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Most patients with type 2 diabetes will need more than monotherapy 
to achieve targets for glucose control. Dual therapy may come early 
in their management when it is clear that monotherapy is insufficient 
(primary failure) or later as the efficacy of therapy gradually wanes 
(secondary failure). But dual therapy will eventually come to over 90% 
of our clients. There are many different strategies that can be used as 
second-line for glucose control in type 2 diabetes. 
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When using metformin as the first-line 
agent, standard practice has been until 
recently to add on a sulphonylurea. 
However, over the last decade the 
percentage of  patients following this 
track in Australia has halved, chiefly 
due to  hypoglycaemia, weight gain and 
the need for dose-titration in patients 
who are increasingly old, frail and/or 
have complicated conditions. While at 
the same time, new glucose lowering 
agents without these potential impacts 
have emerged as alternatives. In this 
article we will look at the potential 
benefits and challenges of  DPP-4 
inhibitors as second-line agents for 
the management of  type 2 diabetes in 
Australian general practice. 

Incretins and 
DPP-4
Incretins are natural hormones 
that are made by the intestine in 
response to a meal.1 They represent 
an important means to communicate 
the size of  a meal and coordinate a 
proportional metabolic response to 
it. One of  their actions is to amplify 
the amount of  insulin released from 
the pancreas after a meal. In much 
the same way as an amplifier makes 
a proportionally louder sound come 
out of  a speaker, the bigger the 
glycaemic load (signal) the greater 
the amplification of  pulsatile 
insulin production (FIGURE).  

On average, two thirds of  the insulin 
made by the pancreas in response to a 
meal is due to the incretin amplification 
system.1 However, this ‘incretin effect’ 
is reduced by approximately half  in 
patients with type 2 diabetes. 

The human body has a number 
of  incretin hormones, the most 
important of  which is glucagon-like 
peptide-1 (GLP-1). However, its effect 
is limited, partly because of  the 
enzyme DPP-4 that breaks it down. 
Inhibiting the DPP-4 enzyme with 
drugs known as “gliptins” means that 
incretins including GLP-1 can persist 
long enough and in high enough levels 
to better amplify insulin secretion. 
On average GLP-1 levels are 2-4 
fold higher in patients using DPP-4 
inhibitors. 

Because incretin levels are supposed 
to correlate with the size of  a meal, 
the higher incretin levels achieved 
following DPP-4 inhibitors essentially 
tricks the pancreas to respond as 
if  any meal was larger than it really 
was, and should therefore mount 
a proportionally greater insulin 
response. This has roughly the same 
effect as injecting an incretin, reducing 
the HbA1c by 0.5-1% on average in 
most patients.2 

However, a key advantage of  gliptins 
is that they are taken in tablet form, 
once, or at the most, twice daily, 
without titration. They can also be 
taken any time of  the day, with or 
without food and do not require 
coordination with meals or physical 
activity. 

Because the response to DPP-4 
inhibitors is proportional, its actions 
are well suited to patients with a 
variable lifestyle, who don’t eat the 
same amount or type of  food every 
day, or who exercise irregularly. For 
example, its actions are greatest with 
a bigger meal, but if  one day the meal 
is small or glucose levels are lower 
because of  undertaking exercise, 
a proportionally lower response is  
co-ordinated.  

Incretins and 
fasting glucose
Patients with type 2 diabetes 
inappropriately make over thirty 
grams of  extra glucose every day, 
even though their glucose levels are 
already elevated.3 This is one reason 
why glucose levels can remain high 
even when fasting. Incretins not 
only increase insulin production but 
they also suppress the production 
of  glucagon by the pancreas and 
its subsequent effect of  stimulating 
gluconeogenesis. This is just like the 
(appropriate) metabolic response 
to a large meal which suppresses 
unnecessary glucose production 
at a time when abundant glucose 
is being absorbed. Through the 
elevation of  natural incretin levels, 
DPP-4 inhibitors reduce anarchic 
gluconeogenesis in type 2 diabetes 
and improve control of  fasting as well 
as post-prandial glucose levels.3

What about 
exhaustion?
Long-term treatment with  
sulph-onylureas is associated with a 
progressive loss of  its efficacy. This 
is thought to be due to exhaustion 
and loss of  beta cell function. By 
contrast, incretins are thought to 
protect beta cells and their functions. 
Moreover, although incretins increase 
insulin, they do so in a proportional 
manner, so that mean insulin levels 
fall (as glucose levels fall). Together 
this makes glucose lowering with  
DPP-4 inhibitors potentially 
sustainable than with sulphonylureas, 
which can be important for younger 
patients in whom a long treatment 
course is anticipated and secondary 
failure represents a major setback.

