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Non-Invasive Breath-Based Glucometer Technology to 
Provide Breakthrough in Diabetes Testing and Self-
Management  
 

EXECUTIVE SUMMARY 

Diabetes is one of the greatest worldwide health challenges of the twenty-first century.  
Worldwide, it is estimated that 285 million people live with diabetes, 26 million of whom live 
in the United States. Despite advances in disease treatment in the last two decades, the 
prevalence and incidence of diabetes is increasing at alarming rates. In addition, there are 
great challenges and improvements to be made in the management of the disease both 
from a healthcare provider and individual perspective.  Elements for improvements in the 
care of people with diabetes include better self-management through disease prevention 
and control.  Glucose monitoring is an essential factor of disease management to achieve 
blood glycemic control. Nevertheless, effective and consistent monitoring remains a 
challenge for many diabetic patients primarily because of the invasive nature of currently 
available glucose monitoring devices. These devices require patients to extract a drop of 
blood by pricking their finger. For many patients, this process is painful, inconvenient and 
contributes to suboptimal frequency of glycemic level monitoring.  Invasive and painful 
monitoring is one of the causes of poor patient compliance both with treatments and 
overall disease self-management. Moreover, in the past two decades there have been 
few, if any, advances in non-invasive blood glucose monitoring devices. A new breath-
based glucose detection device called Easy Check™, currently under development, is 
designed to test the glucose levels of a person with diabetes by simply analyzing their 
exhaled breath through a hand-held device. This non-invasive testing device may improve 
patient monitoring of glycemic levels, leading to better self-management of this chronic 
condition. When commercialized, Easy Check will represent a paradigm shift in diabetes 
self-management, as it will likely minimize one of the most obstinate barriers in diabetes self-
management.   
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I. Diabetes: The Problem and the Cost 

Diabetes remains one of the greatest worldwide health challenges of the twenty-first century.  
According to the major health organizations and diabetes foundations worldwide, the 
prevalence and incidence of diabetes has reached epidemic proportions [1,2]. In 2005, the 
World Health Organization estimated that 220 million people worldwide had diabetes [5]. By 
2010, this figure had risen to 285 million people, or 6.4% of the world's adult population. In some 
countries, such as the United States, the prevalence is even higher (8.3% of the population) [3]. 
By 2030, however, the worldwide figure is expected to double from 2005 figures to 438 million, 
corresponding to 7.8% of the adult population [2]. 

Diabetes is one of the major contributors of premature illness and death in non-communicable 
diseases. According to the Centers for Disease Control and Prevention (CDC), diabetes is a 
major cause of heart disease and stroke and the leading cause of kidney failure, non-traumatic 
lower-limb amputations, and new cases of blindness among adults in the United States. 
Moreover, it is the seventh leading cause of death in the United States [6]. Worldwide, the 
number of deaths attributable to diabetes increased 5.5% in the three-year period from 2007 to 
2010. This increase is largely due to a 29% increase in the number of deaths attributed  to 
diabetes in the North America & Caribbean region, followed by significant, yet lower, increases 
in other regions (12% in South East Asia Region, including China and India, and 11% in Western 
Pacific Region) [2]. 

Currently, the largest age group affected by diabetes is people between 40-59 years. Due to 
the aging population in most developed countries, the largest age group that will be affected 
by 2030 will be the 60-79 age group, with some 196 million cases [2]. Type 2 diabetes, formerly 
called non-insulin-dependent or adult-onset diabetes, accounts for 90% of diabetes around the 
world.  This type of diabetes usually occurs in adults and is typically diagnosed several years 
after onset, once complications have already arisen. Years back, type 2 diabetes was rarely 
seen in children but now is becoming more common.  Type 1 diabetes, formerly called insulin-
dependent, juvenile or childhood-onset diabetes, requires daily administration of insulin 
because of the deficient insulin production in the body.  Type 1 and gestational diabetes (when 
the onset or first recognition is during pregnancy), comprise the other 10% of diabetes cases.  
Lastly, pre-diabetes is a condition in which individuals have blood glucose or A1C levels higher 
than normal but not high enough to be classified as diabetes. These individuals have an 
increased risk of developing type 2 diabetes, heart disease and stroke [6]. 

