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Getting A, under 7%

The KISS (‘keep insulin safe and simple”)
approach in type 2 diabetes

A, - or glycosylated haemoglobin - reflects the relation between average blood glucose

concentration and diabetic complications.

Glycaemic control in patients with diabetes is
assessed by measurement of blood glucose levels
(BGLs) and glycosylated haemoglobin (also known
as glycated haemoglobin and HbA. — shortened to
Ajc). Measurement of levels of blood glucose gives
day-to-day information of the glycaemic highs and
lows relating to meals. The A;. value reflects the
average daily BGL over about the preceding several
weeks.

The recommended target A level of below
7% for people with diabetes reflects the trade-
off between the benefits and costs of improving
glycaemic control — respectively, reduced risk of
future diabetic complications and increased risk of
hypoglycaemia and weight gain and extra self- and

IN SUMMARY

medical care.”” Lifestyle changes and oral hypogly-
caemic agents are initially effective in keeping A;.
on target in patients with type 2 diabetes. Many
patients, however, eventually require insulin ther-
apy for glycaemic control. One approach to con-
trolling blood glucose with insulin is the KISS
approach — first control the fasting (i.e. before
breakfast) BGL, then the evening BGL and then
any mealtime BGL increases.”

A1c and blood glucose targets

A1 C

A is the main form of glycosylated haemoglobin
and its level reflects the average level of blood glu-
cose over the preceding six weeks or so.

e A, -the ‘gold standard’ for glycaemic control - reflects the relation between average
blood glucose over the preceding few weeks and diabetic complications.

In type 2 diabetes, the blood glucose profile can be divided into three components, each
of which can be controlled by different strategies:

- fasting glycaemia, controlled by bedtime basal insulin

- daytime blood glucose increment, controlled by morning basal insulin

- prandial increases, controlled by lower glycaemic load meals, increased physical

activity, prandial acarbose or bolus insulin.

e Controlling preprandial blood glucose levels (BGLSs) - i.e. the fasting blood glucose plus
any daily basal increment - can result in large decreases in average BGL and A, .
Controlling the size of prandial increments ‘finetunes’ blood glucose control but will not
greatly decrease overall glycaemia if preprandial values are on target.

¢ The KISS approach to controlling blood glucose with insulin involves first controlling the
fasting BGL (‘First fix the fasting...’), then the BGL before the evening meal (‘Then tackle
tea...’), then any mealtime BGL increases (‘Find the hidden hypers...’) and finally looking
at glycaemic control over a longer period (‘And check the A,;’).
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Getting A1 under 7%

continued
Haemoglobin components
Haemoglobins in people without diabetes
and without haemoglobinopathies*
Y ‘ Y
Haemoglobin F (HbF) Haemoglobin A (HbA) Haemoglobin A, (HbA,)
e Consists of 2 alpha e Consists of 2 alpha e Consists of 2 alpha
and 2 gamma and 2 beta chains — and 2 delta chains —
chains - a,yy, o, a,9,

e Comprises 0.5% of e Comprises 97% of e Comprises 2.5% of
adult haemoglobin adult haemoglobin adult haemoglobin

e |s the primary fetal

haemoglobin
HbA, HbA — Glycosylated haemoglobin A
e Comprises 93 to 95% e Comprises 5 to 7% of adult
of adult haemoglobin haemoglobin
I
HbA,, HbA,, HbA .
e Comprises e Comprises e Comprises 4 to
0.5% of adult 0.5% of adult 6% of adult
haemoglobin haemoglobin haemoglobin

* The proportions of each haemoglobin type differ in people with diabetes or haemoglobinopathies.

Glycosylated haemoglobin is progres-
sively formed as haemoglobin is exposed
to glucose in the plasma. The permanent
glycation can occur at different points
on the two alpha and two beta amino
acid chains that make up the molecule
of haemoglobin A, the major form of
haemoglobin in adults. The glycosylated
form of haemoglobin A is known as
HbA;, and comprises the three subfrac-
tions HbA;,, HbA;}, and HbA;. (see the
box ‘Haemoglobin components’ on
this page). HbA, and its subfractions
can be measured by various laboratory
methods, although generally only A is
reported.

