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Self-monitoring of blood glucose
(SMBG) is an important component
of the treatment plan of patients

with diabetes mellitus. Its use was the
subject of an American Diabetes Associ-
ation Consensus Conference in 1986 that
dealt with issues regarding the intended
and actual use of SMBG, the design, ac-
curacy, and reliability of SMBG devices,
how well patients were instructed in
SMBG, and how patients and health care
providers used the information gener-
ated to influence metabolic control. Over
the ensuing 7 years, these devices have
improved in portability and ease of use.
Diabetes educators are teaching an ever-
increasing number of people with diabe-
tes to use SMBG. In addition, the recent
publication of the results of the Diabetes
Control and Complications Trial has
given validity to the concept that better
metabolic control can significantly re-
duce the onset and progression of the
microvascular and neuropathic compli-
cations of insulin-dependent diabetes
(IDDM).

Despite these advances, questions
remain as to which type(s) of patients
might best use SMBG, whether the pro-
cedure is accurate, and how the informa-
tion generated by SMBG should be used.
The economics of SMBG also needs to be
considered in the context of a changing
health-care system. To answer these
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questions, the American Diabetes Asso-
ciation convened a second Consensus
Development Conference on Self-Moni-
toring of Blood Glucose on 27-29 Sep-
tember 1993.

The conference consisted of 24
invited presentations and contributions
from a large audience of health-care pro-
fessionals and representatives from in-
dustry. A consensus panel with expertise
in the areas of internal medicine, labora-
tory medicine, nursing, nutrition, phar-
macy, endocrinology, and diabetes edu-
cation, with backgrounds in clinical
practice and academic medicine, consid-
ered a broad spectrum of issues related
to SMBG. The panel reached a consensus
on the answers to these questions: I)
What is the epidemiology of SMBG? 2)
Who should self-monitor? 3) What is the
current technology? 4) How should the
data obtained from self-monitoring be
used? 5) What is the future of self-
monitoring?

WHAT IS THE EPIDEMIOLOGY OF
SMBG?
Diabetes affects more than 13 million
people in the U.S. About 300,000 have
IDDM; the remainder have non-insulin-
dependent diabetes mellitus (NIDDM). It
is estimated that approximately 3 million
diabetic patients are being treated with
insulin.

A 1989 national sample of nearly
2,500 individuals with diabetes who
were over 18 years of age showed that
the frequency of self-monitoring varied
considerably. Overall, 33% of the dia-

betic patients self-monitored their blood
glucose. Of the IDDM population, 40%
monitored once or more a day, 39%
monitored less than once a day, and 21%
never performed SMBG. Within the
NIDDM population using insulin, 26%
monitored at least once a day, 27% mon-
itored less than once a day, and 47%
never self-monitored. In both of these
groups, the proportion of people who
self-monitored was found to be directly
related to the number of insulin injec-
tions per day. For patients with NIDDM
not using insulin, only 5% monitored
one or more times a day, 19% less than
once a day, and 76% never self-moni-
tored.

This survey also showed that the
proportion of individuals who self-
monitored at least once a day declined
with age; the probability of testing de-
creased 18% with each decade of life in
adults. African Americans were 60% less
likely than non-Hispanic whites and His-
panics to self-monitor one or more times
per day. Factors related to a higher pro-
portion of testing (i.e., 1 or more times a
day) included the use of insulin, the fre-
quency of insulin injections, a higher ed-
ucational level, frequency of physician
office visits, and participation in a diabe-
tes education class. This survey did not
indicate that health insurance coverage is
a determinant of self-monitoring; how-
ever, the sampled population was not
asked if their insurance covered blood
glucose testing equipment, supplies, or
education in the use of SMBG.

Community-based intervention
programs have increased the proportion
of people with diabetes who self-moni-
tor. For example, from 1981 to 1991, in
selected communities in Michigan that
implemented such programs, the use of
SMBG increased from 29 to 85% in the
IDDM population, from 6 to 82% in the
NIDDM insulin-using population, and
from 2 to 31% in the non-insulin-using
NIDDM population.