When taken all together, diabetes presents demographic, economic and human challenges.  
Due to its chronic nature, the severity of its complications and the means required to control 
them, diabetes is a costly disease, not only for the affected individual and his/her family, but 
also for the health authorities [2]. In the United States alone, the total healthcare costs of a 
diabetic patient is approximately 2.3 times higher than what expenditures would be in the 
absence of diabetes [3]. Not only is diabetes costly, but due to the rising incidence, these costs 
are skyrocketing.  In 1997, for example, the cost of treating diabetes in the United States was 
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US$44 billion.  However, by 2007, it is estimated that this cost soared to $116 billion.  This latter 
figure only takes into account direct medical costs. Once indirect costs (disability, work loss, 
premature mortality) are factored in, the total cost of the disease was estimated to be $174 
billion in 2007.  Factoring in the additional costs of undiagnosed diabetes, pre-diabetes and 
gestational diabetes brings the total cost of diabetes in the United States in 2007 to $218 billion 
[6]. 

These statistics, which were  jointly produced by the CDC, National Institute of Health (NIH), 
American Diabetes Association (ADA), and other organizations, offer the most recent and 
comprehensive assessment of the impact of diabetes in the United States. [7]. As 
aforementioned, a person with diabetes usually incurs medical costs which are significantly 
higher than those of a person without diabetes.  The largest components of medical 
expenditures attributed to diabetes are hospital inpatient care (50% of total cost), physician 
office visits (9%), diabetes medication and supplies (12%), and retail prescriptions to treat 
complications of diabetes (11%) [10]. The latter two (23% of direct costs) include diabetes 
management supplies ( syringes, glucose testing meters, test strips and insulin pumps), insulin 
and/or other diabetes drugs and therapeutics, other medications related to diabetes 
(cholesterol-lowering drugs, high blood pressure medication, etc.), as well as frequent 
diagnostic tests [9].  

Those living with diabetes face ongoing medication and supply costs. In the United States 
in 2002, the costs for insulin and delivery supplies, oral agents to lower blood glucose and 
other outpatient medications attributable to diabetes were estimated at $7.0 billion, $5.0 
billion, and $5.5 billion, respectively.  With the prevalence of diabetes in the United States 
expected to more than double by 2050, the cost for diabetic supplies alone will exceed 
$40 billion [12]. 

There is no doubt that diabetes is a costly disease, both from a tangible perspective (direct 
costs) as well as an intangible one (pain, anxiety, inconvenience and generally lower quality of 
life). It has been postulated that, through disease prevention programs and better self-
management, these costs can be reduced, both for the benefit of patients, as well as their 
families and all stakeholders (physicians, payors, government, society).   

 

 

 

 

 

 

It has been postulated 
that, through better self-
management, the costs 

associated with diabetes 
can be reduced. 
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II. Tackling Diabetes through Management 

“The pandemic of diabetes threatens to overwhelm clinicians' collective ability to treat the 
associated metabolic abnormalities and long-term complications” [15]. Yet, even though there 
has been remarkable progress in the past decade related to the treatment of diabetes and its 
complications, there has been relatively little progress in the prevention of diabetes. There is a 
lack of clinical data or research demonstrating that type 1diabetes can be prevented.  Type 1 
diabetes is characterized by the body’s inability to produce insulin due to the immune system 
attacking the insulin-producing cells.  In 2009, the landmark Diabetes Control and 
Complications Trial (DCCT), demonstrated that intensive therapy to achieve targeted glycated 
hemoglobin (HbA 1c) levels, reduced the development and progression of retinopathy, 
nephropathy and neuropathy by 30% to 76% in type 1 patients. While the DCCT and other trials 
demonstrated significant improvements in the long-term prognosis of diabetes, they 
nonetheless offered little insight into preventing type 1 diabetes [15,16].   

Other studies, such as the Diabetes Prevention Programs (DPP), a CDC funded study of 3,234 
people at high risk for diabetes, showed that pre-diabetics at risk for developing type 2 
diabetes can prevent or delay its onset through lifestyle changes [13]. Participants in the DPP 
lifestyle intervention group reduced their risk of developing diabetes by 58 percent during the 
study [15].  The DPP and other studies have added to understanding of the prevention of type 2 
diabetes and have shown that, to some extent, the long-term complications of diabetes and 
onset of diabetes can be delayed [17].  

This, however, is not enough to make a significant impact on the diabetes pandemic.  Other 
strategies besides prevention, such as disease self-management have proven more beneficial 
in the outcome of the disease.  As with most diseases, effective control of diabetes requires that 
patients actively engage in the self-management of their health [18].  Diabetes self-
management education (DSME) is defined as the ongoing process of facilitating the 
knowledge, skill and ability necessary for self-care, and is often referred to as the cornerstone of 
diabetes care [26]. Unlike other illnesses or conditions which are largely managed by 
healthcare providers, diabetes is largely managed by the person who is affected.  In fact, it has 
been estimated that more than 99% of diabetes care and 98% of diabetes outcomes can be 
attributed to the person with the condition [19]. 

