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Insulin Resistance

Resistance to “Insulin Treatment”

* Failure to lower plasma glucose conc.

Himsworth HP: Diabetes mellitus: Its differentiation into insulin-
sensitive and insensitive types. Lancet 1:127-130, 1936.

 More than 100 units per day

« More than 1.4 units / kg body weight

Flier JS, Kahn CR, Roth J: Receptors, antireceptor antibodies and
mechanisms of insulin resistance. N Engl J Med 300:413-9, 1979.

Resistance to “Insulin Action”

* Insulin conc. was Higher in diabetic subjects !

Yalow R, Berson S: Immunoassay of endogenous plasma insulin in
man. J Clin Invest 39:1157-1175, 1960.



Assessment of Insulin Resistance/Sensitivity

[Direct methods]

Lundbaek K: Intravenous glucose tolerance as a tool in definition
and diagnosis of diabetes mellitus. Br Med J 1:1507-13, 1962.
(Insulin loading: non-steady) Insulin tolerance test

(T , Tobin J, Andres R: Glucose clamp technique: a h

method for quantifying insulin secretion and resistance. Am J
Physiol 237:E214-E223, 1979. (insulin & glucose: steady)

\_ J
[Indirect methods]

, Holman RR, Matthews D, et al: Insulin deficiency and
Insulin resistance interaction in diabetes: estimation of their
relative contribution by feedback analysis from basal plasma
Insulin and glucose concentrations. Metabolism 28:1086-1096,
1979. (Basal:steady)

Bergman RN, Ider YZ, Bowden CR: Quantitative estimation of
iInsulin sensitivity. Am J Physiol 236:E667-E677, 1979.

(Glucose loading: non-steady) Minimal model



Assessment of Insulin Resistance/Sensitivity

Gold standard : Euglycemic insulin clamp

® Direct method
® Steady state assessment (model free)

However,

® Danger of hypoglycemia

(necessity of the attendance of a medical doctor)
® Cumbersome procedure
® Not physioloqgical




Assessment of Insulin Resistance/Sensitivity
[Direct methods]

Lundbaek K: Intravenous glucose tolerance as a tool in definition
and diagnosis of diabetes mellitus. Br Med J 1:1507-13, 1962.
(insulin: non-steady) Insulin tolerance test

, Tobin J, Andres R: Glucose clamp technique: a
method for quantifying insulin secretion and resistance. Am J
Physiol 237:E214-E223, 1979. (insulin & glucose: steady)

[Indirect methods]

0 , DeFronzo RA: Insulin sensitivity indices obtained )
from oral glucose tolerance testing: comparison with the
euglycemic insulin clamp. Diabetes Care 22:1462-1470, 1999.
(Basal:steady & Glucose load: non-steady~steady)

& Y




ldentify the degree of insulin
resistance!

Fasting state;

A: PG 90mg/d] insulin spU/mi

B: PG 90mg/dl Insulin' 10pU/mi
C: PG 120mg/dl insulin' 10pU/ml



プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



ldentify the degree of insulin
resistance!

Fasting state;

Ratio Product

A: PG 90mg/dl insulin SpuU/mi 90/5=18 90x5=450

B: PG 90mg/dl insulin' 10pU/ml 90/10=9 0]0)’¢ K0 =20]0]
C: PG 120mg/dl" insulin 10pU/m| 120/10=12 120x1.0=1200

Answer: C, B, A


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



HOMA

Homeostatic Model
Assessment



: Diabetes Care 36:2324-30, 2013.
IHOMA?Z2

& http://wwwihoma.couk/ 0O - & || & HOMA - Nathan R Hill - ... ARLE

ard Oxford Centre for Diabetes
<3 Endocrinology & Metabolism NHS

iHOMA?2 - by NR Hill, IC Levy, DR Matthews - Copyright University of Oxford 2010-2013

Welcome to the iIHOMAZ website. iIHOMAZ is an interactive, 23-variable, HOmeostatic Model of Assessment

with the baseline default characteristics of the HOMA2 computer model of fasting insulin:glucose
interaction.

iHOMA?Z2 enables the mathematical functions describing the organs and tissues involved in the glucose and
hormonal compartments to be modified using simple visual analogue controls. The model can be used to
evaluate therapeutic agents and predict effects on fasting glucose and insulin and on beta cell function and
insulin sensitivity.

There are two ways to use iHOMAZ:
1) Download it - The downloadable iHOMAZ program is implemented in Java and should work on all

operating systems (you need Java click here to get it if you don't have it). In this version you can copy and
paste large amounts of data between iIHOMAZ , Excel, SPSS etc.

