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ABSTRACT

Background: Self-monitoring of blood glucose (SMBG) is important for all patients with diabetes, as it provides valu-
able feedback on the effects of diet, exercise, and medications. To maximize the potential benefits of SMBG, clinicians
must have confidence in the accuracy of their patients” glucose meters.

Objective: The aim of this article is to review several issues related to glucose meter accuracy and ways that accuracy
can be enhanced.

Methods: A MEDLINE search of English-language articles using the terms SMBG, glucose meter, and accuracy as an
initial screen was performed. After articles describing the use of outdated technologies or vague methodologies were
excluded, appropriate articles that analyzed various aspects regarding meter accuracy were selected.

Results: Glucose meter accuracy studies are complicated by issues related to the reference method, the sample being
assayed, and the way in which accuracy is reported. Error grid analysis gives clinicians a means to evaluate the clinical
importance of meter error. Modern glucose meters have many technological improvements and enhanced clinical accu-
racy; however, the accuracy of readings depends not only on the instrument but also on patient technique and other
aspects of the overall testing process.

Conclusions: SMBG has proven to be a valuable tool for the management of diabetes whether it is used to guide
insulin dosing, provide feedback on the effect of meals, or detect hypoglycemia. Accuracy of SMBG can be optimized
by patient education and continued improvements in meter technology. (Insulin. 2008;3:5-14) © 2008 Excerpta Medica

Inc.
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INTRODUCTION

Monitoring of blood glucose has evolved over the past
2 decades from a clinical laboratory test to a cornerstone of
blood glucose management that patients can perform at any
time in their own homes.! The American Academy of Family
Physicians (AAFP), the American Diabetes Association
(ADA), and other experts in diabetes care recommend self-
monitoring of blood glucose (SMBG) for patients with dia-
betes as part of their overall disease management program
to provide valuable feedback on the effects of diet, exercise,
and medications and to improve safety for insulin-treated
patients through detection of hypoglycemia.>-

Achieving maximum benefit from SMBG ultimately
requires that either patients or their health care providers act
on the data that have been collected.” This process, in turn,
requires that providers have confidence that SMBG results
are reasonably accurate. Unfortunately, evaluating glucose
meter accuracy can be a daunting task for the clinician.
Accuracy depends on the user, the instrument, and other as-
pects of the evaluation, including how accuracy is defined.?
The current International Organization for Standardization
(ISO) criteria used by glucose meter manufacturers to gain
regulatory approval require that 95% of the glucose values
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measured by the meter fall within 15 mg/dL (0.83 mmol/L)
of the manufacturer’s reference method for glucose concen-
trations <75 mg/dL (<4.2 mmol/L) or within 20% for glu-
cose concentrations >75 mg/dL (24.2 mmol/L).? Studies
have shown, however, that most meters cannot yet achieve
the more stringent ADA goal of a total analytical error
<5%.119-14 But more important to the clinician is that clinical
accuracy, defined as glucose concentrations obtained from
different methods that lead to the same clinical management
decision or patient outcome,!® has generally been very
high,1¢ and SMBG has a proven track record in helping
patients and their providers manage blood glucose levels.

lucose meter accuracy depends on the user, the instru-
ment, and other aspects of the evaluation, including
how accuracy is defined.

In landmark clinical studies of patients with type 1 or
type 2 diabetes mellitus (DM), intensive insulin therapy with
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dosages adjusted according to SMBG performed >4 times per day
was shown to reduce the risk of diabetes complications.!”18
Conclusive data regarding the benefits of SMBG for patients
not treated with insulin have been slower to emerge; how-
ever, 2 recent meta-analyses, a review, and a long-term epi-
demiologic study have shown that SMBG was associated
with improved glycemic control and a lower rate of fatal and
nonfatal microvascular and macrovascular events.!*22 In part
because of its ability to complement glycosylated hemoglo-
bin by providing real-time feedback on glucose levels,
SMBG has been considered one of the most significant
breakthroughs in diabetes management since the discovery
of insulin.®

n part because of its ability to complement glycosylated

hemoglobin by providing real-time feedback on glucose
levels, SMBG has been considered one of the most sig-
nificant breakthroughs in diabetes management since the
discovery of insulin.