Of the seven self-care behaviors cited by the American Association of Diabetes Educators 
(AADE) -- healthy eating, taking medications, healthy coping, being active, self-monitoring, 
reducing risk and problem solving --  self-monitoring of blood glucose (SMBG) is a key 
component of the treatment regimen [21].  SMBG provides immediate feedback on the 
person’s glycemic level thereby enabling the person to adjust, as needed, to achieve desired 
glycemic control [20]. The AADE asserts that a diabetic who regularly carries out a program of 
SMBG and who is informed about how to interpret the results of glucose monitoring, can very 
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well see improvement in overall glycemic control and reduce the incidence of complications 
[22,23]. 

Many studies support the importance of SMBG in diabetes management.  The Retrospective 
Study Self-Monitoring of Blood Glucose and Outcome in People with type 2 Diabetes (ROSSO), 
studied 3,268 people – 1,479 of whom practiced SMBG for at least one year, while 1,789 did not 
– and found that morbidity as well as mortality were significantly lower in the SMBG group [27].  
Other analyses from ROSSO suggest a positive correlation between SMBG and better clinical 
outcomes, including reductions in all-cause mortality combined with severe non-fatal events, 
mostly myocardial infarction or stroke [29, 30]. Another analysis suggests that severe diabetic 
complications, such as myocardial infarction and stroke, can be delayed in those patients 
practicing SMBG compared to those who do not [30]. Further, the data suggested that SMBG 
can also be cost-effective from a health economics standpoint [31]. 

According to ADA, type 1 and type 2 diabetics taking multiple insulin injections should check 
their blood glucose levels at least four times per day.  There are no guidelines for daily testing for 
those with type 2 diabetes who are on less frequent injections or oral medication or who control 
their diabetes through diet and exercise[25]. For other type 2 patients, optimal SMBG frequency 
varies depending on the pharmaceutical regimen and whether patients are in an adjustment 
phase or at their target for glycemic control[28]. Most healthcare professionals agree that 
SMBG provides valuable information. However, many studies have found that patients do not 
follow recommended treatment guidelines. A cross-sectional survey conducted at the largest 
health maintenance organization in the United States amongst 44,181 adults with type 1 and 2 
diabetes, revealed alarmingly low rates of SMBG and poor compliance with recommended 
frequency of checking. Only 40% of patients with type 1 diabetes and 33% of patients with type 
2 diabetes reported compliance with recommended SMBG frequency (three to four times daily 
for type 1 diabetes and once daily for type 2 diabetes) [25]. 

In light of this, any strategies that improve the compliance and frequency of SMBG should be 
embraced – not only because SMBG is an integral part of self-management education, but 
because it tackles an important facet of the diabetes pandemic – management. 
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III. Glucose Monitoring: Essential, Complicated and Painful  
 
Poor blood glucose management leads to complications such as kidney failure, heart disease, 
impotence, blindness, and amputation because it fails to identify the important peaks, valleys, 
and trends that lead to the eventual micro-vascular complications of diabetes.  There is a 
considerable amount of knowledge about the positive effects of adherence to therapy and 
compliance with recommended testing guidelines. 

Many studies have been undertaken to identify basic social and psychological factors that 
may be related to diabetics, and to comprehend why some diabetics have difficulty adhering 
to SMBG as recommended by their healthcare providers. 

A study presented at the last Scientific Session of the American Diabetes Association of 416 
adults with type 1 or 2 diabetes, showed that motivational obstacles play a significant role in 
SMBG utilization. Study participants with type 1 and 2 diabetes reported that testing constantly 
reminded them that they have diabetes (45% and 53%, respectively), and that the testing itself 
is painful (34% and 35%),frustrating (26% and 25%) and time consuming (25% and 25%) [31].  

Glucose monitoring devices have improved substantially in the last decade, and although 
some studies have shown that the pain associated with finger pricking has been reduced, they 
also show that the pain has not been eliminated [34]. According to a review performed by 
Heinemann, it appears that “the depth of the needle tip while penetrating the skin and the 
depth of needle penetration are key for pain induction” [34]. 

