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S elf-monitoring of blood glucose (SMBG) is an important component of the management of type 1 and type 2 diabetes, enabling patients to 
improve glycemic control. SMBG helps patients understand when hypoglycemia or hyperglycemia occurs in relation to medications, food 
intake, health state, exercise or other activities, and facilitates patient education about diabetes and its management. However, effective 

utilization of SMBG requires that patients can correctly interpret their blood glucose results and take appropriate actions when needed. In 
addition, some blood glucose monitoring systems (BGMS) have limitations in terms of accuracy and ease of use. This article reviews the benefits 
of SMBG and discusses factors affecting efficacy of SMBG. We describe several new features in OneTouch® BGMS (LifeScan Inc., Wayne, PA, US), 
designed to improve SMBG efficacy, and review pertinent data on accuracy, patient and healthcare provider satisfaction, and the impact of these 
features on patient decision-making and glycemic control.
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Diabetes poses a huge health burden in the US. In the most recent national assessment for 2015, 

it is estimated that diabetes affects 9.4% of the US population, with costs of diagnosed diabetes 

reaching $245 billion annually.1 Additionally, it is estimated that 33.9% of US adults are prediabetic and 

25.2% of those aged 65 years or older have a diagnoses of diabetes.1 Diabetes is a complex disease 

requiring on-going medical care and patient self-management to prevent both acute complications 

and lower the risk of long-term health effects.2 Although glycated hemoglobin (HbA1c) is considered 

the standard measure of long-term glycemic control in diabetes, it does not provide information 

regarding incidence of hypoglycemic events or glycemic variability.3 Self-monitoring of blood glucose 

(SMBG) by patients is an integral part of intensive glycemic treatment, widely believed to improve the 

control of blood glucose (BG) levels and health outcomes.4 

Benefits of self-monitoring of blood glucose
SMBG is an important component of disease management in both type 1 diabetes (T1D) and type 2 

diabetes (T2D), allowing patients to evaluate their individual response to therapy and assess whether 

they are achieving glycemic targets.5,6 Furthermore, SMBG helps patients with diabetes in many ways 

including: immediately confirming hypoglycemia or hyperglycemia; detecting BG levels that are “out-

of-range” so therapeutic adjustments can be made to meet long-term glycemic targets; facilitating 

patient education as to glycemic responses to medications, food, health state, exercise, or other 

activities; giving patients more responsibility in the self-management of their disease; and it can help 

to motivate healthier behaviors in patients.7

While SMBG is crucial to the self-management of insulin-treated diabetes, the benefit of SMBG has not 

been demonstrated consistently in non-insulin treated T2D.8-12 However, variations in study population, 

design, and type of SMBG intervention may contribute to the lack of consistent findings. The most 

recent meta-analysis on SMBG, encompassing 15 randomized clinical trials, and a total of 3,383 

patients, concluded that SMBG improved HbA1c levels, both short-term (≤6-month follow-up) and 

long-term (≥12-month follow-up), in patients with T2D who were not using insulin.13

Factors effecting efficacy in self-monitoring of blood glucose
Studies on the efficacy of SMBG often fail to consider how real-world conditions can affect the 

performance of monitoring equipment, and that patients vary in their ability to interpret and 

take action on test results. Inaccurate blood glucose monitoring systems (BGMS) can also lead to 

adverse health effects, and there is a growing need for post-market surveillance to ensure that 
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these systems routinely meet their labeled accuracy performance in 

real-world settings.14 Additionally, the benefits of SMBG can be negated 

by poor patient education on how to interpret the numbers displayed, 

coupled with a lack of understanding about appropriate interventions 

following out-of-range BG readings.

Accuracy standards
In 2013, revisions were made to the 2003 International Organization 

for Standardization (ISO) ISO15197:2003 BGMS accuracy standards 

(ISO15197:2013) to address the need for more stringent accuracy 

requirements.15 The requirement states that 95% of BG readings fall within 

15 mg/dl (for BG <100 mg/dl), or within 15% (for BG ≥100 mg/dl) of a 

reference standard. Recent investigations on the accuracy of BG meters 

have found that many do not meet the new ISO standard.16-20 In 2016, the US 

Food and Drug Administration (FDA) released a draft guidance document 

for BGMS that contains additional performance evaluation criteria stating 

that across the entire claimed measurement range of the SMBG system at 

least 95% of measurement results shall fall within ±15% and at least 99% 

within ±20% of the reference measurement values.21 

Real-world accuracy
Sources of error in BGMS that can alter BGMS readings, include variations 

in strip manufacture and storage, environmental factors (e.g., temperature), 

patient factors (e.g., insufficient hand washing), medical factors (e.g., 

hematocrit), and pharmacological factors (e.g., interference from certain 

medications).22,23 Furthermore, during strip manufacture, including variation 

in material components and manufacturing process can also introduce 

variation in BG readings. Additionally, BG strips have a typical shelf-life of 

approximately 21–24 months, which may be further reduced if stored at 

high temperatures or humidities outside the directions for use. Physical 

factors such as altitude, humidity, and temperature at time of measurement 

may also affect BG readings, and certain medications, (acetaminophen 

being a well-known example), can interfere with BG measurements in 

electrochemical systems.22,24 Despite these sources of variability, it is 

estimated that more than 90% of BGMS inaccuracies are caused by 

incorrect patient use of BG meters.25 For example, in day-to-day use a 

substantial number of patients do not wash their hands before measuring 

BG. In addition, handling of high sugar foods such as fruit, can leave traces 

of glucose on the skin that may confound SMBG results. Lastly, patients do 

not always store test strips appropriately or pay attention to use-by dates. 