2) Run it online - The online iIHOMAZ2 program is a Java applet and should work on all java enabled
browsers. If you don't have java installed the browser will try to install it for you. Once done please
remember to restart the browser! In this version you cannot copy and paste variables due to browser
security.

iIHOMA? is free to use for academic and non-commercial purposes. If you wish to use it commercially
please contact me at nathan.hill@phc.ox.ac.uk. Choose an option below.

http://www.ihoma.co.uk/



oncept of the IHOMA?
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Original Description of the HOMA model

PERIPHERY (eg. fat and muscle) NERVOUS SYSTEM

0.9 |-
G
0.4
vptake
mmol min
3G
1.2
uplake /'/ I
mmal min ; 4
A plasmuo (..}
0.4
Plosmo |
plasma G "' h‘--.'\'.'m
. i ' ) ‘~.® 160
sl 4 0 50 100 .
efliux : . |
" ! \ ]
N 0.8 @ \\ l. \ " secrelion
v upmke EI 8 \“‘ ! ml_]l').rn;n
mmal: min 5 ISOQ "r- i |NSULIN 10 4 30
1] ~ ‘plusmn pluwuo It
i
100
LIVER vo t/ BETA CELLS
ume o
Distribution
G - 171 plasma 3 life 4 minutes
I = 131

Metabolism 28:1086-1096, 1979


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



Origina

PERIPH

Brain

-l )

sl 4 10 50 100

efflux
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uptake 5 —
mmol; min lﬂl
3 plasma
100 1

Liver

IVIETADOIISIM Z3: LU8b-1UY0b, 1979



プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



0.9
0.4
plasma G
: ~ 1 ]
3! 4 10 50 100 G 30
efflux uptaoke Plasma G
G 42
= 0.8 g I mmol/min uptake
uptake '5 0.4 mmol,'min
mmol, min
10
3 ‘plusmu 0.4
00 I 4
LIVER plasma G ; %
\ Plasma |

During the basal steady/state: :
[o: HGP&SpIanchnic/ (fPGfIRLr]) - Brain\(fPG) - Muscle (fPCf,flRl, rp) ]

This is conve

fIRI
0=(3-1.86x log [T]-l.S x log(fPG)

Where

fIRI : fasting insulin conc. [mU/L], fPG : fasting PG [mmol/L]
rl : liver insulin resistance, rp : peripheral (or muscle) insulin resistance
Assuming that rl=rp(=R), the above formula can be solved for R after substituting fPG

and fIRI for actual measured values.
NOTE: The function above is valid in the steady state.


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。
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Calculation of HOMA-IR (example)

0= [3-1.86>< log [ﬂﬂ]-l.5xlog(fPG) R T e
rl ] 1401 14 14 04 4, 6
fPG fIRI fPG
fIRI=8 [pu/mI] , fPG=6 [mmol/L] “p 2
Then,
0= [3—1.86>< log [—] -1.5 x log(6) ] YR X X
rl 14 == 1418 04 4, >
6 8
Thus, _:;_+2

rl?,rp? (when fIRI=8 pU/ml, fPG=108mg/dI(=6mmol/L))

M. Matsuda: index of insulin secretion and insulin resistance, Internal Medicine [Japanese] 105:39-44, 2010.


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



Calculation of HOMA-IR (example)

(

fIRI \ 0.4 .
0= [3-1.86>< l0g [—]-1.5x|og(fPG) = L
< rI ) 1+ - 1+ 14 04 1+ i
fPG fIRI fPG
rl=rp(=R), fIRI=8 [pU/mI] , fPG=6 [mmol/L] “p 2
\
Then,
3 0.4 19 1 1
0=[3-1.86x log |—— | -1.5 x log(6) ] 51 T x
R 1+ —— 1+ 04 1, —
6 8 .
—+
Thus, R

R=2.1 (when fIRI=8 pU/ml, fPG=108mg/dl(=6mmol/L))

It was possible to solve this equation by a large frame
computer in 1979. Now it is easy to solve this equation by
an EXCEL file.

Note: this calculation was estimated from the figures found in the original Metabolism
paper published in 1979. It may possible that Dr. Turner used a different formula.

M. Matsuda: index of insulin secretion and insulin resistance, Internal Medicine [Japanese] 105:39-44, 2010.


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



Induction of Simplified HOMA formula

Reduced formula

Fasting '
Insulin as w ) (1985 by Matthews D et al.)

