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It is estimated that over 1.5 million people 
in Australia have diabetes, and managing 
this epidemic is becoming increasingly 

challenging.1 Diabetes is the fastest growing 
chronic condition in this country and with 
an ageing population the impact will be 
amplified. Diabetes complications, classified 
as macrovascular or microvascular (Box 1), 
are a major cause of associated morbidity, 
mortality and economic burden in our 
society (Table 1).1

Approach to preventing diabetes 
complications 
Prevention of diabetes is the holy grail of 
preventing diabetes complications. The 
Australian Type 2 Diabetes Risk Assessment 
Tool (see www.health.gov.au/preventionof 
type2diabetes) can be used to assess the risk 
of developing diabetes over a five-year 
period and identifies high-risk individuals 
who warrant biochemical screening.2 For 
people at high risk or who are symptomatic, 
a fasting blood glucose measurement is 
recommended; although oral glucose tol-
erance testing and HbA1c measurements 
can also be used (Table 2). Management of 
people with prediabetes should include 
lifestyle modification and consideration of 
use of adjunct pharmacological therapies 
such as metformin (off-label use for predi-
abetes) and liraglutide (TGA approved for 
this indication) to facilitate weight loss.3,4 
Detection of prediabetes and preventing 
progression to diabetes clearly prevents 
diabetes complications. 

Multiple large randomised clinical trials 
such as the Diabetes Control and Complica-
tion Trial (DCCT) in type 1 diabetes and the 
United Kingdom Prospective Diabetes Study 
(UKPDS) in type 2 diabetes have demon-
strated that intensified medication regimens 
are associated with a major reduction in 
microvascular complications.5,6 The effect on 
cardiovascular outcomes with such intensive 
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Prevention of diabetes complications is a major aim of diabetes management 
and can be achieved by identification and management of people with 
prediabetes, early intensification of treatment to achieve optimal glycaemic 
control, lifestyle modifications, and regular screening for complications and 
their management. 
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regimens is less clear. The DCCT signalled a 
long-term benefit termed ‘the legacy effect’; 
however, the UKPDS did not demonstrate 
any significant reduction in cardiovascular 
events. The Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) and The Action 
in Diabetes and Vascular Disease: Preterax 
and Diamicron Modified Release Controlled 
Evaluation (ADVANCE) trials have also 

shown no reduction in cardiovascular events 
with near-normal glycaemic control and 
found that very tight glycaemic control 
(HbA1c <6.5% or 48 mmol/mol) may be 
associated with adverse outcomes due to 
hypoglycaemia.7 An HbA1c target of 7%  
(53 mmol/mol) is appropriate for most people 
as it achieves prevention of microvascular 
complications while reducing adverse events 

associated with hypoglycaemia. With regards 
to macrovascular complications, optimisa-
tion of lipid and blood pressure profiles has 
more significant impact than tight glycaemic 
control.6

Microvascular complications
Retinopathy
Diabetic retinopathy affects approximately 
15% of patients with diabetes and is the 
leading cause of visual impairment in people 
of working age in Australia.8,9 The risk of 
retinopathy increases with HbA1c levels above 
target, with a longer duration of diabetes and 
in the presence of other microvascular 
complications, especially nephropathy. 
Pregnancy and rapid establishment of 
normoglycaemia in a patient with previous 
suboptimal glycaemic control can tempo-
rarily exacerbate retinopathy.10,11 

Screening for retinopathy and early referral 
of the patient to an ophthalmologist, if appro-
priate, can prevent vision loss. Unfortunately, 
currently up to 30% of patients with diabetes 
are not screened appropriately  according to 
guidelines; reminder systems to alert the cli-
nician and patient should be used to minimise 

this. Testing for visual acuity 
(with correction) together with 
fundoscopic examination by an 
optometrist or ophthalmologist 
is recommended second yearly 
or annually if other risk factors 
are present (Table 3).12 Use of 
nonmydriatic retinal cameras to 
document and monitor progress 
is now covered by Medicare. 

