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Hog ol olf=le] $k3, Fu gt riFoRE
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3 " TAs) WA vie Al EH e
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& 3 9 WA} ofel e uIA AR
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ZHFutrex-5000, Futrex Co. Gaithersburg, USA) % Q.
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D X&EE HBg clgig/ExgE  FRIAAL
(LDIGIT, Low Dose Insulin and Glucose
Infusion Test)

22 8AJell 12417} o B8 AdellollA #7335 A

thlol] e}k 2 Folat R b ok Ao} A
3
ol

7} Qg2 Belg Zeleigln i SRk i wey
& Afatslsict gle) AH=-10, -5, 0, 5, 10, 15, 30,
45, 60, 90, 120, 125, 130, 135, 140, 145, 150&alo]l
AAlslo] g el F 998 ZAsla vnlAe
e Haellvzl 14713} Copeptided Zslodct
dalnt Exere] FRI4EE 23} o)
FX 1} 4mg/kg/min
elerel: 25mU/kghr
ol Aol upA|t 3047}, 120~1508 Aololl= ¥
23 g3 Elol BE AR YE ol Fn rkn
7Hgska ol FIEE Eede] oFg Y A ¥4
I Gk QR FEZ VrolE ke a2l
A xR ARgslict
Insulin sensitivity index(ISILDIGIT)=Gd/Gsslss
Gd: glucose disposal rate (mg/kg/min)
Gss: steady state plasma glucose concentration
(mmol/L)
Iss: steady state plasma insulin concentration
{(pmol/L)

2) HAEY ST HANEuglycemic hyperin-
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12mLE 2% &ted 2mL+= plain tubeol], 7mL= EDTA
tubeol] %32, 2mL+= Insulin 155}]2} Aled4 48mlol]
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Table 1. Clinical Characteristics of the Sub-
jects(n=13)

Mean +SEM Range

Age(yrs) 284408 24~31

BMI(kg/m’) 234406  20.8~27.7
FBS(mmol/L) 5.10+0.09  4.66~5.60
IRI(pmol/L) 27.6+4.8 7.2~38.4
C-Peptide(nmol/L) 0431003 0.25~0.64
AUCGlu(mmol/Lhr) 13.6+0.4 10.9~15.8
AUCIns(pmol/Lhr} 488173 234~1116
AUCC-pep(nmol/Lhr) 2.8510.26 1.4~4.9

BMI: body mass index, FBS: fasting blood glucose,

IRI: plasma insulin

AUC: area under the curve during 75g oral glucose
tolerance test

- 1
1. LhahEe| elay 8o

RS HFE 28.4+0.8419] AlA] A& Uz}
E24 HF AAPATE 23.4+0.6kgm’Yw, T8
AL 4.66~5.60mmol/LZ A4 HPon, At Q)
#e)x] 1 C-peptidexX|= ZHZ 27.6+4.8pmol/L 3
0.43+0.03nmolLIc}. 75g AT Bl b Azl
A Hgs Aofxk= gloickTable D).

2. XI&H NEY elgil/ETE FHA

ke AALR)E A 4.7410.13mmol/LollA] 2}z
Akslol 30873 8e] 2 ar%] 6.78+0.20mmol/LE R
olth7} S0 RE T A As] Fdshe FAE HAo
v 1205 735E] vzt 3087+ 4.16 +0.31 mmoi/L
o] HYLE FASICKFig. 1-A).

dAk Qgalx|E 7124k 32.8:+7 9pmol/LellA] 15
Hrdo] ZupmA) Ak=sl7) R)2ksled 4087 ol 325.3
+42.1pmol/LE o|Fo] H 3 FEoll 2T o|F
W ARe 2AE Holth} mhAle 3087l
300.1£25.6pmolfLE  FH¥ANE  FAsliciFig.
1-B).

A C-peptide x|+ 0.43 +0.17nmol/Lol| A 43}7]
AlArslod 408740l #31%] 0.88+0.14nmol/Lol| £

Plasma glucose{mmol/L.)
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Fig. 1. Plasma glucose, insulin and C-peptide levels
during LDIGIT. All values are mean.

alod S0RATIA] $AR S E SASk} olF 2H4
slod wpx|gt 30870 0.33-40.11nmol/LE A=
£ 2g B3IcHFig. 1-0).

