appearance of small but abnormal amounts of albumin in the urine. If measured, this protein excretion is between 30 and 300mg per 24hrs. 
Microalbuminuria in type 2 diabetics is predictive of total mortality, cardiovascular mortality and cardiovascular morbidity.
It heralds the onset of diabetic nephropathy which results in 30% of type1 diabetics developing chronic renal failure and 25% (figure may be inaccurate – still disputed) of type 2 diabetics developing chronic renal failure.
Diabetics can be screened for microalbuminuria by requesting an ACR (Albumin Creatinine Ratio) on a random sample of urine. All patients with type 2 diabetes and all type 1 patients who had had diabetes for over 5 years should be at least screened annually.

The ACR for men should be less than 2.5 and for women less than 3.5.

False +ve results may occur after strenuous exercise, UTIs or glomerulonephritis.

The key trials relating to microproteinuria are HOPE, CALM and Steno-2.

HOPE 

The Heart Outcomes Prevention Evaluation (HOPE) study of 3577 diabetic patients (>55 years) investigated the role of the ACE inhibitor ramipril in type 2 diabetic patients with a cardiovascular risk factor. 
The primary endpoints were; myocardial infarction, stroke, cardiovascular mortality and the development of overt nephropathy.
Patients were randomised to in ramipril 10 mg daily or placebo 

Treatment with ramipril resulted in significant risk reductions for MI, stroke cardiovascular death and overt nephropathy. 
CALM study

This study was designed to examine the effects of candesartan and lisinopril, or both, on blood pressure and urinary albumin excretion rate in patients with hypertension, microalbuminuria, and type 2 diabetes mellitus.
The combination treatment was associated with a greater mean reduction from baseline in urinary albumin to Creatinine ratio than candesartan alone but not lisinopril alone.
Steno-2 study 
160 high-risk type 2 diabetic patients with microalbuminuria (average age of fifty-five years) were randomly assigned to a conventional or an intensive, multifactorial intervention for a period of  8 years. 

Patients were to follow a reduced-fat diet and exercise regularly, offered smoking cessation counseling, prescribed ACE inhibitors regardless of blood pressure, and received vitamin supplementation and aspirin. Antiglycaemic and antihypertension medications were also prescribed as well as lipid-modifying therapy with a statin and/or fibrate.

The conventional group was treated in accordance with national guidelines for type 2 diabetes with less stringent goals.

Results revealed: 

44% of patients in the conventional group had a cardiovascular event compared with 24% in the intensive group, ie, a relative risk reduction of about 50%. 

The relative risk of nephropathy, retinopathy, and autonomic neuropathy (secondary end points) was also diminished by about half in the intensively treated group.
NICE guidelines for microproteinuria

Measure serum Creatinine and urinary Albumin:Creatinine Ratio (ACR) concentration at least annually, preferably from a first or second morning sample.
If microalbuminuria or proteinuria is present (ACR > 2.5 men and > 3.5 women) exclude UTI and repeat twice more (within one month where possible). 

If microproteinuria is still present check their records (or examine their eyes) to check for retinopathy. If retinopathy is not present or if they have microscopic haematuria then look for a non-diabetes cause of renal disease.
· Ensure good glycaemic control (HbA1c target 6.5 - 7.0%)

· Measure, assess and manage cardiovascular risk factors aggressively. 

· Initiate ACE inhibitor therapy for cardiovascular/renal protection. 

· Target blood pressure <= 130/80 mmHg.
· ACE inhibitors are the drug of first choice. To achieve target blood pressure then use combination therapy if ACE inhibition alone is not fully effective. 

· Measure ACR at each visit. 

· Refer for specialist/nephrological opinion if e-GFR < 30 (i.e. stage 4 or 5 CRF).

· Refer for specialist/nephrological opinion if BP cannot be controlled with 3 or more antihypertensive agents.

Diabetes treatment 

Health promotion

Smoking cessation advice and support

Promoting exercise

Healthy eating advice
Weight reduction advice
Promoting patient safety

Arranging annual podiatry review

Arranging annual retinal screening
Arranging annual screening test (BP, HBa1c, Uses, Lefts, TSH, fasting lipids, urinary ACR)
Arranging call/recall for formal structures diabetes annual review

Annual flu vaccination

Pneumovac for patients over 55

Treating the risk factors for long term complications

CVD risk

Lipids

Blood Pressure
Microproteinuria
Smoking cessation
Glycaemic control
Retinal review

Diabetic retinopathy is the commonest cause of blindness in adults < 60 years within the UK. Tight glycaemic control and blood pressure control can prevent the development or retinopathy and delay its progression. Annual retinal screening to identify patients with preproliferative and proliferate diabetic retinopathy is recommended as laser photocoagulation has been shown to significantly reduced the risk of visual loss at three years for proliferative retinopathy and at five years for preproliferative retinopathy. 
Podiatry review

Peripheral neuropathy and impaired circulation due to peripheral vascular disease are a common long term complication of diabetes. They frequently result in foot ulceration, infection or gangrene which explains why diabetes is the commonest cause of non traumatic lower limb amputation in the UK. Annual podiatry review, used to identify feet at risk of complications or those with established complications has been shown to reduce the risk of hospital admission, due to foot ulceration, for diabetic patients.
Improving glycaemic control
Type 2 summary for improving glycaemic control
· If they have mild or no symptoms of diabetes try dietary control over 3 months.
· If they have intrusive symptoms or 3 months of dietary control has failed to achieve tight glycaemic control then consider adding metformin to dietary control.

