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Review Article

Today, self-monitoring of blood glucose (SMBG) is an inte-
gral component of diabetes management. Particularly for 
patients with diabetes on intensified insulin therapy, thera-
peutic benefits of structured blood glucose (BG) measure-
ments, such as detection of postprandial glucose excursions, 
identification of glucose patterns, and the improvement of 
HbA1c values and related complications, are well-estab-
lished.1-3 Also in patients not on insulin therapy, regular 
SMBG can have a positive impact on metabolic control, for 
example, an improvement in HbA1c values.4-6 To make ade-
quate therapeutic adjustments, the SMBG system (combina-
tion of a meter with the respective test strips) has to provide 
accurate and reliable BG readings.7-9

In the European Union, medical devices such as SMBG 
meters must have a Conformité Européenne (CE) mark for 
their market launch. The manufacturer of an SMBG system 

declares with the application of the CE mark that its prod-
uct is in compliance with the essential requirements of the 
in-vitro diagnostics directive (IVDD) (European directive 
98/79/EG, Annex I)10 with regard to health protection, 
safety and environment protection. These requirements can 
be fulfilled by applying the harmonized standards which 
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Abstract
In the European Union (EU), the ISO (International Organization for Standardization) 15197 standard is applicable for the 
evaluation of systems for self-monitoring of blood glucose (SMBG) before the market approval. In 2013, a revised version of 
this standard was published. Relevant revisions in the analytical performance requirements are the inclusion of the evaluation 
of influence quantities, for example, hematocrit, and some changes in the testing procedures for measurement precision 
and system accuracy evaluation, for example, number of test strip lots. Regarding system accuracy evaluation, the most 
important change is the inclusion of more stringent accuracy criteria. In 2014, the Food and Drug Administration (FDA) in 
the United States published their own guidance document for the premarket evaluation of SMBG systems with even more 
stringent system accuracy criteria than stipulated by ISO 15197:2013. The establishment of strict accuracy criteria applicable 
for the premarket evaluation is a possible approach to further improve the measurement quality of SMBG systems. However, 
the system accuracy testing procedure is quite complex, and some critical aspects, for example, systematic measurement 
difference between the reference measurement procedure and a higher-order procedure, may potentially limit the apparent 
accuracy of a given system. Therefore, the implementation of a harmonized reference measurement procedure for which 
traceability to standards of higher order is verified through an unbroken, documented chain of calibrations is desirable. In 
addition, the establishment of regular and standardized post-marketing evaluations of distributed test strip lots should be 
considered as an approach toward an improved measurement quality of available SMBG systems.
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are developed by standardization organizations like the 
International Organization for Standardization (ISO). For 
SMBG systems that are intended to be used by lay persons 
(patients with diabetes) for therapy adjustments, the stan-
dard ISO 15197 is applicable. This standard, which was 
first published in 2003,11 lists requirements for design and 
development, safety and reliability testing, analytical per-
formance evaluation, information to be supplied by the 
manufacturer and user performance evaluation. Regarding 
analytical performance evaluations, particularly require-
ments on system accuracy are described in detail in this 
standard, including evaluation design and minimum accu-
racy criteria. In 2013, a revised version of ISO 1519712 was 
published for which compliance is recommended only after 
a transition period of 36 months (2016). In this revision, 
relevant changes to the previous version ISO 15197:2003 
were made, for example, more stringent accuracy criteria 
and some changes in the testing procedure (see below).

In the United States, the Food and Drug Administration 
(FDA) regulates the premarket notification for the market 
approval, the manufacturing and performance standards as 
well as the post-marketing surveillance of SMBG systems. 
The manufacturer has to submit a premarket notification to 
the FDA and the agency reviews if the system complies with 
applicable requirements, for example, performance require-
ments. Regarding SMBG system accuracy requirements, the 
FDA, hitherto, followed in their own internal guidance at 
least in part the recommendations of ISO 15197. Recently, 
the FDA published their own guidance document for the pre-
market evaluation of SMBG systems13 which differs in some 
parts, for example, system accuracy evaluation, considerably 
from ISO 15197.

This review aims at providing an overview of the ana-
lytical performance requirements described in ISO 15197 
and of the relevant changes in the recently published revi-
sion. Particularly, requirements on SMBG system accuracy 
evaluation as an important and often discussed aspect of the 

analytical performance will be considered in detail, also 
taking into account the recommendations of the new FDA 
draft guidance document. In addition, certain critical 
aspects in the establishment of performance criteria for pre-
market evaluations will be discussed.

