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KEY MESSAGES

Glycated hemoglobin (A1C) is a valuable indicator of glycemic treatment
effectiveness and should be measured at least every 3 months when gly-
cemic targets are not being met and when antihyperglycemic therapy is
being adjusted. In some circumstances, such as when significant changes
are made to therapy or during pregnancy, it is appropriate to check A1C
more frequently.

Awareness of all measures of glycemia—self-monitored blood glucose results,
including self-monitored blood glucose (SMBG), flash glucose monitoring
(FGM), continous glucose monitoring (CGM) and A1C—provides the best
information to assess glycemic control.

Self-monitoring of blood glucose, FGM and CGM should not be viewed as
glucose-lowering interventions, but rather as aids to assess the effective-
ness of glucose-lowering interventions and to prevent and detect
hypoglycemia.

Timing and frequency of SMBG may be determined individually based on
the type of diabetes, the type of antihyperglycemic treatment prescribed,
the need for information about blood glucose levels and the individual’'s
capacity to use the information from testing to modify healthy behaviours
or self-adjust antihyperglycemic agents.

SMBG, FGM and CGM linked with a structured educational and therapeu-
tic program designed to facilitate behaviour change can improve blood
glucose levels and prevent hypoglycemia.

KEY MESSAGES FOR PEOPLE WITH DIABETES

A1C is a measurement of your average blood glucose control for the last
2 to 3 months. Approximately 50% of the value comes from the last 30 days.
You should have your A1C measured every 3 months when your blood
glucose targets are not being met or when you are making changes to your
diabetes management. In some circumstances, such as when significant
changes are made to your glucose-lowering therapy or during pregnancy,
your health-care provider may check your A1C more frequently.
Checking your blood glucose with a glucose meter (also known as self-
monitoring of blood glucose) or using a flash glucose meter or continu-
ous glucose monitor will:
o Determine if you have a high or low blood glucose at a given time
o Show how your health behaviours and diabetes medication(s) affect
your blood glucose levels
o Help you and your diabetes health-care team to make health behaviour
and medication changes that will improve your blood glucose levels.
Discuss with your diabetes health-care team how often you should check
your blood glucose level.

A1C Testing

Glycated hemoglobin (A1C) is a reliable estimate of mean plasma
glucose (PG) levels over the previous 8 to 12 weeks (1). The mean
blood glucose (BG) level in the 30 days immediately preceding the
blood sampling (days 0 to 30) contributes 50% of the result and the
prior 90 to 120 days contributes 10% (2,3). In uncommon circum-
stances, where the rate of red blood cell turnover is significantly
shortened or extended, or the structure of hemoglobin is altered,
A1C may not accurately reflect glycemic status (Table 1).

A1C is the preferred standard for assessing glycated hemoglo-
bin, and laboratories are encouraged to use assay methods that are
standardized to the Diabetes Control and Complications Trial (DCCT)
reference (4-6). A1C is a valuable indicator of treatment effective-
ness and should be measured at least every 3 months when gly-
cemic targets are not being met and when diabetes therapy is being
adjusted or changed. Testing at 6-month intervals may be consid-
ered in situations where glycemic targets are consistently achieved
(4,7). In some circumstances, such as when significant changes are
made to therapy, or during pregnancy, it is appropriate to check A1C
more frequently (see Diabetes and Pregnancy chapter, p. S255).

A1C may also be used for the diagnosis of diabetes in adults (see
Screening for Diabetes in Adults chapter, p. S16). In Canada, A1C
is reported using the National Glycohemoglobin Standardization
Program (NGSP) units (%). In 2007, a consensus statement from the
American Diabetes Association, European Association for the Study
of Diabetes and the International Diabetes Federation called for A1C
reporting worldwide to change to dual reporting of A1C with the
International Federation of Clinical Chemistry and Laboratory Medi-
cine (IFCC) SI units (mmol/mol) and derived NGSP units (%) with
the hope of fully converting to exclusive reporting in SI units (8).
However, this has not been adopted worldwide, and both Canada
and the United States still use the NGSP units (%) (9). Although there
are some advantages to reporting in SI units, the most notable dis-
advantage is the massive education effort that would be required
to ensure recognition and adoption of the new units. Canada is cur-
rently not performing dual reporting; therefore, throughout this
document, A1C is still written in NGSP units (%). For those who wish
to convert NGSP units to SI units, the following equation can be used:
[FCC=10.93 (NGSP) - 23.50 (10) (see Appendix 15. Glycated Hemo-
globin Conversion Chart for conversion of A1C from NGSP units to
[FCC SI units).