· If they have side effects with metformin consider substituting it with a sulphonylurea or if metformin fails to achieve tight glycaemic control consider adding in a sulphonylurea.

· If they are intolerant of metformin or a sulphonylurea or if they are contraindicated, consider adding a glitazone or an incretin.
· If they still have failed to achieve glycaemic control arrange conversion to insulin (often used to supplement oral therapy in type 2 diabetes).
Diet
All newly diagnosed patients should be referred to a dietician. In the meantime you can offer some basic advice about switching from using sugar to a sweetener e.g. canderel, switching from frying to grilling (throw away the frying pan!), avoiding sugary cakes and switching to sugar free drinks. Provide one of the practice leaflets on Diet and Diabetes. 
Glycaemic Index
Carbohydrates vary greatly with regard to how rapidly they increase blood sugar levels. Some types of carbohydrate food are quickly absorbed and tend to make blood glucose levels increase very rapidly (‘high GI’ foods) while others which release glucose more slowly and have little effect (‘low GI’ foods). To make this easy to understand carbohydrates have been ranked on a scale of 1 to 100. Glucose has a ranking of 100 on this scale and is used as a reference against which the other foods are placed. 
There are many sources of information which provide the GI rating of carbohydrates. Often, for ease of understanding, lists are arranged into three categories ‘low’ ‘medium’ and ‘high’ GI foods.

· Low – GI index <55

· Medium – GI index 55-69

· High – GI index 70 – 100
Low GI carbohydrates are absorbed more slowly, therefore blood glucose does not increase as quickly. This slow absorption helps reduce post prandial highs and also helps prevent hypos.
The Glycaemic index is only one factor to be considered when planning a healthy, balanced diet.
DAFNE – Dose Adjustment For Normal Eating
The DAFNE programme was first launched in Germany in the 1980’s by Michael Berger, a German diabetologist. This was a revolutionary approach to managing type 1 diabetes which consisted of allowing dietary freedom while adjusting insulin doses to control blood sugars. The DAFNE programme requires increased contact and education by a team of dieticians, nurses and doctors.
Described benefits of this approach include
· Greater enjoyment of food

· Satisfaction with treatment

· Ability to cope better with flexible meal times and travel

· Improved blood sugar control

· Reduction in severe hypoglycaemia

· Improved quality of life
It is not known what the impact will be on complications of diabetes, though it has been postulated that better control will translate into reduced risk.

The British Medical Journal of October 2002 published preliminary results which showed improved quality of life and blood sugar control without an increase in the risk of severe hypoglycaemia.

Home Blood Glucose Monitoring

This is only appropriate in the long term if patients are capable of one of the following:

· Adjusting their treatment according to their results (Diet, Exercise or Medication).

· Using the result to seek help appropriately (e.g. Ringing for DSN, GP, 999)

· Using the result to promote safety (e.g. Prior to driving).

Soon after diagnosis home blood glucose monitoring can be a very useful education tool for patients: 

· Assessing 'trends' in day to day glucose levels. 

· Evaluating factors causing high or low blood sugars. 

· Assessing the impact of diet, exercise, work and stress on blood glucose levels. 

Using the 72 hour continuous glucose sensor monitor

The monitor, which clips onto clothing or a belt and is linked to a tiny subcutaneous sensor inserted beneath the skin, records blood glucose levels every five minutes for 72 hours. The data is then downloaded and represented as a line graph on a computer.

Continuous glucose monitoring is primarily used to identify suspected nocturnal hypos or to help improve glycaemic control when frequent home monitoring has failed to provide a solution to poor diabetic control.
Medications






Oral hypoglycaemics

Bigaunides
Metformin, a biguanide, is the first line oral hypoglycaemic in type 2 diabetes when a patient’s BMI is greater than 25. The UKPDS revealed that it is an effective treatment which is not associated with weight gain (c.f. many other oral hypoglycaemics). Due to the potential risk of lactic acidosis (very rare) the dose should be reviewed if e-GFR falls below 45 and it should not be initiated in patients with CCF, liver failure or e-GFR < 40. If patients are already on metformin then it should be withdrawn if the eGFR falls below 30. It should also be temporarily withdrawn during contrast X-ray studies, general anaesthesia or myocardial infarction. It is no longer contraindicated in pregnancy.