Figure: Glucose-stimulated insulin release from the beta cell is amplified by  
GLP-1. These actions can be enhanced following inhibition of  DPP-4, the  
enzyme that metabolises GLP-1
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What about  
hypoglycaemia?
Incretins do not stimulate the 
production of  insulin on their own 
(unlike sulphonylureas). Incretins 
are only amplifiers. This means that 
DPP-4 inhibitors only work when 
there is a stimulus for insulin release, 
like a meal or having high blood 
glucose levels. But if  glucose levels 
are low, there is no signal to make 
insulin, so there is no incretin effect 
and little or no risk of  hypoglycaemia 
when used on their own or in 
combination with other agents that 
do not cause hypoglycaemia, like 
metformin. In essence, you can’t 
amplify zero. In addition, DPP-4 
inhibitors don’t suppress glucagon 
when glucose levels are low, so 
natural counter-regulatory responses 
can keep glucose levels in the normal 
range. However, in patients already 
taking sulphonylureas or insulin, any  
improvements in glycaemic control 
achieved when adding on DPP-4 
inhibitors can sometimes make it 
more likely that hypoglycaemia will 
be induced by sulphonylureas or 
insulin. Often a proactive reduction 
in insulin or sulphonylurea is 
warranted to avoid this risk.

What about 
weight gain?
DPP-4 inhibitors do not cause 
weight gain.4,5 This can be valuable 
in early diabetes when weight loss 
is a high priority, and can be hard 
to achieve, reinforce or sustain 
with sulphonylureas, which cause 
an average weight gain of  1-2 kg in 
the first 6 months of  therapy.6 By 
contrast, GLP-1 agonists can cause 
weight loss. Why DPP-4 inhibitors 
don’t produce weight loss, while the 
incretins they elevate are associated 
with weight loss is unclear, but may 
relate to the high levels of  incretins 
achieved when injecting and their 
effects on stomach emptying. This 
also causes nausea and vomiting in 
some patients, symptoms not seen 
with DPP-4 inhibitors.

What about 
kidney disease?
Every class of  glucose lowering 
medication has challenges in 
patients with chronic kidney disease 
(CKD) from metformin and lactic 
acidosis to sulphonylureas with 
accumulation and an increased risk 
of  hypoglycaemia. SGLT-2 inhibitors 
lose efficacy in patients with CKD. 
By contrast, DPP-4 inhibitors retain 
their efficacy and safety across all 
levels of  kidney function, making 
them an ideal agent in this complex 
setting. Some DPP-4 inhibitors 
require dose adjustment in patients 
with renal impairment to ensure drug 
exposure remains consistent in all 
patients regardless of  renal function. 
This has nothing to do with the renal 
safety of  these agents.

What about 
cancer?
The shadow of  cancer has recently 
been cast across many new agents 
for managing diabetes, including 
oral therapies and insulin. Today, 
every new agent must go through 
rigorous testing to ensure the risk of  
cancer is not modified, and DPP-4 
inhibitors are no exception. Large 
clinical trials of  DPP-4 inhibitors 
have not reported any increase in 
any cancers, and specifically no 
increase in pancreatitis or cancers 
of  the pancreas or the intestine.4,7 
However, incretins have the potential 
to promote the growth of  the rare 
medullary carcinoma of  the thyroid 
(MCT) and DPP-4 inhibitors are 
contraindicated in patients with a 
personal/family history of  MCT or 
multiple endocrine neoplasia 2.8

What about 
heart attacks?
Heart attacks and strokes account 
for over two thirds of  all deaths in 
people with type 2 diabetes. Reducing 
the risk of  cardiovascular events is a 
priority of  diabetes management. 
Even if  an agent improves glucose 
control, if  it increases the risk of  

cardiovascular disease, as was the 
case with rosiglitazone, it has no 
place in contemporary diabetes 
care. The United States Food and 
Drug Administration (FDA) now 
mandates that all new diabetes 
agents undergo rigorous testing to 
demonstrate cardiovascular safety. 
Again DPP-4 inhibitors are no 
exception. Overall accumulated data 
suggests that both these agents are 
safe, and do not pose a cardiovascular 
risk.4,9 Large scale clinical trials with  
DPP-4 inhibitors support this 
conclusion.7 A question mark still 
hangs over whether DPP-4 inhibitors 
increase the risk of  heart failure in 
susceptible paients,10 although their 
use is not contraindicated in patients 
with heart failure and there are some 
data to support the value of  incretins 
in this setting. 