Performing SMBG repeatedly several times per day for many years/decades is not only 
annoying to the patient but also has physical consequences such as massive scarring/callous 
formation and loss of sensibility/perception hindrance [34]. Heinemann goes on to argue that 
the pain associated with finger pricking is most probably the main reason why patients refrain 
from SMBG. Heinemann further argues that SMBG monitoring is even more difficult in children 
and that the monitoring itself, for both adults and children, is probably more painful than a 
subcutaneous injection of insulin for those insulin-
dependent patients[34.] 

Other studies, in both diabetes patients and healthcare 
providers, have cited that compliance is low because 
SMBG is still based on the painful and laborious process of 
the invasive procedure of drawing blood and feeding it 
into a testing device.  Wagner reported that 63% (nearly 
two-thirds) of respondents skipped SMBG because of the 
invasiveness of the procedure. They concluded that 
invasiveness is a common and serious barrier to SMBG and  

Diabetics would 
perform SMBG more 
frequently and have 

improved quality of life 
with non-invasive 

SMBG. 
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that “diabetics would perform SMBG more frequently and have improved quality of life with 
non-invasive SMBG” [33]. Other studies mirror this finding, citing that pain is a major barrier for 
performing SMBG [24,25]. 

Setting aside the physical and psychological factors of SMBG, there are also financial factors to 
consider.  Worldwide, the market for self-monitoring of blood glucose (SMBG) approached $8.8 
billion in 2008, representing an approximate 12.5% compound annual growth rate since 1994 
[35]. Moreover, the SMBG testing market accounted for 22% of the entire in vitro diagnostics 
industry. In the United States alone, this amounted to $3.4 billion [35].  Given that the 
prevalence of diabetes in the United States is expected to more than double by 2050, the cost 
of testing alone could double as well.  These figures almost solely account for testing strips as 
the majority of the cost is in the strips, not the device.  

Given the cost and pain implications, it is no surprise that scientists and researchers have 
searched for non-invasive techniques to monitor blood glucose since the advent of the first 
commercial glucose testing devices in the 1970s [39]. These problems have promoted a new 
area of routine glucose analysis research - noninvasive indirect glucose determination. 
Noninvasive methods are based on the analysis of sweat composition, electro-conductivity of 
skin, laser radiation absorption in muscles, and occlusion spectroscopy, also known as near-
infrared spectroscopy.  

The single most active area of non-invasive glucose research involves near-infrared 
spectroscopy whereby glucose is measured by focusing a beam of light into the eye and 
obtaining an optical signature or fingerprint of the tissue content produced by the diffuse light 
that escapes the tissue it has penetrated[38,39].  The absorbance of light by the skin is due to its 
chemical components (i.e., water, hemoglobin, melanin, fat and glucose) and the glucose 
concentration can be determined by analyzing the optical signal changes in wavelength, 
polarization or intensity of light [38].  Although widely touted for years as offering the most 
promise, after nearly two decades of research, experts in this field agree that the near-infrared 
approach has not achieved clinical or commercial success to date [39]. Other technologies 
cited above likewise yielded similarly disappointing results.  

In 2006, FDA authorized the use of two types of non-invasive glucometers. Beyond any doubt, 
their appearance in the market was a considerable breakthrough in the field of non-invasive 
determination of glucose concentration for patients.  However, everyday use of these devices 
entails technical and personal challenges, and therefore, these devices have not been 
accepted in the market and presently have limited or no health or commercial value to 
diabetes stakeholders. 

More recent technology includes the emergence of continuous blood glucose monitoring 
(CBGM), where a sensor implanted under the skin provides continuous glucose measurements.  
This technology records blood sugar levels throughout the day and night and is used to 
measure an average blood sugar for up to three days. All of this is accomplished while the 
diabetic participates in daily activities at home [35, 37].Depending on the manufacturer, 
sensors can be worn for up to seven days, whereby the sensor is then removed at the doctor's 
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office and the information stored in the monitoring system is downloaded electronically for 
review by the healthcare professional. While clinical evidence suggests that this technology 
offers diabetes patients a better means of continuous glucose control (through minute by 
minute measurements), the technology is intended for discovering trends in glucose levels, not 
for day-to-day monitoring or long-term self-care. Thus, it is not a replacement for SMBG [35]. 

Further, CBGM has been labeled by some as non-invasive; however, as it involves inserting a 
sensor underneath the skin, the technology cannot be classified as non-invasive and is better 
labeled minimally invasive [38].  