MATERIALS AND METHODS

Because of the importance of SMBG to patient care, the con-
fusion regarding blood glucose meter accuracy, and the
technical nature of the subject, we saw the need for a user-
friendly review of issues surrounding glucose meter accu-
racy. We have therefore performed a MEDLINE search of
English-language articles using the terms SMBG, glucose
meter, and accuracy as an initial screen. After excluding arti-
cles describing the use of outdated technologies or vague
methodologies, we selected appropriate articles, and refer-
ences therein, that analyzed various aspects regarding meter
accuracy.

EVALUATING GLUCOSE METER ACCURACY

To have confidence in the accuracy of a patient’s blood glu-
cose values, the practicing physician should be armed with
a basic understanding of how glucose meter accuracy is
commonly assessed and where some types of errors may
arise. The discussion can be broken down into issues related
to the reference method, the sample itself, patient factors, or
how accuracy results are reported.

The Reference Method

Instrument accuracy is generally evaluated by testing the
device against a known standard. In the case of an unstable
entity like glucose in whole blood, the development of a
whole blood glucose standard has been elusive.!> Conse-
quently, the results from a patient’s glucose meter are usu-
ally compared with one of several different reference
methods, usually the main clinical laboratory methodology.
Ideally, the same capillary blood specimen obtained by the
patient would be tested by both the patient’s glucose meter
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and the laboratory reference instrument®; however, only a
few laboratory reference instruments can accept the small
sample volumes obtained by finger prick. As a result, most
laboratory methods require a plasma/serum sample, and
comparison with the whole blood sample measured by the
patient may require a conversion factor that assumes a nor-
mal hematocrit.?® The Yellow Springs Instrument (YSI, Inc.
[formerly Yellow Springs Instruments Company], Yellow
Springs, Ohio) biochemistry analyzer is a highly accurate
reference instrument that can accept whole blood or plasma/
serum samples, but it is not widely available.®! Additionally,
the reference instruments used in most clinical laboratories
may not maintain precise calibration,® and this error can
cause discrepancies between the glucose meter being tested
and the clinical laboratory instrument.?* Although accuracy
is assumed, the error rate for individual measurements by
central laboratory methods may be as high as 10%.!

The Blood Sample

In addition to issues related to the reference instrument,
factors related to the blood sample being analyzed can intro-
duce discrepancies between glucose meter readings and
readings of the reference instrument. Fasting glucose con-
centrations in capillary whole blood are 10% to 15% lower
than those in venous plasma (most modern glucose meters
are plasma calibrated, meaning they display measured con-
centrations in plasma) and show even greater variation if the
patient is not fasting.*-2¢ Differences of up to 32% have been
reported between capillary and venous plasma values in the
nonfasting state?*; therefore, only fasting specimens should
be used for comparison of capillary and venous glucose.?
Blood cells continue to metabolize glucose after the speci-
men has been obtained. In whole blood, glycolysis decreases
glucose concentrations at a rate of ~5% to 7% per hour.26-28
Therefore, a delay in either transporting the specimen to the
laboratory or separating serum/plasma from whole blood
cells can lead to lower glucose levels.?® Inhibitors of glyco-
lysis such as sodium fluoride slow but do not completely
prevent glycolysis?*? and may interfere with the determina-
tion of glucose concentration by some reference methods.?
Thus, SMBG and laboratory determinations that use similar
enzymatic methods would be similarly affected by interfer-
ing substances. In addition, between-lot variability of glu-
cose strips may have a negative impact on glucose meter
accuracy.33!