Evaluation of the Analytical 
Performance of SMBG Systems 
According to ISO 15197

The analytical performance is an important criterion for 
high-quality SMBG systems, which is usually evaluated by 
well-trained laboratory personnel under controlled and stan-
dardized conditions in which environmental influences are 
reduced to a minimum. The evaluation of analytical perfor-
mance according to ISO 15197 includes the evaluation of 
measurement precision and the evaluation of system accu-
racy. Additional parts of the analytical performance evalua-
tion in the new ISO 15197 standard are the evaluation of 
influence quantities, that is, hematocrit and interfering sub-
stances like medications, and the evaluation of the stability 
of reagents and materials that were not included in the ana-
lytical performance evaluation in the 2003 version (Figure 1). 
Another relevant revision is that analytical performance 
shall be evaluated for 3 test strip lots. The previous version 
of the ISO standard allowed the evaluation with 1 test strip 
lot if characterization data have demonstrated that lot-to-lot 
variability is a minor source of the total variability.

This review focuses on system accuracy evaluation. The 
evaluation of the stability of reagents and materials will not 
be considered and the evaluation of measurement precision 
and influence quantities will only be shortly introduced.

Measurement Precision

This parameter characterizes the closeness of agreement 
between replicate measurement results with an SMBG system 

Figure 1.  Evaluation of the analytical performance of SMBG systems according to the ISO 15197 standard. The new version ISO 
15197:2013 also considers the analysis of influence quantities and the evaluation of the stability of reagents and materials that were not 
considered in ISO 15197:2003 for analytical performance evaluation.
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on a given sample.12 ISO 15197 describes testing procedures 
for the evaluation of measurement repeatability and intermedi-
ate measurement precision but does not define in detail accep-
tance criteria for such.

Measurement Repeatability.  Measurement repeatability eval-
uation describes the closeness of agreement between a series 
of measurements with an SMBG system on a blood sample 
over a short period of time. The evaluation shall include a 
minimum of 5 venous blood samples with defined glucose 
concentrations in the hyperglycemic, euglycemic, and hypo-
glycemic range.

Intermediate Measurement Precision.  Intermediate measure-
ment precision evaluation considers the closeness of agree-
ment between daily measurements over at least 10 days with 
an SMBG system on control solution. The evaluation shall 
include a minimum of 3 control solutions with defined glu-
cose concentrations.

Influence Quantities

An important revision in ISO 15197:2013 is the inclusion of 
the evaluation of influence quantities, such as hematocrit and 
interfering substances in blood that can affect the analytical 
performance of an SMBG system. A list showing examples of 
interfering substances which could be present in the blood of 
the intended users is given in the annex of the standard. The 
preferred sample for the evaluation of influence quantities is 
venous blood. Hematocrit influences shall be investigated for 
a minimum of 5 different hematocrit levels at each of 3 
defined glucose concentrations. Interfering substances shall 
be investigated for a minimum of 2 defined glucose concen-
trations. ISO 15197:2013 defines that influence quantities 
>10 mg/dl and >10% difference between the test sample and 
the respective control sample for glucose concentrations ≤100 
mg/dl and >100 mg/dl, respectively, shall be reported in the 
instructions for use along with the respective hematocrit lev-
els or interfering substance concentrations.

System Accuracy

In the last decade, the accuracy of SMBG systems has 
increasingly become the subject of public interest and is 

frequently discussed by experts from science, medicine, and 
industry. System accuracy is the closeness of agreement 
between a set of representative results from a measuring sys-
tem and their respective reference values.

Accuracy Criteria.  Regarding minimum accuracy criteria, ISO 
15197:2013 stipulates that at least 95% of measurement 
results shall fall within ±15 mg/dl of the reference value at 
BG concentrations <100 mg/dl and within ±15% at BG con-
centrations ≥100 mg/dl and at least 99% of measurement 
results shall fall within the Consensus Error Grid (CEG) 
zones A and B. Thus, accuracy criteria are more stringent 
than in the first version of the standard (±15 mg/dl at BG 
concentrations <75 mg/dl and ±20% at BG concentrations 
≥75 mg/dl) (Table 1, Figures 2 and 3). In addition, ISO 
15197:2013 requires the accuracy evaluation of 3 different 
test strip lots (as stated above). The evaluation of different 
test strip lots allows for a more comprehensive assessment of 

Table 1.  Minimum SMBG System Accuracy Criteria According to the ISO 15197 Standard in Its 2003 and 2013 Versions and the FDA 
Draft Guidance Document From 2014.

