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Abstract

Self-monitoring of blood glucose (SMBG) is universally considered to be an integral part of type 1 diabetes
management and crucial for optimizing the safety and efficacy of complex insulin regimens. This extends to type
2 diabetes patients on intensive insulin therapy, and there is also a growing body of evidence suggesting that
structured SMBG is beneficial for all type 2 diabetes patients, regardless of therapy. However, access to SMBG
can be limited in many countries in Central and Eastern Europe. A consensus group of diabetes experts from 10
countries in this region (with overlapping historical, political, and social environments)—Bulgaria, Croatia, Czech
Republic, Hungary, Poland, Romania, Serbia, Slovakia, Slovenia, and Ukraine—was formed to discuss the role of
SMBG across the spectrum of patients with diabetes. The group considered SMBG to be an essential tool that
should be accessible to all patients with diabetes, including those with non–insulin-treated type 2 diabetes. The
current article summarizes the evidence put forward by the consensus group and provides their recommendations
for the appropriate use of SMBG as part of individualized patient management. The ultimate goal of these
evidence-based recommendations is to help patients and providers in Central and Eastern Europe to make optimal
use of SMBG in order to maximize the efficacy and safety of glucose-lowering therapies, to prevent complica-
tions, and to empower the patient to play a more active role in the management of their diabetes.
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Self-Monitoring of Blood Glucose in Diabetes—
The Evidence

Introduction to self-monitoring of blood glucose

Self-monitoring of blood glucose (SMBG) is the
collection by the patients of detailed information about

their blood glucose levels at many time points during the day
on a day-to-day basis in order to aid adjustments in therapy and
lifestyle activities and ultimately improve glycemic control
and prevent diabetes-related complications.1 This is typically
achieved using conventional personal blood glucose meters to
measure finger prick blood samples several times per day.
Unlike glycated hemoglobin (HbA1c) testing, this allows real-
time measurement of blood glucose levels. Continuous glu-
cose monitoring systems, which rely on a subcutaneously
implanted sensor (noninvasive systems are also in develop-
ment), take measurements automatically every 4–10 min but
still require regular (usually every 6 h) finger prick testing for
calibration. This article focuses on the use of conventional
personal blood glucose meters, as this represents the most
commonly used approach to SMBG.

The recent position statement from the American Diabetes
Association and the European Association for the Study of
Diabetes emphasized that individualized treatment goals and
therapeutic strategies are the cornerstone of success in type 2
diabetes.2 Knowledge of prevailing glucose trends through
the use of SMBG, especially in those on insulin therapy,
provides a means to tailor therapy and empower the patients
to play a more active role in the control of their disease. This
should involve appropriate patient SMBG skills training that
is reinforced on a regular basis (e.g., yearly). Furthermore, it
requires the availability of accurate, reliable SMBG devices,
and there is currently scope for health authorities to improve
the regulation and monitoring of such devices and to stan-
dardize the approval process.3

Current SMBG devices are ultraportable, with some re-
quiring measurement times of only 5 s and many allowing
small sample sizes of less than 2 lL,4,5 are able to calculate
means, discern between premeal and postmeal glucose
measurements, and store up to 500 results in their memory.
The most recent development in glucose meters technology is
embedding an automated bolus calculator with the goal to
propose recommendations about insulin dosage to patients,
and there is increasing evidence that these new smart devices
make patients’ decision-making safer.6 At present, SMBG is
widely used and widely reimbursed and is considered an
integral part of treatment for people with type 1 diabetes and
those with insulin-treated type 2 diabetes.7,8 In one study,
SMBG usage between 1993 and 2009 increased from 67% to
90% in insulin-treated type 2 diabetes patients and from 9%
to 27% in type 2 diabetes patients on oral antihyperglycemic
agent therapy.9 However, there has been considerable con-
troversy regarding the value of SMBG in non–insulin-treated
type 2 diabetes patients, especially as the data (at least until
recently) have been largely inconsistent10–13—as such, this
patient group is the major focus of the current article. Specific
goals for performing SMBG by patients with type 1 and type
2 diabetes are summarized in Table 1.

Also, SMBG use and reimbursement policies vary from
country to country and from region to region. The differences
are particularly visible in Europe, where countries belong-
ing to one political and economic entity (i.e., the European

Union) follow discrepant regimens in regard to recommending
access to and usage of SMBG. As authors of this consensus
article, we have analyzed the current evidence for SMBG and
set it against the situation in 10 countries in Central and Eastern
Europe. We represent the countries that have accessed the
European Union in the last 10 years (Bulgaria, Croatia, Czech
Republic, Hungary, Poland, Romania, Slovakia, and Slovenia)
and those that aspire to be in the—even if unforeseen—future
(Serbia and Ukraine). In all, we cover a large part of the ter-
ritory between Germany and Russia, with a population of just
over 100 million. The aim of this article is to help improve
blood glucose control, prevent complications, and empower
type 2 diabetes patients living in these populations via re-
commending evidence-based SMBG use.