Patient Factors

Individual patient factors can affect meter accuracy as
well. An abnormal hematocrit can result in erroneous SMBG
results, with low hematocrit levels leading to increased glu-
cose values and high hematocrit levels leading to decreased
glucose values.3>-34 Other patient factors that may affect the
comparison of SMBG results to a reference method include
hypotension, hypoxia, oxygen therapy, marked hypertri-
glyceridemia or hyperuricemia, the presence of high con-
centrations of reducing agents (eg, glutathione, vitamin C,
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cysteine), treatment with high-dose tolbutamide, aspirin or
paracetamol, and hemolysis.?>3

How Accuracy Results Are Reported

A final issue related to meter accuracy is the way in
which accuracy results are reported. In addition to a lack of
consensus among various organizations regarding meter
performance standards (Table I),%10283 geveral methods for
reporting accuracy data exist. Statistical methods, such as
correlation coefficients, linear regression, percent deviation,
and mean differences, are frequently used to evaluate meter
accuracy.¥” Although these methods have their place, each
has specific problems. For example, a good correlation coef-
ficient can result from a constant, yet significant, deviation
from the reference method.?” Similarly, an evaluation based
on a fixed percent deviation from a reference value may
yield a clinically meaningless error at higher glucose concen-
trations but may result in an inappropriate treatment deci-
sion at lower concentrations.?> Most important, statistical
methods do not evaluate the clinical significance of analyti-
cal errors.162538 Clarke et al’” developed the error grid analy-
sis method to take into account both the differences between
the reference and SMBG values and the clinical significance
of the treatment decision resulting from the SMBG value. As
shown in Figure 1,% the grid has 5 accuracy zones. Glucose
measurements that fall within zones A and B are deemed
clinically acceptable, whereas those that fall within zones C,
D, and E are considered clinically significant errors.

Although widely used since its introduction in the late
1980s, the Clarke Error Grid has been criticized for several dis-
continuities between risk zones where small changes in blood
glucose levels cause the risk category to skip a level. Based on
a consensus conference of 100 diabetes experts, Parkes et al®®
created a modified error grid (the Consensus Error Grid) that
avoids these discontinuities. A representative Consensus Error
Grid is shown in Figure 2.38-42 A recent paper by Mahoney and
Ellison*? reviews the literature on approaches to evaluating
glucose meter accuracy and proposes a checklist to facilitate
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the incorporation of international consensus standards and
quality guidelines into the meter evaluation process.

CLINICAL ACCURACY OF MODERN METERS

There have been rapid advances in glucose meter technology
in the last 20 years, resulting in newer-generation glucose
meters that are easier to use, require a smaller blood sample,
and incorporate many additional features, such as advanced
data management.!®#445 Technological improvements in mod-
ern glucose meters have also resulted in greater accuracy, as
demonstrated by a comprehensive study of 4 older-generation
and 4 newer-generation glucose meters.'® As a result of these
improvements, some older accuracy studies may be outdated,
whereas others have omitted any analysis of the clinical sig-
nificance of reported errors. An informal review of studies
evaluating the clinical accuracy of glucose meters published
within the last 5 years shows that although there is still room
for improvement in precision and accuracy, the percentage of
results deemed clinically acceptable by error grid analysis
often approaches 100%.

Arecent Diabetes Research in Children Network (DirecNet)
study® evaluated 2 commonly used glucose meters, the
FreeStyle Flash® (Abbott Diabetes Care, Alameda, California)
and the OneTouch® Ultra® (LifeScan, Inc., Milpitas, Cali-
fornia), using venous blood samples from 50 children with
type 1 DM. The study found that both meters had similar
accuracy results, with 98% to 99% of measurements meeting
the ISO criteria and 81% of values being within 10% of the
reference method for both meters. A previous DirecNet
study®® of a single meter showed that >99% of measure-
ments were within zones A and B of the Consensus Error Grid
(Table II) and that accuracy was comparable to laboratory-
quality glucose analyzers during an insulin-induced hypo-
glycemia test—a glucose range where accuracy is critical but
often variable.?

