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What Is Insulin
ReSiStance? Reduced insulin sensitivity

(IS) of target organ to the
effect of insulin (hepatic
glucose production, glucose
uptake by skeletal muscle,
lipolysis in adipose tissue and
others)

Can be physiologic (in

pregnancy) or pathologic

Insulin resistance (IR)
leads to: hyperinsulinemia,
glucose intolerance,
hyperglycemia, and
dyslipidemia

Laetitia Koppe et al. Nephrol Dial Transplant (2014) 29: 1666—1674
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IR iIn CKD and ESRD

Common in ESRD and CKD, but evidence on the latter is scarce.
DeFronzo, using the ‘gold standard’ euglycemic hyperinsulinemic clamp,

found evidence of IR in uremia in 1978

B-cell sensitivity to glucose

Tissue sensitivity to insulin
DeFronzo RA, Metabolism 27: 1866—1880, 1978 ; DeFronzo, et al, J Clin Invest 425-35,1978
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20 4 % T Renal Insulin Resistance Syndrome, Adiponectin and
00 . Cardiovascular Events in Patients with Kidney Disease:
The Mild and Moderate Kidney Disease Study
Serum insulin conce ntration [mLUT} Bjoern Becker,* Florian Kronenberg," Jan T. Kielstein,* Hermann Haller,* Christian Morath,*

30 Eberhard Ritz,} and Danilo Fliser;* for the MMKD Study Group

- [ T

10 227 non-diabetic CKD
% T 1 1

patients
-
Serum gluesze comeentration (ragd) HOMA-'R’ glucose and
el insulin were different
120 - -l- -‘_ across 3 CKD groups,

but higher as compared to

a0 . + l J. J_ healthy controls.

Healthn Patients {GFR ir milimin™_73m)
subjects > a0 &5 =30 < 45

Wwa 4

Becker B, JASN 16; 1091-1098, 2005
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Insulin Resistance in Patients With Chronic Kidney Disease

Shuzo Kobayashi, MD, PhD, Kyoko Maesato, MD, Hidekazu Moriya, MD,

14 Insulin sensmwty and serum creatinine Takayasu Ohtake, MD, PhD, and Toshio Ikeda, MD, PhD
13+
[}
12
117 . . .
I i IS by Hyperinsulinemic
A I euglycemic glucose
L e . 3 clamp in 29 non-DM
m T T Seesgl 0 - -
N N e e patients with different
=S I T e
= I LS stages of CKD.
o5l | T GDR=8.502
o ¢ | ) i Bty IS negativaly correlated
[ ] Sso o o o
4 ’ S with the decline in renal
2 r=0449 function.
p<0.01
1-
01 \4

0 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17
Cr mg/dL

Kobayashi et al.: AJKD 45: 275-280, 2005
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sensitivity and B-cell function IR

pB-cell
function

44— Insulin resistance with
B-cell compensation
Insulin resistance without
B-cell compensation

NGT
T2DM IGT

Insulin sensitivity

Hien Phama et al, Current opinion in nephrology and hypertension, 20: 640-646, 2011. ¢
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Kidney function, p-cell function and glucose tolerance

in older men

Ting Jia,'# UIf Risérus,® Hong Xu,' Bengt Lindholm,' Johan Arnlév,*>
Per Sjégren,® Tommy Cederholm,? Tobias E. Larsson', T. Alp lkizler®,

Juan J. Carrero'’

