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Introduction

Diabetes is a chronic illness whose prevalence has increased in recent years. All
patients with Type I Diabetes and a significant portion of paltients with Type II Diabetes

must use subcutaneous insulin injections, in order to maintain the right blood glucose

levels. Many patients must measure their blood glucose levels a number of times each
day. These tests cause pain and arouse a natural resis;tance to measuring blood
glucose. This resistance may be expressed in reduction of the number of blood glucose

tests conducted each day, and consequently, in a drop in the glucose equilibrium and a

rise in the frequency of hypoglycemic events.

Research Question: The Coolsense instrument was created in order to solve this
problem, by using the recognized and proven effect of cooling the skin in order to
create a temporary analgesic effect. The usefulness of this iinstrument and its precision

in objectively measuring the glucose levels among the users; has never been studied in

Israel or around the world. This innovative study will test these hypotheses among

diabetes patients.

Methods: The study's 180 subjects completed a questionnraire that assesses the level

of pain they experience during the needle prick and their reaction to the pain during the
needle prick, After completing the questionnaire, the subjects underwent

randomization, where half of them were treated with the Coolsense instrument and the



other half were treated with the identical instrument without cooling. The participants

were asked to rank the severity of the pain when using the instrument; and in order to

test for the reliability of the instrument, the blood glucose levels of in all the study's
pafticipants were measured before and after using the instrument. The research data

were summarized and compared using accepted statistical measures, in order to

describe the sample and to compare between the groups.

Results: In this study, the same number of men and women participated and the

absolute majority of the padicipants (98.3%) suffered from Type II Diabetes, 4I.7o/o of

the pafticipants were treated with insulin and the remainder was treated orally for

diabetes. The pafticipants were treated with insulin or antir-hyperglycemic medications

as is the standards treatment of diabetes. Most of the sturdy's participants (58.4% to

72.Lo/o) repofted significant pain during the measurement, that the pain was a

consideration in taking the measurement, the negative influence of the pain on their
quality of life and the desire for an instrument to prevent the pain (p<0.001 1rr:n nutu'l
r5ili;frg. In a comparison between the research group and the control group, very

significant differences were indicated (p<0.001) on all measures: pain during

measurement, pain reduction when using the instrument and the desire to use the

instrument on a regular basis. All the differences were in favor of the use of the

instrument. The differences in the measurement values tlefore and after use of the

instrument were not statistically significant among all the study's pafticipants (t=1.098,

p=0.27); and a difference was not found between the rneasurements between the

control group and the experimental group (t=-0.71, p=0.94).

Implications: Use of the instrument in the experimental group signiflcantly reduced

the subjective pain felt by the subjects during the blood glucose test, in comparison to

the control group. Consequently, in the control group, there was a clear preference to

continue using the instrument. This instrument can sen/e as an additional tool for

clinicians and patients to help ease the suffering of diabetic patients and to improve the
glycemic equil ibrium and their quality of l i fe.



Introduction

Diabetes is a chronic illness whose prevalence has increased in recent !€drs.r All
patients with Type I Diabetes and a significant portion of patients with Type II Diabetes
must use subcutaneous insulin injections, in order to maintain the right blood glucose
levels to prevent immediate complications, such as diabetic ketoacidosis (DKA) and a
non-ketotic hyperosmotic state (NKHOS) and long term complications such as diabetic
retinopathy, diabetic neuropathy, ischemic cardiac disease and cerebral infarction.
These complications are related to the diabetic equilibrium as it is expressed in the
blood glucose levels when fasting and the concentration of glycated hemoglobin
(HbA1C) in the blood.z: Moreover, it is importantto maintain the glvcemic equilibrium
in order to prevent hypoglycemia and its complications. +

The ideal solution for monitoring blood glucose levels is the continuous monitoring of
the blood glucose levels throughout the day. This solution has been studied and found
to be an effective and safe means of maintaining glucose levels in a normal range with
fast detection of irregularities in the different directions. s However, this solution is not
applicable for most diabetics, due to practical and economic reasons; and therefore,
most of the patients who inject insulin must measure their glucose a number of times
during the day using an instrument that measures blood glucose levels. o

In light of the current trend of using a relatively large number of insulin injections per

day rc; and in light of the active lifestyle that some diabetic patients strive to achieve,
sOme patients are required to measure their blood glucose many times per day. These

tests, which include pricking one of the fingers and the extracting a number of
microliters of blood from the prick point, causes pain and a natural resistance to
measuring blood glucose. This resistance may be expressed in reduction of the number
of blood glucose tests conducted each day, and consequently, in a drop in the glucose

equilibrium and a rise in the frequency of hyper and hypoglycemic events.

