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The imperative to prevent diabetes
complications: a broadening spectrum
and an increasing burden despite

improved outcomes

hile the diabetes epidemic continues to gather
Wpace globally, there is cause for both optimism

and concern with regard to diabetes complica-
tions. A recent Australian study, in which data from a
national diabetes registry collected from 1997 to 2010 was
interrogated, showed that mortality rates in diabetes are
decreasing,! in line with secular decreases seen globally.
Recent overseas data also show that life expectancy in
type 1 diabetes is improving, yet the risk of death from
any cause or from cardiovascular causes remains at
least twofold higher for such patients compared with
the general population.? Thus, mortality outcomes are
improving in people with diabetes and, overall, are bet-
ter aligning with those of the general population. For
example, Australian data indicate that between 1997 and
2010, the diabetes-related death rate for all Australians
declined by 20%.?

These data, however, relate particularly to older adults,
who generally now lose very few years of life due to
diabetes. In contrast, in younger adults with type 1 and
type 2 diabetes, mortality has remained high compared
with age-matched controls."* Further, subgroups includ-
ing Indigenous Australians, some people born overseas
and those living outside major cities of Australia have
notably higher diabetes-related death rates.’ The data on
complications suggest that improved strategies should
now be directed to these subgroups to reduce the within-
diabetes differential in mortality outcomes.

Superimposed on the general decreases in mortality
rates are indications that the rates of the more severe
complications in people with diabetes are also declin-
ing. Recent analysis of large US databases has shown
that rates of myocardial infarct, stroke and amputation
are falling.® These secular improvements may in part be
due to the earlier detection of type 2 diabetes in recent
years, resulting in a less severe patient phenotype being
studied — a form of lead-time bias. Nevertheless, a major
factor has been the improved treatment of people with
diabetes, especially in terms of modifiable risk factors;
improvements in lipid levels, blood pressure and blood
glucose levels and reduced background rates of smoking
have each likely played a role.! Screening and detect-
ing diabetes complications, by history-taking and clini-
cal examination plus dedicated screening for vascular
complications, may have also contributed to improved
outcomes.

Such optimism, however, gives way to concern; the com-
bination of improvements in survival in those with dia-
betes and an increase in new diabetes diagnoses (related
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e Diabetes mellitus and its complications are
common; the complications are, of themselves, a
major reason to manage diabetes.

e Recent data from Australia and similar developed
health care systems overseas indicate that morbidity
and mortality outcomes relating to diabetes
complications are improving.

o However, these benefits are offset by increasing
numbers of people diagnosed with diabetes,
resulting in an increased disease burden with
significant health care implications. Thus the
imperative to prevent diabetes and diabetes
complications has never been greater.

e Furthermore, the recognised spectrum of
diabetes complications is broadening, especially
complications relating to lipid levels, insulin
resistance and the metabolic syndrome. Clinicians
now need to be aware of both traditional
complications (eg, nephropathy and cardiovascular
disease) and non-traditional complications (eg,
polycystic ovary syndrome, non-alcoholic fatty liver
disease, some cancers and eating disorders).

e Complications outcomes could be further improved
by decreasing the evidence—treatment gap — for
example, by increasing personalisation of care in
managing diabetes complications.

N

to unchecked obesity and an ageing population) are con-
tributing to increased diabetes prevalence and disease
burden.® Thus, although the incidence of complications is
declining, these benefits are overwhelmed by the sheer
numbers of people affected by diabetes. This includes
increasing projected numbers of younger patients with
diabetes who have a high lifetime risk of complications.”
With current trends, the community burden of diabetes
complications is set to increase. Therefore, a net result
of our treatment success is an increase in current and
projected population disability in people with diabetes
(Appendix 1).2 Disability-adjusted life-years (DALYs) are
projected to rise for diabetes; it has been predicted that
diabetes will have the highest national disability score
for any chronic illness from 2016.8 In addition, there are
increasing direct health and resource costs attributed
to diabetes, estimated at $1.5 billion for the 2008-09
financial year, which represents an 86% increase over
an 8-year period.” With this increasing burden, the chal-
lenge has never been greater to prevent diabetes and
related complications.
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Epidemiology of diabetes complications in

. 27, . . . 1 Prevalence and incidence of diabetes complications (type 1and type 2
Australia: clinical implications P (typ P

diabetes combined), according to a National Association of Diabetes
Centres audit and benchmarking report, 2011"°

Despite recent advances, complications of diabetes are

a significant cause of morbidity and mortality. Diabetes Proportion
is the most common cause of end-stage renal failure and Prevalence of traditional complications (any severity)
of working-age blindness in Australia. However, itis | g 61.7%

notable that at any time point, most people with diabetes
do not have any diabetes complications (Box 1).° About
one-third will have one or two complications, and only
a minority will have more than two. The proportion of Incidence of severe complications in previous 12 months

people with a severe complication is much lower — less Myocardial infarct 4.0%
than 5% each year for conditions including myocardial

lor2 30.0%

3 ormore 8.3%

X . . Coronary artery bypass grafting, angioplasty or stent 2.7%
infarct, blindness, end-stage renal disease and severe
h . Stroke 1.6%
ypoglycaemia.