Decreasing quartiles of eGFR
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P for
Parameters Q1(n = 254) Q2(n = 254) Q3(n = 254) Q4(n = 253) trend
p cell function assessment
AUC 15030, £*30 minAiter 855 (621-1172) 921 (B57-1348) 923 (663-1333) 1002 (650-1464) 0.004
AUC ean_120. ¥ 30 minditer 3075 (2789-3450) 3155 (2877-3519) 3246 (2882-3667) 3325 (2926-3652) <0.001
Estimated 1 phase insulin release, p 976 (752-1214) 978 (772-1398) 1015 (781-1468) 1098 (751-1494) =0.001
Insulinogenic index.._p/iter/min 38(25-R0) 422 7-70) 45(30-77) 47(30-77) 0.008
Glucose tolerance
AUCs030/AUC giuo-30 4.0(3.0-5.4) 4.2(3.2-6.3) 4.4(3.2-6.4) 4.6 (3.2-6.8) <0.001
AUC ns50-120/AUC giygo_120 14.2(11.7-17.1) 14.5(12.1-17.7) 14.7 (12.4-18.0) 14.4(12.2-17.6) 0.24
2-hour glucose concentration, mmaol/iter 6.88 £ 1.91 6.85 = 1.81 .91 = 1.78 7.10 £ 1.81 0.12
Impaired glucose tolerance, % 32 30 28 35 0.34
Composite 8 cell function
Oral disposition index, DIy 0.98 (0.60-1.62) 1.13(0.64-1.76) 1.23(0.78-1.90) 1.16(0.69-1.82) 0.01
Insulin resistance assessment
Clamp-derived MCR, mg min™’ kg" 6.25 = 2.21 6.09 = 2.22 6.07 = 1.99 5.30 = 2.00 0.006
Fasting glucose at OGTT, mmol/liter 5.29 (4.8-5.7) 5.39 (5-5.7) 5.3 (5-5.6) 53(4.9-57) 0.90
Fasting insulin at OGTT, pmol/iter 10.9(8.2-14.1) 10.9(8.2-14.1) 10.9(8.2-14.1) 10.9(8.2-14.1) 0.37
OGTT-derived Matsuda Index 36.5 (23.3-56.4) 32.2(22.2-50.5) 34.5 (24.6-48.3) 32.8(21.7-45.8) 0.01

T Jia et al JCEM 2015;100(2):587-93

Allegra V et al KI 1990;38:1146-1150 o
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T Jia et al JCEM 2015;100(2):587-93

120

.| GFRQ4
~1GFRQ3

GFRQ2

1GFRQ1

466 non-diabetic CKD
patients

IR (clamp method)
Increased across
decreasing eGFR, while
B-cell function was
higher.

2-hour post load
glucose tolerance was
not different.

Conclusion: In CKD,
Increased B-cell function
compensates for loss in
IS that accompanies
kidney dysfunction

10
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= In normal conditions, 30—80% of circulating insulin is removed by
Kidney.

= The decline of renal function is associated with impaired insulin-
Induced glucose utilization of peripheral target tissues, and IR.

= The net balance between insulin resistance and (3-cell function
may be preserved in CKD.

11

Laetitia Koppe et al. Nephrol Dial Transplant (2014) 29: 1666—1674
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Other Causes of IR in CKD 5ot farlingko
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* JInsulin-mediated disposal

* Abnormal glucose oxidation & insulin
secretion

Glucose
dysregulation

» Defective insulin receptor signaling
» Altered intestinal barrier function

El\

Hypertension * Activation of RAAS

bl = TROS, UNrf2

* Altered gut microbiota

* Hyperparathyroidism
¢ Vitamin D deficiency

Abnormal mineral
metabolism

Adiposity and * IFFA, TIL-6, T TNF-
lipotoxicity * Jadiponectin

» Dialysis modality
* Acidosis
* Protein carbamylation




Clinical Correlates of Insulin Sensitivity and Its
Association with Mortality among Men with CKD
Stages 3 and 4

Hong Xu,*' Xiaoyan Huang, * Johan Arnlov, ! Tommy Cederholm,” Peter Stenvinkel,* Bengt Lindholm,* Uf Riserus,’
and Juan Jesus Carrero**

