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Insulino- res?éebénza
Si puo mlsurare né&lqé pratica clinica?

Universita e A2|enda Ospedaliera Universitaria
di Verona




Insulino-resistenza o
st
6\@6\6
Condizione clinica in cu Imgwﬁrba?’ ‘esercita un

effetto biologico inferiore alm‘ﬁnfﬁale

Organismo |nter@o<‘ e
Singolo orgaﬂ%l &

Singo o@b@*ﬁellulare
Siggﬁ @Qbrocesso biologico




Mechanism of Action of Insulin Qe}
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The wide spectrum of insulin biological e\fbfe‘cts







Decremento glicemico dopo insulina e, v
(0.1 U/Kg BW) \0&0\0%




Insulino-resistenza del metabolismo glucidico
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Diabete mellito tipo 2 edisgifcemia (IFG/IGT)
Obesita ,Lo%c.) \(\'5\6

Dislipidemie (fengtipi B e IV), iperuricemia
Ipertensione Qﬂet}i';@%a essenziale

Epatopatie e¥opithe (NAFLD, NASH, ecc.)
Uremia,s€o@benso cardiaco, malattie inflammatorie
Policj}gk‘(‘)os'rbbvarica e iperandrogenismi

Acrdmegalia, ipercorticismi, altre endocrinopatie
Sindromi genetiche complesse (es. leprecaunismo)



Prevalence of Insulin Resistance in Different Clinical
Conditions (Isolated Conditions) "
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The Galaxy of Insulin Resistancez®
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Epidemiology of o
Insulin Resistance Q&@ "
Glucose Metabqh*‘s;m
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Subjects with Insulin Resistance in the Wetid

\
Type 2 Diabetes - IFG/IGT - Overweight & Obesity - @@%’?pudemla
Hypertension - Hyperuricemia - Endocrine Dlseas@@» ,gg&g PCOS)

Non-Metabolic Diseases (e.g., NASH) - I:bkeﬁg%@subjects

Preva\(%nce up to 50% and more  Hundreds of millions people



s

Major risks associated to

Insulin Resistance,+"
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Factors Independently Related to 10-yr Incidegce

of T2DM in the General Population Aged 4079 yrs
(Bruneck Study; Bonora et al, Diabetes 53:1582, ZOQ@ X
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Model m&udmg sex, age, family history of DM, life style factors, hypertension,
dyslipidemia, BMI, IFG, IGT, HOMA-IR, CIR (insulin secretion), ICAM-1, CRP.



Insulin Resistance is an Independent Predictor of Incidggt CVD
in Caucasian Subjects from the General Populgjton

(Bruneck Study; Bonora et al, Diabetes Care 30: 318, 2 )
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N=850, ag?ﬁ%\-?@??ollow-up 10 years; subjects with symptomatic CVD at baseline excluded)
CVD=I\A]3,\% roke, TIA, symptomatic PVD, any revascularization. Cases n=97.

Model 1: sex, age, HOMA-IR - Model 2: sex, age, HOMA-IR, smoking, LDL-C, hypertension, HbA1c

Model 3: sex, age, HOMA-IR, smoking, LDL-C, hypertension, HbA1c, HDL-C, triglycerides, BMI
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Insulino-resistenza
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La tecnica del clamp del glucosio (“glucose clamp”™)
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Il clamp euglicemico iperinsulineico
O
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Cosa servg,,\"CQ ge‘r%pe da infusione, un analizzatore di glucosio al letto
del pazigm‘?e, una minicentrifuga, due operatori addestrati

Durata: Almeno 3 ore



N w
(3] o
)

N
(=]

PLASMA GLUCOSE
(mmol/L)

Frequently sampled IVGTT & .

-
a
|

-
o
L

\
xO
Minimal Model <
O\’b \’b'
6\ s\b
@
PLASMA GLUCOSE ?.&@WA INSULIN
1200 c)O(' @
N\ . N
A N
} L2
M
&
’ CAERE
] QO( 6\§£ 600 %
K X Y sk
06’. <</(\1/0 \%\(\ 3"’ 400 %¥
o o o ° e. 50 O 200 §§
| Tlvglucose,b&’b‘\'O‘\ L . c oL
4020020 40( 80 Y60 120 140 160 180 %0 20 0 20 40 60 80 100 120 140 160 180
. QfOQ S TIME (min)
o Qe’(
O ’b

clearance per one pmoI/L of increase in plasma insulin concentration



THE TWO-COMPARTMENT MINIMAL MODEL (<
OF GLUCOSE METABOLISM &

GLUCOSE
INJECTION

PLASMA
INSULIN

INSULIN
INDEPENDENT
METABOLISM

v

Q
Insulin Sensitiv,é'tjedqg@ed from IVGTT (SI-IVGTT) = increment in plasma glucose
clearancc)' l;\gﬁe pmol/L of increase in plasma insulin concentration