Since many of these handling problems are due to inadequate patient 

education, the ease of BGMS use and the quality of the manufacturer’s 

instructions for use are crucial for reliable and accurate BG measurements.

Patient numeracy
Improved patient outcomes in diabetes rely heavily on the ability of patients 

to understand instructions from their healthcare professional (HCP) and 

Table 1: Characteristics of blood glucose test strips in the OneTouch family of meters

Blood glucose strip type

OneTouch Ultra OneTouch Select Plus OneTouch Verio OneTouch Ultra Plus

Launch date 2000 2015 2010 2018

ISO15197 standard conformance 2003 2013 2013 2013

Electrode design co-planar co-planar co-facial co-facial

Electrode material carbon-based carbon-based thin film precious metals1 thin film precious metals1

Enzyme glucose oxidase glucose oxidase FAD-GDH2 FAD-GDH2

Blood sample volume 1.0 µl 1.0 µl 0.4 µl 0.4 µl

Hematocrit range 30–55% 30–55% 20–60% 20–60%

Test time 5 sec 5 sec (average) 5 sec 5 sec

1Gold and palladium. FAD-GDH = flavine adenine dinucleotide glucose dehydrogenase; ISO = International Organization for Standardization; sec = seconds.
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Figure 1: OneTouch blood glucose monitoring test  
strip systems

A: OneTouch Verio test strip system. Reproduced with permission from Katz et al., 2015.33 
B: OneTouch Select Plus test strip system. Reproduced with permission from Setford et 
al., 2015.30
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make appropriate decisions for disease management. Numeracy skills are 

important for the interpretation of BG readings, calculating carbohydrate 

intake, and determining adjustments in medication. Numeracy is a 

significant issue in diabetes self-management,4,26,27 and patients with low 

numeracy skills are associated with fewer self-management behaviors26 

and sub-optimal glycemic outcomes.28 In a recent survey, only 42% of HCPs 

believed that most of their patients could easily or very easily recognize 

whether their results were within the correct BG target range when 

performing SMBG at home.29

Increasing efficacy in blood glucose  
monitoring systems
To increase efficacy in SMBG, systems need to be easy to use, provide 

accurate results, provide ‘in-the-moment’ information, and increase insights 

for all patients, including those with low numeracy skills. We discuss data 

on SMBG using OneTouch® BGMS (LifeScan Inc., Wayne, PA, US), outlining 

newer features designed to promote increased BG testing efficacy.

Glucose test strips
OneTouch BG meters are designed for use with one of four types of 

electrochemical test strips: OneTouch Ultra, OneTouch Select Plus, 

OneTouch Verio, and One Touch Ultra Plus (Table 1). OneTouch Ultra test 

strips use the enzyme glucose oxidase and meet the ISO15197:2003 

accuracy requirements. The newer OneTouch Select Plus test strips also 

use the enzyme glucose oxidase and meet the ISO15197:2013 accuracy 

requirements.30 OneTouch Verio and OneTouch Ultra Plus test strips 

also meet ISO15197:2013 requirements, and use gold and palladium 

based electrodes and the enzyme flavin adenine dinucleotide glucose 

dehydrogenase (FAD-GDH) to minimize interference from other non-

glucose sugars. The electrochemical assay methods and designs used in 

Select Plus and Verio test strips are shown in Figure 1.

Glucose meters
OneTouch test strips are designed for use in the meters shown in Figure 2.  

OneTouch meters have proprietary support tools that assist users in 

interpreting and understanding their BG results plus a variety of features to 

fit different patient needs. For example, OneTouch Select Plus has a three-

color range indicator that can be customized to meet individual glucose 

targets and a high resolution, easy to read, backlit screen. OneTouch Verio 

IQ features automatic color-coded messages for high and low patterns, 

easy one-step meal tagging, a rechargeable battery, and an illuminated 

test strip port for testing in the dark. OneTouch Verio provides automatic 

messages with every result, offering feedback and positive reinforcement 

on how patients are doing managing their BG. OneTouch Verio Flex meters 

help patients instantly know if their result is in- or out-of-range via a color 

range indicator and big, easy-to-read numbers, and features capability for 

BG readings to be transmitted wirelessly to diabetes apps on compatible 

mobile devices. OneTouch Verio Vue has colorful visuals to help patients 

easily understand highs and lows over time, an audio testing reminder, and 

a strip ejector button to satisfy regions where there is sensitivity to handling 

used BG strips.