Treatment of retinopathy 
may involve laser photocoagu-
lation and intravitreal injections 
with antivascular endothelial 
growth factors. Two prospective 
studies, Fenofibrate Interven-

tion and Event Lowering in Diabetes 
(FIELD) and ACCORD Eye, revealed reduc-
tions in progression of retinopathy with 
intensive medical management to optimise 
glycaemia and dyslipidaemia.13,14 Hyperten-
sion can accelerate and worsen retinopathy 
and pharmacological treatment should be  
used to achieve a target blood pressure of 
130/80 mmHg. 

Key points

•	Diabetes complications are an important cause of morbidity, 
mortality and economic burden.

•	Prevention of diabetes complications is multifactorial, including 
lifestyle modification, optimisation of glycaemic control, and 
treatment of associated cardiovascular risk factors and depression.

•	The treatment algorithm for managing people with type 2 diabetes 
is rapidly evolving and involves early intensification of diabetes 
treatment regimens and use of agents that offer weight loss or 
neutrality in overweight and obese patients.

•	Smart technology and lifestyle digital apps are being increasingly 
used to motivate, support and optimise management of people  
with diabetes.
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Nephropathy
The most common cause of end-stage renal 
disease (ESRD) in Australia is diabetic 
nephropathy, which accounts for over 30% 
of all patients requiring dialysis. Certain 
groups such as Aboriginal Australians, New 
Zealand Maoris and South Pacific Islanders 
are particularly susceptible and may progress 
quickly to ESRD. Concomitant hypertension 
also accelerates this progression.15 

Screening for nephropathy usually 
involves measuring the albumin to creatinine 
ratio in a spot urine sample to detect micro
albuminuria, which obviates the need for a 
24-hour urinary collection (Table 3). The 
presence of microalbuminuria identifies 
patients who are at an increased risk of pro-
gressing to macroalbuminuria, and once 
macroalbuminuria is established there is an 
increased risk of progression to ESRD over 
the next 10 years (Table 4). 

The presence of chronic kidney disease 
(CKD) limits the use of several oral 

hypoglycaemic agents that are renally 
excreted. Current guidelines recommend 
that metformin can be safely used at a max-
imum dose of 1 g daily if the estimated 
glomerular filtration rate (eGFR) is 30 to 
60 mL/min/1.73 m2 or more; however, it 
should be ceased once eGFR is less than 
30 mL/min/1.73 m2.16 Short-acting sulfon
ylureas such as gliclazide may be used in 
people with CKD but long-acting agents such 
as glibenclamide are associated with a high 
risk of hypoglycaemia and should be avoided. 
Certain dipeptidyl peptidase-4 (DPP-4) 
inhibitors such as linagliptin are safe to use, 
whereas others such as sitagliptin, saxagliptin 
and vildagliptin require dose adjustments 
and should be used with caution. Cardio-
vascular risk optimisation, including treat-
ment of hypertension and dyslipidaemia, is 
essential because microalbuminuria and 
CKD are independent risk factors for cardio
vascular disease. The sodium-glucose 
cotransporter-2 (SGLT-2) inhibitor empag-
liflozin was recently shown to have reno-
protective effects in patients with type 2 
diabetes at high risk of cardiovascular events 
and can be used in those with an eGFR of 
45 mL/min/1.73 m2 or more.17

 Angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin receptor blockers 
(ARBs) are the preferred initial antihyper-
tensive therapy to reduce proteinuria, with 
the addition of calcium channel blockers if 
blood pressure targets are not met. 

