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Abstract

Background: Frequent blood glucose readings are the most cumbersome aspect of diabetes treatment for many patients.
The noninvasive TensorTip Combo Glucometer (CoG) component employs dedicated mathematical algorithms to analyze
the collected signal and to predict tissue glucose at the fingertip. This study presents the performance of the CoG (the
invasive and the noninvasive components) during a standardized meal experiment.

Methods: Each of the 36 participants (18 females and males each, age: 49 + 18 years, 14 healthy subjects, 6 type | and 16
type 2 patients) received a device for conducting calibration at home. Thereafter, they ingested a standardized meal. Blood
glucose was assessed from capillary blood samples by means of the (non)invasive device, YSI Stat 2300 plus, Contour Next
at time points —30, 0, 15, 30, 45, 60, 75, 90, 120, 150, and 180 minutes. Statistical analysis was performed by consensus error
grid (CEG) and calculation of mean absolute relative difference (MARD) in comparison to YSI.

Results: For the noninvasive (NI) CoG technology, 100% of the data pairs were found in CEG zones A (96.6%) and B (3.4%);
100% were seen in zone A for the invasive component and Contour Next. MARD was calculated to be 4.2% for Contour
Next, 9.2% for the invasive component, and 14.4% for the NI component.

Conclusions: After appropriate individual calibration of the NI technology, both the NI and the invasive CoG components
reliably tracked tissue and blood glucose values, respectively. This may enable patients with diabetes to monitor their glucose

levels frequently, reliably, and most of all pain-free.
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Diabetes patients encounter several struggles in daily life
including secondary complications emerging out of microvas-
cular, macrovascular and neuropathic deteriorations. These
complications, directly associated with the disease, often lead
to significant loss in quality of life, but also to immense treat-
ment efforts to avoid the progression of the disorders.
Consequently, bad glycemic control is not only an exclusive
threat to individual patients, but also a challenge and burden
for the whole health care system. The total number of people
with diabetes is constantly on the rise, due to demographic
changes, increasing access to excess of food, and a decline in
mortality among people suffering from the disease. Thus, an
increasing number of affected people is accompanied by an
increasing number of diabetes complications.'

It is therefore of particular importance to reduce the inci-
dence of new diabetes manifestations by means of targeted pre-
vention measures, and by employing measures to avoid disease

progression until the development of diabetes complications.”
One accepted measure is frequent glucose testing enabling tar-
geted intervention and treatment intensification at the appropri-
ate time-points.”” However, glucose measurement is the most
cumbersome aspect of diabetes treatment for many patients
and many of them fail to adhere to the corresponding recom-
mendations over extended time periods. Therefore, commer-
cially available invasive devices for glucose monitoring with
test strips are commonly underutilized.'®"" There are a variety
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of reasons leading to this phenomenon including the physical
pain of finger pricking to obtain the blood sample, the damage
to skin sensitivity at the fingertip, risk of infection, and eco-
nomic aspects such as cost constraints of the health care cost
carriers.'>"> Moreover, invasive monitoring sensors do not pro-
vide continuous blood glucose information and are not capable
of providing warnings of impending hypoglycemic and hyper-
glycemic excursions in advance."

Noninvasive (NI) glucose monitoring devices may provide
a solution, as they offer a simple and most of all pain-free way
of measuring glucose levels multiplying glucose measure-
ments per day. According to the United Kingdom Prospective
Diabetes Study (UKPDS) and the Diabetes Control and
Complications Trial (DCCT), frequent measurements help to
reduce the incidence and progression of diabetes complica-
tions both in type 1 and type 2 diabetes,”'” have sustaining
benefits regarding vascular disease outcomes™'® and help to
reduce the amount of glycosylated hemoglobin.'”" A device
specifically designed to provide assistance to reach the fre-
quent testing objective is the Cnoga TensorTip Combo
Glucometer (CoG; Cnoga Medical Ltd, Caesarea, Israel). The
CoG device provides NI pain-free prediction of fingertip cap-
illary tissue glucose levels and is therefore believed to enhance
the frequency of capillary tissue glucose determination.