Blood glucose monitoring systems accuracy
OneTouch Verio test strips have been reported to be accurate over a variety 

of patient, environmental, and pharmacologic conditions.31-34 Verio test 

strips are combined with a complex waveform and proprietary algorithm 

to generate a multi-featured time-current transient response, which can be 

interrogated to identify and hence minimize the effect of interferents arising 

from the test sample matrix, thus providing more accurate glucose results. 

To evaluate the performance of Verio test strips at hypoglycemic BG levels 

(<70 mg/dL), an analysis was performed using data from seven separate 

studies (n=700) conducted at two different clinic locations.32 It was found 

that BGMS utilizing Verio test strips met both the ISO15197:2013 accuracy 

requirements of at least 95% of measurements being within ±15 mg/dl, or 

15% of reference values, and within a stricter ±10 mg/dl or 10% criterion. 

Similar results were found across all seven studies, importantly with all BGMS 

supporting the accuracy of the Verio test strip at low BG levels. In another 

study, hematocrit interference over the labeled range of 20–60% did not affect 

Verio test strip performance.35 In a study summarizing 7 years of post-market 

surveillance of Verio strips conducted between 2010–2016 incorporating 

73,600 individual glucose results, Verio test strips consistently demonstrated 

excellent clinical accuracy in accordance with ISO15197:2013, both across 

the claimed range of BG and hematocrit, and also under the combined  

conditions of high and low glucose at hematocrit extremes (Table 2).36
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Figure 2: OneTouch glucose test strips and blood glucose monitoring systems

Reproduced with permission from Lifescan Inc.
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In separate clinical evaluations, OneTouch Verio IQ, OneTouch Verio, and 

OneTouch VerioVue meters, which each use Verio test strips, all met 

the ISO15197:2013 accuracy standards for system accuracy and user 

performance.33 In user performance tests, the patients perform the SMBG 

test themselves without any assistance from the technician. These BGMS 

met ISO15197:2013 requirements over a wide range of hematocrit values.

The OneTouch Verio Flex BGMS has been recently introduced into the 

market. The device uses an optimized algorithm to further improve low 

glucose accuracy and has Bluetooth® Smart (Bluetooth SIG, Inc., Kirkland, 

WA,US) functionality to connect with compatible wireless devices. In a clinical 

evaluation, OneTouch Verio Flex BGMS met user performance and system 

accuracy ISO15197:2013 requirements (Figure 3A).37 In addition, 100% of the 

BG measurements were within consensus error grid zones A and B (Figure 

3B), indicating no effect (Zone A) or little or no effect (Zone B) on clinical 

outcomes.38 In a recent independent clinical evaluation by Baumstark et al., 

three different Verio strip lots in OneTouch Verio Flex meters each fulfilled 

accuracy requirements of ISO15197:2013, with at least 99.5% of the 200 

measurements in each lot within the required limits (±15 mg/dl or ±15%), 

and 100% of the 600 measurements within consensus error-grid zones A 

and B.39 Furthermore, 95.5%, 96.5%, and 98.0% of measurement results were 

within ±10 mg/dl or ±10% of the reference instrument in the three lots.

In clinical studies using capillary blood, system accuracy, and user 

performance results for the OneTouch Ultra Plus Flex BGMS, each met 

ISO15197:2013 requirements. A total of 595/600 (99.2%) of system 

accuracy results and 161/166 (97.0%) of user performance results were 

within reference standard requirements (data on file). In a laboratory setting 

using donated venous blood, hematocrit performance and performance 

requirements for 26 common endogenous and exogenous interference 

substances also met ISO15197:2013 requirements (data on file).

BGMS which use OneTouch Select Plus test strips also meet all 

ISO15197:2013 requirements.30 The strip design incorporates additional 

electrodes that interrogate a key property of the sample (impedance) to 

estimate the level of hematocrit present within the sample coupled to a 

proprietary algorithm to provide BG results that meet the requirements of 

the 2013 ISO standard.30 

Table 2: OneTouch Verio test strip clinical blood glucose accuracy over time

% within specification % within consensus error grid zone

Year n ±12 mg/dl or ±15% ±15 mg/dl or ±15 % A zone B zone A+B zone C zone

2010 8,179 97.7 98.2 99.71 0.27 99.98 0.02

2011 16,432 96.8 97.3 99.62 0.38 100 0

2012 12,469 97.9 98.0 99.51 0.49 100 0

2013 14,053 97.7 98.0 99.59 0.38 99.97 0.03

2014 9,880 98.6 98.6 99.77 0.23 100 0

2015 5,818 97.3 97.7 99.95 0.05 100 0

2016 6,769 96.7 97.0 99.65 0.35 100 0

Total 73,600 97.5 97.8 99.65 0.34 99.99 0.01

Values shown are using a bias of ±12 mg/dL (samples <80 mg/dl) or ±15% (samples ≥80 mg/dL); or using a bias of ±15 mg/dL (samples <100 mg/dl) or ±15% (samples ≥100 mg/dL) 
(ISO15197:2013 specification). In addition, the percentage of samples with a bias falling within the A, B, A+B and C Zones of the consensus error grid are shown. Zone A, no effect on 
clinical action; Zone B, altered clinical action – little or no effect on clinical outcomes; Zone C, altered clinical action – likely to affect clinical outcomes. Reproduced with permission 
from Setford et al., 2017.36
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Figure 3: Overall accuracy of OneTouch Verio Flex blood glucose monitoring system