Neuropathy
Peripheral neuropathy can predispose to 
diabetic foot infections and lead to loss of 
limbs. Patients at high risk of diabetic foot 
infections include those with a history of foot 
ulcers or with more than two risk factors 

Diabetes complications CONTINUED

1. Macrovascular and microvascular 
diabetes complications

Macrovascular complications
•	 Transient ischaemic attack/stroke
•	Myocardial infarction
•	Peripheral vascular disease

Microvascular complications
•	Diabetic retinopathy
•	Nephropathy
•	Peripheral neuropathy
•	Gastroparesis
•	Erectile dysfunction

Table 1. Average annual healthcare cost per person with diabetes in Australia1

Type 1 diabetes Type 2 diabetes

No complications $3468 $4025

Microvascular complications only $8122 $7025

Macrovascular complications only $12,105 $9055

Micro- and macrovascular complications $16,698 $9645

Table 2. Interpretation of the oral glucose tolerance test and HbA1c

Oral glucose tolerance test HbA1c Implications

Fasting 
(mmol/L)

Two hour 
(mmol/L)

% mmol/mol

No diabetes ≤6.0 ≤7.8 ≤6.0 ≤39 No excess micro- or 
macrovascular risk

Prediabetes 6.1–6.9 7.8–11.0 6.0–6.4 39–47 Excess 
macrovascular risk

Diabetes ≥7.0 ≥11.1 ≥6.5 ≥48 Excess macro- and 
microvascular risk

Table 3. Screening for diabetes complications

Complication Frequency Method of screening

Nephropathy Annually Measurement of urine albumin to creatinine ratio

Retinopathy Second yearly Fundoscopic examination
Optometrist/ophthalmologist review

Peripheral neuropathy Annually Foot examination 
Monofilament testing

Ischaemic heart disease Second yearly Electrocardiography

Peripheral vascular disease Annually Foot examination, checking for pedal pulses
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(e.g. neuropathy, peripheral arterial disease 
or foot deformity). These patients should be 
enrolled in a foot protection program and 
have regular podiatry follow up.18 Patients at 
low risk should have a foot examination 
yearly, assessing sensation, skin condition, 
pressure areas, bony architecture and pedal 
pulses, and should be educated about appro-
priate footwear.18

The presence of peripheral vascular dis-
ease impedes blood flow and wound healing 
therefore treatment of hypertension and 
dyslipidaemia, together with smoking ces-
sation, is imperative. A recently published 
study demonstrated that statins may protect 
against lower limb amputation in patients 
with diabetes.19

Evidence of acute infection such as fever, 
cellulitis or purulent discharge from a dia-
betic foot ulcer requires urgent inpatient 
treatment with intravenous antibiotics and 
vascular assessment for consideration of 
surgical debridement. Unfortunately, studies 
such as UKPDS and ADVANCE have not 
demonstrated improvement or reduction in 
progression of peripheral neuropathy with 
tight glycaemic control. 

Autonomic dysfunction
Autonomic dysfunction may be difficult to 
identify but can have significant impact on 
a patient’s function and wellbeing. Gastro
paresis is a debilitating complication leading 
to early satiety and gastrointestinal 

symptoms such as abdominal pain and bloat-
ing. Insulin management can be challenging 
in these patients who often need to eat small 
frequent meals. 

Erectile dysfunction, postural hypoten-
sion, sinus tachycardia and electrocardio-
graphic evidence of previous silent myocardial 
infarction are signs of potential underlying 
autonomic neuropathy. Acute coronary syn-
drome may present atypically (with reduced 
or absence of chest pain), and the presence 
of autonomic neuropathy is known to 
increase the risk of sudden cardiac death. 

Management of autonomic dysfunction 
includes optimising glycaemic control to 
prevent further progression of neuropathy, 
optimisation of cardiovascular risk factors 
and early specialist referral. 

Macrovascular complications
Macrovascular complications are the major 
cause of morbidity and mortality in people 

with type 2 diabetes. Absolute cardiovascu-
lar disease risk calculators (www.cvdcheck.
org.au) can be used to assess the risk of a 
macrovascular event in the next five years 
in people aged 45 years or older. People with 
diabetes who are at high risk should be 
treated with blood pressure-lowering and 
lipid-lowering agents unless contraindicated 
or clinically inappropriate.20 The role of 
aspirin in primary prevention of acute 
coronary syndromes in people with diabetes 
remains controversial.21

