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3: Preventing complications of diabetes

Katherine L Bate and George Jerums

Aggressive management of hyperglycaemia and other risk factors can prevent many complications

IN AUSTRALIA, 7% of the adult population has diabetes,’
and the number of affected individuals is rising. Complica-
tions are the major cause of associated morbidity and
mortality. They are classified as macrovascular (affecting
large arteries) or microvascular (affecting capillaries and
small blood vessels) (Box 1). The presence of complications
almost triples the mean cost of managing diabetes per
patient, from $4000 to $10 000 per annum.? The major aim
of diabetes management is to prevent complications.

Frequency of complications

Among people with diabetes, about 15% have type 1
(formerly known as insulin-dependent diabetes), while
about 85% have type 2 (formerly known as non-insulin-
dependent diabetes).

In type 1 diabetes, the major risk is microvascular compli-
cations, although macrovascular complications are also
increased. The primary risk factor is hyperglycaemia,
although other risk factors, such as hypertension and dyslip-
idaemia, may occur secondary to uncontrolled hyperglycae-
mia or renal disease (Box 2). Complications are therefore
usually acquired after diagnosis.

In contrast, type 2 diabetes is usually part of the “meta-
bolic syndrome”, which is associated with other risk factors
from early in the disease process, including abdominal
obesity, hypertension, dyslipidaemia, a prothrombotic state
and insulin resistance (Box 2). Although macrovascular
disease is the major cause of morbidity and mortality in type
2 diabetes,? microvascular complications are often present
when diabetes is diagnosed, even in people with no symp-
toms. Prevalences at diagnosis are: retinopathy, about 20%;
neuropathy, 9%; and overt diabetic nephropathy, up to
10%. Type 2 diabetes increases the risk of coronary heart
disease two- to fourfold and abolishes the protectiveness of
female sex observed in the non-diabetic population.* The
presence of diabetes also worsens the prognosis of coronary
heart disease.

Macrovascular complications

Large-vessel disease, including coronary heart disease and
stroke, is the greatest overall cause of morbidity and mortal-
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ABSTRACT

Diabetes complications are common and almost triple the
annual cost of managing diabetes.

Microvascular complications are the major risk in type 1
diabetes, while macrovascular complications are the
major cause of morbidity and mortality in type 2 diabetes.

Control of hyperglycaemia (target HbA, . level < 7%) and
hypertension (target blood pressure < 130/80 mmHg)
prevents microvascular complications in both types of
diabetes; a multifactorial approach, comprising behaviour
modification and pharmacological therapy for all risk
factors, reduces the development of micro- and
macrovascular complications in type 2 diabetes.

The benefit of treating dyslipidaemia is at least as great in
the diabetic population as in the non-diabetic population.

Angiotensin-converting enzyme inhibitors and low-dose
aspirin are indicated in people with diabetes and other
cardiovascular risk factors.

Regular annual screening for diabetes complications
allows treatable disease to be identified.
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ity in diabetes. Preventing these complications in type 2
diabetes, which is often associated with other cardiovascular
risk factors, is a major challenge.

Pathogenesis

Hyperglycaemia promotes the reaction of glucose with
components of the arterial wall to form advanced glycation
products. These products cross-link with collagen, thereby
increasing arterial stiffness. In dyslipidaemia, increased lev-
els of low-density lipoprotein (LDL) cholesterol, consisting
mostly of small dense particles, promote atherogenesis.
Hypertension promotes the development and progression of
vascular disease.

