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NICE NG28 updates for patients with type 
2 diabetes1

• NICE now recommends T2D treatment choices based on metabolic 
response, cardiovascular and renal protection1



NICE recommends metformin only as first line treatment for type 2 diabetes 
patients not at high risk of cardiovascular disease

First line treatment: Assess HbA1c, cardiovascular risk and kidney function                          

Not at high CVD risk 
Chronic heart failure or established 

atherosclerotic CVD

Offer metformin (or metformin 

MR if GI disturbance) 

Offer metformin (or metformin MR 

if GI disturbance) and as soon as 

metformin tolerability is confirmed, 

consider adding SGLT2 inhibitor 

with proven CV benefit

Offer metformin (or metformin 

MR if GI disturbance) and as 

soon as metformin tolerability 

is confirmed, offer SGLT2 

inhibitor with proven CV benefit

If metformin contraindicated

Consider:

• DPP-4 inhibitor (gliptin) or

• Pioglitazone or

• Sulfonylurea or

• An SGLT2 inhibitor for some people*

Consider SGLT2 inhibitor alone Consider SGLT2 inhibitor alone

CVD, cardiovascular disease.

*Tolerability of Metformin should be assessed before considering/offering an SGLT2i

NICE. NG28. Available at: https://www.nice.org.uk/guidance/ng28/chapter/Recommendations (accessed February 2022).

*NICE technology appraisals TA 390 (dapagliflozin, canagliflozin, empagliflozin) and TA 572 (ertugliflozin) 

recommend SGLT2 inhibitors as monotherapy in people:

• who cannot have metformin

• for whom diet and exercise do not provide adequate glycaemic control

• only if a DPP-4 inhibitor would otherwise be prescribed and a sulfonylurea or pioglitazone is not 

appropriate

High risk of CVD

QRISK2 of 10% or higher

https://www.nice.org.uk/guidance/ng28/chapter/Recommendations


NICE recommends SGLT2i’s as a first-line treatment with metformin for type 2 
diabetes patients at high-risk of CVD 

First line treatment: Assess HbA1c, cardiovascular risk and kidney function                          

Not at high CVD risk 
Chronic heart failure or established 

atherosclerotic CVD

Offer metformin (or metformin 

MR if GI disturbance) 

Offer metformin (or metformin MR 

if GI disturbance) and as soon as 

metformin tolerability is confirmed, 

consider adding SGLT2 inhibitor 

with proven CV benefit

Offer metformin (or metformin MR 
if GI disturbance) and as soon as 

metformin tolerability is 
confirmed, offer SGLT2 inhibitor 

with proven CV benefit

If metformin contraindicated

Consider:

• DPP-4 inhibitor (gliptin)

• Pioglitazone

• Sulfonylurea

• An SGLT2 inhibitor for some people*

Consider SGLT2 inhibitor alone Consider SGLT2 inhibitor alone

CVD, cardiovascular disease.

*Tolerability of Metformin should be assessed before considering/offering an SGLT2i

NICE. NG28. Available at: https://www.nice.org.uk/guidance/ng28/chapter/Recommendations (accessed February 2022).

*NICE technology appraisals TA 390 (dapagliflozin, canagliflozin, empagliflozin) and TA 572 (ertugliflozin) recommend SGLT2 

inhibitors as monotherapy in people:

• who cannot have metformin

• for whom diet and exercise do not provide adequate glycaemic control

• only if a DPP-4 inhibitor would otherwise be prescribed and a sulfonylurea or pioglitazone is not appropriate

High risk of CVD

QRISK2 of 10% or higher

https://www.nice.org.uk/guidance/ng28/chapter/Recommendations


NICE recommends SGLT2is as a first-line treatment with metformin for type 2 
diabetes patients with Chronic heart failure or established atherosclerotic CVD

First line treatment: Assess HbA1c, cardiovascular risk and kidney function                          

Not at high CVD risk 
Chronic heart failure or established 

atherosclerotic CVD

Offer metformin (or metformin 

MR if GI disturbance) 

Offer metformin (or metformin MR 

if GI disturbance) and as soon as 

metformin tolerability is confirmed, 

consider adding SGLT2 inhibitor 

with proven CV benefit

Offer metformin (or metformin MR 
if GI disturbance) and as soon as 

metformin tolerability is 
confirmed, offer SGLT2 inhibitor 

with proven CV benefit

If metformin contraindicated

Consider:

• DPP-4 inhibitor (gliptin)

• Pioglitazone

• Sulfonylurea

• An SGLT2 inhibitor for some people*

Consider SGLT2 inhibitor alone Offer SGLT2 inhibitor alone

CVD, cardiovascular disease.

