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Preface to the Second Edition 

 

It has been five years since the Internet publication of the first edition of this book, and 

the response from people involved in this pursuit has been pleasingly positive. From the 

number of people who have contacted me through David Mendosa, to the venture 

capitalist who sent me a bottle of fine Irish Whisky as thanks for saving him an erroneous 

investment, to (hopefully) those who read and learned from it and may have avoided 

some false starts, it has become clear that this kind of collection was needed. I have had 

the pleasure of being in contact with many new inventors, investigators and investors as a 

result of its appearance, and am happy to admit that it has also served as a continuing 

learning experience for me. I recognized when it was first written that this book would 

have value for a very limited number of people, but that those who read it might have an 

intense interest in the subject matter. I also realized early on that it this was not likely to 

be a profitable activity, so I made the decision to post it on David Mendosaôs website, 

http://www.mendosa.com/noninvasive_glucose.pdf, in hopes it would benefit others who 

are working in this area.  

 

And in those five years, Iôm sad to say that no technology has yet reached the 

marketplace, or for that matter, been reliably reported as actually succeeding in 

laboratory or clinical testing. I have personally looked at another dozen or so 

technologies (but canôt discuss many of these newer ones, due to confidentiality 

agreements), been intrigued by a few and disappointed in a several others. My hope is 

still that, while I draw breath, this pursuit will come to a successful conclusion. To those 

who still pursue this elusive dream, I urge redoubled efforts to discover, refine and 

complete an approach that overcomes the disadvantages of the ones explored so far. Even 

with some reduction in the driving forces for a noninvasive glucose measurement, it 

would still benefit millions of people whose lives are impacted daily by diabetes and the 

need to make accurate measurements of blood glucose to avoid its complications. 
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Foreword 
 

This is a compilation of experiences and investigations born of a combination of 

scientific curiosity, dedication to people affected by a chronic, life-threatening disease, 

and dogged determination to find a solution to the most difficult technical challenge I 

have encountered in my career. It is not, perhaps, as difficult or fraught with problems as 

realizing time travel or finding the final ñgrand unifying theoryò of physics
1
, but it is the 

more tantalizing because it seemed for decades that the solution was always ñjust around 

the corner,ò or at most, ñjust over the horizon.ò 

 

I participated in evaluations of many of the technologies described here while employed 

at several companies directly or peripherally involved in glucose measurement.  

In the text, I will describe many of the technologies, their capabilities and (especially) 

their limitations for measuring glucose. I will articulate three very important ñLaws of 

Noninvasive
2
 Glucoseò (one with several subsections), and list tests which can be applied 

to spectroscopic and other techniques. Much of the description is technical, since it is the 

subtleties of the approaches that often lead to their failure. Non-technical readers should 

still try to read through theseðthe conclusions are valid, some of the reasoning may be 

helpful, and there is certainly value in them as cautionary tales. Where companies have 

made a splash, or serve to illustrate the behaviors that were exhibited by many of those in 

this field, they will be described in some detail. In other cases, simple lists of the 

investigators will serve to illustrate how many times a similar approach has been 

attempted. 

 

Although I do not (yet) have diabetes, it has achieved epidemic proportions in this 

country, and will soon, as the standard of living rises elsewhere, be felt equally around 

the world. After spending many years devising instruments that measure blood glucose, 

                                                 
1
 This is the long-sought system for reconciling General Relativity and quantum mechanics that caused 

Einstein so much heartache in his later years. 
2
 Although I will follow the punctuation rule that prefixes such as ñun-ò and ñnon-ò are generally 

unhyphenated, the term appears equally often as ñnon-invasive,ò and this can complicate searches, 

depending on the sophistication of the search engine used. 
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and participating in the explosive growth of the home blood-glucose monitoring industry, 

the need for a device that would allow people to measure their glucose without pain or 

trauma is as clear to me as it is to people who would use it. As will be described here, it is 

not through lack of effort, creativity, entrepreneurialism, or funding that no solution has 

yet been found. Nor is it due to a deficiency of craftiness, manipulation or chicanery. The 

immense market size (estimated worldwide at almost ten billion dollars in 2011), together 

with the pent-up demand by millions of patients, will create an immediate financial 

success for the organization that finally solves this problem. A device of acceptable 

accuracy, of reasonable size, and at reasonable cost, would be an instant medical and 

commercial success. For all these reasons, hope springs eternal in the hearts of scientists, 

entrepreneurs, opportunists and charlatans alike. 

 

One of the most disturbing aspects of this field has been perennial announcements by 

fledgling companies that the problem has been solved, and that people with diabetes will 

no longer have to stick their fingers. Without exception, these have been premature and 

were meant to generate ñhypeò in order to increase awareness of a company that is trying 

to raise money, and equally frequently, they raise false hopes in people who need the 

product. They have a fresh audience each year, as hundreds of thousands of people are 

newly diagnosed with diabetes, and each new group gradually tires of the premature 

announcements and develops a level of cynicism. As I will detail, no successful device 

has yet been developed, and the prospects for one remain in the future. Another cause for 

concern in this field is that, in all too many cases, the same technology has been picked 

up and investigated after others have determined that it will not succeed. Because there 

has been no accounting of these multiply-investigated approaches, investigators and 

investors alike have no guideposts to direct them. 

 

This book will be of interest primarily to those who have participated in this enduring 

quest, those who seek to invest in the field, or perhaps to those who have heard too many 

false promises about the ñcoming end to fingerstick testing.ò Many of the illustrations, 

(and no small amount of the information presented here) have been ñborrowedò from the 

experiences and websites of others who have preceded me in this field, most notably 
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David Mendosa, who has maintained an accurate list of participants in the noninvasive 

glucose field while chronicling the history of glucose monitoring.  

 

This book is not intended as an ñexpos®ò or as a ñtell-all;ò the experiences detailed here 

are provided for the purpose of providing deeper insight into the thoughts and processes 

of those who have engaged in this corner of scientific exploration and as guidance for 

those who may follow. It is also not intended to be an encyclopedic accounting of every 

technique exploredðsome never crossed my path, while others are simply repetitions of 

those detailed here. The breadth of those described, however, should indicate the extreme 

range of investigations in this field. 

 

I am indebted to my wife, Susan, for her expert editing and for enduring my tormented 

existence over the entirety of this pursuit, and to my reviewers, Keichi Aoyagi, David 

Mendosa and Sam Perone. The content is as accurate as memory and retrospective 

research will  allow. There is undeniably bias, and the strong emotions arising from many 

failed attempts (mine and othersô) cannot be denied. If there are errors, they are 

exclusively mine. Some of the stories may bring a degree of chagrin or embarrassment to 

those involved; the details are included only to provide full flavor for what transpired. If 

anyone described here feels he has been wronged, misrepresented, or insulted, I 

apologize, but I do not recant. 

 

[Authorôs note: ñHunting the Deceitful Turkeyò is a short story by Mark Twain (Samuel 

Clemens) that describes his boyhood experience of pursuing a turkey who allows him to 

repeatedly approach her in order to lure him away from the nest, only to rush off as he 

comes near. It is appended to the main text.] 
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Introduction and Background 

 
 

John Whitehead, grandson of the founder of the worldôs largest laboratory instrument 

company (Technicon Instruments), was visibly excited. The year was 1982, and the 

picture he was holding was a wristwatch, displaying ñBlood Glucose = 107.ò ñWouldnôt 

that be great!ò he bubbled, ñNo more trips for diabetics to the doctor to measure blood 

sugar, no more need to stick a needle in your finger to make measurements at home.ò The 

only problem then, and for at least the next 30 years, was that it didnôt work. 

 

To understand the background and driving force for this elusive technology, it is 

necessary to understand the nature and impact of the disease that created it. Diabetes is a 

condition in which the bodyôs natural control of blood sugar (glucose) has been lost. 

Whether itôs termed type 1 (previously known as ñjuvenile-onsetò), type 2 (ñadult-

onsetò), or the gestational diabetes that is a complication of pregnancy, the end result is 

the sameðglucose may be present in the blood in dangerously low (ñhypoglycemiaò) or 

high (ñhyperglycemiaò) amounts, and without a means of measuring glucose, treatment is 

a dangerous guessing game of taking pills, injecting insulin, or deciding how much and 

what kind of food to eat.  

 

Since diabetes touches almost every family at some time, most people are familiar with 

the long-term complications of the disease: eye damage, kidney damage, loss of feeling 

in the extremities, slow healing of wounds and frequently, amputations of toes, feet or 

legs; and often most seriously, cardiovascular disease. If patients adhere strictly to a 

proper diet, exercise, medication and make frequent measurements of blood glucose, they 

are able to maintain their health, and indeed, lead relatively normal lives. If simple, 

inexpensive, reliable tests were available, they could make those measurements as well 

and as often as required.  
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A Brief History  of Blood Glucose Monitoring 

 

The disease has been known since ancient times, and because high levels of blood 

glucose will also cause the kidneys to deposit glucose into the urine, itôs said that the 

Chinese used to test for the disease in ancient times by seeing if ants were attracted to 

sugar in a patientôs urine. Testing urine for glucose as a diagnosis for diabetes has been 

done for over a century (before modern chemical techniques, tasting a urine sample was 

even considered a valid test), but allowing patients to test their urine as a means of 

monitoring blood glucose is more recent. In 1941, the Ames Division of Miles 

Laboratories (the division name reportedly came from that of the president, a physician 

named Walter Ames Compton), in Elkhart, Indiana, introduced a tablet based on a 

standard test for certain sugars involving copper sulfate, called Benedictôs solution. One 

of these ñClinitestò tablets could be added to a few drops of urine, and the resulting color, 

from bright blue to orange, compared to a series of printed colors on the instruction sheet 

and the approximate level of glucose in the urine estimated.
1
  

 

Urine testing for glucose, however, has very serious problems. When a person first 

develops diabetes, the level of glucose in urine is a reasonable indication of excessive 

amounts in the blood; however, because both normal and low blood glucose levels result 

in no glucose in urine, it is never possible to assess low blood levels using urine tests. As 

the disease progresses over time, it becomes much less reliable as a marker of high blood 

glucose. Even early on, itôs never an accurate measure, and even though improved testing 

devices (ñdipsticksò) have been developed over the years, itôs never been more than a 

ñsemi-quantitativeò test. To get accurate values, itôs necessary to measure the amount of 

glucose in the blood itself, and this is done in doctorsô offices and laboratories millions of 

times every day. However, in order for people with diabetes to maintain healthy levels of 

glucose, there has always been a need for simple, accurate tests they could perform at 

home. 

                                                 
1
 Believe it or not, these tablets are still available over sixty years later, although itôs likely that, in the U.S. 

at least, more of them are used in commercial wineries to detect small amounts of sugar in wine than for 

urine glucose testing. 
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In 1964, after developing many dipstick tests for urine, Ernest Adams of Ames developed 

a practical test strip for measuring glucose in blood named Dextrostix, after dextrose, 

another name for glucose. Instead of using a chemical reaction to measure glucose, as 

Clinitest had done, Dextrostix used a biochemical reaction with an enzyme called glucose 

oxidase, which reacted with glucose to produce hydrogen peroxide. The hydrogen 

peroxide produced a color from another chemical called o-tolidine, and the amount of 

color on the strip after exposing it to a drop of blood was a good measure of the amount 

of glucose present. At first, the amount of color was simply compared to a series of 

printed colors on the label, and the glucose concentration was estimated by color 

comparison. The procedure was not trivial but could be mastered by most people for 

home use: 

 
ǒ Freely apply a large drop of capillary or venous blood sufficient to cover entire 
reagent area on printed side of strip.  
ǒ Wait exactly 60 seconds. (Use sweep second hand or stopwatch for timing.)  
ǒ Quickly wash off blood (in 1 or 2 seconds) with a sharp stream of water, using 
a wash bottle and blot once gently on a lint-free paper towel.  
ǒ Read result within 1 or 2 seconds after washing. Hold the strip close to the 
Color Chart. Interpolate if necessary. 

 
 
 

 
 

 

The major limitation to this approach, aside from the timing and manipulation involved, 

is that visual acuity and the ability to perceive color accurately decrease with age. And 

since people with diabetes are especially prone to cataracts (darkening and solidification 
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of the lens in the eye), those who most needed to perform the test were least able to 

perform it without assistance. As it turned out, Dextrostix were good enough that better 

accuracy could be obtained by making an electronic measurement of the amount of color 

on the strip, and at least three meters were developed to do so. The first, developed at 

Ames by Anton Clemens, was called the Ames Reflectance Meter, or A.R.M. According 

to interviews with Clements, he was ordered to drop the project several times but 

somehow managed to bring it to the market, and the first electronic blood glucose device 

could be purchased in about 1970 for about $400. Unfortunately, it had some reliability 

problems, mostly from its rechargeable lead-acid batteries, and its use didnôt become 

widespread. 