In the 1990s, the Diabetes Control and

Complications Trial (DCCT) and the
United Kingdom Prospective Diabetes
Study (UKPDS) showed a relation between
microvascular complications and levels
of glycosylated haemoglobin in people
with type 1 and type 2 diabetes, respec-
tively.”* Since then measures of glycosy-
lated haemoglobin have been expressed as
a DCCT-equivalent A;. value. Clinicians
can use the level of A;. to assess future risks
of microvascular complications and the
benefits of improving glycaemic control.

Targets for Aj. values reflect a balance
between the benefits of improving
glycaemic control in reducing the risk of
future complications, and the costs in
terms of increased risk of hypoglycaemia,
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weight gain and extra self and medical
care. The benefits per unit decrease of A;¢
are broadly similar in both type 1 and type
2 diabetes (20 to 30% relative risk reduc-
tion of diabetic complications per unit
[i.e. 1%)] decrease in A;.), but the derived
risk of hypoglycaemia is much greater (by
40 to 100-fold) in type 1 diabetes.” None-
theless, the A targets are similar for both
type 1 and type 2 diabetes."”

Generally the A target level is below
7% — if this can be achieved without prob-
lems. Higher targets, however, may be
advisable for some patients, such as the
elderly with newly diagnosed diabetes,
who are not likely to develop microvas-
cular complications, or those in institu-
tional care, in whom control of symptoms
from hyperglycaemia and glycosuria are
the priority.

Blood glucose

The 24-hour blood glucose profile of a

patient with type 2 diabetes can usually

be separated into three components (see

also Figure 1)?

« fasting, which sets the overall basal
level of blood glucose

¢ daytime basal increment, where the
blood glucose may increase through
the day and decrease through the
night

¢ prandial increment, which is the
increase over the preprandial BGL
that gives the peak postprandial BGL.

In some patients the basal BGL nor-
mally decreases through the day; however,
the above general principles still apply.
Also, it should be noted that the postpran-
dial BGL is potentially made up of all
three components.

The contribution of the three blood
glucose components to the average BGL
under different circumstances can be cal-
culated. The results broadly agree with
the general observation that when aver-
age BGL and A values are high then the
contribution from fasting blood glucose
greatly exceeds the prandial contribution.
However, prandial increments may be



Table. Targets for glycaemic control in type 2 diabetes - as
recommended by Diabetes Australia and the RACGP*

Preprandial blood

glucose (mmol/L)
4106.0 4107.7
6.1106.9 7.8t011.0

7.0 and above 11.1 and above

Postprandial blood Comment
glucose (mmol/L)

Normoglycaemia
Minimises macrovascular problems

Consider more active treatment
Associated with macro- and
microvascular complications

Source: Diabetes Management in General Practice 2008/9, published by Diabetes Australia in conjunction with the

Royal Australian College of General Practitioners.

a significant contributor when average
BGL and A values are closer to target.
For example, the prandial increments
contribute between 6 and 24% to over-
all glycaemia when the fasting BGL is
8 mmol/L, but between 11 and 38%
when the fasting BGL is 4 mmol/L.

The BGL ranges recommended by the
RACGP and Diabetes Australia as targets
and indicators of when treatment should
be considered in people with diabetes are
related to the diabetes diagnostic thresh-
olds of blood glucose — that is, the degree
of hyperglycaemia as determined by
oral glucose tolerance testing (Table).”
The aim of treatment is, ideally, nor-
moglycaemia (preprandial BGL, 4 to
6.0 mmol/L; two-hour postprandial BGL,
4 to 7.7 mmol/L), but reducing BGLs
to the prediabetes range will improve
patient outcomes. Prediabetes BGLs
(preprandial, 6.1 to 6.9 mmol/L; two-
hour postprandial, 7.8 to 11.0 mmol/L)
are associated with an increased risk
of macrovascular complications, and
BGLs diagnostic of diabetes (preprandial,
7 mmol/L and above; two-hour postpran-
dial, 11.1 mmol/L and above) are associ-
ated with both macro- and microvascular
complications.