The attitude of physicians regard-
ing the appropriateness of SMBG varies
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according to the medical specialty. In a
recent study, internists and pediatricians
expressed a stronger belief in the value of
SMBG compared with general practitio-
ners. Younger physicians were found to
be more likely to believe that SMBG was
useful in achieving glycemic goals.

While self-management is a goal
of diabetes care, little information is
available concerning how patients use
SMBG results. In one study, approxi-
mately 70% of IDDM patients thought
that SMBG was "very important" in help-
ing them control their diabetes by allow-
ing them to adjust their insulin dosage.
Although 60% of insulin-using NIDDM
patients thought that monitoring was
"very important," only 21% altered their
insulin dose based on SMBG results. Fur-
ther information is needed to determine
1) what frequency of monitoring is opti-
mal for the care of people with IDDM
and NIDDM and 2) whether the actions
taken in response to SMBG are appropri-
ate.

Future research is also needed to
identify and reduce barriers that impede
the appropriate use of SMBG and to de-
termine ways to increase the proportion
of individuals who initiate a change in
self-management in response to SMBG.

WHO SHOULD SELF-MONITOR?
SMBG is a means of achieving a goal
rather than a goal in itself. When prop-
erly performed, SMBG permits people
with diabetes to determine their blood
glucose level. However, the value of
SMBG is limited unless it is used as part
of an integrated treatment program. The
health professional supervising the care
of the patient must clearly define the
goals of treatment and therefore the rea-
son for performing SMBG. Patients (or
designated care providers) must be capa-
ble of learning the proper use of SMBG,
must be motivated and willing to expend
the effort necessary to ensure that the
measurements are accurate, and must be
committed to constructively modifying

their treatment plans in response to the
feedback provided by SMBG.

The indications and frequency
for monitoring will vary considerably de-
pending on the clinical situation of each
patient and the purpose for which SMBG
is being used. Potential indications for
SMBG include but are not limited to the
following areas.

Achievement and maintenance of a
specific level of glycemic control
Recent clinical trials have demonstrated
that when IDDM patients maintain glu-
cose levels in the near-normal range, they
both delay the onset and slow the rate of
progression of diabetic retinopathy, ne-
phropathy, and neuropathy. These studies
also suggest that if normoglycemia cannot
be achieved, any improvement in chronic
glycemic control likely will be associated
with a decrease in microvascular compli-
cations. People with NIDDM were not in-
cluded in these trials. However, since hy-
perglycemia is associated with the presence
or progression of complications in
NIDDM, it is likely that lowering blood
glucose levels will also decrease microvas-
cular complications in these people. In ad-
dition, in women with diabetes, mainte-
nance of blood glucose levels in the near-
normoglycemic range before conception
and during pregnancy has been shown to
decrease rates of fetal malformation, mor-
bidity, and mortality.

Thus SMBG is an essential com-
ponent of any intensive insulin program
directed toward achieving near-normo-
glycemia. Virtually all intensive therapy
programs in insulin-deficient patients
depend on the measurement of glucose
levels at least four times a day. Knowl-
edge of preprandial, bedtime, and noc-
turnal blood glucose concentrations is
required to determine the appropriate
basal and preprandial insulin doses. A
decrease in the frequency of monitoring
to less than four times a day has been
shown to result in a worsening of glyce-
mic control.