*Tolerability of Metformin should be assessed before considering/offering an SGLT2i

NICE. NG28. Available at: https://www.nice.org.uk/guidance/ng28/chapter/Recommendations (accessed February 2022).

*NICE technology appraisals TA 390 (dapagliflozin, canagliflozin, empagliflozin) and TA 572 (ertugliflozin) 

recommend SGLT2 inhibitors as monotherapy in people:

• who cannot have metformin

• for whom diet and exercise do not provide adequate glycaemic control

• only if a DPP-4 inhibitor would otherwise be prescribed and a sulfonylurea or pioglitazone is not 

appropriate

High risk of CVD

QRISK2 of 10% or higher

https://www.nice.org.uk/guidance/ng28/chapter/Recommendations
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Type 2 diabetes (T2D), heart failure (HF) and chronic kidney disease (CKD) 
are closely connected

5 times 

increased
risk of HF in 

T2DM3

Up to 40% of 

T2DM patients 

will develop 

CKD8

HF & CKD vicious circle: 

one causes/worsens the other7

HF

As many 

as 920k4

#1 hospitalisation cause in >65 year olds5

1 out of 2 patients will die within 5 years of 

diagnosis6

CKD

~2.8M9

in England

Patients with CKD have an increased risk of 

hospitalisation for HF, MI and Stroke

compared to those without CKD10

T2DM IN 

THE UK

5M+1

(2025)

3.6M2

(2019)

1.Diabetes UK. Diabetes Statistics. 2021. Available at: https://www.diabetes.org.uk/professionals/position-statements-reports/statistics Access date: February 2022. AstraZeneca UK Ltd. Data on File REF-73621; Sub-national diabetes prevalence and HbA1c achievement 2018/2019; Total estimated number of T2DM patients 
in the UK. 2020. 3.   Rosano G et al. Heart failure in patients with diabetes mellitus. Card Fail Rev. 2017;3(1):52–55
4. BHF. UK Factsheet July 2021. 2021. Available at: https://www.bhf.org.uk/-/media/files/research/heart-statistics/bhf-cvd-statistics-uk-factsheet.pdf Access date: February 2022. 5. NICE. Acute heart failure: diagnosis and management. 2014. Available at: https://www.nice.org.uk/guidance/cg187/resources/acute-heart-
failure-diagnosis-and-management-pdf-35109817738693 Access date: February 2022. 6. Taylor CJ et al. Trends in survival after a diagnosis of heart failure in the United Kingdom 2000-2017: population based cohort study. BMJ. 2019;364:l223
7. Ronco C et al. Cardiorenal Syndrome. J Am Coll Cardiol. 2008;52(19):1527–1539. 8. Diabetes Care. Introduction: Standards of Medical Care in Diabetes. 2020. Available at: https://diabetesjournals.org/care/article/44/Supplement_1/S1/30961/Introduction-Standards-of-Medical-Care-in-Diabetes Access date: February 
2022. 9. NHS England. 2012. Chronic Kidney Disease in England: The Human and Financial Cost. Available at: https://www.england.nhs.uk/improvement-hub/publication/chronic-kidney-disease-in-england-the-human-and-financial-cost/ Access date: February 2022. 10. Iwagami M et al. Chronic kidney disease and cause-
specific hospitalisation. British Journal of General Practice. 2018;68(673):e512-523



Measures of kidney function and markers of kidney damage are required to 
identify those who are at increased risk of progression1

Green is representative of low risk, yellow of moderately increased risk, orange of high risk, and red of very high risk. 

AKI, acute kidney injury; ACR, albumin to creatinine ratio; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; GFR, 
glomerular filtration rate.

1. NICE clinical guidance. Surveillance report 2017 – Chronic kidney disease. CG157, CG182 and NG8. 2. Kidney Disease: Improving Global Outcomes. KDIGO 2012 Clinical Practice 
Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl 2013;3:1–150. 

Prognosis 

worsens with 

decreasing 

eGFR or 

increasing 

albuminuria
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• All-cause mortality
• CV mortality
• ESRD
• AKI
• Progressive CKD
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e G1 Normal or high ≥90

G2 Mild 60–89

G3a
Mild to moderately

decreased
45–59

G3b
Moderately to severely 

decreased
30–44

G4 Severely decreased 15–29

G5 Kidney failure <15

Albuminuria categories description and range

A1 A2 A3

Normal to mildly 

increased
Moderately increased Severely increased

<30 mg/g

<3 mg/mmol

30–300 mg/g

3–30 mg/mmol

>300 mg/g

>30 mg/mmol

CKD is defined as GFR 

<60 ml/min/1.73 m2 or presence of 

markers of kidney damage, e.g. 