When to use a 
DPP-4 inhibitor?
DPP-4 inhibitors are not more 
effective than other glucose lowering 
agents, and lower the HbA1c roughly 
similar in magnitude to what can 
be achieved with other glucose 
lowering agents such as metformin, 
sulphonylureas, thiazolidinediones 
and SGLT-2 inhibitors.11 However, 
of  all glucose lowering agents they 
are the best tolerated, and don’t 
need to be titrated. This makes their 
use comparatively easy, and has 
led to gliptins being widely used as 
the second-line agent of  choice in 
patients with complications in whom 
first doing no harm is top priority. 
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 *Byetta is not a 
substitute for basal insulin 
in insulin-requiring patients1

Before prescribing please 
review full Product Information
available on request from AstraZeneca 
on 1800 805 342 or at www.astrazeneca.com.au/PI
BYETTA® (exenatide) 5 μg and 10 μg pre-filled pens. INDICATIONS: As adjunctive therapy to improve glycaemic control in patients with type 
2 diabetes mellitus who are taking metformin, a sulfonylurea, or a combination of metformin and a sulfonylurea, or a combination of metformin 
and a basal insulin, but are not achieving adequate glycaemic control. CONTRAINDICATIONS: Hypersensitivity to exenatide, excipients 
and meta-Cresol, end-stage renal disease, severe renal impairment. PRECAUTIONS: Risk factors for pancreatitis, acute pancreatitis 
(characterised by persistent, severe abdominal pain), hypoglycaemia especially with sulfonylurea, severe gastrointestinal diseases including 
gastroparesis and dumping syndrome, concurrent use with Dphenylalanine derivatives, meglitinides, alpha-glucosidase inhibitors, orlistat, 
opioids, and anticholinergics, thiazolidinedione, concomitant use with medicines that affect renal function (ACE inhibitors, NSAIDs, diuretics), 
hydration status, and /or experiencing nausea, vomiting, diarrhoea, dehydration, not a substitute for insulin, cautious dose escalation from 5 μg 
to 10 μg age >70 years, lactation, diabetic ketoacidosis, rapid weight lose >1.5 kg per week, not to be used in type 1 diabetes, safety and 
effectiveness not established in patients less than 18 years of age, not recommended for use in pregnancy (Category C ). ADVERSE EFFECTS 
(Common and Uncommon): Hypoglycaemia, nausea, vomiting, diarrhoea, feeling jittery, dizziness, headache, dyspepsia, injection site 
reactions, abdominal distension, eructation, constipation, flatulence, dysgeusia, asthenia, nasopharyngitis, upper respiratory tract infection, 
cough, back pain, abdominal pain. Refer to full PI for complete list. INTERACTION WITH OTHER MEDICINES: Insulin secretagogues, oral 
medications requiring rapid gastrointestinal absorption, medication associated with local gastrointestinal irritation e.g. bisphosphonates or 
tetracyclines, gastroresistant formulations e.g. proton pump inhibitors, medications dependent on threshold concentration, oral contraceptives, 
oral antibiotics, warfarin. DOSAGE AND ADMINISTRATION: To improve tolerability, initiate at 5 μg BID for at least 1 month, subcutaneously in 
thigh, abdomen or upper arm within 1 hour before the 2 main meals of the day, at least 6 hours apart. For improved glycaemic control increase 
to 10 μg BID after a month. Doses >10 μg BID are not recommended. In combination with basal insulin, administer as separate injections. 
The dose of insulin should be evaluated. No dose adjustment for gender, elderly, weight, mild renal impairment. Conservative escalation in 
moderate renal impairment. PRESENTATIONS: Pre-filled pens 5 μg exenatide and 10 μg exenatide containing 60 doses each for 30 day 
administration. DATE OF FIRST INCLUSION IN THE ARTG 13 June 2007. DATE OF MOST RECENT AMENDMENT: 2 March 2015. 

REFERENCES: 1. Byetta® (exenitide) Approved Product Information. 2. Pharmaceutical Benefi ts Scheme at www.pbs.gov.au last accessed 
March 2015. 3. Heine RJ et al. Ann Intern Med 2005; 143:559–569. 4. Barnett AH, et al. Clin Ther 2007; 29: 2333–2348. 5. PEN 
USER MANUAL, Byetta® 10 micrograms solution for injection, pre-fi lled pen (exenatide). 6. Byetta® 
Consumer Medicine Information. HbA1c=glycated haemoglobin. BYETTA® is a registered trademark 
of AstraZeneca. AstraZeneca Pty Ltd. ABN 54 009 682 311. 5 Alma Road, North Ryde NSW 2113. 
Medical Information: 1800 805 342. 397831.022, WL287194, April 2015 

PBS Information: Authority required (STREAMLINED). Type 2 Diabetes. 
Criteria Apply. Refer to PBS Schedule for full Authority Required Information.

Do you have type 2 diabetes patients uncontrolled on oral agents?

BEFORE STARTING INSULIN,
*

 CONSIDER BYETTA®1

PBS Listed for dual and triple combination therapy with metformin 
and /or sulfonylurea1,2

HbA1c control comparable to titrated insulin glargine**3

 **In established metformin+sulfonylurea patients.3

Progressive weight loss vs. insulin glargine†#3

 †In established metformin+sulfonylurea patients at 26 weeks.3 
 #Byetta is not indicated as a weight reduction agent.1

Lower risk of hypoglycaemia vs. insulin glargine§4

§Byetta+metformin vs. insulin glargine+metformin 
sub-analysis among patients receiving either 
metformin or sulfonylurea as background therapy.4

Simple to start and maintain‡1,5,6

 ‡30-day, fi xed-dose pen.
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