Recently three cardiovascular safety trials 
of glucose-lowering medications have 
demonstrated a benefit in cardiovascular 
mortality in patients with type 2 diabetes at 
moderate to high risk of cardiovascular dis-
ease. The first of these trials, Empagliflozin 
Cardiovascular Outcome Event Trial in Type 
2 Diabetes Mellitus Patients (EMPA-REG 
OUTCOME), demonstrated a 38% relative 
risk reduction in death from cardiovascular 

Table 4. Nephropathy classification

Test Men Women

Microalbuminuria

Urine albumin to creatinine ratio >2.5 mg/mmol >3.5 mg/mmol

24-hour urine collection >30 to 300 mg albuminuria

Macroalbuminuria

24-hour urine collection >300 mg albuminuria
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causes with use of empagliflozin (an SGLT-2 
inhibitor), and also beneficial effects on hos-
pitalisation for heart failure, weight loss and 
systolic blood pressure compared with pla-
cebo.22 The Liraglutide Effect and Action in 
Diabetes: Evaluation of Cardiovascular Out-
come Results (LEADER) trial investigated 
the role of liraglutide, a once-daily glucagon- 
like peptide-1 (GLP-1) analogue, in patients 
with type 2 diabetes at high risk of cardio-
vascular disease.23 A 22% relative risk reduc-
tion in death from cardiovascular causes 
compared with placebo was found.23 More 
recently, the preapproval Trial to Evaluate 
Cardiovascular and Other Long-term Out-
comes with Semaglutide in Subjects with 
Type 2 Diabetes (SUSTAIN-6) demonstrated 
a 26% relative risk reduction in death from 
cardiovascular causes with use of semaglu-
tide, a once weekly GLP-1 analogue currently 
in development, with most benefit arising 
from a reduction in nonfatal stroke.24 In 
contrast, the Evaluation of Lixisenatide in 
Acute Coronary Syndrome (ELIXA) trial 
demonstrated no evidence of cardiovascular 
protection with use of the once-daily GLP-1 
agonist lixisenatide in patients with recent 
acute coronary syndrome.25 

Three trials investigating the DPP-4  
inhibitors saxagliptin (Saxagliptin Assess-
ment of Vascular Outcomes Recorded in 
Patients with Diabetes Mellitus; SAVOR 
TIMI-53), alogliptin (Examination of Cardi-
ovascular Outcomes: Alogliptin versus Stand-
ard of Care in Patients with Type 2 Diabetes 
Mellitus and Acute Coronary Syndrome; 
EXAMINE) and sitagliptin (The Trial to 
Evaluate Cardiovascular Outcomes after 
Treatment with Sitagliptin; TECOS) did not 
demonstrate superiority with regards to car-
diovascular protection. However, they met 
primary composite cardiovascular safety 
end-points, albeit with some unresolved 
issues such as increased risk of hypoglycaemia 
and the adverse impact of saxagliptin on 
hospitalisation for heart failure, which does 
not appear to be a class effect.26

So how do we incorporate this evidence 
into clinically appropriate practice? As there 
are few head-to-head trials guiding the choice 
of agent management decisions should be 
individualised based on treatment responses 

and tolerability within the framework of the 
PBS. All the agents that have shown benefit 
in cardiovascular mortality should be con-
sidered in high risk patients. The Australian 
Diabetes Society’s evidence-based interactive 
program available online can assist in the 
navigation of the evolving treatment plan 
(t2d.diabetessociety.com.au). 

Optimising cardiovascular risk 
factors
Optimisation of cardiovascular risk factors 
in patients with type 2 diabetes is essential to 
reduce macrovascular complications (Box 2). 
Patients with diabetes who are over 60 years 
of age or have documented microalbuminuria 
have high absolute risk of cardiovascular 
disease and should be commenced on 
lipid-lowering and blood pressure-lowering 
therapy unless contraindicated or clinically 
inappropriate.20 For low-risk patients who are 
unable to achieve lipid targets with lifestyle 
modification, statins are the preferred agent 
to achieve a low-density lipoprotein level of 
less than 2.5 mmol/L for primary prevention. 
For secondary prevention, intensive lipid 
lowering with use of the highest tolerated 
dose of statin is indicated. Blood pressure 
management should involve commencement 
of an ACE inhibitor or ARB to achieve a target 
of less than 130/80 mmHg.27 If the blood 
pressure target remains unmet despite the 
highest tolerated dose of an ACE inhibitor or 
ARB, then a calcium channel blocker such 
as amlodipine should be added to the 
regimen. 

