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Quality glucose information is a core prerequisite for successful diabetes management. It enables professionals and people with diabetes to make medically relevant
decisions on therapy. Details of glucose proﬁle information beyond HbA1c have been
largely derived from self-monitoring of blood glucose (SMBG). Given the evidence
base demonstrating the beneﬁts of SMBG, its routine use is recommended for
diabetes management and therapy by many international and regional guidelines
(1–3). Today, SMBG is considered an important aspect of the management of glycemic control (3,4). Glucose information of high quality, considering the products
used and the processes conducted, is also needed in clinical research in order to gain
new evidence and insights on effective treatment strategies in diabetes. SMBG is
widely and routinely applied in large clinical trials, where it is used to understand the
glycemic state, to enhance awareness of the effects of lifestyle modiﬁcation and the
adaptation of treatment including insulin titration, and to enable documentation of
intraday pre- and postprandial glucose excursions (glycemic variability) and the
subsequent statistical analysis of this and the conﬁrmation of hypoglycemic episodes. Examples of recent studies that used SMBG are Outcome Reduction With
Initial Glargine Intervention (ORIGIN) trial, Action to Control Cardiovascular Risk in
Diabetes (ACCORD), and, from earlier times, the Diabetes Control and Complications Trial (DCCT) (5–8). Indeed, SMBG is now applied in most studies of glucoselowering agents, including glucagon-like peptide 1 (GLP-1) receptor agonist and
sodium–glucose cotransporter 2 (SGLT2) inhibitor studies.
Reliable glucose information requires a clear deﬁnition as part of the study design
and protocol, not least to ensure replication of the methodology. Interpretation and
comparison of study results may be affected if SMBG methods and results are
addressed inconsistently. With regard to the interpretation of outcomes of studies,
reporting of SMBG in publications should be of the highest qualitydaccurate, precise, reliable, and reproducible. In many publications, however, relevant details of
the SMBG measures are lacking or are incomplete. Therefore, the interpretation of
study results may be hampered, reliability of study results may be compromised,
and repetition of trials may become necessary.
This consensus publication not only aims to summarize learnings from previous
clinical studies about the use and reporting of SMBG but also proposes recommendations for the description of the performance and reporting of SMBG in future
clinical study protocols and related publications.
Clinical trials aim at expanding knowledge and evidence. One major principle of
Good Clinical Practice is to conduct clinical studies at a quality standard that provides the highest level of safety for the study participants but also avoids a potentially unnecessary burden on participants by inefﬁcient repetition of the
experiments with “human beings” to answer a clinical/scientiﬁc question. In clinical
trials, SMBG is performed by participants to provide information on (ﬂuctuating)
blood glucose concentrations and as a means to guide titration (as per protocol). All
current tests require pricking a ﬁnger with a lancet device to obtain a small blood
sample and applying a drop of blood to a test strip or tape, with the glucose
concentration analyzed by a glucose meter for an automated reading. Test results
are stored in the blood glucose meter’s electronic memory for further use (9).
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EVIDENCE FOR SMBG

The evidence for a beneﬁt of SMBG both
in insulin-treated and noninsulin-treated
patients with diabetes has been increasing in the last decade (13,14).
Laboratory-measured clinic plasma glucose may be affected by the speciﬁc circumstances under which the blood
samples are drawn (15). Although statistically signiﬁcant differences in HbA1c
have been observed between noninsulintreated patients using SMBG or not, the
potential clinically meaningful effect on
management of noninsulin-treated type
2 diabetes remains to be further elucidated (16).
Potential application areas for the use
of SMBG are as follows:
c

c

Diabetes education, assessment of
blood glucose response related
to nutrition, physical activity, and
medications
Therapy management, including dosing and prevention of hyperglycemia/
hypoglycemia