A lesser frequency of SMBG may
suffice if the patient is still able to secrete

substantial amounts of insulin (e.g., re-
cent onset of IDDM, most cases of
NIDDM). In these patients glycemic
goals often can be met using less com-
plex insulin regimens, oral hypoglycemic
agents, and diet. SMBG may be used in
these patients to assess temporal patterns
(i.e. does glucose concentration rise/fall
during the day vs. during the night) so
that the morning or evening doses of
insulin and/or oral agents can be appro-
priately increased or decreased. Once
therapy is optimized and glycemic con-
trol has stabilized, the frequency of mon-
itoring often can be decreased substan-
tially, particularly in people with
NIDDM. If the patient's social situation,
medical condition, or motivation would
discourage or preclude efforts at achiev-
ing near-normoglycemia, then the fre-
quency of SMBG or the use of other
monitoring systems, e.g. urine glucose
measurements, should be utilized in re-
lation to the patient's willingness or abil-
ity to obtain the needed information.

Prevention and detection of
hypoglycemia
Hypoglycemia is a major complication in
the treatment of diabetes. The risk of
hypoglycemia increases when pharma-
cological treatments are used to maintain
glucose levels in the near-normal range.
Hypoglycemia can be a particular prob-
lem in people who are unable to recog-
nize the early warning signs of hypogly-
cemia. People with NIDDM on either
insulin or oral agents also are at risk for
hypoglycemia. Hypoglycemia, produced
by oral agents, may occur more fre-
quently in people with considerable in-
sulin secretory reserve (i.e. hypoglycemia
is rare in people in whom oral agents
have minimal therapeutic effect) and in
the elderly. Appropriately timed SMBG is
the only practical means of detecting
asymptomatic hypoglycemia in the out-
patient setting. By detecting temporal
patterns of change in glucose levels,
SMBG permits therapy to be modified so
as to prevent hypoglycemia. This may be
particularly important in individuals in

82 DIABETES CARE, VOLUME 17, NUMBER 1, JANUARY 1994

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/17/1/81/442327/17-1-81.pdf by guest on 20 August 2022



Consensus Statement

whom hypoglycemia may have serious
health consequences (e.g. people with
underlying atherosclerotic vascular dis-
ease). Glucose levels also should be
closely monitored whenever a medica-
tion that may decrease recognition of hy-
poglycemia or impair glucose counter-
regulation (e.g., fi-blockers) is added to
the patient's existing regimen. Hypogly-
cemia may be particularly dangerous in
situations in which impaired mental
function may lead to serious bodily harm
(e.g. driving). Insulin-taking patients
should be instructed to always measure
their glucose level before engaging in
such activities.

Avoidance of severe hyperglycemia
Illness or drugs that alter insulin secre-
tion (e.g., phenytoin, thiazide diuretics)
or insulin action (e.g., prednisone) may
worsen glycemic control. The risk of se-
vere hyperglycemia and/or ketoacidosis
may be increased in individuals with lim-
ited insulin secretory reserve (IDDM),
limited access to fluids (elderly people
with either IDDM or NIDDM), or in-
creased fluid loss due to diarrhea, vom-
iting, or fever. People with diabetes
should be instructed to initiate SMBG or
increase the frequency of monitoring in
all of these situations, as well as to con-
sult their health-care provider. People
using insulin should be provided with
guidelines as to how to use SMBG data to
appropriately increase their insulin dos-
age to avoid severe hyperglycemia.

Adjusting care in response to
changes in life-style in individuals
requiring pharmacological therapy
Changes in activity and diet can have
major effects on blood glucose levels.
Regular exercise can increase insulin ac-
tion, thereby decreasing the dose of ei-
ther insulin or oral agents required to
achieve a given level of glycemia. Exer-
cise can result in an increase, decrease, or
no change in glucose levels both during
and after exercise, depending on the pre-
vailing insulin concentration. Exercise
can alter subcutaneous blood flow and

therefore alter the rate of insulin absorp-
tion. SMBG can be useful in determining
patterns of response to planned or un-
planned exercise, permitting pharma-
cological therapy or diet to be appro-
priately modified. SMBG may be
particularly important in children and
adolescents who have wide day-to-day
variations in activity.