Smoking significantly increases risk of 
macrovascular complications in people with 
type 1 or type 2 diabetes, and cessation 
should be strongly encouraged. Depression 
can affect multiple domains of diabetes care, 
including adherence to medication and diet 
and willingness to participate in exercise and 
lifestyle changes, as well as independently 
increasing risk of cardiovascular disease. 
Recognition and treatment of depression in 
the primary care setting is an essential com-
ponent of an individualised diabetes care 
plan.  

Screening for macrovascular complica-
tions is currently not recommended; however, 
comprehensive risk assessment for 

cardiovascular disease would include taking 
a thorough history for symptoms suggestive 
of cardiac ischaemia such as exertional chest 
pain and dyspnoea, clinical examination and 
electrocardiography. If concerning symptoms 
or signs are present, patients should be 
referred promptly for cardiac stress testing 
to investigate underlying ischaemic heart 
disease.20

Managing acute diabetes 
complications
A hyperosmolar hyperglycaemic state can 
occur in people with type 2 diabetes, often 
with a triggering event such as infection, 
myocardial infarction or nonadherence to 
medications. Inpatient management involves 
intravenous hydration, slow reduction of 
blood glucose level and treatment of the 
precipitant. Diabetic ketoacidosis occurs 
more often in people with type 1 diabetes 
but is seen in those with type 2 diabetes with 
a long history of diabetes and very low 
endogenous insulin production. Eugly
caemic diabetic ketoacidosis can occur with 
use of SGLT-2 inhibitors, especially in the 
context of reduced oral intake, intercurrent 

Diabetes complications CONTINUED

2.  Optimising cardiovascular risk 
factors in type 2 diabetes 

Modifiable risk factors

•	Hyperlipidaemia
–	 total cholesterol level <4 mmol/L
–	 low-density lipoprotein level 

<2 mmol/L
–	 triglyceride level <2 mmol/L

•	Hypertension: <130/80 mmHg

•	Obesity: 5 to 10% bodyweight reduction

•	Cease smoking

•	Moderate alcohol intake

•	 Treat obstructive sleep apnoea 

•	 Treat depression

Nonmodifiable risk factors

•	 Family history of diabetes

•	High-risk population (e.g. Indigenous 
Australian, Asian, Indian, Maori and 
Pacific Islander)

•	Older age

•	Presence of gestational diabetes 
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illness and alcohol intake. It is imperative 
patients cease these agents if such clinical 
situation arises, and clinicians should check 
for ketosis and acidosis.28

Acute hyperglycaemia in a person with 
well-controlled diabetes should alert the 
clinician to potential aggravators such as 
glucocorticoid use and subclinical infections 
such as candidiasis.  Hypoglycaemia can be 
particularly dangerous in patients with 
underlying significant coronary artery dis-
ease or epilepsy. Hypoglycaemic awareness 
may be blunted in patients with a long dura-
tion of type 1 diabetes, autonomic neuropathy 
and concomitant treatment with beta block-
ers. For patients with frequent hypoglycaemic 
episodes, treatment should be adjusted to 
lessen the risk of hypoglycaemia and HbA1c 
targets relaxed.

Intensification of diabetes 
regimen starts early
The benefits of intensified glycaemic control 
appear to be greatest in the early stages of 
diabetes management.6,29 Therefore, uptitra
tion of oral hypoglycaemic agents and inject-
ables should not be delayed in the primary 
care setting, and further modification to 
ensure targets are reached should be con-
tinued throughout the entire treatment 
period.