40 -
: / S HOMA-IR=
| Increasing ;/

(R}

; ! Resisll:rig;h/ g fl RI fl RI X fPG

22.5e—|n(fPG) o 225

HOMA-B%=
20 x fIRI
fPG -3.5

Approximation of HOMA-IR
and HOMA-% Diabetologia 28:412-419, 1985


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

HOMA-ir (multiplication) x-axis

and HOMA-IR (rp=rl) y-axis rp: peripheral insulin resistance
rl: liver insulin resistance

= Product of FPG and fasting
7 iInsulin conc. (on y-axis) is
//’ almost equal to the HOMA-
A IR calculated by the model
7ol proposed by Turner et al,
2 1979 (n x-axis).

Expressed by

Please neglect the connection lines.

0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0



QUICKI and HOMA %S
QUICKI = !

log(1y) + log(Gy)

1 1
log(I, x G,) log(22.5 x HOMA — IR)

QUICKI =

Kats A, Nambi SS, Mather K et al: Quantitative Insulin-Sensitivity Check Index
(QUICKI): a simple, accurate method for assessing insulin sensitivity in humans. J Clin
Endocrinol Metab 85:2402-2410, 2000.

HOMA %S = 100
*>~ HOMA — IR

Wallace TM, Levy JC, Matthews DR.: Use and abuse of HOMA modeling. Diabetes Care
27:1487-95, 2004.

The computer model gives a value for insulin sensitivity expressed as HOMA2-%S
(where 100% is normal), which is simply the reciprocal of HOMA2-IR.




Improvement of HOMA
@®\\Vhole body insulin sensitivity

Matsuda Index

@ Specificity to the liver and the
muscle

Modified HOMA



Introduction of Matsuda index

Insulin Resistance (Basal)* =Gy X |g

Insulin Resistance (OGTT)*=G X |

*primarily reflects liver
**reflects both muscile > liver

Depicted by Dr. Ralph A. DeFronzo.


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



After glucose administration

MCR (metabolic clearance rate)
Dose of glucose
AUC of PG conc.

(non- steady state)

Glucose Dose P’T

meary -

—

MCR

0 ~180min



After glucose administration

Insulin Sensitivity during OGTT
can be estimated by

MCR of glucose

Average Insulin conc.

Dose of glucose
PG X Insulin




Induction of Matsuda index

Insulin Resistance (Basal)* =Gy X |g

Insulin Resistance (OGTT)*=G X |

*primarily reflects liver
**reflects both muscle > liver

L —— Inverse of Geometric Mean


プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



Insulin sensitivity indices obtained from
oral glucose tolerance testing

10,000

1Sl(comp)= —————=
VIFPG X FPI) X (G X 1)

120

1
G= 120 g(t) dt mean}---

1 120 _
=5 T a
0 120

Usually we have OGTTs with 120 minutes. And the initial validation was done from the data up to 120 min.

Matsuda M, DeFronzo RA.: Diabetes Care 22(9):1462-70, 1999.



プレゼンター
プレゼンテーションのノート

次のスライドお願いします。



ISI(comp) *@ﬁ

(Composite Index, Matsuda’s Index)

ISI(comp) =
(comp) (9o 15+ 9330+ Gy 30+ Goy - 30+ Gy -15) _ (ig 15439 - 30 +igy - 30 +igg - 30 + iy -15)

120 120

Jo X 1o X

d, : Basal PG, g,, : PG at 30 min, g4,: PG at 60 min, gy, : PG at 90 min, g,,, : PG at120 min
I, : Basal IRI,i,, : IRl at 30 min, i, : IRl at 60 min,iy : IRl at 90 min, i, : IRl at120 min

Mean (range, £SD) in healthy young persons

New Haven, CT (n=37) 543 (2.7-9.6, £1.9)

San Antonio, TX (n=62) 4.34 (1.0-11.0, £2.6)
Correlation with clamp: r = 0.73

Matsuda M, DeFronzo RA: Insulin sensitivity indices obtained from oral glucose tolerance
testing. Comparison with the euglycemic insulin clamp. Diabetes Care 22: 1462-1470, 1999.
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ISI (comp) =

N EEIE

o
120

(min)

(FPG X FPDX@G X 1)

OBSERVATIONS

Reduced Time Points
to Calculate the
Composite Index

n sensitivity
~ose and insulin concen-
he ol glu
iz index has been
widely used by imvestigators throughout
the world. According to Scopus, more
than 1,000 articles have cited the original
article during the last 10 years “and
several modifications of this
been published (2,3). Although the basic
idea is to use the plasma insulin and
cose areas under the ¢ ¥
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plasma insulin concentrations at times 0
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function to calculate the square root.
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the concept of the original publication.
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Cut off value for Insulin Resistance

2,321 (2,138 nondiabetic) euglycemic insulin clamp studies

European Group for the Study of Insulin Resistance (EGIR) project (n = 1,436)
Pima Indian Study (n = 597)

San Antonio (n = 288, of whom 99 were Mexican American)

The EGIR studies were performed on Caucasians from 17 European sites (Athens, Greece; Baden, Heidelberg, Kreisha, and Munich,Germany; Belgrade, Serbia;
Geneva, Switzerland; Goteborg, Sweden; Helsinki and Kuopio, Finland; Odense, Denmark; and Naples, Padova, Pisa, Rome, Torino, and Verona, Italy).

