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Diabetes Prevalence
• In 2011, the prevalence of diabetes in the adult population across the 

UK was as follows 1 : 

• In 2013, the prevalence of diabetes was as follows 2:

Country Prevalence Number of people
England 5.5% 2,455,937
Northern Ireland 3.8% 72,693
Scotland 4.3% 223,494
Wales 5.0% 160,533

1. Diabetes in the UK 2011/2012: Key statistics on diabetes. Available at: 
http://www.diabetes.org.uk/Documents/Reports/Diabetes-in-the-UK-2011-12.pdf (accessed September 2012)

2. https://www.diabetes.org.uk/Documents/About%20Us/Statistics/Diabetes-key-stats-guidelines-April2014.pdf

Country Prevalence Number of people

England 6.0% 2,703,044

Northern Ireland 5.3% 79,072

Scotland 5.2% 252,599

Wales 6.7% 173,299



• The prevalence of diabetes is expected to increase significantly
• It is estimated that 5 million people will have been diagnosed with 

diabetes by 2025

Diabetes prevalence in the UK 

Adapted from: Diabetes UK (2012) State of the Nation 2012: England. Available at: 
http://www.diabetes.org.uk/Documents/Reports/State-of-the-Nation-2012.pdf (accessed 02.01.2014)
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• 35.2% of patients with type 2 diabetes do not achieve 
the NICE recommended glucose control of HbA1c ≤ 
58mmol/ml (7.5%) 1

• Clinical Inertia 2: In a retrospective study of 81,573 
people with type 2 diabetes in the U.K :-

In people with HbA1c ≥7.5% , the median time to intensification with an 
additional OAD was ?? years for those taking one OAD and ?? years for 
those taking two OADs.

Median time to intensification with insulin was ?? years for those taking  
three OADs. Mean HbA1c at intensification with  insulin for people three 
OADs was ??.

1. Health and Social Care Information Centre (HSCIC). National Diabetes Audit- 2012-2013: Report 1, Care Processess and Treatment 
Targets. October 2014. Available at : http:// 1.9, >7.2, >6.0, 9.7%

2. www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=RElevance&size=10&page=1#top
3. Kunti et al Clinical Inertion in People with type 2 diabetes : A retrospective Cohort Study of more than 80,000 people. Diabetes Care 

2013; 36: 3411-3417



From triumvirate to ominous octet

De Fronzo R. Diabetes April 2009 58:4 773-795



Therapies available to manage type 2 diabetes

DPP-4=dipeptidyl peptidase-4; GLP-1=glucagon-like peptide-1; SGLT2=sodium-glucose co-transporter 2.
Evans JL, Rushakoff R (2010) Oral Agents, Incretins and other "Non-Insulin" Pharmacologic Interventions for Diabetes. Available at: 
http://diabetesmanager.pbworks.com/w/page/17680289/Oral%20Pharmacological%20Agents%20for%20Type%202%20Diabetes (accessed 17.03.2015)

Hyperglycaemia

Glucagon secretion
↓ DPP-4 inhibitors
↓ GLP-1 receptor agonists

Appetite control
GLP-1 receptor 
agonists (increase 
satiety)

Glucose reabsorption
↓ SGLT2 inhibitors

Glucose uptake and utilisation
↑ Thiazolidinediones
↑ Metformin

Lipotoxicity
Thiazolidinediones

Hepatic glucose
production
↓ Metformin
↓ Thiazolidinediones

Gastrointestinal
GLP-1 receptor 
agonists (slow gastric 
emptying)

α-glucosidase 
inhibitors (slow 
intestinal 
carbohydrate 
digestion/absorption)

Insulin secretion
↑ Sulphonylureas
↑ Meglitinides
↑ DPP-4 inhibitors
↑ GLP-1 receptor 
agonists



UKPDS: A 1% decrease in HbA1c is associated
with a reduction in complications

Stratton IM, et al. BMJ 2000; 321: 405–12.
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Microvascular 
complications e.g. 
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NICE guidance on type 2 diabetes in adults (NG28, 2015)

Type 2 diabetes in adults: management. NICE NG 28, published December 2015



Stepwise treatment in T2DM

Kahn et al, Achieving glycaemic control, is it still an elusive goal?