A study of 5 glucose meters currently available in Aus-
tralia?® examined capillary blood samples from 49 patients.
Error grid analysis showed that 94% to 100% of readings

Table I. Criteria for meter accuracy suggested by various organizations.

Organization

International Organization for Standardization? and
National Committee for Clinical Laboratory Standards?8

US Food and Drug Administration3®

American Diabetes Association!©

Criteria

Compared with the manufacturer’s reference method, glu-
cose values should fall within 15 mg/dL (0.83 mmol/L)
for: 95% of values at glucose concentrations <75 mg/dL
(<4.2 mmol/L) OR 20% of values at glucose concentra-
tions =75 mg/dL (>4.2 mmol/L)

Total analytical error <5%

Current systems: Within 15% of reference measurements
Future systems: 100% of results achieve a variability
(system plus user) of 10% at glucose concentrations of

30 to 400 mg/dL (1.7-22.2 mmol/L)
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Figure 1. Clarke Error Grid analysis for evaluation of clinical implications of self-monitoring of blood glucose (SMBG) accu-
racy. SMBG values in zone A are clinically accurate and should lead to clinically correct treatment decisions.
Values in zone B deviate by >20% from the reference but would lead to benign or no treatment. Values in zone
C would lead to overcorrection of acceptable blood glucose levels. Those in zone D are considered “dangerous
failure to detect and treat” errors, and zone E is considered an “erroneous treatment” zone in which SMBG values
are the opposite of reference values. To convert mg/dL values to mmol/L, multiply by 0.0555. Copyright © 1987
American Diabetes Association. From Diabetes Care® Vol 10, 1987. Reprinted with permission.3”

were clinically accurate (zone A) and none of the readings
would lead to clinical errors; however, only 1 meter satisfied
the ADA goal of <5% bias. A study of a single, highly afford-
able glucose meter designed for use in developing coun-
tries?” showed that even a meter limited to the most essential
features can be highly accurate. Whereas 99% to 100% of
results from this meter fell within zone A of the Consensus
(Parkes) Error Grid when performed by clinical staff, it is
noteworthy that 97% of results also fell within zone A when
patients performed the test. Finally, a study by Chen et al' of
4 glucose meters showed that the meters had good preci-
sion, with <4% coefficient of variation across a wide range of
glucose concentrations and >99% of results in zones A or B
by Clarke Error Grid analysis (Table III). Thus, clinicians
can have confidence that many modern glucose meters
achieve a high level of accuracy as it relates to decisions
regarding diabetes management. Continuing technological
improvements can be expected to further improve precision

Many modern glucose meters achieve a high level of
accuracy as it relates to decisions regarding diabetes
management. Continuing technological improvements can
be expected to further improve precision and accuracy.

—8—

and accuracy in the same manner that newer-generation
meters have surpassed previous-generation devices.

CONSIDERATIONS FOR IMPROVING METER
ACCURACY
Steps to improve glucose meter accuracy fall into 2 general
categories: technical improvements in glucose monitoring
systems and improved patient education to decrease user
error.” Not surprisingly, many of the technological advances
over the last few years have focused on decreasing user
error. The spectrophotometric technology used in older glu-
cose meters required wiping test strips at timed intervals
after the application of blood and then placing the strips in
a reflectance meter to obtain the glucose reading. Because of
the potential for error, older glucose meters that require wip-
ing of test strips are no longer in common use. The newer
third-generation systems use a “nonwipe” method and read
test strips using optical, amperometric, or potentiometric
sensors. 2303133424849 Other technological improvements
include error signals for inadequate sample volume, “lock
out” if control solutions are not assayed, and electronic
memories that store hundreds of SMBG results.?®