What do the guidelines say on SMBG in diabetes?

Clinical practice guidelines universally recommend regu-
lar individualized SMBG as an essential tool for the optimal
management of all patients with type 1 diabetes.14–18 The
underlying rationale is based on consideration of several
factors, including safety (detection and prevention of hypo-
glycemia), efficacy (enhancement of effectiveness of insulin
through dose adjustment), and flexibility for the patient (e.g.,

Table 1. Specific Goals for Performing

Self-Monitoring of Blood Glucose by Patients

with Type 1 and Type 2 Diabetes

Specific goals
for SMBG

Type 1
diabetes

Type 2
diabetes

Assessment
of fasting,
preprandial,
and postprandial
blood glucose
control

Yes Yes

Insulin dose
adjustment

Yes Yes, in patients
treated with
insulin

Prevention of
hypoglycemia

Yes Yes, in patients
treated with
insulin or
sulfonylureas

Intensified blood
glucose control
during physical
activity, acute
illness, etc.

Yes Yes

Detecting clinically
silent hypoglycemia

Yes, in subjects
with
hypoglycemia
unawareness

No

Blood glucose
control at
any occasion
suspected
of being or
might have
been caused
by a sudden
swing in glycemia

Yes Yes

SMBG, self-monitoring of blood glucose.
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regarding dietary choices and physical activity). The guide-
lines generally recommend that SMBG be performed at least
three times per day in patients with type 1 diabetes and that it
should include both fasting and postprandial glucose mea-
surements.14–18 Guidelines from the International Diabetes
Federation also recommend that SMBG should be performed
frequently during pregnancy in diabetes, and in those with
preexisting diabetes this will relate to any previous pattern of
testing and insulin regimen.7 The guidelines also recommend
that women with gestational diabetes are instructed in SMBG
and perform testing four times daily (fasting and 1 h after
each meal).7

Clinical practice guidelines that incorporate recommen-
dations on the use of SMBG in type 2 diabetes have been
issued by several national and international healthcare
bodies.7,8,14–16,18–20 Key recommendations from the Inter-
national Diabetes Federation, the American Diabetes As-
sociation, and the National Institute for Health and Care
Excellence in the United Kingdom are summarized in Table 2.
The available guidelines recommend the use of SMBG in in-
sulin-treated type 2 diabetes and generally suggest that SMBG
may be beneficial in non–insulin-treated type 2 diabetes, es-
pecially when incorporated into a comprehensive education and
management program, and this is supported by recommenda-
tions from expert consensus groups.10,21–24 The International
Diabetes Federation guidelines, in particular, recommend that
SMBG protocols (intensity and frequency) should be individ-
ualized to address the individual needs of each patient, as well
as the requirements of the healthcare provider. The guidelines
also recommend that healthcare providers should discuss the
purpose of SMBG with patients and get agreement on how it
should be interpreted and that patient skills and the impact of
SMBG should be monitored. However, the evidence-based
nature of these guidelines remains questionable. A recent re-
view of current guidelines on SMBG in non–insulin-treated
type 2 diabetes concluded that clinical practice guidelines were
generally more in favor of SMBG use than the systematic re-
views that were cited.25 The authors also concluded that the
citation practice in the guidelines was nonsystematic.

The evidence supporting SMBG use in type 1
and type 2 diabetes

Type 1 diabetes and insulin-treated type 2 diabetes. In
spite of the strong rationale supporting the use of SMBG in
conjunction with intensive insulin therapy in type 1 diabetes,
the formal evidence base is relatively limited.12 In the Dia-
betes Control and Complications Trial, intensive insulin
therapy guided by frequent SMBG delayed the onset and
slowed the progression of microvascular complications
compared with conventional therapy in patients with type 1
diabetes.26 However, rigorous studies comparing SMBG
versus no SMBG are not available and would not be con-
sidered ethical in this patient group.12 Nevertheless, a meta-
analysis of four early studies comparing SMBG with urinary
glucose testing found that SMBG was associated with 0.6%
greater reduction in HbA1c.27 Further support comes from
observational analyses in type 1 diabetes, and several studies
have found a strong association between higher SMBG fre-
quency and lower HbA1c levels.28–31 Evidence also suggests
that more structured, focused SMBG intervention in sub-
optimally controlled patients with type 1 diabetes can provide

significant improvements in HbA1c compared with regular
guideline-based care.32

Like in type 1 diabetes, the rationale for the use of SMBG in
insulin-treated type 2 diabetes is compelling and is supported
by data from large prospective and observational trials.30,33,34