In summary, none of the aforementioned methods have yielded commercially-viable devices 
due to low precision of the analysis and the difficulty in developing a portable device for self-
checking. Thus, the search is still active to seek a technology that is convenient, portable and 
painless to replace finger pricking.  If a device were to be developed, the barrier to more 
frequent measurement of glucose levels would be reduced, positively impacting the 
management of the disease [34]. 
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IV. Easy Check:  Overview of Breath-Based Glucometer Technology 
 

Given the setbacks of previous technologies, a team of researchers has focused on breath-
based technologies as a means of detecting levels of blood glucose.  It is known from clinical 
practice and medical research that the presence of increased levels of acetone in the exhaled 
breath indicates excessive glucose in the blood. Based on this premise and on recent scientific 
success in developing methods for highly-sensitive chemical analysis, especially the possibility to 
determine nano-impurities of many substances in gases, the possibility of developing a 
portable, accurate and painless device has become a reality [39-41]. 

Acetone concentration in healthy people's exhaled breath does not exceed 1-3 mg/m3. 
Glucose concentration in the blood of healthy people measured simultaneously amounts to 4-8 
mmol/liter. In diabetics, acetone concentration in the exhaled breath reaches 8-10 mg/m3 at 
the same normal glucose content in blood equal to 4-8 mmol/liter. The increase in acetone 
concentration in comparison to the norm (1-3 mg/m3) points to the appearance of excessive 
glucose in blood. As a result, research was undertaken to produce a device that determines 
acetone concentration rapidly in exhaledCO-2, without blood sampling and correlates the 
acetone concentration to glucose concentration in blood[40]. 

To this end, PositiveID Corporation (PSID) is developing a device called Easy Check™ with 
proprietary technology for determining acetone concentration in exhaled air.  The Easy Check 
technology is based on a patent-pending reagent cell that mixes the patient’s exhaled air with 
a proprietary chemical compound, triggering a chemical reaction.  The reaction is measured 
and software in the device then interprets the measurement and correlates the patient’s 
acetone level to the level of glucose in the body.  The device functions as follows: 

 The patient breathes into the single-use capsule containing the chemical sensor and into 
the air-flow sensor of the compact Easy Check device 

 The device then forces the air from its air chamber into the reagent chamber 
 The patient’s expired air molecules create a “very large” molecule to achieve a 

chemical reaction measured by the device’s optical sensor. 
 
Previous data on acetone/glucose correlation was insufficient for reliable statistics. Now, the 
discovery of the use of a proprietary chemical compound containing the Na-Np heavy 
molecule complex to generate a chemical reaction able to be reliably measured has brought 
the knowledge of acetone-glucose correlation to a new level. The portability of the reagent 
cell containing the heavy molecule may make it a viable method for patients to use to 
measure acetone levels outside a laboratory setting and consequently enable the collection of 
plentiful data. Thus, not only is the technology novel in that it uses spectrometry (see Figure 1)to 
measure changes in the acetone level; it is also novel in its ability to use tiny emitters and 
software in a hand-held device for interpretation and reading of glucose levels.  
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Figure 1 

 
The Easy Check reagent capsule will be a single-use capsule that is discarded once the patient 
obtains a reading.  In contrast to test strips, there should be little to no waste as the patient will 
not be manipulating the capsule prior to inserting it in the device. The device is expected to 
provide a reading in five to seven seconds, with the same accuracy tolerances as present day 
glucometers, in a safe and pain-free testing alternative [42,43].   

Based on successful preliminary laboratory tests that validated its proprietary technology, PSID 
continues its development of Easy Check, the portable non-invasive breath-based glucometer. 
The laboratory results included breath tests conducted at PSID’s research facility outside Tel 
Aviv, Israel under the guidance of Dr. Vadim Goldstein, D.Sci., Chemistry. The results depict a 
consistent correlation of blood glucose levels (see Figure 2) as compared with a standard blood 
glucose meter that are within acceptable industry standards [44]. With further testing, 
calibration, and development of the device’s software and algorithms, the results may yield a 
non-invasive device applicable to a significant portion of the diabetic patient population. 

 

 
Figure 2 
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The latest prototype is 5 in. x 3 in. x 1 in. and weighs approximately eight ounces. The device, 
using advanced microprocessor and laser technology, has self-calibrating capabilities to help 
ensure accuracy of each test.  In summary, the device, assuming successful continued 
development, fulfills the requirements for ideal devices – easy to handle, low weight, high-
quality design and a relatively high precision (±20%). Easy Check has the added advantage of 
not causing infection during the sampling process and, more importantly, not causing pain or 
embarrassment if the patient cannot perform the sampling in private.  

