
The global incidence and prevalence of type 2 diabetes is 
rising due to obesity and sedentary lifestyle. NICE has devel-

oped guidelines for screening those at risk and the diagnosis
of type 2 diabetes has been simplified by the introduction of
HbA1c as a diagnostic test.1

It is now advocated that diabetes care should be holistic
and tailored to patient circumstances with appropriate and 
individualised setting of glycaemic targets and HbA1c goals. A
comprehensive management plan for type 2 diabetes includes
structured education, self-management programmes and 
psychological support alongside the use of glucose-lowering
therapies and treatment to lower risk of cardiovascular disease.
Algorithms and consensus guidelines for combining glucose-
lowering therapy are available from NICE, the American Diabetes
Association (ADA) and the European Association for the Study
of Diabetes (EASD).2,3

Large multicentre studies such as UKPDS, ACCORD and
ADVANCE have demonstrated that intensive glycaemic control
reduces microvascular complications but the effect on
macrovascular complications such as cardiovascular morbidity
and mortality remains controversial.4–6 A significant manage-
ment challenge is achieving optimal glucose control without
excessive risks such as hypoglycaemia, weight gain and adverse
cardiovascular outcomes (see Table 1).   

Lifestyle modification and metformin remain first-line inter-
ventions for type 2 diabetes management. In the last decade,
several new classes of oral and subcutaneous glucose-lowering
therapies have emerged with varying efficacy and safety pro-
files. The expanding array of new agents and how to combine
them effectively based on efficacy, safety, tolerability and cost
can seem complex and confusing.

This review will describe the role of HbA1c in the screening
and diagnosis of those at risk of diabetes and the use of 
newer therapies and their current place in the management of
type 2 diabetes.
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The expanding array of new type 2 diabetes
agents and how to combine them effectively
is complex. This review gives an overview of
the newer therapies and their current place
in type 2 diabetes management. It also
examines the role of HbA1c in the screening
and diagnosis of those at risk of diabetes.
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Screening at risk individuals
As patients with type 2 diabetes are often asymptomatic, screen-
ing is essential in high-risk individuals such as those with a family
history of type 2, black and ethnic minority groups, obese/seden-
tary lifestyle and those aged over 45. Other risk factors include
polycystic ovary syndrome, previous gestational diabetes, hyper-
tension, hyperlipidaemia and impaired fasting glycaemia/
glucose tolerance. In the UK and other countries, systematic
testing for people at risk of type 2 diabetes occurs through
annual health checks. In 2009 the DH introduced the NHS
Health Checks Programme, a five-year rolling screening pro-
gramme targeted to those aged 40 to 74 years, for identifying
people with risk factors for cardiovascular disease including dia-
betes.7 Diabetes risk is calculated using validated questionnaires
and web-based tools such as the Leicester Diabetes Risk Score,8

before blood tests such as HbA1c and fasting glucose are used
to confirm diagnosis in an appropriate healthcare setting. 

The WHO criteria are used for diagnosing diabetes, impaired
fasting glucose (IFG) and impaired glucose tolerance (IGT) using
fasting plasma glucose concentrations and the oral glucose tol-
erance test (OGTT). HbA1c can now be added to these diagnostic
criteria and has been advocated as a reliable and simpler test.
The use of HbA1c is associated with a number of advantages

and disadvantages but an OGTT should always be considered
if necessary for diagnosis.

The “ominous octet” 
The “ominous octet” describes eight distinct pathophysiological
mechanisms contributing to the development of hyperglycaemia
and type 2 diabetes, which include reduced insulin secretion from
pancreatic beta cells, increased glucagon secretion from pancre-
atic alpha cells, increased hepatic glucose production, neuro-
transmitter dysfunction and insulin resistance in the brain,
increased lipolysis, increased renal glucose reabsorption,
reduced incretin effect in the small intestine, and reduced glucose
uptake in peripheral tissues such as skeletal muscle, liver and
adipose tissue.9 One or several of the components of the octet
are targeted by currently available glucose-lowering therapies.  

Incretin mimetics and enhancers, sodium-glucose co-trans-
porter 2 (SGLT2) inhibitors and ultra-long-acting basal insulins
are the most recent groups of agents licensed for use in type 2
diabetes in the UK. 