Similar to the Diabetes Control and Complications Trial, the
Kumamoto study showed that intensive insulin therapy guided
by SMBG can reduce the risk of microvascular complications
compared with conventional therapy in type 2 diabetes.33 In
the Diabetes Outcomes in Veterans Study (DOVES), intensi-
fied SMBG improved glycemic control (0.3% reduction in
HbA1c over 1 year) in a large cohort of stable, insulin-treated
veterans with type 2 diabetes.34 Benefits were only seen in
patients whose SMBG compliance exceeded 75% or those
with baseline HbA1c > 8% (64 mmol/mol).

Non–insulin-treated type 2 diabetes. Prior to 2001, data
supporting the use of SMBG in non–insulin-treated type 2 di-
abetes were limited, in spite of increasing SMBG use, leading
to repeated calls for more studies in this patient group.35,36

However, until recently, the majority of randomized controlled
trials (nine out of 14 performed up to the year 2010) failed to
show any significant benefit on metabolic control37–39 (for re-
views, see Davidson11 and Kolb et al.12). The inconsistent
findings have been attributed to differences in study designs,
populations, and the interventions, and the SMBG protocols
and structures may not have allowed adequate SMBG-
guided management.7,12,13 However, several subsequent
meta-analyses of SMBG studies in non–insulin-treated people
with type 2 diabetes have suggested that SMBG is associated
with modest, but nonetheless statistically significant, reduc-
tions in HbA1c of between 0.2% and 0.4%.40–47 It is notable
that SMBG appeared to be useful only when SMBG results
were used to adjust therapeutic regimens and was more effec-
tive in patients with higher baseline HbA1c levels.42 However,
no associations with general health-related quality of life,
general well-being, or patient satisfaction were reported.44,45,47

Individual studies also suggest that more intensive SMBG
in non–insulin-treated type 2 diabetes patients may not nec-
essarily lead to changes in self-reported health behaviors.48 A
recent cross-sectional study found that SMBG was not as-
sociated with improved metabolic control in type 2 diabe-
tes.49 Indeed, patients with worse glucose control tended to
perform SMBG more often. However, only half of patients
modified their behavior because of abnormally high results of
SMBG, highlighting the need for better education to make
effective use of SMBG.

In terms of other outcomes, a recent randomized controlled
trial suggests that the use of SMBG for 6 months can provide
significant improvement in calculated coronary heart disease
risk scores.50 The retrospective observational ROSSO study
found that SMBG was associated with reduced incidence of
micro- and macrovascular events and all-cause mortality, ir-
respective of insulin use.51–53 On the other hand, longitudinal
observational data from the Fremantle Diabetes Study found
that SMBG was not independently associated with improved
survival, and there were inconsistent findings relating to the
association of SMBG with cardiac death and retinopathy.54 A
recent cross-sectional study in Turkey suggested that regular
use of SMBG was not superior to irregular/never use of SMBG
on glycemic control, but it seemed to be good intervention for
prevention of diabetic nephropathy.55 It is notable that recent
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economic analyses from the United States and Europe suggest
that the SMBG can be cost-effective in non–insulin-treated
type 2 diabetes and that its costs can be partly offset by a
reduction in complications.56–58

Structured SMBG in non–insulin-treated type 2 diabetes.
Structured SMBG is an approach in which blood glucose

data are gathered according to a defined regimen, interpreted,
and then utilized to make appropriate pharmacologic and/or
lifestyle adjustments.13 An early prospective, randomized
controlled study looking specifically at structured meal-related
SMBG in non–insulin-treated type 2 diabetes found that SMBG
provided a significant improvement in HbA1c over 6 months
compared with non-SMBG control (- 1.0% vs. - 0.5%, re-
spectively; P < 0.01)37 (Table 3). Recently, large numbers of

studies (at least 10 since 2010) have specifically investigated
the use of structured SMBG in non–insulin-treated type 2 di-
abetes, and most of these have not yet been included in meta-
analyses (Table 3).59–67 Other studies on structured SMBG in
this patient population are underway.68 It is notable that all but
one of these structured SMBG studies in non–insulin-treated
type 2 diabetes found a significant benefit.13,61 These results
thus demonstrate a vast improvement in consistency.