The company expects to complete the second generation of its prototype during 2011. Pre-
clinical trial protocols are now being formulated under the guidance of the foremost 
endocrinologists in Israel, leading to a possible FDA submission in 2012.   
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V. Conclusion  
 

Given the diabetes epidemic worldwide, new strategies are needed to achieve better control 
of the disease.  SMBG has been, and continues to be, a cornerstone of diabetes self-
management. The positive correlation between frequent SMBG and better clinical outcomes is 
well documented and demonstrates that reductions in mortality, severe non-fatal events and 
diabetic complications can be achieved.  These reductions would correlate to heath and 
economic benefits due to the costly nature of the disease.   
 
It has been shown that the invasive nature of current devices in the market is a serious barrier to 
SMBG, primarily due to the pain.  Eliminating this barrier with a lightweight, easy–to-use, 
accurate device by which to perform SMGB could result in an improved quality of life for a 
person with diabetes.  
 
When commercialized, Easy Check may represent this long-awaited breakthrough by offering 
patients the first and only glucose testing device that is precise, portable and entirely non-
invasive.   

 

 

 

 
 



 

13 

N
on

-In
va

si
ve

  B
re

at
h-

B
as

ed
 G

lu
co

m
et

er
 to

 P
ro

vi
de

 B
re

ak
th

ro
ug

h 
in

 D
ia

be
te

s 
Te

st
in

g 
an

d 
Se

lf-
M

an
ag

em
en

t 

References 
 
 
1. World Health Organization website. Fact Sheet No 236.  Accessed March 1, 2011 at:  
http://www.who.int/mediacentre/factsheets/fs236/en/ 
2. World Diabetes Foundation website.  Diabetes Facts and Figures. Accessed February 28, 
2011 at: http://www.worlddiabetesfoundation.org/composite-35.htm on February 15, 2011.  
3. American Diabetes Association website. Data from the 2011 National Diabetes Fact 
Sheet (released Jan. 26, 2011).  Accessed February 28, 2011 at:  
http://www.diabetes.org/diabetes-basics/diabetes-statistics 

4. International Diabetes Federation website.  Accessed March 1, 2011 at: 
http://www.worlddiabetesday.org/files/docs/Top_10_countries.pdf 
5. World Health organization website. Fact Sheet No 312.  Accessed March 1, 2011 at: 
http://www.who.int/mediacentre/factsheets/fs312/en/index.html  
6. American Diabetes Association website. Economic Costs of Diabetes in the United States 
in 2007. Diabetes Care 2008; 31:596–615. 
7. National Diabetes Information Clearinghouse (NDIC). National Diabetes Statistics, 2011.  
Accessed March 1, 2011 at: http://diabetes.niddk.nih.gov/dm/pubs/statistics/#fast 
8. 2011 national Diabetes Fact Sheet. Centers for Disease Control and Prevention. National 
Diabetes Fact Sheet: national estimates and general information on diabetes and pre-diabetes 
in the United States, 2011. Atlanta, GA: U.S. Department of Health and Human Services, Centers 
for Disease Control and Prevention, 2011. Accessed February 10, 2011at: 
http://www.cdc.gov/diabetes/pubs/references11.htm 
9. Canadian Diabetes Association website.  Cost Of Diabetes Medication, Supplies and 
Medical Devices. Accessed February 10, 2011 at: 
http://www.diabetes.ca/about-us/what/position-statements/medications/cost/ 
10. American Diabetes Association website. Economic costs of Diabetes in the U.S. in  2007. 
Accessed February 14, 2011 at: 
http://care.diabetesjournals.org/content/31/3/596.full.pdf%20html?maxtoshow=&HITS=10&hits=
10&RESULTFORMAT=&fulltext=economic+costs&searchid=1&FIRSTINDEX=0&sortspec=relevance
&resourcetype=HWCIT 
11. Canadian Diabetes Association.  Canadian Journal of Diabetes. Accessed March 2, 
2011 at:  
http://www.diabetes.ca/documents/for-professionals/CJD-Spring-2010.pdf 
12. Positive ID Corporation website.  “Black Hole in Diabetes Management”, Accessed 
March 2, 2011 at: 
ttp://www.positiveidcorp.com/files/Fixing%20the%20Black%20Hole%20in%20Diabetes%20Manag
ement.pdf 
13. Centers for Disease Control website. Accessed March 2, 2011 at: 
http://www.cdc.gov/diabetes/consumer/prevent.htm 
14. Allday, Erin. Type 2 diabetes clue found in gene mutation. San Francisco Chronicle 
website. Accessed March 1, 2011 at:  
http://www.sfgate.com/cgiin/article.cgi?f=/c/a/2011/03/01/MN531I1L2Q.DTL#ixzz1GGAi90uT 
15. Nathan, DM.  Progress in Diabetes Research—What's Next.  JAMA. 2009;301(15):1599-
1601.  Accessed March 1, 2011 at:  
http://jama.ama-assn.org/content/301/15/1599.short?rss=1 
16. Center Watch website.  Clinical Trials: Diabetes Mellitus, Type 1 Trials. Accessed February 
16, 2011 at:  
http://www.centerwatch.com/clinical-trials/listings/studylist.aspx?CatID=60 