Due to this problem, a number of attempts have been made to create different systems
for measuring blood glucose levels in a less painful manner. Methods such as a clock-
like instrument that calculates blood glucose levels by sampling perrspiration have not

succeeded in generating reliable results; and currently, instruments that take indirect
measurements of blood glucose level are only in the prototype stage.1o 11 Direct



methods that include measurements taken from the foreerrm, the earlobe, abdomen
skin or the back of the fingers, rz-rs, have not been very successlul due to a lack of
precisionro or due to a lack of commercial applicability and the need to purchase new
equipment for injection and measurementrz. However, one method that has succeeded
is the creation of blood glucose measurement instruments that need only a very small
amount of blood to conduct the measurement, enabling the patients to make the prick
less deeply and with a smaller diameter, which reduces but does not eliminate the pain

from the needle prick. These instruments have become less expensive and more widely
used; however, the pain from the frequent needle pricks needed to measure glucose

levels is still considerable.

The CoolSense instrument was created in order to solve this problem, at least partially,

by using the recognized and proven effect of cooling ther skin in order to create a
temporary analgesic effectre-zz. Among the instrument's advantages are the fact that it
is inexpensive to manufacture and easy to use, does not require tfre use of perishable

materials for operation, except for a generic alcohol based disinfectant, and does not
require replacement of existing equipment for pricking the finger or measuring the
blood glucose levels.

€*aff of thm ffi*ssaneh Stmdy

Usefulness of the CoolSense instrument for reducing the subjective sensation of pain

during the injection to measure glucose levels and its impact on the precision of the
blood glucose level test have never been studied in Israel or around the world. In this
innovative study, we attempted to examine these hypotheses in diabetic patients in our
c l in ic.

S4*frfrwds

The Study's Structure

This study is a prospective clinical trial in which the participants were categorized, in a
random manner, for treatment using the Coolsense instrunrent or a pseudo-treatment

using the instrument (finger pricking without cooling). The study was approved by the
hospital's and the health ministry's institutional Helsinki Committee.



Pafticipants

All the pafticipants are adults (at least 21 years of age), men and women, with Type I

or Type II diabetes, who are in treatment at a diabetes clinic in the Holon and Bat Yam

region. Each participant gave his informed consent in writing (appendix 1).

Course of the Study

All the pafticipants in the study underwent an evaluation that included completing a

questionnaire regarding demographic information, information regarding their diabetes,

accompanying diseases and pharmaceutical treatment. Additionally, the patients

completed a questionnaire that tested (1) the number of times they tested their blood

glucose levels each day, (2) the level of subjective pain tthey experience during the

needle prick for the glucose testing, (3) the disturbance caused by the needle prick to

the quality of their lives, and (4) questions relating to their des;ire for methods to

reduce andlor to prevent the pain during the blood glucose testing (Appendix 2).

After completing the questionnaire, the subjects underwent randornization, where half

of them were assigned to the CoolSense treatment group, strictly adhering to the

instructions for use (insefting the disinfectant in the instrument, keeping it refrigerated,

using the instrument at a temperature between 0 and -4 degrees, and affixing it to the

skin five seconds before the needle prick). The other half was assigned to the control

group and was treated with the identical instrument without cooling. All the

pafticipants in the study administered two needle pricks, one without using the

instrument and one after use (real or pseudo-use). After each needle prick, the

pafticipant was asked to rank the severity of the pain using a li-point Likert scale,

where 1 = flo pain at all and 5 = Very painful (Appendix 3).