The purpose of this study was to evaluate the accuracy of
the CoG device in comparison to a standard point-of-care
reference method for the assessment of capillary blood glu-
cose concentrations (YSI 2300 Stat Plus) when tested during
a standardized meal experiment in patients with type 2 diabe-
tes, type 1 diabetes, and in healthy subjects.

Participants and Methods

Study Device

The CoG device (see Figure 1) is approved in Europe (CE),
Brazil, China, and other countries and is intended for inva-
sive and NI glucose monitoring for domestic use. This glu-
cometer measures capillary glucose with invasive samples
obtained from the fingertip in the range of 40-440 mg/dL
(2.2-24.4 mmol/L), and noninvasively predicts tissue glu-
cose also from the fingertip.

For this purpose, the CoG is composed of two main units:
an add-on module for the quantitative measurement of capil-
lary whole blood samples identical to the approved Okmeter
match device K090609 (OK Biotech Co, Ltd, Hsinchu City,
Taiwan) using test strips similar to any ordinary glucometer
for patient self-testing, and a component for the NI measure-
ment of glucose levels in the fingertip tissue.

The technology underlying the NI measurements is pre-
sented in detail in the same issue of this journal.? In brief,
four light emitting diodes (LEDs) within the finger compart-
ment emit a discrete wavelength from ~ 600 ~ 1000 nm
through the fingertip. As the light wave passes through the
tissue and blood capillaries, the light is partially absorbed
and consequently, the light signal is changed. The traversed

Figure 1. The Cnoga TensorTip Combo Glucometer. (A)
Noninvasive component. (B) Add-on invasive glucometer.

light is then projected onto a color image sensor (camera) of
the device. The camera photographs in real time the light that
traverses the fingertip tissue. The color images are stored in
a digital memory for analysis by a dedicated algorithm exe-
cuted in the digital processor unit. The six-dimensional sig-
nals (position [x, y], color [R, G, B], and time [t]) are
associated with tissue glucose levels by means of adopted
algorithms derived from brain neural mechanism to extract
order out of disorder.

In practice, after the device is calibrated, a NI measure-
ment is performed by inserting the finger in the finger
compartment for about 30 seconds, until the results are
being displayed on the color screen. Due to the noninva-
siveness of these measurements, that is, no need for
extracting any body fluid, the device does not require ster-
ilization. Still, a frequent cleansing of the finger chamber
is advised to guarantee reliability of results. For this pur-
pose, it is also recommended to clean fingers before use of
the CoG or to heat them by means of warm tap water
beforehand to ensure the capillary blood supply, which is
to be measured.

As a monitoring device, the CoG is not meant for diagno-
sis or determination of insulin doses. Medication intake or
treatment decisions should not be based on the NI measure-
ments obtained by the device, the approved invasive compo-
nent may be used for this purpose.

Study Conduct and Objectives

This study was conducted as an open label, prospective,
comparative, single-center trial and was performed in
accordance with the ICH-GCP guidelines, the German
Medical Device Act (Medizinproduktegesetz, MPG), and
local ethical regulations. The Ethical Review Committee of
the State of Rhineland-Palatinate approved the study proto-
col and participants signed informed consent prior to any
study procedure.
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All participants were men and women who were older
than 18 years and who were either healthy subjects, or
patients with type 1 or type 2 diabetes (HbAlc < 9.0%).
Patients or healthy subjects were excluded if they had any
anatomical abnormality at the fingertip, such as thick fin-
gers not fitting inside the CoG chamber or damaged finger-
tips due to multiple finger pricking, as determined by the
investigator. Further reasons for exclusion were end-stage
renal failure, pregnancy, breast-feeding, known HIV or hep-
atitis C infections, or uptake of drugs or nutritional supple-
ments known to interfere with the glucose-oxidase-based
strip technology of the invasive device component (eg,
uptake of acetyl-salicylic acid, Paracetamol, etc).