eGFR Adjusted
Variables
Slope (95% CI) P Value

Metabolic syndrome components

Waist circumference, cm -0.11 (-0.13 to —0.10) <(.001

Triglycerides, mmol/L -0.92(-1.15t0 -0.69)  <0.001

HDL, mmol/L 1.79 (1.33 t0 2.27) <(.001

Systolic BP, 10 mmHg -0.11(-0.20 to —0.02) 0.01

Diastolic BP, 10 mmHg -0.28 (—0.46 to —0.10) 0.003

Fasting elucose, mmol /L -0.98 (-1.26 to —0.69) <0.001
Other biomarkers

C-reactive protein, mg/L —().03 (=0.06 to 0.01) 0.15

IL-6,ng/L -0.03 (=0.05to —0.01) 0.006

UAER, 200 pg/min 0.08 (—0.24 to 0.40) 0.63
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Metabolic syndrome
components, and IL-6,
were clinical correlates

of insulin sensitivity (by
clamp method ) in 446
non-DM patients with
CKD.

Xu H, et al CJASN 2014;9(12):2104-10

13
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Inflammation, adipokines and ﬁ g
insulin resistance
Table 4. Clinical determinants of insulin resistance measured by hyperinsulinemic euglycemic clamp

Adjusted Analysis®

Karolinska
Institutet

.Lﬂ

Variable
Beta Coefficient (95% CI) P
Adipose tissue
total fat mass percent (DEXA)  —0.31 (—0.427, —0.204) <0.001
(n=12)"
truncal fat percent (DEXA) —0.24 (—0.296, —0.189 0.01
(n = 12)°
Adipokines
adipnnecﬁn (ng/ml) 0.15 (0.05, 0.25) 0.005
leph_n ﬂD ng /ml) —2.06 (—2.54, —1.58) =<0.001
resistin {lc-g ng/ml) 3.55 (1.33, 5.76) 0.002
Inflammatory markers
IL-6 (lo og; p f’ml} —1.43 (—2.47, —0.395) 0.007
CRP (log; mg/dl) —1.08 (—1.88, —0.296) 0.007
Lipids
triglycerides (mg/dl) —0.14 (—0.037, 0.008) 0.21
LDL {mgfd]} —0.02 (—0.07, 0.02) 0.32
HDL {mgfdl} 0.03 (—0.05, 0.12) 0.42

14

Adriana M Hung, et al CJASN 2011;6:767-774  Nephrol Dial Transplant (2011) 26: 2814-2819



Table 2. Results of Univariate Regression Analyses

for GDR
Independent Variables P r

Age NS
Body mass index 0.038 —0.401
Blood pressure NS
Albumin NS
Blood urea nitrogen 0.014 —0.450
Creatinine 0.010 —0.457
Creatinine clearance 0.002 0.549
Insulin 0.029 —0.421
HOMA 0.0217 —0.425
iPTH 0.0207 -0.513
Lipoprotein(a) NS
Total cholesterol NS
TG 0.0237 -0.434
High-density lipoprotein

cholesterol NS
Low-density lipoptrotein

cholesterol NS
Apo A-1 NS
Apo A-2 NS
Apo B NS
Apo A-1/Apo B 0.047 0.396
Apo E NS
Hematocrit NS
Bicarbonate 0.0004 0.611
CRP NS (0.076)
Fibrinogen 0.0441 —0.390
LVMI NS

SRS
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The independent clinical correlates
of insulin sensitivity (clamp

method) were bicarbonate levels
and ApoA1/ApoB ratio

Table 3. Stepwise Multiple Regression Analysis of
Factors Related to Insulin Sensitivity

Standard
Variables Coefficient F P
Bicarbonate 0.562 13.08 <0.001
Apo A-1/B 0.354 6.58 <0.05

Kobayashi et al. AJKD 45: 275-280, 2005



Which dietary modifications improves S8 Karolinska

Dhetary mtervention

Insulin sensitivity?

Weight loss (short term,
up to 2 years)

Insulin resistance

Energy-reduced diet
(sustained )

Reduction in total fat
(<30%)

Reduction of SFA (<7%)
Reduction of TFA (as low

as possible)

Increase in MUFA
(=10%)
Increase in PUFA (=10%)

n-3 PUFA

n-6 PUFA
Low-carbohydrate diets

Strong beneht

Modest benehit; less
effective than low-
carbohydrate, high-
protemn { HP) diets™*

Unknown if total energy
intake is not reduced

Unknown if total energy
intake is not reduced

Unknown if total energy
intake 15 not reduced
Unknown if total energy
intake 15 not reduced

Modest benefit, at least

in the short term™?