In the St Carlos Study—a prospective, randomized clinic-
based interventional study with parallel groups involving
well controlled newly diagnosed type 2 diabetes patients—
SMBG used as part of a structured educational program was
associated with significantly greater reductions in median
HbA1c (from 6.6% to 6.1%; P < 0.05) and body mass index
(from 29.6 kg/m2 to 27.9 kg/m2; P < 0.001) over 1 year

Table 2. Key Clinical Guidelines with Recommendations for Self-Monitoring

of Blood Glucose in Type 2 Diabetes

Guideline Key recommendations

International Diabetes Federation8,97 Standard care:
� SMBG on an ongoing basis should be available to people with diabetes using

insulin.
� SMBG should be considered for people using oral glucose-lowering

medications as an optional component of self-management, and in association
with HbA1c testing:
B to provide information on, and help avoid, hypoglycemia
B to assess changes in blood glucose control due to medications and lifestyle

changes
B to monitor the effects of foods on postprandial glycemia
B to monitor changes in blood glucose levels during intercurrent illness

� Regular SMBG should not be considered part of routine care where diabetes
is well controlled by lifestyle or oral medications alone.

� SMBG protocols (intensity and frequency) should be individualized to
address specific educational/behavioral/clinical requirements and provider
requirements for data on glycemic patterns to monitor therapeutic decision-
making.

Comprehensive care:
� SMBG could be offered to all people with type 2 diabetes, irrespective of

treatment, as part of a comprehensive and ongoing education and therapeutic
program.

American Diabetes Association18 � Patients on MDI or insulin pump therapy should do SMBG at least prior to
meals and snacks, occasionally postprandially, at bedtime, prior to exercise,
when they suspect low blood glucose, after treating low blood glucose until
they are normoglycemic, and prior to critical tasks such as driving.

� SMBG results may be helpful to guide treatment decisions and/or patient self-
management for patients using less frequent insulin injections or non-insulin
therapies.

National Institute for Health
and Care Excellence14,15

� SMBG should be available:
B to those on insulin treatment
B to those on oral glucose-lowering medications to provide information on

hypoglycemia
B to assess changes in glucose control resulting from medications and

lifestyle changes
B to monitor changes during intercurrent illness
B to ensure safety during activities, including driving

� SMBG should be offered to a person newly diagnosed with type 2 diabetes
only as an integral part of self-management education.

� If HbA1c levels remain above target but premeal SMBG levels remain well
controlled ( < 7.0 mmol/L), SMBG should be considered to detect
postprandial hyperglycemia ( > 8.5 mmol/L) and manage to below this level,
if detected.

HbA1c, glycated hemoglobin; MDI, multiple-dose insulin; SMBG, self-monitoring of blood glucose.
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compared with a HbA1c-based control group.60 Furthermore,
the percentage of patients achieving a lifestyle score of >12
was significantly greater in the SMBG compared with the
control group (38.4% vs. 9.7% respectively; P < 0.001). In
addition, pharmacological treatment changes occurred earlier
and more frequently in the SMBG group.

One key recent trial was the Structured Testing Program
(STeP) study—a cluster randomized trial in poorly controlled
insulin-naive type 2 diabetes patients.67 Primary care practices
were randomized to the active control group or the structured
testing group, the latter of which included quarterly review of
structured SMBG results. The structured testing group patients
used a paper tool that graphs seven-point glucose profiles over 3
consecutive days, and physicians received a treatment algorithm
based on SMBG patterns. Among those who received at least
one treatment modification recommendation, structured testing
group patients demonstrated a greater reduction in HbA1c at 12
months compared with active control group patients ( - 1.2%
vs. - 0.8% [ - 13.1 vs. - 8.7 mmol/mol]; P < 0.03). The results
suggest that collaborative use of structured SMBG data leads to
earlier, more frequent, and more effective treatment modifica-
tion recommendations for poorly controlled patients. Further
analyses from this study found that structured SMBG led to
significant increases in self-confidence and autonomous moti-
vation associated with diabetes self-management.69