During the first visit, an instruction to the device and the
necessary calibration procedure was given by the investiga-
tors. For calibration, § times a day the participants performed
a NI reading immediately after two invasive measurements
(double check) within 7 to 10 days (56 measurements per
calibration, although the minimal requirement of the device
is 25). The participants had to decide for one finger for the NI
readings, while the capillary blood samples could be obtained
from all other fingers. There was no need for any further
blood glucose meter for this calibration procedure. For
proper calibration, it is necessary to use two consecutive
readings of the invasive component and a timely NI reading
in parallel to ensure reliable correlation of fingertip tissue
glucose values and blood glucose levels. After completing
the calibration procedure, the patients were eligible for the
meal experiment at visit 2, which normally happened at least
24 h after the last calibration measurement.

For the meal test, the participants came to the study site after
an overnight fast for at least 6 hours. After assessment of glu-
cose by means of several methods as indicated below, the par-
ticipants ingested a standardized meal, which was composed of
a bread roll with cheese and sausage, a cereal bar and orange
Jjuice (69 g carbohydrates, 27 g fat, 16 g proteins). Before and
during the standardized meal visit (ie, at time points =30, 0, 15,
30, 45, 60, 75, 90, 120, 150, and 180 minutes) capillary blood
was drawn for glucose measurement with the reference method
(YSI 2300 Stat Plus, YSI Inc, Yellow Springs, OH), followed
by readings with the invasive CoG component, the NI CoG
component, the Contour Next device (Ascensia, Wuppertal,
Germany), and a second and final additional YSI measurement.
The coefficient of variation of the reference method was shown
to be < 1% at all experimental days.

Statistical Methods

The primary endpoint of this study was to evaluate the
accuracy of the NI CoG technology when predicting glu-
cose levels in comparison to the YSI reference method. For
this purpose, a consensus error grid (CEG) analysis,*"*
mean absolute relative differences (MARD, for values
>100 mg/dL), and mean absolute differences (MAD, for
values <100 mg/dL) were calculated in comparison to the

Table I. Demographic Characteristics of All Participants Who
Completed the Meal Study Experiment.

Healthy Type | Type 2

subjects diabetes diabetes
n 14 6 16
Gender (male/female) 6/8 3/3 8/8
Age (years) 40 £ 17 41 £ 19 626
HbAlc (%) 5605 8106 70+ 1.3
Disease duration (years) — 23 17 138

YSI reference method. The secondary endpoint of this
study included the evaluation of the invasive device com-
ponent and the Contour Next device in comparison to Y SI.
All results were analyzed by means of descriptive statistics
with appropriate parametric and nonparametric methods
and were only interpreted in an exploratory sense. A
P value < .05 was considered statistically significant.

Results

The finally enrolled 36 participants (15 healthy subjects, 6
type 1 and 15 type 2 patients) performed the study per proto-
col, and all subjects had either finished the calibration proce-
dure by 100% or the missing calibration values were obtained
prior to starting the meal experiments. During the experiment,
one healthy subject was detected to have type 2 diabetes
(male, 56 years old, BMI: 30.9 kg/m?, HbAlc: 6.6%, fasting
reference blood glucose: 127 mg/dL). This patient was there-
fore analyzed as a member of the type 2 cohort. The partici-
pant’s characteristics are provided in Table 1. If a subject had
accomplished less than 90% of the calibration measurements,
the subject was rescheduled with the request to perform the
remaining calibration measurements at home. The majority of
the calibration measurements (>95%), which were performed
by the participants at home and in accordance with the instruc-
tions for use prior to the meal study experiments, were in the
range > 100 mg/dL. During the second visit, a total of 36
paired data sets (one without NI readings because of technical
problems in a type 2 patient) were collected with the 36 par-
ticipants. YSI blood glucose levels indicated an observed
blood glucose range from 59 mg/dL to 317 mg/dL.