Strong benefit'”

Modest benefit; but
increased IR with
excessive fat intake
(>37%)**#

Probably
beneficial****#

Inconsistent; probably
modest benefit
{ animal
studies) ™78

Modest benefit™®

Unknown, perhaps
adverse in HP

setti ngll. 23,26, 30

Martin O Weickert, Clinical Endocrinology, 2012,(77), 508-512

7 Institutet

Lower energy, diet SFA
and carbohydrate intake
and higer MUFA and

PUFA associated with
reduced insulin
resistence

Omega-3 ESsentialkatt LAcidq

Omeg 31nyaudsaremnlrmn ant, as they bri gblnoet ur hormones, reducs flrrml
uc tting, hlst rol ane dlrglyc d in balan
d and mal II healthy and resilie
Th Na(ura/H rmoneManewe«byPhunconan

16



doi: 10.1111/joim. 12130

Serum fatty acid patterns, insulin sensitivity and the

metabolic syndrome in individuals with chronic kidney

disease

sy Huang‘1 P. Sjogren?, J. Arnlov®?, T. Cederholm?, L. Lind®, P. Stenvinkel', B. Lindholm', U. Ris
J. ). Carrero'®

The worse the dietary fat
quality (A diet rich in SFA and
poor in LA, low PUFA/high SFA
score), the higher the

patient’s systemic
inflammation and the worse
their insulin sensitivity.

151

Glucose disposal,
mg min~' kg™
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sensitivity
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X Huang et al , J Intern Med. 2014 Jan;275(1):71-83.
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Dynamic Assessment
= Hyperinsulinemic euglycemic clamp- insulin sensitivity (I1S) gold
standard

Hyperinsulinemic hyperglycemic clamp-f cell function (BCF)

* Frequently samples intravenous glucose tolerance test with
minimal modelling (FSIGTT) - IS and BCF

= QOral glucose tolerance test (OGTT) - IS and BCF
ISI comp, MCR test, OGIS -IS
empirical indices, model based indices-BCF

Fasting methods - IS and BCF
Homeostatic model assessment (HOMA-R)-IS
Quantitative insulin sensitivity check index (QUICKI)-IS
McCauley-IS
Homeostatic model assessment (HOMA-B)-BCF

Hien Phama et al, Current opinion in nephrology and hypertension, 20: 640-646,2011 18
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Hemodialysis Patients

Adriana M. Hung,** Mary B. Sundell,® Phyllis Egbert,” Edward D. Siew,” Ayumi Shintani,* Charles D. Ellis,’
Aihua Bian,” and T. Alp Ikizler*

Table 2. Correlation of the different IR indices with glucose-
disposal rate by hyperinsulinemic euglycemic clamp in chronic
hemodialysis patients

12 MHD patients
All Patients
L= . p Adiponectin-based indices
- are best correlated with IR

LAR —0.72 SUURE 1y HEGC.
HOMA-AD —0.67 <0.001
HOMA-IR —0.58 <0.002
QUICKI 0.58 S HOMA-IR and QUICK are
McAuley’s index 0.5 <0.03 also valid alternatives

The correlation coefficients are done by Spearman correlation
(rs). Statistical association was tested by GEE analysis in the 10§
participants with all three visits included.

Adriana M Hung, et al CJASN 2011;6:767-774 19
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Validation of insulin sensitivity surrogate indices
and prediction of clinical outcomes in individuals

with and without impaired renal function

Ting Jia', Xiaoyan Huang'? Abdul R. Qureshi', Hong Xu'?, Johan Arlév**, Bengt Lindholm’,
Tommy Cederholm®, Peter Stenvinkel', UIf Risérus® and Juan J. Carrero’”’

Indices derived from Indices derived from
1.0 - fasting samples OGTT

Bl Indices derived from fasting methods tend to have lower correlation in CKD
R than in non-CKD, Indices derived from OGTT had similar correlation in both.