Al l  the questionnaires were completed by the subjects themselves with the

ass is tance of  the at tending phys ic ian at  the d iabetes c l in ic .  The

questionnaires and the informed consent forms were translated into Russian

and Arabic  and the pat ients  were g iven the opt ion to  se lect  the language in

which they wish to  complete the quest ionnai re .
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Sample Size

In th is  s tudy,  the sample s ize of  180 pat ients  (n  = 90 in  each group)

provides a power of 86% to identi fy a real di f ference between the groups, of

0.5+1 on the Likert Scale for the subject ive evaluation of the pain level

dur ing the needle pr ick .  Th is  ca lcu la t ion is  based on the 2- ta i led a lpha va lue

of  0 .025.  The s ize of  th is  sample wi l l  s imul taneously  prov ide both a power

of B0% to identi fy a real di f ference between the samplings of 20+5 mg/dl in

the glucose value between a measurement made with the CoolSense

inst rument  and a sample taken us ing convent ional  methods,  wi th  an a lpha

value of  0 .25.  Th is  ca lcu la t ion re la tes to  these two end points  as pr imary

common points .

Statistical Methods

The stat ist ical analysis for the data col lected was conducted using the SPSS

software - version 15 (Chicago, IL, U,S,).  The cl i f ferences between the

groups on cont inuous var iab les were examined us ing the Student  t - test

when there were two groups; and when there were 3 or more groups, the

ANOVA test was used. Correlat ions between the two continuous variables

were examined using the Pearson Test and correlat ions between a

cont inuous var iab le  and an ord ina l  var iab le  were examined us ing the

Spearman test.  The results were considered signif icant at pcO.O5.

ffi.

RESULTS

ffimser$p*$qprx m$ Wwr&*e$pex'*&s

In this study, 180 patients suffering from diabetes took part. Half of the patients

(n=90) were men and the other half, women. The absolute majority of the patients

(98.3%) suffered from Type II Diabetes, and 3 patients suffered from Type I (diagram

1).
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The average age among the research participants was 54.57 years, v{here the youngest

age was 29 and the oldest was 63 years.

Diabetes Statistics:

174 patients in the study (96.60/o) provided HbAIC statistics, where the average value

wds 7.3o/o and the minimum and maximum values were 6.50/o and $.6%, respectively.

In terms of treatment for the diabetes, 4L.7o/o of the patients (n=75) were treated with

insulin and the remainder (58.3%, n=105) were treated orally witfi medication. The

research pafticipants that were treated with medication reported that they were

administered Metformin, Gluben and Novonorm at various intervals (Table 1).

The Medication

Metformin/Glucophage

Gluben

Novonorm

Other (Avandia, Januvia,

Byetta)

No. of Users (n)

105

54

15

0

o/o among the

usrng

100%

patients

orally

5I.4o/o

L4.3o/o

0o/o

Y*b$e 3- {$se *S ffi*#Ec*ti*xrs t* Yr*mt #fr*fu*t*s Sm*m# Err*tfreerts Sd*rsiut$ste*"*S F$e#l ti*m #nw$tg

With regard to other pharmaceutical treatments, the most common nledications used to

treat the participants were medications from the anti-platelet fQmily (aspirin and

Clopidogrel), statins and various types of blood pressure medicationp. The prevalence

of the use of these medications is summarized in Table 2 and Diagrarfi 2.



The Medication

Aspirin

Statins

Renin-Angiostatin Pathway Blockers

Beta Blockers

Thiozides

Calcium channel blockers

Loop Diuretics

No. of Users (n)

T4L

138

126

93

48

39

15
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participants I

78,3

76.7

42,7

51.7

26.7

21.7

8 .3
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In terms of frequency of other diseases (morbidity line) among resparch pafticipants,
the prevalence of obesity, dislipidemia and hypedension were prominent. Moreover, an
increased existence of ischemic cardiac disease was indicated. The prevalence of these
is summarized in Table 3.