A,  and blood glucose relation
As the Aj level reflects overall glycaemic
exposure, theoretically a patient with a

constant BGL of 6 mmol/L would have the
same Aj. value as a patient who spent an
equal amount of time with BGL values of
2 and 10 mmol/L. Clearly the first patient’s
blood glucose profile is preferable to that
of the second patient.

There are various equations describing
the relation between A;. (in %) and the
average BGL over 24 hours (in mmol/L).
An easy one to remember is:"’

Average BGL in mmol/L =2A;.— 6
which can be rearranged to read:

A;. = (average BGL in mmol/L +6) /2

With this equation, A;. and average
BGL have the same numerical value
at 6% and 6 mmol/L. At other values, a
unit change in A;. is associated with a
2 mmol/L blood glucose change (e.g. 7%
and 8 mmol/L; 8% and 10 mmol/L). The
same 2 mmol/L blood glucose change
per 1% A, change applies with all the
equations.

The recommended glycaemic targets
reflect the approximate equivalence of the
equation, with ideal BGLs associated with
A values less than 7% (i.e. BGLs in the
6s) and high BGLs with A values greater
than 8% (i.e. average BGL greater than
10 mmol/L).

The insulin ‘KISS’

Lifestyle changes and oral hypogly-
caemic changes are initially effective in
keeping A, on target in patients with

The KISS approach to getting
A, under 7%

‘First fix the fasting...”

Is bedtime basal insulin needed?

o |[f the fasting BGL is high, start with
10 units of basal insulin at bedtime.
If the fasting BGL is on target but
the evening preprandial BGL is high,
start with 10 units in the morning.

® Increase doses every two to three
days.

‘Then tackle tea...”

Is breakfast basal insulin needed?

e |[f the other (i.e. evening or fasting)
preprandial BGL remains high,
consider adding a second basal
insulin dose.

‘Find the hidden hypers..."

Is breakfast, lunchtime or teatime

bolus insulin needed?

o |f the BGLs before breakfast and
before the evening meal are under
control, the BGLs before lunch
and before bedtime are usually on
target also. If they are not, determine
whether the hidden hypers are
resulting from breakfast or the evening
meal — or both — and review the
carbohydrate load of the meal and
the physical activity after it and
possibly add acarbose with the meal
or a bolus insulin (quick-acting or
very quick-acting) before.

‘And check the Aq(’

Is the Aqc on target?

e If Ay values, which reflect glycaemic
control over several weeks, and
BGLs are not both on target, there
may be remaining hidden periods of
hyperglycaemia or the tests may be
giving unreliable results. Review the
patient’s blood glucose monitoring
techniques and also the A, assay
used.
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Getting A1 under 7%

continued

Figure 1. Blood glucose profile in a patient with diabetes (average BGL 16.9 mmol/L),

showing the three components of total blood glucose.

type 2 diabetes. Many patients, however,
eventually require insulin therapy for
glycaemic control.

In the “Keep insulin safe and simple’
approach to starting insulin therapy in
type 2 diabetes — the insulin ‘KISS’ — the
basal BGLs (fasting or before the even-
ing meal, or both) are the focus because
controlling these with basal insulin (i.e
intermediate or long-acting insulin) at
bedtime and/or breakfast will result in
the biggest improvements in glycaemic
control.** Occasionally the prandial incre-
ments are important. Glycaemic load
and postprandial physical activity may
need to be reviewed and/or mealtime
acarbose or bolus insulin (quick- or very
quick-acting insulin) may be needed. The
KISS approach can be summarised by the
following jingle (see the box ‘The KISS
approach’ on page 45):

‘First fix the fasting. ..

Then tackle tea...

Find the hidden hypers...