The ROSSO-in-praxi study was an uncontrolled trial that
evaluated the impact of a relatively inexpensive 12-week
structured SMBG-based lifestyle intervention on metabolic and
other outcomes.62 Participants were advised to perform a sev-
en-point SMBG diurnal profile every 4 weeks and were also
urged to perform event-driven SMBG measurements. Partici-
pants significantly reduced weight, body mass index, waist
circumference, blood glucose, blood pressure, low-density li-
poprotein cholesterol, and HbA1c by 0.3% (3.3 mmol/mol) (all
P < 0.001), alongside increased physical and mental health and
reduced depression measurements. After long-term follow-up
of 2 years, the reduction in HbA1c was only maintained in
those who continued with daily SMBG.70 The Rosso-in-praxi-
international study used the same intervention but randomly
assigned patients to either SMBG or a non-SMBG control
group.70 After 12 weeks, the SMBG group had significantly
improved HbA1c levels (from 7.4% to 6.9% [from 57 to
52 mmol/mol]; P < 0.001) and weight ( - 0.9 to - 1.9 kg;
P < 0.05), whereas changes were not significant in the control
group. After 1.5 years of follow-up, HbA1c remained stable in
the SMBG group but increased in the control group. It is no-
table that those who measured their blood glucose more than
three times per week demonstrated an overall reduction in
HbA1c of 1.0% (11 mmol/mol) (P = 0.006 vs. three times or
fewer per week) after 1.5 years. Another recent study also
suggests that intensification of relatively simple structured
SMBG policy (one profile every 2 weeks with pre- and post-
prandial values vs. one profile every month with fasting and
postprandial values) can provide HbA1c improvements, as long
as compliance is sufficient.59

SMBG and hypoglycemia. Although the evidence for an
association between SMBG and glycemic control is now
extensive, the data remain more limited for hypoglycemia in
non–insulin-treated type 2 diabetes. The few studies with
hypoglycemia data have reported inconsistent findings,
which likely reflect the inconsistent criteria used to define

hypoglycemia, the low frequency of events in non–insulin-
treated patients, and the relevance of the control groups when
looking at this outcome.38,72–74 The study by O’Kane et al.74

found no significant difference in hypoglycemia between
SMBG and non-SMBG groups, whereas Farmer et al.73 re-
ported a statistically significant increase in the frequency of
grade 2 hypoglycemic episodes with SMBG versus control.
In the study by Guerci et al.,72 hypoglycemia (symptomatic
or asymptomatic) was reported by 10.4% of subjects in the
SMBG group and 5.2% in the non-SMBG group (P = 0.003),
but the difference was solely due to a significant difference in
asymptomatic events. In the DINAMIC 1 study, symptoms
suggestive of mild to moderate hypoglycemia were reported
by 27 subjects (8.7%) in the SMBG group, which included 51
events in total (27 symptomatic, 11 asymptomatic, 11
SMBG-confirmed hypoglycemia, and two non-graded).38 In
the non-SMBG group, mild-to-moderate hypoglycemia was
reported by 7.0% of subjects (66 events in total), with 64
symptomatic and two non-graded events. Thus, there was a
decrease in symptomatic events with SMBG. This is to be
expected, as patients in the SMBG groups are able to use their
device to both detect asymptomatic episodes (that might
otherwise go unreported) and also to confirm symptomatic
episodes.47 Evidence for severe hypoglycemic episodes is
limited, but some evidence suggests that over half of severe
hypoglycemic events in type 1 or type 2 diabetes can be
predicted by specific glucose fluctuation patterns (based on at
least three SMBG readings) in the 24 h before an episode.75

SMBG and current controversies. Recently, two major
debates around SMBG are thriving. One concerns accuracy
of SMBG devices, as glucose meters are increasingly ex-
pected to deliver most accurate results. Independently con-
ducted studies show that over 80% of marketed devices in
Europe meet the high system accuracy requirements of DIN
EN ISO 15197:2003, and all of them show acceptable mea-
surement reproducibility.76

A second debate, even more heated, evolves around cost-
effectiveness of SMBG, particularly in patients not treated
with insulin. However, more and more studies show that
having considered long-term impact of increased risk of de-
veloping vascular complications SMBG is cost-effective
across the whole spectrum of diabetes patients.57,77,78

Conclusion on SMBG evidence

In spite of the recent increase in the number of studies
consistently showing a benefit of structured SMBG in non–
insulin-treated type 2 diabetes, the relative merits of im-
proved glycemic control versus expense and inconvenience
continue to be debated.79–81 The data suggest that SMBG
may benefit both well-controlled and poorly controlled pa-
tients not on insulin therapy. Recent consensus statements
have acknowledged the increase in high-quality efficacy data,
but also highlight the need for further well-defined studies
with end points beyond HbA1c.21,24 Guidelines of SMBG
may require updating in light of the large number of recent
studies showing benefits on metabolic and other outcomes.
Data on the impact of SMBG on hypoglycemia remain scant,
and this is an area that warrants further study. However, the
available evidence suggests that SMBG can help patients to
detect asymptomatic episodes and also to confirm symptoms
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suggestive of hypoglycemia, which may be particularly ap-
propriate in those with impaired hypoglycemia awareness.
Indeed, hypoglycemia unawareness is one of the utmost
important indications for frequent SMBG. The importance of
hypoglycemia avoidance is exemplified by growing evidence
for an association between a history of severe hypoglycemic
episodes and serious adverse outcomes over the long term,
including death, major vascular events, and dementia.82,82