Although written logbooks are a key component of dia-
betes care, self-reported data may not always be accurate
because of carelessness, visual impairment, or a desire on
the part of a patient to receive the clinician’s approval for
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Figure 2. Accuracy study data plotted on a Consensus (Parkes) Error Grid38 for a representative glucose monitoring system.
Figure shows an example of a plot of blood glucose measurements obtained by 172 patients with type 1 diabetes
mellitus, using the OneTouch® Ultra® 2 Blood Glucose Monitoring System (LifeScan, Inc., Milpitas, California)
together with the owner’s booklet. In this study, 97.3% of measurements fell in zone A and 100% of measurements
in zones A or B (unpublished data). Similar studies have shown high levels of clinical accuracy using other glucose
monitoring systems, including the Ascensia® Confirm®Blood Glucose Monitoring System (Bayer HealthCare Diabetes
Care Division, Tarrytown, New York),3? the Liberty™ Blood Glucose Monitoring System (Liberty Medical Supply, Inc.,
Port St. Lucie, Florida), %0 the EasyTouch™ glucose selfmonitoring system (Bioptik Technology Inc., Hsinchu, Taiwan),4!
and the OneTouch® Ultra® Blood Glucose Monitoring System (LifeScan).#? *Yellow Springs Instrument (YSI, Inc.
[formerly Yellow Springs Instruments Company], Yellow Springs, Ohio) biochemistry analyzer.

“good numbers.”10505! Data storage functions and the abili-
ty to download data to diabetes management software have
the potential to improve the accuracy of data reviewed by
the clinician.’'> However, a study of 151 patients using
glucose meters with memory capabilities revealed that only
40.4% of these patients had date and time settings on their
glucose meters that were within 1 hour of the actual time,
which could compromise the ability of the patient or the
provider to recognize blood glucose patterns. Future techno-
logical advances may include automatic date/time calibra-
tion, alarms to alert the patient that blood glucose needs to
be checked, more user-friendly keypads and displays, and
internal algorithms to track current and past glucose read-
ings, time of day, food intake, previous insulin doses, and
exercise.”»

As may be expected, the most significant source of errors
in blood glucose measurement is related to the broad vari-
ability in the skill of the user and not to the instrument.?
Two studies compared the analytical quality of measure-
ments performed by patients with those performed by a

uture technological advances may include automatic

date/time calibration, alarms to alert the patient that
blood glucose needs to be checked, more user-friendly
keypads and displays, and internal algorithms to track
current and past glucose readings, time of day, food
intake, previous insulin doses, and exercise.

medical laboratory technician and found that patient mea-
surements had substantially poorer precision.'>** Addi-
tionally, blood glucose meters appear to vary in their
tolerance to specific types of user error. A recent study of
5 commercially available glucose meters showed that patients
achieved accurate results (98.5% of measurements were clini-
cally acceptable) when the devices were used according to the
instructions for use.> However, when patients applied inten-
tional mechanical stress to strips during testing, clinical
accuracy varied widely (37.1%-99.1%) among the 5 devices.
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The silver lining to these findings is that they demon-
strate the potential to improve meter accuracy in the hands
of patients through improved patient education.!> Key to
this effort is identifying the common sources of user-related
errors and devising effective patient training. A study in
which 280 patients performed SMBG with their personal
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Table Il. Comparison of glucose meter accuracy with laboratory glucose analyzers during insulin-
induced hypoglycemia test.*

YSI,#
OneTouch® Beckman, 8
Variable Ultra®t i-STAT®Il P
Difference (mg/dL)#
Median (25th, 75th percentiles) 2 (-3, ¢) 2 (-1, ¢) 0.03
Relative absolute difference**
Median (25th, 75th percentiles) 7% (4, 12) 6% (3, 11) 0.58
Modified Error Grid A + B, % >99 >99 NATT
ISO criteria met, %%* 95 96 0.69
Values within 10%, % 69 69 1.00
Values within 15%, % 83 85 0.49

YSI = Yellow Springs Instruments; NA = not available; ISO = International Organization for Standardization.

* There were 353 reference values pairing to both an Ultra and a YSI, Beckman, i-STAT value. The mean reference
glucose value was 70 mg/dL (3.9 mmol/L).

T LifeScan, Inc., Milpitas, California.