ACR ≥3 mg/mmol, for >3 months

Adapted from: KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease 



NICE NG28 
Algorithm for blood glucose lowering therapy in adults with type 2 diabetes

NICE NG28, Algorithm for blood glucose lowering therapy in adults with type 2 diabetes. Last updated 2017. Available from: 

http://www.nice.org.uk/guidance/ng28/resources/algorithm-for-blood-glucose-lowering-therapy-in-adults-with-type-2-diabetes-2185604173 [last accessed August  2021

Reinforce advice on diet, lifestyle and adherence to drug treatment

Refer to relevant SmPCs for individual considerations before prescribing

http://www.nice.org.uk/guidance/ng28/resources/algorithm-for-blood-glucose-lowering-therapy-in-adults-with-type-2-diabetes-2185604173


Person Centered Care 



Glucose-lowering medication in type 2 diabetes: 2021 ADA Professional Practice Committee 

(PPC) adaptation of Davies et al. 



SIGN guideline 154 Pharmacological management of glycaemic control in people with Type 2 diabetes



Treatment Options & Where They Work

There are a number of different classes of antidiabetic agents for T2D, with varying 
targets as shown below.1-3 This section will cover each drug class in more detail

1. DeFronzo RA, et al. Diabetes spectr 2014;27(4):100-112.

2. Smith CJ et al. Br J Cardiol 2010;17:279-282. 

3. Cavaiola TS, Pettus J, Management Of Type 2 Diabetes: Selecting Amongst Available Pharmacological Agents. 

Available at: ncbi.nlm.nih.gov/books/NBK425702. Accessed: August 2021

Pancreas
Impaired insulin

secretion

Pancreas
Increased

glucagon

secretion

Liver

Increased hepatic

glucose production Brain

Neurotransmitter

dysfunction

Kidneys
Increased 

glucose reabsorption

Adipose tissue
Increased 

lipolysis

Hyper-

glycaemia

Intestines

Decreased

incretin effect

Islet β-cell

Islet α-cell

GLP-1 RAs

DPP-4is TZDs

TZDs 

GLP-1 RAs

GLP-1 RAs

TZDs 

MET

GLP-1 RAs

GLP-1 RAs

TZDs

GLP-1 RAs

SUs 

Insulin

SGLT2is

Adapted from DeFronzo 20141

Muscle

Decreased glucose uptake



SGLT2 Inhibitors: Glucose Overview

What are SGLT2 inhibitors?

SGLT2is are a class of anti-

hyperglycaemic agents that target 

the kidney and promote urinary 

glucose excretion1

Indications

SGLT2is are indicated for adults 
with T2D as a monotherapy when 
metformin is considered 
inappropriate due to intolerance or 
in combination with other glucose-
lowering agents including insulin2-4

See SmPC for full indications

1. Inzucchi SE, et al. Diabetes Care 2015;38:140-149. 

2. Forxiga (Dapagliflozin). Summary of Product Characteristics. Available at: medicines.org.uk/emc/. Accessed: August 2021. 

3. Jardiance. Summary of Product Characteristics. Available at medicines.org.uk/emc/. Accessed: August 2021. 

4. Invokana. Summary of Product Characteristics. Available at: medicines.org.uk/emc/. Accessed: August 2021. 
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secretion

Increased

glucagon

secretion

Increased hepatic 

glucose production

Neurotransmitter

dysfunction
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Increased 
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reabsorption

Increased 
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Hyper-

glycaemia

Decreased

Incretin effect

Islet β-cell

Islet α-cell

SGLT2is



SGLT2 Inhibitors: Mode of Action

• The amount of glucose removed 
by the kidney through this 
mechanism is dependent upon 
the blood glucose concentration 
and GFR

• SGLT2is block the reabsorption 
of glucose in the kidney, resulting 
in an increase in glucose excretion 
and, therefore, lower blood glucose 
levels2

• SGLT2is work via an insulin-
independent mechanism of action to 
lower blood glucose1