It works by reducing the amount of glucose produced by the liver and increasing the uptake of glucose by the cells of the body. This has the overall benefit of reducing blood glucose levels by 3-4 mmol/l. It does not increase insulin production by the pancreas and so when used in isolation it is not associated with the risk of hypos. 
Metformin causes a wide range of side effects from a mild loss of appetite to nausea, vomiting, abdominal discomfort, cramps, flatulence and diarrhoea. Some people describe a temporary unpleasant or metallic taste when they start taking Metformin. If side effects do not resolve then consider a switch to the Metformin MR preparation.

Metformin should be taken during or after the meal to minimize GI side effects.
Sulphonylureas
The commonest sulphonylureas in use in the UK are Gliclazide (twice daily) and Glimeperide (once daily). The former should be taken 20 minutes prior to the meal (unlike metformin or acarbose) while the latter is a once daily dose take just before or with the first main meal of the day.

Sulphonylureas stimulate the pancreas to produce more insulin, so overcoming the insulin resistance. As a consequence they are associated with weight gain and the risk of hypos.

Gliclazide is also known as Diamicron and is available as 80 mg tablets which are scored and can be halved in order to take a 40 mg dose. The usual starting dose is 40 –80 mg daily. Doses higher than 160 mg should be divided. The maximum daily dose is 320 mg. 

There are some newer generation sulphonylureas on the market (at increased cost to the NHS). Repaglinide (Novonorm) and Nateglinide (Starlix) are rapid acting, short duration sulphonylureas taken 20 mins prior to each meal, so enabling people with unpredictable mealtimes to achieve tighter glycaemic control. Glimepiride which has become a popular choice in the UK is a once daily long acting sulphonylurea which requires the presence of glucose to work and therefore is less likely to cause hypos and has the convenience of once daily administration.

Glucosidase inhibitors

Acarbose (Glucobay) is infrequently used due to GI side effects, however, it can be used as an additional treatment if patients are keen to avoid insulin. Normally, the starting dose is 100mg with the main meal increasing to TDS if tolerated.
The Glitazones (correctly termed the thiazolidenediones) 
This class of drugs for the treatment of type 2 diabetes (now licensed for co-prescription with insulin in the UK). They act by helping the body use the available amounts of insulin more effectively. In other words they make patients more ‘sensitive’ to insulin by decreasing insulin resistance. They are used as a second line agent in patients due to concerns over their associated increase in CVD. They tend to be used in those patients who are unable to tolerate metformin and a sulphonylurea in combination therapy or in patients in whom metformin or a sulphonylurea is contraindicated.
There is currently only one preparation licensed in the UK.
Pioglitazone (Actos Takeda Pharmaceuticals) – 15 mg and 30 mg once a day. This is the safer of the two and is the first choice Glitazone. 
.
The action of this drug usually commences within 2-3 weeks and it may take up to 8 – 12 weeks for the maximum response.
NB – follow BNF guidelines for initial and follow up LFTs.

Please note they should be stopped if they fail to improve glycaemic control i.e. if they have not produced a drop in Hba1c of > -0.5% after six months.
The GLP-1 agonists 
Exenatide (Byetta) an incretin mimetic

This is a GLP-1 (Glucagaon Like peptide) mimetic and is licensed for the treatment of Type 2 diabetes in patients not on insulin and not achieving target levels with diet and standard oral medications. Exenatide is the first in a new class of compounds which possess similar activity to the naturally occurring hormone GLP-1 (glucagon-like peptide-1). Released from cells in the gut in response to food, GLP-1 binds to receptors on beta cells of the pancreas, thereby stimulating the release of insulin. Also it reduces gastric emptying, acts at the brain to increases satiety and decreases hepatic glycogenolysis.
It comes in a pre-filled injection pen that uses a small needle and contains enough Byetta for 30 days. After this time the pen is thrown away and a new pen started. It can be injected into the abdomen, thigh or upper arm (subcutaneously) just like insulin. The initial starting dose is 5mcg twice a day for 30 days and this is  increased to 10mcg. It should be injected at any time within the 60 minutes (one hour) before morning and evening meals, or before the two main meals of the day, which should be about six hours or more apart. It should not be administered after a meal as this could potentially lead to hypoglycaemia. If an injection is missed, the treatment should be continued with the next scheduled dose.

It produces approximately a drop of 1% in the Hba1c and some weight loss (2-4 kg). 
It should only be continued if a Hb1c drop of at least 1% has been achieved and weight loss of at least 3% within 6 months of treatment.

Exenatide QW – One for the future?

This depot formulation which requires just once weekly injection has been tested in a series of open label randomised six month studies. In a study of 258 overweight and obese patients with type 2 diabetes already receiving metformin or a sulphonylurea (or both) with a baseline HbA1c of 8.5% (70 mmol/mol), HbA1c was lowered by 1.9% (21 mmol/mol) in patients prescribed 2 mg exenatide QW compared with 1.5% (16 mmol/mol) in patients prescribed standard exenatide 10 µg twice daily. This reduction was maintained to one year, weight loss averaged more than 4 kg, and the side effect of nausea was less common with QW than with standard exenatide.