ISO 15197:2003 ISO 15197:2013 FDAa

Relative number of results 95% 95%b 95% 99%
Within ±15 mg/dl ±20% ±15 mg/dl ±15% ±15% ±20%
At BG concentrations <75 mg/dl ≥75 mg/dl <100 mg/dl ≥100 mg/dl Entire range
  99% of results within CEG zones A + B  

aFDA draft guidance for Self-Monitoring Blood Glucose Test Systems for Over-the-Counter Use, published in 2014.
bIn ISO 15197:2013 this acceptance criterion is also applied for the user performance evaluation.

Figure 2.  Difference plot of an SMBG system (1 test strip lot, 
200 data) following ISO 15197. According to ISO 15197:2003 
(outer line), at least 95% of results shall be within ±15 mg/
dl at BG concentrations <75 mg/dl and within ±20% at BG 
concentrations ≥75 mg/dl). According to the revision ISO 
15197:2013 (inner line), at least 95% of results shall be within ±15 
mg/dl at BG concentrations <100 mg/dl and within 20% at BG 
concentrations ≥100 mg/dl. The results obtained with the SMBG 
system displayed shows 98% of measurement results within 
ISO 15197:2003 accuracy limits but only 92.5% of measurement 
results within ISO 15197:2013 accuracy limits.
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a given SMBG system. Studies showed that the measure-
ment accuracy can remarkably vary within 1 system, that is, 
lot-to-lot variations can occur.14 However, it needs to be 
emphasized that ISO 15197:2013 still requires that each 
individual test strip lot must comply with the 95% accuracy 
criteria (Table 1). Another relevant change in ISO 15197:2013 
is the consideration of the clinical relevance of measurement 
deviations.12 The CEG is divided into 5 zones with differing 
degrees of risk for the patient (Figure 3). Both versions of the 
ISO standard limit the number of analytically inaccurate 
results to 5% (= 95% within the accuracy limits). However, 
with the inclusion of the CEG into the minimum accuracy 
criteria (as described above), the new ISO standard limits the 
number of clinically inacceptable results to 1% (= 99% 
within CEG zones A and B).

The rationale for the establishment of more stringent 
accuracy criteria in ISO 15197:2013 is the essential role of 
SMBG in diabetes management and the fact that currently 
SMBG is the most important practical means for detection of 
asymptomatic hypoglycemia.12 Since the publication of the 
first version of the ISO 15197 standard more than a decade 
ago, SMBG systems’ technology has improved, and today, 
various systems are capable of meeting higher accuracy stan-
dards. From a clinical point of view, improved SMBG sys-
tem accuracy is needed, for example, for an adequate use of 
other diabetes technologies such as bolus calculators and 
calibration of continuous glucose monitoring systems.

Evaluation Procedure.  In the last decade, numerous evalua-
tions of SMBG systems applying ISO 15197 system accu-
racy criteria were published.15-26 However, most of these 
studies show remarkable deviations from the complex test-
ing procedure recommended by the ISO standard, for exam-
ple, number of samples included, sample type, and 
investigated glucose concentration categories.27

According to ISO 15197, evaluation of SMBG system 
accuracy should be performed with at least 100 capillary 
blood samples from different subjects. The glucose levels in 
these samples shall be distributed into defined glucose con-
centration intervals between ≤50 mg/dl and >400 mg/dl 
(Table 2). Since human studies to obtain capillary blood sam-
ples in the hyperglycemic and hypoglycemic range represent 
a certain risk for patients, ISO 15197 allows the adjustment of 
the glucose levels in these samples into the target ranges by 
either glycolysis or glucose supplementation. According to 
the new ISO 15197 standard, samples with BG concentra-
tions ≤80 mg/dl and >300 mg/dl can, at least partly, be 
adjusted. In the previous version of the standard, only sam-
ples with BG concentrations <50 mg/dl and >400 mg/dl were 
allowed to be adjusted (Table 2). However, the preparation 
procedure to adjust the BG concentration of capillary blood 
samples is complex. Everyone should be aware that sample 
matrix changes may result in additional influence factors, for 
example, changes in the oxygen content of the blood sample, 
which can affect the measurement results.