The mean glucose curves calculated for the entire study
cohort as obtained during the standardized meal experiment
are provided in Figure 2. Error bars were left out in this graph
for better readability. Interindividual coefficients of varia-
tions were in the range of 30% with all devices. It can be seen
that all employed glucose assessment technologies achieved
a similar pattern for the glucose excursions in the course of
the experiment. The NI CoG component started at a some-
what higher baseline level prior to meal ingestion. During
the ascending part of the glucose excursion, the NI glucose
prediction got in line with the other invasive measurement
results. The invasive add-on CoG component presented with
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Figure 2. Mean glucose values of the combined data set. YSI and YSI2, reference method before and after the measurements; CoG NI,
NI study device component; CoG Inv, invasive study device component; Contour, Contour Next. Error bars were left out for better

readability.
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Figure 3. Consensus error grid analysis of the different tested glucose monitoring devices.

a systematic parallel shift to slightly higher values through-
out the entire experiment that could also consistently be seen
in the individual subject results (data not shown).

In the CEG analysis, 100% of the data pairs were found to
be in the acceptable CEG zones A (96.6%) and B (3.4%) for the
NI CoG component, while all values (100%) were found to be
in zone A for the invasive CoG component and for the Contour
Next device (see Figure 3). The MARD was calculated for val-
ues > 100 mg/dL (NI CoG: 12.6%, invasive CoG: 8.2%,
Contour Next: 4.1%) and the MAD was determined for values
< 100 mg/dL in comparison to the YSI reference method (NI
CoG: 19.8 mg/dL, invasive CoG: 14.4 mg/dL, Contour Next:
4.7 mg/dL). MARD over the entire measurement range (59-
317 mg/dL) was calculated to be 4.2% for Contour Next, 9.2%
for the invasive CoG meter, and 14.4% for the NI CoG technol-
ogy. There were no major differences in all these results

between the different participant subgroups tested in this study
and the most accurate data set was obtained with Contour Next.

In total, 385 NI measurements from 16 type 2 diabetes
patients, 6 type 1 diabetes patients and 14 healthy subjects
were performed and evaluated in this study. No adverse event,
which is related to the frequent application of the NI device,
was observed following the use of the CoG. In particular, no
injuries or appearance of complications at the finger tips such
as skin irritation, burning, or discomfort were reported.

Discussion

In this trial, we investigated the performance of a com-
bined glucose monitoring device for conventional invasive
capillary glucose measurement, and for additional optional
prediction of glucose levels in the fingertip tissue by means
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of a noninvasive device component in comparison to sev-
eral invasive point-of-care blood glucose measurement
methods. The invasive component, which is employing an
approved glucose oxidase-based strip technology, per-
formed within the expected accuracy ranges as set forth in
the regulatory acceptance criteria. The results for the NI
component show that 100% of the performance evaluation
data points were also within the clinically accepted zones
A (96.6%) and B (3.4%) of the CEG, while compared to
the YSI, which is accepted as point-of-care standard refer-
ence method for blood glucose monitoring by the regula-
tory agencies.” The invasive CoG and the Contour Next
showed also accurate device performance with all data sets
in zone A of the CEG and MARD values < 10%.

When interpreting these results, it needs to be considered
that the YSI reference and the invasive CoG component
measure capillary blood glucose, while the NI CoG technol-
ogy predicts tissue glucose in the fingertip using traversed
light (visible to IR) that is detected by color image sensors. *°
Dynamic changes in the blood glucose content are known to
be reflected in the tissue with a lag time induced by the shift
of glucose from the vascular compartment to the interstitial
fluid).** This lag time has been described to last from less
than 10 minutes to more than 45 minutes based on the diabe-
tes stage, and in particular also related to the severity of sec-
ondary microcirculation disorders.”>*” This fact explains
why NI glucose monitoring methods are considered to be of
limited efficacy in emergency situations.'"* However, the
observed MARD of 14.5% for the NI CoG method indicates
an acceptable performance of the NI technology during the
meal study experiments.