Incretin therapies 
The incretin effect is a physiological mechanism in which 
there is secretion of the gut hormones glucagon-like peptide-1
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Therapy Efficacy (change
in HbA1c)

Effect on weight Risk of
hypoglycaemia

Cardiovascular
disease risk 

Cost

Metformin –1.0 to –2.0% Neutral or ↓ None unless
combined with
SU or insulin

May improve
outcomes

Low

Sulfonylureas (SU) –1.0 to –2.0% ↑ Increased ??Adverse
outcomes

Low

Pioglitazone –1.0 to –2.0% ↑ None unless
combined with 
SU or insulin

?Improves
outcomes

High

SGLT2 inhibitors –1.0 to –2.0% ↓ None unless
combined with
SU or insulin

No data High

DPP-4 inhibitors –0.5 to –1.0% Neutral None unless
combined with
SU or insulin

Saxagliptin non-
inferior outcomes
to placebo

Other studies
ongoing

High

GLP-1 receptor
agonists

–1.0 to –2.0% ↓ None unless
combined with

SU or insulin

Lixisenatide non-
inferior outcomes
to placebo

Other studies
ongoing

High

Insulin –1.0 to –2.0% ↑↑ Increased Not clearly
determined or
easy to evaluate 

Variable – insulin
analogues more
expensive

Table 1. Comparison of glucose-lowering therapies for type 2 diabetes management 



(GLP-1) and gastric inhibitory peptide (GIP) following oral glucose
ingestion. This results in increased insulin secretion, decreased
glucagon, reduced hepatic glucose output and gastric emptying
and a feeling of satiety. This effect is blunted in type 2 diabetes
with adverse effects on glucose homeostasis. 

Incretin mimetics such as the GLP-1 agonists and incretin
enhancers such as the dipeptidyl peptidase-4 (DPP-4) inhibitors
attenuate the incretin effect. 

GLP-1 agonists
GLP-1 agonists, which are administered subcutaneously, have a
similar mechanism of action to physiological GLP-1 but without
rapid degradation by DPP-4 enzyme in the small intestine, and are
either short-acting or long-acting depending on amino acid struc-
ture (see Table 2). GLP-1 agonists are currently restricted in the UK
to those with a BMI≥35 unless co-morbidities such as obstructive
sleep apnoea or occupational issues precluding insulin use are
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GLP-1 receptor agonist Dose and frequency Adverse effects Safety

Short-acting

Exenatide 5–10µg subcutaneous
injection twice daily

Nausea, vomiting, diarrhoea,
injection-site reactions

Not recommended in severe renal
impairment

Increased risk of acute pancreatitis
Hypoglycaemia with sulfonylureas
or insulin

Liraglutide 0.6–1.8mg subcutaneous
injection once daily

Nausea, diarrhoea, headache Not recommended in severe renal
impairment

Not recommended for all degrees of 
hepatic impairment

Increased risk of acute pancreatitis
Increased risk of thyroid neoplasm
Hypoglycaemia with sulfonylureas
or insulin

Lixisenatide 10–20µg subcutaneous
injection once daily

Nausea, vomiting, diarrhoea,
headache, injection-site
reactions

Not recommended in severe renal
impairment and gastroparesis

Increased risk of acute pancreatitis
Hypoglycaemia with sulfonylureas
or insulin

Long-acting

Exenatide 2mg subcutaneous injection
once weekly

Nausea, vomiting, diarrhoea,
constipation (less than with
twice daily exenatide),
injection site reactions

Not recommended in moderate or
severe renal impairment

Increased risk of acute pancreatitis
Hypoglycaemia with sulfonylureas
or insulin

Albiglutide
(not yet launched 
in UK)

30–50mg subcutaneous
injection once weekly

Nausea, diarrhoea, injection-
site reactions

Not recommended in severe renal
impairment

Increased risk of acute pancreatitis
Hypoglycaemia with sulfonylureas
or insulin

Dulaglutide 0.75–1.5mg subcutaneous
injection once weekly

Nausea, vomiting, diarrhoea Not recommended in severe renal
impairment

Increased risk of acute pancreatitis
Hypoglycaemia with sulfonylureas
or insulin

Table 2 GLP-1 receptor agonists approved for use in the UK 



present. They may be added after dual therapy has been unsuc-
cessful in maintaining glycaemic targets, prior to insulin initiation,
or as an adjunct for patients already commenced on insulin. 

HbA1c reductions are up to 2 per cent10,11 with weight loss
varying between 1–8kg.12 Risk of hypoglycaemia is low unless
they are combined with sulfonylureas or insulin. 

Gastrointestinal side-effects especially nausea and vomiting
occur in approximately 30 per cent of patients on initiation but
improve after a few weeks allowing dose escalation and tend

to occur less with longer-acting GLP-1 agonists. GLP-1 agonists
are generally not recommended in patients with severe renal
impairment and there is a small risk of acute pancreatitis with
these agents.   

