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ABSTRACT

Background: Self monitoring of blood glucose plays an important role in the management of diabetes.

However, traditional finger prick testing causes pain and so compliance with self monitoring of blood glucose

is usually poor. Using an alternative site for sampling may reduce the level of pain and be beneficial for

improving the compliance of diabetic patients. We evaluated the accuracy and acceptability of blood glucose

testing from the forearm by analyzing the performance of the CareSens” (i-Sens, Inc. Korea) device for

diabetic patients.

Methods: We measured the glucose level at the forearm by use of CareLance” (vaccum assisted lancing device)

and also at the finger tip simultaneously by use of the CareSens” device at fasting and postprandial 2 hours,

respectively. At the same time, the glucose levels of venous samples were checked by the laboratory method
(BIOSEN 5030, EKF, Germany) and compared with those glucose level measured by the CareSens” device. We

also checked the ease of use of the CareLance” and the associated pain of the patients by means of a visual

analogue scale (VAS) at the time of blood sampling.

Results: The glucose level obtained from the forearm and finger tip correlated well with that from the

laboratory method, respectively. Error grid analysis showed that 100% of the measurements were clinically

acceptable; forearm blood glucose testing by use of CareLance” was less painful and it was as easy to use

as the finger prick (P < 0.05 and P = 0.04, respectively).

Conclusion: Forearm testing is an acceptable alternative to finger prick testing for measuring blood glucose
in diabetic patients. (J Kor Soc Endocrinol 21:281~289, 2006)
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Fig. 1. Blood glucose testing at finger tip and forearm by CareSens”. The finger tip was

pricked by lancing device (A) and blood glucose level was measured through test strip (B).

The forearm was lanced with CareLance® (vaccum assisted lancing device) (C) and blood

glucose level was measured through test strip (D).
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Fig. 2. Comparison of fasting glucose measurements at the forearm by

CareSens® with the reference method (venous sampling) using the Clarke

error grid analysis (n = 30); 100% of measurements were within zones A and

B (93% within A).
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Fig. 3. Bland-Altman analysis of fasting glucose measurements at the forearm
by CareSens® with reference method (n = 30). The mean difference (solid line)
and limits of agreement (mean + 2SD, dotted line) are shown (7.98 + 28.02%).
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Fig. 4. Comparison of fasting glucose measurements at the finger tip by
CareSens” with the reference method (venous sampling) using the Clarke error

grid analysis (n
(100% within A).

30); 100% of measurements were within zones A and B
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Fig. 5. Bland-Altman analysis of fasting glucose measurements at the finger tip

by CareSens® with reference method (n = 30). The mean difference (solid line)
and limits of agreement (mean + 2SD, dotted line) are shown (1.87 * 26.08%).
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Fig. 6. Comparison of postprandial 2 hour glucose measurements at the

forearm by CareSens”

with the reference method (venous sampling) using the

Clarke error grid analysis (n = 30); 100% of measurements were within zones

A and B (90% within A).
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Fig. 7. Bland-Altman analysis of postprandial 2 hour glucose measurements at
the forearm by CareSens® with reference method (n =
difference (solid line) and limits of agreement (mean + 2SD, dotted line) are

shown (10.18 + 21.18%).

400

30). The mean

r=0.982
350

sy.x=14.19

300 | E

200 |

CareSens® forearm (mg/dL)

y=1019x+6.281

Reference glucose (mg/dL)

200 250

300

350 400

Fig. 8. Comparison of postprandial 2 hour glucose measurements at the finger
tip by CareSens” with the reference method (venous sampling) using the
Clarke error grid analysis (n = 30); 100% of measurements were within zones

A and B (100% within A).

- 286 -



— o3 9] 991 A ApRa

A
ox
o
oy
o
)
o
o}
oX
|

112 mm; 712 £ VAS, 352 + 20.1 mm; -84} -25.1 o=
+ 18.1 mm, P < 0.05). ALY A& A9 E= ALol|A
VAS 0 mmE FAIZE 327} 39.6% 929, VAS 10 mm o] QT ArlEr ZAle] AIES| ] Ak Sek =
o[s}Z FEAS 3} 353% A F 74.9%2] AP} F39] Holl Tk Q1A 984S zApsly] sl Aslelom, 3
nudt Bl $5& =4 AeZ YehirkFig. 10). Aol Al A2 74 ol Aatsielch. Shs HAxe]
5. 717| =& 20/49| Hlu A sk QlERlE ol W el obd 3% U
I A5 247 g FAsliek. Q7 At Akl I
AT} £ FollA] NG uff HP7)7] AHge] &ol =7} AmlollA] AP Hax)e}b Blazslo] Clarke error
AL vzt 23, 2y U AGTE o] 83k Fehe grid analysisollA] 7+ A9} Boll 43 QA GoldS Hod
Aol 47kt EolAel ARnE olgAl e Fa Ileh A A ol B AEE 12 B vl
AeFe HorKALE VAS, 234 + 203 mm; <71 & o] GOl EEhs ATE Holw A% B2 LA
VAS, 163 + 14.4 mm; P = 0.04). 3k 3B} oiR(74.9%) 0] $Aek

Jel} A7) A goliell glolAl <1t EolAel

(2]
(=]

w -=
> >
T T

[
>
T

*
*

[
(=
T

*
-
*

*

>
T
*

A W
> > >
T T T

%difference (CareSens® - reference)
\
AN
[—)
T

0 50 100 150 200 250 300 350 400

'
wn
=

Mean glucose levels of CareSens® and reference (mg/dL)

Fig. 9. Bland-Altman analysis of postprandial 2 hour glucose measurements at
the finger tip by CareSens” with reference method (n = 30). The mean
difference (solid line) and limits of agreement (mean + 2SD, dotted line) are
shown (4.51 £ 17.74%).