A: System accuracy blood glucose bias plot. Blue dots (n=597) represent blood glucose results within the ±15 mg/dl (<100 mg/dl) or ±15% (≥100 mg/dl) accuracy limit lines for 3 lots.  
Red dots (n=3) represent blood glucose results outside these limits. B: Consensus error grid blood glucose plot. Zone A, no effect on clinical action; Zone B, altered clinical action – 
little or no effect on clinical outcomes; Zone C, altered clinical action – likely to affect clinical outcomes; Zone D, altered clinical action – could have significant medical risk; Zone E, 
altered clinical action – could have dangerous consequences. N=600 data points (200 per test lot). All data points fall within Zone A. YSI = Yellow Springs Instruments. Reproduced with 
permission from Katz et al., 2016.37
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Meter simplicity/ease-of-use 
As mentioned previously, most BGMS inaccuracies result from incorrect 

patient use of the meters.40 To increase efficacy in SMBG and decrease 

patient handling errors, BGMS need to be simple and easy to use. Several 

studies have evaluated patient and/or HCP feedback on the ease-of-use of 

OneTouch glucose meters. In a study by Katz et al., patient satisfaction with 

the OneTouch Select Plus Simple meter was evaluated in a home setting.29 

As the name suggests, Select Plus Simple is designed as a simple meter 

with a large display, big easy-to-read numbers and no buttons. A total of 

97% of patients strongly agreed or agreed that “the meter is so straight 

forward, I could use it right out of the box”. In evaluations of the OneTouch 

Verio Flex meter in patients and HCPs, high levels of satisfaction were also 

reported.37 Ninety-two percent of HCPs agreed that the meter would be 

simple and easy for patients to learn. In an evaluation of patient experience 

with the OneTouch Verio meter, 97% of participants found it easy to use and 

99% found the results easy to understand.41

Color range indicators
The ability of patients with diabetes to successfully achieve glycemic 

control depends, in part, on their ability to identify and interpret glucose 

results and respond appropriately to abnormal values. A color range 

indicator is a recent feature in several OneTouch meters to simplify 

data interpretation and improve ease-of-use. Color range indicators in 

OneTouch BGMS utilize ColorSure™ Technology, which uses color to 

indicate whether BG levels are low (blue), in-range (green) or high (red) 

based on default target glucose ranges or ranges set by the patient or 

HCP (Figure 4). When patients were surveyed on their use of color in the 

OneTouch Verio Flex meter, 93% of patients agreed or strongly agreed 

that color made results simple and quick to understand and helped them 

easily interpret their BG readings.37

In a study to determine if color could improve patients’ ability to interpret 

BG values, 59 subjects with T2D were tested on their ability to categorize 

BG values into low, in-range, and high glycemic ranges.42 After a short 

interactive session with a meter simulator that used ColorSure technology, 

the ability of subjects to correctly categorize BG values into recommended 

ranges was significantly improved, and 90% of patients agreed that 

ColorSure technology “helps me easily interpret my BG readings”. 

Another study in 179 subjects with T2D or T1D reported that both groups 

significantly improved their ability to categorize BG results into correct 

glycemic ranges after experience with a meter that used color (Figure 5).43  

Grady et al. evaluated whether numeracy skills influences decision-making 

in people with T1D and T2D using a meter with color range indicators.44 

Subjects with low numeracy were more likely to take action for high BG 

results shown with color (61%) than without color (39%). In addition, 68% 

of all subjects tested agreed or strongly agreed that “ColorSure technology 

makes it simpler to know when to act compared to a meter without color” 

and that “color could help them understand when they need to take action 

along with the BG number”.

The use of color range indictors has also been shown to assist in the 

improvement of patients’ metabolic control and diabetes management. 

In a recent study in 163 subjects with T1 and T2, HbA1c decreased by 

0.4% after 12 weeks in subjects who were switched to OneTouch Verio 

and Verio Flex meters (with color range indicators), compared to a control 

group who continued to use their own meter without color indicators 

(p=0.01) (data on file).

