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Self-monitoring
of blood glucose
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Upon successful completion of this continuing education lesson, you will be better able to do

the following:

1. Discuss the role of A1C testing in the management of patients with diabetes
2. Discuss the recommended frequency for A1C testing

3. Review the various glycemic targets in patients with diabetes

4.

5.

Learning Objectives

Review the role of SMBG in the self-management of diabetes
Discuss with a client many common SMBG issues, such as
a) testing frequency

b) timing of tests

c) development of a blood glucose profile

Introduction

The number of people with diabetes in Canada is
increasing tremendously. In 2010, the Canadian
Diabetes Association (CDA) estimated that 2.5

million Canadians (7.3% of the population) were
living with diabetes.("! The CDA estimates that
by 2020, this number will increase to 3.7 million
(9.9% of the population).!

An educational service for Canadian pharmacy technicians,
brought to you by Teva.
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To effectively manage diabetes, patients
must be taught different strategies to iden-
tify variations in blood glucose (ie, low and
high levels) and methods to address them.
The use of self-monitoring of blood glucose
(SMBG) provides patients with a snapshot
of their blood glucose pictures at a single
point in time. If this tool is used appropri-
ately, it can help educate patients and lead
to improvement in overall blood glucose
control. If the tool is not used correctly, it
will offer little value to the patient and is
waste of valuable healthcare resources.
Hemoglobin A1C testing is crucial to
assess the overall blood glucose control
of a patient with diabetes. Together, these
two tests provide patients and healthcare
providers with a complete picture of blood
glucose control.

This continuing education lesson will help
technicians work with patients to maximize
the use of A1C testing and SMBG. It will also
clarify the technician's role in the manage-
ment of patients with diabetes.

The biologic basis of diabetes

In people without diabetes, the body has an
incredible system designed to keep blood
glucose levels within a very tight range. Even
when consuming a meal that is very high

in sugars or carbohydrates, the body will
rapidly adjust and allow for the storage or
utilization of the extra glucose. The major
hormone involved in controlling the metabo-
lism of glucose is insulin, which is made by
the beta cells of the pancreas.

In patients with type 1 diabetes, the body
attacks the beta cells and the patient can no
longer manufacture any insulin. This leads
to a rapid decline in blood glucose control
and the need for the person to start insulin
immediately.

Patients with type 2 diabetes develop a
decrease in insulin secretion by pancreatic
beta-cells. This means the body can't make
enough insulin to keep the blood glucose
levels under control and blood glucose
starts to increase. Insulin resistance also
develops in type 2 diabetes. This means that
the cells don’t respond normally to insulin
and, as a result, the body needs more insulin
to help glucose enter cells. Type 2 diabetes
has a genetic component and is more com-
mon in certain family and ethnic groups. It is
also more common in overweight and obese
patients. Patients with type 2 diabetes can

TABLE 1 - Some key findings of t

importance of blood glucose ¢

Diabetes Control and Complications Trial®
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DCCT and UKPDS trials on the

United Kingdom Prospective
Diabetes Study®

® People with type 1 diabetes

® A 10% reduction in A1C (eg, reducing
from 8.0% to 7.2%) was associated with
a 40%-50% lower risk of retinopathy (eye
complication) progression

e Patients with tighter blood glucose control

had a 42%-57% lower risk of cardiovascular
disease and death from cardiovascular causes

® Patients with type 2 diabetes
e Every 1% reduction in A1C leads to a
- 37% reduction in microvascular
complications (eye, kidney, nerves)
- 14% reduction in myocardial
infarction (heart attack)
- 21% reduction in death from
diabetes

be managed by a combination of lifestyle
and oral medications to lower their blood
glucose levels; insulin is often also required.

High blood glucose levels

Patients with diabetes commonly ask about
the significance of elevated blood glucose
levels. Many patients with type 2 diabetes
have had the condition for some time and
most have few (if any) symptoms at diag-
nosis. Hyperglycemia (high blood glucose
level) is directly linked with the development
of various diabetes complications (eg, on the
eyes, kidneys and nerves).

TECH TIP: Although the patient may be
symptom free at the time of diagnosis,
they are at a much higher risk of diabetes
complications if they don’t get their blood
glucose levels under control.