Liraglutide

This acts in a similar war to exenatide but has the advantage of being just a once daily dose.
DPP-4 receptor antagonists

Sitagliptin (Januvia) an incretin enhancer (there are now others on the market e.g. Vildagliptin)
Januvia or Sitagliptin is the first of a new class of drugs for the treatment of Type 2 diabetes. This group of drugs are known as DPP-IV (dipeptyl peptidase-IV) inhibitors. DPP-IV is responsible for breaking down GLP-1 so inhibiting this enzyme increases GLP-1 action.  Sitagliptin therefore reduces blood glucose concentrations by enhancing the effects of ‘incretins’. These drugs are therefore also known as ‘incretin enhancers’.

Januvia benefits:
· Sustained lowering of blood glucose 

· Well tolerated – low rates of adverse effects in clinical trials 

· Not associated with weight gain 

· Oral administration 

· Once daily dose  
· Now licensed for use with insulin

But it should only be continued if an Hba1c of >-0.5% has been achieved after 6 months.
Interventions to promote weight loss

In obese patients with established diabetes long term randomised controlled trials have shown that an intentional and sustained reduction in body weight by 5-10% can lower glycated haemoglobin (HbA1c) by 0.5-1% (5-11 mmol/mol) and increase life expectancy by 2-4 years.

The intestinal lipase inhibitor orlistat is the only antiobesity drug now available for prescription in the United Kingdom. Randomised trials have shown that orlistat reduces weight by 2-3 kg more than placebo in obese patients with diabetes, with a concomitant reduction in HbA1c of 0.3-0.5% (3-5 mmol/mol). Orlistat may also help patients adhere to dietary restrictions but is not a recognised part of current treatment algorithms for type 2 diabetes. 

Observational studies have found that bariatric surgery is effective in patients with obesity and diabetes, reinstating near normal glycaemia in 50-80% of patients for several years.

Insulins

The discovery of insulin in 1921 by Banting and Best revolutionised the management and prognosis of diabetes.
There is essentially only one type of native or natural human insulin which is identical in composition to Human insulin and is manufactured by two different companies as Actrapid and Humulin S. These preparations are relatively quickly absorbed (but have to be injected 20 minutes prior to the meal) peaking at 2 hours and tend to last no more than 6-8 hours after injection. 
The longer acting insulins such as Human Insulatard or Humulin I are complexed with a binding protein which slows down the absorption from the subcutaneous fat. This makes the peak effect smaller and the duration of action longer (8 to 12 hours) and is why these preparations are sometimes prescribed for use at bed time, so that the effect lasts until morning.
Biphasic mixtures of insulin such as Humulin M3 are simply mixtures of the long acting and short acting insulin which are combined in one vial for reasons of convenience. The numbers reflect the ratio of the insulins (e.g. Humulin M3 = 30% Actrapid and 70% Isophane). These mixtures take away the need for mixing doses or having two separate injections. They can be prescribed on a twice daily basis and are therefore popular with patients who do not want the inconvenience of multiple injections.
Biphasic combinations with the analogue insulins are also now widely used .e.g. Humalog Mix 25, Humalog Mix 50, NovoMix 30.

Analogue Insulins

Analogues are genetically engineered altered molecular versions of human insulin which offer a number of advantages (less hypos, greater convenience and potentially better control) over conventional Actrapid/Humulin S or isophane insulins.
Currently there are a number of analogue insulins widely used in the UK. Examples include rapid acting analogues lispro (Humalog), aspart (NovoRapid) and glulisine. Also there are long acting analogues such as glargine (Lantus) or detemir (Levemir). The first three, lispro, aspart and glulisine work much quicker than Actrapid or Humulin S, consequently these analogues are effective over a much shorter time scale than other soluble insulins.
The long acting analogue insulins available in the UK include glargine (Lantus) and detemir (Levemir). These analogues are altered in such a way that it is more slowly absorbed than other medium acting isophane insulins and therefore has a flat profile. Glargine is administer once daily and detemir twice daily. 
The main advantage of the quick-acting analogues is that they can be given just before eating, which may be more convenient for some people. They can also be given after eating if necessary. Because they are absorbed so quickly into the blood stream, they reduce post prandial blood glucose peaks. Furthermore, as they have a much shorter duration of action than Actrapid/Humulin S, patients do not need an interval snack and are less likely to suffer hypos. 
The short acting analogues are usually used prior to meals (3 times a day) with a long acting insulin at night (a basal bolus regime) or with an insulin pump. This allows much greater flexibility than the twice daily regimes and so can help patients achieve much tighter glycaemic control.
Insulin glargine (Lantus) is a long-acting analogue insulin. It only needs to be taken once a day, as its effects last for twenty-four hours. Research has suggested that because insulin glargine acts more slowly and evenly than traditional isophane insulin, and does not have a peak time of action, it may reduce the risk of hypoglycaemia during the night, although early morning hypos may still be possible.
NB conversion to any insulin may

· Improve symptoms of hyperglycaemia.

· Improve a patient’s quality of life.

· Reduce the risk of complications if glycaemic control is improved.