A reduction in caloric consump-
tion can decrease insulin or oral agent
needs. An increase in caloric consump-
tion can have the opposite effect. Regular
SMBG may be of assistance in modifying
pharmacological therapy during periods
of increased or decreased caloric con-
sumption. It also provides the necessary
information to determine whether phar-
macological therapy should be modified
when meal size is altered.

Determining the need for initiating
insulin therapy in gestational
diabetes mellitus (GDM)
Elevation in blood glucose levels in preg-
nant women influences fetal develop-
ment. Because of the decrease in insulin
action associated with pregnancy, some
women not known to have diabetes are
found to have abnormal blood glucose
concentrations during pregnancy and are
therefore diagnosed as having GDM. Un-
treated, GDM may result in an increased
incidence of macrosomia, respiratory
distress syndrome, and other abnormal-
ities of fetal metabolism. Women with
GDM who have elevated fasting plasma
glucose levels are often treated with in-
sulin and perform SMBG frequently each
day to achieve near-normoglycemia.
(These individuals are included in Goal
#1.) However, evolving evidence sug-
gests that SMBG may help identify a sub-
set of women with GDM whose fetal out-
come may benefit by earlier initiation of
insulin therapy.

SMBG has occasionally been used
to document hypoglycemia in nondia-
betic individuals. Screening methods
must be confirmed by laboratory testing
before establishing any medical diagno-
sis. In some circumstances such as chil-

dren with hypopituitarism, SMBG may
be useful in screening and management
of hypoglycemia.

SMBG is only one component of
an overall program of diabetes care. Ad-
ditional studies are needed to determine
whether SMBG, as part of a treatment
regimen, improves adherence to treat-
ment or quality of life and to determine
the associated costs. Until such evidence
exists, using SMBG to simply enhance
compliance or improve quality of life is
of questionable value.

WHAT IS THE CURRENT
TECHNOLOGY?

Measurement principles and
limitations of SMBG systems
The operating principles of most self-
monitoring systems are the same. Glu-
cose is oxidized enzymatically, followed
by a coupled reaction to develop a chro-
mogenic product; the color intensity is
proportional to the amount of glucose
present, which is quantified by reflec-
tance spectrometry. In other systems, the
electrical current generated by glucose
oxidation is measured. There is generally
good agreement between the glucose
concentration measured in whole blood
by SMBG systems and that measured in
serum or plasma by clinical laboratory
procedures. The strength of the correla-
tion varies according to the glucose con-
centration; a decrease in accuracy is seen
at both extremes of glucose concentra-
tion. Factors that may influence the re-
sults of SMBG include variations in he-
matocrit, altitude, environmental
temperature and humidity, hypotension,
hypoxia, and triglyceride concentrations.
Drugs taken in pharmacologic dosage do
not appear to affect the accuracy of the
measurements.

Performance of SMBG systems
The overall performance of SMBG sys-
tems is a combination of the analytical
performance of the instrument, profi-
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ciency of the operator(s), and the quality
of the test strips. The previous American
Diabetes Association Consensus State-
ment recommended that the perfor-
mance goal of all SMBG systems should
be to achieve a total error (analytical plus
user) of less than 10% at glucose concen-
trations ranging from 30 to 400 mg/dl.
Unfortunately, this goal has not been
achieved for most SMBG systems. In an
assessment of the analytical variability of
SMBG systems, the College of American
Pathologists recently found that the co-
efficient of variation ranged within sys-
tems from 4 to 33%. Some of this vari-
ability may be due to matrix effects, and
uniform standards for the determination
of the accuracy of SMBG systems are
needed. In view of the proven benefits of
good metabolic control, it is even more
important now than it was in 1986 for
SMBG systems to measure glucose accu-
rately. The goal of SMBG device manu-
facturers should be to make future SMBG
systems with an analytic error of 4-5%.