. X . New blindness 0.9%
These data inform us that, for most patients, we will be ) .
attempting to prevent onset of diabetes complications, End-stage renal disease 0.4%
and screening for their occurrence to better target and | Lowerlimbamputation 0.7%
intensify therapy for complications that are detected. | Severe hypoglycaemia 4.8%

This is an important message; the opportunity cur-
rently exists to prevent onset of complications in most
patients. In other patients, preventing the worsening of
complications will be the aim. In those with severe end-
stage complications, and in the absence of possible organ
transplantation, the focus will be on palliation and active
management of adverse symptoms caused by diabetes
and its management.

A constellation of comorbidities: the
broadening complications spectrum

To date, prevention and management of diabetes compli-
cations have focused on the long-term end-organ blood
glucose-related microvascular complications (nephropa-
thy, retinopathy and neuropathy) and macrovascular
complications (cardiovascular disease [CVD], cerebro-
vascular disease and peripheral vascular disease), and
on foot disease, as these are major causes of morbidity
and premature mortality. However, the spectrum of dia-
betes complications is not restricted to these “traditional”
forms.

The acute complications of diabetes, such as diabetic
ketoacidosis or hyperosmolar coma, are part of the com-
plications spectrum. Increasingly, “non-traditional” dia-
betes-related complications are being recognised, given
their frequent co-occurrence with and in some cases their
exacerbation by diabetes, as well as their impact on out-
comes for individuals with diabetes. These include com-
plications related to insulin resistance and the metabolic
syndrome, including obstructive sleep apnoea, polycystic
ovary syndrome, gout, the common diastolic dysfunc-
tion in diabetic cardiomyopathy, and non-alcoholic fatty
liver disease (NAFLD). Indeed, NAFLD is more common
in people with type 2 diabetes, and diabetes acceler-
ates NAFLD to its more severe form of non-alcoholic
steatohepatitis."”

Certain infections and some cancers (eg, colorectal, breast,
liver and pancreas cancers) are linked to the metabolic
syndrome, and cancer is an increasingly prevalent cause

of death in patients with diabetes.! Given increased lon-
gevity, diabetes-related cognitive impairment leading to
dementia is becoming a clinically significant problem for
our ageing population,'? as is heart failure. Periodontal
disease® and low testosterone in men with type 2 dia-
betes' are also prevalent but less well recognised. In
people with type 1 diabetes, related autoimmune dis-
eases require regular consideration in care; these include
thyroid disease (Hashimoto disease and Graves disease),
coeliac disease, premature ovarian failure and Addison
disease.””

Further, in considering the “biopsychosocial model”,
prevalence of major mood state disorder (especially clini-
cal depression) is elevated in people with diabetes com-
pared with the general population.’® Also, forms of eating
disorders are clearly increased in type 1 diabetes,"” as is
the diabetes-specific psychological condition of “diabetes-
related distress”, which links to the emotional burden,
and demands in regimen, of having diabetes. Clinicians
should be aware of such complications and comorbidities
in patients and that management may fall beyond tradi-
tional diabetes paradigms. In addition, these are variably
included in health economic analyses and, if accounted
for, health costs of complications are likely to be greater.

Clinical lessons from studies of the
pathogenesis of diabetes complications

The pathogenesis of tissue and organ diabetes complica-
tions is challenging to study as clinical disease usually
takes many years to develop and progress. In addition,
the propensity to develop diabetes complications is not
entirely predictable from clinical profiles and risk factors
alone. Genomic risk profiling in diabetes complications
is not yet a clinical tool. Nevertheless, clinicians should
be alert to family histories of complications as a clue to
enhanced complications susceptibility, particularly for
diabetic renal disease.’®
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Progress has been made in defining how chronic high
blood glucose levels can, via cell and tissue intermedi-
ates such as advanced glycation end-products or growth
factors, lead to inflammation and/or fibrosis in an organ
and subsequent loss of function.”” In addition, there has
been some success in targeting intermediates down-
stream of glycaemia to attenuate organ complications.?’
For example, fenofibrate has been shown to have clinical
utility in preventing some diabetes complications, most
notably the progression of diabetic retinopathy,” prob-
ably through mechanisms including antioxidant and
peroxisome proliferator-activated receptor-o. modulating
effects. Further, in patients with severe vision threaten-
ing retinopathy, blockade of vascular endothelial growth
factor (VEGF) bioactivity through intraocular antibody
strategies can not only prevent blindness in those with
diabetic macular oedema but also improve visual acuity.?
These findings show that if blood glucose control has not
prevented severe diabetes complications in a particu-
lar patient, other clinical interventions might salvage a
threatened organ.