Point-of-care A1C analyzers are bench-top instruments that use
a finger-prick capillary blood sample. They are designed for use in
a health-care provider’s office, a treatment room or at a bedside.
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Table 1
Factors that can affect A1C

Factor Increased A1C

Decreased A1C Variable change in A1C

Erythropoiesis Iron deficiency
B12 deficiency

Decreased erythropoiesis

Altered hemoglobin

Alcoholism
Chronic renal failure
Decreased erythrocyte pH

Altered glycation

Erythrocyte destruction Increased erythrocyte lifespan:

Splenectomy

Assays Hyperbilirubinemia
Carbamylated hemoglobin
Alcoholism

Large doses of aspirin

Chronic opiate use

Use of erythropoietin, iron or B12
Reticulocytosis
Chronic liver disease

Fetal hemoglobin
Hemoglobinopathies
Methemoglobin
Genetic determinants

Ingestion of aspirin, vitamin C or vitamin E
Hemoglobinopathies
Increased erythrocyte pH

Decreased erythrocyte lifespan:
Chronic renal failure
Hemoglobinopathies
Splenomegaly
Rheumatoid arthritis
Antiretrovirals
Ribavirin
Dapsone

Hypertriglyceridemia Hemoglobinopathies

A1C, glycated hemoglobin.

within several minutes (11). Point-of-care A1C testing has several
potential advantages over laboratory A1C testing, including rapid
test results to expedite medical decision-making, convenience for
people with diabetes, potential improved health system efficiency
and improved access to testing for underserved populations (12).
A number of point-of-care A1C devices are commercially avail-
able for monitoring glycemic control; however, a United Kingdom
systematic review concluded that evidence of the impact of using
point-of-care A1C testing on medication use, clinical decision-
making and participants’ outcomes is lacking, and that a random-
ized trial with economic evaluation is needed (13). Currently, no
point-of-care A1C analyzers are approved for the diagnosis of
diabetes.

Several studies have shown that A1C concentrations are higher
in some ethnic groups (African, Asian, Hispanic) than in Cauca-
sian persons with similar plasma glucose concentrations (14-19).
In 1 cross-sectional study, A1C was 0.13 to 0.47 percentage points
higher in African American than in Caucasian persons, with the dif-
ference increasing as glucose intolerance worsened. However, all
of these studies estimated mean glucose levels on the basis of very
limited measurements and, as a result, it is not clear whether the
higher A1C observed in certain ethnic groups is due to worse gly-
cemic control or racial variation in the glycation of hemoglobin. If
differences in A1C between ethnic groups exist, the differences
appear to be small and have not been shown to significantly modify
the association between A1C and cardiovascular outcomes (20), reti-
nopathy (21) or nephropathy (22).

Self-Monitoring of Blood Glucose

Monitoring blood glucose levels, whether using traditional self
monitoring of blood glucose (SMBG) devices or more recent flash
glucose monitoring (FGM), can serve as a useful adjunct to other
measures of glycemia, including A1C. Most people with diabetes
benefit from monitoring BG for a variety of reasons (23,24). Moni-
toring BG is the optimal way to confirm and appropriately treat
hypoglycemia. It can provide feedback on the results of healthy
behaviour interventions and antihyperglycemic pharmacological

treatments. It can increase one’s empowerment and adherence to
treatment. It can also provide information to both the person with
diabetes and their diabetes health-care team to facilitate longer-term
treatment modifications and titrations as well as shorter-term treat-
ment decisions, such as insulin dosing for people with type 1 or
type 2 diabetes. Finally, in situations where A1C does not accu-
rately reflect glycemia (Table 1), monitoring BG is necessary to
adequately monitor glycemia (25).