The Medication

Dislipidemia

Obesity

Hypeftension

No. of Users (n) o/o ?1rro1rg the nesearch ]
participa4ts

88,3

76.7

76.7

36.7

159

138

138

66{ Ischemic cardiac disease
t - . * * -

fal*9* 3 - Fr*v*t*xce *f fdcrhidity li** **r**g r*s**rcF: Sef?i*i##{lt.[

Aside from listing the pharmaceutical treatment and the additiqnal diseases, the
patients were asked about the number of hypoglycemic events they experienced in the
past 3 months. Only 10 pafticipants reported at least one event of hypoglycemia in the



3 months prior to the interview and
between 1 and 4 events in the past 3

among those who repofted
months (diagram 3).

events, they repofted

#iagr**r 3 - S**ntity *f h-gp*6!'gciilrnir e*"*rrts *rssmfi r*$*si"*h pxrti*ip;:nts iil th* p*st the*e srssth$.

Moreover, the frequency of micro and macro-vascular complications was also tested.

These complications are known to be related closely to diabetes and with its

equilibrium, as is expressed in the HbAIC values. The presence of these complications

is summarized in Table 4.

The Complication

Retinopathy

Neuropathy

Nephropathy

Vasculopathy

Frequency (n)

93

57

60

75

o/o among the research

pafticipants

5t.7

3r.7

3:3.3
4 t .7

T*hB* 4 * Fr*qmmn*p *f mr**r* *md rffii*8"**ir*s*l+i*r ***n*r*$$*:*ti**ts ;*it-dt*ilrn{} 6**rf$*ig:;rx'xts

Number of Daily Blood Glucose Tests

In addition to the aforementioned, the participants were asked about the number of

times they tested their blood glucose levels each day. 25o/o (n=75) of the subjects did

not test their blood glucose level at all and the remainder tested it between once and

three times each day. All the pafticipants who were treated with insulin repofted

testing their blood glucose level at least once a day. The number of times per day that

the research pafticipants tested their blood glucose level (and the insulin sub-group) is

summarized in Diagram 4.

Hypo_Ev€nt5
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Using a scale of 1 to 5, the subjects were asked to rate their attitudes toward four

elements related to the pain caused by the finger prick during the blood glucose test:

how much it huft, how much the pain was a consideration in taking the measurement/

how much they wanted an instrument to prevent the pain and how much the

measurement influenced their quality of life. This questionnaire was presented to the

subjects before the test using the instrument. The results of 1-2 on the scale were

considered positive, the result of 3 was considered neutral and the results of 4-5 were

considered negative.

The research results indicated that on all the aforesaid items, over half of the

pafticipants received scores in the 1-2 range, and all these ratings were found to be

statistically significant, in variation from the neutral rating of 3, with a p-value of less

than 0.001. The rating percentages of the 1-2 rating, together with the average score

given for each item and the t-test compared the variation from the neutral score are

presented in Table 5. Additionally, the distribution of the subject's answers to all of the

aforementioned questions is presented in Diagram 5.



Question

How painful is the needle

prick?

To what extent does the
pain serve as a

consideration for

conducting the test?

To what extent do you

want an instrument to

reduce the pain?

To what extent does the

blood glucose test

influence your quality of

life?

% that

answered 1-2

7I . to /o

(n=43)

(n-42) 70o/o

58.3%

(n=35)

7L.2o/o

(n=42)

Average t-test score

rating for

from a

score(3)

r .97

2 . r5

2 .L7

1.98

- t7 .86

-rt,22

<0.001x

<0.001x

-tt.L2 <0.001x

-15 .8 <0.001x
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In light of the aforementioned data, the relationship was examined between the

number of measurements reported by the patient and his erttitude toward the intensity

of the pain and the influence of the pain on the nurnber of measurements he

conducted. Correlations were assessed between the rating given to the question of the

consideration given to the measurement and the question regarding the subjective

intensity of the pain and the number of measurements taken per day. Positive and

statistically significant correlations were indicated for these two comparisons (R=0.243,

p<0.001 and R=0.387, p=9.901, respectively). That is to say, that the more significant

the patient rated the pain (a low rating on the 1-5 scale) ernd the more significant the

consideration, the fewer the number of times the subject administered the blood

glucose test per day.