Prevention of diabetes complications: glucose
in perspective

The evolving glucocentric approach

Only late last century through randomised controlled
trials targeting glycaemia was it shown that metabolic
control matters in diabetes complications. In type 1 and
type 2 diabetes, prevention of onset and progression of
microvascular complications of diabetes was realised by
chronic control of blood glucose levels.?** Subsequently,
the epidemiological follow-up cohorts of the Diabetes
Control and Complications Trial (DCCT)* and the UK
Prospective Diabetes Study (UKPDS)* showed that
macrovascular complications can be prevented by tight
chronic glycaemic control in type 1 and type 2 diabetes,
respectively. These studies also showed that early glucose
control delivers sustained benefit in reducing the risk of
onset and progression of diabetes complications across
subsequent years and decades. From these observations,
the concept of “metabolic memory” or “legacy effect” of
early blood glucose control arose.?>*

Subsequent randomised controlled trials of chronic gly-
caemia — such as the Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified Release
Controlled Evaluation (ADVANCE),” the Veterans
Affairs Diabetes Trial (VADT)? and the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial® have
collectively shown that microvascular complications can
also be prevented by tight chronic glycaemic control.
These studies enrolled patients with more advanced
diabetes than the DCCT and the UKPDS and did not
show benefit in macrovascular disease or mortality. In
addition, the ACCORD trial showed that harm as well as
good can occur when a therapeutic strategy to intensively
target blood glucose levels is used in patients with more
advanced disease.”” Although the causality has not been
defined for the ACCORD trial findings, together these
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studies of chronic glycaemia have led to the concept of
individualisation of blood glucose targets to improve the
benefit-to-risk ratio in people with diabetes.*

Specific regulation of postprandial glucose and its
importance in terms of risk of complications in dia-
betes is unclear, according to a recent review by the
International Diabetes Federation.* The observational
Diabetes Epidemiology: Collaborative Analysis of
Diagnostic Criteria in Europe (DECODE) study showed
a relationship between postprandial dysglycaemia and
risk of CVD,* while the Study to Prevent NIDDM (STOP-
NIDDM Trial), which used acarbose to target postprandial
dysglycaemia, showed benefit in terms of CVD but was
underpowered to do so.*® Although it has not yet been
shown whether targeting postprandial glucose has a
benefit in terms of complications prevention above gly-
cated haemoglobin (HbA, ) reduction alone, achieving an
HbA,_level of <53 mmol/mol can only be safely realised
in a patient by considering postprandial glucose levels
and fasting levels.

Challenges in maintaining chronic glycaemic
control

The decline in B-cell function that is usual in type 2 dia-
betes, and the increasing risk of hypoglycaemia in type
1 diabetes over time or after antecedent hypoglycaemia,
antagonise the goal of durable glycaemic control. For type
1 diabetes, the hypoglycaemia risk is especially increased
and related to autonomic dysfunction affecting the release
of counter-regulatory hormones (glucagon and adrenalin).
If insulin therapy cannot be further optimised, a higher
HbA,_target may be required with the unavoidable com-
promise being a higher risk of complications. For type 2
diabetes, the need for clinicians to continue to overcome
therapeutic inertia in the intensification of treatment is
critical; in particular, clinicians must impress on patients
the usual need for titrated pharmacotherapy in addition
to lifestyle interventions.

Major challenges that add complexity to care for people
with diabetes include new medicines and combina-
tions. Expansion of treatments on the Pharmaceutical
Benefits Scheme and under the Therapeutic Goods
Administration requires that health professionals are
continually upskilled through evidence-based education
in the use of medicines for diabetes. Similarly, it remains
to be seen whether the newer agents available for type
2 diabetes, including therapies based on incretin and
sodium-glucose cotransporter-2 — which show varying
but largely beneficial effects on non-glycaemic risk pro-
files in preliminary studies, including body weight and
blood pressure reductions — will translate into benefits
relating to complications in clinical trials. Data from
cardiovascular trials involving newer hypoglycaemic
agents that are currently underway, and postmarketing
data for these agents, should shed light on this.