Monitoring BG is most effective when combined with an edu-
cation program that incorporates instruction for people with dia-
betes on healthy behaviour changes in response to BG values and
for health-care providers on how to adjust antihyperglycemic medi-
cations in response to BG readings (26-30). As part of this educa-
tion, people with diabetes should receive instruction on how and
when to perform self-monitoring; how to record the results in an
organized fashion; the meaning of various BG levels and how
behaviour and actions affect BG results.

Frequency of SMBG

The recommended frequency of monitoring BG may be indi-
vidualized to each person’s unique circumstances. Factors influ-
encing this recommendation include type of diabetes, type of
antihyperglycemic therapy, changes to antihyperglycemic therapy,
adequacy of glycemic control, literacy and numeracy skills, pro-
pensity to hypoglycemia, awareness of hypoglycemia, occupa-
tional requirements and acute illness.

Type 1 and type 2 diabetes treated with insulin. For people with type 1
diabetes, monitoring BG is essential to achieving and maintaining
good glycemic control. In a large cohort study, performance of >3
self-tests per day was associated with a statistically and clinically
significant 1.0% absolute reduction in A1C (8). The evidence is less
certain in people with type 2 diabetes treated with insulin, although
the above principle likely applies (8). In a large, non-randomized
study of individuals with stable type 2 diabetes using insulin, testing
at least 3 times a day was associated with improved glycemic control
(31). More frequent testing, including preprandial and 2-hour post-
prandial PG (31,32) and occasional overnight BG measurements,
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is often required to provide the information needed to reduce
hypoglycemia risk, including unrecognized nocturnal hypoglyce-
mia (33-37).

Type 2 diabetes not treated with insulin. For people with type 2 dia-
betes treated with healthy behaviour interventions, with or without
noninsulin antihyperglycemic agents, the effectiveness and fre-
quency of monitoring BG in improving glycemic control is less clear
(23,24,38-47). A series of recent meta-analyses, all using different
methodologies and inclusion criteria, have generally shown a small
benefit to reducing A1C in those individuals performing SMBG com-
pared to those who did not (48-54). The magnitude of the benefit
is small, with absolute A1C reductions ranging from 0.2% to 0.5%.
These analyses demonstrated greater A1C reductions in those per-
forming SMBG when the baseline A1C was >8% (30,48,51,55). SMBG
has been demonstrated to be most effective in persons with type 2
diabetes within the first 6 months after diagnosis (56). Also of sig-
nificance, there is no evidence that SMBG affects one’s satisfac-
tion, general well-being or general health-related quality of life (56).
Most trials in noninsulin-treated people with type 2 diabetes are
of limited value as baseline A1C levels were typically <8.0%, and the
trials did not include a component of educational and therapeutic
intervention in response to BG values. Several recent, well-designed
randomized controlled trials that have included this component have
demonstrated reductions in A1C (30,57,58). In the Structured Testing
Program (STeP) trial, 483 poorly controlled participants with dia-
betes not on insulin (mean A1C >8.9%) were randomized to either
an active control group with enhanced usual care or a structured
testing group with enhanced usual care and at least quarterly use
of structured SMBG (30). At 1 year, there was a significantly greater
reduction in mean A1C in the structured testing group compared
with the active control group (-0.3%, p=0.04). Significantly more
structured testing group participants received a treatment change
recommendation compared with active control group partici-
pants. In the Role of Self-Monitoring of Blood Glucose and Inten-
sive Education in Patients with Type 2 Diabetes Not Receiving Insulin
(ROSES) trial, participants were randomly allocated to either a self-
monitoring-based diabetes management strategy with education
on how to modify health behaviours according to SMBG readings
or to usual care (57). Results of SMBG were discussed during monthly
telephone contact. After 6 months, significantly greater reduc-
tions in mean A1C (-0.5%, p=0.04) and body weight (-4.0 kg, p=0.02)
were observed in the SMBG group compared with the usual care
group. In the St. Carlos trial, newly diagnosed people with type 2
diabetes were randomized to either an SMBG-based intervention
or an A1C-based intervention (58). In the SMBG intervention group,
SMBG results were used as both an educational tool to promote
adherence to healthy behaviour modifications as well as a thera-
peutic tool for adjustment of antihyperglycemic pharmacologic
therapy. Treatment decisions for the A1C cohort were based strictly
on A1C test results. After 1 year of follow up, median A1C level and
body mass index (BMI) were significantly reduced in participants
in the SMBG intervention group (from 6.6% to 6.1%, p<0.05; and from
29.6 kg to 27.9 kg, p<0.01). In the A1C-based intervention group, there
was no change in median A1C or BMI. The evidence is less clear
about how often, once recommended, SMBG should be performed
by persons with type 2 diabetes not treated with insulin.
Separate from the ability of the person with diabetes to use self-
monitored glucose to lower A1C, monitoring glucose should be con-
sidered for the prevention, recognition and treatment of
hypoglycemia in persons whose regimens include an insulin secre-
tagogue due to the higher risk of hypoglycemia with this class of
antihyperglycemic agents (59). On the other hand, for people with
type 2 diabetes who are managed with healthy behaviour inter-
ventions, with or without non-insulin antihyperglycemic agents
associated with low risk of hypoglycemia, and who are meeting