 

 

 

 

 

The next electronic strip reader to appear was in about 1972, called the Eyetone, and was 

manufactured by a Japanese company, Kyoto Dai-ichi (which later changed the company 
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name to Ark-Ray). It also read Dextrostix, but used a plug-in AC adapter for power 

instead of batteries. 

 
 

 

In about 1979, Kyoto Dai-ichi introduced an improved Dextrostix meter with a digital 

readout, called the Dextrometer.  

 

 

 

Boehringer Mannheim, which had developed a parallel blood glucose test strip for visual 

color comparison called the Chemstrip bG, kept pace by introducing a meter to read the 

strips, the Accu-Chek bG in about 1982. An early version (that may have read an earlier 

version of the strip) was developed by the BioDynamics Company in Indianapolis and 

introduced as the StatTek in 1974, and the company was quickly purchased by 

Boehringer. The Chemstrip bG was preferred by many over Dextrostix because the blood 

could be wiped off the strip (with a cotton ball) after a minuteôs contact instead of 

washing off with water. Later versions of the meters were called Accu-Chek in the U.S. 

and ñRefloluxò overseas. 
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-/- 

 

 

LifeScan
1
 entered the market in about 1981, with a meter (first called Glucocheck, then 

GlucoScan) developed in England by Medistron and with test strips developed in Japan 

by the Eiken corporationðthe first product in which the meter wasnôt preceded by a strip 

                                                 
1
 LifeScanôs original company name was Diabetechðthat name resurfaced with a company in Dallas, TX, 

making wireless monitors and diabetes management systems.  
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intended for visual comparison
1
. That product was also intended to have blood washed 

off the strip, but on the night before introduction of the product at a national diabetes 

meeting, it was discovered on testing the first strips delivered by the reagent 

manufacturer that the blue dye formed from glucose also washed off the strip with the 

blood! Ray Underwood, the founding vice president of engineering, experimented with 

blotting paper he found in his hotel room and found that acceptable results could be 

obtained if  the strip was blotted with just the right amount of pressure.  

 

 

 

Some of the early GlucoScan meters had their own reliability problems, but they 

sustained the company until it was purchased by Johnson & Johnson in 1986 and 

                                                 
1
 Interestingly, LifeScanôs original business plan was to produce test strips for use in meters offered by 

other companies. The irony of this became evident when two companies began to sell strips in 1993 that 

worked in LifeScanôs One Touch meters. Since the strips infringed LifeScanôs patents, extended patent 

infringement litigation, in which I was intimately involved, resulted in their effective removal from the 

market, but not before one of the companies sold over $100 million worth of test strips in just a year. 
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introduced radically new technology in 1987 with the One Touch meter and strip.
1
 The 

meter shown below at left is the One Touch II, the meter on the right is the One Touch 

Basic (for an ironic picture of the original One Touch meter, see the chapter on near-

infrared spectroscopy). 

 

 

 

The One Touch was the first of what LifeScan termed ñsecond generationò blood glucose 

meters, in that no timing, wiping, blotting or washing of the blood was required. A strip 

was inserted into the meter, a drop of blood was placed on the strip with ñone touch,ò and 

the result was displayed in 45 seconds. A second meter in this category was unique in 

that it used an ñelectrochemicalò measurement (a reaction with glucose in blood that 

generated an electrical current related to the glucose concentration) instead of the 

ñphotometricò (color measurement) approach of all the earlier ones. It was called the 

Exactech, with a strip developed in England, manufactured by MediSense, and marketed 

originally in the U.S. by Baxter, and came in the form of a either a slim pen or a credit-

card sized, thin plastic package. Early versions of the device had both accuracy and 

reliability problems, which hampered its early market acceptance. 

 

                                                 
1
 One of the reasons the One Touch was so successful, in addition to its freedom from user technique 

variations, was that it was the first meter to provide truly accurate measurements in the critical low end of 

glucose concentrations, where patients are in acute danger of losing consciousness from hypoglycemia. 

While a glucose value of 70 mg/dl is considered normal, 60 mg/dl can mean that the patient is nearing 

dangerously low levels. Most of the earlier measuring systems (and many of the later ones) provided poorer 

accuracy in this critical region, while the One Touch, where the meter examined every test strip before 

blood was applied to it, gave accurate results even at very low levels. 
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Major suppliers of insulin have also shown interest over the years in both glucose 

monitoring and noninvasive measurements. Eli Lilly
1
 introduced a meter in about 1988, 

called the Direct 30-30. It used an electrochemical system with a membrane that 

supposedly lasted for 30 days and completed a test in 30 seconds. It was withdrawn from 

the market a year or two later
2
. 

 

Novo Nordisk, another large insulin company, acquired a number of technologies during 

the 1990s to provide a system for measuring glucose, including an electrochemical meter 

with a renewable surface, where a fresh layer of electrode was exposed after each test by 

ñshavingò off the old surface with a built-in blade
3
. 

 

Meters and strips have continued to evolve, with test times being reduced to only a few 

seconds, and blood samples as small as 0.3 microliters (Dextrostix used a drop of about 

50 microliters, so the reduction in blood drop size has been about a factor of 150). As it 

has been for the past twenty-five years, the market today is dominated by no more than 

four players. Today, all are subsidiaries of giant pharmaceutical companies: LifeScan 

(J&J), Roche (who bought Boehringer Mannheim in 1998), Bayer (who acquired Miles in 

                                                 
1
 Futrex, developer of the ñDream Beam,ò had a relationship with Lilly that only became public when a 

patent issued to the founder, Bob Rosenthal, carried an assignment to Eli Lilly. 
2
 There were two conflicting versions of its market withdrawal. Lilly said that it was not sufficiently 

resistant to electrostatic discharges, while the original inventors claimed that the membrane was much too 

robust, lasted too long, and provided a minimal income trail for Lilly. 
3
 One of my last activities at LifeScan before retirement was to travel to Denmark to look at the 

technologies Novo Nordisk had acquired and was now preparing to abandon to focus on its core business. 

LifeScan chose not to pursue them. 
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1979, but only changed the name in 1995), and Abbott, who bought the MediSense 

(Exactech) brand in 1996 for $876 million and TheraSense in 2004 for $1.2 billion. All 

the leading systems today are based on electrochemistry, with subtle differences in 

technology of interest primarily to electrochemists. Meters and strips are reimbursed by 

Medicare and virtually all insurers, and the ñcategory,ò as itôs called in the wholesale and 

retail drugstore business, has entirely replaced the original ñrazor/razorbladesò paradigm 

with its meters, which are universally sold at a loss (or at the manufacturerôs cost), and 

the consumable strips, which generate all the profits. In some cases, strips which cost no 

more than a few cents to manufacture have sold for as much as $1.00 each! 

 

Consumers had long suspected that the test strips were extremely profitable, but it was 

never openly acknowledged until J&J initiated a policy of placing its companiesô 

products in the ñcompany storesò (where employees could buy baby shampoo and ñBand-

aid
®
 Brand Adhesive Bandages,ò as the company insisted the product be referred to in 

print) at the productôs ñstandard cost,ò the amount it cost to manufacture the product. One 

Touch strips appeared in these stores nationwide (J&J has over 170 companies) for about 

five cents each, and the awareness of consumers of the level of profit involved was 

viewed with grave concern by LifeScan. Since the strips retailed at that time for sixty-

five to seventy cents, a number of J&J employees were tempted into the business of re-

selling test strips before the policy was moderated and a company store price closer to the 

wholesale price was established. 

 

Recent Trends 

 

After about two decades of studies urging people with type 2 diabetes to test their glucose 

regularly to prevent complications, the practice has been de-emphasized recently to some 

extent. The combination of cost containment, where lower levels of reimbursement are 

provided for diabetic supplies, together with the development of drugs which more 
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effectively manage glucose levels
1
, has resulted in some degree in reduction of testing 

across at least the type 2 population. In addition, chain drug stores have begun to promote 

ñprivate-labeledò blood glucose monitors made for them which carry the ñCVSò or ñWal-

Martò brand at lower prices, further lowering sales and margins for the established 

suppliers. While glucose monitors and strips were once a very profitable business 

(LifeScanôs profit margin among Johnson & Johnson companies was exceeded only by 

the pharmaceutical operations in the glory days of the 1990s), the market contraction 

since about 2005 has resulted in less research, reduced sales forces and more intense 

price competition among the established companies. While it is possible that this trend 

will also reduce the emphasis on a noninvasive monitoring solution, there is no indication 

of a slowdown among inventors trying to provide novel approaches to solve the problem, 

even if the big players appear to be recently less receptive to ideas presented by these 

inventors. It is likely that this will combine with the increased negative experience of 

these companies to make it even harder for new ideas to gain support and funding there, 

and to reduce the likelihood that a big company would be willing to acquire a promising 

startup company. 

                                                 
1
 These include GLP-1 agonists like Byetta or the long-awaited Bydureon, both from Amylin 

Pharmaceuticals, and Victoza from Novo Nordisk. 



12 

 

 Why is Noninvasive Such a Big Deal? 

 

Everyone has had an experience, most of them unpleasant, involving sharp objects and 

blood.
1
 Before home blood glucose testing became common, the only lancing device 

available was a sharp piece of stamped steel that made a painful and fairly deep cut in the 

fingertip. 

 

 

 

 

In parallel with the development of blood glucose meters, lancing devices also evolved. 

Both small, disposable units and reusable ñpensò with replaceable tips became 

commercially available, and these had the added advantage that the sharp point was 

hidden from view. They were also spring-loaded, so pushing a button replaced oneôs own 

ñstabbingò motion that was previously required to pierce the skin.
2
 Another attempted 

                                                 
1
 I have never been a fan of needles, and the first day I went to work in 1962 at what was then the Pitman-

Moore Division of Dow Chemical Company (which made human and veterinary pharmaceuticals), the 

company nurse dug around in my arm looking for a vein until I passed out. For a long time after that, I was 

reluctant to have blood drawn or have an injection for anything, so I was less than enthusiastic when 

Pitman Moore began to eye the burgeoning market for clinical chemistry (ñdiagnosticò) reagents. The first 

product requested was a solution of copper sulfate for use by the Red Cross at blood donation sites. When a 

drop of blood is gently placed into a deep-blue copper sulfate solution of just the right concentration, if the 

patientôs hemoglobin is high enough, it will be heavier than the solution and sink to the bottom (copper in 

the solution reacts with proteins in the blood to form an enclosing ñbagò around the drop so it can float or 

sink without dispersing). I made the solution, but resisted my supervisorôs request that I stick my finger. 

Because I was never able to do it, the carefully-prepared flask of copper sulfate sat on a bench top in my 

laboratory until after I departed in 1965. 
2
 The first one I used was LifeScanôs original Penlet®

, which used a single spring to both direct the point 

toward the skin and return it after penetration. While it seemed like a good idea for low cost and ease of 
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ñimprovementò in lancing was a laser-based device originally developed in Russia and 

marketed here by Cell Robotics, but it was quite bulky, made a loud noise when used and 

did not gain widespread acceptance.
1
 

 

Modern lancing devices have improved further, and most now feature adjustments to 

control depth of penetration of the needle (stoneworkers will need a deeper puncture to 

find blood than people who donôt work with their hands). Needles are smaller and 

sharper, and recent devices have been approved for ñalternate site testing,ò (obtaining 

blood from the forearm, upper arm, back of the hand, thigh or calf); but ask those who 

test their blood glucose, and many will say that it still sometimes hurts and can cause 

bruising. Add the natural dislike of needles to the actual pain produced, to the social 

unacceptability of droplets of blood and bloody test strips and meters (and concerns about 

blood-borne diseases), and itôs easy to understand why people have long looked for a 

measurement that doesnôt involve blood.  

 

In the blood glucose monitoring industry, it is well accepted that there are three ñCò 

terms that drive peopleôs willingness to test: Cost, Comfort and Convenience. The 

comfort (pain) advantage of a noninvasive technology is easily understood, and since 

very few proposed noninvasive approaches need a test strip that is consumed every time a 

test is performed, there should be a clear cost advantage to both customers and insurance 

companies alike. The cost of meters, however, would most likely increase with a 

successful noninvasive approachðthe projected cost for common noninvasive 

approaches varies from several hundred to several thousand dollars.
2
 Convenience 

                                                                                                                                                 
manufacture, there was an unexpected consequence of the single spring: the lancet oscillated back and forth 

after firing, causing the sharp point to penetrate the skin several times before the motion finally stopped. I 

had seen this in my own finger (multiple tiny cuts in the tissue could be seen under a microscope after 

lancing with the device), and had to prove it to skeptical engineers by moving the device rapidly across a 

pad of writing paper as it was fired. When the top sheet of paper from the pad was held up to the light, 

multiple holes from the needle tracing the path of movement were clearly visible.  
1
 In addition, one of my colleagues from LifeScan says he will never forget the smell of burning flesh and 

discomfort that accompanied its use. 
2
 Most medical insurers, including Medicare, now reimburse patients for the cost of meters and test strips 

(with different reimbursement levels for type 1 and type 2 diabetes), but many patients have to make the 

initial cash outlay and then apply for reimbursement. Large HMOs, like Kaiser Permanente, buy the test 

strips in large quantities at substantial discount, and provide them to patients for a minimal co-payment. 
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includes such issues as how long a test takes, how obtrusive or visible the apparatus is, 

and whether a visible drop of blood is required to perform the test. This issue is more 

subjective and deals with the comfort level people have about testing in public, letting 

everyone know they have diabetes, and concerns about the sight of blood. 