The multifactorial approach

In parallel with the trials examining glycaemia are key
clinical trials such as the Collaborative Atorvastatin
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2 Strategies and methods to prevent and treat diabetes complications*

Complications strategy, and parameter or complication

Summarised intervention or assessment methods

Diagnose diabetes in a timely manner

Engage the patient with diabetes in self-care

Intensively target and manage major reversible multifactorial risk
factors for organ complications*

Chronic glycaemia

Lipid levels

Blood pressure

Smoking cessation

Sustained weight loss if indicated
CVD absolute risk

Screen for traditional complications, generally at least annually
Eyes

Kidneys

Peripheral nerves, including feet

Cardiovascular
Cerebrovascular
Peripheral arterial

Once a particular complication is detected, consider: increased
frequency of specific complication reassessment; specific end-
organ therapy for the complication, including antiplatelet and
anticoagulant strategies in macrovascular disease; specialist
referral

Retinopathy

Nephropathy

Neuropathy
Ischaemic heart disease

Transient ischaemic attack or stroke
Peripheral arterial disease

Consider presence of other complications$
Depression, diabetes distress

Diabetic gastroparesis

Erectile dysfunction

Establish a hypoglycaemia prevention and therapy plan
(especially for those receiving insulin therapy)

Educate in hypoglycaemia prevention and treatment

Assess for lack of hypoglycaemia awareness, severe hypoglycaemia
history

Establish a sick day management plan (for hyperosmolar non-
ketotic coma or diabetic ketoacidosis)

Self-care education during intercurrent illness

Use current clinical care guidelines to screen for type 2 diabetes, including glycated
haemoglobin level where indicated (now approved on the Medicare Benefits
Schedule)

Develop a rapport and use chronic care models to aid self-care adherence; consider
e-health initiatives (eg, medical appointment reminders)

Glycated haemoglobin generic target: <53 mmol/molt
LDL-C generic target: < 2.0mmol/Lt

Blood pressure generic target: <130/80 mmHg*

Include quit smoking programs

Calorie-controlled nutrition approach and focus on exercise

Consider reduction in absolute CVD risk (eg, statin therapy is recommended for
patients at high risk of CVD irrespective of LDL-C level unless contraindicated or
clinically inappropriate)

Perform dilated fundus examination and test visual acuity
Test for albuminuria and estimated glomerular filtration rate

Clinically assess by using a 10 g monofilament, testing reflexes, applying a tuning fork,
and looking for skin and mechanical foot abnormalities

Clinically assess, especially by history-taking
Clinically assess (eg, check for carotid bruit)
Clinically assess (eg, check foot pulses)

Consider fenofibrate therapy in patients with type 2 diabetes and ophthalmologist
referral for those with mild or higher grade of retinopathy

Commence angiotensin-converting-enzyme inhibitor or angiotensin receptor blocker
therapy as tolerated in patients with albuminuria; consider nephrologist referral for
patients with estimated glomerular filtration rate <30 mL/min/1.73m? and those with
macroalbuminuria

Refer patients with moderate or high risk of foot ulcer to a podiatrist for education
and pressure offloading; ulcers should be managed with high-risk foot service care

Refer patients with evidence of ischaemic heart disease to a cardiologist and stratify
patients by urgency of review

Refer at-risk patients to a neurologist; assess by carotid duplex ultrasound

Consider referring patients to a vascular surgeon, especially those with claudication
or rest pain

Assess by administering the Patient Health Questionnaire-2 or Problem Areas in
Diabetes Questionnaire

Assess by history-taking; perform gastric-emptying study or a generic trial of
prokinetic agents

Assess by history-taking; trial medical therapy; consider surgical interventions

Provide advice on balancing carbohydrate intake, exercise and insulin doses, and on
frequency and timing of blood glucose monitoring; provide a specific hypoglycaemia
self-treatment plan and an emergency plan

Assess by history-taking; if present, consider referring patients to an endocrinologist,
diabetes educator or diabetes centre

Provide advice on frequency of self-monitoring of blood glucose and ketones, oral
intake and insulin doses; provide an emergency plan