The observed NI results were better for values larger than
100 mg/dL than for values in the low normal to hypoglycemic
range, which may be related to the way the calibration was
performed. The device requires an extensive calibration pro-
cedure with at least 25 calibration measurements with parallel
assessment of capillary blood glucose by means of the inva-
sive CoG component and with the NI CoG component over a
period of few days, which are performed by the patients at
home. The calibration is supposed to cover the entire range of
the glucose prediction range. In the calibration time prior to
the meal study experiments, which may also reflect daily
patient life, the number of calibration assessments in the low
normal and hypoglycemic range was very limited. It is tempt-
ing to speculate that a higher frequency of calibration mea-
surements in the lower glucose range would have resulted in
a better performance of the NI device in the glucose range
below 100 mg/dL. Further studies with a special focus on
calibration of the device in the hypoglycemic range are
required to elucidate this phenomenon.

The NI device calibration was performed using the inva-
sive component of the CoG device. Comparison of this add-
on glucose-oxidase-based test method with the YSI reference
showed a consistent parallel shift of the invasive results by
about 10-20 mg/dL to higher glucose values. It may therefore
be an option to improve the glucose prediction performance

of the NI device by correcting this shift in the device soft-
ware. Again, further studies need to be performed to test this
hypothesis.

Our study has several limitations that need to be consid-
ered when interpreting the results in the context of routine
daily practice: First, the study was a single-day meal study
experiment, after home calibration of the device. The results
indicate a tissue glucose prediction accuracy that seems to be
suitable for regular daily meal situations, thus giving patients
access to an unlimited number of pain-free daily glucose
results. Further investigations whether more frequent NI glu-
cose readings will lead to improved long-term glycemic con-
trol and potentially reduced development of secondary
complications, as it has been shown for invasive blood glu-
cose patient self- testing’ should be carried out in appropri-
ately designed clinical studies. In addition, the study was
performed with different subgroups of participants resulting
in very small cohort sizes of 6 type 1 diabetes patients, 16
type 2 diabetes patients, and 14 healthy subjects. While the
results are not different between the three groups, the low
number of subjects and the observed variability do not allow
for drawing final conclusions regarding differences in device
performance in the three different groups tested. Finally, the
device performance was tested by means of a standardized
meal experiment with a defined food composition and food
volume, which was equal in all participants. Daily individual
variations in food uptake need to be considered before trans-
lating these results into daily routine.

Despite all these limitations, the prediction accuracy of
this new NI device appears to be suitable for effective and
safe use glucose monitoring in daily practice in people with
prediabetes, type 1 diabetes and type 2 diabetes. According
to our knowledge, MARD below 15% in a meal study exper-
iment has not been described for any NI glucose prediction
technology in the literature so far. If the underlying technol-
ogy and mathematical algorithms can be further improved to
meet even the acceptance criteria, such as for invasive glu-
cose measurement in accordance with current regulatory
guidelines, it may finally make the dream of pain-free glu-
cose assessment even for patients with insulin treatment
come true.

Conclusion

After appropriate individual calibration of the NI technology,
both the NI and the invasive component of the CoG device
were shown to reliably track tissue and blood glucose values,
respectively. The measurements were taken during standard-
ized meal experiments and provided acceptable accuracy in
comparison to the YSI standard reference method. This may
enable patients with diabetes to monitor their glucose levels
frequently, reliably, and most of all pain-free.

If our results can be confirmed in daily routine, this new
device represents a major step forward in facilitating patients’
life by providing convenient and pain-free access to unlim-
ited glucose information in daily routine care.
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