O >
Cosa %e: un software ad hoc, un esperto di modellistica

Durata: almeno 3 ore



Insulin suppression test (IST)\O@fa-Qé
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Constant i.v. infusion of glucose (240 mg/min/mizb&hé\

min/m?) and somatostatin (300 ug/hr) for 1@(&‘ Nptes
X2 A\
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Repeated measures of plasma gluc%@@\\,ﬁa)dﬁ?é last 30 minutes
when a near steady state (SSP%&@%@@@%ieved
o2 é\Q(
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SSPG measures insuli@?oegié‘}\ance (IR); the higher it is, the more
severe is IR @O

Durata: almeno 3 ore
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Correlation of clamp-measured and ITT-estimated insulin segsitivity
subjects with variuos degree of glucose tolerar{gg?"
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(Bonora et al, JCEM 68: 374, 1989) _ €.
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Assessment of insulin resistance <
Comparison of different methods vs. euglycemlcy@\‘%mp
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@:,&%rrelatlon
ITT vs. clamp 0&‘ > (rvalue)
: &
* Bonora et al, JCEM 19%93 45\ 0.81
* Akinmokun et al, Digp€ligied 1992 0.86
e 9
IST vs. clamp R e
Greenfleld | et'a [)aﬁlabetes 1981 -0.93
o
IVGTT + M; Mmﬁ vs. clamp
- Beglrd et al, Diabetes 1986 0.84
&%g@bﬁ et al, Diabetes 1994 0.62

5@ * Saad et al, Diabetes 1997 A



Assessment of Insulin Resistancg&‘
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Assessment of insulin resistance me‘
epidemiology and clinical pragti Y‘;e
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The requirements of the test o \\,b@
\
Short duration Soge@,ba,\é\

Few samples (better if Jquén@j
Minimal invasivity eé”Q@%’b

No pumps, no arj;@?‘iaz}i?z%tlon
No infusions ({6& &r'if no injections)

No real tuﬁgb@ucose monitoring

Smp‘h“cw of calculation (no special software)

L?)w cost
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Insulin resistance

The homeostatic compensa’uonQ o




Insulin resistance and hyperinsulinemia afterQ@GTT
are generally associated in nondlabethddéople
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Indexes of Insulin Resistance from QG“TT
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* Insulin Glucose Ratio 11\2\’%%@2@@

* Insulin Sensitivity Index Soé\ei:fé@?\)\O/(Ith G.y,)
 Stumvoll Index Qeé&zgid\“éomplex formula
- Gutt Index O%Oo’o:;:‘é\@e complex formula
» Cederlhom Inggagieo«%\ complex formula
: Belfioreggfggog*e complex formula

°

>
- Mats@da Index complex formula



Formulas for estimating insulin remstgn&e
from OGTT ?}O\O
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Cederholm et al.(Diab Res Clin Pract 10: ';}@}QéO
ISI= [75.000+(Gluc, -Gluc, ) - 1. 1@\@*58%) 0.19 - BW]

120 Ln InSm%a \*Qélucmean]

6\3‘%’&6\
Matsuda et al. (D.abeg@s@?ar% 22: 1462, 1999)
0 e
S1=10.000/ Gluégotﬁ% .Gluc,,...InS, ...
’b&"b (‘3\00

) N
Stuqu&l‘?q&ﬁl (Diabetes Care 23: 295, 2000)
Ed '285-0.0032-BMI-0.0000645- INS59-0.0037-Glucy,



Gutt index o
(Gutt et al - Diabetes Res Clin Pract 2000 47:177,\3@8\0\%
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Gutt index = (m/MPG)/log MSI 2O ¥
Soé\e\' ’bé\
e
N\ A
N [75000 + (GO-GmZ)é @Sjg«ﬁ BW]
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G = glucose, mg/dl | =insulin, pU/ml



Relationship between Fasting Insulin and Total Glueose
Disposal during Insulin Clamp in Non- Dlabetchs%lbjects

(Bonora et al, unpublished data) 0\'80 @
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Indexes of insulin resistance from fasting saniple
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- Fasting insulin (1) 0@@‘\\,&\&
RO
+ Insulin sensitivity index (I eGP
2 AN