Long-term cardiovascular safety of GLP-1 agonists are being
evaluated in ongoing clinical trials such as EXSCEL (exenatide),
LEADER (liraglutide), and ELIXA (lixisenatide). Early results from
the ELIXA trial indicate that lixisenatide is non-inferior to placebo
for cardiovascular safety. 
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DPP-4 Inhibitor Dose Side-effects Safety

Sitagliptin 25–100mg daily Upper respiratory tract infections,
nasopharyngitis, headache

Reduce dose in renal impairment
eGFR<50ml/min/1.73m2 – 50mg daily
eGFR<25ml/min/1.73m2 – 25mg daily

Increased risk of acute pancreatitis
No dose adjustment in mild to moderate
hepatic impairment

Risk of hypoglycaemia with sulfonylureas 
or insulin

Saxagliptin 2.5–5mg daily Upper respiratory tract infections,
urinary tract infection, gastroen-
teritis, sinusitis, headache,
vomiting, peripheral oedema

Dose reduction with CYP3A4/5 inhibitors eg
ketoconazole

No dose adjustment for mild renal impairment 
2.5mg daily dose with moderate or severe
renal impairment

Not recommended in severe hepatic
impairment

Increased risk of acute pancreatitis
Risk of hypoglycaemia with sulfonylureas
or insulin

Linagliptin 5mg daily Nasopharyngitis, cough, rash No dose adjustment for renal impairment
Increased risk of acute pancreatitis
Risk of hypoglycaemia with sulfonylureas
or insulin

Vildagliptin 50mg twice daily Dizziness, headache, tremor,
nausea

Reduce dose in renal impairment
eGFR≤50ml/min/1.73m2 – 50mg daily

Not recommended with hepatic impairment 
Rare cases of hepatic dysfunction 
Increased risk of acute pancreatitis
Risk of hypoglycaemia with sulfonylureas
or insulin

Alogliptin 6.25–25mg daily Pruritus, upper respiratory tract
infection, nasopharyngitis,
headache

Reduce dose in renal impairment
eGFR<60ml/min/1.73m2 – 12.5mg daily
eGFR<30ml/min/1.73m2 – 6.25mg daily

Not recommended in severe hepatic
impairment

Rare cases of hepatic dysfunction 
Increased risk of acute pancreatitis
Risk of hypoglycaemia with sulfonylureas
or insulin

Table 3. DPP-4 inhibitors approved for use in the UK



The efficacy of GLP-1 agonists in achieving weight loss has
led to FDA and EU approval of liraglutide 3.0mg daily for obesity
management based on the randomised controlled SCALE trial.13

DPP-4 inhibitors
DPP-4 inhibitors are oral agents that prevent rapid breakdown
of physiological GLP-1. HbA1c improvements of up to 1 per cent
are observed with weight neutrality.14 They are well-tolerated
with minimal side-effects and can be used in renal impairment
( see Table 3). There is no hypoglycaemia risk unless combined
with sulfonylureas or insulin. DPP-4 inhibitors may be initiated
as second-line or third-line therapy and in addition to insulin.
The SAVOR-TIMI 53 study using saxagliptin showed that the 
risk of adverse cardiovascular outcomes was non-inferior to
placebo and there was no significant increase in pancreatitis
or pancreatic cancer.15

SGLT2 inhibitors 
The sodium glucose co-transporter 2 (SGLT2) inhibitors are
the newest class of diabetes therapy and improve glycaemic
control by increasing urinary glucose excretion through inhi-
bition of SGLT2 receptors in the proximal renal tubule. SGLT2
receptors are responsible for reabsorption of approximately
90 per cent of filtered plasma glucose and SGLT1 receptors
in the distal segment of the proximal tubule reabsorb the
remaining 10 per cent. The renal threshold for glycosuria,
which is increased from 10mmol/L in normal individuals to
approximately 13.8mmol/L in those with type 2 diabetes,
thus contributing to hyper glycaemia, is reduced to around
5mmol/L with SGLT2 inhibitors, resulting in increased 
glycosuria.16

Currently several SGLT2 inhibitors are available in the UK
(see Table 4) and they are associated with HbA1c improve-

ment of around 1.0 to 2.0 per cent with weight loss of 1–5kg
due to urinary calorie loss and changes in body fat composi-
tion.17 There is very little risk of hypoglycaemia unless these
agents are combined with sulfonylureas or insulin. Efficacy
is diminished by worsening renal impairment (eGFR<60ml/
min/1.73m2). Genital mycotic and urinary tract infections are
the most common side-effect especially in women but gen-
erally mild in severity. Volume depletion (hypotension, hypo-
volaemia and dehydration) is seldom seen in practice and
avoided by adequate hydration and care with diuretic therapy.
Modestly beneficial effects on blood pressure and triglyceride
levels have been noted in clinical studies although LDL cho-
lesterol increases. Phase 3 trials are currently exploring the
potential of SGLT2 inhibitors in the management of type 1
diabetes and combined SGLT1 and SGLT2 inhibitors are also
in development.  