A) B) C)

Figure 4: Blood glucose monitor color range indicator screens 
in (A) OneTouch Select Plus, (B) OneTouch Verio Flex, and (C) 
OneTouch Verio

Reproduced with permission from Grady et al., 2016.43 
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After exposure to the color range indicator tool, the average correct number of 
responses increased to 46.1 of 50 questions (48.4 T1D; 45.5 T2D), representing a 28% 
improvement versus baseline responses (p<0.001). The bars show the improvement (or 
decline) in score for each individual subject. T1D = type 1 diabetes; T2D = type 2 diabetes. 
Reproduced with permission from Grady et al., 2016.43
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Pattern recognition
To determine the best course of glycemic management, patients have 

traditionally recorded their BG measurements in a paper logbook for review 

by their HCP, a practice that is time consuming for both patient and HCP. 

Furthermore, errors may be introduced and fear of negative feedback 

can cause some patients to inaccurately represent their data. Because 

office visits with a HCP are often short, less time spent on logbook review 

could allow better individual disease management. Some BGMS contain 

algorithms that instantly recognize high and low BG patterns or trends 

and alert the users in real-time. The use of pattern recognition tools can 

aid both the HCP in evaluating patient glycemic history and the patient by 

providing ‘real time’ messaging which may prevent untoward events, such 

as severe hypoglycemia.45 

In a study that evaluated glucose pattern recognition tools, 71.3% of 

study subjects indicated that they preferred to use a meter with pattern 

messages.46 OneTouch Verio IQ incorporates PatternAlert™ (LifeScan 

Inc., Wayne, PA, US) technology, which analyses BG readings in the 

meter’s memory, identifies glycemic patterns, and notifies the user with 

a message in ‘real time’. In a study by Katz et al., 64 HCPs were asked 

to assess glycemic patterns and estimate BG averages in handwritten 

logbooks and in data from the OneTouch Verio IQ meter.47 Review of data 

sets from this meter was associated with faster and more accurate pattern 

analysis when compared with handwritten logbooks, with pattern review 

taking an average time of 7.3 min for handwritten logbooks versus 0.9 min 

using the meter (Figure 6A). The total pattern recognition error rate of 43% 

when using a logbook was also significantly reduced by using the meter to 

identify patterns (Figure 6B).

When the recognition of BG patterns in simulated logbooks was compared 

to using the OneTouch Verio meter, it was found that use of this meter 

resulted in four times faster recognition of BG patterns by HCP.41 When 

surveyed on the value of this BGMS, 97% of HCPs agreed that the range 

indicator, automatic pattern messaging, and progress notes features would 

make interpreting the results much easier for patients with diabetes, 

compared with a traditional meter. A survey of patients using OneTouch 

Verio meter for one week found that 93% agreed that the meter “helps 

me to better understand my results so I can make better decisions”. 

Importantly, a 6-month observational study of 193 subjects using OneTouch 

Verio meters resulted in significant improvements in glycemic control, as 

demonstrated by a decrease in mean HbA1c levels from 8.7% at baseline to 

8.1% after 3 months, and 7.9% at 6 months (both p<0.0001).48 Additionally, 

based on the validated Diabetes Self-Management Questionnaire (DSMQ) 

instrument, patients’ general perception improved significantly by the end 

of the study. Both patients and diabetes educators agreed that color-coded 

indicator and pattern recognition in the meter assisted patients in their 

diabetes management.

Connectivity to diabetes management apps
Cloud-connected diabetes applications offer the potential for flexible 

patient care, allowing HCPs to monitor patient progress and deliver care 

remotely. OneTouch Reveal® is a cloud-based application with both web 

and mobile versions that collects BG data and provides analytics to better 

inform treatment choices and lifestyle decisions. The OneTouch Reveal 

application summarizes BG or insulin data, and presents trends and BG 

patterns using a color-coded display. It also delivers online educational tips 

and enables sharing of patient data with their HCP in ‘real time’.

In a study exploring patient experiences using the web-based Reveal 

application in combination with OneTouch Verio meters, subjects uploaded 

BG results to Reveal over the course of 12 weeks.49 HCP telephone 

consultations occurred at 4 and 8 weeks following remote review by the 

HCP of the BG data. Use of OneTouch Verio meters in combination with 

the OneTouch Reveal web-based app improved glycemic control with a 

mean HbA1c decrease of 0.4% (p<0.001). A total of 83% of patients agreed 

or strongly agreed, that “Reveal helped them to consider the choices they 

made”, and that “Reveal helped them to see the big picture and motivated 

them to stick to their plan”.

OneTouch Verio Flex meters have Bluetooth® technology, allowing it to 

send BG data off-meter to software/apps on compatible wireless devices 

such as a smart phone. To determine HCP satisfaction with the OneTouch 

Reveal mobile app, a diverse group of HCPs were surveyed for their opinion 

of the OneTouch Verio Flex meter alone and in combination with OneTouch 

Reveal.37 Eighty-eight percent of HCPs agreed that the mobile application 

could help reinforce treatment recommendations with patients, and 91% 

agreed that along with treatment recommendations, combined use of the 

meter and mobile app could help patient engagement between HCP visits. 