But it may

· Cause weight gain.
· Increased risk of hypos.
· Increase insurance premiums.
· Loss of HGV or PSV license.
Delivery devices – pens, needle free pens, pumps and inhalers

Insulin pens have become the standard means of administering insulin. They usually require 3 ml cartridges (300 units), most companies supplying 5 cartridges in every box. Short duration insulins (Humulin S /Actrapid), intermediate duration Isophanes (Humulin I / Insulatard), Actrapid/isophane mixtures (e.g. Pen Mix 30/Humulin M3) and analogue insulins (rapid = Novorapid or Humalog and long acting = Lantus) are all available for pens. Beware manufactures have ensured that only certain pens fit their insulin cartridges! See the appendix for details.
The Needle Free pen – The MHI-500 & Inhaled insulin
The Needle Free pen is no longer available in the UK and inhaled insulins were withdrawn from the UK due to concerns over deteriorating lung function. 
Insulin pumps

Insulin pump therapy is the common name for the technique of continuous subcutaneous insulin infusion (CSII) which may be used in managing type 1 diabetes. Insulin pumps contain a chamber filled with insulin, connected to a small battery operated pump device which is controlled by a microprocessor. The entire assembly is housed within a small case the size of a pager device. The user is able to control the amount of insulin released by the device which injects a tiny amount every minute into the subcutaneous tissue via a length of plastic tubing with a needle or soft cannula at the end. 
The pump operates continuously, delivering insulin via the needle, 24 hours of the day.

The needle or cannula is inserted just under the skin of the abdomen and is changed every two or three days. The pump may be worn under clothing
In general people with type 1 diabetes are suitable for pump therapy if they; have a good understanding of diabetes, are highly motivated and wish to take more control of their diabetes, are prepared to test blood glucose levels at least four times a day and are aware how to adjust their therapy according to blood glucose levels.

If used properly, pumps may improve glycaemic control. Reduction in the rates of hypoglycaemia have been demonstrated. Severe hypoglycaemia requiring outside assistance is estimated to be 20-33% less frequent in pump users. Improved well being and quality of life reported have also been reported.
They are however expensive, requiring a trained specialist team for initiating and supervising therapy the pumps cost over £2,000 each and running costs for consumables are estimated at around £1,000 each year. The improvement in glycaemic control is usually modest and they are still not in widespread use across the UK. 

NB it is not recommended for people with type 2 diabetes 

Islet Cell Transplantation

ICT was pioneered by a team of researchers in Edmonton, Canada. The Islet cells are the injected into the liver, which means it is a lot safer than whole pancreas transplantation. It is also much easier to perform and less costly. Currently around 80-90% of patients in research programs remain free of insulin injections at one year and about 75% remain free beyond three years.

At present immunosuppressive drugs are needed to prevent rejection of these transplanted cells. These drugs are associated with side effects which may be harmful and the long term effects of these drugs are not yet known. 
ICT is being investigated in NHS hospitals as part of a research project. This treatment is not available routinely on the NHS. More evidence needs to be gathered before the procedure can be adopted for widespread clinical use. 


Hypoglycaemia

Symptoms and signs of hypoglycaemia normally manifest when blood glucose falls below 3.0 mmol/l BUT in diabetic patients with long term poor control (elevated blood glucose) the symptoms may become apparent at 5 to 4 mmols/l. Conversely patients who have very tight glycaemic control or frequent hypos may no longer feel or recognise the symptoms of hypoglycamia (hypoglycaemic unawareness) such that it only recognised when the signs are noticed by a third party.

Symptoms and signs of hypoglycaemia
A feeling of hunger, fatigue, confusion and parathaesia of the lips are common early symptoms followed by profuse sweating, tremor, increasing agitation, confusion and sometimes aggression before lapsing into hypoglycaemic coma. Rarely they have focal neurological symptoms such as hemiplegia.
Non diabetic causes

Physiological hypoglycaemia following exercise or starvation.
Alcohol

Drugs: ACE inhibitors
Drug overdose – oral hypopglycaemics or insulins

Liver disease

Insulinoma or non pancreatic neoplasm e.g. retroperitoneal sarcoma

Addison’s disease, hypopituitism or myxoedema coma
Post operative gastric dumping syndrome
Diabetic causes 

Hypoglycaemia may occur in patients taking oral sulphonylureas or insulin (hence the requirement for patients to inform the DVLA and their vehicle insurance company once they are using oral hypoglycaemics or insulin).
Accidental or planned overdose.

Changes in diet

Missed snacks or meals

Increased exercise

Alcohol

An inappropriate insulin or oral hypoglycaemic regime

Incorrect amount of insulin injected

Incorrect insulin injected

Incorrect insulin injection technique

Injection site problems

Diagnosis

Usually made by the patient on the basis of previous experience and confirmed with a low blood sugar reading.

Treatment

· Mild hypoglycaemic symptoms usually require a glass of milk and 2 biscuits.