‘ [OForearm [ Finger tip

50
45 139.6%
40
35
30
25
20
15
10 5,

5 l‘ = I 1.7 179 !‘ I 2%
0 L ol | 1 = e e

0~<1 1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~9091~100

35.3%
32.9%

13.8%

Percentage (%)

Visul Analogue Scale (mm) - forearm & finger tip

Fig. 10. Distribution of pain levels according to VAS at the forearm and
finger tip.

- 287 -



— tiRhHER|S)A]: A21 A A4 E 2006 —

wlel] wlelo] ofaAl Lol RS BT ol Azk 6
2ol 89 IS vhkoz ST, ol Aol B
5go] 52615 A o, MRS v A 2
ol ZARE A7 W 24 Aol gL FUshe
JJrZ*C’] 3 AT §U4Q AR G20 A8 99
1571700] $3197] WlE) Ao Az e o)

o] 242 A5t gk

-

4 g2} Rl Azt
it Sl ARG 54 g el Fad o
&] s

-:FU

B wgeln gov, ¥ 249 P4 FETHIS)
e} Welo] o VAol AHoE W
ez %‘Zl AN AR
AshANE % ok ol 54 A e
Zolehs 8l JJ—EOH* N 558 Tl 352 ol

= westso] AEsla glon], Erjet el $7ol S v
A B ZAo] wAs)w glek. Sl A7RIG =
A719) bk o] Helow W 2o Fhsal A
WA ofe] alaslole] stk el Fse o] F3
ek

iAol It FA4e) Qo] 7 Fedk A
et LollA] F783F ddsieol| vlal duh} A=y
HebH=upol] 9lek o8] qlellA] AskiellA <]
57t £ Bellk o] AR Ht U2 FEE Kol
oAl F4 Aoz ZAHS19 2R S e &
A7 v Fgshe Whe] EAETIE givh16,17]. &
ATlA] HeHeA] 2F FUE W7 E ol8slo] 34
3t Juko &r)2k Hollx 249 Iudyl H3F 10.0 mg/dL
Aol & Hlow, gl FuX|ohs HF 7.98 + 28.62%
o] Aoluks Ho] H-8AE Rl & 4 AUAckFg. 3, 5).
w3k 53] AaFe] Polke g FAo| rhssiglen, dest
oS gHsl] 98l Sk WAAA AgoE FY
she AZke® Qlsle] dire] Z7bE Sl wlFeAAlE 2
2312 okt

ARl o] PdZAgell glo] B il w{E How g
Fo] WG FA1E wie HgHollA o] Pt vl
# A23E gk Holuk, o] FAsHA Wk ulj(2< wi
SER ddo] ZTPAY duEwl FA4 F wE 58
o] Fashe A-Polle 99 174*‘} W3 2 3HA
3 A] FEslar g Wslol| |91 WH2{(delayed response)<
B B3l Q61016 5 A% dedol FAp
5 sl G A e sl 4
Q141 24 & Wde] 14 el A ek
Sich Ztolch ek 1 ol A 2412 A9
5, 12 B ) e B el )
o ypxu|7] ofglow] olAbo® 983 WY W)
chFig. 6). ol & AT/} olel AR AT
Qo HRke S ) AERE Foldt

rlm 1
P

)

O:

r

T
o
o ﬂﬂ?

o)

Nk
[o}
%

N
(¢

o
o]

E3
X
32

]

o
_?L
ot

5 ol Atollxe] FAAT et EAe] Fgwict
3 = 307elgks A2 E e
B 8l 27 wE Ao KolE =
AekA| FslodA] o5 W3 AFS APy 1 -84
= FU As] Bk 5 9 Aelet A7k

oAl AsHEe] 35 dddat AF 2417 ddsE
£ error grid analysis WS 0|23k E4ojlA] 25 44
oF {83k HUel U rkFig. 2, 6). Bland-Altman
analysisollA] Z1ghEe] -5 ddto] 7.98 + 28.02% (Fig. 3),
A% 2 A7 I 10.18 + 21.18% (Fig. 7)) =A% M9
% wgov] g wush §AR A2kE wgld

Agdon Askndie] At W 24e 2 gkl
9lo] Aulale] x|} v)wde w el 318 W
ool 9lw, <7kt Bellle] Wekagoll ulel $277te] A
Aol glom AF FYH AA7)9 Aol Qo] 71E9 &
Fhe} ZollAe] AR the ofele Hlow Bl
717] Ae-S 2sh 261 T ol Aoz AztEc) ulebA
3 GASe) Ap) A 2ol ol 88 oAl @
270) ol B8 F Aoz A7)