It has been suggested that the utility of SMBG can be
improved through attention to several key factors, including
(1) sufficient SMBG frequency and appropriate timing (and
the use of a more structured approach), (2) education and
skills training for patients, (3) education and skills training
for physicians and nurses or educators, and (4) the use of
easy-to-read ways of displaying SMBG profile data that make
sense to patients, physicians and nurses, or educators.81 Such
strategies should aid motivation and adherence to SMBG and
remove barriers to optimal SMBG implementation.84 Fur-
thermore, appropriate education and regular patient moni-
toring may also help to avoid inappropriate overuse of
SMBG, which has cost implications and may adversely affect
patient quality of life.85 Other factors, such as use of the palm
rather than finger testing, may be beneficial in some pa-
tients.86 It is interesting that some evidence suggests that
SMBG values appear to predict HbA1c better in patients on
oral therapy compared with patients on insulin therapy.87

Practice nurses and other nurses working in the community
are well situated to support people with diabetes to make ef-
fective use of SMBG.88 They can play a key role first in
identifying those patients who are most likely to benefit from
SMBG and second in providing suitable education and prob-
lem-solving skills.88 The latter role should involve education
on the purpose of SMBG and the techniques required to use
specific glucose meters and strips effectively.88 Furthermore,
patients should be taught how to interpret and use SMBG test
results to adjust treatment, diet, and other lifestyle factors, thus
empowering them to manage their diabetes more optimally and,
it is hoped, avoiding hypoglycemic episodes and improving
glycemic control.88 Actually, having practice nurses—or even
better, diabetes nurse specialists or educators—is a prereq-
uisite of successful diabetes care as they are the best suited to
provide essential and advanced diabetes education. At pres-
ent, with doctors often unable to devote sufficient time for
individual visits, a patient may obtain the necessary knowl-
edge of how to manage her or his disease either from a pro-
fessionally trained diabetes nurse or from no one. It is
regrettable that in all countries from Central and Eastern
Europe, nursing in diabetes is still in its infancy, with edu-
cational infrastructure and human resources being slowly
built.

Unfortunately, it appears that no general agreement exists
at present between healthcare professionals regarding the
advice on various aspects concerning SMBG (e.g., on fre-
quency, timing, and practical considerations) highlighting the
need for education and more uniform guidelines.89,90 A recent
European expert panel has provided recommendations re-
garding frequency and timing of SMBG also for various clin-
ical scenarios and suggested a less intensive and an intensive
scheme for SMBG across the type 2 diabetes continuum, de-
pending on clinical circumstances and the quality of glycemic
control.21 The expert panel also recommended further evalu-
ation of various schemes for SMBG in type 2 diabetes in

clinical studies.21 However, as noted by the International
Diabetes Federation, SMBG should only be used when indi-
viduals with diabetes and/or their healthcare providers have the
knowledge, skills, and willingness to incorporate SMBG
monitoring and therapy adjustment into their diabetes care
plan.7,8 The key word that should always accompany ‘‘SMBG’’
in non–insulin-treated diabetes patients is ‘‘structured,’’ and as
long as patients and their care providers do not learn to use these
two together, SMBG will never develop to its full potential in
diabetes control. There is a sufficient body of evidence to show
that structured SMBG is beneficial for all type 2 diabetes pa-
tients, regardless of the therapy they are using.