glycemic targets, very infrequent monitoring may be needed (see
Appendix 5. Self-Monitoring of Blood Glucose [SMBG] Recommen-
dation Tool for Health-Care Providers).

Verification of accuracy of SMBG performance and results

Variability can exist between BG results obtained using SMBG
devices and laboratory testing of PG. At BG levels >4.2 mmol/L, a
difference of <15% between SMBG and simultaneous venous fasting
plasma glucose (FPG) (after at least an 8-hour fast), is considered
acceptable (60). In order to ensure accuracy of SMBG, results should
be compared with a laboratory measurement of FPG at least annu-
ally or when A1C does not match SMBG readings. Periodic
re-education on correct SMBG technique may improve the accu-
racy of SMBG results (61,62). In rare situations, therapeutic inter-
ventions may interfere with the accuracy of some SMBG devices.
For example, icodextrin-containing peritoneal dialysis solutions may
cause falsely high readings in meters utilizing glucose dehydroge-
nase. Care should be taken to select an appropriate meter with an
alternative glucose measurement method in such situations.

Alternate site testing

Meters are available that allow SMBG using blood samples from
sites other than the fingertip (forearm, palm of the hand, thigh).
Accuracy of results over a wide range of BG levels and during periods
of rapid change in BG levels is variable across sites. During periods
of rapid change in BG levels (e.g. after meals, after exercise and
during hypoglycemia), fingertip testing has been shown to more
accurately reflect glycemic status than forearm or thigh testing
(63,64). In comparison, blood samples taken from the palm near
the base of the thumb (thenar area) demonstrate a closer correla-
tion to fingertip samples at all times of day and during periods of
rapid change in BG levels (65,66).

Ketone Testing

Ketone testing is recommended for all individuals with type 1
diabetes during periods of acute illness accompanied by elevated
BG, when preprandial BG levels remain elevated (>14.0 mmol/L),
or when symptoms of diabetic ketoacidosis (DKA) (such as nausea,
vomiting or abdominal pain) are present (4). If all of these condi-
tions are present in type 2 diabetes, ketone testing should be con-
sidered, as DKA also can occur in these individuals.

During DKA, the equilibrium that is usually present between
ketone bodies shifts toward formation of beta-hydroxybutyric acid
(beta-OHB). As a result, testing methods that measure blood beta-
OHB levels may provide more clinically useful information than those
that measure urine acetoacetate or acetone levels. Assays that measure
acetoacetate through urine testing may not identify the onset and
resolution of ketosis as quickly as those that quantify beta-OHB levels
in blood, since acetoacetate or acetone can increase as beta-OHB
decreases with effective treatment (60). Meters that quantify beta-
OHB from capillary sampling may be preferred for self-monitoring
of ketones, as they have been associated with earlier detection of
ketosis and may provide information required to prevent progres-
sion to DKA (66-68). This may be especially useful for individuals
with type 1 diabetes using continuous subcutaneous insulin (CSII)
therapy, as interruption of insulin delivery can result in rapid onset
of DKA (69).