Legacy effect (from UKPDS)



Metformin: Dosing by CKD stage

Drug Dosing
CKD

Dosing
Dialysis

Metformin Review dose if eGFR < 
45, avoid if eGFR <30.

Avoid

BNF 62 September 2011
Full prescribing information, indications and contraindications can be found at www.medicines.org.uk/metformin



Sulfonylurea: Dosing by CKD Stage

• Sulfonylureas should be used with care in those with mild 
to moderate renal impairment, because of the hazard of  
hypoglycaemia;they should be avoided where possible in 
severe renal impairment.

• If necessary the short-acting drug tolbutamide can be used 
in renal impairment, as can gliclazide which is principally 
metabolised in the liver but careful monitoring of blood 
glucose is essential.

BNF 62 September 2011



Sulphonylureas

1
4

Advantages

 Extensive clinical experience1,2

 Reduce the risk of microvascular
complications3

Disadvantages

 Increased risk of hypoglycaemia when a 
sulphonylurea is added to metformin 
compared with metformin plus placebo2

 Greater increases in weight when a 
sulphonylurea is added to metformin 
compared with metformin plus placebo2

Mechanism of action
 Lower blood glucose primarily by stimulating insulin secretion from the beta cells of the 

pancreatic islets1

1. Krentz AJ, Bailey C. Drugs 2005;65:385–411.
2. McIntosh B et al. Open Medicine 2011;5:E35–E48.
3. UKPDS. Lancet 1998. 352:837–853.

Mechanism of action



Glycaemic durability of SU

3600 drug-naive patients with type 2 diabetes



Pioglitazone

Advantages

 No significant increase in the risk of 
hypoglycaemia when pioglitazone is added 
to metformin compared with metformin 
plus placebo2

 In most clinical trials, reduced total plasma 
triglycerides and free fatty acids, and 
increased HDL-cholesterol levels were 
observed as compared to placebo, with 
small, but not clinically significant increases 
in LDL-cholesterol levels1

Disadvantages

 Greater increases in weight when 
pioglitazone is added to metformin 
compared with metformin plus placebo2

 Pioglitazone can cause fluid retention, which 
may exacerbate or precipitate 
heart failure1

 Risk of bone fractures should be considered 
in the long term care of patients treated with 
pioglitazone1

 Risk factors for bladder cancer should be 
assessed before initiating pioglitazone 
treatment1

1. Actos (piogliitzone) SPC.
2. McIntosh B et al. Open Medicine. 2011;5:E35–E48.

Mechanism of action
 Improves insulin sensitivity of the liver, fat and skeletal muscle therapy reducing insulin resistance1

 Reduces hepatic glucose output and increases peripheral glucose disposal1



Decreased glucagon
(alpha cells)

Increased insulin
(beta cells)

Pancreas

Liver

Muscle
Adipose 

tissue

Incretins modulate insulin and glucagon to decrease 
blood glucose during hyperglycaemia1,2

Gut

Peripheral 
glucose 
uptake

Glucose 
production

GIP

GLP-1
Glucose

dependent

Glucose
dependent

Meal

Physiological 
glucose 
control

GLP-1=glucagon-like peptide-1; GIP=glucose-dependent insulinotropic polypeptide.
1. Porte DJr, Kahn SE.  Clin Invest Med 1995;18:247-254.
2. Drucker DJ. Cell Metabolism 2006;3:153-165.



DPP-4 inhibitors: Available agents

Product Usual dosing Use in renal impairment? Cardiovascular outcome data 
available?