SMBG in Central and Eastern Europe—The Reality

The Central and Eastern European countries represented in
this statement make up a group with relatively limited financial
resources by the standards of many Western European nations
(Table 4). In terms of gross domestic product (purchasing
power parity) per capita, they have a relatively broad range,
from $7,374 (Ukraine) to $28,195 (Slovenia).91 Thus, they
overlap with the poorest Western European nations (approxi-
mately $23,000–27,000 for Portugal, Greece, Malta, and Cy-
prus) but are all well below the levels of the major Western
European economies (approximately $35,000–40,000 for
France, the United Kingdom, and Germany) and are all below
the European Union average ($32,021). In spite of this financial
disadvantage, the available evidence suggests that, in general,
patients with diabetes in Central and Eastern Europe receive a
quality of care (e.g., in terms of control of both glycemic levels
and cardiovascular risk factors) comparable to patients in
Western Europe, although there are many potential areas for
development.92 Any disparities with Western European coun-
tries are related mainly to limited economic resources.93 Cost-
effective improvements in care are therefore highly relevant to
the countries represented in this statement, some of which (e.g.,
Poland and Slovenia) have a particularly high burden of dia-
betes, in terms of both prevalence and healthcare spending, and
many people with diabetes remain undiagnosed (Table 4). As in
Western Europe, both glycemic control and cardiovascular risk
factor control remain unsatisfactory in many patients, and there
is a continuing need for improvements in education and man-
agement guidelines, as well as access to cost-effective drug
therapies and devices, such as those required for SMBG.92,93

In most countries in the region, diabetes care is provided by
both general practitioners and diabetologists/endocrinologists,
with patients typically managed by general practitioners, in the
first instance, with subsequent referral to specialists if insulin
treatment is required or where there is deterioration of gly-
cemic control. However, in some countries (the Czech Re-
public, Romania, Slovakia), the majority of patients are
managed by specialists. Diabetes education is typically pro-
vided by doctors, nurses, or dieticians, although access to
structured education may be limited in some countries.

Reimbursement for glucose meters and testing strips varies
widely across the region (Table 4). Depending on the country,
glucose meters may be fully reimbursed (typically for chil-
dren/adolescents, patients on insulin, and during pregnancy),
partially reimbursed, or not reimbursed at all. However,
glucose meters may also be distributed free of charge by the
manufacturers in some instances. Similarly, there is wide
variation in the levels of reimbursement for glucose test
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strips, in terms of both patient eligibility and the number of
strips provided. In most countries, strips are reimbursed for
patients on insulin therapy, but the number of strips may
depend on the number of daily injections and other factors
such as age (see Table 4). Some countries in the region still
have no specific clinical guidelines on the use of SMBG.

Recommendations

SMBG is an essential tool that should, as a minimum, be
accessible to all patients with diabetes, including those with
non–insulin-treated type 2 diabetes. Like other treatments,
SMBG needs to be individualized by the physician in part-
nership with the patient, and guidelines can play an important
role when deciding on an appropriate level of intervention.
The ultimate goal of any SMBG strategy is to maximize the
efficacy and safety of glucose-lowering therapies and to
empower the patients to play a more active role in the man-
agement of their diabetes. Unfortunately, access to SMBG
can be limited in many countries in our region of Central and
Eastern Europe. To some extent, this may reflect the lack of
local SMBG guidelines, which is in stark contrast to the ex-
tensive guidelines available for glucose-lowering drug ther-
apy. As we come from similar historical, political, and social

environments, it seems appropriate for us to make some
recommendations for SMBG in diabetes that would be ap-
plicable to the region as a whole (summarized in Figure 1). It
should, however, also be stated that it would take major
changes in several countries (most notably Bulgaria, Roma-
nia, and Ukraine) to introduce the following recommenda-
tions into routine practice. Nevertheless, we are convinced
that these changes are necessary for the patients’ well-being
and that it is only a matter of time until clinical practice in our
region changes in the directions outlined below.

The grading of the recommendations has been conducted
according to the adopted system proposed by the U.S. Agency
for Health Care Policy and Research as shown in Table 5.94

Type 1 diabetes

It is impossible to treat type 1 diabetes safely without
SMBG. Patients with type 1 diabetes are at risk of both severe
hypoglycemic episodes and acute hyperglycemic crises, as
well as the long-term microvascular risk associated with poor
overall glycemic control. As such, SMBG is an integral part
of type 1 diabetes management and crucial for optimizing the
safety and efficacy of the complex insulin regimens required
in these patients (Grade A). The minimum requirements for

FIG. 1. Consensus recommendations for self-monitoring of blood glucose in diabetes. HbA1c, glycated hemoglobin; SU,
sulfonylurea.
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SMBG in patients with type 1 diabetes are (1) daily testing of
fasting glucose, (2) premeal testing before every insulin in-
jection, (3) postmeal testing after non–routine-size meals,
and (4) at least one bedtime measurement per week (Grade
C). This should be sufficient to obtain a full SMBG profile
under normal conditions and to allow patients to identify
periods of hyper- or hypoglycemia and to adjust insulin doses
and diet accordingly. The bedtime measurement should help
patients make adjustments to avoid nocturnal hypoglycemia.
Postmeal testing addresses the potential risk of vascular
complications, which is well documented in type 2 diabetes,
but obviously cannot be excluded in patients with type 1
diabetes either.95 However, additional testing should be im-
plemented as often as required in patients experiencing
symptoms of hypoglycemia or those with impaired hypo-
glycemia awareness, and therefore no limit should be im-
posed, in justifiable cases, on the number of test strips that a
patient can access. Patients using insulin pump therapy and
more intensive ‘‘functional’’ insulin regimens also usually
require more frequent testing. Furthermore, additional testing
should also be performed before driving, during pregnancy,
during periods of illness, stress, or disruption of normal
routine, and before, during, and after exercise, as well as
more generally in any patient deemed to be at increased risk
of hypoglycemia (Grade A).