 

LifeScanôs attitude toward noninvasive measurements was initially motivated by 

appropriate, if not entirely noble reasons.
1
 The companyôs growth had been driven by a 

powerful technological breakthrough, the One Touch strip and meter, and they figured 

that noninvasive measurements would be the next barrier to fall. As a result, they 

aggressively pursued every opportunity, with the rule that anyone picking up a 

technology they abandoned would need to spend at least ten times what they had invested 

to bring it to reality. As the candidates fell away one after the other, and the same 

technologies were recycled by new groups who did not know why an approach had failed 

before, LifeScan began to adopt an attitude much like the other companies: ñFirst, it 

might be a real opportunity, and it would certainly grow the market for us if we got it; but 

for sure, if one of the other companies gets it, it will devastate our business. Second, we 

have a very good, very profitable business, and weôre not sure how we would make the 

same kind of money without a trail of consumable test strips.ò The same perspective 

evolved over years, probably in all the major companies, into more of a defensive 

posture: ñWe donôt think anyone will ever make it work, but we have to be aware of what 

all the groups are doing, just in case.ò 

 

Naturally, there was suspicion on the part of the small companies struggling to develop 

the technologies that an outfit like J&J might buy up a successful device, and simply put 

it on the shelf to prevent it from destroying the very profitable business they had built. 

This concern was heightened because no big company will ever sign an agreement that 

requires them to market a successful technology coming from a collaboration or 

acquisitionðthey might indeed judge that the damage to their bottom line might be more 

                                                 
1
 Since I was on the Management Board of the company from the launch of the One Touch until 1998, I 

participated in the discussions and decision-making regarding LifeScanôs attempts to access these 

technologies. 
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than the help to customers (or, they might succeed with two technologies and need to 

market the better one and shelve the other). To date, all of this is for naught, since no 

noninvasive device has yet made a successful market entry. 

 

The dream, however, of most of the inventors and startup companies, is to prove that 

their technology works well enough to be acquired by one of the big companies, who 

would then take it to the market, making the founders wealthy. As mentioned, the 

prospects for this scenario may have dimmed in recent years. 

 

Noninvasive Glucose: Background and Definitions 

 

As home blood glucose monitoring became more commonplace from the early 1980s 

through the early 21
st
 century, there was still resistance to its acceptance by many people, 

largely for the reason that, no matter how fast the test or how small the blood drop, there 

was no way to obtain a sample other than to stick a needle-sharp lancing device into part 

of the body to get blood. For all but a few, this causes pain, fear, apprehension, revulsion 

or other negative emotions, and many people just wonôt do it! There is at least one trained 

scientist who spent decades working for a blood glucose company conducting clinical 

trials, including evaluating a variety of lancing devices. As he approached retirement, he 

was diagnosed with type 2 diabetes. He is on a strict diet, religiously takes his blood 

glucose lowering medication, but will not stick his finger to perform a blood glucose test. 

 

Considering the romantic notion of devices like Star Trekôs Medical Tricorder, with its 

diagnostic scanner wand that instantly detected and reported everything that was wrong 

with a damaged crewman or alien, together with the dramatic recent advances in scanning 

and noninvasive medical therapies, itôs easy to see why people have naturally expected 

that, by now, theyôd be able to measure blood glucose without the need to draw blood. 

The reason they canôt is that this has turned out to be one of the most difficult, 

recalcitrant, obstreperous and devious problems that has challenged science and 

engineering. 
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With the increase in television advertising by some of the major players in the field, 

many people who do not use the devices mistakenly believe that the problem has been 

solved. In an attempt to make the devices appear more attractive in the ads, no customer 

is ever shown lancing a finger to obtain the drop of blood; instead, the meter is merely 

shown counting down and displaying a glucose result. B.B. King and Patti LaBelle still 

have to stick their fingers (or forearms) every time they use a LifeScan One Touch Ultra 

meter! 

 

Before launching into the history of noninvasive glucose, itôs necessary to provide some 

classification of the various technologies. There are quite a few where clear 

categorizations can be made, some where the similarity is a little strained, and some that 

just fit no category at all. The technical descriptions will be beyond the understanding 

and outside the interest of some, but they are included to provide the right backdrop for 

the way various attacks were mounted, and why they failed. Readers who donôt enjoy 

technology should skim the next few technical sections to get to the adventures and story-

telling that follow.
1
 

 

Also, we need to stop here for a little definition and clarification, to understand what will, 

and what will not, be described. There have been a large number of attempts to extend 

traditional invasive monitoring into the most minimally invasive technologies imaginable. 

Where the attempts have masqueraded as true noninvasive techniques, they will be 

covered for completeness. Where researchers have pursued the many implantable 

sensors, coated wires, and enzyme-covered skin piercing devices, those approaches will 

                                                 
1
 During my tenure at Technicon Instruments (now part of Siemens), Baker Instruments (now disappeared 

in a series of acquisitions by Serono, Amersham, and likely others), LifeScan, a total of 12 years of 

consulting for many companies in the area, and my final stint at Fovioptics (twenty-nine years in all), I 

estimate that I evaluated well over one hundred technologies intended to yield noninvasive glucose results. 

Granted, there were not nearly as many unique technological approaches to solving the problem, but there 

were that many researchers, academics, scientists, engineers, physicians, startup companies, crackpots and 

charlatans who took a tilt at this windmill over the same period. Wherever possible, Iôve tried to be 

generous to those who tried their best, but itôs not always possible to be as kind to some whose motives 

were not as pure. This is of necessity a highly personal (and therefore biased) recounting of all Iôve seen in 

this arena, and itôs impossible to be fair to all. Also, most of it is filtered through an increasingly imperfect 

memory, and colored by the strong emotions that inevitably accompany any titanic struggle. 
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be excluded from this discussion. This is not meant as a slight, but as an attempt to place 

emphasis and scope properly on truly noninvasive approaches.
1
  

 

To be clear about the definition, while insertion of a coated wire under the skin may be 

minimally invasive, and while it can give continuous glucose readings, it cannot be 

classified as noninvasive. A recurrent technological theme that inevitably goes by the 

code name ñmosquito,ò where really tiny needles (e.g., Molecular Devices, Kumetrix, 

Rosedale, now renamed Intuity Medical, and promoting a different approach to blood 

glucose determination) are inserted into the skin to withdraw small samples of blood or 

interstitial fluid, can similarly not be classified as noninvasive, and will not be addressed 

here. 

 

It is also important to distinguish between monitors that can provide continuous readings, 

and those where some patient activity is necessary to perform a test. While some 

noninvasive approaches seek to perform continuous measurements (i.e., most all the 

ñwristwatchò designs that will be described later), many are too large to wear or would 

require some preparation on the part of the patient: those are usually referred to as 

ñepisodicò (or ñintermittentò) monitors. A lot of press has been generated in recent years 

by companies such as Abbott (TheraSense)
2
, Medtronic (originally MiniMed) and 

DexCom
3
 for continuous devices where the sensor is implanted in the skin. The 

advantage of this approach is that, like a wristwatch, it could be hooked to an insulin 

pump to achieve the long-sought ñartificial pancreasòða device that senses blood 

glucose and administers the amount of insulin necessary for normal control. 

 

                                                 
1
 For example, I first met George Wilson (recently at the University of Kansas) in graduate school at the 

University of Illinois in the late 1960s. I most recently saw his implantable coated-wire continuous-sensing 

glucose technology at the iSense Corporation  of Portland, OR in 2004, and I commend him for the decades 

of dedication, perseverance, and tenacity that it took to get the technology to that point. 
2
 As of 2011, no other continuous systems have been introduced, and it appears that the Abbott system is no 

longer being supported. 
3
 This was the list of companies involved in continuous monitoring in 2006. Since then no new companies 

have joined the list, and Abbott appears to have given up on its continuous monitor. 



18 

 

To date, the continuous implantable sensors have had their own set of problems, and none 

is yet reliable enough to connect to a pump to form a ñclosed-loopò system that could 

function as an artificial pancreas.
1
 As described under the section on ñreporter 

molecules,ò anything inserted into the body that does not cause an immediate rejection 

reaction (this is achieved by constructing it from ñbiocompatibleò materials) will be 

quickly coated with a layer of protein. As the protein layer builds up, it can gradually 

reduce the amount of glucose the sensor ñsees,ò and cause a lower response than the 

actual glucose level. At best, this effect limits a sensor to three to five days in tissue, and 

at worst, can require that the sensor be recalibrated at frequent intervals with a fingerstick 

meter. Also, there is frequently a period of time after a sensor is inserted, while the 

bodyôs equilibrium settles back down, before reliable glucose results can be obtained. 

This time varies from one design to another, and possibly from one patient to another. 

 

Once the response has stabilized, most of these devices have also shown periods of time 

when no valid results are generated, usually called ñdropouts.ò
2
 The sensor operates 

properly when bathed in the fluid between cells (called ñinterstitial fluidò), and if it 

comes into firm contact with tissue, due to movement or postural changes, access to 

interstitial fluid can be restricted or cut off. When this happens, the sensor might report 

very low or even zero values for glucose, and generate a false alarm for hypoglycemia. 

The convenience of continuous measurements (especially at night, when hypoglycemic 

episodes are usually not detectable by the patient) is significant, but unless a person is 

subject to these rapid swings, the cost of sensors and the need to replace them frequently 

has, to some extent, limited acceptance and continued use. Also, as patients have reported 

in trials, it may be ñtoo much informationòðmost minor glucose variations do not need 

attention, and as one patient remarked, ñItôs like having your wife or husband tell you 

youôre twenty pounds overweightðevery five minutes!ò 

                                                 
1
 The MiniMed Paradigm insulin pump and continuous glucose monitor received FDA approval, but is an 

ñopen-loopò system, where the glucose values do not determine insulin dosing. The Insulet Omnipod 

insulin pump system, which has an integrated blood glucose meter for discrete testing, is also ñopen-loop.ò 
2
 A number of patent applications have appeared, primarily from the three named companies, where 

mathematical algorithms have been devised to replace the missing data with calculated or ñprojectedò 

glucose values. 
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As the first edition of this book was being written in 2006, many of the existing 

companies were in the process of changing strategy to pursue a new marketplace: post-

surgical or post-traumatic monitoring in critical care units of hospitals. A practice that 

had been in place for many years, and known widely as the ñPortland Protocolò gained 

traction in about 2004. It indicated that patients, even those without diabetes, experience 

wide swings in glucose levels after serious damage to the body from trauma or surgery, 

and that recovery rates could be improved (and most important to the insurers, hospital 

stays could be reduced) if patientsô glucose was monitored continuously. At least the 

following companies began directing at least part of their efforts in this direction, often 

abandoning noninvasive monitoring for invasive techniques where a sensor (or a catheter 

inserted into a vein) is changed frequently: Luminous Medical (spun off from InLight 

Solutions), OptiScan, Glumetrics, Glucon and Sontra. Of these, Luminous Medical and 

Glucon are no longer in operation, and some of the survivors have diverted their efforts 

toward a product for the European market, where regulatory hurdles are lower. This is 

partly because there have been reports of increasing risks to intensive care unit patients, 

including increased death rates, when blood glucose is aggressively controlled, and also 

partly because of increased restrictions placed on the approval of these systems by the 

FDA. 

 

Techniques such as blister formation, abrasion of the skin to cause fluid leakage, and the 

like will also not be covered in these pages (with the exception of a ñmicroporationò 

technique from SpectRx that generated a lot of interest). A closely related technology, 

reverse iontophoresis, will  be described, because it could have been noninvasive, and 

created by far the greatest regulatory stir and patient awareness of any technique with the 

possible exception of the ñGreat Biocontrol Fiascoò (see below).  

 

Another problem is that, what is noninvasive to one person is invasive to another. 

Consider, for example, a frequently-pursued approach: place a small amount of a 

compound whose (pick one) color, intensity, or fluorescence changes with the amount of 

glucose in its area just under the skin. If it worked, the detection could be done 
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noninvasively, but the act of inserting the compound is invasive, whether itôs tattooing or 

surgical implantation. Weôll cover it, but this marks the outer boundary of invasiveness 

for technologies we will consider.
1
 By way of a definition, then, noninvasive blood 

glucose monitoring should be limited to a technique which produces no pain or 

discomfort to perform the test, involves no blood or other body fluid obtained by piercing 

the skin (more on this later), and does not require or cause any tissue damage, injury, or 

deterioration. 