In a 24-week outcome study in patients with T1 and T2D, patient experiences 

and changes in glycemic control were assessed using OneTouch Verio Flex 

with wireless connectivity to OneTouch Reveal.50 Patients were randomly 

assigned to use the glucose meter alone (n=66) or the meter plus the 

OneTouch Reveal app (n=62) and clinical measures and self-reported 

outcomes were assessed at baseline, week 12 and week 24. Patients in 

the meter plus app group also received text messages from an HCP every 
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versus the meter. B. Error rate (patterns and 30-day BG average) using a logbook versus 
the meter. Data are mean ± standard error of the mean of 64 values. Reproduced with 
permission from Katz et al, 2013.47



US ENDOCRINOLOGY8

Supplement  Blood Glucose Monitoring

1. CDC, 2017 National Diabetes Statistics Report 2017. Available at: 
www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-
statistics-report.pdf (accessed June 25, 2017).

2. American Diabetes Association. Standards of medical care in 
diabetes--2013, Diabetes Care, 2013;36 Suppl 1:S11–66.

3. Dailey G, Assessing glycemic control with self-monitoring of blood 
glucose and hemoglobin A(1c) measurements, Mayo Clin Proc, 
2007;82:229–35; quiz 236.

4. Kirk JK, Stegner J, Self-monitoring of blood glucose: practical 
aspects, J Diabetes Sci Technol, 2010;4:435–9.

5. Garber AJ, Abrahamson MJ, Barzilay JI, et al., Consensus statement 
by the American Association of Clinical Endocrinologists and 
American College of Endocrinology on the comprehensive type 2 
diabetes management algorithm--2016 executive summary, Endocr 
Pract, 2016;22:84–113.

6. American Diabetes Association. Glycemic Targets, Diabetes Care, 
2015;38:S33–S40.

7. Klonoff DC, Benefits and limitations of self-monitoring of blood 
glucose, J Diabetes Sci Technol, 2007;1:130–2.

8. Kempf K, Tankova T, Martin S, ROSSO-in-praxi-international: long-
term effects of self-monitoring of blood glucose on glucometabolic 
control in patients with type 2 diabetes mellitus not treated with 
insulin, Diabetes Technol Ther, 2013;15:89–96.

9. Sarol JN, Jr., Nicodemus NA, Jr., Tan KM, et al., Self-monitoring 
of blood glucose as part of a multi-component therapy among 
non-insulin requiring type 2 diabetes patients: a meta-analysis 
(1966-2004), Curr Med Res Opin, 2005;21:173–84.

10. Garcia de la Torre N, Duran A, Del Valle L, et al., Early management 
of type 2 diabetes based on a SMBG strategy: the way to diabetes 
regression--the St Carlos study : a 3-year, prospective, randomized, 
clinic-based, interventional study with parallel groups, Acta 
Diabetol, 2013;50:607–14.

11. Harashima S, Fukushima T, Sasaki M, et al., Self-monitoring of blood 
glucose (SMBG) improves glycaemic control in oral hypoglycaemic 
agent (OHA)-treated type 2 diabetes (SMBG-OHA study), Diabetes 
Metab Res Rev, 2013;29:77–84.

12. Poolsup N, Suksomboon N, Rattanasookchit S, Meta-analysis of the 
benefits of self-monitoring of blood glucose on glycemic control 
in type 2 diabetes patients: an update, Diabetes Technol Ther, 
2009;11:775–84.

13. Zhu H, Zhu Y, Leung SW, Is self-monitoring of blood glucose 
effective in improving glycaemic control in type 2 diabetes without 
insulin treatment: a meta-analysis of randomised controlled trials, 
BMJ Open, 2016;6:e010524.

14. Klonoff DC, Lias C, Beck S, et al., Development of the Diabetes 
Technology Society Blood Glucose Monitor System Surveillance 
Protocol, J Diabetes Sci Technol, 2016;10:697–707.

15. International Organization for Standardization. ISO 15197:2013 In 
vitro diagnostic test systems -- Requirements for blood-glucose 
monitoring systems for self-testing in managing diabetes mellitus, 
2013. Available at: www.iso.org/standard/54976.html (accessed 
March 20, 2017).

16. Hasslacher C, Kulozik F, Platten I, Analytical performance of 
glucose monitoring systems at different blood glucose ranges 
and analysis of outliers in a clinical setting, J Diabetes Sci Technol, 
2014;8:466–72.

17. Freckmann G, Pleus S, Link M, et al., Accuracy evaluation of  
four blood glucose monitoring systems in unaltered blood 
samples in the low glycemic range and blood samples in the 
concentration range defined by ISO 15197, Diabetes Technol Ther, 
2015;17:625–34.

18. Link M, Schmid C, Pleus S, et al., System accuracy evaluation of four 
systems for self-monitoring of blood glucose following ISO 15197 
using a glucose oxidase and a hexokinase-based comparison 
method, J Diabetes Sci Technol, 2015;9:1041–50.