Yfs* Freffas#rtr## *f {**86wr?s# #sF *&ww ffiaxfuP*s*"s s*spssf,sssr sSsmrsp

The pafticipants administered two blood glucose measurements, one with the

instrument and the other without the instrument, where half of the pafticipants were in

the control group and used the instrument without the cooling effect, to create a
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placebo effect. Subsequently, the participants were asked about the intensity of the

pain with and without the instrument, whether the pain was reduced when using the

instrument (if so how much), and whether they would like to use the instrument in the

future.

In order to test the subjects' reliability, the correlation was assessed between the

answer to both the question of how much the pain was reduced and the decrease in

the pain rating without the use of the instrument and the pain while using the

instrument. The correlation between these variables was particularly strong (R=0.715,

p<0.001) - a correlation that supports high reliability.

The comparison between the pafticipants in the research group and those in the control
group indicated ratings that represented significant reduction in pain among the

experimental group in comparison to the control group, and a stronger desire to

continue to use the instrument among the experimental group in comparison with the

control group. The differences between the two groups were highly statistically

significant (Table 6).

! Parameter

Pain intensity when

using the instrument

Reduction of pain

intensity with the

instrument

Would you use the

instrument in the future?

Average rating in

the control group

2.23

2.27

3.37

Average rating in

the experimental

group

4.27

2.27

i:test p-\rah,e l

L7.2L  <0.001x

-12.18  <0,00 lx

-7 .28 <0.001x
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A summary of the ratings among the experimental group only indica{es that more than

half of the subjects repofted low pain ratings when using the instrument, they repofted

better ratings for pain reduction and positively rated their desire to qontinue to use the

instrument on a regular basis (Table 7),

Subject Examined

Pain intensity when using the instrument

(ratings of 4 and 5 - slight pain or no pain)

Pain intensity reduction (ratings of 1 and 2
- significant reduction to slight)

Desire to use the instrument regularly
(ratings of 1 and 2 - want to use and very

much want to use).t_, " _:: 'y clf tt-s #iffid k ti-. #d;$ru".t.t gne>;p"t*'n.&Js6Gn;-*$;t.s'il s**l**t 
,6i**li* 

tn *,T#*g* F - S*F"*trl*fly $f Chs rsti$1*s in fir* *xper$rue*rtal gr*xg* f*n qx*sti*ns r*[t*t*S t{i S*$* ;sat$ $**ir* t* r*s* th*

Rating Percentage

75.9o/o

93.3o/o

73.3o/o

n

66

84

66

i*strerr****
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M*asure'Eweyyt

In  order  to  test  whether  the inst rument  had an in f luence on the g lucose
values that  were measured,  a  s tandard g lucose measuremenf  was taken wi th
the  ins t rumen t  and  w i thou t  the  i ns t rumen t  and  a  compar iqon  be tween  the
resul ts  o f  the two tests  was per formed,  wi th  regard to  the cont ro l  group and
the  p lacebo  g roup .

The d i f ference between the measurements of  a l l  the parr t ic ipants  in  the
exper imen t  was  an  ave rage  o f  0 .51  mg.  pe r  dec i l i t e r  and  no  s ta t i s t i ca l l y
s ign i f icant  d i f ference was found between the measurement  when us ing the
ins t rumen t  and  the  measuremen t  w i thou t  us ing  the  ins t fumen t  (p=0 .27 ,
t=1 .098)  among  a l l  t he  exper imen t ' s  pa r t i c ipan ts .  MoreovEr ,  no  d i f f e rence
was ind icated between the d i f ference between the exper imqnta l  and cont ro l
g roups  (p=0 .94 ,  t=0 .71 ) .  These  da ta  i nd i ca te  tha t  the re  was  no  s ta t i s t i ca l
d i f ference in  the b lood g lucose measurement  resu l ts  r4vhen us ing the
ins t rumen t  on  the  en t i re  exper imen t  popu la t i on  and  on  the  research  g roup  in
pa r t i cu la r .