Onglyza®

(Saxagliptin) 5 mg once daily
✔

(with dose adjustment. Not 
recommended in ESRD)

✔1

Galvus®

(Vildagliptin)
50 mg twice daily

(50 mg once daily if 
used in combination 

with an SU)

✔
(with dose adjustment) ✘

Januvia®

(Sitagliptin) 100 mg once daily ✔
(with dose adjustment) ✔3

Trajenta®

(Linagliptin) 5 mg once daily ✔ ✘

Vipidia®

(Alogliptin) 25 mg once daily ✔
(with dose adjustment) ✔2

DPP-4=dipeptidyl peptidase-4; ESRD=end-stage renal disease; SU=sulphonylurea.
Information taken from relevant summaries of product characteristics, available at www.medicines.org.uk (accessed 17.03.2015).
1. Scirica BM et al (2013) N Engl J Med 369:1317-26; 2. White WB et al (2013) N Engl J Med 369:1327-35. 3. Green JB et al (2015) N Engl J Med 
DOI: 10.1056/NEJMoa1501352



GLP-1 receptor agonists also differ in terms of device 
and administration

GLP-1 receptor
agonist

Device Administration Dosing

Exenatide once weekly 2 mg pre-filled pen

Once weekly, same day each 
week; dose can be 

administered at any time of 
day

2 mg once weekly. No titration 
required

Exenatide twice daily
5 µg pre-filled pen

10 µg pre-filled pen

Twice daily, within the 60-
minute period before the 

morning and evening meal

Initiated at 5 µg twice daily for at least 
1 month; can then be increased to 

10 µg twice daily

Lixisenatide
10 µg pre-filled pen

20 µg pre-filled pen

Once daily; within the hour 
prior to any meal of the day 
(preferably the same meal 

every day)

10 µg daily for 14 days; fixed 
maintenance dose of 20 µg started on 

day 15

Dulaglutide

0.75 mg pre-filled pen
1.5 mg pre-filled pen

0.75 mg pre-filled syringe
1.5 mg pre-filled syringe

Once weekly; dose can be 
administered at any time of 

day

0.75 mg once weekly (monotherapy); 
1.5 mg once weekly (add-on therapy). 

0.75 mg can be a starting dose for 
potentially vulnerable populations

Liraglutide
Pre-filled pen 

(dispenses 0.6, 1.2 or 
1.8 mg doses)

Once daily
Initiate at 0.6 mg daily dose; increase 
to 1.2 mg after 1 week. Some patients 

may benefit from 1.8 mg

GLP-1=glucagon-like peptide-1.
Information from relevant summaries of product characteristics. Available at: http://www.medicines.org.uk (accessed 17.03.2015)



Getting patients started with once-weekly Ozempic®1

*The starting dose of 0.25 mg is not a maintenance dose and is intended to help patients adjust to treatment. 
1. Ozempic® [Summary of Product Characteristics]. Bagsværd, Denmark: Novo Nordisk A/S.

0.25 mg
for

4 weeks*

0.5 mg
for at least
4 weeks

0.5 mg or 1.0 mg
based on individual
glycaemic control

STEP STAYSTART

Simple titration steps

0.25 mg dose pen (1.5 ml)

0.5 mg dose pen (1.5 ml)

1.0 mg dose pen (3.0 ml)

1 prefilled pen contains 4 once-weekly 
doses and comes with 4 needles

Once-weekly dosing with or without meals



• Brain ~125 g/day
• Rest of the body ~125 g/day

Glucose uptake ~250 g/day:

• Dietary intake ~180 g/day
• Glucose production ~70 g/day

• Gluconeogenesis
• Glycogenolysis

Normal glucose homeostasis

1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10–18.
2. Gerich, JE. Diabetes Obes Metab 2000;2:345–50.

+ −

Net balance ~0 g/day

Glucose input ~250 g/day:

The kidney reabsorbs 
and recirculates glucose

Glucose reabsorbed
~180 g/day

Glucose filtered
~180 g/day

The kidney filters 
circulating glucose



Normal renal glucose handling1–3 

SGLT, sodium-glucose co-transporter. 
1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10–18;    2.  Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35;     
3.  Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21. 