3. ARE SYTHAL

AAasdel ZeEE o)y W 71X 4.98+0.01
mmol/LeilA AL Z13) Fo X Al FARE =218 F

- 427 -



6 -~ 800

| 700

s s 7 I ;g A

s ) o

; o
E ¢4 500 £
[} {e])
2 E
8 3 400 5
= i
= e |
© 300 5 |
z ° E |
- 200 8 |

- 1 T

100
O o) L 1 3 i A i A 0

0 20 40

80 100 120

Time(min)

Fig. 2. Summary of steady-siate plasma insulin and glucose concentration and glucose infusion rate
euglycemic insulin clamp. All values are means:+SEM, (#); glucose, (®); insulin.

Table 2. Comparison between Steady-state Glucose and Insulin Levels, and Insulin Sensitivity
Index Estimated from LDIGIT and Euglycemic Clamp Test

Gss(mmol/L)
Iss(pmol/L)

1SI(m)/kg/min/pmol/L) X 10°
Insulm infusion rate (Ufhr)

LDIGlT Eugl ycemxc msulm clamp
4A16:t0,31 4.93 3‘:0.04
300.1+25.6 422.1x173
2.08+0.22 1.9640.15
1.77 30.04 453+008

Gss: steady -state plasma glucose levcls, Iss steady—state plasma insulin ]evels ISI: insulin sensmvxty mdex

Values are mean +SEM.

Astglon] wialel 2087ke] WXl 4.93+0.04
mmol/Lefgich. &4 AEAXE IAdd 4074+
7 44pmol/LolA] 108 Eol| F7s] dsled 493.0+
27.5pmol/L7AA] Agsldetzt b wobAAl HES
o|Zgjov upAlgl 2087l 422.1+17.3pmol/L-E
vheRIchFig. 2).

4. &3 N2 ome/ETE FolEMet d
ARS BEXIAY Ui

A3 TR AN HEYe 83 gD

= #3179 600pmal/Lall: EoixiE 422.1+173
pmol/LE lew, HAee] € 4934004
mmel/LFek AEH Agek 9l a7l FUAIA
gele] B2 4.1640.3Immol/Lylew Hx7l vl
23 Zok ojule] WA glgel)i= 300.1 +25.6pmol/
Lolen] Q4] FApt vz Aok Qe 43 AR
(insulin sensitivity index)™ AAER FPZ7A ol
1.9630.15%3.29 LDIGIT AAIA 1.77+£0.04 mi/kg/
min/pmol/L X 10°& 2K Table 2).

o A F3E dgd PP AEE AR fe
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{SI-LDIGIT(mL/kg/min/pmol/L) x 104
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Fig. 3. Relationship between insulin sensitivity index easured from the euglycemic clamp(abscissa) and
LDIGIT(ordinate). The regression equation is : ISIclamp = 2.43 + 0.86ISILDIGIT.

g oko] AFHA-S K)o (r=0.59, p<0.05), 4RHA]-2
ISLiamp=0.405+0.143 * ISl pigir SEAIE]ArKFig. 3).
i a

Aol Q& Ar4E B 1Y 5 e e
A 744 Wl gol ofeirkAl 1ERed HEHL A
22 DeFronzo §Vo] 3Qlgk A4y FWZAHA
(hyperglycemic euglycemic glucose clamp method)2}
Bergman £"0] 73k Minimal modelo] gk 34
gt FAZ A ol EHoE 7P AeelA ded
e 3R Wjolxat 1w A7}
ol#d$] B ollE oz s A7E st HE,
Minimal model-& E¥3] Al2bsl H7E] Z& o] gl
owd A1 & 7} gl o] 3lek ololl Harano £
& UAel] AvpEAEFLE Fojsie] HRIA UERIS