LDL-C = low-density lipoprotein cholesterol. CVD = cardiovascular disease. * Adapted from General practice management of type 2 diabetes — 2014—-15% and National evidence-based
clinical care guidelines for type 1 diabetes in children, adolescents and adults.> t Targets should be individualised, achieved and then maintained. £ The general blood pressure target in
these guidelines remains <130/80 mmHg despite it being relaxed in some recent guidelines. $ Common examples only are given. ¢
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Diabetes Study (CARDS),* Heart Protection Study
(HPS),*® the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial
(ONTARGET) and the Telmisartan Randomised
Assessment Study in ACE Intolerant Subjects with
Cardiovascular Disease (TRANSCEND),* which have
shown the importance of managing key lipid parameters
and blood pressure in curtailing diabetes complica-
tions. In contrast to glycaemia, the achievement of blood
pressure and lipid targets remain generally stable over
time. The Steno-2 Study and follow-up study showed the
significant benefit of a multifactorial approach targeting
all CVD risk factors in concert, especially in people with
albuminuria.” The results of these studies emphasised
that the relative impact of glycaemic control on mac-
rovascular disease is quite modest, and that a major
multifactorial emphasis on managing blood pressure,
lipid levels and smoking cessation is essential in type
1 and type 2 diabetes.

Outcomes in complications screening and risk
factor management

Practical strategies and related methods to aid compli-
cations outcomes in diabetes are provided in Box 2.3
Systematic practice of such evidence-based medicine
will lead to improved patient outcomes. As reflected in
recent data, the major concern is the gap between cur-
rent evidence using available therapies and delivery of
evidence-based care (although the gap is decreasing).*
According to national data, most people with diabetes
continue to not receive the complete annual cycle of
care for diabetes complications screening and many are
not achieving the targets (albeit generic) established in
national evidence-based diabetes clinical care guidelines
for blood glucose levels, blood pressure and lipid levels
(Appendix 2).° It is expected that through improved na-
tional data capture processes and diabetes complications
screening programs, documented outcomes regarding
managing these reversible risk factors and the related
diabetes complications will also improve.***! Each clini-
cal practice needs to have systematised approaches to
diabetes care, and each patient needs to have his or
her care personalised in goal setting and delivery to
optimise diabetes complications outcomes.

Clinicians need to know the current best clinical evidence
to practise and adapt for each patient. The increased
availability of user-friendly evidence-based clinical care
guidelines in diabetes and complications in both type 1
and type 2 diabetes across the lifecycle facilitates this pro-
cess.¥* Increasingly, these guidelines acknowledge that
a generic approach has value, although a one-size-fits-all
approach does not work for many patients and health care
delivery settings. Thus, quality clinical care guidelines
developed by the National Health and Medical Research
Council include clinical practice points to help personalise
care by adapting the evidence to individual patients with
diabetes. Examples include type 1 diabetes, paediatric
diabetes and complicated type 2 diabetes (eg, diabetic
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3 Key learning points

e By applying current readily available evidence-based
knowledge to individual patients with diabetes, much can
be done to prevent onset and progression of diabetes
complications.

e Primary care physicians have a major role in diagnosing
diabetes in a timely manner and then intensively
managing risk factors for diabetes complications.

e Clinicians need to recognise the import of early
glucose control, and an individualised and targeted
multidisciplinary approach, in complications prevention.
Focusing exclusively on glucose levels is insufficient to
attenuate risk; a multifactorial approach with attention to
cardiovascular risk factors is optimal.

e Detecting diabetes complications by systematic screening
can aid targeting of therapies to improve outcomes
relating to complications.

e Engaging patients in self-care, including through a
diabetes health care team and e-health, can improve
adherence to therapy and outcomes.

e Inthe future, it is envisaged that more sensitive markers
for detecting complications subclinically and options to
screen for a broader range of diabetes complications,
combined with improved tissue-specific therapies, will
further improve complications outcomes.

foot ulceration), which are each best managed directly
by a multidisciplinary care specialist team including an
endocrinologist or diabetologist, diabetes educator and
nutritionist. In contrast, most patients with type 2 dia-
betes can be managed at a local and primary health care
team level, with request for timely specialist consultation
only in specific cases.

Obstetric care in diabetes requires a separate strategy that
involves preconception planning (in patients with pre-
existing diabetes) and high-risk pregnancy care (includ-
ing in patients with gestational diabetes). This topic is
beyond the scope of this article.

Diabetes complications now and into the
future

As understanding of diabetes complications improves,
approaches to not only prevent onset and progression but
to reverse complications and loss of organ function will
become increasingly possible. Some potential initiatives
are addressed in Appendix 3. In the interim, improved
trends in clinical outcomes tell us that there is much
to be achieved by systematically applying the current
evidence base and clinical tools to prevent and manage
complications for the increasing number of people af-
fected by diabetes (Box 3).
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