Insulin-treated type 2 diabetes

Patients with type 2 diabetes on insulin therapy represent a
heterogeneous group, as insulin regimens can vary widely
from a single daily injection of long-acting insulin (typically
added to existing oral glucose-lowering therapy) to the com-
plex basal-bolus regimens used in type 1 diabetes. Further-
more, the progressive nature of type 2 diabetes and the
frequent need for intensification of therapy mean that SMBG
requirements may evolve over time. As well as an increase in
the need for insulin therapy with more advanced disease, pa-
tients may become more prone to hypoglycemia due to im-
paired glucose counterregulation (associated with declining
insulin production, increasing glucagon release, and attenuated
increase in adrenaline) and the development of hypoglycemia
unawareness (the result of attenuated increase in sympatho-
adrenal activity).96 As such, it is difficult to make general
SMBG recommendations for this patient group, and the pat-
tern and frequency will depend on the particular insulin regi-

men and use of other specific glucose-lowering drugs, as well
as the intrinsic risk of hypoglycemia. For patients on a single
injection of long-acting insulin, the minimum SMBG re-
quirement should be two measurements per day (a fasting
measurement and one postmeal measurement), plus one bed-
time measurement per week (Grade C). Morning fasting
measurements are important for adjusting insulin doses to
achieve target fasting blood glucose, and a single postmeal
measurement should help to determine if postmeal glucose
control is adequate (Grade C). For patients on premixed in-
sulins, the minimum should be a fasting measurement plus on
postmeal measure each day (using a staggered pattern by
testing after different meals on different days). Patients on
insulin who are also receiving sulfonylurea or glinide oral
agent therapy will require additional testing owing to the in-
creased risk of hypoglycemia with this combination. For pa-
tients on basal-bolus insulin regimens, the recommendations
should mirror those for type 1 diabetes. Everyday circum-
stances and other factors contributing to an increased risk of
hypoglycemia (e.g., illness, exercise, etc.) should also be taken
into consideration. Furthermore, if the HbA1c level remains
elevated in spite of good fasting glucose control, more post-
meal SMBG measurements may be required to determine the
extent of postmeal glucose control.

Non–insulin-treated type 2 diabetes

For patients receiving glucose-lowering drugs other than
insulin, the pattern of SMBG testing should be dictated by the
risk of hypoglycemia associated with specific agents, as well
as the other factors contributing to hypoglycemia risk. For
patients receiving agents known to have a low propensity to
cause hypoglycemia (e.g., metformin, thiazolidinediones,
dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1
receptor agonists), either as monotherapy or in combination
with each other, a short weekly SMBG profile (consisting of
four or five measurements) is usually adequate (Grade C).
However, if therapy includes higher-risk agents (i.e., sulfo-
nylureas or glinides), an additional single daily test is rec-
ommended in order to detect episodes of hypoglycemia
(Grade C). For patients being treated with lifestyle inter-
vention alone (i.e., not receiving any glucose-lowering drug
therapy), a short SMBG profile performed once per month is
usually sufficient (Grade D). In all patients with non–insulin-
treated type 2 diabetes, additional testing may be required

Table 5. Grading System Adopted from the Proposal by the U.S. Agency

for Healthcare Policy and Research
93

Description

Level of evidence
Ia Evidence from a meta-analysis of randomized controlled trials
Ib Evidence from at least one randomized controlled trial
IIa Evidence from at least one controlled study without randomization
IIb Evidence from at least one other type of quasi-experimental study
III Evidence from observational studies
IV Evidence from expert committee reports or experts

Grade of recommendation
A Directly based on Category I evidence
B Directly based on Category II evidence or extrapolated from Category I evidence
C Directly based on Category III evidence or extrapolated from Category I or II evidence
D Directly based on Category IV evidence or extrapolated from Category I, II, or III evidence
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during illness or other unusual circumstances or if glycemic
control is poor (Grade B).
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