Preventing macrovascular complications

Finding strategies to reduce the development of macrovas-
cular complications has been challenging. The United King-
dom Prospective Diabetes Study (UKPDS), to date the
largest and longest prospective randomised trial in people
with type 2 diabetes, showed that intensive blood glucose
control alone failed to reduce macrovascular complications
significantly,>® although it did reduce microvascular compli-
cations. However, the same trial showed that treating hyper-
tension did reduce macrovascular complications.
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Since the UKPDS, the approach has broadened, with
other trials confirming the benefit of treating hypertension®®
and showing significant benefits from treating dyslipidae-
mia.”'? In major trials of lipid-lowering therapy, diabetic
subgroups appeared to benefit more than those without
diabetes.”!? The recent publication of a trial of a multifacto-
rial approach to prevent cardiovascular disease in people
with type 2 diabetes suggests that the greatest benefits are
seen when glucose, blood pressure and lipid levels are
targeted simultaneously.>

Lifestyle measures

Dietary modification, regular exercise and smoking cessa-
tion are recommended to help prevent cardiovascular dis-
ease, based on evidence from short-term lifestyle-
intervention studies and observational studies.!®> Lifestyle
change also halves the progression from impaired glucose
tolerance to type 2 diabetes.'* As complications are often
present in type 2 diabetes at diagnosis, prevention has an
important role in reducing complications, as does early
detection (discussed previously in this series!®).

Lifestyle measures may also reduce other cardiovascular
risk factors. Moderation of salt intake, weight reduction and
exercise reduce blood pressure. Regular exercise also lowers
cholesterol levels, and may be more effective than a low-
cholesterol diet.!®

The optimal diet to reduce cardiovascular risk is unclear.
Traditionally, a low-fat diet has been recommended, but this
is being challenged by observational studies that a “Mediter-
ranean-style” diet, emphasising vegetables, monounsaturated
fats and whole grains, may better prevent cardiovascular
events.!” The recent emphasis on carbohydrates with a low
glycaemic index (ie, slowly absorbed) has not been examined
in long-term interventional studies, but reduction in levels of
glycosylated haemoglobin (HbA, ) has been achieved.!®
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In practice, lifestyle changes are difficult to achieve. A
multifactorial intervention study found no significant differ-
ence in smoking status, exercise history or body mass index
between a group that received intensive education about the
benefits of exercise and smoking cessation and a control

group.?

Treating hypertension

Fifty per cent of people with type 2 diabetes have hyperten-
sion (blood pressure > 140/90 mmHg),'° and systolic hyper-
tension is the main disorder in the elderly. In type 1
diabetes, hypertension is less common but remains an
important modifiable risk factor.

In people with diabetes, as blood pressure levels increase
there is a parallel increase in cardiovascular disease, diabetic
retinopathy and nephropathy.!® Randomised controlled tri-
als have demonstrated clear benefits of lowering blood
pressure. In the UKPDS trial, “tight” blood pressure con-
trol with angiotensin-converting enzyme (ACE) inhibitors
or B-blockers significantly reduced diabetes-related events
and diabetes-related deaths.® The benefit of treating hyper-
tension exceeded the benefit of treating hyperglycaemia.

Other trials have found that lower blood pressure targets
further reduce macrovascular complications. For example,
the Hypertension Optimal Treatment (HOT) Study found
that the optimal diastolic blood pressure was 82.6 mmHg.”
Trials have been unable to define an optimal lower limit of
blood pressure, as lower pressure is associated with lower
risk even within the “normal” range.'® Consequently, the
recommended blood pressure target for individuals with
diabetes has been falling in recent years and is now < 130/
80 mmHg."’

Is it important how blood pressure is lowered? Although
some trials have shown agent-specific effects, the consensus
of a large number of hypertension trials is that the major
effect is mediated through the reduction in blood pressure
itself. Some classes of antihypertensives (ACE inhibitors, -
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Benefit

Risk factor Ease of modification®

Macrovascular disease

Microvascular disease

Blood glucose Relatively hard to reduce
Target reached (HbA,, level <6.5%) in

< 20% in long-term therapy people'®

Blood pressure Target reached (systolic BP < 130mmHg, Significant benefits from even modest

diastolic BP < 80 mmHg) in 50%—60% reduction

Multiple agents often required

Difficult

Dyslipidaemia Targets reached (total cholesterol
< 4.53mmol/L; triglycerides < 1.69 mmol/L)
in 30%-50%

Smoking

Benefit marginal in randomised controlled Significant benefits
trials,® except with metformin in overweight