)RR
AR

Fulg A deollA i X FAloll B
wEAs A Qlawle] e A e B
2 &9ck L ¥ Heine $70] Av}EAE}RIE Sois}
2 gkn A FE 9 AEWEET FUFA
ah-g ks, o] Wl ZhEskAE Felsle
ExFei6mg/kg/min)ell vlsto] IEFEHSOmU/kg/
hryo] ¥]:23 go} A BF Aol 25 WP
thx gk #E Piati 572 FYshe el U3t
Ergspel vlg HHIEEY 4mgkg/min, <AE
25mUfkg/hr), X452 =288 lgrl/E e FUHA
v} LDIGIT, Low Dose Insulin and Glucose Infusion
Teso & = sk of A AEE Wel 411,
¥re| o] Ha, A7) AT e Fell
& Copeptide WMSE & 4 glon] Ryan FUT
AASH wlasle] B A4S Helchy ok
LDIGITS] #4 F¢f stz g7 371 3A
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B AolixE o] 7Ae] el $-840-8 Hts)
vlZslr] $sled €9 9 ¥4 AE3 HAE AF
HEsigl oo HARAZE 2417 308 Eqkl] e} Q)
£%) 9 C-peptidex| & 3oz Aol gt ois
2 iAol ek g V1) HE mAsled 2 4 glgick
Feore] Aoy Floz of 30874871 "rdo] At
& Agsiol S oA Hek = Aol 2%
QlEgle] g sl 2H8-g Vehiy] $isleds oF 15
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WA gt BulE At ases 144 A%
FHzx 1587l EF2] Cpeptide F5XE T3P0 X
5t ATl gt wleldlEe] gl Hu) w2 B
T Qo] YF9 Zho] sl HA e & 5 Qick

Piarti %2 LDIGIT 7ZA} 3189} FezhgAs
FAloll Ajggslod C-peptide F7Fxloll F ABA
(r=0.82, p<0.001)2 Hgck kAt Axle] #Hrls
© HEHE7| 5 H7l] Qo] LDGTE 18] 973 3
At BEle Aoz A7EE o] Aupx)e) gJ4rE g
o} iAol gk ohE UERET} o1A) glrk

op)e} 30487ke] el dA QlaslxE B 4.16
+0.31mmol/Le} 300.1+25.6pmol/LollA] z}z}; 33 %)
& olF2 Urh i ol2iat HHellY Qdgxs)t
Ao A s M¥dde] 47 5 Uk whekd
LDIGITol|A Piati £%] A83} ol42ln} Lxgo)
FAFE AYGR| IS g Fol7) sed Bapg I
Holglom, 54018 HAshHA AYGL sE uby
12 egleha sigliedl®, o ATollA 13ed] F 3¢
oAlA] wkzle} 308710l "Adde| 3.33mmol/LojstE S
A AgRe] ZHE BHA| T FA] A8 Hdo] 2.50
mg/dLelslE "Boix|A| ofska H|Ar} Adat s}
3 gislel XS F71E FRP8A] ofa HAE 5
3Psicict. 2t LDIGIT A 55 A7]E e
HYAYE Fulmeln 2EfA TSRS E9slo]
7re] S AEeleg el A EAo) B
& 2z & Y. B odpolld] AP Ay}
A 3l Aleleba ohr] ARbslod Bl oF 7iAke] g
g8l AR o $2 4TS Bole g ¢
I dgdckr=0.81, p<0.01).

g1 Aol vlste] g Fride] £

fd

34

APg zelg W, LDIGITHIA Fshe Qleaizol
Aol B8 Mg A|et el 2 g
o] ¥ Aog Azlsle], dXRUolA] o] HAE kA
shar AEs] Alsgslr] fsiMe el Exgar
ol vl o YAl 238% gaie] Qlcka B

Bged FPTAAE Z3XEgF 5.00mmol/Lol] F
ApsHA] dtH4.93+0.04mmol/L)-S SAPBIF o), £
AA el 84 Q4el e 422.1+17 3pmol/LoE
AP oAIESIYY EFX] 600pmol/Lolle v|x)R] £
slgict. olEidt ol f2e Qlasle) ulAge) wiEH 3
olg} 1&gl Aol whE Aol & A4 4 ot ¥
TS slo] B AAlg B Ael TUE dgeiske
Fskn SagA Adexst 243 o ATE
AEX|= <F 4800114 720pmol/L xR z+ ol )
ulc} zlol7} Qle-g ¢ U