Ultra long-acting basal insulins 
Insulin degludec (Tresiba) is the only ultra-long-acting insulin
currently licensed in the UK for type 2 diabetes and is avail-
able in U100 and U200 formulations. It forms soluble multi-
hexamer assemblies following subcutaneous injection, which
results in an ultra-long, peak-free pharmacokinetic profile
with a half-life of 25 hours and duration of action of more
than 42 hours. Degludec allows flexibility in injection timing
and less frequent nocturnal hypoglycaemia has been
observed in some studies compared to other basal insulins
such as insulin glargine (Lantus).18 Degludec is non-inferior
to glargine in terms of efficacy and weight. However, it is more
expensive than other basal insulins such as NPH insulin,
glargine and detemir (Levemir). Insulin degludec and liraglu-
tide are available as a fixed combination (Xultophy) that
reduces daily insulin requirements. 
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Drug Dose Side-effects Safety

Dapagliflozin 5–10mg
once daily

Urinary tract infection, balanitis,
vulvovaginitis, dizziness, back pain,
dysuria, polyuria

Not recommended in moderate to severe
renal impairment (eGFR<60ml/min/1.73m2)

Increased risk of hypoglycaemia with
sulfonylureas or insulin

Canagliflozin 100–300mg
once daily

Vulvovaginal candidiasis, balanitis,
urinary tract infection, polyuria,
increased urinary frequency,
volume depletion (dehydration,
postural hypotension), constipation,
thirst, nausea

Not recommended in moderate to severe
renal impairment (eGFR<60ml/min/1.73m2)

Increased risk of hypoglycaemia with
sulfonylureas or insulin

Empagliflozin 10–25mg
once daily

Urinary tract and mycotic fungal
infections (especially in women)

Volume depletion (dehydration,
postural hypotension), pruritus,
increased urinary frequency

Not recommended in moderate to severe
renal impairment (eGFR<60ml/min/1.73m2)

Increased risk of hypoglycaemia with
sulfonylureas or insulin

Table 4. SGLT2 inhibitors approved for use in the UK



Other ultra-long-acting insulins include insulin glargine
U300 and pegylated lispro. Glargine U300 reduces the
insulin volume required per injection thus reducing the
absorption site. Pharmacokinetic and pharmacodynamic pro-
files of U300 glargine give it a flatter more peakless profile
than U100 glargine.19 Pegylated lispro has been developed
by the addition of polyethylene glycol (PEG) to the insulin
lispro molecule, which has extended its half-life considerably.
Early phase evaluations of PEGlispro confirm its non-inferi-
ority to glargine with a potential weight advantage when used
in type 2 diabetes.20

Conclusion
Following diagnosis, the management of type 2 diabetes has
become increasingly more complex in recent years due to the
numerous classes of glucose-lowering therapies available. Each
class exerts one or more effects on the eight pathophysiological
mechanisms contributing to hyperglycaemia. 

The choice of therapy needs to be individually tailored to
the type 2 diabetes patient based on factors such as duration
of diabetes, weight, hypoglycaemia risk, frequency of injections
and ability to inject. Inevitably patients will require multiple ther-
apies as disease progresses and combinations need to be care-
fully considered to achieve glycaemic targets without
unnecessarily increasing adverse events such as hypogly-
caemia, weight gain and cardiovascular disease risk.
Cardiovascular risk reduction must be included in the therapeu-
tic management. 

Last but not least, patients must be encouraged to initi-
ate and maintain lifestyle modifications such as healthy eat-
ing and physical activity to ensure the best outcomes. A clear
understanding of the actions of the newer classes of glucose-
lowering therapies and their place in management is there-
fore essential for all those involved in the care of type 2
diabetes. 
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KEY POINTS

n HbA1c can be used to screen for and diagnose type 2 
diabetes

n Treatment individualisation and target setting is essential
to optimise patient outcomes

n Increasing diversity of treatment due to newer classes of
therapies available with different effects on efficacy,
weight, hypoglycaemia and cost

n Ongoing cardiovascular outcome trials will determine
long-term benefits of different agents 