Hemoglobin A1C

Hemoglobin A1C (A1C) is a valuable mea-
surement tool that assesses the overall gly-
cemic control of a person with diabetes. A1C
is a fraction of hemoglobin that results from
the linkage of glucose to hemoglobin in red
blood cells.? Higher levels of blood glucose
therefore results in higher amounts of A1C
being formed.

The average lifespan of a red blood cell is
approximately 120 days. Therefore, an A1C
measurement provides information on the
average blood glucose level over the past 4
months.®

TECH TIP: Although an A1C measure-

ment reflects the average blood glucose

concentrations over the past 120 days,

it does not reflect blood glucose levels

equally over the last 120 days®:

® 50% of the reading is from the blood
glucose levels in the preceding month

® 25% of the reading is from the levels
30-60 days before the measurement

® 25% of the reading is from levels
60-120 days before the measurement

This is significant, as some patients may
improve self-management of their diabetes
the month before their A1C tests. They might
have a good A1C reading because a greater
proporation of their results come from their
blood glucose levels over the past month.
This is why blood glucose meter testing is
very important to complement A1C testing.

The link between A1C and diabetes
complications

Studies have shown a strong link between a
high A1C and the risk of diabetes complica-
tions. They have also demonstrated that a
reduction in A1C is associated with a reduc-
tion in those risks. Two landmark trials, the
Diabetes Control and Complications Trial
(DCCT) and the UK Prospective Diabetes
Study (UKPDS) have demonstrated the impor-
tance of blood glucose control in patients with
diabetes. Some key education tips from both
of these studies are listed in Table 1.

Targets and testing frequency of A1C

The Canadian Diabetes Association (CDA)

clinical practice guidelines stress the impor-

tance of A1C to monitor blood glucose

control in patients with diabetes. The CDA

recommends the following®:

* A1C testing every three months for most
patients with diabetes

e |n adults who have a period of stable
lifestyle and blood glucose control, physi-
cians may consider monitoring A1C levels
every six months

TECH TIP: For most patients with dia-
betes the A1C target is normally < 7.0%.©
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TABLE 2 - Some key educational points regarding A1C testing

based on the A1C reading.®

* A1C is unaffected by age or sex and can be tested in a non-fasting state.®

e The timing of an A1C test is not as important compared with SMBG, as the A1C
provides a 120-day average of blood glucose control.

* A1C is approved as a screening test for type 2 diabetes. It is NOT recommended
for diagnosing type 2 diabetes in children, adolescents, or pregnant women, and is
NOT recommended for diagnosing type 1 diabetes. An A1C value of > 6.5% must be
confirmed by a repeat test on a separate day in order to diagnose type 2 diabetes.(")

¢ Any condition that affects the life of the red blood cells can affect A1C readings:
- Certain types of anemia, chronic kidney disease, recent donation of blood, and

surgery can all DECREASE the A1C value

- Iron deficiency anemia can INCREASE A1C levels

e When the A1C reading is closer to 7.0%, post-prandial blood glucose concentrations
tend to contribute more to the A1C value. At very high A1C readings, fasting blood
glucose concentrations have a larger impact on the A1C reading.®

e Many patients don’t understand what A1C is and how it relates to their blood
glucose levels. The following table lists the estimate average blood glucose

A1C (%) Estimatt(e:‘ :glt;g)glucose AIC (%) Estimat(:rc‘l1 :‘I:Ic;g)glucose
5 5.4 9 11.8
6 7.0 10 13.4
7 8.6 11 14.9
8 10.2 12 16.5

This can be individualized based on
specific patients or circumstances
(eg, young children, pregnant women)

Education points

Table 2 reviews some key education points
regarding A1C testing. These points can be
used to answer patients' questions regard-
ing the importance of A1C testing.

TECH TIP: High A1C levels tell us that a
change in diabetes therapy is needed but
does NOT tell us if the abnormal readings
are post-prandial (a reading taken two
hours after eating) or if they are caused
by high fasting blood glucose.

Until recently the only method of measur-
ing A1C was through a patient's blood sam-
ple, drawn and tested at a local laboratory.
In the last couple of years, a point-of-care
A1C testing device has become available.
This device allows the patient to measure
A1C at home or through a clinic in the phar-
macy setting. This device is highly accurate
and is becoming an increasingly used tool in
monitoring patients with diabetes.