SGLT2

Glucose

Majority of glucose is 
reabsorbed by SGLT2 

(90%)

Proximal tubule

Remaining glucose is 
reabsorbed by SGLT1 

(10%)
Minimal to no 

glucose excretion

Glucose
filtration



SGLT2 inhibitors: A novel insulin-independent 
approach to remove excess glucose

Proximal tubule

Glucose
filtration

SGLT2

Increased urinary 
glucose 

excretion



• Dapagliflozin 10mg daily
• Canagliflozin 100mg and 300mg
• Empagliflozin 10mg and 25mg
• SGLT2 inhibitors  may add to the diuretic effect of thiazide and loop diuretics 

and may increase the risk of dehydration and hypotension. Not recommended 
for use in patients receiving loop diuretics. 

• Consider a lower dose of insulin or insulin secretagogue (eg SU) in 
combination with SGLT2 inhibitors to reduce the risk of hypoglycaemia

SGLT2 inhibitor: Dosing and administration



SGLT2: Safety and tolerability

Footnotes are available in the slide notes.
GI=gastrointestinal; SU=sulphonylurea; UTI=urinary tract infection.
Dapagliflozin. Summary of product characteristics, 2015

System organ class Very common
(1/10)

Common*
(1/100 to <1/10)

Uncommon†

(1/1000 to <1/100)
Infections and infestations Vulvovaginitis, balanitis and 

related genital infections‡

UTIs§

Fungal infection

Metabolism and nutrition disorders Hypoglycaemia (when 
used with a SU or insulin)

Volume depletion||

Thirst

Nervous system disorders Dizziness

GI disorders Constipation
Dry mouth

Musculoskeletal and connective 
tissue disorders

Back pain

Renal and urinary disorders Dysuria
Polyuria¶

Nocturia
Renal impairment

Reproductive system and breast 
disorders

Vulvovaginal pruritus
Pruritus genital

Investigations Haematocrit increased**
Creatinine renal clearance 
decreased
Dyslipidaemia††

Blood creatinine increased
Blood urea increased
Weight decreased



SGLT-2 inhibitors in renal impairment

2
6

Degree of renal 
impairment dapagliflozin▼1 canagliflozin▼2 empagliflozin▼3

Mild 
Creatinine clearance (CrCl) 

≥60 ml/min
10 mg OD 100 mg OD

300 mg* OD
10 mg
25 mg*

Moderate 
CrCl ≥45 to <60 ml/min 10mg od 100 mg‡

Should not be initiated
10 mg‡

Should not be initiated

Severe
CrCl <45 ml/min

Not
recommended Discontinued Discontinued

End-stage renal disease
<45 ml/min

Not
recommended

Not
recommended

Not
recommended

*The recommended starting dose of canagliflozin is 100 mg once daily (OD)/empagliflozin is 10 mg. In patients tolerating canagliflozin 100 mg OD or empagliflozin 10 mg OD who have 
an estimated glomerular filtration rate (eGFR) ≥60 ml/min/1.73 m2 or CrCl ≥60 ml/min and need tighter glycaemic control, the doses can be increased to canagliflozin 300 mg OD orally 
or empagliflozin 25 mg OD.
‡Canagliflozin & empagliflozin should not be initiated in patients with an eGFR <60 ml/min/1.73 m2 or CrCl <60 ml/min. In patients tolerating canagliflozin & empagliflozin whose eGFR
falls persistently below 60 ml/min/1.73 m2 or CrCl 60 ml/min, the dose of canagliflozin should be adjusted to or maintained at 100 mg OD & the dose of empagliflozin should be adjusted 
or maintained at 10 mg OD. Canagliflozin & empagliflozin should be discontinued when eGFR is persistently below 45 ml/min/1.73 m2 or CrCl persistently below 45 ml/min.

1. Dapaglflozin SPC (2014).
2. Canagliflozin SPC (2015).
3. Empagliflozin SPC (2015).



Guidelines: from theory to practice1

Figure 2 -Glucose-lowering medication in type 2 diabetes: overall approach. CV, cardiovascular; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like 
peptide 1 receptor agonsist; AGLT2i, SGLT2 inhibitor; SU, sulfonylurea

1. Davies, M.J. et al., 2018. Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and the European Association for 
the Study of Diabetes (EASD). Diabetologia, 61(12), pp.2461–2498.
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