Probable benefit
Significant benefits

3,16,18

Significant benefits from even modest
reduction*2®

Additional benefits for nephropathy with
renin-angiotensin system inhibitors'®-24

Probable benefit

13-15,25 Benefits unclear

HbA,, = glycosylated haemoglobin. BP = blood pressure.

blockers and diuretics) have been repeatedly shown to
reduce cardiovascular events in patients with essential
hypertension, making them “first-line” agents for treating
hypertension. In diabetes, ACE inhibitors and angiotensin
II receptor antagonists are considered “first-line” agents for
treating hypertension because of their roles in preventing
and treating diabetic nephropathy (see below). Individual
antihypertensives may also be selected because of their
effects in specific situations, such as B-blockers after myo-
cardial infarction, and ACE inhibitors and diuretics in
congestive cardiac failure. Most patients require three or
more drugs to reach target blood pressure.

Control of dyslipidaemia

The characteristic lipid abnormality in patients with type 2
diabetes is atherogenic dyslipidaemia — raised levels of both
triglycerides and LLDL cholesterol, and a low level of high-
density lipoprotein (HDL) cholesterol. Statins (HMG-CoA
[3-hydroxy-3-methylglutaryl coenzyme A] reductase inhibi-
tors) have small effects on triglycerides and only modestly
increase HDL cholesterol levels. However, secondary pre-
vention trials in coronary heart disease, such as the Scandi-
navian Simvastatin Survival Study and the CARE trial,’
suggest that statins benefit diabetic patients at least as much
as non-diabetic patients. Two recently published trials, the
Heart Protection Study (HPS)!° and the Anglo-Scandina-
vian Cardiac Outcomes Trial (ASCOT),!! showed that
individuals with vascular disease and those in a high-risk
primary-prevention group benefited from statin treatment,
even if cholesterol levels were relatively normal. It is impor-
tant to note that such an aggressive approach to lipid-
lowering is not currently reflected in current Pharmaceutical
Benefits Scheme guidelines.

Fibrates such as gemfibrozil are potentially superior to
statins in treating diabetic dyslipidaemia, as they increase
HDL cholesterol and lower triglyceride level. However,
large trials comparable to the statin trials are lacking. The
results of the Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD) study, examining the effect of feno-
fibrate, are awaited with interest.
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Combining a statin with gemfibrozil may be necessary in
cases of severe combined dyslipidaemia. As this increases
the risk of myopathy and hepatic dysfunction, monitoring of
creatine kinase and liver function is advisable.

Control of hyperglycaemia

The UKPDS showed that intensive control of hyperglycae-
mia with sulfonylurea or insulin did not significantly reduce
the risk of myocardial infarction or stroke (P=0.05). How-
ever, subgroup analysis of 342 obese patients suggested that
metformin therapy reduced the risk of myocardial infarc-
tion.?® Thus, metformin is the drug of first choice in
overweight patients with type 2 diabetes.

The failure of the UKPDS to demonstrate a benefit of a
sulfonlyurea or insulin on macrovascular complications may
reflect the study design or the limitations of the drugs
themselves. Although sulfonylurea and insulin initially
reduce HbA,_ level, neither prevents a subsequent inexora-
ble rise over time, reflecting a progressive decline in pancre-
atic function. The new thiazolidinediones (“glitazones™)
target insulin resistance and reduce HbA, level by about 1
percentage point, similar to the initial reduction seen with
sulfonylureas or metformin, but maintain the reduction for
up to 4 years. Their effect on macrovascular complications is
unknown.

Aspirin
Low-dose aspirin therapy is recommended for all people with
diabetes and another risk factor, such as hypertension.”>?!