 

As mentioned, should someone succeed with a truly noninvasive glucose measurement, 

the payoff would be immense. Partly for that reason, almost every known analytical or 

physical measurement technique that could be used to infer the concentration of a 

substance has been applied to the detection of glucose. In addition, however, there seems 

to be an unnatural attraction for the obscure, esoteric or unusual approaches. Either in the 

specific, as described below, or in the general, the less well-known a technique is, the 

more likely it seems to wind up being applied to the perpetual search for a valid glucose 

measurement. This has led to everything from descriptions of technologies that the 

presenter clearly didnôt understand, to explanations that no one could ever understand, to 

clear attempts to obfuscate and confuse. Even though there have been only a few serious 

repercussions from illegal activity connected to regulatory compliance or fundraising, the 

marketplace eventually eliminates those with nothing real to offer. 

 

There is another, slightly perverse driving force that keeps companies going in search of 

the ñHoly Grailò past the point where their technological possibilities have been 

exhausted. Venture capitalists are a strange breed
2
 and are motivated equally by receiving 

                                                 
1
 Noteðit is devilishly hard to organize the presentation of what has been tried and why it didnôt work. 

Where only initial investigations have been reported, or a technique only popped up once, Iôll include the 

company or group name in the preliminary discussion of the technology. Where a technology has been 

multiply investigated, or has been the subject of controversy, Iôll give more detail in the later section. 

 
2
 My favorite joke about venture capitalists features one of the breed who died and was confronted by Saint 

Peter shaking his head at the pearly gates. ñYou probably werenôt aware of this, but we have a quota system 

in heaven, and weôre currently at our limit for venture capitalists this month, so Iôll have to send you 

below.ò, the newcomer was told. Nonplussed, the sharp-witted investor saw an opportunity: ñIf I can create 

an opening by getting someone to leave, can I have his space?ò Saint Peter said he didnôt see why not, so 
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large returns on their investments, both for themselves and the limited partners who 

invest in their funds, and by their reputations among their peers and investors for 

selecting the most promising new investment areas. They are cautious, hesitant and 

unwilling to enter uncharted territoryðunless another one has just ventured there. If a 

prominent firm makes an investment in an area, other new companies with aspirations in 

the same area receive an unexpected boost in their fortunes as many other investors 

attempt to jump on the bandwagon. An unfortunate comparison with the fabled behavior 

of lemmings is common. 

 

The other aspect of the strange behavior of this subspecies is that once they have 

invested, they are quite unwilling to admit a mistake, and will provide encouragement for 

the investigators to continue the pursuit even when the probability of success has 

plummeted. ñHas the opportunity changed?ò they will ask, and when the companyôs CEO 

replies that it hasnôt , theyôll often say ñThen, keep on trying.ò In many cases, they will 

continue to make follow-on investments in a company to continue the pursuit, in hopes 

that they may eventually succeed by either developing a product, by selling the company 

to one of the giants in the industry, or by an initial public offering (IPO) of stock, where 

they can transfer their losses to new shareholders. 

 

Resources 

 

There are lots of sources, especially on the Internet, where noninvasive devices are 

described
1
. Unfortunately, most of these are not actively maintained and list outdated 

descriptions of prototypes or press releases from years past. One that is consistently 

                                                                                                                                                 
the VC asked to use the Heavenly Microphone to address the angels. In a booming voice, he called out, 

ñThe cure for cancer has just been discovered in the southeast corner of Hell!ò Immediately, a parade a 

VCs began running down the stairway in pursuit of a great new investment opportunity. As the last one 

passed, the new arrival fell in line and pursued them down the stairs. Saint Peter grabbed his arm, asking 

ñWhere are you going? I thought you wanted to create a place here in heaven?ò ñYes,ò he replied, but when 

I saw people from Kleiner Perkins, MedVenture, and InterWest Partners going by, I decided there might be 

something to it!ò  
1
 As of 2011, searching the YouTube video site for ñnoninvasive glucoseò will turn up a number of 

demonstrations of proposed noninvasive glucose monitors. 
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updated and accurately maintained is Mendosa on Meters 

(http://www.mendosa.com/meters.htm), part of a comprehensive set of websites put 

together by David Mendosa, a freelance writer and consultant. David has type 2 diabetes, 

but makes no pretense of being a technical expert, and lists what the companies have 

stated they are doing, or hope to do.
1
  

 

There are two other good sources of information that require subscriptions. The first is 

Close Concernsô (http://www.closeconcerns.com/), newsletter ñDiabetes Close Upò 

($795/year), written by Kelly Close, a financial analyst and consultant to the healthcare 

industry, who also has type 1 diabetes. The other is The Diabetic Investor ($750 for one 

year), written by David Kliff (http://www.diabeticinvestor.com/), a money manager and 

investment advisor, who was diagnosed with type 2 diabetes in 1994. David has followed 

the history of noninvasive monitoring and writes with a skeptical eye toward claims made 

by the companies participating in this market area. 

 

There are several publications that attempt to inform people about progress in 

noninvasive testing, but most have a poor track record for accurate or timely reporting. It 

is recommended that any report in either the popular press or diabetes magazines be 

viewed with caution, since most have been written following either an overly-enthusiastic 

press release, or an interview with a researcher excited by the early promising results of a 

new technique. Similarly, since a search of the YouTube site for ñnoninvasive glucoseò 

will yield a number of video demonstrations of supposedly working systems, these also 

need to viewed with skepticism. 

 

A book was published in 2010: In Vivo Glucose Sensing (Chemical Analysis: A Series of 

Monographs on Analytical Chemistry and Its Applications), edited by David 

Cunningham of Abbott and Julie Strenken of the University of Arkansas, which has 

thorough descriptions of many of the problems involved in developing both indwelling 

                                                 
1
 He has also generously hosted the electronic version of this book on his website for over five years and 

has referred numerous inquiries about companies and technologies to me. 
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and noninvasive glucose sensors. It has an especially thorough description of the ñforeign 

body responseò to materials inserted into the body. Another book, published in 2006, that 

focuses on one specific technique is Topics in Fluorescence Spectroscopy Volume 11 

Glucose Sensing, by Chris D. Geddes and Joseph R. Lakowicz, both at the University of 

Maryland. 

 

Scientific publications about noninvasive glucose measurements appear in a diverse array 

of journals, but one that focuses on them is Journal of Diabetes Science and Technology, 

published by the Diabetes Technology Society, founded in 2001 by David C. Klonoff, 

MD, Clinical Professor of Medicine at University of California, San Francisco. The 

society also sponsors an annual conference in San Francisco each October to November, 

where many of the potential noninvasive technologies are presented. It is often referred to 

as the ñKlonoff Conference.ò  

Know the Enemy 

 

Anyone who has had his oxygen saturation monitored by a fingertip sensor, and seen how 

easily itôs done, can imagine a similar device placed on the finger, which reads and 

transmits a signal for glucose to a waiting computer or numeric display. Ah, but the 

differences between the two measurements, and the two compounds responsible for 

them! Oxygen saturation is measured by the ratio of the amount of hemoglobin that has 

oxygen attached to the amount that doesnôt have oxygen (appropriately termed 

oxyhemoglobin and deoxyhemoglobin), and here, the two compounds are of visibly 

different colors: bluish ñdeoxyò becomes the bright red ñoxyò when a few molecules of 

oxygen are attached. And, itôs the only compound in the body with a strong blue or red 

color. Not only that, but hemoglobin lives almost exclusively inside red blood cells, all of 

which conveniently travel inside blood vessels in well-defined paths through the body, 

and which are subject to pulsatile flow each time the heart beats, making them easier to 

detect. To make the measurement even easier, the blood of healthy humans contains 

something like 14% hemoglobinðthat is, each 100 milliliters of blood contains fourteen 

grams of hemoglobin. 
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What about glucose? For such an important molecule, it has the most nondescript 

characteristics imaginable. First of all, glucose is colorlessðnot just in the visible region 

where we see colors, but even if we had near-infrared vision, it would hardly have 

enough color to see. While it travels in the blood, and changes in concentration are 

delivered by the bloodstream, itôs also present in all tissues in varying amounts, inside 

and outside cells as well as blood vessels, and in concentrations which vary from part to 

part, and depending on both insulin levels and how long it has been since a major change 

occurred. The amount? The same 100 milliliters of blood that held 14 grams of 

hemoglobin normally holds only 0.1 gram (100 milligrams, or a concentration of 100 

milligrams per deciliter, usually abbreviated mg/dl
1
) of almost invisible glucose, and, 

when the measurement is most critical (in hypoglycemia), as the brain begins to shut 

down and the body goes into shock, the amount is only half that much. An astounding 

statistic about the amount of glucose circulating in the blood is that it is roughly the same 

amount as the sugar in a packet used to sweeten a cup of coffee (100 mg/dl in 5 liters of 

bloodð50 dlðis just 5 grams or glucose or one teaspoonful). 

 

For the chemically curious, the chemical formulas and structures below represent 

increasingly accurate representations of the glucose molecule.  

 

            
 

 

The chemical structure of glucose (and thus its appearance when viewed in many regions 

of light) is very similar to many other compounds that are present throughout the body. 

All the compounds that result from the normal metabolism of glucose are similar, as are 

many of the intermediates of the biochemical reactions. Even worse, glucose is attached 

                                                 
1
 In many other countries, glucose concentrations are given in millimolar (mM) units. One millimolar is 

euqlivalent to 18 mg/dl, and a normal value of 100 mg/dl is about 5.5 mM. 
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to almost all the proteins of the body (it is this fondness for proteins that causes many of 

the complications of diabetes when blood glucose isnôt well controlled). Albumin, which 

makes up about 4% of blood serum, and hemoglobin, which is 14% of blood, both have 

glucose attached (are ñglycosylatedò
1
) to about 5% of their molecules when a personôs 

glucose is in the normal range, and a similar amount of attachment exists for most 

proteins. The result is that there are a lot of ñglucose-likeò molecules in every part of the 

body, and for most spectroscopic techniques they produce overlapping signals, so it is 

very hard to tell them all apart. This will be an important consideration when we discuss 

near-infrared spectroscopy and the difficulty in establishing a calibration using it. 

 

Noninvasive glucose measurements have been attempted by an incredibly diverse range 

of technologies; indeed, it seems that almost every technique ever used for analysis has 

been tried at one time or another. This chapter will later attempt to categorize them 

according to the technological approach used. This is an imprecise pursuit since different 

groups use different terms for the same technology and only a few of these are 

sufficiently well-developed to have standard terminology or nomenclature, but the 

imperfection of the result should not prevent the attempt. 

   

                                                 
1
 Glycosylated hemoglobin, often referred to as HbA1c, (or just ñA1Cò) is measured to determine patientsô 

long-term glucose control. It averages the blood glucose values over two to three months and is an accurate 

predictor of future complications. It is expressed as the percentage of hemoglobin with glucose attached to 

the total amount of hemoglobin, and a value over 7 percent is generally considered suggestive of diabetes, 

or at least indicative of poor glucose control. 
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A Few Notes About Regulations 

 

When the first meters were introduced, there were very few regulations, and they were 

sold directly by the manufacturers, through doctorsô offices, or by diabetes specialists. In 

1976, the Medical Device Amendments were passed by Congress, and devices developed 

after that date fell into two categories regulated by the Federal Food and Drug 

Administration.
1
 First, those that could demonstrate ñsubstantial equivalenceò to a device 

on the market before 1976 would be approved under a ñpremarket notificationò process 

known as ñ510(k),ò and could be released as soon as 90 days after filing the proper forms 

and obtaining clearance. For determination of equivalence, a ñpredicate deviceò is 

selected (which may not have been on the market before 1976, but was approved as 

equivalent to one that was, allowing devices to be ñdaisy-chainedò over many decades). 

In the FDAôs words: 

A device is SE [substantially equivalent] if, in comparison to a predicate device 

it:  

¶ has the same intended use as the predicate device; and 

¶ has the same technological characteristics as the predicate device; or 

¶ has different technological characteristics, that do not raise new 
questions of safety and effectiveness, and the sponsor demonstrates that the 
device is as safe and effective as the legally marketed device.  