TECH TIP: Point-of-care A1C testing is
a great opportunity for both technicians
and pharmacists. Technicians can help

the patient obtain an A1C reading and
the pharmacist can immediately use this
reading to provide the patient with the
necessary education and counselling to
achieve optimal blood glucose control.

Self-monitoring of blood glucose (SMBG)
SMBG allows people with diabetes to have a
real time picture of their blood glucose level.19
This simple finger-prick test can provide a
person with useful information for tracking
both the day-to-day glycemic patterns and
long-term glycemic control.'9 By easily
detecting hypoglycermia, SMBG can help
the patient take appropriate action to quickly
correct the situation before it worsens.®
When SMBG is used correctly it helps to
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complement the information from A1C test-

ing and can help the patient self-manage his

or her condition.
The 2008 CDA guidelines recommend
the following®:

e Most people with diabetes can benefit
from SMBG. Potential benefits, which may
include improvement in A1C, avoidance
and identification of hypoglycemia, and
increased lifestyle flexibility, are enhanced
when individuals receive self-management
education that enables them to adjust
their dietary choices, physical activity, and
medication(s) in response to SMBG values.

TECH TIP: SMBG is recommended
when a person with diabetes is not feel-
ing "normal" (eg, sluggish, overtired,
flu-like symptoms). It can help to deter-
mine whether the blood glucose level
could be responsible for the way the
person is feeling.

Testing frequency for SMBG

The 2008 CDA guidelines recommend the

use of SMBG in all patients with diabetes

using insulin.® There is significant data
showing a positive role of SMBG in any per-
son with diabetes using insulin.("

The recommended frequencies of SMBG
according to the 2008 CDA guidelines are
as follows®:

e People with type 1 and type 2 diabetes
who are taking multiple insulin injections
each day should test three or more times
per day

e People with type 2 diabetes on once-daily
dosing of insulin in addition to oral
hypoglycemics should test at least once
per day

® Pregnant women with type 1 or type 2
diabetes should perform SMBG > 4 times

TABLE 3 - Factors that warrant an increase or decrease in SMBG frequency!'®

in SMBG frequency

Factors that warrant an increase

Factors that warrant a decrease
in SMBG frequency

e Symptoms of hypoglycemia
e Infections, travel, or stress

e A1C numbers are in the target
range

e Adjustments in medication, nutrition, and/or
physical activity

¢ Entering a new life experience (eg, going away to
school, starting a new job, or changing hours)

¢ Experiencing a worsening of A1C values

e Patients who are unclear or require additional
information about the nature of their disease and/or
the effects of their treatment on glucose control

® Pregnancy or attempts to become pregnant

e Stable pre- and post-prandial
glucose numbers

e Patient unwilling or unable
to perform frequent blood
glucose tests
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TABLE 4 - 2008 CDA guidelines: recommended targets for blood glucose

control in adults®

FPG or preprandial plasma
glucose (mmol/L)

Uncontrolled 2-hour postprandial
plasma glucose (mmol/L)

Adults with type 1
and type 2 diabetes
(nongestational)

4.0-7.0

5.0-10.0
(5.0-8.0 if A1C targets not being met)

FPG—fasting plasma glucose.

*Note—glycemic targets for children <12 years of age and patients with gestational diabetes are usually

very different than the recommendations in this table.

per day to achieve glycemic targets and
improve pregnancy outcomes
There is significant controversy in the

use of SMBG testing in patients with type
2 diabetes controlled with lifestyle and/
or oral medications alone. The 2008 CDA
guidelines recommend that testing fre-
quency should be customized based on the
individual patient.® Some trials have found
the data from SMBG could help primary
care physicians guide therapeutic decision-
making.(? Other studies have failed to dem-
onstrate that SMBG testing in these patients
leads to any improvement in A1C levels.(®4
A Cochrane Collaboration review concluded
that SMBG might be effective at improving
glycemic control in this population.™®

TECH TIP: The exact frequency of SMBG
in people with type 2 diabetes who are
taking oral medications only has not been
determined. For this group it is important
to test with purpose. For example, SMBG
could be used to help educate people
about the impact of an unfamiliar meal or
how a new exercise program might affect
their blood glucose levels.

Although the CDA provides guidelines on
SMBG testing frequency, there are several
circumstances where people should either
increase or decrease their testing frequency.
These factors are listed in Table 3.