Operator performance is influ-
enced by the characteristics of the system
and the extent and quality of user train-
ing. Although some of the commercially
available meters have been made less de-
pendent on operator skill, further efforts
in this direction are needed. The extent
and quality of user training continues to
be seriously hampered by current reim-
bursement policies for diabetes educa-
tion.

Users are largely dependent on
the system manufacturer to ensure the
quality of each test strip. There is no way
that a user can both verify that a single
test strip is satisfactory and at the same
time use it to test a blood specimen. In
addition, there is significant within-lot
and lot-to-lot variation in strips, and
their use can be adversely affected by
environmental factors. Because of the
complexity of the calibration of strips to
meters, the use of generic strips should
be carefully studied before patients are
encouraged to use them. Finally, since
control solutions are used in teaching
patients SMBG, and to check the func-

tioning of the system, efforts should be
made to narrow the acceptable range
specified for the solutions.

Assessment of clinically significant
error
The reduction of analytic and user errors
will result in more accurate glucose mea-
surements. However, it is important to
point out that not all errors are clinically
significant such that they will result in
change in management, e.g., a change in
insulin dose. Although the Error Grid
developed by Clark and associates is a
useful attempt at defining such clinically
important errors by defining relatively
broad "target ranges," with intensive in-
sulin therapy designed to adjust insulin
doses for narrow target ranges, even rel-
atively small errors may cause a change
in insulin dosage. Thus, depending upon
the therapeutic goals of treatment, out-
lined above, clinically significant error
may in some cases approach analytic
plus user error. Efforts should be made
to refine the Error Grid target ranges to
account for intensive treatment goals.
Also, further efforts are needed to link
technical error with clinically significant
error in future work.

Quality assurance
All manufacturers define proper quality-
assurance practices to be used with their
SMBG systems. A quality-assurance pro-
gram necessitates periodic monitoring of
control specimens at both high and low
concentrations. If such quality-assurance
measurements were performed at fre-
quent intervals it would increase the cost
of SMBG, thereby potentially creating a
barrier to performance of quality assur-
ance by patients in the home setting. In
addition, testing of the instrument with
control specimens does not monitor the
quality of the collection procedure or the
proper application of blood to the test
strip. A complete quality-assurance pro-
gram would address the entire self-
monitoring process, from collection of
the sample to measurement of the glu-
cose value to application of the result.

The development of such a program is
recommended by the Panel.

Application of SMBG in hospital
practice
It is debatable whether patients should
perform glucose measurements on their
own blood within a hospital, except for
training purposes. If this practice is
adopted, acceptable conditions under
which this is done should be established
by each hospital.

Further recommendations
The Panel recommends the following. I)
Efforts should be made to develop fail-
safe SMBG systems. The meter should
identify faulty operation and specify the
nature of the problem. Also, systems
should be less dependent on user skill. 2)
Manufacturers should establish a uni-
form standard for calibration and the de-
termination of the accuracy of SMBG sys-
tems. 3) Periodic comparisons should be
made between results obtained by the
patient with his/her SMBG system and a
fasting sample simultaneously obtained
and measured by a referenced labora-
tory.

HOW SHOULD THE DATA
OBTAINED FROM SELF-
MONITORING BE USED?
SMBG is a tool used by both health-care
providers and patients to monitor ther-
apy. It is important that qualified health-
care providers and trained patients have
access to this technology. However, it
can be of little value without a compre-
hensive package of diabetes education,
counseling, and management. Health-
care providers should use SMBG data to
1) set glycemic goals, 2) develop recom-
mendations for pharmacological therapy,
3) evaluate the effectiveness of pharma-
cological therapy, 4) instruct patients to
interpret and respond to blood glucose
patterns, 5) evaluate the impact of di-
etary factors on glycemic control, 6)
modify therapy during acute/intercurrent
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illness or when patients receive medica-
tions that affect glycemic control, 7)
modify the management plan in response
to changes in activity, and 8) identify
hypoglycemic unawareness and strate-
gies for treatment.