 

Devices that do not meet this requirement fall into a much more stringently regulated 

category, requiring a ñpremarket approvalò or PMA. This approval process requires much 

more strict quality procedures, submission of many more documents, and generally over 

a year to complete. Ordinary blood glucose meters fall under the 510(k) notification, but 

a few years back, after several abuses and false starts (see Glucowatch, Biocontrol and 

Futrex below,  

 

                                                 
1
 These two groups generally correspond to what are termed Class II and Class III devices. There is also a 

Class I category, such as bandages, examination gloves, and hand-held surgical instruments, which is 

generally exempt from the approval process and good manufacturing practice requirements. 
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for examples), the FDA decided that all noninvasive blood glucose meters would be 

handled via the PMA procedures.
1
 In a 2002 publication, Dr. Steve Gutman, Director, 

Office of In Vitro Diagnostic Device Evaluation for the FDA, wrote ñFDA considers 

noninvasive and minimally invasive glucose devices that are intended to measure, 

monitor, or predict blood glucose levels in diabetics to be high-risk medical devices.ò 

thus qualifying them not only under PMA, but also as high-risk devices which fall under 

the Investigational Device regulations (IDE), as described below: 

 

 

                                                 
1
 As Dr. Jean Cooper, an FDA division director told me during a ñpre-IDEò informational meeting held 

with them in Washington, D.C. in 2005 for a noninvasive technology developed by Fovioptics, ñYouôre 

welcome to apply for a 510(k) status for your device, and weôll be happy to cash your second check when 

you finally apply for the PMA.ò 
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Many in vitro diagnostic (IVD) devices are exempt from the IDE regulations. Under 
section §812.2(c) of the IDE regulation, studies exempt from the IDE regulation include 
diagnostic devices if the testing:  

1. is noninvasive;  
2. does not require an invasive sampling procedure that presents significant risk;  

3. does not by design or intention introduce energy into a subject; and  
4. is not used as a diagnostic procedure without confirmation by another medically 

established diagnostic product or procedure;  

The PMA process requires more thorough pre-clinical and clinical testing, and the IDE 

requirements place additional burdens on investigators to determine that their device is 

safe to use. The pivotal item is number 3ðñintroduce energy into a subjectòðas will be 

seen below the vast majority of noninvasive technologies do, and thus have to be 

carefully evaluated for safety. In order to test on volunteer subjects, the testing protocol 

must be reviewed by an approved medical body known as an Institutional Review Board, 

or IRB. This group also evaluates the ñinformed consentò form that patients must read 

and sign before volunteering, so that all potential risks from the device are known to 

them. Largely because people with diabetes are so eager to adopt a noninvasive device, 

finding volunteers to test them is usually not a problem. And while the volunteers agree 

to keep the details of the device confidential, very few do, and this is one of the most 

common ways that information is transferred among companies in this field. This 

practice would, of course, be much more meaningful if anyone were to succeed in this 

pursuit, but for the more than thirty years that the chase has continued, participating 

companies have actively sought out volunteers from each otherôs studies to learn as much 

as they can, usually to no advantage other than knowing no one else is on a direct path to 

success. 

 

Each institution with an IRB also assigns a member of its medical staff to be the Principal 

Investigator, and that personôs responsibility is to help in patient qualification and to 

provide communication back to the institution. Most are honest professionals who respect 

the confidentiality of the companyôs information, but there are a few are share all they 
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know to anyone who will listen, primarily for self-aggrandizement. The word usually 

spreads about which investigators should not be trusted with confidential information, at 

least during the early stages before patent applications have been filed to protect the 

companyôs intellectual property secrets.  

 

The 510(k) and especially the PMA approval process place requirements on the design, 

development and manufacturing of a device that are quite complex. The required quality 

systems, with reams of paperwork for policies, procedures and record-keeping, place a 

heavy burden on a small organization, and require huge overhead expenses in the areas of 

quality assurance and regulatory compliance personnel. As a result, where a creative 

group can rapidly invent and develop a consumer electronic product in a relatively short 

time, any company that intends to participate in this pursuit needs substantially better 

funding at the outset. There is always a judgment call involved in deciding where 

ñresearchò ends and product development begins, and creative terminology is sometimes 

involved, because the FDA has adopted the approach that any ñprototypeò needs to have 

a complete record of how it was designed, developed and tested. For this reason, early 

versions of a device are often referred to as ñbenchtopò or ñbreadboardò research 

versions, thus avoiding the use of the ñp-wordò until more certainty of performance is 

established.  

 

Very early in the process, however, it is necessary to institute a series of procedures 

called ñdesign controls,ò which govern the design, testing and evaluation procedures and 

establish the basis for the comprehensive quality procedures to follow. Entrepreneurs 

coming into this field from other areas are often caught unaware of the breadth and depth 

of these requirements and have difficulties accepting the level of overhead and 

bureaucracy they place on a small organization. Long before true clinical success is 

demonstrated, companies also need to plan for manufacturing in an FDA-approved 

facility, and this adds additional burdens and costs. 
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Patents 

 

Since patents have played a large part in the pursuit of noninvasive glucose monitoring, 

and since they are public documents that contain a wealth of information (together with 

the occasional whiff of fiction), throughout this book the patent numbers of issued U.S. 

patents or of published U.S. applications will be listed to which the interested reader can 

refer for more details. Once the property of a centralized paper collection in Washington, 

D.C., both patents and published applications are now available on pages under the 

website http://www.uspto.gov, and the search engine ñGoogle Patentsò can find and 

display most of those in the U.S. patent system, including many published patent 

applications. Those unfamiliar with the arcane language and style of patents may find 

them hard to slog through, but in many cases merely reading the abstracts will give a fair 

idea of the material they contain.
1
 

 

As far as can be determined from the patents records, it all began on November 25, 1974, 

when Dr. Wayne Front March
2
 filed an application that eventually became U.S. Patent 

3,958,560. Amazingly, on the same day, Robert S. Quandt filed a patent application for 

determination of glucose by almost exactly the same method: rotation of plane polarized 

light by glucose in the aqueous humor of the eye! Marchôs patent issued on May 25, 

1976, while Quandtôs issued on June 15, 1976 as U.S. Patent 3,963,019
3
.  

 

                                                 
1
 
1
 In European and Patent Cooperation Treaty (ñPCTò) patents, an ñAò suffix refers to a published patent 

application, while the same number with a ñBò means it is an issued patent.. In the U.S., applications 

(which were first published with a change in patent law in 2001) have a different numbering system, 

consisting of the year of publication followed by a seven-digit sequential number, then A1. When a U.S. 

patent issues, it is given a new seven-digit patent number, followed by B1. 
2
 Dr. March also holds the unquestioned record for longevity of investigation in this field. His latest U.S. 

patent, number 7,653,424 ñApparatus for measuring blood glucose concentrations,ò issued on January 26, 2010. It 

also describes making a glucose measurement in the aqueous humor. 
3
 The approach to making the measurement was quite different, but someday I hope to understand this 

coincidence of patent filing dates. 
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These were two of only 6 patents in the field that appeared worldwide between 1975 and 

1980. As the graph shows, the increase in patents is a remarkably straight line when 

plotted on a logarithmic scale! The increase in volume is an order of magnitude for each 

decade that has passed since 1975.
 1
 

 

However, either due to the general slowdown in the economy, or because of the feeling, 

falsely attributed to Charles H. Duell, Commissioner of the U.S. Patent Office in 1889, 

                                                 
1
 This is the result of  a series of  searches for all patents and patent applications issued worldwide under a 

pair of search criteria: ñglucose (and) noninvasiveò and ñglucose (and) non-invasive.ò There will be many 

duplications, and many patents that donôt pertain to noninvasive glucose at all, but it shows the growth 

dramatically. U.S. patents make up about 80% of the worldwide list. 
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that ñEverything that can be invented has been invented,ò
1
 the number of patents, both 

applied for and granted, for ñnoninvasive glucoseò has declined substantially in recent 

years, with much lower numbers since 2005. 

 

It Ainôt Necessarily So 

 

 Those who are not familiar with patents often expect that if something has received a 

patent, it must work. The only legal requirements for patenting are that the invention be 

useful, nonobvious and novelðthereôs no requirement that it actually work. Because a 

patent gives the inventor a monopoly for fifteen to twenty years in exchange for 

ñteachingò the world how an invention works or is made, thereôs a requirement that the 

disclosure be ñenabling;ò that is, it must contain enough information to allow a person of 

ordinary skill in the art to reproduce the invention without undue experimentation. 

Invention (in a patent sense, at least in this country) is more a matter of conception of an 

idea, and if filing a patent application is delayed until all the kinks are worked out, itôs 

possible that someone else could obtain rights to the invention by filing an application 

immediately after having the ñaha!ò moment. Itôs certainly not possible to categorically 

state that no noninvasive patent yet filed will ever yield a commercially successful 

device, but it is true that none has yet, so itôs best to take all the issued patents and 

published applications with a large grain of salt. They more accurately define what canôt 

be owned by a new inventor (because someone else already owns the rights to it), rather 

than what will actually work. Once the patent ñmonopolyò expires, however, the material 

passes into the public domain and may be used by anyone. 

 

This situation introduces another complication for the first person who develops a 

successful noninvasive monitor: with so many issued patents, and the complexity of 

many of the technologies involved, it is likely that the winner would be greeted with a 

flurry of patent infringement lawsuits, as the unsuccessful look to cash in on his success.  

                                                 
1
 This turns out to be a long-standing urban legend. Duell never said anything of the kind. 
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For this reason, the first to succeed will need to have substantial resources to defend the 

product and might be driven into a relationship with one of the large companies with 

ñdeep pocketsò that can afford the legal expenses that could ensue. 
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Measurement Techniques 

Spectroscopic Techniques 

 

 

 

General: Spectroscopic techniques are used to determine the presence or concentration 

of a substance by measuring how it interacts with light. When light is absorbed in passing 

through a material, the amount of depletion of the light is measured and termed 

ñabsorbance.ò (this is the inverse of the amount of light passed through, which is referred 

to as ñtransmittanceò)
1
. Under certain circumstances, substances can also give off light, 

and this is termed ñemission.ò When the amount of absorption, transmission, or emission 

is plotted against wavelength, the resulting curve is referred to as a ñspectrum.ò Each 

material shows a specific and reasonably unique spectrum, depending on its chemical 

structure, physical state, and temperature, but the amount of information contained in the 

spectrum can vary tremendously from one region to another. For instance, when looking 

for small amounts of water, itôs not a good idea to look at its spectrum in the visible 

region. Even though water has a very faint blue color, there must be a lot of water in one 

place in order to see it. In the near-infrared or in the mid-infrared region, water has a very 

                                                 
1
 Another technique, called ñfluorescence,ò involves absorbing light of one wavelength and emitting light 

of a second, less-energetic wavelengthðthis is what is seen using ñblack lightò bulbs. If the emission of 

light is delayed for a short time, the phenomenon is termed ñphosphorescence.ò 
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intense absorbance (it has a very dark ñcolor,ò even though humans canôt see it at this 

wavelength), and small amounts of it can be easily detected. 

 

Most of the tissues of the body are too thick to make reliable transmission measurements 

at the wavelengths that need to be used for glucose, so an alternative technique called 

ñreflectanceò is employed. Here, the light is directed at the surface of tissue, travels some 

distance into it, and some (usually small) percentage re-emerges at or close to the site 

where it was first introduced. To complicate matters, there are several kinds of 

reflectance: ñspecularò reflectance, where the light bounces off a shiny surface, as in a 

mirror, and ñdiffuseò reflectance, where the light is scattered before it comes back. 

Glossy white paint acts a lot like a mirror, and the light primarily bounces off at the same 

angle it hits, resulting in specular reflectance. Flat white paint on a smooth wall yields 

diffuse reflectance with a reflectance profile termed ñlambertian,ò where the reflected 

light is distributed over a full 180 degrees from the surface. Tissue is even more complex, 

since light penetrates to a depth where there are many surfaces (collagen fibers, cells) 

which scatter the light, and the result is kind of a ñglowballò of reflected light that comes 

from below the surface. The technique is complicated because the top surface of the skin 

also exhibits some specular reflectance, and since this light hasnôt interacted significantly 

with the tissue, it contains almost no information about glucose. 

   

 

 

 

 

 

Specular Reflectance   Diffuse Reflectance  Tissue Reflectance 

         (Gloss White Paint)          (Flat White Paint)  (ñGlowballò) 

 

 

Near-infra red: Perhaps the most frequently-attempted region (and most trouble-plagued) 

is near-infrared spectroscopy. As anyone knows who has held a flashlight under his 

fingers in a dark room, red light (and the invisible band just above it in wavelength called 

ñnear-infraredò light) will pass through a considerable thickness of skin and tissue. And 

as people who have tried to see any bone structure from the transmitted light also know, 

A B A = B 
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the light that gets through is very badly confused, or scattered. Light of higher 

wavelength, usually termed ñmid-infrared,ò is strongly absorbed by water, which 

constitutes a very large percentage of all tissues and generally canôt penetrate even a 

hundredth as far. In an incredibly cruel trade-off by Mother Nature, the mid-infrared 

region is quite sensitive and contains a great deal of information about the structure and 

concentration of chemical compounds, so much so that it is often termed the ñfingerprintò 

region of the spectrum, but light in this region canôt penetrate far into tissue. The near-

infrared region, where light does penetrate tissue to a reasonable extent, has more of what 

might be called ñglimmers and ghostsò of structural informationðtechnically, the bands 

here are called ñovertone and combinationò bands, and their intensity is greatly reduced 

below those in the mid-infrared. The upshot of this is a lot like looking for lost keys on a 

dark night. They were likely lost in an area where itôs too dark to see, and looking under a 

streetlight where they might be visible will never locate them. An exaggeration, but a fair 

introduction to the difficulty that attends looking for a molecule like glucose in this 

region.  