1. Washburn WN. J Med Chem 2009;52:1785-1794. 2. Inzucchi SE, et al. Diabetes Care 2015;38:140-149.

SGLT2is reduce 

glucose reabsorption

Glucose 

filtration
SGLT2is increase 

urinary excretion of 

excess glucose

SGLT2

SGLT2i

Proximal 

tubule



SGLT2 mode of action in CKD 1-3

aBased on results of the primary composite endpoint in DAPA-CKD (39% RRR [ARR 5.3%] in CKD progression, end-stage kidney disease and renal or CV death [hazard ratio 0.61; 
95% confidence interval: 0.51, 0.72; P=0.001])4

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; ARR, absolute risk reduction; CKD, chronic kidney disease; MOA, mechanism of action; RAAS(i), renin-
angiotensin-aldosterone system (inhibitor); RRR, relative risk reduction; T2D, type 2 diabetes

1. AstraZeneca AB. FORXIGA (dapagliflozin) SmPC. Available at: https://www.medicines.org.uk/emc/product/7607/smpc#gref (Accessed July 2021); 2. Heerspink HJL, et al. Circulation
2016;134:752–772; 3. Schefold JC, et al. Nat Rev Nephrol 2016;12:610–623; 4. Heerspink HJL, et al. N Engl J Med 2020;383:1436–1446

SGLT2 can offer a complementary pathway to RAAS inhibition to lower intraglomerular pressure and protect nephrons1–3

ACEi/ARB

Efferent 

vasodilation

Bowman’s 

capsule

Proximal 

convoluted tubule

The primary 

mechanism for  

preserving kidney 

function is not 

dependent on the 

blood glucose-lowering 

effect and is not limited 

to patients with T2D1

Afferent 

vasoconstriction

Inhibiting SGLT2 enzyme, 

reduces reabsorption of 

glucose from the glomerular 

filtrate in the proximal renal 

tubule with a concomitant 

reduction in sodium 

reabsorption leading to urinary 

excretion of glucose and 

osmotic diuresis.

SGLT2 increases the delivery 

of sodium to the distal tubule 

which is believed to increase 

tubuloglomerular feedback 

and reduce intraglomerular 

pressure.



SGLT2 Inhibitors: Mode of Action (Cont.)

• The mechanism of action may also offer 
further glucose control by allowing:

– Increased insulin sensitivity in the 

muscle cells

– Decreased gluconeogenesis

– Improved insulin release from 

pancreatic β-cells

1. Washburn WN. J Med Chem 2009;52:1785-1794. 

Adapted from Washburn 2009.1

Kidney

Fat & muscle

Enhanced insulin 
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Hyperglycaemia

SGLT2 inhibition
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gluconeogenesis

Liver

Glucosuria



SGLT2 Inhibitors and Renal Impairment

The glucose lowering efficacy of all SGLT2is is dependent on renal function.

• The amount of glucose excreted is dependent on 
glomerular filtration rate1,2

• Glucose lowering efficacy is reduced in T2D 
patients with moderate renal impairment

Please refer to specific SGLT2i SmPC’s.

1. Forxiga. Summary of Product Characteristics. Available at medicines.org.uk/emc/. Accessed: August 2021. 

2. Invokana. Summary of Product Characteristics. Available at medicines.org.uk/emc/. Accessed: August 2021. 



SGLT2 Inhibitors: Key Advantages and 
Disadvantages

• Low risk of hypoglycaemia, unless 
given with hypoglycaemia causing 
agents1

• Effective at all stages of T2D1

• Associated with:1

– Weight loss

– Consistent lowering of blood 

pressure

• Adverse effects include:

̶ Genitourinary infection 
(occurring more frequently in 
women)1

̶ Polyuria1

̶ Diabetic ketoacidosis (DKA) 
– rare2

• Refer to individual SmPC for 
specific recommendations/pre-
cautions 

1. Inzucchi SE, et al. Diabetes Care 2015;38:140-149.. 

2. Forxiga. Summary of Product Characteristics. Available at: medicines.org.uk/emc/.Accessed: August 2021 .

Advantages Disadvantages

N.B. SGLT2is are not indicated for weight loss or to reduce blood pressure. 



GLP-1 Receptor Agonists: Overview

What are GLP-1 receptor 
agonists?