0.7 -

=
(]
1

Weighted «
o o o o
o L = 0

o
—h
1

=
=
I

HOMA-IR HOMA-AD FIRI QUICKI McAuley's AUC, . Matsuda Stuvmoll
index index index

T Jia et al, Kidney Int. 2014 Aug;86(2):383-91. 20
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Choosing the best assessment of {@%&;

Insulin sensitivity in CKD

= The gold-standard euglycemic—hyperinsulinemic
clamps is the reference assessment of IS because it is
not subjected to bias by GFR (retention of insulin and
glucose)

= All ISIs provided satisfactory estimates of the glucose
disposal rate in patients with CKD.

= OGTT based indices are better correlate IR by HEGC
than fasting samples.

T Jia et al, Kidney Int. 2014 Aug;86(2):383-91. 22



Consequences

IR contributing to the
pathophysiology of type 2 DM or
other clinical disorders,
accompanied by cardiovascular
disease

Results are scarce and conflicting

iIn CKD

Some - but not all - have showed
that IR Is an independent predictor
of cardiovascular mortality in
ESRD.

(high TG and LbL, Hypertension

SEA INJ‘
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Not enough Environmental .
exercise 1 Genetics

' Insulin
Obesity <«—— | resistance 7 Diabetes

~~

(when the body can no longer make
efficient use of glucose

— I

Dyslipidemia Puric acid
(Gout)

Cardiovascular
disease

low HDL)

Sarah L et al CJASN 2014;9(12):638-40
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T Am Soc Nephrol 153: 13041900, 2002
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Insulin Resistance as an Independent Predictor of s 2 Karolinska
Cardiovascular Mortality in Patients with End-Stage Renal %% %@ < Institutet
Disease . ﬂ@;’

EAYO SHINOHARA = TETSUO SHOJL*® MASANORI EMOTO.* HIDFET TAHARA *
HIDENORI EOYAMA *= EII ISHIMURA T TAKAMI MIKLT TSUTOMU TABATA f and
YOSHIKT NISHIZA WA *

Cardiovascular Non-cardiovascular

80 o
2 1 Median = 1.16 205 !
S (N=183) k> P=0.021 |-=HOMAIR>140(N=60)| P=0.98
2 204y | HOMA-IR < 1.39 (N=123)
7)) 1 =
S 0] o 0.3
L 2
o 301 -
2 @ (.21
E 20- 5
Z 10 £ 0.1
=
0 =
o 1 2 3 4 5 ¢ Q 0t
HOMA-IR 0 1020 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Follow-up Period (months)

183 HD patients, 22 events. Multivariate Cox model: HOMA-IR (top vs lower two
tertiles) HR 4.5-4.8, The effect of HOMA-IR was independent of CRP.

Shinohara et al. JASN 13: 1894-1900, 2002;
Logistic regression showed that among 227 patients, those with CVD events

had higher HOMA-IR at study inclusion
Becker B, JASN 16; 1091-1098, 2005
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Clinical Correlates of Insulin Sensitivity and Its
Association with Mortality among Men with CKD

Stages 3 and 4

Hong Xu,*' Xiaoyan Huang,*" Johan Amlév,¥ Tommy Cederholm, Peter Stenvinkel * Bengt Lindholm,* UIf Riserus,?

and Juan Jesus Carrero***
Table 4. Cox regression analysis between all-cause and cardiovascular mortality and glucose disposal rate in 446 nondiabetic men