And check the A;

In general, lower and slower changes
are better when reducing A to target —
for example, a decrease of 1 to 2 mmol/L
in average blood glucose (0.5 to 1% A;.)
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over three months. Further decreases can
be made in subsequent months.

The KISS approach

The KISS approach can be illustrated by
considering the case of a patient who has
diabetes and the blood glucose profile
shown in Figure 1.

‘First fix the fasting’

The fasting blood glucose contributes to
overall glycaemia for the whole 24-hour
period.

In the patient in Figure 1, and as shown
in Figure 2, the fasting blood glucose
is contributing most to the overall gly-
caemic exposure. The patient’s average
BGL over the 24 hours of 16.9 mmol/L
is 11.3 mmol/L above the ideal (target)
fasting BGL of 5.6 mmol/L. The prandial
and daytime basal increments make up
3.0 mmol/L of this amount, and the
remaining 8.3 mmol/L is fasting blood
glucose. Bringing the fasting BGL
(13.9 mmol/L) to target (ie. to less than
6 mmol/L) by adding a bedtime dose of
basal insulin would reduce the average
BGL by about 8 mmol/L and also reduce
A, by about 4%.

Figure 2. Contributions to glycaemic expo-
sure in the patient in Figure 1 (see text).

‘Then tackle tea’

Once the fasting BGL is under control, the
focus moves to the evening preprandial
BGL, which may need to be ‘tackled’ if
it is above target. Adding in a morning
dose of basal insulin to bring the evening
preprandial BGL back to target could
decrease the average BGL by 2 mmol/L.

‘Find the hidden hypers’

When the BGLs before breakfast and
before the evening meal are under control,
the other BGLs are usually on target also.
However, occasionally BGLs after break-
fast (and hence before lunch) and/or after
the evening meal (and hence before bed-
time) are high because the glycaemic loads
of these meals are greater and/or because
of inactivity after the meals (such as watch-
ing TV, surfing the internet, desk work,
driving).

These are the hidden hypers. They are
not discrete hyperglycaemic episodes
but high levels of blood glucose persist-
ing for longer than expected, possibly
because of larger then expected prandial
increments or because the blood glucose
is not decreasing as quickly as expected.
They are ‘hidden’ because the BGLs



Blood glucose monitoring: tips for patients

. Care for your glucose meter. Clean it often and get it checked
regularly by a diabetes nurse. Don’t leave it in the sun or the
car. Although you can always get another if it ‘crashes’, they
still cost money.

. Calibrate the meter each time a new bottle or packet of strips is
opened and used. Also have quality control checks performed on
it regularly. You may still get a reading on your meter if you don’t
do this, but it may not be accurate and accuracy does matter.

. Take note of the expiry dates on the strips and quality control
fluid. While you don’t want to waste any strips, they may not
be accurate after the expiry date.

. Protect the strips from heat and the light. Although they are
generally pretty tough these days, keep them in the bottle or
foil packets until you use them. Don’t leave them in the sun or
the car.

. Wash your hands before you do a test. Having dirty hands may
affect the values, and reliability of your results is important.

. Use a fresh lancet each time — for hygiene reasons and to reduce
pain. Never share a lancet with other people. Dispose of used
lancets in a sharps container and never in the general rubbish.

. Always use the recommended amount of blood on a strip, and
drip it onto the strip rather than smearing it. Too little may not
give a reading and a smear is likely to give an error message.

8. Record all values, not only those that fall within the target.
Your doctor or diabetes nurse won’t be upset by your ‘bad’
values — your high and low readings. Do not test only when you
know the results will be on or near target in an attempt to keep
everyone happy.

9. Check your blood glucose more often if you are unwell.

10. Join the National Diabetes Services Scheme for subsidised
strips.
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being paid attention to first are the
morning and evening preprandial BGLs.

In the case in Figure 1, the prandial
increments are considerable. Controlling
prandial increments to 3.5 mmol/L by
changing lifestyle (decreasing glycaemic
load and/or increasing physical activity)
or adding medication (acarbose [Glu-
cobay] with a meal or a bolus insulin
before the meal) could decrease average
BGL by 1.1 mmol/L.