GLP-1 RAs are antidiabetic 

agents that mimic endogenous 

GLP-1 activity1

Indications

GLP-1 RAs are indicated for 
adults with T2D in combination 
with oral agents or basal insulin 
when the therapy in use, together 
with diet and exercise, does not 
provide adequate glycaemic
control. 2-5

See SmPC for full indications

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

2. Byetta (exenatide). Summary of Product Characteristics. Available at: medicines.org.uk/emc/. Accessed: August 2021. 

3. Bydureon (exenatide) . Summary of Product Characteristics. Available at: medicines.org.uk/emc/ Accessed: August 2021. 

4. Victoza. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021. 

5. Lyxumia. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021

6. Ozempic. Summary of Product Characteristics. Available at medicines.org.uk/emc. Accessed: August 2021 

7. Rybelsus. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021
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glucose uptake

Increased 

glucose 
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Islet β-cell

Islet α-cell

GLP-1 RAs

GLP-1 RAs
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GLP-1 RAs

GLP-1 RAs



GLP-1 Receptor Agonists: Mode of Action

GLP-1 RAs mimic endogenous GLP-1 activity but are resistant to breakdown by the 
DPP-4 enzyme, resulting in a more prolonged GLP-1 action

1. Scheen AJ, Ann Endocrinol 2013:74:515-522.

Pancreatic β-cell  

Pancreatic α-cell  Stomach

Brain 

GLP-1 RA 

action

DPP-4

Inhibitor

↑ Insulin release

↓ Glucagon release
↓ Gastric emptying

↑ Satiety 



GLP-1 Receptor Agonists: Effect on Weight

GLP-1 RAs promote weight loss primarily through their inhibitory effect on food intake.*1 

This is achieved via the activation of GLP-1 receptors in the peripheral and central 
nervous system2

21

Adapted from Larsen PJ 2008.1

GLP-1 RA

GLP1-RA uptake into CNS

GLP-1 RAs enhance signaling in areas of the brain 

responsible for body weight homeostasis

GLP-1 RAs inhibit 

gastric emptying3

Satiety

(fullness)

Caloric

Intake

Energy

Balance

Body

Weight

* Byetta (exenatide) and Bydureon (exenatide)are not indicated for weight loss. 

1. Larsen PJ The British Journal of Diabetes & Vascular Disease 2008;8(2 Suppl):S34-S41. 

2. Shah M et al. Reviews in Endocrine and Metabolic Disorders 2014;15:181-187. 

3.     Baggio LL et al. The Journal of Clinical Investigation 2014;124(10):4223-4226.



GLP-1 Receptor Agonists: Key Advantages 
and Disadvantages

• Low risk of hypoglycaemia 
(unless used with SUs, 
metformin and an SU, or 
basal insulin)1

• Associated with weight loss1

• Not associated with an 
increase in CV risk in patients 
with T2D– refer to individual 
SmPC7

• Most common adverse events:2-6

– Gastrointestinal: nausea, 
vomiting, diarrhoea

– Headaches

• GLP-1 RAs have been associated 
with pancreatitis and pancreatic 
neoplasia1

• Refer to individual SmPC for 
specific recommendations/pre-
cautions 

1. Inzucchi SE, et al. Diabetes Care 2015;38:140-149.
2. Bydureon. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021. 
3. Byetta. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021. 
4. Lyxumia. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021. 
5. Victoza. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021.
6. Ozempic. Summary of Product Characteristics. Available at medicnes.org.uk/emc. Accessed: August 2021
7. Sheahan KH, et al. Postgrad Med J 2019;0:1–6. doi:10.1136/postgradmedj-2019-137186

Advantages Disadvantages



Metformin: Overview

What is metformin?

Metformin belongs to the 
biguanide family of antidiabetic 
drugs; it is the most widely used 
first-line T2D drug.1

It works primarily by reducing 
glucose production in the liver.1

Indications

Metformin is indicated for the 
treatment of T2D, particularly in 
overweight patients, when dietary 
management and exercise alone 
does not result in adequate 
glycaemic control.2

See SmPC for full indications.
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1. Inzucchi SE, et al. Diabetes Care 2012; 35:1364-1379.

2. Glucophage. Summary of Product Characteristics. Available at:.medicines.org.uk/emc. Accessed: August 2021.



Metformin: Mode of Action

The predominant mode of action of metformin is 
reducing hepatic glucose production1

This is achieved by the activation of the energy-
regulating enzyme AMP-kinase, which is also 
expressed in the skeletal muscle and adipose tissue2

In clinical trials, metformin had a protective effect 
on the CV system, however, the clinical trial data 
are not robust1

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 2. Boyle JG, et al. Br J Cardiol 2010; 17:231-234. 