with CKD
— Hazard Ratio (95% CI)
Cox Regression Me(;nkll.lllégf;?ns
Models I;H mjfute} Crude Model Adjusted Adjusted Adjusted
Model 1 Model 2 Model 3
All-cause
mortality
Continuous 1-mg/kg per 0.96 (0.89 to 1.03) 094 (0.85to0 1.04) 0.95(0.86 to 1.05) 0.96 (0.87 to 1.06)
model minute
Threshold
model
uartile =4, eference eference eference eterence
Q ile 1 41 Ref Ref Ref Ref
uartile =4, . D5 to 1 . 46 to 1. . As to 1. . . to 1.
Q ile 2—4 41 0.76 (0.53 to 1.10) 0.73(0.46to 1.15) 0.77 (0.48 to 1.23)  0.80 (0.50 to 1.28)
Cardiovascular
mortality
l-mg/kg per 0.90 (0.81 to 1.01) 090 (0.78t01.04) 0.95(0.83t0 1.09) 0.96 (0.83 to 1.10)
Reference Reference
0.68 (0.36 to 1.29)

Continuous
minute
Reference
0.67 (0.36 to 1.26)

model
Quartile 1 =4.1 Reference
>4.1 0.55(0.34 t0 0.89)  0.56 (0.30 to 1.04)

Quartile 2—4
In 446 CKD patients, IS as measured with euglycemic clamps was

associated neither with all-cause, nor cardiovascular mortality

Xu H, et al CJASN 2014;9(12):2104-10



Effect modification IR and death:
BMI, smoking, physical activity

Strata Deaths/Total HR (95% CI)

Physically active 781243 n—e~—| 0.95 (0.82, 1.11)
Physically inactive 49/163 e 0.77 (0.61, 0.97)
Non-smokers 87/307 l—e——u 0.93 (0.81, 1.07)
Smokers 40799 = 0.72 (0.54, 0.96)
BMI < 25 kg/m? 55/153 '—9—' 1.00 (0.85, 1.17)
BMI = 25 kg/m? 72/253 '—9—' 0.84 (0.72, 0.99)

0.4 0.6 0.8

Figure 1

e‘““ Wy,
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P interaction

0.04
0.04

0.11

Subgroup analysis: IS appears as an
iIndependent correlate of mortality

among individuals with unhealthy
lifestyle: physically inactive, smokers,
and BMI= 25 kg/m?

Xu H, et al CJASN 2014;9(12):2104-10
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Insulin Resistance, Cy

statin C, and

Mortality Among Older Adults

Ian H. pE BOER, MD, ms!
Ronir KaTtz, PHD'

MichoeL B. CHONCHOL, MD>
Lmpa F. FRIED, MD, MPH
Joacam H. Ix, mp, Mas?

Bryan KESTENBAUM, MD, MS

! well defined: impai

5 . .
KENNETH J. MUKAMAL, MD, MPH may promote insuli
CARMEN A. PERALTA, MD, MAS retained uremic tox

Davip S. S1scovick, MD, MPH

tive vitamin D defi

sex¢ -2 Karolinska
N Institutet

Table 2—Associations of 151, fasting insulin concentration, glucose concentration 2 h after glicose load, and fasting glucose concentration
with all-cause mortality among 3,138 CHS participants

Deaths Incidence rate eGER models
() (percent/year) ~ Model 1 Model 2 Model 3 Model 4 Model 5
51
=40] 428 42 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
3.31-4.90 436 4.4 1.05 (0.92-1.21) 1.08(0.94-1.24) 1.06(0.92-1.21) | 1.06 (0.93-1.22) 1.05(0.92-121)
2.22-330 469 48 1.13 (0.99-1.30) 1.14(0.99-1.31) 1.10(0.96-1.26) | 1.07 (0.93-1.22) 1.06(0.92-1.21)
4.9 126 (1L11-144) 1.21(1.06-1.41) 1.17(1.01-1.36) | 1.11(0.97-1.29) 1.12(0.96-1.30)

<2.2) 477

Similar finding : 3138 elderly, 1810 death. IR as measured with

OGTT was associated with all-cause mortality, but the significance

was lost after further adjustment for eGFR

De Boer IH et al, Diabetes Care. 2012, 35:1355-1360.
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Improving CKD outcomes by interventions
of IR : Can We Do It?