19. Freckmann G, Baumstark A, Schmid C, et al., Evaluation of 12 
blood glucose monitoring systems for self-testing: system 
accuracy and measurement reproducibility, Diabetes Technol Ther, 
2014;16:113–22.

20. Klaff LJ, Brazg R, Hughes K, et al., Accuracy evaluation of contour 
next compared with five blood glucose monitoring systems across 
a wide range of blood glucose concentrations occurring in a clinical 
research setting, Diabetes Technol Ther, 2015;17:8–15.

21. Guidance for Industry and Food and Drug Administration Staff. The 
Content of Investigational Device Exemption (IDE) and Premarket 
Approval (PMA) Applications for Artificial Pancreas Device Systems, 
2016. Available at: www.fda.gov/downloads/MedicalDevices/
DeviceRegulationandGuidance/GuidanceDocuments/UCM259305.
pdf (accessed June 15, 2017).

22. Ginsberg BH, Factors affecting blood glucose monitoring:  
sources of errors in measurement, J Diabetes Sci Technol, 
2009;3:903–13.

23. Tonyushkina K, Nichols JH, Glucose meters: a review of technical 
challenges to obtaining accurate results, J Diabetes Sci Technol, 
2009;3:971–80.

24. Heinemann L, Quality of glucose measurement with blood glucose 
meters at the point-of-care: relevance of interfering factors, 
Diabetes Technol Ther, 2010;12:847–57.

25. Erbach M, Freckmann G, Hinzmann R, et al., Interferences and 
limitations in blood glucose self-testing: an overview of the current 
knowledge, J Diabetes Sci Technol, 2016;10:1161–8.

26. Cavanaugh K, Huizinga MM, Wallston KA, et al., Association of 
numeracy and diabetes control, Ann Intern Med, 2008;148:737–46.

27. Cavanaugh K, Wallston KA, Gebretsadik T, et al., Addressing 
literacy and numeracy to improve diabetes care: two randomized 
controlled trials, Diabetes Care, 2009;32:2149–55.

28. Marden S, Thomas PW, Sheppard ZA, et al., Poor numeracy skills 
are associated with glycaemic control in Type 1 diabetes, Diabet 
Med, 2012;29:662–9.

29. Katz LB, Grady M, Stewart L, et al., Patient and health-care 
professional satisfaction with a new, simple, high accuracy blood 
glucose meter with color range indicator, Indian J Endocrinol 
Metab, 2017;21:322–8.

30. Setford S, Smith A, McColl D, et al., Evaluation of the performance 
of the OneTouch Select Plus blood glucose test system against ISO 
15197:2013, Expert Rev Med Devices, 2015;12:771–81.

31. Bailey T, Chang A, Rosenblit PD, et al., A comprehensive evaluation 
of the performance of the test strip technology for OneTouch Verio 
glucose meter systems, Diabetes Technol Ther, 2012;14:701–9.

32. Bellary S, Cameron H, Macleod K, et al., Clinical evaluation of 
a novel test strip technology for blood glucose monitoring: 
accuracy at hypoglycaemic glucose levels, Diabetes Res Clin Pract, 
2012;98:430–5.

33. Katz LB, Macleod K, Grady M, et al., A comprehensive evaluation of 
strip performance in multiple blood glucose monitoring systems, 
Expert Rev Med Devices, 2015;12:263–71.

34. Macrury S, Srinivasan A, Mahoney JJ, Performance of a new meter 
designed for assisted monitoring of blood glucose and point-of-
care testing, J Diabetes Sci Technol, 2013;7:389–98.

35. Teodorczyk M, Cardosi M, Setford S, Hematocrit compensation in 
electrochemical blood glucose monitoring systems, J Diabetes Sci 
Technol, 2012;6:648–55.

36. Setford S, Grady M, Phillips S, et al., Seven year surveillance of  
the clinical performance of a blood glucose test-strip product,  
J Diabetes Sci Technol, 2017; 1155–62.

37. Katz LB, Grady M, Stewart L, et al., Patient and healthcare 
professional satisfaction with a new, high accuracy blood glucose 
meter with color range indicator and wireless connectivity, Expert 
Rev Med Devices, 2016;13:619–26.

38. Parkes JL, Slatin SL, Pardo S, et al., A new consensus error  
grid to evaluate the clinical significance of inaccuracies in  
the measurement of blood glucose, Diabetes Care, 2000;23:1143–8.

39. Baumstark A, Jendrike N, Pleus S, et al., Accuracy evaluation of a 
new system for self-monitoring of blood glucose with three test 
strip lots based on ISO15197:2013, J Diabetes Sci Technol, 2017; 
doi: 10.1177/1932296817730380. [Epub ahead of print]:.

40. Klonoff DC, Blonde L, Cembrowski G, et al., Consensus report: the 
current role of self-monitoring of blood glucose in non-insulin-
treated type 2 diabetes, J Diabetes Sci Technol, 2011;5:1529–48.