Figure 3.  Consensus error grid (CEG) analysis of an SMBG system (3 test strip lots, 600 data). According to ISO 15197:2013, 99% of 
measurement results shall be within CEG zones A and B. The SMBG system displayed shows 99.8% of results with in CEG zones A and B.
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Reference Measurement Procedure.  An important but often 
neglected aspect that can affect SMBG system accuracy 
results is the reference measurement procedure used. A 
potential systematic measurement difference of the reference 
measurement procedure with respect to higher-order proce-
dures (see below) adds to SMBG system-inherent inaccura-
cies. Today, most manufacturers of SMBG systems calibrate 
and evaluate their systems by using either a glucose oxidase 
(GOD) or a hexokinase (HK) based reference measurement 
procedure. ISO 15197:2003 required the use of the manufac-
turer’s measurement procedure for system accuracy evalua-
tions, thus ensuring a certain degree of comparability. This 
was changed in ISO 15197:2013 so that any method that 
conforms to established traceability requirements28 can be 
used for reference measurements, not only the manufactur-
er’s measurement procedure (Table 2). However, the compa-
rability of different reference measurement procedures is not 
yet scientifically proven. On the contrary, in 2 studies, sys-
tematic differences of up to 8% between a GOD method and 
a HK method were observed.29,30 In 2 recent SMBG system 
accuracy evaluations following the requirements of the ISO 
15197 standard, accuracy results differed depending on the 

applied reference measurement procedure.31,32 Thus, the ref-
erence measurement procedure used in such evaluations can 
be the deciding factor whether accuracy data obtained for a 
given SMBG system comply with the ISO 15197 accuracy 
criteria or not; which becomes particular critical the more 
stringent the criteria are.

An example that highlights the importance of a high qual-
ity reference method is the recommendation by the American 
Diabetes Association,33 that SMBG systems should not 
exceed an analytical error (systematic and random measure-
ment difference) of 5% which can only be achieved if the 
reference method shows no or only a minimal systematic 
measurement difference (= bias).

Therefore, the establishment of a harmonized reference 
measurement procedure for all SMBG systems for which the 
traceability to standards of higher order is verified through 
an unbroken, documented chain of calibrations28 should be 
considered. In this context the implementation of the isotope 
dilution gas chromatography mass spectrometry (IDGCMS) 
method in the calibration and evaluation process of SMBG 
systems by the manufacturer has to be mentioned. This is a 
highly accurate, but time-consuming and expensive primary 

Table 2.  SMBG System Accuracy Evaluation: Test Procedure Requirements Described in the ISO 15197 Standard in Its 2003 and 2013 
Versions.

ISO 15197:2003 ISO 15197:2013

Number of test strip 
lots

1 3

Performance of 
measurements with 
the SMBG system

Laboratory/medical personnela Laboratory/medical personnela

Reference 
measurement 
procedure

Manufacturer’s measurement procedure Any method with verified metrological traceability

Sample type/number Capillary whole blood/100 Capillary whole blood/100

Glucose 
concentrations 

Number of samples Glucose concentrations (mg/dl) Number of samples Glucose concentrations (mg/dl)

5% <50 5% ≤50

  15% 50-80 15% >50-80

  20% 80-120 20% >80-120

  30% 120-200 30% >120-200

  15% 201-300 15% >200-300

  10% 301-400 10% >300-400

  5% >400 5% >400

  •• Only unaltered samples between 50 and 400 mg/dl •• Only unaltered samples between >80 and 300 mg/
dl

  •• At least 8 unaltered samples between >50 and 80 
mg/dl

  •• At least 5 unaltered samples between >300 and 
400 mg/dl

aNot clearly defined but indicated (“trained operators” in ISO 15197:2013).
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reference measurement procedure34,35 which is listed in the 
JCTLM (Joint Committee for Traceability in Laboratory 
Medicine) database.36

User Performance Evaluation Following 
ISO 15197

Analytical performance evaluations under controlled and 
standardized conditions when measurements are performed 
by well-trained laboratory personnel are important to pro-
vide standardized and reproducible information of an SMBG 
system’s measurement quality. However, even with a high-
quality SMBG system it can be difficult for patients to obtain 
accurate results if the system is difficult to handle or if the 
instructions for use are incomplete or unclear. Therefore, 
ISO 15197 also requires a user performance evaluation to 
show if patients with diabetes are able to obtain accurate 
measurement results with a given system. For this purpose, 
measurements shall be performed by the users following the 
instructions of use, without any training or assistance. The 