The STeP (Structured Testing Program) study in people with type 2 diabetes, as a useful example for a study on
SMBG, demonstrated structured SMBG
contributing signiﬁcantly to the improvement in glycemic control and psychosocial functioning compared with
enhanced usual care, including free blood
glucose meters and strips (17,18). Also,
in the recently published PRISMA (Prospective, Randomized Trial on Intensive
Self-Monitoring Blood Glucose Management Added Value in Non-Insulin Treated
Type 2 Diabetes Mellitus Patients) trial,
performance of structured SMBG was
associated with better clinical outcomes (19). An older publication demonstrated similar ﬁndings in adults with
type 1 and type 2 diabetes and reinforced the importance of providing patients with the tools to perform SMBG
effectively (18).
However, the performance of SMBG
in the setting of a clinical trial may differ
from SMBG in everyday clinical life. The
trial setting might include speciﬁc educational concepts for the performance
of SMBG and might also offer detailed
behavioral support.
PROBLEMS/BARRIERS AND
SOLUTIONS

A recently published survey of patients
or parents of children with type 1 diabetes found that 58% never used a control
solution for calibration (20). A systematic
review of 10 trials in people with type 2
diabetes compared SMBG with no SMBG
(21). An important ﬁnding was the small
number of people who had ever calibrated their blood glucose meter. However, even with the use of a control
solution measurement, errors are not
completely eliminated (22). Inherent potential limitations of precision related to
the nature of strips and monitors have to
be considered (11). These may include lot
variabilities in manufacturing or environmental factors potentially affecting the
performance of test strips and blood glucose meters (11).
Furthermore, there was a clear and
common mismatch of understanding
between people with diabetes receiving
the blood glucose meter and their
health care professionals about how to
use it. Health care professionals believed that people with diabetes were
using the device to inform lifestyle decisions and to detect glucose patterns.

Most people with diabetes believed,
however, that they had to test their
blood glucose and write down the results in a book for their health care professionals to make therapy decisions
for them. Poor education on how to
meaningfully interpret the numbers displayed on the device, together with lack
of understanding about adequate responses to glucose levels, has been found
to potentially increase anxiety and distress. Appropriate education addressing
SMBG interpretation, adjustment of nutrition and physical activity according to
measurements, and the response to “outof-range” values of blood glucosedboth
for people with diabetes and health care
providersdwere identiﬁed as prerequisites for the useful performance of
SMBG (18,21) and were a key recommendation. In people with type 1 diabetes,
underutilization of SMBG and continuous
glucose monitoring (CGM) data; lack of
easy and standardized glucose data collection, analysis, and visualization; and
absence of guided clinical decision making have recently been reported to be key
contributors to poor glycemic control
(13).
Standardizing glucose reporting and
analysis is proposed to be one step toward optimizing clinical decision making
in diabetes (13). Thus, with sufﬁcient
education on how to respond to the results of SMBG measurement provided,
SMBG becomes an essential tool for the
daily management of insulin-treated diabetes (13,23).
An overview of problems/barriers
and solutions is provided in Table 1.
SMBG IN CLINICAL TRIALS

In scientiﬁc publications of clinical trials
testing different diabetes therapies, in
which participants were required to perform SMBG, important and relevant details on SMBG are frequently missing or
incomplete. For example, the following
questions often remain unanswered
(Table 2):
c
c
c
c

Which glucose meters and test strips
were used?
Did all participants use the same glucose meters?
Were participants provided training
on how to measure capillary glucose?
Were participants trained to use a
control solution to test glucose meter
accuracy?
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According to the International Diabetes
Federation guideline Self-Monitoring
of Blood Glucose in Non-Insulin Treated
Type 2 Diabetes, SMBG should be performed to provide information on hypoglycemia and glucose excursions related
to medications and lifestyle changes
(10). Against this background, it appears
purposeful to integrate SMBG into clinical trials on novel approaches of diabetes therapy. A clear need for structured
approaches of glucose reporting and
analysis, incorporating educational and
therapeutic components, has been identiﬁed (11).
According to the Good Clinical Practice standard and the growing evidence
for a structured approach of SMBG
(12), a detailed and accurate description
of a study’s SMBG methodology is required in protocols. Consequently, all
relevant ﬁndings and aspects related
to SMBG should be reported in a scientiﬁc publication or its web appendices. Presenting the entire picture of
SMBG is considered necessary so as
to allow better interpretation of the
results of clinical trials, to better predict efﬁcacy of interventions in realworld settings, and to allow insight
into glycemic outcomes including hypoglycemia beyond the dominant diabetes
marker HbA1c.
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Table 1—Key contributors to inefﬁcient use of SMBG
Problems/barriers
Mismatch of understanding of SMBG
between patients and health care
professionals
Lack of education on how to interpret
the blood glucose readings and
what to do in response to them
Underutilization of SMBG
Lack of easy and standardized glucose
data collection, analysis, and options
for visualization of glycemic levels
Absence of guided clinical
decision making