AEY AL AlellA 34 ¥ wl|, LDIGIT} 4
AR oz Fidd FYUZ A ulsled Halgt He
HHHT} HA 2 339} upA)e) 53] Wog 1 B
7F Asn F4] g9 248 8 Her) o) wiFel He
sl i3 AR B EEdoht Qlgale] Fqlek
& WA T vk 7H A 5 sl Aggol o)
Hlsl7] fslel 199 Al AAAE A Bk
o] sgsht o] gt A4YGF FWZHAL 359
A% 282e Yo sh= 7o) vslel WA 7HE%
o]t}

ZAEH 28 LDIGITE A48 d FaZHA e 2
g Holmg g olE thho g sh= ATy
UER S SRl Heldh dAuelgn
Jzheick clak kERlollAE Qlewl 7o) ot A
Yool AYErt Qemg F9 sk e
o] v]go] F ¢} Golxo} & Aok

>

2 9

ST Aol <ladl A Y] 3%
T e AulA AA Bl o7kl k=il
A3 2geF AEWEEG F7A = (LDIGIT,
Low Dose Insulin and Glucose Infusion Test)-2 v}

o 41, MYe] Yol How YUY FATA
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0.30mmol/LollA] FAelE FAsIleH, €4 Qe
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¥ 7k C-peptideX| = F7181ed 408730 HAE ol F
Aok

ol&2l 734 A E(insulin sensitivity index)¥ A4¢
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+0.04mL/kg/min/pmol/L X 10° 2. ZAE|] o], oF 7
A Aolo]| fejgt A& BAckr=0.60, p<0.05, 4
T4 ISItamp=0.405 + 0.143 * 18I prar). LDIGIT 7
Al 1395 39ollA g go| Azl ot AzteiA &
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= o|4te] AR LDIGITE= olgal 74 &=
A & g e vlad 7Y Aol Z34EG &
BEHAS} £ S HolunZ W g die
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FollMe AYge] fdert deveg 4 dadl
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= Abstract =

Measurement of Insulin Sensitivity Index
Estimated from LDIGIT(Continuous Low
Dose Insulin and Glucose Infusion Test)

Young Duk Song, M.D., Bong Soo Cha, M.D),
Suk Won Park, M.D,, Young Joon Won, MD,
Soo Yeon Nam, M.D., Sung Kil Lim, M.D.,
Kyung Rae Kim, M.D., HC Lee, M.D.
and KB Huh, MD.

Department of Internal Medicine, Yonsei University
College of Medicine, Department of Internal Medicine,
Yonsei University College of Medicine

Background: Measurement of insulin sensitivity
index by continuous low dose insulin and glucose
infusion test(LDIGIT) has been reported to be simple
and reliable.

Methods: The method is a refinement of the
modified Harano test and consisted of continuous low
dose insulin(25mU/kghr) and glucose(4mg/kghr) infu-
sion lasting 150 min. Insulin sensitivity was evaluated
as the amount of glucose infusion divided by the
steady state serum insulin and glucose levels achieved
at the end of the test. Insulin secretion was expressed
as the incremental area for C-peptide concentration
during the first 15 min of the test. The indices of
insulin sensitivity and insulin secretion yielded by
LDIGIT were compared with those derived from the
euglycemic clamp and oral glucose tolerance test
(OGTT), respectively. Thirteen subjects underwent
LDIGIT and euglycemic clamp.

Results: LDIGIT resulted in stable final glucose
levels but 3 subjects showed hypoglycemia during the
test. The index of insulin secretion provided by
LDIGIT did not correlate well with that of OGTT.
There was a significant correlation between the ISI
(insulin sensitivity index) determined by LDIGIT and
the ISl determined by clamp(r=0.60, p <0.05).
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Conclusion: LDIGIT is a simple and accurate 7.

method to assess insulin sensitivity. It can be used in

population studies and in situations when more

complex technique is not feasible. However, it is 8.

desirable to reduce the insulin infusion rate to avoid

the occurrence of hypoglycemia in Koreans.

Key Words: Insulin sensitivity, Low dose insulin and 9.

glucose infusion
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