2013 version of the ISO standard describes the testing proce-
dure for the user performance evaluation much more pre-
cisely than the 2003 version. Also some changes in the 
testing procedure were made (Table 3). The most important 
revision is the definition of acceptance criteria which follow 
closely the minimum criteria for system accuracy: 95% of 
measurement results obtained by the patients shall be within 
±15 mg/dl of the reference value at BG concentrations <100 
mg/dl and within ±15% at BG concentrations ≥100 mg/dl.

FDA Draft Guidance Document

In 2014, the FDA published draft guidance documents with 
requirements for SMBG systems intended for professional 
health care settings ("Blood Glucose Monitoring Test 
Systems for Prescription Point-of-Care Use”; POCT)37 and 
for SMBG systems intended for self-monitoring by lay-per-
sons (“Self-Monitoring Blood Glucose Test Systems for 
Over-the-Counter Use”; OTC).13 Subsequently, the draft 
guidance for POCT will not be discussed here.

Table 3.  User Performance Evaluation Following ISO 15197 Standard.

ISO 15197:2003 ISO 15197:2013

Acceptance criteria 95% of measurements obtained within ±15 
mg/dl of the reference measurement results 
at glucose concentrations <100 mg/dl and 
within ±15% at glucose concentrations 
≥100 mg/dl

Number of test strip lots 3 1
Performance of measurements with 

the SMBG system
At least 50 subjects At least 100 diabetic subjects

Sample type Capillary whole blood Capillary whole blood
Determination of accuracy Results measured by the subjects shall be 

compared to
Results measured by the subjects shall be 

compared to
  •• results obtained with the reference 

measurement procedure
results obtained with the reference 

measurement procedure
  •• results obtained by medical/laboratory 

personnel from the same sample
 

Reference measurement procedure Manufacturer’s measurement procedure Any method with verified metrological 
traceabilitya

Collection of samples for reference 
measurements

Within 5 minutes after the subject’s 
measurement with the SMBG system by 
medical/laboratory personnel

Within 5 minutes after the subject’s 
measurement with the SMBG system by 
medical/laboratory personnel

Training material/practice tests Instructions for use, etc routinely provided 
with the system

Instructions for use, etc routinely provided 
with the system/subjects may be allowed a 
limited number of practice tests

Incorrectly performed 
measurements

The measurement can be repeated if the 
subject reports a mistake (a maximum 
of 3 data exclusions due to incorrectly 
performed measurements shall be allowed)

Human factors User technique observation by the 
medical/laboratory personnel

User technique observation by the medical/
laboratory personnel

Evaluation of the instruction for use Ease of understandingb Ease of understandingc

aNot clearly defined but indicated.
bThe evaluation method is not described in detail.
cThe evaluation method is described in detail.
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According to the draft guidance document for OTC 
SMBG systems, the analytical performance evaluation 
includes the evaluation of measurement precision (measure-
ment repeatability, intermediate measurement precision), the 
evaluation of linearity over the claimed measuring range, the 
evaluation of system accuracy by a method comparison/user 
evaluation and the evaluation of interferences.13 Currently, 
the FDA recommendations for system accuracy are exten-
sively discussed and we also focus on these. The FDA rec-
ommendations for the other analytical evaluations will not 
be considered.

System Accuracy Evaluation

The accuracy criteria recommended by the FDA for SMBG 
systems for OTC use and the respective testing procedures 
differ considerably from that provided by the ISO 15197 
standard (Tables 1 and 4).