Metformin

Liver
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AMP-kinase
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Muscle:

• Activates 
AMP-kinase

Adipose tissue

• Activates 
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Metformin: Protective Effects 

• In overweight adult patients with T2D 
inadequately controlled with diet changes 
alone, metformin significantly reduced:

– Absolute risk of diabetes-related 
complications (vs diet alone or a group 
combining patients treated with an SU 
or insulin)

– Absolute risk of overall mortality (vs 
diet alone or combined SUs and insulin) 

– Absolute risk of myocardial 
infarction (vs diet alone, p=0.011)

1. Glucophage. Summary of Product Characteristics. Available at: medicines.org.uk/emc. 

Adapted from Glucophage Summary of Product Characteristics.1
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1. Glucophage. Summary of Product Characteristics. Available at: medicines.org.uk/emc/. Accessed: August 2021. 

2. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

3. Aroda VR et al. J Clin Endocrinol Metab. 2016 Apr; 101(4): 1754–1761 

Advantages

Advantages Disadvantages

• Gastrointestinal side effects 

(diarrhoea, abdominal cramping)2

• Lactic acidosis is a very rare, serious 

metabolic side effect that can occur 

because of metformin accumulation1

• Vitamin B12 deficiency Routine testing 

of vitamin B12 levels in metformin 

treated people with diabetes should be 

considered2.

Metformin is commonly used because of 

several key benefits that it offers:

• Weight neutrality 
(i.e. no weight gain)1

• Does not increase the risk of 
hypoglycaemia 1

• Possible protection from CV events2

• Effective HbA1c reduction through 
oral administration1

Metformin: Key Advantages and 
Disadvantages



DPP- 4 Inhibitors: Overview

What are DPP-4 inhibitors?

DPP-4is are enzyme inhibitors 
that increase circulating 
concentrations of incretin 
hormones1

Indications

DPP-4is are indicated for adults 
with T2D as a monotherapy when 
metformin is inappropriate due to 
intolerance or contraindications,  
or in combination with other 
antidiabetic agents when these 
do not provide adequate 
glycaemic control *2-6

See SmPC for full indications

*Alogliptin is not indicated as monotherapy.

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

2. Januvia. Summary of Product Characteristics. medicines.org.uk/emc. Accessed August 2021. 

3. Galvus. Summary of Product Characteristics. Available at: medicines.org.uk/emc/. Accessed: August 2021. 

4. Onglyza (saxagliptin). Summary of Product Characteristics. Available at: medicines.org.uk/emc. Accessed: August 2021. 

5. Trajenta. Summary of Product Characteristics. Available at: medicines.org.uk/emc/product. Accessed: August 2021 
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DPP- 4 Inhibitors: Mode of Action

• DPP-4is inhibit the enzyme that inactivates 
the incretins GLP-1 and GIP, which
extends the duration of insulin release1

• Since GLP-1 and GIP are only produced 
when glucose levels are high, DPP-4is 
provide glucose-dependent control of 
blood glucose levels; this mechanism of 
action reduces the risk of 
hypoglycaemic episodes2

• The DPP-4is are incretin enhancers that 
enhance β-cell sensitivity and glucose-
dependent insulin secretion3

The role of incretins is covered in 
more detail in Module 1.

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

2. Barnett AH, et al. Int J Clin Pract 2010;64:1121-1129. 

3. Srinivasan BT, et al. Postgrad Med J 2008;84:524-531.  
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DPP- 4 inhibitors: Key Advantages and 
Disadvantages

• Generally well tolerated

• Low increased risk of hypoglycaemia, 
unless given with hypoglycaemia 
causing agents

• Weight neutrality

• Generally modest HbA1c efficacy

• Possible associations with 
pancreatitis 

• Refer to individual SmPCs for 
specific recommendations and 
precautions.

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379.

Advantages Disadvantages



Thiazolidinediones: Overview 

What are 
thiazolidinediones?

TZDs, or glitazones, increase 
insulin sensitivity by binding to 
specific receptors in the adipose 
tissue, pancreatic β-cells, liver, 
and muscle1

Indications

TZDs are indicated for adults with 
T2D as a monotherapy or in 
combination with metformin, 
sulphonylurea or insulin2

See SmPC for full indications
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secretion
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glucose production
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glucose uptake

Increased 
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reabsorption
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Hyper-
glycaemia
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Islet β-cell

Islet α-cell

TZDs

TZDs

TZDs

TZDs

1. McGrane DA, et al. Br J Cardiol 2011;18:24-27.

2. Actos. Summary of Product Characteristics. 

Available at: medicines.org.uk/emc/. Accessed: August 2021.