1. Lifestyle modification
2. Dietary modification.
3. Physical activity.

4. Smoking cessation
5. Pharmacologic interventions that modulate IR

Metformin, Thiazolidinediones,RAAS blockers

Vitamin D therapy

Antioxidants
= Dialysis modality

= |codexin
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IR was improved in
Intervention group

PREVENTION OF TYPE 2 DIABETES MELLITUS BY CHANGES IN LIFESTYLE for healthy life
AMONG SUBJECTS WITH IMPAIRED GLUCOSE TOLERANCE style

JAAKKO TUOMILEHTO, M.D., PH.D., JAANA LINDSTROM, M.S., JOHAN G. ERIKSSON, M.D., PH.D., TiMmO T. VALLE, M.D.,
HeLena HAMALAINEN, M.D., PH.D., PIRJO ILANNE-PARIKKA, M.D., SIRKKA KEINANEN-KIUKAANNIEMI, M.D., PH.D.,
MAURI LAaAkso, M.D., ANNE LOUHERANTA, M.S., MERJA RASTAS, M.S., VIRPI SALMINEN, M.S.,

AND MATTI UusiTurA, M.D., PH.D., FOR THE FINNISH DIABETES PREVENTION STUDY GROUP

TABLE 2. CHANGES IN SELECTED CLINICAL AND METARO! TABLE 4. SUCCESS IN ACHIEVING THE GOALS
TO THE END OF YEAR 1 IN THE SUBJECTS IN THE INTERVE OF THE INTERVENTION BY ONE YEAR,
AccorniNG TO TREATMENT Group.*

INTERVENTION GROUP

VARIABLE (N=256) INTERVENTON  CONTROL
mean £5D  95% Cl GoAL GRow  Grow P VALt
Change in weight Y, of subiect
In kilograms —42+51 —481t0-3.6 R
Percent change —47:54 5.0t 44 | eioht reduction >5% It 13| o0
Change in waist circumference (cm) —44+52 51t -39 ,H,gh S _ l
Change in plasma glucose (mg/dl) Fat intake <30% of energy intake 47 26 | 0001
Fasting —4+12 —6t0 -2 Saturated-fat intake <10% of energy 26 [T ] 0.001
2 Hr ;{"tﬁr oral glucc_nse challenge —15+34 —19tw -11 intake
ST T i ) Fiber ntake 15 /1000 ke % 1| oo
Fasting —-21x9 -3t -1 o
2 Hr after oral glucose challenge -29x64 3710 -11 Exercse >4 hr/wk} 8 7| 000l

29

Jaaakko Tuomilihital et al, N Engl J Med 344:1343—-1350



1,25-Dihydroxyvitamin D3 corrects

Insulin sensitivity in uremia
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A series of the
intervention
studies showed

that calcitriol

administration
iImproved IR in
ESRD with HD

Mak et al. Kidney Int 53, 1353-1357, 1998: Kaukzky W et al, KI 1995:47:200-206;

Quesadai etal NDT 1990:5; 1013-1017



GDR mglkg/min

Impact of dialysis therapy on insulin

sensitivity

12 ]

10 7

Control pre-HD post-HD  pre-CAPD post-CAPD

WA 1
é‘" NJ“»

.= Karolinska
‘ﬁ Q{ Institutet

HD: n=10; CAPD:n=9
IS by hyperinsulinemic
euglycemic clamp

Markedly improved insulin
sensitivity in both HD and CAPD
patients after 4-5 weeks of
dialysis

Kobayashi et al.: NDT 15: 65-70, 2000
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Nephrol Dial Transplant (2015) 0: 1-3
doi: 10.1093/ndt/gfv280 eCJ\LA MVJ
~
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In Focus

Reducing insulin resistance in patients undergoing peritoneal
dialysis through the use of icodextrin-based solutions

B [codextrin 7.5%
Hong Xu', Juan Jests Carrero™” and Bengt Lindholm' ® Glucose 2.5% P=0.02
02|
s |
P=0.19 L~
0 . -
[codextrin reduces insulin resistance in non-diabetic patients
undergoing automated peritoneal dialysis: results § il
of a randomized controlled trial (STARCH) :
Table 2. Adjusted post-intervention levels of the primary and secondary | \.
outcomes”
Variables Control group Intervention group d
(glucose only) (icodextrin)
08 -
Value (95% CI] Value {95% CI] Baseline 45 days 90 days