c

c
c

c

c
c

c

c

Appropriate education addressing SMBG
interpretation, adjustment of medication,
nutrition, and physical activity
c Standardizing glucose reporting and analysis

Were data on glucose meter accuracy
during the trial reported?
Were frequency and timing of capillary glucose measurements speciﬁed?
Were patients provided glucose targets?
Were study participants trained to respond to SMBG results, including hypoglycemia?
Were glucose values documented
on a paper-based diary or were they
recorded electronically?
Were SMBG data used for titrating
the medications deﬁned in the trials?
Were SMBG results used for treatment decisions (particularly in treatment approaches using insulin)
according to a deﬁned algorithm, or
were changes in diabetes treatment
based on HbA1c only?
Was there an association between
the frequency of SMBG and changes
in HbA1c?

performed at least twice per week.
More frequent measurements were
at the discretion of the participant
and investigator. Patients with type 2
diabetes receiving standard care were
provided with SMBG equipment and
support (6).
ACCORD

Overall, reports of SMBG measurements in the results section are far
from being standardized and often are
completely missing.
The following paragraphs provide
some examples of the various ways in
which SMBG usage has been described
in major clinical trials.
ORIGIN Trial

In the ORIGIN trial, all participants were
taught to measure their own glucose
levels at the beginning of the trial (6).
Participants with initiation of insulin
treatment with insulin glargine were instructed to perform daily fasting plasma
glucose (FPG) measurement. They were
given an algorithm that promoted
weekly uptitration of the insulin dose
(by $1 units/week) targeting a selfmeasured FPG concentration of 4.0–
5.3 mmol/L (72–95 mg/dL) (6). Once
the treatment goal had been achieved,
SMBG testing was intended to be

ACCORD examined the effect of standard versus intensive glucose-lowering
strategy in 10,521 patients with type 2
diabetes and further cardiovascular
risk factors or cardiovascular disease
(7). At the beginning of the trial, all
participants were provided with glucose-monitoring equipment. Patients
in the intensive therapy and standard
therapy arms were instructed to use
SMBG to reach HbA1c treatment targets
of ,6.0% and 7.0–7.9%, respectively.
Predeﬁned treatment algorithms using
metformin, sulfonylureas, meglitinides,
thiazolidinediones, a-glucosidase inhibitors, insulin, and insulin analogs, coupled
with lifestyle intervention, have not been
reported. Individuals in the intensive
group receiving insulin were encouraged
to take SMBG readings 4–8 times daily
($2 premeal and 2 postmeal) with an
additional periodic 0300 h test, while
noninsulin-treated patients were advised
to perform $2 readings daily (or 4 times
daily if their SMBG levels were greater
than target). Patients were encouraged
to adjust doses every 4 days based on
SMBG readings (7).
Participants in the standard group
who were treated using insulin took

Table 2—Details of SMBG published in methods and results sections of ﬁve example trials
ORIGIN (6) ACCORD (7) DCCT (8)
Methods: details of SMBG
Level of education of patients
Speciﬁcation of SMBG meters
Speciﬁcation of test strips
Accuracy of blood glucose meters (compared
with laboratory)
Recommendations for SMBG frequency
Fasting blood glucose reported
Postprandial blood glucose reported
Treatment modiﬁcations based on SMBG
Results: details of SMBG
Level of adherence to SMBG
Fasting blood glucose reported
Postprandial blood glucose reported
Frequency of treatment modiﬁcations based
on SMBG
Discussion of SMBG results