Thiazolidinediones: Mode of Action 

• The effects of TZDs are mediated through the 
activation of peroxisome proliferator-
activated receptor-gamma (PPARγ), which 
alters the expression of genes involved in lipid 
metabolism and promotes fatty acid uptake1

• PPARγ is found predominantly in adipose 
tissue, but it is also found in pancreatic beta 
cells, muscle and liver1

• As free fatty acids have been shown to induce 
insulin resistance, this uptake by the adipose 
tissue my contribute to increased insulin 
sensitivity in the liver, skeletal muscle and 
pancreas2

1. McGrane DA, et al. Br J Cardiol 2011;18:24-27.

2. Quinn CE, et al. Br J Pharmacol 2008;153:636-645.

Adapted from Quinn et al. 20082
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Thiazolidinediones: Key Advantages and 
Disadvantages

• Recognised adverse effects include:

– Weight gain

– Fluid retention leading to oedema and/or 
heart failure

– Increased risk of bone fractures

• Low increased risk of hypoglycaemia, 
unless given with hypoglycaemia 
causing agents

• Appear to have a more durable effect 
on glycaemic control compared with 
SUs and metformin

Advantages Disadvantages



Sulphonylureas: Overview

What are sulphonylureas?

SUs are a well-established class of 
oral antidiabetic agents. They work 
by increasing endogenous release 
of insulin from pancreatic β-cells1

Indications

SUs are used in patients with T2D 
who do not have adequate 
glycaemic control with lifestyle 
changes2-3

See SmPC for full indications.

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

2. Glimepiride. Summary of Product Characteristics. Available at.medicines.org.uk/emc. Last accessed: August 2021. 

3. Glipizide. Summary of Product Characteristics. Available at: medicines.org.uk/emc. Last accessed: August 2021.
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Sulphonylureas: Mode of Action

• SUs bind to the SU receptor (SUR) on the 
surface of pancreatic β-cells, thereby 
closing adenosine triphosphate-(ATP-) 
sensitive potassium channels to stimulate 
insulin secretion1

• Increased insulin production improves 
metabolic control, which subsequently 
improves insulin sensitivity2

1. Smith CJ, et al. Br J Cardiol 2010;17:279-282.

2. Cheng A, Fantus IG. CMAJ 2005;172:213-226.
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Sulphonylureas: Efficacy

• SUs have been shown to lower HbA1c

levels by 1-2%1

• However, the efficacy of SUs decline 
over time making them less effective 
than other therapies in the long-term 
maintenance of glycaemic control2

• The incidence of monotherapy failure at 
5 years was 34% with glibenclamide vs 
21% with metformin2

Cumulative Incidence of Monotherapy Failure With 
Glibenclamide Versus Metformin

1. Smith CJ, et al. Br J Cardiol 2010;17:279-282. 

2. Kahn SE, et al. N Engl J Med 2006;355:2427-2443. 

Adapted from Kahn et al. 20062
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Sulphonylureas: Key Advantages and 
Disadvantages

• Efficacy is not maintained long term2

• Associated with modest weight gain1

• Associated with risk of hypoglycaemia1

1. Inzucchi SE, et al. Diabetes Care 2012;35:1364-1379. 

2. Kahn SE, et al. N Engl J Med 2006;355:2427-2443.

• Well-established1

• Effective glycaemic control1

Advantages Disadvantages



Insulin Therapy: Overview

The goal of insulin therapy is to mimic normal  
endogenous insulin release. This is achieved 
via a regular schedule of insulin injections1

In people without diabetes, low levels of insulin 
circulate in the blood most of the time. This is 
known as the basal insulin level. Following 
ingestion of a meal, these levels peak, due to 
the release of bolus insulin1

Different types of insulin are available, which 
attempt to mimic these patterns of insulin 
release.1 These insulins can be selected 
depending on a person with diabetes lifestyle 
and current glucose trends2

Initial insulin therapy for people with T2D is 
usually a basal insulin. Basal insulin provides a 
relatively consistent insulin coverage through 
the day and night2

Main types of insulin:3

• Basal insulin: long-acting insulin, generally 
given once daily

• Prandial: short-acting insulin prior to meals only

• Premixed insulins: a combination of a rapid 
acting insulin and protamine, usually given twice 
daily with breakfast and dinner

• Basal-bolus insulin: multiple daily injections of 
a short- and long-acting insulin

Insulins can be administered using a syringe, insulin 
pen, or an insulin pump1

1. American Diabetes Association (ADA). American Diabetes Association Complete Guide to Diabetes. 5th ed. American Diabetes Association: 2011. 