Mixture model for whole-body glucose disposal Cut off Value
measgred by the euglycemic inSU|i!’1 clam.p
et SRS ( Rd: <28 mmol/min per kg LBM
g bt i, e e rorms (5.0 mg/min per kg LBM)
(200 mg/min per m?)
SaEll | |SI(comp): <~3.1
U HOMA-IR: >~ 2.8

~\

=
[2)
=
)
=
=3
o
A
T
D
=
=
s
[
o

(Diagnosis of insulin resistance
(if any of the following conditions are met)

BMI >28.9 kg/m?

HOMA-IR>4.65
BMI >27.5 kg/m?
and HOMA-IR >3.60

40 60 80 100 120 s 0 aAa, - 0
o " Insulin Sensitivit (Sensitivity 84.9%, Specificity 78.7%)
micromol/min/kg lean body mass. S )

Diabetes 54:333-339, 2005




Cut off Value Calculation

from the data set used to introduce ISl(comp)
Rd<200mg/m? per min as the gold standard

Sensitivity Specificity
BMI=28.0 83% 65%
BMI=30.0 66% 80%
(Rd vs BMI: r=-0.45)
HOMA-IR=2.50 84% 69%
HOMA-IR=2.80* 80% 7%
(Rd vs HOMA-IR: r=-0.44)
ISI(comp)<3.1 76% 71%
ISI(comp)<2.6* 71% 84%
(Rd vs ISI(comp): r=0.73)
Model 91% (85%) 62% (79%)

BMI >28.9 kg/m? or HOMA-IR>4.65 or (BMI >27.5 kg/m? and HOMA-IR >3.6)
(Data set used in Diabetes Care 22: 1462, 1999)

*best value by ROC analysis

9: shown In Diabetes 54:333-339, 2005

ISI(comp)=2.5 was used as a cut-off in Kerman WN, et al: Pioglitazone improves insulin sensitivity among
non diabetic patients with a recent transient ischemic attach or ischemic stroke. Stroke 34:1431-6, 2003



Calcluation of Matsuda Index
Use the following form below to calculate Matsuda Index from one set of OGTT data.

To access EXCEL file please click here.

If you have samples from 0, 60, and 120 minutes. Click here.
If you have samples from 0 and 120 minutes Click here.
If you have samples from 0, 30 and 120 minutes Click here.

[ CALCULATE I Click after data input

PG [mg/dI]( 00min) : 100

PG [mg/dI]( 30min) : 177

PG [mg/dI]( 60min) : 184

PG [mg/dI]( 90min) : 139

PG [mg/dI](120min) : 128

Insulin [microU/ml] ( 00min): 16
Insulin [microU/ml] ( 30min): 164
Insulin [microU/ml] ( 60min): 233
Insulin [microU/ml] ( 90min): 244
Insulin [microU/ml] (120min): 225

RESULTS
Matsuda Index: 1.46 (whole body insulin resistant: equal or lower than 2.5, nc
HOMA-IR: 395 (normal: lower or equal to 1.6, liver insulin resistant: equ

Insulinogenic Index: 192  (defect in insulin secretion: less than 0.4)

m

)N

Disposition Index: 281 (product of insulinogenic index and Matsuda index: norn

-

| al range: 5~8)
or more than 2.5.)

al: more than 1)
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HOMA-IR and Matsuda index when a SGLT-2 inhibitor is used.

when rl = rp (=R), it is possible to solve the above equation and R is HOMA-IR (a similar value as published).
mmol of glucose per whole body per min
p * V * dg/dt = Ra(liver) — Rd(brain) — Rd(peripheral tissue) — u

u= 0 mmol per min mmol mg
fIRI = 8 microU/ml pV dg/dt 0.000 0.0
fPG = 6 mmol/L  (108mg/dL) Ra(liver) 0.702 126.4
[ R=rl= 1973 Rd(brain) 0.393 708
R=rp= 1973 (rp=rl) Rd(peripheral) 0.308 555
p = 1 u 0.000 0.0
V= 15 L
dg/dt= 0 in steady state