Overweight and obese people with dia-
betes require tailored management to opti-
mise glycaemic control and use of agents that 
can exacerbate weight gain, such as sulfon
ylureas and insulin, should ideally be reduced. 
Practice has rapidly evolved to use agents 
that promote weight loss or neutrality, such 
as metformin, DPP-4 inhibitors (sitagliptin, 
linagliptin, saxagliptin, vildagliptin), SGLT-2 
inhibitors (empagliflozin, dapagliflozin) and 
GLP-1 analogues (exenatide, liraglutide). 
Weight loss surgery should also be considered 
in obese patients with significant insulin 
resistance.30

Smart technology for diabetes
Regular monitoring of blood glucose levels 
assists in optimisation of diabetes treatment 
regimens, especially for people taking insulin. 
Many of the available blood glucose moni-
toring devices have memory and download 

features to review readings, calculators to 
dose correctional and prandial insulin based 
on carbohydrate intake and talking features 
for vision-impaired patients. The new Free-
Style Libre Flash Glucose Monitoring System 
is an interstitial glucose monitoring system 
that has revolutionised diabetes monitoring, 
especially for people with type 1 diabetes, by 
allowing the detection of trends and tracking 
patterns without the need for calibration with 
finger-prick capillary blood glucose meas-
urement. The soon to become available 
Guardian Connect by Medtronic can be 
useful for people with type 1 diabetes who 
engage in frequent or high-intensity exercise, 
have variable routines (e.g. shift work) or have 
labile glycaemic control to help clinicians fine 
tune their insulin regimens. 

Insulin pumps are sophisticated and 
effective treatment for patients with type 1 
diabetes, enabling precise titration of basal 
insulin rates and frequent correction for 
hyperglycaemia. Development is under way 
of a closed loop system using a continuous 
glucose monitoring device that communi-
cates with an insulin pump equipped with 
algorithms that alter insulin delivery to pre-
vent excursions from normoglycaemia.

Multidisciplinary care
Diabetes educators are an integral part of 
the team to update and educate patients on 
all aspects of care, including availability and 
use of smart meters and technology to opti-
mise glycaemic control. Dietitians are essen-
tial for patient education on carbohydrate 
counting, portion control and making 
healthy dietary choices to manage dyslipi-
daemia. In patients with type 1 diabetes, 
titration of rapid-acting insulin according 
to carbohydrate intake prevents prandial 
glycaemic excursions. 

For overweight and obese people with 
type 2 diabetes, restriction of dietary intake 
with very low-calorie diets usually requires 
adjustments of oral hypoglycaemic agents 
and insulin to avoid hypoglycaemia. Over-
weight and obese patients with physical 
restrictions may benefit from referral to an 
exercise physiologist who can tailor programs 
to suit individual needs. 

Psychologists can help patients develop 

positive and sustained lifestyle changes and 
provide strategies for those with low mood 
and motivation.  

Lifestyle modification in the 
digital age
Diet and exercise are essential components 
of diabetes management regimens. Mobile 
phone applications such as CalorieKing and 
Easy Diet Diary can help patients to calorie 
count and keep track of their dietary intake. 
Exercise applications such as inbuilt phone 
pedometers and Runkeeper can be used to 
calculate daily step count. Activity trackers 
such as FitBit, Garmin and Apple watches 
can also calculate steps taken plus have other 
capabilities such as calculating distance trav-
elled and calories burned.

It is important to note that exercise can 
lead to hyperglycaemia and hypoglycaemia, 
and may require adjustments to insulin 
regimens. People who engage in regular 
exercise may also need to downtitrate their 
medication because of improved glycaemic 
control. Resources to promote healthy diet 
and lifestyle changes are essential and novel 
strategies such as personal group training 
and fitness programs, support from online 
communities, training for fun runs and 
community events can also be used to moti-
vate patients. 

Conclusion
Complications secondary to diabetes are a 
major contributor to morbidity, mortality 
and economic burden in our healthcare 
system. Prevention of diabetes complications 
is the main aim of diabetes management and 
can be achieved by identification and man-
agement of people with prediabetes, early 
intensification of treatment to achieve opti-
mal glycaemic targets, lifestyle modifications 
and regular screening for complications.� ET
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