 

For practical purposes, near-infrared light is defined as wavelengths of light between 600 

nm and 2500 nanometers (ñnmòða nanometer is one billionth of a meter; a micrometer 

is one millionth), so this is the same as 0.6 to 2.5 micrometers, or ñmicrons.ò Visible 

light, generally considered to be 400 to 700 nm, overlaps slightly, but the region below 

700 nm contains almost no glucose information, and can safely be eliminated in the 

search for glucose unless a colored compound has been produced by a chemical reaction.  

 

The ultraviolet region below 400 nm is even more impenetrable, and almost no light at 

these wavelengths can pass through tissue. Not only is more of the light absorbed by the 

tissue, but a great deal more scattering occurs. Science class taught us that the sky is blue 

because short-wavelength light (blue) is more scattered than long-wavelength light (red). 

In fact, the amount of scattering decreases as the fourth power of wavelength, so blue, 

violet and ultraviolet regions show progressively increased scattering. 
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In addition to the difficulties described above in getting light into and out of tissue, there 

are two other very serious problems that complicate measuring glucose in the near-

infrared. First, because the signal related to glucose is quite weak, researchers working in 

this area have had to rely on sophisticated mathematical techniques to establish 

correlation between their measurements and reference values. Known to chemists as 

ñchemometricsò and to mathematicians as ñmultivariate techniquesò
1
 (and generally 

lumped together into the term ñalgorithmò
2
), these approaches generally try to separate 

the variation within a data set into a series of components or curve shapes which account 

for decreasing amounts of the observed variability. The need for such techniques 

indicates a relatively weak or obscure relationship between the measured data and the 

results sought (or the presence of a number of interfering materials) but by no means 

indicates that the relationship does not exist. It does, however, indicate that there are 

many other variables that must be controlled in order for the correlation to continue to be 

robust.  

 

For instance, a data set obtained with a group of subjects (a ñmodelò) might show 

reasonable correlation on the day the results were generated. Applying that same model 

to data for one of the subjects obtained on a different day, when conditions or the 

patientôs chemistry have changed, could give a glucose result of minus 2,000 mg/dlð

clearly not a meaningful result, and a good indication that some essential parameters are 

missing from the calibration model. 

 

Second, while glucose is the primary fuel and circulates in perhaps the highest 

concentration of any sugar-like molecule, there are hundreds of ñpoly-hydroxy carbon 

compoundsò in the body (both inside and outside cells) that are structurally similar to 

glucose and, therefore, have strong spectral similarities. Like glucose, these substances 

                                                 
1
 One expert in the field describes his research as ñHarmonious and Parsimonious Multivariate Calibration: 

The Tao of Analytical Chemistry.ò Another memorable presentation was made by an interview candidate at 

a noninvasive company who titled his presentation ñMultivariate Measurement Techniques: In search of the 

best wrench to hammer in the screw.ò 
2
 While seeking funding for Fovioptics in 2005, I was congratulated by a potential investor, who said our 

presentation was the only noninvasive glucose ñpitchò he had heard that hadnôt used the word ñalgorithm.ò 
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vary in concentrationðsome in concert with glucose, some in inverse relationships, and 

some randomly. As a result, the near-infrared region is a veritable ñjungleò of weak, 

overlapping, varying signals that come from all these compounds, further complicating 

the mathematically-based search for the true glucose concentration, and increasing the 

chances that something whose concentration correlates with glucose will confound 

attempts to isolate it from the overall background. These are known as ñspuriousò 

correlations
1
 and have cost the investigators and their investors untold millions of dollars. 

Further specific examples of issues and problems will be described when the researchers 

and their preferred techniques are discussed later. 

 

Measurement in the near-infrared region is complicated by the scattering effects of tissue 

described elsewhere. When the light that enters tissue is not fully reflected, the loss may 

be due to absorbance by glucose (or other compounds), or the light may have been 

scattered so many times it was not able to return to the surface. Absorbance of light by 

compounds is a function of both how strongly the light is absorbed (the ñabsorptivityò) 

and by how far the light has traveled (the ñpath lengthò).  Depending on the degree of 

hydration, electrolyte balance, or even temperature, the same tissue site can exhibit 

varying degrees of scattering, and it is difficult to separate out the light lost by scattering 

from that absorbed by glucose molecules. Worse yet, the effective path length of light in 

tissue is altered by the amount of scattering, so variations can alter the effective amount 

of glucose that is ñseenò by the light and can cause variation in the glucose signal that is 

not related to concentration. 

 

Generally, however, the near-infrared region is dominated by the spectrum of water, and 

since living tissue can be seventy to eighty percent water, this serves as a good example 

of why the signal is hard to see. The picture below is an idealized version of the near-

infrared spectrum of water (artistic license has been taken to emphasize the effect).  

 

                                                 
1
 Because the signals are inevitably very small, environmental effects turn out to be common sources of 

spurious correlation. Because the spectrum of water dominates the near-infrared, variations in room 

temperature and humidity are more often the source of observed correlations than variations in the patientsô 

glucose levels. 
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If a solution is prepared containing 10% glucose in water (100 g/l, which equals 10,000 

mg/dl or 100 times the amount in blood), the resulting spectrum is shown here. 

 

 

 

It is evident that, while there is a difference between the two spectra, by far the biggest 

difference is a decrease in the amount of water, not the presence of glucose. This can be 

demonstrated by subtracting the spectrum with glucose from the one for 100% water, and 

examining the difference: 
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The difference has the same general shape as the water spectrum, showing that there is 

very little effect from glucose. In fact, on the same scale where 100% water shows a peak 

most of the way up the graph, the normal 100 mg/dl concentration of glucose in blood or 

tissue is invisible and would trace out as the straight line shown. 

 

Moreover, in practice, the situation is even more difficult because even in the same 

person, minor variations in location on the skin or small differences in the pressure of a 

sensing element applied to the skin can cause substantial variation in the appearance of 

the spectrum. 
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Here, the variation shown is about 5%; experience has shown that on multiple days or in 

multiple subjects, it would be much higher. Again, the variation in the spectrum from 

glucose is not only less than the normal variation seen in repeated spectra, it is in fact 

thinner than the ink line used to trace out each oneðalmost an invisibly small effect. The 

result is that there are sources of variation in the spectra that are many times (in fact, 

many orders of magnitude) larger than the variation due to glucose. Some variations are 

from other compounds, as described, but even if those didnôt vary, a small shift in 

positioning, pressure, or hydration can mask the effect of the glucose. With inanimate 

samples (semiconductor wafers, gasoline mixtures, or exhaust gases), changes as small as 

the glucose effect have been teased out using sophisticated data processing techniques, 

but the fact that glucose measurements must be made on live humans, with their inherent 

variations in movement, biochemistry and physical states has allowed an accurate, 

reproducible measurement to elude all investigators to date. 

 

Not all compounds are as hard to measure in the near-infrared as glucose. Ethanol (or 

ethyl alcohol, which taunts us again by being easily measured in breath), which can be 

present at about the same concentration as glucose, has a much stronger absorbance in a 

region of the spectrum where few other molecules complicate the measurement and has 
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often been used as a demonstration of the capability of measuring glucose.
1
 It is also a 

smaller molecule and quite different in its physiological behavior because it freely passes 

across the bodyôs membranes and appears in saliva in amounts comparable to that in 

blood
2
. Several investigators have developed successful alcohol monitors using near-

infrared spectroscopy, but interestingly, none has yet reached the market for widespread 

use. 

 

Probably because of the large dependence of near-infrared signals on temperature, several 

groups discovered that better results could be obtained if the tissue was warmed before 

measuring, either to increase the flow of blood to the area or to remove differences in 

glucose levels among different tissue compartments. It also has a significant drawback, as 

stated in one of the many patents: 

 

 

 

Mid -Infrared  

 

 The mid-infrared is usually considered to be light with wavelengths 2.5 to 16 

micrometers, and generally referred to by a reciprocal unit, wavenumbers, where the 

wavenumber, recited in reciprocal centimeters (cm
-1

), equals 10,000 divided by the 

wavelength. The equivalent region is about 600 to 4000 cm
-1

.  

 

                                                 
1
 More than one investigation for blood glucose measurement has been undertaken after alcohol was found 

to be easily detected across the skin or in saliva. 
2
 In the 1980s, LifeScan developed a saliva alcohol monitor called AlcoScan, using test strips and a meter 

similar to that of its glucose monitor. It worked well, but the market opportunity was much smaller than 

that for glucose, and it was abandoned after the unprecedented success of the One Touch systems in the 

marketplace. 
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Mid -Infrared Emission 

 

Any material with a temperature above absolute zero emits ñblackbodyò radiation, and 

the wavelength region is determined by the objectôs temperature. As can be seen on the 

spectrum chart, ñpeopleò are listed as a source for energy in the infrared, with a spectrum 

peaking about 1000 cm-1. Since the glucose molecule both absorbs and emits in this 

region (even though this light doesnôt penetrate skin well for absorption measurements), 

there is a possibility that variations in the amount of emitted light could contain glucose 

information. An early investigator who proposed this was Jacob Wong of Santa Barbara, 

California. One of the long-time survivors, OptiScan, originally combined mid-infrared 

emission with varying the temperature of tissue in order to accentuate small differences 

in spectra, and Janusz Buchert, with a company named Infratec, has promoted a mid-

infrared detection approach using emission from the tympanic membrane in the ear 

canal.
1
  

 

Stimulated emission (Raman or fluorescence) 

 

 These are very exotic spectroscopic techniques that attempt to use the interaction of two 

wavelengths of light in either the near-infrared or mid-infrared regions. They have been 

investigated by researchers at Georgia Tech, and by Jacob Wong, above. 

 

A group in San Jose, CA called C8 Medisensors, reported results from near-infrared 

Raman spectroscopy in a publication in 2009
2
 but showed a mean difference from 

reference measurements of 38 mg/dl, much too high for measurements in the normal or 

critical low ranges.
 3

  Another company, Diramed, LLC, in Columbus, Ohio is also 

pursuing Raman spectroscopy (together with specialized chemometric data treatment). It 

                                                 
1
 The company that became Integ, an unsuccessful developer of a minimally-invasive approach to 

monitoring glucose in interstitial fluid, started life as Inomet, which attempted to measure glucose in the 

tympanic membrane using infrared spectroscopy, but not emission. 

2 Lipson, J.,  et al., Requirements for Calibration in Noninvasive Glucose Monitoring by Raman 

Spectroscopy Journal of Diabetes Science and Technology, Volume 3, Issue 2, March 2009, pp. 233-241, 

published on-line at http://journalofdst.org/March2009/Articles/VOL-3-2-SYM2-LIPSON.pdf 
3
 Jan Lipson, founder and CTO, was killed in a tragic bicycle accident in 2010. 
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was founded by Robert Schlegel, a veteran of the blood glucose and diagnostics 

industry.
1
 

 

Terahertz Spectroscopy 

 

 Few of the wavelength regions above the mid-infrared have been explored, with the 

exception of what is now termed ñterahertz spectroscopy.ò With a wavelength range 

between about 1 and 100 cm-1, this region can yield meaningful data for pure compounds 

or mixtures in large amounts but has yet to be applied successfully to complex biological 

samples. Researchers at Cambridge University published papers indicating that glucose 

might be measured in this spectral region, and the Spire Corporation in Massachusetts 

also explored it for glucose measurements, but neither appeared to succeed. 

 

Photoacoustic Spectroscopy 

 

 This is a scientifically fascinating, but so far not particularly useful technique. 

Developed by Alexander Graham Bell in the19th century, it has been largely a solution 

looking for a problem since that time.
2
 Briefly put, when materials absorb visible light, 

they give it off as heat, through an energy conversion system called ñvibronic coupling,ò 

where light energy (more energetic photons) absorbed by a material is given off as 

infrared or heat energy (less energetic photons). In early versions of the technique, a 

modulated light beam was used to illuminate a sample contained in a sealed chamber 

with a sensitive microphone. The release of the infrared energy heats and cools the air at 

the frequency of modulation, and the ñhumò from the sample grows louder in wavelength 

regions where it absorbs more light and softer where it doesnôt. By plotting the intensity 

of sound against wavelength, a reasonable version of an absorbance spectrum can be 

generated. More modern systems use pulsed laser light, which is much more intense, and 

                                                 
1
 Jack Kromar was the CEO when I was contacted by the company in 2008; he is no longer listed as part of 

the management team. 
2
 During the time I was at Princeton Applied Research Corporation, the company briefly marketed a 

photoacoustic spectrophotometer. Several companies offered similar devices during a brief resurgence of 

the technique in the 1970s that found use primarily in academic research programs. 
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also use more sophisticated signal processing techniques to determine the presence or 

measure the concentration of a substance. 