Accuracy Criteria.  According to the FDA draft guidance doc-
ument, at least 95% of measurement results shall fall within 
±15% and at least 99% within ±20% of the reference mea-
surement values across the entire claimed measurement 
range of the SMBG system (Table 1). Experts from industry, 
science and medicine are concerned about these quite strict 
minimum accuracy criteria.38-40 The difficulty to meet these 
accuracy criteria becomes particularly obvious for BG con-
centrations at the low end of the measurement range. Most 

current SMBG systems have an indicated measurement 
range of about 10 or 20 mg/dl to 600 mg/dl. Applying the 
FDA criteria for BG concentrations of, for example, 20 mg/
dl means that only 5% of measurement results are allowed 
to exceed the acceptable deviation of ±3 mg/dl and 1% of 
measurement results are allowed to exceed the maximum 
acceptable deviation of ±4 mg/dl. In comparison, ISO 
15197:2013 allows a deviation of ±15 mg/dl for BG concen-
trations <100 mg/dl. According to the FDA draft guidance 
document, manufacturers have to adapt the claimed mea-
surement range if the system does not fulfill the FDA accu-
racy criteria. Glucose values that fall outside of the claimed 
measurement range should be indicated with an error code, 
for example, “low—less than 50.” The FDA requires a mea-
surement range of at least 50 mg/dl to 400 mg/dl. Also at BG 
concentrations of 50 mg/dl, the requirement that 95% of 
measurements shall be within ±7.5 mg/dl (42.5 to 57.5 mg/
dl) is comparably strict, and published data indicate that 
many available systems may not reliably achieve this 
accuracy.15,16,19,25

The FDA also proposes that 3 test strip lots shall be 
included in the accuracy evaluation. However, it remains 
unclear if the criteria must be fulfilled with each of the 3 lots, 
as required by ISO 15197:2013, which is more stringent than 
taking all 3 lots together. When setting such stringent accu-
racy requirements, a high accuracy of the laboratory method 
used for the reference measurements is a prerequisite (see 
above). Regarding the reference measurement procedure, the 

Table 4.  SMBG System Accuracy Evaluation: Test Procedure Requirements Described in the FDA Draft Guidance for Self-Monitoring 
Blood Glucose Test Systems for Over-the-Counter Use, Published in 2014, for Method Comparison/User Evaluation and Accuracy 
Evaluation at Extreme Glucose Values.

FDA

General study design  
Number of test strip lots 3
Reference measurement procedure Any method with verified metrological traceability
Evaluation of the instruction for use Readability assessment using a computer program
Method comparison/user evaluation  
Performance of measurements with the SMBG system At least 350 intended users (at least 10% naïve to the use of SMBG systems)
Training material Instructions for use, etc routinely provided with the system
Collection of samples for reference measurements After the subject’s measurement with the SMBG system by medical/

laboratory personnel
Sample type/number Capillary whole blood/at least 350 each site (fingertip, forearm, palm, etc)
Glucose concentrations •• Samples shall span the measuring range of the system (minimum range of 

50-400 mg/dl is required)
  •• At least 10 unaltered samples <80 mg/dl
  •• At least 10 unaltered samples ≥250 mg/dl
Accuracy evaluation at extreme glucose values  
Performance of measurements with the SMBG system laboratory/medical personnela

Glucose concentrations •• At least 50 capillary samples adjusted to <80 mg/dl
  •• At least 50 capillary samples adjusted to >250 mg/dl
  •• Samples shall cover the lower and upper limits of the claimed measuring 

range (minimum range of 50-400 mg/dl is required)

aNot clearly defined but indicated (“laboratory setting”).
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FDA draft guidance allows, as the ISO 15197:2013, any 
measurement procedure with verified traceability to stan-
dards of higher order.

Test Procedure to Obtain System Accuracy.  In the FDA draft 
guidance document, the test procedure to evaluate system 
accuracy is quite different from the ISO 15197 test procedure 
because the FDA recommends that the intended users per-
form the measurements for the evaluation. Only data at 
extreme glucose values (lower and upper measurement 
range) can be obtained using adjusted samples in a labora-
tory setting (Table 4). For both parts, the method compari-
son/user performance evaluation and the accuracy evaluation 
at extreme glucose values, the accuracy criteria as mentioned 
above shall be applied.

Method Comparison/User Evaluation. For this evaluation part, 
measurements with the SMBG system shall be performed by 
the intended users, that is, people with diabetes (Table 4). At 
least 350 subjects, comprising naïve and non-naïve users, 
shall perform the measurements with the SMBG system fol-
lowing the instructions of use, without any training or assis-
tance. Capillary BG concentrations shall be distributed over 
the entire SMBG system’s measurement range, including at 
least 10 unaltered samples <80 mg/dl and ≥250 mg/dl, respec-
tively (Table 4). However, no recommendations are made 
with respect to a defined distribution into different BG con-
centration intervals—as given in the ISO 15197 standard.