£ YSI, Inc. (formerly Yellow Springs Instruments Company), Yellow Springs, Ohio.

§ Beckman Coulter, Inc., Brea, California.

Il' Abbott Laboratories, Abbott Park, lllinois.

9 Treated as paired data values. The test statistic was calculated separately for each subject based on ranks (percent-
age of pairs in which the Ultra had the higher value) with inference based on the across-subject variation.

# Difference is the sensor glucose value minus the reference value. To convert mg/dL values to mmol/L, multiply by
0.0555.

**Relative absolute difference is the absolute difference divided by the reference value (expressed as a percentage).

TP value not computed because there were only 3 cases (all the same subject) where either instrument was outside zone
A+ B.

HISO criteria: for reference glucose value <75 mg/dL (<4.2 mmol/L), Ultra value within 15 mg/dL (0.8 mmol/L)
for 95% of values; for reference glucose value >75 mg/dL (>4.2 mmol/L), Ultra value within +15 mg/dL (+0.8 mmol/L)
for +20% of values.

Adapted with permission from DIABETES TECHNOLOGY AND THERAPEUTICS, Vol. 9. New Rochelle, NY: Mary Ann

Liebert, Inc.; 2007 .43

Table lll. Specimens falling into each of the categories of Clarke Error Grid analysis.

Meter A, Meter B, Meter C, Meter D,
Zone Category n (%) n (%) n (%) n (%)
A Accurate 339 (74) 450 (97.6) 454 (98) 435 (94)
B No error in treatment 117 (25) 5(1.1) 5 (1) 22 (5)
C Overtreat 1 (0) 1 (0) 1 (0) 1(0)
D Failure to detect 5(1) 6 (1.3) 2 (0) 4 (1)
E Wrong treatment 0 (0) 0 (0) 0 (0) 0 (0)

Adapted with permission from DIABETES TECHNOLOGY AND THERAPEUTICS, Vol. 5. New Rochelle, NY: Mary Ann
Liebert, Inc.; 2003.!
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meters while being observed by a trained diabetes nurse
educator identified problems in 13 variables related to meter
technique (Table IV).8 Although newer-generation meters
have addressed several of these errors, other issues do not
lend themselves as easily to a technological solution. For
example, patients often neglected to wash or completely dry
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Table IV. Common errors in meter technique made by patients during self-monitoring of blood

glucose.

Error in Meter Technique

Patients, %

Used improper wiping technique, if required 74
Control test not performed correctly 62
Fingers not cleaned with soap and water or alcohol 26
Meter appeared dirty 19
Target area not covered 15
Inadequate blood drop obtained 9
Timer not started according to manufacturer’s guidelines 8
Blood incorrectly applied 8
Wiped at incorrect time, if required 7
Inserted strip incorrectly 5
Alcohol not allowed to dry before testing, if used 5
Used expired strips 4
Meter coded incorrectly 3

Adapted with permission.®

their hands prior to testing, and meter cleanliness was fre-
quently suboptimal® However, following a review by a
nurse educator of proper technique, 69% of patients who
had initially failed to achieve results within 15% of the ref-
erence instrument were able to meet this criterion. These
results underscore the importance of teaching and periodi-
cally reevaluating user technique. Unfortunately, only 14%
of the participants in this study had had their technique
evaluated within the prior year.8

Errors in SMBG results can also occur if the quality con-
trol solution or the test strips have expired, or if the meter
and/or test strips have been exposed to high heat or
humidity.23¢ A study in which 111 adults with type 1 or type
2 DM were observed performing SMBG found that, to save
time and money, patients did not use the electronic function
strips and control solutions regularly, as is required.>® Only
13% of the patients used electronic function strips daily, and
only 62% regularly used an up-to-date control solution to
check meter accuracy. Patients have reported that the expira-
tion date has worn off of their test strip vial.*® Additionally,
patients may be using generic glucose reagent strips rather
than those developed by the manufacturer for use with the
meter. If the manufacturer changes the meter or the corre-
sponding test strips and the generic product is not changed
accordingly, the generic strips will be incompatible with the
meter, and errors will result.®* The proper use of control
solutions can identify problems related to the meter or
strips, but patient use of these solutions is low.512