Targets for SMBG

The 2008 CDA guidelines recommend that
blood glucose targets must be individual-
ized for each patient.® The recommended
targets for MOST people with diabetes are
listed in Table 4.

Timing of SMBG and the development of
a blood glucose profile

Unlike A1C testing, the timing of SMBG is
crucial for the patient to achieve the maxi-
mum benefit from this diabetes monitoring

tool. The most common testing times are

e before breakfast and two hours
after breakfast

® before lunch and two hours after lunch

e before supper and two hours after supper

® bedtime and occasionally during the night
(most important in patients on long-acting
insulin therapy)

TECH TIP: Testing at inappropriate times
is of little value in patients with diabetes.
For example some patients will test 15
minutes after eating. This reading has
little value from both a monitoring or
educational standpoint. It is important to
stress to patients to test usually before a
meal, two hours after a meal, and occa-
sionally at bedtime or during the night.

Developing a blood glucose profile is
an excellent method to review a patient’s
24-hour blood glucose control. A profile
provides the patient, pharmacist, and doctor
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with a clear picture of how well the patient’s
diabetes is under control and the best
changes to make to ensure the patient is
attaining optimal blood glucose levels.

To develop a blood glucose profile,
the patient and the healthcare profes-
sional determine a recommended testing
frequency. This usually involves taking the
CDA guideline SMBG testing frequency and
adjusting it based on patient factors and
their educational needs. The patient will
adjust the timing of SMBG testing each day
to eventually develop a picture of their blood
glucose control. The patient will record
these results in a blood glucose logbook.

Figure 1 is an example of SMBG timing
for a patient willing to test twice daily. You
can see that after 1-2 weeks the patient
will have an idea of their blood glucose
levels at each of the key times for blood
glucose testing.

TECH TIP: A blood glucose profile can

help both patients and their healthcare pro-
fessionals see differences in the patterns of
their blood glucose readings. If, for example,
after eating at a restaurant, a patient has

a two-hour after-supper reading of

11.8 mmol/L and he usually has a reading
of 8.9 mmoal/L, it tells the patient that the
meal contained too many carbohydrates
and portions should be adjusted slightly the
next time the patient visits this restaurant.

FIGURE 1 - Example of SMBG timing to develop a blood glucose profile

Breakfast

Lunch

Supper Bed | Notes

Before | 2 hr after | Before

2 hr after

Before | 2 hr after

Monday X X

Tuesday X

Wednesday

Thursday

Friday X X

Saturday X

Sunday

Monday

Tuesday X X

Wednesday X

Thursday

Friday X X

Saturday X

Sunday

X X

X—suggested testing time to help develop a blood glucose profile for a patient testing twice daily.
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Role of the registered technician
The roles of pharmacists and registered
technicians are changing dramatically in
Canada. Registered technicians are becom-
ing a tremendous resource for pharmacists
to help manage the workload and give phar-
macists opportunities to provide extended
pharmacy services such as medication
reviews, education, pharmaceutical opinion,
and patient consultations.

With the growing number of patients
with diabetes, the need for more profes-
sionals to educate this patient population
will likely increase tremendously. Registered
technicians are being recognized through
provincial legislation as having the expertise
to provide training on different blood glucose
meters. They can expand this role by ensur-
ing the patient understands the most appro-
priate times to perform SMBG testing and
the suggested testing frequency.

Adherence to SMBG testing is generally
poor. Sixty-seven percent of people with
type 2 diabetes practice SMBG less than
once daily.'9 Once the testing frequency is
determined the technician can consider an
auto-refill program for diabetes test strips to
ensure these patients don’t run out of their
testing supplies.

By providing patients with the tools
(eg, log books) to develop a blood glu-
cose profile, helping the patient select the
most appropriate blood glucose monitor,
encouraging adherence to A1C testing and
SMBG, and identifying patients that are not
meeting blood glucose targets, the techni-
cian can help direct the patient to other
resources such as the pharmacist, the dia-
betes education centre, or the physician to
ensure they are doing everything possible
to help the patient reach optimal blood
glucose targets.
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QUESTIONS

1. What was the estimated number of people
with diabetes in Canada in 20107

a) 0.8 million

b) 2.5 million

) 3.8 million

d) 5.4 million

2. Which of the following statements
regarding type 2 diabetes is TRUE?

a) It is caused by the complete destruction
of the beta cells in the pancreas

b) It is commonly occurs in patients with
insulin resistance

c) The most commonly affected groups are
smaller women

d) All of the above

3. Which of the following statements
regarding A1C is TRUE?

a) It is caused by the binding of sugar to
white blood cells

b) It has to be tested in a fasting patient

c) It gives an average blood glucose reading
over the last 120 days

d) All of above are true

4. Henry has type 2 diabetes. If he is
able to lower his A1C level from 9% to
8%, what is the reduction in his risk of
heart attack?