This information should be con-
veyed by the health-care provider in a
non-pejorative manner that encourages
open and honest communication.

People with diabetes should use
SMBG data to 1) self-adjust diet, exer-
cise, or pharmacological therapy, 2)
identify and properly treat hyper- and
hypoglycemia, and 3) improve decision
making and problem solving.

The effective use of SMBG en-
courages the patient to assume a greater
responsibility for control, thereby im-
proving confidence and self-manage-
ment.

Appropriate use of SMBG is de-
pendent on proper processing and inter-
pretation of the data. Manual recording
of data in log books has advantages and
disadvantages. The advantages include
simplicity, familiarity, opportunity to re-
view a written record, and low cost. Dis-
advantages include difficulty in detecting
trends and the integration of large vol-
umes of data. Manual recording is sub-
ject to errors in entry and transcription
and to falsification of data.

Newer systems, which include a
memory meter and a computer with data
management software, can potentially
avoid many of the problems associated
with traditional log books. In addition,
these systems provide a variety of meth-
ods of data analysis and display. Disad-
vantages of data management systems in-
clude increased expense and complexity.
Also, patients may fail to keep personal
written log-book records and such de-
creased direct patient involvement in
data analysis may lead to a decrease in
self-management and a delay in the im-
plementation of appropriate modifica-
tions of therapy. The utility of manual
and computer-based systems is likely to
vary depending on the expertise and in-

terest of patients and health-care provid-
ers.

The Panel recommends that fur-
ther research be directed toward identi-
fying characteristics of patient/health-
care provider relationships that influence
interactions and improve glycemic con-
trol and health outcomes.

WHAT IS THE FUTURE OF
SELF-MONITORING?
Ideally, SMBG should be a reliable, con-
venient, safe, closed-loop system easily
used by patients. Its cost must be reason-
able, and it must show clear benefits
when integrated into a comprehensive
treatment program. It should be easy to
use by children and by people with de-
creased vision, impaired manual dexter-
ity, or other special needs.

There are a number of areas in
which existing SMBG systems should be
improved. The systems should be made
less dependent on user skill and should
decrease the pain associated with moni-
toring. Also, better methods are needed
to detect and prevent analytic, user, and
sample collection errors. The cost of
monitoring should be reduced. The ac-
curacy and precision of SMBG systems
should be increased. Access to and effec-
tiveness of patient and professional edu-
cation should be a high priority. Appro-
priate reimbursement for such education
and testing supplies must be widely
available. Optimal methods of data stor-
age, telecommunication, presentation,
and analysis need to be developed fur-
ther.

Technology now on the horizon
has the potential to monitor blood glu-
cose levels on an almost continuous
basis. Near-infrared and implantable
continuous monitoring systems may de-
crease or eliminate the pain and incon-
venience of testing and thereby facilitate
more frequent monitoring. Such in-
creased monitoring is likely to improve
glucose control while at the same time
decreasing hypoglycemic risk. These

new glucose-sensing devices may ulti-
mately allow the development of a
closed-loop system. With both of these
methods, however, difficulties in minia-
turization, mass production, and reliabil-
ity must be overcome.

The future of SMBG in diabetes
care also will be affected by changes in
the health-care system. Whatever
changes occur, SMBG must be accessible
and affordable. Government, third-party
payers, manufacturers of diabetes care
products, nonprofit organizations,
health-care providers, and people with
diabetes must work closely together to
carry out the activities and research that
have been identified at this conference.
SMBG is integral to the management of
diabetes, and coverage of SMBG should
be an important component of any ben-
efits package. The waivered status of
SMBG devices under CLIA-88 is an im-
portant step in assuring access to this
technology, and is endorsed by the
Panel.

Advances in computer data anal-
ysis for handling the large amounts of
data generated by such systems are also
forthcoming, including the evolution of
"expert" systems, which may aid in the
development of individualized, instantly
modifiable insulin treatment algorithms.
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