· More severe symptoms require 4x Dextrasol (glucose tablets) or a drink of half a cup of Lucozade, usually followed by a snack.

· Use of oral Hypostop Gel by a third party.
· Use of 1mg of i.m. glucagon for adults and children  > 8 years (0.5mg < 8 years) by a third party.
· Use of 50mls of 20% iv glucose solution followed with a saline flush.
Diabetic Ketoacidosis

A life threatening emergency (currently 2-5% mortality) that may develop in known type 1 diabetic patients or it may be the presentation of previously undiagnosed type 1 diabetes.
Common precipitating causes include infection, myocardial infarction, surgery or failure to take an appropriate amount of insulin.

Symptoms and signs

Patients may provide a history of increasing thirst, polyuria, feeling unwell, high home blood sugar readings, nausea, vomiting or abdominal pain. They may have signs of dehydration, hyperventilation (Kaussmaul breathing), a smell of ketones, increasing confusion or coma.

Diagnosis

Hyperglycaemia (blood sugar >11.1) with metabolic acidosis (arterial PH < 7.3 or venous bicarbonate, 15mmol/l) and ketonuria (if a urine sample available).

Treatment

There is still active debate among physicians and paediatricians as to the optimal treatment regime – so follow your local hospital protocol!

The key elements of treatment include:

· Advance life support resuscitation measures.

· Replacement of fluid losses.

· Correcting the insulin deficiency.

· Replacement of electrolyte losses.

· Restoring acid-base balance.

· Treating the precipitating factor.


An example of adult DKA management guidelines 
NB If the patient is comatose then ACLS resuscitation measures (high flow oxygen, maintaining the airway, iv access, possible N-G tube etc are the first priority!
Always request senior medical staff assistance if the diagnosis is suspected.
The diagnosis

Establish the diagnosis (history, examination, hyperglycaemia, metabolic acidosis and urinary ketosis).
Base line investigations

While establishing iv access send blood for U&Es, BS, FBC, CRP and troponin I. Perform arterial blood gas analysis. Arrange a CXR and an ECG once the patient has been stabilised and consider blood cultures and MSU. Blood glucose assays are repeated hourly, U&Es at presentation, at 2 hours and then four hourly while arterial blood gases are then usually repeated two hourly until they are back in the normal range. An accurate fluid balance chart must be maintained.
Fluid regime

Rehydrate initially with iv 0.9% normal saline but switch to 5% dextrose once their  blood glucose is <11 mmol/l – an average adult usually requiring 1L over 30 mins, 1L over 2 hours, 1L over four hours and 1L over six hours followed by eight hourly fluids. Note the rate and quantity of replacement may be reduced in the elderly, patients with heart failure or in patients presenting in the early phases of DKA (less dehydrated).
Potassium replacement is not needed in the first litre of iv fluids unless K <3.5 at presentation. It should be considered in all subsequent iv fluids (20mmol per 500mls as a rule of thumb).
Potassium supplementation guidelines:
Serum K <3.5 add 40mmol of potassium per litre.

Serum K 3.5 – 5.5 mmol add 20mmol of potassium per litre.

Serum K > 5.5mmol DO NOT add any potassium.
Acid – Base balance
The metabolic acidosis is corrected through re-hydration and iv insulin. N.B. IV bicarbonate is NOT indicated!
Insulin

A stat dose of 10 units of iv Human Actrapid iv followed by an IV infusion rate of 0.1 units per kg. Once the blood glucose falls below 20 mmol/l consider switching to a sliding scale (which has to be adjusted to each patient).
e.g 
Capillary glucose mmomol/l

Soluble iv insulin infusion rate


0 – 4.0




0.5 units per hour (unless hypoglycaemic!)


4.1 – 7.0



1 unit per hour


7.1 – 11.0



2 units per hour


11.1 – 14.0



3 units per hour


14.1 to 17.0 



4 units per hour



17.0 – 20



5 units per hour
N.B. The sliding scale is just a guideline and has to be adjusted on an individual patient basis.

Identifying and treating the underlying cause
Consider and screen for potential underlying causes and treat accordingly.

Long term management

Switch to sc insulin once the ketonuria has resolved, the blood sugars are reasonably controlled and the patient is eating & drinking. Refer to the diabetes specialist nurses and diabetes team as soon as possible for education and follow up.

HONK – HyperOsmolarNon Ketosis

HONK is a rare condition, of insidious onset, with symptoms of hyperglycaemia progressing to a confusional state and eventually coma. It usually occurs in middle age or in the elderly and is associated with a significant mortality. Approximately half of patients are known type 2 diabetics and half of patients it is their first presentation.

The diagnosis

· Hyperglycaemia – blood glucose usually > 40mmol/l

· Hyperosmolar  - Usually >340mOsmol/l (A useful rule of thumb is osmolality = 2(Na)+2(K) +glucose +urea).

· Non ketotoic

Principles of management

· Fluid replacement with normal saline over 48hrs (guided by CVP monitoring).

· Insulin replacement – NB HONK patients are more insulin sensitive than patients with DKA.