5. How frequently should most patients with
diabetes have their A1C levels tested?
a) Once a month

Please select the best answer for each question or answer online
at www.CanadianHealthcareNetwork.ca for instant results.

b) Every 3 months
c) Every year
d) Every 3 years

6. What is the recommended A1C target for
most people with diabetes?

7. A patient has heard that A1C testing can
be done at the pharmacy. Which of the
following statements is TRUE regarding
point-of-care A1C testing?

a) Point-of-care A1C testing devices are not
as accurate as laboratory testing

b) Point-of-care A1C testing can only be
done in the pharmacy or diabetes clinic

TECHtalkCE MARCH 2013



TECH talk CE

setting; home testing is not recommended
¢) Point-of-care A1C testing can help identify
people with poor diabetes control; the
pharmacist can immediately provide
education and counselling to improve
this control
d) All of the above

8. Which of the following conditions can
increase A1C levels?

Donation of blood

Recent surgery

Iron deficiency anemia

Chronic kidney disease

a
b
c
d

9. Mr. Smith says he has an A1C reading of
8%; what is his estimated average blood
glucose level?

a) 5.4 mmol/L

b) 10.2 mmol/L

¢) 11.8 mmol/L

d) 16.5 mmol/L

10. If an adult patient without other medical
conditions has three different A1C
readings on three separate days at 7.2%,

can his physician diagnose him with
type 2 diabetes?

a) Yes

b) No

11. Yolanda is a patient with type 1 diabetes.
What is the CDA-recommended SMBG
testing frequency?

a) At least once daily

b) At least twice daily

c) At least 3 times daily

d) At least 4 times daily

12. Walter is currently using oral diabetes
medication to control his diabetes.
What is the CDA-recommended SMBG
testing frequency?

a) At least once daily

b) At least twice daily

c) At least 3 times daily

d) Testing frequency should be individualized

13. Which of the following factors would
warrant an increase in SMBG frequency?

a) Symptoms of hypoglycemia

b) Infection

c) Travelling
d) All of the above

14. Kelly shows you her blood glucose
log book. When you look at her pre-
breakfast readings you see she has had
a 3.8 mmol/L, a5.5 mmol/L, and a 7.2
mmol/L reading. Which of the readings is
within the recommended target range?

3.8 mmol/L

5.5 mmol/L

7.2 mmol/L

All of the above

a
b
9
d

15. What are the benefits of developing
a blood glucose profile?

a) It helps to provide a 24-hour picture of
a patient’s blood glucose control

b) It can help to identify patterns in blood
glucose readings

c) It is an excellent education tool to help
patients understand high or low blood
glucose level readings

d) All of the above
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Please help ensure this program continues to be useful to you by

answering these questions.

1. Do you now feel more informed about "Self-monitoring of blood glucose"?
2. Was the information in this lesson relevant to you as a technician?
3. Will you be able to incorporate the information from this lesson

into your job as a technician? U Yes U No 1 N/A
Was the information in this lesson... Q Too basic Q Appropriate

. How satisfied overall are you with this lesson?

O Very O Somewhat O Not at all

First Name Last Name
Pharmacy Name QYes QNo
Primary Licensing Province Licence # Secondary Licensing Province Licence # QYes O No
Home Address City Province
Postal Code Telephone Fax 4
4 Q Too difficult

Email Year Graduated 5

- 6.
Type of practice Q Full-time technician
A Drug chain or franchise 1 Grocery store pharmacy A Part-time technician
Q Banner QO Hospital pharmacy HOW TO

1 Independent
1 Mass merchandiser

Q Other (specify):

Are you a certified technician?

Oves Qo ANSWER:

What topic would you like to see covered in a future issue?

Answer ONLINE for immediate results at
www.CanadianHealthcareNetwork.ca
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