Trial assessing GLP-1
agonist (25)

Trial assessing SGLT2
inhibitor (26)

?
–
–

?
–
–

?
–
–

?
+
–

?
–
–

–
+
+
–
+

–
+
+
+
–

–
+
+
+
+

–
–
+
+
–

–
+
+
–
+ (insulin treated)

–
+
–

–
–
–

–
–
–

–
+
+

–
+
–

–

–

–

–

–

–

–

–

+

–
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SMBG readings #3 times daily, or #7
times per week (daily at different times
or .1 per day on different days). Treatment doses were then adjusted according
to a predetermined algorithm depending
on the SMBG results obtained (15).
DCCT

Example of a Trial With GLP-1–Based
Treatment

The Liraglutide Effect and Action in Diabetes (LEAD-2) study was conducted
to examine the efﬁcacy and safety of
adding the GLP-1 receptor agonist
liraglutide to metformin versus the addition of placebo or glimepiride to metformin
in people previously treated with oral
glucose-lowering agents (25). Secondary
end points included, among others,
changes in FPG and 7-point plasma glucose proﬁles (before each meal; 90 min
after breakfast, lunch, and dinner; and at
bedtime). The study also aimed at the
detection of hypoglycemic episodes
with deﬁnitions dependent on SMBG.
Patients were provided with a glucose
meter and were encouraged to perform
SMBG and to record self-measured
plasma glucose values in their diaries
(25).
Example of a Trial With SGLT2
Inhibition–Based Treatment

Wilding et al. (26) demonstrated the ability of the SGLT2 inhibitor dapagliﬂozin
to lower hyperglycemia in people with

Lessons From the Studies

The use of SMBG was thus an important
element in the above-mentioned clinical
trials. However, the levels of the description of the performance of SMBG
and the use of results differ. Table 2
provides an overview of the details of
SMBG reported in publications of the
trials.
All in all, information on SMBG utilization and the presentation of results
are handled on a highly nonuniform basis (Table 2) (5,25,27,28). Some factors
potentially inﬂuencing the SMBG performance remain unconsidered. In particular, there are often gaps in information
on the performance of structured testing,
the level of SMBG education and support, accuracy of blood glucose meters,
and glycemic variability.
With regard to an optimized efﬁcacy,
SMBG should be implemented in a
structured and standardized approach.
Education on how to respond to the results of SMBG measurement for patients and health care providers has
been identiﬁed as a key issue. Accuracy
of blood glucose meters and strip-tostrip variations of test strips have been
shown to potentially impact long-term
glycemic control and the risk for hypoglycemia (29,30). In addition, improvements in the accuracy of SMBG meters
have been reported to lower complicationrelated costs (31). Within-day glycemic
variability, which can be assessed by
SMBG (31,32) and particularly by CGM,
has been hypothesized to be associated
with diabetes complications independently of HbA1c levels (33–35).
Interpretation and comparison of
study results may be affected if SMBG

methods and results are not addressed
consistently. It is conceivable that a
more systematic presentation of SMBG
methods and results in publications of
studies may improve the comparability
of study results.
RECOMMENDATIONS

To improve the implementation of
SMBG in clinical trials and the reporting
of SMBG data in scientiﬁc publications,
we provide the following recommendations (Table 3).
Study Protocol/Method Section

Monitoring of capillary glucose has the
potential to affect glucose control depending on the training of both patients
and diabetes care team on how to respond to glucose levels that are not on
target, through either lifestyle changes
or adjustment of diabetes medications.
A need to incorporate an educational
component for patients with diabetes
starting SMBG has been emphasized
(12). Less obvious is the need for training the diabetes care team on how to
respond to capillary glucose levels. Furthermore, to maximize the efﬁcacy of
measuring capillary glucose, SMBG
should be performed according to a
structured approach, with deﬁned frequency and timing of the measurements
(11,12,36).
To collect quality SMBG data during
clinical trials, the study protocol should
detail different aspects of the measurement of capillary glucose in the daily life
of study participants:
c