Multifactorial approach

A recent Danish study found that macrovascular complica-
tions in patients at high risk can be reduced through a
multifactorial approach (involving behaviour modification
and pharmacological therapy targeting hyperglycaemia,
hypertension, dyslipidaemia and microalbuminuria, plus
low-dose aspirin).> This treatment was associated with an
impressive reduction in cardiovascular events, equivalent to
a number needed to treat for 5 years of 3.2, as well as
significant reductions in diabetic nephropathy and retinopa-
thy. There is no way of knowing which component of the
“package” of interventions provided the greatest benefit,
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neuropathy )

Complication When to start Frequency  How to screen
Macrovascular Annually * Ask about symptoms (intermittent claudication, angina [may be atypical] and transient
disease ischaemic attack/stroke)
e Examine pedal pulses, auscultate for bruits, and
® Use a low “threshold” for electrocardiography and exercise stress testing
g/_llcrovascular Type 1 diabetes:
Isease 3-5 years after
Retinopathy diagnosis Every 1-2 * Dilated fundus ophthalmoscopy (usually by an ophthalmologist or optometrist) or
years e Fundal photography
Nephropathy | /¥Pe 2 diabetes:  annyally * Random spot urine sample for albumin-creatinine ratio* or
at diagnosis  Albumin excretion rate in 24 h or timed overnight urine collection®
Peripheral Annually * Assess protective sensation in feet (eg, with Semmes-Weinstein 10 g monofilament'”)
neuropathy ® | ook for evidence of maldistribution of pressure (eg, calluses), and
® Assess vascular supply and skin integrity
Autonomic Annually ® Ask about symptoms (nausea and vomiting, nocturnal diarrhoea, postural hypotension,

erectile dysfunction)

*Reference range for albumin—creatinine ratio, <2.5mg/mmol in men, < 3.5 mg/mmol in women.
T Microalbuminuria should be confirmed with at least 2 specimens, preferably by measurement of aloumin excretion rate. False positive results occur with recent

exercise, urinary tract infection, fever, marked hypertension, marked hyperglycaemia, congestive cardiac failure and haematuria.

emphasising the need for a multifactorial approach to
treating type 2 diabetes and the metabolic syndrome.

The Danish trial also revealed the limitations of current
therapies (Box 3).> Blood glucose targets were achieved in
only 15% of patients, and smoking cessation advice was
ineffective in both groups. Lipid and blood pressure targets
were achieved by more than half of the intensive multifacto-
rial treatment group. Even greater benefits may be possible
if newer treatments could achieve the targets more often.

Microvascular complications

The major mechanism of microvascular disease is the toxic
effect of prolonged hyperglycaemia (Box 2), with hyperten-
sion a further exacerbating factor. Microvascular complica-
tions seldom occur in isolation. Screening for microvascular
disease enables intervention at the earliest possible stage,
maximising the effectiveness of treatment (Box 4). Data
from trials over the past 10 years show that controlling
hyperglycaemia and hypertension reduces microvascular
complications in both type 1 and type 2 diabetes.

Diabetic nephropathy

Diabetic nephropathy is the most common cause of end-
stage renal disease (ESRD), accounting for 40% of new
cases in Western countries. About 20%-30% of patients
with diabetes have evidence of overt diabetic nephropathy,
defined as persistent clinically detectable proteinuria in
association with hypertension and reduced glomerular filtra-
tion rate.?? Aboriginal Australians, New Zealand Méori and
South Pacific Islanders have particularly high rates of neph-
ropathy and are at very high risk of progression to ESRD.
The earliest sign of diabetic renal disease is the presence
of subclinical increases in urinary albumin excretion,
termed microalbuminuria (urinary albumin excretion rate,
30-300mg/24h or 20-200 pg/min; or albumin—creatinine
ratio > 2.5 mg/mmol in men and > 3.5 mg/mmol in women).
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Annual screening of people with diabetes for this complica-
tion is recommended. Microalbuminuria identifies individu-
als at high risk of progressing to macroalbuminuria
(albumin excretion =300 mg/24 h, equivalent to total pro-
tein excretion = 0.5g/24h), and also at risk of developing
ESRD over a period of 10-20 years. Microalbuminuria is
also an independent risk factor for cardiovascular disease.