» Insulin glucose ratio Soé\eiewo)
- HOMA-IR »® (I,x G,)/22.5

_ SRS
 FIRI (\O@ei’Q@@ (I, x G,)/25
* Raynaund Index ISt 40/1,

SR
» QUICKI @@g:;&& 1/(log I+ log G,)
+ Bennett indeX " 1/(log I,x log G,)
R

- BelfiorgSiheféx 2[(I/G,) + 1]
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* Mc aney iIndex complex formula



Assessment of Insulin Resistance by o!sl(‘)MA
(Homeostasis Model Assessﬁlent)

(Matthews et al; Diabetologia 28: 412 @@é@?} N\
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3
Correlation between Total Glucose Disposal during Eu%ly%eemic
Hyperinsulinemic Clamp and HOMA-estimated InsulinRésistance
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Reproducibility of methods to Qyﬂe‘
assess insulin resistance '«
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HOMA-IR reproducibility O\o%
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Fasting plasma insulin in large epidemiological studles

\0°°\
Mean Mengﬁ?@fb
(LU/ml) <
ARIC Study 10 \&?{&i@@ 25
Bruneck Study 61)1»\"’:6@9\ 25
Eastern Finland @?}\‘7’63(5"’ 35
EGIR &6\‘ 20 9 20
Framingham Offspring Stugg?* A 6 11
Helsinki Policemen St;&fy@@e‘ 8 17
Honolulu Heart Png Q@P 9 20
IRAS Q")@ 18 20
Paris Pro§pécgr&fé Study 10 38
Quebacé’?-leért Study 11 20

WhICh cut off point for insulin resistance?



Hyperinsulinemia to identify insulin resistance o
(European Group of Insulin Resistance) 6"
\O

Insulin resistance= higher limit of lowest decﬂeré? M value
distribution of nonobese subjects in each cent%fo‘ o

(range 15-39 pmol/min-kg BW) @C,\

Hyperinsulinemia= lowest limit of top Qe\‘n@%f fasting insulin

distribution of nonobese subjects in @éb@’eenter
(range 50-187 pmol/l) ° Q\*?’

Normo- er
insulingafic Qﬂ?\gt)ﬁ]emm et}
Insulin Qs 991
False «_ | sensitive 6&(\0@@5‘6 . False
negatcl)ve 3° &° positive
(47.6%) 182 347 (13.7%)
dc’,\
S Hyperinsulinemia specificity: 86.3%

Hyperinsulinemia sensibility: 52.4%



Soglia diagnostica dell’ msulmoresm@éhza
(criteri da EBM) O\gﬁ’f\@:«
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Insulinemia a digiuno > 20 %L&)‘:/mﬁ
N
HOMA-IR >3 G
& &

Buona spemﬂc@ﬁ’?@ﬁchl falsi positivi)
Bassa senﬁBQ&‘é (molti falsi negativi)
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EBN= Enzo Bonora Medicine



Prevalence of Insulin Resistance according to the Number
of Abnormalities clustering in the Single Ingiaﬂzdual

- . RN
(Bonora et al, Diabetes 47: 1643, 1998) NG

- 3 X0
100 (\’ob\c;\&&
P<0.001 e
80| M BMI<25 &
B BMI >25
60
X
40-
20- p
oQ°
SN
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' Qoé{% »° 1 2 3 4
N=<8‘§8; age 40-79 yr; abnormalities: impaired glucose regulation (IGT,DM),
hypertension, dyslipidemia, hyperuricemia.

Insulin resistance estimated by HOMA-IR in the upper quintile of lean controls
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Conclusioni o
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L'insulino-resistenza e molto comune e interessa finoy [ yha persona
adulta su due nei paesi industrializzati fbé\g,\e&{@
C)
\\’b(\ 5
L'insulino-resistenza e un predittore e fattog@ﬁég&&@\gnetico di T2DM
Oé\ ’56
L'insulino-resistenza e un preditgﬁ?cé@é%j un probabile fattore
patogenetico (diretto e/o indirettogéd\@gg\fﬁ
C7 D
) (@
L'insulino-resistenza puc‘)ooﬁgsé\é?re misurata solo con tecniche

. oN. L . . .
complesse e costose, |(r\1ba&pé@eb|h nella comune pratica clinica
A\

ob
. . QP @ . . . . . .
Esistono vari mejgéli s@frogati per stimare l'insulino-resistenza che si

basano suIIaQqaj?u(\rea\eéell’insulinemia a digiuno e/o dopo OGTT

N\
30 (@
.. RS ) . :

L'insuli c=resiStenza pud essere considerata presente se nello stesso
individQo, in particolare se in eccesso ponderale, coesistono multiple

alterazioni metaboliche (sindrome metabolica)