Test Procedure to Obtain System Accuracy.  To evaluate suffi-
cient accuracy data at the lower and upper measurement 
range, the FDA recommends additional studies conducted in 
a laboratory setting with adjusted samples (Table 4). The 
additional study comprises at least 50 samples adjusted to 
glucose concentrations <80 mg/dl and at least 50 samples 
adjusted to glucose concentrations >250 mg/dl. Such sam-
ples shall evenly cover the lower and upper limits of the mea-
surement range.

SMBG System Accuracy—Status Quo

Premarket Requirements

It is clear that high measurement quality, for example, system 
accuracy, is an important aspect for the market approval of 
SMBG systems. The stipulation of more stringent accuracy 
criteria standards applicable for the premarket evaluation, 
such as in ISO 15197:2013 or in the FDA draft guidance docu-
ment is a possible approach to further improve the measure-
ment quality of SMBG systems. For this purpose, different 
aspects, for example, the effectiveness of current SMBG sys-
tems in diabetes management, existing standards, current tech-
nologies and recommendations of experts should be taken into 
account. In addition, criteria should be clinically appropriate 
for the intended use, that is, self-monitoring of BG by patients 

in daily life conditions. Furthermore, the stipulation of more 
stringent accuracy criteria must be balanced with cost increases 
and potential decreases in measurement convenience and sys-
tem usability that can negatively affect the frequency with 
which people with diabetes perform measurements.

Currently, the premarket evaluation of SMBG systems is 
a 1-time procedure which is usually conducted by the manu-
facturer itself and often criticized to be a nontransparent pro-
cess.41,42 Since independent premarket evaluations are 
required neither in the United States nor in the European 
Union, a selection of test strip lots by the manufacturer for 
the premarket evaluations can not be excluded. The FDA 
stipulates that each released test strip should conform to the 
labeled performance and requires a description of the lot 
release criteria in the premarket notification. In contrast, in 
Europe, regular and standardized evaluations of test strip lots 
from routine production are not required once an SMBG sys-
tem is available on the market.

Postmarketing Performance Data

Over the last years a number of evaluation studies were pub-
lished showing that not all available SMBG systems comply 
with currently still applicable ISO 15197:2003 accuracy 
standards.14,16,18,23,43 Unsurprisingly, a remarkable number of 
systems failed to meet the more stringent accuracy criteria of 
the new version of this standard.14,16,23,44 However, accuracy 
data of such postmarketing evaluations do not allow for a 
general conclusion regarding the measurement performance 
of a given SMBG system as this evaluation is usually limited 
to a small number of lots. Nevertheless, these study results 
show that considerable variations in the measurement quality 
of distributed test strip lots can occur, between different 
SMBG systems as well as in the same system. In practice, 
most of the patients and health care professionals are even 
not aware of lot-to-lot variations when they interpret BG 
measurement results and make therapeutic decisions. 
Therefore, the implementation of independent postmarketing 
surveillance programs is important to ensure sufficient accu-
racy of all test strip lots available for patients.

Conclusion

In the EU, the ISO standard 15197 is applicable for the pre-
market evaluation of SMBG systems. In 2013, a revision of 
this standard was published for which compliance is recom-
mended in 2016. Regarding analytical performance evalua-
tions, some relevant changes were introduced in the new 
version of this standard, for example, the evaluation of influ-
ence quantities, the number of test strip lots being evaluated, 
and the reference measurement procedure. In addition, sys-
tem accuracy criteria are more stringent. In the United States, 
the FDA recently published its recommendations with stricter 
SMBG system accuracy criteria and evaluation procedures 
that differ considerably from ISO 15197. The establishment 
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of more stringent accuracy criteria for the premarket evalua-
tion is an approach to improve the measurement quality of 
SMBG systems; however, this requires very close attention 
to the respective evaluation procedure, for example, the ref-
erence measurement procedure used. Therefore, the estab-
lishment of a harmonized reference measurement procedure 
for all SMBG systems with verified traceability to standards 
of higher order should be considered. In addition, the estab-
lishment of independent postmarketing controls should also 
be implemented as an approach toward improved measure-
ment quality of SMBG systems in daily life of patients with 
diabetes. To ensure similar requirements for SMBG systems’ 
measurement performance and the respective evaluation pro-
cedures all over the world, the establishment of an interna-
tional consensus standard would be helpful.
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