· Electrolyte replacement – K+ supplementation in IV fluids.

· Heparin anticoagulation (c.f. DKA).

· Identifying and treating the cause e.g. infection, infarction etc.

· Long term amangement – most patpients will need oral hypoglycaemics rather than insulin (c.f. DKA)
Managing diabetic patients during acute myocardial infarct
The mortality from MI in diabetic patients is twice that of non diabetic patients. The landmark DIGAMI study and widespread introduction of the DIGAMI protocol has started to improve this poor prognosis.
The DIGAMI study showed that iv insulin, using a sliding scale, during the peri-infarction period and sc insulin for three months afterwards (during which time oral hypoglycaemic therapy was withheld) reduced mortality by 30% at one year and 11.5% at three years compared to conventional treatment.

But there is some concern about the role of intensive insulin treatment in those with well controlled blood glucose presenting with a myocardial infarction. The DIGAMI 2 study designed to answer further questions regarding blood glucose control during and after a myocardial infarction was stopped early due to low recruitment, protocol violation and the inability to achieve separation in blood sugar control in the three arms.  Most patients had better blood glucose control on admission the DIGAMI 1 study.  The results showed a trend towards higher re-infarction in the intensive group (p=0.07).  The numbers of hypoglycaemic episodes were higher in the intensive arm.

Problems with hypoglycaemia

· Hypoglycaemia is detrimental to the recovering myocardium by causing beta adrenergic stimulation and lack of metabolic substrate.
· Hypoglycaemia during admission may increase re-infarction rates.
The view at present is that good glycaemic control is beneficial in patients with acute myocardial infarction, however overzealous blood glucose control can lead to increased hypoglycaemia and possible worse outcome.  Close monitoring of blood glucose is required when the patient is on sliding scale (hourly monitoring).

The preoperative management of diabetic patients
To improve outcomes all diabetic patients listed for surgery should have:
1. A full preoperative assessment (as per local hospital guidelines) e.g. previous medical history, current medication, allergies, blood pressure measurement and baseline investigations U&Es, FBC, HbA1c, ECG etc.

2. A perioperative plan for managing diabetes (local hospital guidelines).

3. A post operative diabetes care plan.

Examples
Day case surgery

Ideally the patient should be placed ‘first on the morning list’.

The patient can eat as normal and take their normal oral hypoglycaemic medication/ insulin up until the night prior to surgery. They should fast from midnight and omit their diabetes medication in the morning. Following surgery they should have a normal breakfast with their oral hypoglycaemics or 2/3 of their normal insulin dose immediately after breakfast (as some post op patient may vomit during breakfast).
Patients must not be discharged from the day case unit until they have managed to eat and drink and are free of nausea and vomiting with an acceptable post op blood glucose (5-15 mmol/l).
Major surgery

Ideally the patient should be placed ‘first on the morning list’ and the hospital based diabetes specialist nurse aware, so they can advise the surgical team during the pre & post operative phases.
The local hospital protocol for the preoperative management of diabetic patients should be followed!

Usually the patient can eat as normal and take their normal oral hypoglycaemic medication/ insulin up until the night prior to surgery. They should fast from midnight and omit their diabetes medication in the morning whereupon a 5% dextrose iv drip with added potassium chloride is commenced and an iv infusion of Human Actrapid insulin (using a sliding scale of insulin) via a three way tap through the same cannula. The blood glucose is monitored every hour during surgery. The blood glucose monitoring (2 hourly), iv dextrose drip and sliding scale insulin are continued until the patient is able to eat and drink without nausea or vomiting at which time they are usually converted back to sc insulin or their oral hypoglycaemics.
Appendix
Table of Insulin Pen Devices

	Manufacturer
	Name of pen
	Dosage 
Min-Max
	Cartridge Size
	 Insulin 
	Material
	Colour
	On NHS
	Reusable or  Refillable
	Redial if wrong dose
	Carry Case

	Novo Nordisk
	Novopen 3 Classic
	1 – 70 units
	3ml (300 units)
	Novo Nordisk Penfill 3ml cartridges
	Metal
	Silver
	Yes
	Reusable
	Yes
	Yes – hard case, grey

	Novo Nordisk
	Novomix 30 Flexpen
	1 – 35 units (0.5 increments)
	3ml (300 units)
	Novo Nordisk Penfill 3ml cartridges
	Metal
	Yellow or Green Trim
	Yes
	Reusable
	Yes
	Yes – soft case, multi-coloured

	Novo Nordisk
	Novopen 3 Fun
	1 – 70 units
	3ml (300 units)
	Novo Nordisk Penfill 3ml cartridges
	Metal
	Red & Yellow or Blue & Green
	Yes
	Reusable
	Yes
	Yes – soft case, dark blue

	Novo Nordisk
	Preloaded Pens 
	2 – 78 units
	3ml (300 units)
	NovoRapid, Actrapid, Insulatard, Mixtard 30, etc
	Plastic
	White (insulin col or tactile coded)
	Yes
	Prefilled
	Yes
	Yes – soft case, dark blue