It is clear that the big decreases in aver-
age BGL and Aj. come from controlling
preprandial BGL values (i.e. the fasting
glucose plus any daily basal increment).
Controlling the prandial increments ‘fine-
tunes’ blood glucose control but will not
greatly decrease overall glycaemia if pre-
prandial values are on target. If the BGL

value before a meal is high, the BGL value
after the meal will also be high.

Sometimes people confuse the post-
prandial blood glucose with the prandial
increment itself. The postprandial BGL
is the sum of the fasting glucose, the basal
daily increment and the prandial incre-
ment, and its value compared with the
preprandial BGL reflects the size of the
prandial increment. The BGL after the
evening meal may be high because it
reflects the sum of the basal daily incre-
ment, the fasting blood glucose and
the prandial increment.

A common misconception is that
foods with a low glycaemic index (low-GI
foods) are ‘good’ and those with a high
GI are ‘bad’” with regard to postprandial
BGLs. Although the GI is a significant

factor affecting the glycaemic response to

foods (the prandial increment), the post-

prandial BGL is affected by many other

factors as well as this, including:

¢ preprandial BGL (if the value before
the meal is high, the value after the
meal will also be high)

¢ glycaemicload of the food (the amount
of carbohydrate in a normal serving
of the food multiplied by its GI)

¢ other components of the meal

* method of food preparation

» amount of physical activity after the
meal."

Therefore, eating a large amount of a
low-GI food may have more of an effect
on postprandial BGL (i.e. be more ‘bad’)
than a small amount of a high-GI food.
Considering all these variables, it is not
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Getting Aqc under 7%

continued

surprising that postprandial BGLs vary
considerably within the same individual
— for example, if a patient’s mean pran-
dial increment was 8 mmol/L, the incre-
ment would be expected to be more than
11 mmol/L for 20% of the time and less
than 5 mmol/L for 20% of the time."”

‘And check the A’

Checking blood glucose before breakfast,
lunch, evening meal and bedtime gives
one view of blood glucose control — the ups
and downs. Checking the A gives another
view — overall glycaemic exposure.

The A;. may be higher than expec-
ted, suggesting either that some ‘hypers’
have remained hidden or that the mea-
sured BGL values may not be reliable,
or both.

Blood glucose monitoring can give
misleading results in many ways. For
example, there may be a technical prob-
lem with the meter, strips or patient tech-
nique, or the patient may not be recording
all the test results or recording only the
‘good’ values.” Some tips for patients on
blood glucose monitoring are listed in the
box on page 47.

Sometimes it will be the A results
that are misleading as a number of med-
ical conditions can lead to falsely high or
low A levels and some of the assays used
are subject to interference. The testing
laboratory could advise on this, and may
suggest use of a different assay system
for A determination.

An alternative to the measurement of
A as a means of monitoring the average
glucose level is measurement of fructosa-
mine (also known as glycosylated albu-
min). The half-life of glycosylated albumin,
the major glycosylated protein measured
by this assay, is about 19 days (compared
with haemoglobin’s half-life of about
50 to 55 days). This assay therefore reflects
glucose levels over a much shorter time
period than Aj. measurement. The fruc-
tosamine value can be compared with, and
therefore used to check, the A value in
terms of standard deviation above the

upper limit of the relevant normal refer-
ence range.

Conclusion

While BGL measurement gives day-to-
day information on glycaemic status, A
measurement gives an indication of gly-
caemic control by assessing average glu-
cose levels over the preceding few weeks,
as reflected by the permanent glycation
of a small fraction of the haemoglobin
molecules in the blood.

Getting basal BGLs (i.e. the fasting
BGL and the BGL before the evening
meal) on target by the use of basal insulin
gives the greatest improvements in
glycaemic control in patients with type 2
diabetes requiring insulin. Occasionally
postprandial BGLs are important, and
then glycaemic load and postprandial
activity may need to be reviewed and/or
mealtime acarbose or bolus insulin may
be needed. MT
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