N

Hi: 27h dd 242 el Aol Fet g
gk AEHRl SRl el AHES o83 I 4
< HddFew & kL £k AFE opd
et E5737e] 7hsRt AT E o] &3k o] oo
o] gFoll gol & Zolgt Az Q). & A7+ Il
oA Ak AR A 5787]

Inc. Korea)& ©]-&-slo] m’*—r"ﬂ/ﬂ«] a9 49 -84
gl Ho)AS ool 7} sk

gt sz Wislol 2181 591 307 W 24 o)
oz dlgieh, B4 W A% 2417 HRkE AT FAR A
8715 olele] ANl Aekw, A ket Bl
A Agste] AL B 2471% ol Sato] Wee =
Aelgick R AEE Aslel AR 2 3
Aol 22k lmsiglch, =k 724 A0 Aol 55 B 1
7171 A8-2] £o]A-E visual analogue scales ARSs}o] H]
selgick

2o Aske} E71 LollA AP s AdA
ol i3l £ AIRAIE X9t Error grid 4743
RE S dAHeR 84 AnE usld, Al
Ae) AL <A el AR S17AH8el 9]

i..

- 288 -



— o|4% 2] 99l A xpridnt
o] WIAZEE UMARKP = 0.04), HE Al 552 el
1 ZHed ZA7Z HYIKP < 0.05).
AR Aghiollae] I Wl il Eollale] &
e S ¢ e 783 e RA, T8EE
] kA skl Tgo] Helel A=k

o

(=

Mo
ror

1. UK Prospective Diabetes Study (UKPDS) Group:
Intensive blood-glucose control with sulphonylureas or
insulin compared with conventional treatment and risk
of complications in patients with type 2 diabetes
(UKPDS 33). Lancet 352:837-853, 1998

2. UK Prospective Diabetes Study (UKPDS) Group:
Effect of intensive blood-glucose control with
metformin on complications in over-weight patients
with type 2 diabetes (UKPDS 34). Lancet 352:854-
865, 1998

3. The Diabetes Control and Complications Trial (DCCT)
Research Group: The effect of intensive treatment of
diabetes on the development and progression of
long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med 329:977-986, 1993

4. American Diabetes Association: National standards for
Diabetes Self-Management Education programs and
American Diabetes Association review criteria.
Diabetes Care 18:737-741, 1995

5. Ary DV, Toobert D, Wilson W, Glasgow RE: Patient
perspective on factors contributing to nonadherence to
diabetes regimen. Diabetes care 9:168-172, 1986

6. Evans JM, Newton RW, Ruta DA, MacDonald TM,
Stevenson RJ, Morris AD: Frequency of blood glucose
monitoring in relation to glycaemic control:
observational study with diabetes database. BMJ 319:
83-86, 1999

7. Rhee SY, Kim YS, Oh S, Choi WH, Park JE, Jeong
WI: Diabcare Asia 2001-Korea country report on

10.

11.

12.

13.

14.

15

16.

17.

- 289 -

Jl}k

el g R84 -

outcome data and analysis. Korean J Intern Med
20:48-54, 2005
. Greenhalgh S, Bradshaw S, Hall CM, Price DA:
Forearm blood glucose testing in diabetes mellitus.
Arch Dis Child 89:516-518, 2004
. Ellison JM, Stegmann JM, Colner SL, Michael RH,
Sharma MK, Ervin KR, Horwitz DL: Rapid changes
in postprandial blood glucose produce concentration
differences at finger, forearm, and thigh sampling
sites. Diabetes Care 25:961-964, 2002
Jungheim K, Koschinsky T: Glucose monitoring at the
arm: risky delays of hypoglycemia and hyperglycemia
detection. Diabetes Care 25:956-960, 2002
Peled N, Wong D, Gwalani SL: Comparison of
glucose levels in capillary blood samples obtained
from a variety of body sites. Diabetes Technol Ther 4:
35-44, 2002
Clarke WL, Cox DJ, Gonder-Frederick LA, Carter W,
Pohl SL: Evaluating clinical accuracy of systems for
self-monitoring of blood glucose. Diabetes Care 10:
622-628, 1987
Dedrick RF, Davis WK: What do statistics really tell
us about the quality of the data from self-monitoring
of blood glucose. Diabet Med 6:267-273, 1989
Bland JM, Altman DG: Statistical methods for
assessing agreement between two methods of clinical
measurement. Lancet 327:307-310, 1986
American Diabetes Association: Self-monitoring of
blood glucose. Diabetes Care 17:81-86, 1994
Bina DM, Anderson RL, Johnson ML, Bergenstal RM,
Kendall DM: Clinical impact of prandial state,
exercise, and site preparation on the equivalence of
alternative-site blood glucose testing. Diabetes Care
26:981-985, 2003
McGarraugh G: Response to Jungheim and
Koschinsky: Glucose monitoring at the arm (letter).
Diabetes Care 24:1304-1306, 2001




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