Summary and Conclusions
This study, which included 180 diabetes patients, raises a number of interesting and

important points for discussion. Some of these points have not been extensively

addressed in the international medical literature.

Firstly, the results of this study reflect the variety of pratients that a doctor will

encounter at a first-aid or diabetes clinic: men and women, patients with diabetes of

various degrees of severity; the presence of a ceftain number of secondary

complications; patients who are treated orally or parenterally with medication in various

quantities. It should be noted that the study included an absolute majority of Type II

diabetics; and therefore, it is unceftain whether the inferences herein may be applied to

Type I diabetics as well. In terms of an analysis of the basic medical information

received from the patients, there is consistency with what is known from many earlier

studies2'3 : Many of the patients suffering from diabetes also suffer fr.om other diseases

related to the metabolic syndrome, and that secondary complications of diabetes, such

as nephropathy, neuropathy, retinopathy and Vasculopathy, are more prevalent in

cases in which the diabetic equilibrium (as expressed in the HbAIC values) is worse and

when the duration of the disease is longer.

One of the two innovative subjects in this study relates to the feelings of the

pafticipants with regard to the daily blood glucose test:; they must administer to

themselves. This study indicated that the majority of the pafticipants noted that the

glucose tests caused them a great deal of pain; that they want an instrument that will

prevent pain and that the blood glucose tests negatively influence their quality of life.

Another central subject reported by the pafticipants in this study was that the pain is a

factor that influences their decision to test their blood glucose level. This fact was

suppofted by the demonstration that the participants, who rated the pain levels and the

degree of the consideration for testing blood glucose level:; as higher, measured their

blood glucose levels less frequently. The measurement of the blood glucose is essential

in order to maintain the right equilibrium of the glucose in the blood and more

impoftantly in order to prevent events of hyperglycemia tlrat could end in significant

morbidity and even moftality. This study also indicated a greater tendency of



hyperglycemia the less frequently the blood glucose level was tested in participants who

received insulin treatment.

In light of these findings, it appears that a solution must be found in order to reduce

the pain involved in the frequent blood glucose tests, in order to improve the quality of

life of diabetic patients and to possibly increase the frequrency of the periodic blood

glucose tests, thereby improving the glucose equilibrium and preventing hyperglycemic

events. This study was the first of its kind to test the CoolSense instrument, which is

designed to reduce the pain involved in blood glucose tests that involve finger pricks.

This study clearly indicated that with regard to preventing pain during and after the

needle prick, the instrument succeeds in its mission, where most of the subjects rated

the pain when using the instrument as less severe in comparison to the pain when not

using the instrument, they reported reduction in pain caus;ed during the needle prick

and a desire to continue to use the instrument. These differences are reinforced by the

fact that they remained significant even in the comparison between the pseudo-use of

the instrument (for the placebo effect test) on the control group.

The study's results open a window for additional studies that will deal with the subject

of pain reduction in blood glucose test. One study that should be conducted is a study

of a group of Type I diabetics. These patients in the main are sick for a longer period

of time, are treated more aggressively with insulin, must test their blood glucose levels

more frequently and are more vulnerable to hyperglycemic events and their dangers.

Fufthermore, Type I diabetics are generally younger in age and will probably be more

interested in a means to improve their quality of life.

Another study that is indicated by this study's results is a lorngitudinal study of diabetics

who are interested in an instrument that will help prevent pain during the periodic

blood glucose test. This study, which should be conducted with a similar number of

patients and conducted over a period of a number of months, will provide more reliable

information regarding the results of the practical use of the instrument in the patient's

home over a period of time and will provide objective information regarding the change

in the glucose equilibrium (as expressed in the HbAIC value) and in the number of

hypoglycemic events. If indeed the instrument works as well as it appears in our



preliminary study - the longitudinal study results will indicate that

has an impact not only on the subjective feeling of pain and the qua

on the objective clinical characteristics that influence the prognosis

from diabetes; and as such, it will become an impoftant and

maintain the good health of diabetic patients.

an instrument

ity of life, but also

those who suffer

ve tool that helps
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