The glucose meter and strips used in
the trial, as well as provisions for
substituting the glucose meter in case
of malfunction, and the strip lot number, if relevant. In general, capillary or
venous blood is used for glucose measurement. The terms plasma or capillary whole-blood calibration, however,
are sometimes not clearly speciﬁed
(37). The International Federation of
Clinical Chemistry and Laboratory
Medicine (IFCC) recommends reporting all results as glucose concentration
in plasma to avoid misunderstanding
(38). Blood glucose systems used in
clinical trials should have been demonstrated to meet the requirements of
the International Organization for Standardization (ISO) 15197:2013, which
state that 95% of the blood glucose
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The results of DCCT, published in 1993,
contributed signiﬁcantly to the understanding of the principles of blood glucose optimization modiﬁcation and
therapy management supported by
SMBG (24). Results of SMBG, although
recorded in structured form, are not described in detail. DCCT demonstrated
the beneﬁcial impact of near-normal
glycemic control on the development
and progression of microvascular and
neurological complications in patients
with type 1 diabetes (8). Participants
on intensive therapy used SMBG to adjust their insulin dosage. Readings were
taken $4 times daily to meet target preprandial glucose levels of 70–120 mg/dL,
postprandial levels of ,180 mg/dL,
one weekly 3 A.M. measurement of .65
mg/dL, and monthly HbA1c measurements of ,6.05%. Conventional therapy
included daily self-monitoring of urine or
blood glucose but did not usually include
daily adjustment of insulin dosage (8).

type 2 diabetes who are poorly controlled
with high insulin doses plus oral antidiabetes agents. The end points included, among others, HbA1c, FPG, and
postprandial blood glucose. SMBG
was performed ﬁve times daily during
the 3–5 days before clinic visits at weeks
1, 2, 4, 6, 8, 10, and 12 and used to
support conﬁrmation of hypoglycemia.
Due to the potentially increased risk of
hypoglycemia, insulin could be downtitrated in the case of SMBG levels ,54
mg/dL or mean daily glucose ,100 mg/dL
(26). In case of FPG levels .240 mg/dL at
weeks 4 and 6, .220 mg/dL at week 8, or
.200 mg/dL at week 10, the insulin dose
could be increased after a retest.
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Table 3—Recommendations on the use and reporting of SMBG in clinical research
Characteristics
Study protocol/methods

c

Results

c

Type of blood glucose meter and test strips that
were used in the trial; SMBG should be performed
in a structured approach (frequency and timing)
c Blood glucose results should be reported as
glucose concentration in plasma
c Level and details of education of patients included
in studies on how to perform and interpret SMBG
(e.g., algorithms for modiﬁcation of treatment)
c Blood glucose targets in the study
c Deﬁnition of hypoglycemia

Discussion

c

Results of SMBG
Effects of results on SMBG on treatment
modiﬁcations
c Hypoglycemic episodes
c Relationship between SMBG and HbA1c
c Compliance with SMBG regimen and its impact on
outcomes
c

Minimum set of data required for
reporting

c
c

c

c

c

Type of blood glucose meter and test strips that
were used
c Blood glucose goals during the study
c Deﬁnition and frequencies of hypoglycemia
c Pre- and postprandial blood glucose levels
c Glycemic variability

results shall fall within 615 mg/dL
of the reference method at blood
glucose concentrations ,100 mg/dL
and within 615% at blood glucose concentrations $100 mg/dL (39). The use
of blood glucose systems, which do not
need calibration, is associated with a reduced risk of handling errors (39). It may
also be necessary to describe which test
strips are used (37). It should be noted
that accuracy may be affected even by
small strip-to-strip variations (e.g., in the
size or enzyme coverage of reaction
wells) (30). Test strip performance may
also be compromised by various environmental conditions (40)
The training of participants in performing capillary glucose measurements
The training of participants on using a
control solution to document glucose
meter accuracy
Frequency and timing of capillary glucose measurements for study purposes
when a structured SMBG regimen is
used. According to current recommendations and guidelines, postprandial
glucose measurements should be conducted 1–2 h after the beginning of a
meal (1,41)
Recording (diary or glucose meter
memory or both), storage, and retrieval