Peripheral neuropathy

Foot ulcers and amputations are a major cause of morbidity
for people with diabetes. Risk factors for these complica-
tions are the presence of peripheral neuropathy, altered
biomechanics in the foot and peripheral vascular disease.
About half of all lower-limb amputations in people with
diabetes are preventable.

Controlling hyperglycaemia and hypertension and identi-
fying patients with peripheral neuropathy or peripheral
vascular disease are the mainstays of preventing foot compli-
cations. Annual screening for these conditions is recom-
mended. Patients with reduced protective sensation or
reduced foot pulses on examination should be assessed by a
podiatrist, and all patients should be educated about daily
foot care (inspection, washing and careful drying, moistur-
iser for dry skin and cracked heels, nail-care and use of
practical footwear). Particular care should be taken with
new footwear. Amitriptyline, carbamazepine and gabapentin
are helpful in the symptomatic management of painful
peripheral neuropathy.

Retinopathy

Diabetic retinopathy is the leading cause of blindness in the
adult population.?? In type 1 diabetes, almost all patients
develop signs of retinopathy in the first 20 years. In type 2
diabetes, up to a third of patients have retinopathy at
diagnosis,?* increasing to two-thirds within 20 years.

501



Endocrinology

Presentation: A 62-year-old woman with type 2 diabetes presented
to her general practitioner with a recent rise in glycosylated
haemogolobin (HbA;,) level. Diabetes had been diagnosed 3 years
previously. She had attended an education program covering diet,
exercise, self-monitoring of blood glucose and foot care. She did
not smoke. With a diet and exercise plan, her HbA level was
maintained in the range 6.0%-6.5% for over 2 years, indicating
satisfactory glycaemic control. However, over the previous 6
months, despite her continuing to follow dietary recommendations
reasonably well and walking most days for over half an hour, her
HbA, level rose to 8.0%, indicating poor glycaemic control.

Examination and investigations:
Her blood pressure was
140/90 mmHg. Cholesterol
levels were: total, 5.6 mmol/L
(reference range [RR],

< 5.5mmol/L); high-density
lipoprotein (HDL), 0.9 mmol/L
(RR, 1.0-2.0mmol/L); and
triglycerides, 2.7 mmol/L
(RR, <2.0mmol/L). Body
mass index of 28.3kg/m?
(RR, < 25kg/m?) was in

the overweight range. Retinal photograph showing
Eye examination showed a few  microaneurysms at 1, 3, and
microaneurysms. Her serum 6 o'clock relative to the fovea.

creatinine level was 0.10 mmol/L

(RR, 0.03-0.11 mmol/L), and urinary albumin excretion rate was in
the microalbuminuric range at 100 pg/min (RR <20 pg/min). She
had no signs of peripheral neuropathy.

Management: She was encouraged to walk for half an hour at
least every second day and to take increased care with her diet.

After six weeks, she had lost 1kg, but her blood glucose level

remained raised. A repeat urine test confirmed microalbuminuria.
As she was overweight and had normal renal function, metformin
was the most appropriate initial treatment. The dose was titrated
from 250 mg twice daily to 1000 mg twice daily over the next few
weeks.

Several weeks later, her blood glucose levels had greatly improved,
and she had not developed the side effects of nausea, bloating
or diarrhoea.

3 months later, her HbA,. level had decreased to 6.8%, but her
blood pressure remained raised at 142/95 mmHg.
As she had microalbuminuria, she was prescribed the
angiotensin Il receptor antagonist irbesartan (150 mg/day).
She had periodic monitoring of her urea and electrolyte levels.

Four months later, her blood pressure had fallen to 135/88 mmHg.
Serum creatinine level remained unchanged, and she did not
develop hyperkalaemia.

The irbesartan dose was increased to 300 mg/day.