41. Katz LB, Stewart LS, Levy BL, Benefits to health care professionals 
and patients with diabetes of a novel blood glucose meter that 
provides pattern recognition and real-time automatic messaging 
compared to conventional paper logbooks, International Diabetes 
Nursing, 2015;12:27–33.

42. Grady M, Warren G, Levy BL, et al., Interactive exposure with a 
blood glucose monitor with a novel glucose color range indicator 
is associated with improved glucose range interpretation and 
awareness in patients with type 2 diabetes, J Diabetes Sci Technol, 
2015;9:841–8.

43. Grady M, Katz LB, Cameron H, et al., A comprehensive evaluation 
of a novel color range indicator in multiple blood glucose meters 
demonstrates improved glucose range interpretation and 
awareness in subjects with type 1 and type 2 diabetes, J Diabetes 
Sci Technol, 2016;10:1324–32.

44. Grady M, Strunk CS, Katz LB, et al, The impact of a novel blood 
glucose monitor based color range indicator on decision making 
in patients with type 1 and type 2 diabetes and its association with 
patient numeracy level, J Internet Medical Research (Submitted), 
2017;.

45. Lee-Davey J, Alexander S, Raja P, Clinical patterns of low blood 
glucose identified by a pattern algorithm may predict increased risk 
of severe hypoglycemia in the following 24-hour period. Presented 
at the 4th International Conference on Advanced Technologies & 
Treatments for Diabetes (ATTD), 16-19 Feb. 2011, London, UK.

46. Grady M, Campbell D, MacLeod K, et al., Evaluation of a blood 
glucose monitoring system with automatic high- and low-pattern 
recognition software in insulin-using patients: pattern detection 
and patient-reported insights, J Diabetes Sci Technol, 2013;7:970–8.

47. Katz LB, Dirani RG, Li G, et al., Automated glycemic pattern analysis 
can improve health care professional efficiency and accuracy, J 
Diabetes Sci Technol, 2013;7:163–6.

48. Schnell O, Klausmann G, Gutschek B, et al., Impact on Diabetes Self-
Management and Glycemic Control of a New Color-Based SMBG 
Meter, J Diabetes Sci Technol, 2017; 1218–25.

49. Grady M, Cameron H, Levy BL, et al., Remote health consultations 
supported by a diabetes management web application with a new 
glucose meter demonstrates improved glycemic control,  
J Diabetes Sci Technol, 2016;10:737–43.

50. Grady M, Katz LB, Cameron H, et al., Utilization of diabetes app-
related text messages from healthcare professionals in conjunction 
with a new wireless glucose meter with a color range indicator 
improves glycemic control in patients with type 1 and type 2 
diabetes, J Internet Medical Research (Accepted), 2017;.

2 weeks based on the app report. At 12 and 24 weeks, significant HbA1c 

reductions of 0.78% and 0.67%, respectively, were observed compared with 

baseline HbA1c of 8.9% (p<0.001). A total of 95% of patients agreed “the 

colorful visuals and pattern messages in the Reveal app told them when 

they were doing well and when they needed to pay more attention”. A 

large proportion of subjects (88%) thought that ColorSure technology in 

combination with the Reveal app could help them stay on track between 

visits to their HCP.

Conclusions
In patients with diabetes, SMBG is an important tool to determine whether 

they are achieving glycemic control and to evaluate their individual response 

to disease management strategies. Real-world conditions can affect SMBG 

efficacy, and the ability of patients to understand and act on their BG results 

is highly variable. For SMBG to be effective, BGMS need to be accurate, 

simple and easy to use. Similarly, the improvement of disease management 

relies on increasing patient insight and giving patients access to ‘in-the-

moment’ information, including in those patients with low numeracy skills. 

Newer BGMS contain features including color range indicators, pattern 

recognition, and diabetes app connectivity, which seek to improve SMBG 

interpretation and increase efficacy of testing.  ColorSure Technology has 

been demonstrated to improve patients’ ability to interpret BG readings and 

increase the likelihood that patients will act on their BG results. Similarly, the 

use of pattern recognition to identify high and low glycemic patterns and 

notify the user with a message in ‘real time’, may help patients with self-

management behaviors and potentially avert significant hypoglycemia and 

hyperglycemia. This technology is also highly beneficial to HCPs during BG 

data review and interpretation, resulting in much faster recognition of BG 

patterns when compared with logbooks. Finally, the ability of HCPs to have 

real-time visibility of patient data within diabetes management apps has 

the potential to improve personalized disease management. 

Given the struggles that many patients have with ongoing adherence, 

motivation, health literacy and/or numeracy, the newer BGMS features 

described in this article represent important tools which may help HCPs 

better communicate with their patients on how to both understand their 

BG data and encourage appropriate self-management from their patients. 

The future use of these technologies for ‘real-time’ motivational, behavioral, 

and educational coaching, will potentially result in better health outcomes 

for patients who poorly manage their diabetes. 