Continuous Glucose Monitoring Systems

Continuous glucose monitoring (CGM) systems measure glucose
concentrations in the interstitial fluid. Two types of devices are
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available. The “real time” (also called “personal”) CGM provides infor-
mation directly to the user by displaying moment-to—-moment abso-
lute glucose levels and trending arrows, and by providing alarm
notifications in the event that the glucose level is above or below
a preset limit. A “blinded” (sometimes referred to as “professional”)
CGM captures, but does not display, the glucose readings, which are
then downloaded onto a computer for viewing and retrospective
analysis by the health-care provider (typically in conjunction with
the user).

CGM technology incorporates a subcutaneously inserted sensor,
an attached transmitter and, in the case of real-time CGM, a display
unit (which may be a stand-alone unit or be integrated into an
insulin pump). In professional CGM, the “transmitter” captures
and retains the data. In Canada, 2 real-time CGM and 2 profes-
sional CGM are available. Real-time CGM has been consistently
shown to reduce A1C in both adults (70-81) and children
(71,73,75,76,78,79,82) with type 1 diabetes with and without CSII,
and to reduce A1C in adults with type 2 diabetes (83). Real-time
CGM also has been shown to reduce the time spent in hypoglyce-
mia (78,80,81,84). Professional CGM has been shown to reduce
A1C in adults with type 2 diabetes (85) and in pregnant women
with type 1 or type 2 diabetes (86).

Successful use of CGM is dependent on adherence with dura-
tion of time the CGM is used. The greater the time wearing the
device, typically the better the A1C(72,73,76,77,82,86). Like SMBG,
CGM provides the best outcomes if it is associated with struc-
tured educational and therapeutic programs. CGM is not a replace-
ment for SMBG because SMBG is still required for calibration of the
CGM device. Some real-time CGM devices require SMBG to confirm
interstitial measurements prior to making therapeutic changes or
treating suspected hypoglycemia; whereas other devices only require
SMBG if glucose alerts and readings do not match symptoms.

Flash Glucose Monitoring

Flash glucose monitoring (FGM) also measures glucose concen-
tration in the interstitial fluid, however, FGM differs from CGM tech-
nology in several ways. FGM is factory calibrated and does not require
capillary blood glucose (with SMBG device) calibration. BG levels
are not continually displayed on a monitoring device but instead
are displayed when the sensor is “flashed” with a reader device on
demand. The FGM reader also displays a plot profile of the last 8
hours, derived from interpolating glucose concentrations recorded
every 15 minutes. Therefore, when the person with diabetes per-
forms >3 sensor scans per day at <8 hour intervals, the FGM records
24-hour glucose profiles. The sensor can be worn continuously for
up to 14 days. The device does not provide low or high glucose
alarms.

In the Randomised Controlled Study to Evaluate the Impact of
Novel Glucose Sensing Technology on Hypoglycaemia in Type 1
Diabetes (IMPACT) trial, FGM without the use of SMBG decreased
hypoglycemia in participants with well-controlled type 1 diabe-
tes (A1C <7.5%) on either MDI or CSII, an average of 74 minutes
per day, for a 38% reduction compared with a control group (87).
In addition, a 40% reduction in the time spent in hypoglycemia at
night, a 50% reduction in serious hypoglycemia and a reduction of
routine SMBG measurements by 91%. In the Randomised Con-
trolled Study to Evaluate the Impact of Novel Glucose Sensing
Technology on HbA1c in Type 2 Diabetes trial, in individuals with
type 2 diabetes, the use of FGM vs. SMBG resulted in a similar
drop in A1C, but a significant reduction in time spent in hypogly-
cemia, <3.9 mmol/l by 43%, <3.1 mmol/L by 53%, reduced nocturnal
hypoglycemia by 54%, reduced glycemic variability and improved
quality of life. There was a statistical reduction in A1C for
participants <65 years at 3 and 6 months (-0.53% and -0.20%
respectively) (88).