	Novo Nordisk
	 Innovo
	1 – 70 units
	3ml (300 units)
	Novo Nordisk Penfill 3ml cartridges
	Plastic
	Blue with Green or Orange trim
	No
	Prefilled
	Yes
	Yes – soft case, dark blue

	Novo Nordisk
	Innolet
	1 – 50 units
	3ml (300 units)
	Human Insulatard, Mixtard 30 
	Plastic
	Cream
	Yes
	Reusable
	Yes
	None

	Lilly
	Humapen Ergo
	1 – 60 units
	3ml (300 units)
	All Lilly 3ml cartridges from Humalog and Humulin ranges
	Plastic
	Blue and Burgundy or Blue and Teal
	No
	Reusable
	Yes
	Yes – hard case, teal or burgundy

	Lilly
	Prefilled Pen
	1 – 60 units
	3ml (300 units)
	Lilly cartridges for Humulog, Mix25, Mix 50, Humulin I, S, M3
	Plastic
	White
	Yes
	Prefilled
	Yes
	None

	Aventis Pharma
	OptiPen Pro
	1 – 60 units
	3ml (300 units)
	Insuman
	Plastic or Steel
	Yellow or Green or Dark Blue or White
	No
	Reusable
	Yes, plus digital visual display
	Yes – hard case, pale blue

	Aventis Pharma
	Aventis Optiset 
	2 - 40 units
	3ml (300 units)
	Insuman
	Plastic
	White
	Yes
	Prefilled
	Yes
	None


Diabetes management at a glance

 The primary care perspective.

The New Patient with diabetes

· Make sure the diagnosis is correct! 

· Provide information e.g. the practice information and/or the Type 2 diabetes PILeaflet from www.patient.co.uk and signpost them to the Diabetes UK website http://www.diabetes.org.uk/ .

· Arrange base line review bloods. 

(FBC, Hba1c, TSH, Electrolytes & Creatinine, fasting lipid profile, microproteinuria (urine ACR), BMI & BP and smoking status/cessation advice).

· GP to add the ‘Diabetes Type 1 or Type 2’ from the Read code formulary to the Problem Page..

· Task Vanessa to set the diabetes recall (6 month default for first attendance) and arrange the DESMOND Education sessions and retinal screening referral.

· If overweight consider referring to the Upbeat service (exercise on prescription), the Healthy Weight Clinic or other obesity treatments.

· Follow up by appropriate GP BUT remember new onset Type 1 often requires urgent DSN referral or admission if ketotic.

· Only start oral Rx if the BMs are in the high teens and they are symptomatic OR IF Hba1c > 10% (metformin 500mg bd taken with or after food) – if not then try diet for 12 weeks with Hba1c at that time – if not at target (see page 4) then start Rx with metformin. Please remember metformin is very effective, reduces cardiovascular risk, retards weight gain and is not usually associated with hypos – but is contra-indicated if Creatinine > 150 (or eGFR < 40) in CCF or significant hepatic dysfunction. Metformin has to be stopped if eGFR fall below 30! Metformin MR can be used if they run into problems with GI side effects.

· Don’t forget that on starting hypoglycaemics to complete the prescription exemption form for those patients under 60 years of age. Also counsel the patient about the symptoms of hypos, hypo management, hypos and driving and remind them about informing their car and travel insurer AND document this in their records. If they hold HGV or PSV licenses then check with the 6 monthly updated DVLA guidance with respect to them having to inform the DVLA.

· See our guidance on further potential therapeutic interventions. If unsure please discuss management with the diabetes lead(s) within the practice.

Review schedules

Annual RV 
Invx = Cr&Es, eGFR, FBC, Hba1c and fasting lipid profile.



Urinary ACR.  

BP & smoking status/cessation advice, exercise status and alcohol intake.

BMI

Podiatry and retinal review.

Depression screening using two questions

Targets at a glance

BP

Aspiration 
BP<140/<80 but if CKD present BP <130/80

Audit/QOF
BP<145/<85 but if CKD present BP <140/85

Non smoker    (Don’t forget PCT services & in-house clinic)
Cholesterol 

Aspirational
Cholesterol < 4.0mmol/l and LDL <2.0

Audit/QOF
Cholesterol <5.0mmol/l  and LDL < 2.5  

Hba1c 

Diet alone  < 6.5%

Diet & 1 hypoglycaemic therapy 6.5 to 7 % (Beware in frail elderly patients!)

Diet &  2 or more hypoglycaemic therapies  < 7.5%

BMI <25
(Don’t forget Upbeat & The Healthy Weight Clinic)
Medication re-authorisation

1. Check the annual minimum data set are all in date; BP, Cr&Es, Hba1c, fasting lipids and urinary ACR.
2. If you have time check to see if the podiatry or retinal reviews are overdue.
3. Reset repeat re-authorisation for 1 year BUT shorten the review period if there are QOF implications (e.g. Diabetics with HT who should have a BP measurement between July and April of each QOF year).
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