When SGLT-2 inhibitor is used
urine excretion is 60g per day

u= 0.231 mmol per min mmol mg
fIRI = 8 microU/ml pV dg/dt 0.000 0.0
fPG = 6 mmol/L  (108mg/dL) Ra(liver) 0.899 161.8
[ R=rl= 2518 Rd(brain) 0.393 70.8
R=rp= 2518 (rp=rl) Rd(peripheral) 0274 493
p = 1 u 0.231  41.7
V= 15 L
dg/dt= 0 in steady state

Assuming same fIRI and fPG, addition of urine excretion,
there is a change the index of insulin resistance (R =rl = rp)
However,

according to Dr.DeFronzo, rl may be increased, while rp is decreased.
see Merovci A, and Abdul-Ghani MA, DeFronzo RA et al.J Clin Invest. 2014 Feb 3;124(2):509-14



Letter from Dr. Matthews:

Subject: Re: HOMA-IR under use of SGLT-2 inhibitors

Hi,

HOMA doesn’t give the correct answer when used with SGLT2 inhibitors since
the effect of insulin appears greater as more glucose is cleared... So you
need to use iHOMA, and change the renal threshold appropriately as described
in our Diabetes Care paper:

Hill NR, Levy JC, Matthews DR. Expansion of the homeostasis model assessment
of beta-cell function and insulin resistance to enable clinical trial outcome
model ing through the interactive adjustment of physiology and treatment
effects: iHOMA2. Diabetes Care. 2013; 36:2324-30.

Best wishes
David

Prof. David R. Matthews

Professor of Diabetes Medicine, University of Oxford Emeritus Chairman,
Oxford Centre for Diabetes, Endocrinology and Metabolism (OCDEM).
Medical tutor, Harris Manchester College, Oxford
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Calcluation of Matsuda Index
Use the following form below to calculate Matsuda Index from one set of OGTT data.

To access EXCEL file please click here.

If you have samples from 0, 30, 60, and 120 minutes. Click here.
If yvou have samples from 0, 60, and 120 minutes. Click here.

If you have samples from 0 and 120 minutes Click here.

If you have samples from 0, 30 and 120 minutes Click here.

Please use as many as possible measurements to calculate the AUC (area under the curve) of responses of glucose and insulin,
preferably until the return to the basal state (1.e., up to 180 or 240 minutes), although this site does not support the calculation.
Matsuda index uses the metabolic clearance rate dunng the OGTT. Option of different doses other than 75 g of glucose has
not been well validated. Use the same way of calculation for comparison.

CALCULATE |Click after data input

Dose [g] (usually 75g) :

‘When vou use a SGLT-2 inhibitor, examine urine excretion and subtract from 75(g) and input it to the upper box! for
calculation see click here

PG [mg/dl]( 00min) : (100
PG [mg/dl]( 30min) : (160
PG [mg/dl]( 60min) : (160
PG [mg/dl]( 90min) : (160
PG [mg/dl](120min) : [140 |
Insulin [microU/ml] ( 00min): |5
Insulin [microU/ml] ( 30min): |10
Insulin [microU/ml] ( 60min): |10
Insulin [microU/ml] ( 90min): |10

Insulin [microU/ml] (120min): |5

RESULTS
Matsuda Index:12.34 (whole body insulin resistant: equal or lower than 2.3)

HOMA-TR(Matthews1985):{1.23 (normal: lower or equal to 1.6, liver insulin resistant: equal or more than 2.5.)
(defect 1n 1nsulin secretion- less than 0.4)

(product of insulinogenic index and Matsuda index: normal: more than 1)

http://mmatsuda.diabetes-smc.jp/MIndex.html

Insulinogenic Index:
Disposition Index:




Summary

Euglycemic insulin clamp is a gold standard for the
measurement of insulin resistance.
However, the method is not physiological.

HOMA is a good method to measure hepatic insulin
resistance.

Matsuda index actually measures whole body insulin
resistance including muscle contribution.
This OGTT-based measurement is physiological.

HOMA-IR cannot be used with SGLT-2 inhibitors. Matsuda
Index also needs correction by collecting urine sample
after an OGTT.
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KAWAGOE BLUE LIGHTING EVENT 2016

End Date: November 14, 2016

Location: Kawagoe Station, Kawagoe, Saitama
Prefecture, Japan

Event Type: Blue Lighting

Event Description: Blue Light Up at the Kawagoe
Station Bridge

Event Email: tokinokane-blue-lightup@diabetes-
smc.jp

Blop datn C20LE Google, SK telecom. ZENRIN  Terms of Lise

Share your WDD 2016 activity
Share your own event information by completing the form here

http://tokinokane-blue-lightup.diabetes-smc.jp/forpc.html
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