 14 

N
on

-In
va

si
ve

  B
re

at
h-

B
as

ed
 G

lu
co

m
et

er
 to

 P
ro

vi
de

 B
re

ak
th

ro
ug

h 
in

 D
ia

be
te

s 
Te

st
in

g 
an

d 
Se

lf-
M

an
ag

em
en

t 

17. Ahhmad L, CrandallJP.  Type 2 Diabetes Prevention: A Review. Clinical Diabetes April 15, 
2010 vol. 28 no. 2 53-59.  Accessed February 25, 2011 at:  
http://clinical.diabetesjournals.org/content/28/2/53.full 
18. Nuovo J, Balsbaugh T, Barton S, Fong R, Fox-Garcia J, Levich B, Fenton JJ. Interventions to 
support diabetes self-management: the key role of the patient in diabetes care. Curr Diabetes 
Rev. 2007 Nov; 3(4):226-8. Accessed February 25, 2011 at:   Diabetes Self Management. 
http://www.diabetesvoice.org/files/attachments/2009_DSM_Funnell.pdf 
19. American Association of Diabetes Educators website.  The American Association of 
Diabetes Educators Position Statement: Self-Monitoring of Blood Glucose. Accessed February 
25, 2011 at:   
http://www.diabeteseducator.org/export/sites/aade/_resources/pdf/research/Self-
Monitoring_of_Blood_Glucose.pdf 
20. Tomky D, Cypress M, Dang D, Maryniuk M, Peyrot M. AADE Position Statement AADE. 7 
Self-Care Behaviors. The Diabetes Educator. 2008;34(3):445-449.  
21. Franciosi M, Pellegrini F. Self-monitoring of blood glucose in non-insulin-treated diabetic 
patients: a longitudinal evaluation of its impact on metabolic control. Diabet Med. 2005; 22:900-
906.  
22. Schutt M, Kern W.  Is the frequency of self-monitoring of blood glucose related to long-
term metabolic control? Multicenter analysis including 24,500 patients from 191centers in 
Germany and Austria. E xpClinEndocrinol Diabetes. 2006;114(7):384-388. 
23. Nyomba BL, Berard L, Murphy LJ. The Cost of Self-Monitoring of Blood Glucose Is an 
Important Factor Limiting Glycemic Control in Diabetic Patients. Diabetes Care, 2002; 25( 7): 
1244-1245.  
24. Lekarcyk J, Ghiloni S. Analysis of the Comparison of Lancing Devices for Self-Monitoring of 
Blood Glucose Regarding Lancing Pain. Accessed February 28, 2011 at: 
http://www.journalofdst.org/September2009/Articles/VOL-3-5-ORG4-LEKARCYK.pdf 
25. National Certification Board for Diabetes Educators website.  Accessed March 1, 2011 at: 
http://www.ncbde.org/eligibility.cfm#Definition 
26. Accu-Check website.  June 25, 2007 Press Release “New data supports the increasing 
importance of Self-Monitoring of Blood Glucose (SMBG) in Type 2 Patients To Be Presented at 
the 67th American Diabetes Association Annual Meeting.“ Accessed March 2, 2011 at: 
https://www.accu-chek.com/us/news/importance-of-smbg.html 
27. Self-Monitoring of Blood Glucose: The Basics. Evan M. Benjamin, MD, FACP. Clinical 
Diabetes January 2002 vol. 20 no. 1 45-47. 
28. Martin S. Self-Monitoring of blood glucose in type 2 diabetes and long-term outcome: an 
epidemiological cohort study. Diabetologia (2006) 49:271-278. 
29. Kolb H. Type 2 Diabetes Diagnosed  Before or After 65 Years of Age: Different Diseases by 
Metabolic and Cardiovascular Parameters. Poster presentation at the American Diabetes 
Association Meeting in 2007.   
30. Weber C. Cost of type 2 diabetes in Germany over 8 years (the ROSSO study No.2). 
Journal of Medical Economics (2006)9: 45-53 
31. Diabetes Living Today website. Information-Motivation-Behavioral Skills Analysis 
Advances Understanding Of Barriers To Self-Monitoring Of Blood Glucose. Accessed March 4, 
2011 at: http://diabeteslivingtoday.com/2010/06/27/information-motivation-behavioral-skills-
analysis-advances-understanding-of-barriers-to-self-monitoring-of-blood-glucose/. 
32. Wagner J, Malchoff C, Abbott G. Invasiveness as a barrier to self-monitoring of blood 
glucose in diabetes. Diabetes TechnolTher. 2005 Aug;7(4):612-9.  
33. Heinemann L.  Finger Pricking and Pain: A Never Ending. Diabetes Sci Technol. 2008 
September; 2(5): 919–921. Published online 2008.  