Six months later, urinary albumin excretion rate had fallen to

62 pg/min, and blood pressure to 130/85 mmHg.
A thiazide diuretic, hydrochlorothiazide (12.5 mg/day), was
added to the regimen.
She was also advised to take simvastatin (40 mg/day), after it
was explained that only a small number of people like her (10-15)
would need to be treated for 5 years to prevent one
cardiovascular event. She was warned to report myalgia,
which may be a side effect.
As her major risk for diabetes complications was from
cardiovascular disease (risk factors, diabetes, hypertension,
dyslipidaemia, obesity and microalbuminuria), aspirin
(150 mg/day) was also added to the regimen.
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In the earliest stages of diabetic retinopathy, the character-
istic abnormality is increased vascular permeability. Without
treatment, microvascular occlusions occur, resulting in reti-
nal ischaemia and, eventually, the growth of new vessels,
termed proliferative retinopathy. Macular oedema, caused
by increased vascular permeability, may occur at any stage.

The longer the duration of diabetes, the greater the risk of
diabetic retinopathy. The most important treatable risk
factors are hyperglycaemia and hypertension. Screening for
diabetic retinopathy should be undertaken at least once
every 2 years, and preferably annually, to allow early identi-
fication of treatable disease. Otherwise, diabetic retinopathy
progresses silently until visual loss occurs.

Retinopathy is treated with laser photocoagulation, which
usually prevents further loss but generally does not restore
vision. For proliferative and severe non-proliferative retin-
opathy, pan-retinal laser photocoagulation is used. The
greatest benefit is in patients with high-risk changes (new
vessels on the optic disc or vitreous haemorrhage). Clinically
significant macular oedema is treated with focal laser photo-
coagulation therapy.

Preventing microvascular complications

Control of hyperglycaemia

The Diabetes Control and Complications Trial®> and the
UKPDS’ established the importance of intensive blood-
glucose control in reducing the risk of microvascular compli-
cations (target HbA,_ level <7%). For both diabetic retin-
opathy and nephropathy, the benefit of good glycaemic
control appears to be greatest in the early stages. It has not
been so clearly demonstrated that glycaemic control delays
the progression of overt nephropathy, and intensified glu-
cose control may temporarily exacerbate proliferative retin-
opathy.
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Control of hypertension

Treatment of hypertension reduces the development and
progression of microvascular complications in diabetes.
Most of the supporting evidence comes from trials of the
effects of inhibitors of the renin—angiotensin system on
diabetic nephropathy. Drugs inhibiting this system, such as
ACE inhibitors and angiotensin II receptor antagonists,
generally have a greater benefit than other classes of anti-
hypertensive drugs.

ACE inhibitors reduce the progression of microalbumin-
uria to macroalbuminuria in patients with type 1 diabetes,
and the decline in glomerular filtration rate in those with
macroalbuminuria.?®?” ACE inhibitors also reduce micro-
vascular complications in patients with type 2 diabetes and
hypertension.® More recently, trials have shown that angio-
tensin II receptor antagonists reduce the rate of progression
of microalbuminuria to macroalbuminuria and the rate of
decline in glomerular filtration rate in overt nephropathy in
patients with type 2 diabetes and hypertension (see case
report, Box 5).2830

Although the weight of trial data supports the use of ACE
inhibitors in both types of diabetes, and angiotensin II
receptor antagonists in type 2 diabetes, large “head-to-
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head” trials have not been conducted. Small trials suggest
that the combination of an ACE inhibitor and angiotensin IT
receptor antagonist may have an additional renoprotective
effect.’!

Conclusions

The presence of diabetes should prompt aggressive manage-
ment of cardiovascular risk factors, particularly hyperten-
sion and dyslipidaemia, to prevent macrovascular disease, as
intensive management of these risk factors is of greater
benefit for people with diabetes than for those without
diabetes. Clinical trials in type 1 and type 2 diabetes over the
past decade have shown that aggressive management of
hyperglycaemia and hypertension significantly reduces the
risk of developing diabetic nephropathy, retinopathy and
peripheral neuropathy. ACE inhibitors and low-dose aspirin
are indicated in people with diabetes and other cardiovascu-
lar risk factors (see case report, Box 5).
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