 

Perhaps because of its exotic name, this technology has been explored (or at least 

suggested) by the following groups: Herriot-Watt University in Edinburgh, Scotland; 

Richard Caro at Sirraya in San Francisco; the Oulu University in Finland; TRW (now 

Northrup-Grumman); Fluent Biomedical; Glucon, Or-Nim, and Nexsense, all based in 

Israel, and most recently, Samsung Electronics of Korea. 

 

Plus ca change, plus c'est la meme choseðin 2005, U.S. patent application 

20050054907A1,
1
  based on photoacoustic spectroscopy was published (possibly from 

Fluent Biomedical), and it included this illustration of a wristwatch glucose meter: 

 

 

Optical Rotation  

 

While glucose has no color in the visible region, it has a characteristic shared with some 

other organic molecules (and a few inorganic ones) that causes it to rotate polarized light. 

This is again a fascinating area of science and heavily stressed in training organic 

chemists. The amount of rotation of light by a compound is called its specific rotation, 

and for glucose, the figure is +56.2 degrees (g/dl)
-1

 dm
-1

. This means that a concentration 

of one gram of glucose in one deciliter (100 ml), with a path length of one decimeter (10 

cm or 100 mm), will rotate plane polarized light to the right by 56.2 degrees.  One g/100 

                                                 
1
 The application was subsequently abandoned in the U.S. Patent Office. 
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ml (1000 mg/l) is a factor of 10 higher than normal glucose levels of 100 mg/dl, so 

normal glucose levels would rotate the light by only 5.6 degrees with a path length of 100 

mm. Since a normal path length in living tissue (or the eye) is about one or two 

millimeters, itôs necessary to divide by another factor of 100 to get the amount of rotation 

in one millimeter: 0.056 degrees for the entire signal. Detecting a change in concentration 

of 1 mg/dl would require an accuracy of measurement of 0.00056 degrees. This is a very 

small amount of rotation, but this limitation has not deterred the determined, as will be 

described below. 

 

The most common place to look for glucose with this technique (and probably the most-

pursued of any noninvasive technique), is in the anterior chamber of the eye (the space 

between the cornea and the iris), where a fluid exists that is still known by the archaic 

name of ñaqueous humor.ò Because the cornea is transparent, it is theoretically possible 

to pass polarized light through it to measure how much it is rotated by glucose present in 

the fluid (although the measurement is also complicated by the cornea, since it is 

ñbirefringent,ò which means that it exhibits multiple refractions of polarized light and 

scatters the light into two paths).  

 

Perhaps more important, there are dynamics of formation and mixing of the aqueous 

humor that dramatically complicate any measurement for glucose made in this medium. 

In an 84-page comprehensive review by R.F. Brubaker, entitled ñFlow of Aqueous 

Humor in the Human Eyeò (Trans Am Ophthalmol Soc. 1982; 80: 391ï474), the author 

states the following:
1
 

 

 

                                                 
1
 In fact, on page 433, Table XIV summarizes nineteen studies performed over a thirty-year time span, in 

which the flow rate was estimated at between 1.9 and 3.4 microliters/minute for all studies. 
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This means that the amount of fluid produced per minute is approximately one one-

hundredth the total volume of the aqueous humor,
1
 and the glucose concentration of the 

aqueous humor changes at most one one-hundredth as fast as that of the blood. The 

calculations that give the amount of time for a new blood glucose value to equilibrate in 

the aqueous humor are complicated, but the result is a delay of about 45 minutes to one 

hour between a measurement of glucose in blood and a valid reading of a changed 

glucose value in the anterior chamber, which would be much too long a delay for a 

person whose glucose level was approaching dangerously low levels.
2
 

 

 

 

Therefore, even if the glucose inside the anterior chamber could be measured accurately 

(and so far, no one has managed accurate measurements in over thirty years of pursuit), it 

almost certainly wouldnôt yield clinically acceptable glucose monitoring results. 

However, this longest lived of approaches has been explored by at least the following 

                                                 
1
 Depending on the optical system used, either the anterior chamber (just the volume between the cornea 

and the iris, indicated as ñAò on the figure) or the total volume of aqueous humor contained in the anterior 

chamber and the posterior chamber (the space between the iris and lens, ñPò) may be examined. The total 

volume (anterior and posterior) is about 300 microliters, while the anterior chamber itself is just under 200 

microliters. 
2
 There have been reports that people with diabetes might have a shorter equilibration time due to leakage 

of glucose that occurs in the ciliary process (the ñblood-aqueous barrierò) where aqueous humor is made 

from plasma. Other reports indicate that flow of aqueous humor is reduced in patients with diabetes. 
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groups (besides March and Quandt, above): Gerard Coté
1
, Martin Fox and Brent 

Cameron (University of Connecticut and University of Texas), Tecmed, Ed Stark, 

Vitrophage, Roche Diagnostics, and Abbott. Brent Cameron has formed Freedom 

Meditech (in Toledo, OH and San Diego, CA) to pursue measurement of glucose in 

aqueous humor. The same company is pursuing a screening technique for diagnosing 

diabetes based on cross-linking in the lens of the eye that was an early approach of the 

company that became SpectRx. 

 

 

 

Related technologies, based on variations in refractive index rather than optical rotation 

of the aqueous humor, were being pursued by Visual Pathways in Anthem, AZ, Ansari 

(U.S. Patent 6704588) and by Lein Applied Diagnostics in the UK
2
. 

 

A company called Q-Step (originally in Southern California, but later in San Ramon in 

the Silicon Valley) proposed making measurements of the iris of the eye that could 

change with glucose variations in the aqueous humor that surrounds the iris. Although it 

was active as late as 2007, the company appears to have disappeared after a series of 

management changes. 

 

                                                 
1
 Coté published a paper in 2001 where he followed the production of aqueous humor in New Zealand 

white rabbits, and concluded that the glucose equilibrium time could be as short as five minutes. The 

measurements were made by withdrawing fluid, and this process may have altered the rate of production 

and led to a shorter estimate of the equilibration time. 
2
 In the five years that have passed from the first edition of this book, the visible progress on the last 

companyôs website has been limited to an artistôs rendering of a cell-phone-sized instrument. 
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It has often been suggested that contact lenses which change color (or alter their 

fluorescence) would be an ideal noninvasive monitor. Sources of glucose to a contact lens 

are aqueous humor (from the inside, through the cornea), tears (from the outsideðsee 

below), and the conjunctiva inside the eyelid, but even if suitably non-irritating materials 

could be found, it is unlikely that they would have either the sensitivity or response time 

to be suitable for tracking changes in glucose. Because of the intimate contact between a 

contact lens and other structures on the eye, there is a conflict between making the 

material permeable enough for glucose to diffuse in and react with a sensing compound, 

and preventing these sensing chemicals from being leached out into the sensitive areas of 

the cornea or conjunctiva. Several patents have appeared but no working prototype to 

date. A company called Sentek is developing a technology termed ñGlucoviewò around 

this approach, and a collaboration between a professor of ñbionanotechnologyò at the 

University of Washington and a researcher at Microsoft has also been announced. 

 

Optical Rotation in Tissue 

 

 The perceived simplicity of this approach has lured at least two groups (Electro-optical 

Laboratories in Tennessee; Sunshine Medical in Northern California) into the exploration 

of optical rotation of light by glucose in tissue. However, every time light reflects 

(scatters) from a surface there is a change in polarization of light, and after a very short 

passage through tissue, the polarization of the light is random and chaotic. Neither 

company was able to achieve acceptable results. 

 

Light Scattering 

 

 As described, when light passes through tissue (or is directed into it and bounces back 

out as a reflection), it is strongly scattered, and if well-defined rays entered, they would 

be jumbled and confused when they exited. It has occurred to several researchers to 

exploit this relationship, based generally on a single phenomenon: much of the scattering 

occurs at the interface between cells and the interstitial fluid in which they are bathed. It 

is based, to a large degree, on the difference in refractive index between the fluid and the 
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cell wall, and the refractive index of the fluid depends on, among other things, the 

amount of glucose present. In these approaches, as glucose concentration increases, the 

refractive index increases to become closer to that of the cell wall, and the scattering 

decreases. The major drawback is that the concentrations of many other substances also 

vary, and those variations also cause changes in the refractive index of the fluid. The 

measurement seems to be particularly sensitive to tissue hydration, and since edema 

(swelling) is a common symptom of people with type 2 diabetes, this could seriously 

interfere with the reproducibility of the measurement. 

 

A slight variation of this theme has been employed by a company in Israel named 

Orsense. They stop the circulation of blood in a finger for a short time, and watch 

scattering changes over time caused by a proposed agglomeration of the red cells inside 

the blood vessels.  

 

A further version, also based largely on scattering, is sometimes called ñtime of flightò 

scattering, and has attempted to separate the photons that went straight through tissue 

(ñballisticò photons) without being scattered, and should therefore contain less glucose 

information, from the other photons that bounced around more and interacted with 

glucose-containing tissue. This has been given a boost in recent years by the availability 

of optical coherence tomography (OCTðsee below) systems which effectively separate 

photons based on the distance or time they have traveled. Several patents have appeared, 

but no clinical results. 

 

Transdermal Techniques (and other trans-membrane techniques) 

 

 Asking a group of people to suggest ways that glucose might be measured noninvasively 

will inevitably yield suggestions of saliva, sweat and tears, since these are produced in 

relative abundance and easily accessible. (Ear wax and ñnasal exudates,ò two other 

common nominees, are not valid markers of glucose, primarily because of the time period 

over which they are produced and the fact that theyôre not always available for 

examination.) After all, they reason, if urine can give an indication, at least of high 
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glucose, these might work as well. This reasoning leads to the Second Law of 

Noninvasive Glucose (even though itôs introduced first, itôs less important than the First 

Law which follows some distance below): 

 

 

Second Law: 

 

It Is Not Possible to Get a Reliable Measurement of Glucose 

Across an Intact Cell Membrane. 

 

 

Here are the reasons. On a simplistic basis, any organism that leaked its primary fuel 

(glucose) across its external surfaces would be a very inefficient organism and would 

probably have been eliminated by natural selection long ago. For a more sophisticated 

reasoning, the amount of any substance that travels from fluid on one side of a membrane 

to the other (this is termed ñpartitioningò) depends on many complex factorsðthe 

concentration of the substance on either side, the presence or absence of mediators 

(which open the cell wall to a substance; insulin is a good example) or transporter 

molecules (endothelial cells, which line the surface of blood vessels, do not employ 

insulin to mediate their glucose transport but allow either free diffusion of glucose or 

employ transporter proteins to ñcarryò glucose across the membrane). In addition, levels 

of sodium and potassium (ñelectrolytesò) can greatly alter the permeability of a cell 

membrane to a variety of substances. In the skin, where most attempts to measure glucose 

have been focused, there is a surface layer of dead cells compacted to form the ñstratum 

corneum,ò that acts as a strong barrier to movement of glucose. 

 

The body goes to great lengths to produce fluids with the right compounds in them (salt 

in tears for tissue compatibility, for example, or digestive enzymes in saliva), and to 

prevent them from carrying away other compounds. In sweat glands, a large membrane 

surface area is used to collect water and transport it to the surface to aid in cooling, but 

glucose and most other molecules larger than simple ions like sodium and chloride are 

largely excluded from the fluid. 
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Tears and saliva are essentially glucose free, and trying to coerce the cells to do 

something they donôt want to do (leak glucose), may create the effect under duress, but 

not reliably or at a constant rate. This leads to another principle that has a parallel in 

quantum physics, known as the Heisenberg ñuncertainty principle.ò The formal definition 

is a little obscure, but what it implies is that trying to look too closely at a subatomic 

particle will alter its state, just by the process of looking. The same principle occurs if 

attempts are made to force glucose to go where nature didnôt intend it and leads to the 

Uncertainty Principal Subsection of the Second Law. 

 

 

Uncertainty Principle Subsection of the Second Law: 

 

Attempts to force glucose across an intact membrane will alter the 

local concentration of glucose. 

 

 

 

As we will describe in the section on Cygnus, itôs possible to get glucose to appear on the 

surface of the skin (or across the conjunctiva of the eye, or in the saliva across the buccal 

membrane inside the cheek), but a lot of force is required, and this force inevitably 

disrupts the normal equilibrium of the body. Defense mechanisms are almost always 

raised (redness, swelling, inflammation, blistering), and these result in very different 

metabolic states and substance levels than would normally be present, which can alter the 

local glucose concentration. There have also been attempts to change membrane 

permeability and allow increased glucose flow by using ñnaturalò substances such as bile 

acids, but without success. 

 

In addition, the Directional Principle of the Second Law, as has been learned by 

companies like Cygnus (reverse inotophoresis) and Sontra (ultrasound), states: 
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Directional Principle of the Second Law: 

 

Itôs easier to get (uncharged) molecules into the skin than out of it. 

 

 

 

Transdermal drug delivery (ñpatchesò) has been used to deliver a number of therapeutic 

agents across the skin. They use materials called ñpermeation enhancersò which help 

move the drug molecules, but they also use a very large concentration of drug in the 

patch. This large concentration helps to drive the partitioning of drug into the skin, and 

when the patch is discarded, a substantial fraction of the drug remains undelivered. 