 

15 

N
on

-In
va

si
ve

  B
re

at
h-

B
as

ed
 G

lu
co

m
et

er
 to

 P
ro

vi
de

 B
re

ak
th

ro
ug

h 
in

 D
ia

be
te

s 
Te

st
in

g 
an

d 
Se

lf-
M

an
ag

em
en

t 

34. Hughes MD. The Business of Self-Monitoring of Blood Glucose: A Market Profile. Mark D. 
Hughes. J Diabetes Sci Technol. 2009 September; 3(5): 1219–1223. Published online 2009 
September.  
35. National Diabetes Information Clearinghouse (NDIC).  National Institute of Diabetes and 
Digestive and Kidney Diseases.  Accessed April 10, 2009 at: 
http://diabetes.niddk.nih.gov/dm/pubs/insulin/index.htm 
36. WebMD website.  Accessed March 8, 2011 at: http://diabetes.webmd.com/continuous-
glucose-monitoring 
37. Waynant RW, Chenault VM. Overview of Non-Invasive Fluid Glucose Measurement Using 
Optical Techniques to Maintain Glucose Control in Diabetes Mellitus.  Accessed electronically 
at the IEEE website on March 6, 2011 at: 
http://photonicssociety.org/newsletters/apr98/overview.htm 
38. Smith, JL. “The Pursuit of Noninvasive Glucose: “Hunting the Deceitful Turkey”. Published 
2006 and accessed electronically at the Mendosa website on March 6, 2011 at: 
http://www.diabetesmine.com/2009/08/the-search-for-noninvasive-glucose-technology-that-
works-where-it-stands-now.html 
39. Novak BJ, Blake DR, Meinhardi S, Rowland FS, Pontello A, Cooper DM. Galassetti  PR.  
Exhaled Methyl Nitrate as a Noninvasive marker of hyperglycemia in Type I Diabetes. 
ProcNatoAcad Sci. 2007; 104(40):15613-8.  
40. Galassetti PR, Novak Bs, Nemet D, Rose-Gottron C, Cooper Dm, Meinardi S, Newcomb R, 
Zaldivar F, Blake D.  Breath Ethanol and Acetone as Indicators of Serum Glucose Levels: An 
Initial Report. Diab Tech &Ther. 2005; 7(1): 115-135.  
41. Paredi P, Biernacki W, Invernizzi G, Kharitonov SA, Barnes PJ. xhaled carbon monoxide 
levels elevated in diabetes and correlated with glucose concentration in blood: a new test for 
monitoring the disease? Chest. 1999 Oct;116(4):1007-11. 
42. Data on File, PSID.  
43. Data on File, PSID. 
44. Quality Control of Self-Monitoring of Blood Glucose: Why and How? BogdanSolnica, MD, 
PhD, and Jerzy W. Naskalski, PhD, D. Sc. Journal of Diabetes Science and Technology March 
2007 vol. 1, iss. 2 
  



 16 

N
on

-In
va

si
ve

  B
re

at
h-

B
as

ed
 G

lu
co

m
et

er
 to

 P
ro

vi
de

 B
re

ak
th

ro
ug

h 
in

 D
ia

be
te

s 
Te

st
in

g 
an

d 
Se

lf-
M

an
ag

em
en

t 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PositiveID Corporation develops and markets healthcare and information 
management products through its diagnostic devices and identification 
technologies, and its proprietary disease management tools. PositiveID's 
implantable healthcare devices and external hardware and software 

products are designed to communicate wirelessly to improve healthcare 
and the patient's quality of life. Please visit www.PositiveIDCorp.com. 
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