The obvious solution to user-related errors is improved
patient training. Skeie et al'? surveyed 422 patients and found
that 51% had trained themselves in SMBG, only 2% were edu-
cated by their doctors, and many had poor technique for instru-
ment quality control. The ADA recommends that a provider

“instruct the patient in SMBG and routinely evaluate the
patient’s technique and ability to use data to adjust therapy.”>”

he obvious solution to user-related errors is improved
patient fraining. The ADA recommends that a provider
“instruct the patfient in SMBG and routinely evaluate the
patient's technique and ability to use data to adjust therapy.”

The AAFP offers recommendations for instructing pa-
tients in SMBG and for guiding interpretation of the results
(Table V).2 In addition, an external quality-assessment
scheme for SMBG has been designed for office laboratories,
and control blood, which can be used to standardize glucose
meters, is commercially available.® Although it may seem
time-consuming for providers to help patients learn how to
self-monitor, SMBG is an essential component of diabetes
care.’ Whether information on SMBG is provided by provid-
ers or is taken from instructional manuals, it should be prac-
tical and user-friendly to assist patients in overcoming
barriers to SMBG testing. The information should demon-
strate how to use the meter and charts or data logs, as well as
suggestions for dealing with out-of-target readings.>*® With

MBG is important for all patients with diabetes, as it
provides valuable feedback on the effects of diet,
exercise, and medications.
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Table V. Recommendations from the American Academy of Family Physicians for using self-monitoring of blood glucose
(SMBG) in clinical practice.

e Provide specific instructions about how many times patients should test per day and when you want tests performed.
Communicate these instructions to patients and to other members of the diabetes care team (eg, diabetes educator) to
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ensure that patients receive consistent messages.

e Provide an SMBG chart or logbook. Many glucose meter manufacturers provide these free or for a nominal fee.

Recording the data electronically is also encouraged.

e Ask your office staff to remind patients to bring their SMBG logbooks and meters to their routine office visits. If your
office makes reminder calls the day before a visit, add a reminder for these items as well.

e Ask for patients’ SMBG logbook during the visit. Remember that patients have expended effort to collect this informa-
tion. If reviewing the data is not important to you, collecting it may become less important for them.

o Ask patients for their interpretation of the SMBG data. Their interpretation of patterns and aberrations can be very
revealing. Reinforce good decision-making and health habits. Provide specific advice on changes patients can make
to their treatment plan in response to specific glucose values.

Adapted with permission.?

structured patient education when initiating SMBG and when
reviewing patient technique during follow-up visits, user
proficiency can be improved, and most patients can achieve
acceptable precision, accuracy, and reliability of SMBG.860

DISCUSSION
SMBG is important for all patients with diabetes, as it provides
valuable feedback on the effects of diet, exercise, and medications.
The evolution of glucose meter technology has led to newer sys-
tems that are more accurate than earlier systems and which in-
corporate innovations that decrease the likelihood of user error.
Although glucose meters must meet the ISO standard for
accuracy, the more stringent goal of a total analytical error
<5% recommended by the ADA currently appears to be
uncommon in studies evaluating accuracy in routine clinical
practice. Understanding accuracy studies depends on hav-
ing an appreciation for how the studies are conducted and
being familiar with sources of inaccuracy. Accuracy studies
can be confounded by variables in the reference instrument,
the blood sample, patient factors, and how accuracy is reported.
Clinicians are primarily concerned with whether patient-
generated SMBG results have clinical accuracy sufficient to
guide proper management decisions. Modern glucose meters
have demonstrated very good clinical accuracy when used
by an experienced technician. However, the most significant
source of SMBG error is user related, not instrument related.
Common problems with patient technique include inade-
quate hand cleaning, failure to obtain an adequate blood
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