Adding an electric current to transdermal delivery produces a technique called 

iontophoresis, and it has also been used for drug delivery. Cygnus (with its GlucoWatch) 

proved just how difficult it is to pull molecules the other direction, especially if theyôre 

uncharged (the glucose molecule is polar, meaning that the electric charge is unbalanced 

from one end to the other but does not ionize into a positively or negatively charged 

species that would be accelerated by an electric current). In addition, the concentration of 

glucose below the skin is very low, so it does not have the concentration advantage of the 

drug delivery patches. 

 

The technique of phonophoresis, using ultrasound to increase the permeability of skin so 

substances like topical anesthetics can penetrate more easily, has also been used for many 

years, and it has found use for anti-inflammatory drugs and analgesics, mostly for pain 

management. Abbott learned, in a brief association with Sontra
1
 around 1996 that 

coaxing glucose out from the skin with ultrasound was as least as difficult as with 

electricity, if not more so (Bayer learned the same thing when in sponsored Sontraôs 

research in about 2003). Another pair of companies, Technical Chemicals & Products, 

Inc., and Americare, both thought they had the ideal transdermal system based on 

changing permeability of skin with solvents such as ethanol and ether, and battled each 

                                                 
1
 Sontraôa existence has continued on a tortuous path through 2011. After having its research sponsored by 

Bayer from 2003 to 2005, it announced plans to close down in 2007. It was saved through an acquisition by 

Echo Therapeutics and continues its existence, issuing frequent press releases detailing its progress. 
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other in the press and in court for some years. Neither company launched a product for 

measuring glucose, but a successor company still exists called Health Chem, which 

appears to be continuing efforts to launch a transdermal ñpatchò product using propylene 

glycol as the permeation enhancer. 

 

Passive collection of sweat, just like examination of the surface of the skin (by any 

meansðspectroscopic or otherwise), shows only trace and variable amounts of glucose. 

An idea that was floated some years ago was to add a ñsudorificò (sweat-inducing) 

compound such as pilocarpine nitrate to the surface of the skin, thereby increasing the 

flow of sweat from the skin surface (this is done, along with mild electrical stimulation, 

in whatôs termed a ñsweat testò to diagnose cystic fibrosis, but the test has diagnostic 

value only because the abnormal level is about 50% greater than normal). Again, itôs a 

safe bet that, if normal sweat contains no measurable glucose, any that is found after 

stimulation of the skin will not accurately reflect the amount present in non-stimulated 

tissue. Depending on whether oneôs glass is perennially half-full or half-empty, it is 

possible to interpret the continuing pursuit of these trans-membrane techniques as ñhope 

springs eternal,ò or ñthose who cannot remember the mistakes of the past are doomed to 

repeat them.ò 

 

One fluid (interesting beyond the fact that itôs just plain fun to say) is called ñgingival 

crevicular fluid,ò and does have glucose levels very close to plasma. GCF is very slowly 

exuded between the gums and the teeth, into the mouth where it mixes with saliva.
1
 The 

very low rate of production makes it challenging to collect, and the very large amount of 

saliva that surrounds it makes it very susceptible to dilution (or contamination if food has 

been recently consumed). Although it has appeared in investigations at least twice, almost 

twenty years apart
2
, neither time did it survive as a practical means for measuring 

glucose. 

 

                                                 
1
 It is possible that this is a source of very low levels of glucose found in saliva. 

2
 The first, in 1988, was at the University of Stony Brook in New York; the second, in 2005, was a 

Professor Yamagichi at Toyama University in Japan. 
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The Retina  

 

If the eye is the window to the soul, might it not also be the best place to find glucose? In 

addition to the description above of aqueous humor attempts (and below of visual 

pigment regeneration rates), the optical clarity of the eye has tempted many investigators 

to seek glucose there, especially in the retina. Attempts to make near- infrared 

measurements of glucose in the retina have produced universally discouraging results, 

and attempts to find glucose within the blood vessels visible on the retina have also not 

yielded success
1
. There are several major complications. There is a limitation to the 

amount of light that can safely be put into the eye, and only a fraction of one percent of 

the light is reflected from the retina or its vessels (again, it might be possible to determine 

hemoglobin in retinal blood vessels, but it has the stated huge concentration and color 

advantage over glucose). Also, there are many interfaces in the eye (both surfaces of the 

cornea, both surfaces of the lens, and associated membranes) which scatter light, so the 

light returned from the inside of the eye is difficult to transform into a straightforward 

measurement. 

 

 

                                                 
1
 See, for example, U.S. Patent 7,308,293 issued to Jonathan Gerlitz with a company he called GlucoVista. 
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More significantly, in order to make a glucose measurement in retinal vessels (this would 

almost certainly be a spectroscopic method, and most likely near-infrared), it is necessary 

to look at the path the measuring light would need to travel and what it holds. The light 

must pass through several millimeters of the aqueous humor, where the glucose likely 

varies somewhat more slowly than in blood, and almost 20 millimeters of vitreous humor 

(the jelly-like fluid inside the eyeball), where glucose is also present but varies much 

more slowly. The retinal vessels are only a fraction of a millimeter in diameter, so the 

light would encounter something like one hundred times more glucose in passing through 

the eye than it would encounter in the retinal vessel. Corrections for this ñbackgroundò 

glucose could be made by viewing an area of the retina that has no vessels and 

subtracting the value obtained, but whenever two large numbers (say 99 and 100) are 

subtracted from each other, the result is always much less precise. Finally, the regions of 

the near-infrared spectrum that are most specific for glucose are wavelengths where the 

allowed intensity in the eye is severely restricted by safety considerations. 

 

An interesting approach, also sponsored by LifeScan, was investigated by RetiTech. They 

speculated that, because the human vision processing system is a combination of an 

older, more primitive motion detection system and a newer system for processing color 

and fine detail, there could be a difference in perception at different glucose levels. The 

technique employed computer-generated rotating colored patterns, and seemed to show 

some differentiation at higher glucose levels, but not with enough resolution for accurate 

measurements. 

 

A little further afield, but still related to the eye, are techniques that have been patented 

which make use of vision changes to estimate glucose. After many hours of high glucose 

levels, the lens of the eye swells and changes the focal point of the eye. An early 

approach used a series of parallel lines with varying separation to estimate the glucose 

levelðthe smallest pair that the user could resolve was the approximate glucose level. 

Others (U.S. Patent 4750830ðLee and U.S. Patent 6442410ðSteffes), have made 

measurements of the refractive correction of the eye and related that to glucose levels. 
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Unfortunately, this approach seems to work effectively only at high levels (and after quite 

a delay, and has not yet been shown to be accurate enough for general use. 

 

Breath 

 

Collecting breath is about as noninvasive as a technique could be (and we know it works 

well for estimation of blood alcohol), so it has been investigated multiple times to see of 

something in it corresponds to glucose. It was mentioned above that the exhaled breath of 

people with severe hyperglycemia often contains acetoneðthis is the result of the 

accumulation of compounds, known collectively as ñblood ketonesò (in early times, 

ñketone bodiesò) that accumulate in the blood with extended hyperglycemia. One of 

these, called acetoacetate (the other common one is beta-hydroxybutyrate), breaks down 

to yield acetone in exhaled breath. When the blood glucose concentration is high for 

extended periods, the compound can even be detected by just smelling the breath, and 

this has led people to speculate that lower concentrations might be measured and 

correlated with blood glucose. Similar to urine glucose, however, it has been determined 

that this is a ñthresholdò effect that indicates high glucose over time but does not operate 

reliably at low or even normal glucose levels. Even someone following a low-

carbohydrate diet like those called Atkins or South Beach (and thus metabolizing body 

fat to produce the same ketones in the blood) could generate enough acetone to cause 

errors. So while there have been patents devoted to measuring acetone in breath,
1
 even if 

a simple apparatus could be developed, it is probably not a practical measurement of 

glucose levels in blood. 

 

A company called PositiveID in Del Ray Beach, Florida, started its glucose measurement 

adventures with a ñglucose-sensing RFID microchipò it had acquired, but then changed 

over to a breath-sensing system based on the ñEasy Checkò sensor it also acquired, this 

time from a company in Israel. The device reportedly uses a chemical that reacts with 

                                                 
1
 For example, U.S. Patent 7,417,730 to Duan, et al., of Los Alamos National Laboratory 
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acetone in a disposable test strip, but while press releases about progress have continued, 

there has been no further information about the appearance of a commercial product. 

 

Other compounds in exhaled breath have been shown to correlate with blood glucose, and 

one called ñmethyl nitrateò was studied extensively in 2007
1
. Measuring it required, 

however, gas chromatography using electron capture and mass selective detectionð

equipment too expensive for a hospital, let alone a home, so while this made a great 

research project, it was not practical as a monitor (besides, there was no attempt to 

predict glucose values, just to find a correlationðsee the Third Law in the following 

section). Philips Company in the Netherlands has a U.S. Patent application, published in 

2009 (2009/0270700) which suggested that the carbon monoxide level in breath might 

correlate with blood glucose, based on the action of an enzyme involved in hemoglobin 

breakdown called ñheme oxygenase.ò A 2008 publication
2
 that included two of the 

inventors on the patent application, however, stated in its abstract: ñThe previous finding 

that the glycemia increase after glucose administration was associated with a significant 

increase in eCO [exhaled carbon monoxide] concentrations was not confirmed.ò 

 

A group out of the University of Florida called Xhale has patented
3
 a method for 

detecting glucose content in exhaled breath. In their technique, micro-droplets that 

originate deep in the lungs are collected by condensing the last part of a patientôs breath 

on a cold surface. Both the amount (the glucose concentration is reduced by a factor of 

1,000 to 1,000,000 in these droplets) and concentration of glucose in this condensate will 

vary over time, so the technique requires measurement of another (relatively non-

varying) compound originating in blood (such as chloride ion) and establishing a ratio of 

the two to compensate. Unfortunately, this requires the measurement of exceptionally 

small amounts of two compounds, which would be expected to add to the error of the 

                                                 
1
 Novak, B.J., et al., ñExhaled methyl nitrate as a noninvasive marker of hyperglycemia in type 1 diabetes,ò 

Proc Natl Acad Sci U S A. 2007 October 2; PMCID: PMC1994136 104(40): 15613ï15618. 
2
 Fritsch, T., et al., ñIs exhaled carbon monoxide level associated with blood glucose level? A comparison 

of two breath analyzing methods,ò  J. Biomed. Opt. 13, 034012 (Jun 05, 2008); doi:10.1117/1.2937215 
3
 U.S. 7,914,460 issued to Melker, et al. 
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overall measurement. The company has recently closed down although there are still 

efforts to pursue funding for the technology. 

 

Hypoglycemic Monitors 

 

With the many failures of noninvasive glucose monitoring in mind, some groups have set 

their sights a little lower and tried to produce a device that detects only low glucose 

values to set off an alarm. Hypoglycemia creates an entire group of symptoms (although 

not all people display all the symptoms, and people who have had diabetes for many 

years sometimes become insensitive to them), including sweating, nervousness, tremor, 

hunger, confusion, difficulty reading or speaking, and eventually, unconsciousness. 

Because confusion and other symptoms are common (and because many hypoglycemic 

events occur during the night), making a measurement with a traditional blood glucose 

meter is often a difficult way to detect low values. Various devices have been proposed 

over the years to detect these symptoms (although relatively few actually try to measure 

glucose, which becomes increasingly difficult at lower values), and the continuous 

glucose monitors now on the market are possibly the best approach for detection of low 

values, especially at night. 

 

Devices on the market rely primarily on skin temperature and perspiration (and devices 

that sense essentially the same parameters have been marketed since the late 1980s) and 

range from a pair of wristwatch-sized ones called HAS-01 from Medpage in the U.K. (for 

nighttime use, with a ñsale priceò of $123.16), and Diabetes Sentry ($495) to a device 

called ñHypomonò marketed by Aimedics
1
 in Australia that is a combination of a belt and 

monitor for people with type 1 diabetes aged 10-25. It sells for $1500. 

 

                                                 
1
 Skladnev. V., et al., Clinical Evaluation of a Noninvasive Alarm System for Nocturnal Hypoglycemia, 

Journal of Diabetes Science and Technology, Volume 4, Issue 1, January 2010 
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A system being developed by Cybiocare in Canada, which is not yet on the market, is a 

simple arm band that claims to be a noninvasive ñphotonicò glucose monitor based on 

near-infrared light. It requires entry of blood glucose results from another device, but 

only provides an alarm if the instrument ñsensesò the onset of a hypoglycemic event. The 

actual principle of operation (other than a simplistic diagram of variable light scattering) 

is not disclosed. 

 

 

 

Tying Ideas to New Technologies 

 

Itôs easier to gain attention, press coverage or possibly funding when a proposed 

technology is tied to the latest consumer electronic technology. TheraSense was the first 