c
c
c

c

c

of SMBG data (download on a computer through a cable or wireless transmission, transfer to a remote server or
cloud, and access to SMBG data by the
patient and the diabetes team). In
order to reduce potential data entry
errors, the use of software for downloading blood glucose measurement
results from the glucose meter may
be preferred
Glucose control targets for participants during the study
The intended use of SMBG data by
the patient and the diabetes team
The training of participants (changes
in lifestyle or insulin dose) and the diabetes team (adjustment of treatment
with insulin and to a limited degree
with GLP-1 analogs and oral medications) and the algorithm(s) used
What to do in case of low (deﬁned)
and high (deﬁned) capillary glucose
values (treatment and reporting to
the diabetes team)
The need to avoid judgmental responses to glucose levels out of range
with the aim to use the glucose data
to direct management

Varying deﬁnitions of hypoglycemia
are given in the literature, particularly

c

c

c

Which SMBG data points (all or speciﬁc
measurements, e.g., fasting glucose,
postprandial, postprandial excursions,
nocturnal) and which period (e.g.,
SMBG of the month or week prior to
the visit) will be analyzed
The percentage of capillary glucose
measurements required by the study
protocol that deﬁnes participants as
sufﬁciently compliant with SMBG
How to handle extra capillary glucose
measurements, i.e., measurements
performed in addition to those required by the study protocol

An important issue, although still
underestimated, is reporting the compliance of the diabetes team to the
study protocol when responding to the
participants’ SMBG data.
Results Section

In many clinical trials, the main purpose
of SMBG performance is to guide
changes in the adjustment of diabetes
medications. In these cases, SMBG readings are a “dynamic” measure, thus difﬁcult to report in detail, rather than just
as an end point. Nevertheless, it has to
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Adherence to study protocol
Pre- and postprandial blood glucose levels
c Glycemic excursions (e.g., mean amplitude of
glycemic excursions)
c Modiﬁcation of treatment based on SMBG results
c

in trials assessing glucose-lowering therapies (42). Using a blood glucose cutoff
of #3.9 mmol/L [70 mg/dL], more than
40% of patients with type 2 diabetes
starting insulin treatment have been
found to experience hypoglycemia
(42). The cutoff reﬂects the understanding that many of these events may be
asymptomatic. This cutoff of #3.9 mmol/L
[70 mg/dL] is widely accepted (41,43). In
the framework of clinical trials, we recommend the use of a deﬁnition that focuses on clinical relevance. Implausible
and confusing measurement readings,
particularly with discrepancies between
the blood glucose value and clinical
signs, should be veriﬁed by one or
more retests. In this regard, the limitations in precision and accuracy of glucose meters have to be considered (11).
In case of clinical trials lasting several
months or longer, the study protocol
should incorporate strategies for how
to encourage patients to continue to
comply with the planned SMBG schedule over time.
If SMBG data are an outcome of the
trial (usually secondary), the statistical
section of the study protocol and analysis protocol should detail the following:
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be remembered that SMBG is not a therapeutic tool but rather a diagnostic and
monitoring tool and should be performed with a structured educational
and therapeutic format in response to
SMBG data (11,36). With the view of
better comparability of clinical studies,
the following topics are recommended
to be addressed in the results section:
c

c
c

c

c
c
c

Discussion/Conclusions Section

A discussion of aspects of SMBG is warranted in any study in which participants
are required to perform SMBG. This may
include the effects of SMBG on diabetes
management (either lifestyle changes or
adjustment of medication), detection of
asymptomatic hypoglycemia, outcomes
and variation at particular times of day,
and correlation with HbA1c . Furthermore, compliance with the SMBG regimen and the overall effect of SMBG on
study outcomes should be discussed.
SUMMARY AND CONCLUSION

SMBG is widely used in clinical trials.
Researchers recognize the importance
of documenting glycemic variability,
postprandial glucose excursions, and
symptomatic and asymptomatic hypoglycemic episodes in their study participants. Furthermore, SMBG data are
often used in clinical trials to guide the
prescription and dosage of diabetes
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