2. Inzucchi SE, et al. Diabetes Care 2012; 35:1364-1379.

3. Rodbard HW et al. Endocr Pract 2009;15:540-559.



Insulin Therapy: Key Advantages and 
Disadvantages

• Most potent antihyperglycaemic 
agent1

• Dosage can be adjusted regularly to 
achieve target glycaemic goal1

• Rapid reduction in glucose levels2

• May be initiated at diagnosis if 
glucose levels are high enough1

• Risk of hypoglycaemia2

• Associated with weight gain2

• Obstacles for starting insulin 
therapy include:3

– Weight gain and 

hypoglycaemia risk

– Complex treatment regimens

– Resource-intensive follow-up 

for healthcare professionals

– Injection fear 

– Dexterity issues

Advantages Disadvantages

1. Garber AJ, et al. Endocr Pract 2018;24(1):91-119.

2. Home P, et al. Diabetes Care 2014;37:1499-1508. 

3. Hayes RP, et al. Int J Clin Pract 2008;6:860-868.



Sick day rules

If diabetes is not managed well during illness it can 
escalate and result in more serious conditions, such as 
diabetic ketoacidosis, hyperosmolar hyperglycaemic 
state and acute kidney injury, which will require 
emergency hospital admission. It is, therefore, vital that 
the right advice is given to manage the initial illness.

The aims of managing a person with diabetes during 
intercurrent illness are to: 

• Manage blood glucose levels
• Ensure adequate calorie intake and hydration with fluid 

replacement
• Test for and manage (if present) ketones  
• Recognise when further medical attention is required 

Any intercurrent illness can cause glucose levels to 
rise. The following list of such illnesses is not 
exhaustive:

For specific information on helping people living with 
diabetes through illness please refer to the protocol used 
locally. Providing the person with a leaflet on what to do 
when ill is useful. T2DM material and resources available 
at www.trend-uk.org 

Reference: diabetesonthenet.com/uploads/resources/0d28e57abe500aeecce340a80c293df1.pdf 
accessed August 2021

The conditions that should trigger advice include:

• The common cold

• Influenza

• Diarrhoea and vomiting

• Urinary tract infection

• Chest infection

• Pneumonia

• Abscess

• Injury (e.g. fracture)

Educate the patient about sick day rules when a person 

with diabetes is not well or is unable to eat and drink as 

normal some simple rules can help further deterioration or 

DKA 



Medicine to stop temporarily during 

intercurrent illness  

DAMN GlucoSe drugs1

• Diuretics: ‘water pills’ – e.g. frusemide, 
bendroflumethiazide, indapamide, bumetanide 

• ACE inhibitors: names ending in ‘pril’ e.g. ramipril, 
perindopril 

• ARBs: names ending in ‘sartan’ e.g. candesartan, 
losartan, irbesartan 

• Metformin 
• NSAIDs: anti-inflammatory pain killers e.g. ibuprofen, 

naproxen, diclofenac 
• GLP1 analogues (injectable): names ending in ‘tide’ 

e.g. exenatide, liraglutide, dulaglutide, lixisenatide
• SGLT inhibitor: names ending in ‘flozin’ e.g. 

canagliflozin, dapagliflozin, empagliflozin, ertugliflozin

1. Reference: abcd.care/sites/abcd.care/files/site_uploads/Resources/Position-Papers/SGLT2-inhibitors-ABCD.pdf - Accessed August 2021

2. Reference: diabetesonthenet.com/uploads/resources/0d28e57abe500aeecce340a80c293df1.pdf - Accessed August 2021

There are several classes of drugs that should be temporarily stopped in conditions that could lead to 

complications 

SADMAN2

• S - SGLT2 inhibitors If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing euglycaemic

DKA 

• A - ACE inhibitors If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing AKI due to 

reduced renal efferent vasoconstriction 

• D - Diuretics If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing AKI 

• M - Metformin If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing lactic acidosis 

• A - ARBs If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing AKI 

• N - NSAIDs If taken during an acute illness that can lead to 

dehydration, there is an increased risk of developing AKI due to 

reduced renal afferent vasodilation

Once the person is feeling better and able to eat and drink for 24–48 hours, these medications should be restarted. 

Specifically with SGLT-2’s treatment should be interrupted in patients who are hospitalised for major surgical procedures or acute serious medical illnesses. Monitoring of ketones is 

recommended in these patients. Measurement of blood ketone levels is preferred to urine. Treatment may be restarted when the ketone values are normal and the patient's condition has 

stabilised.

Consult SPC’s for all medications for guidance on when it is appropriate to restart following acute illness or hospitalisation