RECOMMENDATIONS

1. For most individuals with diabetes, A1C should be measured approxi-
mately every 3 months to ensure that glycemic goals are being met or main-
tained [Grade D, Consensus]. In some circumstances, such as when
significant changes are made to therapy, or during pregnancy, it is appro-
priate to check A1C more frequently. Testing at least every 6 months should
be performed in adults during periods of treatment and healthy behaviour
stability when glycemic targets have been consistently achieved
[Grade D, Consensus].

2. For individuals using insulin more than once a day, SMBG should be used
as an essential part of diabetes self-management [Grade A, Level 1 (34),
for type 1 diabetes; Grade C, Level 3 (23), for type 2 diabetes] and should
be undertaken at least 3 times per day [Grade C, Level 3 (23,31)] and include
both pre- and postprandial measurements [Grade C, Level 3 (31,32,89)].
For individuals with type 2 diabetes on once-daily insulin in addition to
noninsulin antihyperglycemic agents, testing at least once a day at vari-
able times is recommended [Grade D, Consensus].

3. For individuals with type 2 diabetes not receiving insulin therapy, fre-
quency of SMBG recommendations should be individualized depending
on type of antihyperglycemic agents, level of glycemic control and risk
of hypoglycemia [Grade D, Consensus].

a. When glycemic control is not being achieved, SMBG should be insti-
tuted [Grade B, Level 2 (46,51)] and should include periodic pre- and
postprandial measurements and training of health-care providers
and people with diabetes on methods to modify health behaviours
and antihyperglycemic medications in response to SMBG values
[Grade B, Level 2 (30,90)]

b. If achieving glycemic targets or receiving antihyperglycemic medi-
cations not associated with hypoglycemia, infrequent SMBG is appro-
priate [Grade D, Consensus].

4. In many situations, for all individuals with diabetes, more frequent SMBG
testing should be undertaken to provide information needed to make health
behaviour or antihyperglycemic medication adjustments required to achieve
desired glycemic targets and avoid risk of hypoglycemia [Grade D, Consensus].

5. In people with type 1 diabetes who have not achieved their glycemic target,
real-time CGM may be offered to improve glycemic control [Grade A, Level
1A (71,80,81) for non-CSII users; Grade B, Level 2 for CSII users (71)] and
reduce duration of hypoglycemia [Grade A, Level 1A (78,80,84)] in indi-
viduals who are willing and able to use these devices on a nearly daily basis.

6. FGM may be offered to people with diabetes to decrease time spent in hypo-
glycemia [Grade B, Level 2 (87) for type 1 diabetes; Grade B, Level 2 (88)
for type 2 diabetes].

7. In order to ensure accuracy of BG meter readings, meter results should
be compared with laboratory measurement of simultaneous venous FPG
(8-hour fast) at least annually and when A1C does not match glucose meter
readings [Grade D, Consensus].

8. Individuals with type 1 diabetes should be instructed to perform ketone
testing during periods of acute illness accompanied by elevated BG, when
preprandial BG levels remain >14.0 mmol/L or in the presence of symp-
toms of DKA [Grade D, Consensus]. Blood ketone testing methods may be
preferred over urine ketone testing, as they have been associated with earlier
detection of ketosis and response to treatment [Grade B, Level 2 (67)].

Abbreviations:
A1C, glycated hemoglobin; BG, blood glucose; BMI, body mass index CBG; cap-

illary blood glucose; CGM, continuous glucose monitoring; CGMS, continu-
ous glucose monitoring system; CSII, continuous subcutaneous infusion infusion;
DKA, diabetic ketoacidosis; FGM; flash glucose monitoring; FPG, fasting plasma
glucose; PG, plasma glucose; SMBG, self-monitoring of blood glucose.

Other Relevant Guidelines

Self-Management Education and Support, p. S36
Targets for Glycemic Control, p. S42

Glycemic Management in Adults with Type 1 Diabetes, p. S80
Hypoglycemia, p. S104

Type 1 Diabetes in Children and Adolescents, p. S234
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Type 2 Diabetes in Children and Adolescents, p. S247
Diabetes and Pregnancy, p. S255

Relevant Appendices

Appendix 5. Self-Monitoring of Blood Glucose (SMBG)
Recommendation Tool for Health-Care Providers
Appendix 15. Glycated Hemoglobin Conversion Chart
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