HbAlc (%) 4.83% (4.67-499%)  4.71% (4.53-4.88%) in intervension group with
HOMA index* 1.89 (1.62-2.17) 1.49 (123-1.74) et ey 80 ey
Insulin (mmol/L)* 789 (6.84-893) 6.32 (534-7.29) :

de Moraes TP et al NDT 2015 (30): 1905-1911; H Xu et al NDT 2015 (30): 1783-1785 32



What did | say?

se. &% Karolinsk
iy ge¢ Karolinska

IR 1s common in CKD and a consequence of kidney dysfunction.

Mechanisms leading to IR are largely unclear in CKD, but uremic toxins,
acidosis, vitamin D deficiency, and others show associations with IR in
human and experimental studies.

Clinically, IR can be estimated by a variety of methods. Although HEGC is

the gold standard, estimated IS indices (HOMA, QUICKI; OGTT-derived)
provide satisfactory estimates of IR in CKD to be use at bedside.

IR is in general linked to worse outcomes (CVD- and all-cause mortality).

Some prevalent but modifiable risk factors in CKD further contribute to
worsen insulin resistance: obesity, sedentary lifestyle, or unhealthy diet.
Various interventions targeting IR may be beneficial in CKD patients:
Vitamin D therapy, dialysis modality, icodextrin based solution

Hong.xu.2@ki.se
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Net splanchnic glucose balance A IGE Karolinska
and splancnic glucose uptake in

7 Institutet

uremic and control subjects during
the postabsorptive state and after
euclycemic hyperinsulinemia

70

Hepatic
vein 60 |

30 |-

FEEE

‘Leg glucose uptake
mg-kg leg wt

o
=+

L is

101 /
Y N N rrr——— ; 7 - o
Hepatic artery 9/ U I'em | a
0 L [ A 1 1 1 |
= 0 20 40 60 80 100

Hepatic glucose production (HGP) = *H-3-glucose Ti inut
Splanchnic glucose balance (SGB) = catheter 1me. mingtes
Splanchnic glucose uptake (SGU) = HGP + SGB

DeFronzo, et al: J Clin Invest 425-35,1978 DeFronzo, et al .J Clin Invest 67:563-68,1981
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Body mass index and fat mass are the primary correlates of insulin ﬁ %g I(arto{mtslga
resistance in nondiabetic stage 3-4 chronic kidney disease patients'™ PRI
M Luisa Triropaff, Avami Shintani, Jonathan Himmelfarb, and T Alp fkizler

Association between homeostasis model sssessment of insulin resistance

and inflamematory cytokines and sdipokines. body mass index. body fat

percentage, and estimated glomerular filtration rate (2eGER) in study

participants with and without chronie kidney disease!

[[] control subjects
Value . 2 P’ o [l <O patients

IL-15 (pa/ml.) 68 +0916" 01 0012 0214

IL-6 (pg/ml_) 39+ 133 -00567T 056l 0195

IL-10 {pa/mL) 2417 0113 0247 <0.001 o  E0om

IL-12 {pafmL) 415+ 164 -0133 072 0074 -

IL-8 {pg/ml.) 02+ 109 -1 02 0.058 g

Adiponectin (ppfml) 239+ 17R -0:240  0.007 0005 [»]

Resistin (ng/mL) 6.6 + 8.5 0os o701 oam T |

TNF-x (mgiL) 14 +350 -0.213 0028 (0.463 |

CRP {mgfl } 477+ 54 0147 ()[04 i} 514

BMI (kg/m") 21+62 049% <0001 -<0.00] 200 |
| Eody faf (%) 36+ 1310 0256 0001 <0

elGiFR 4530+ M -1 0010 06d?

'n = 107. 1L, interleukin; TNF-=. tumor necrosis factor-o; CRP, N pe a0

C-reactive profein. Asscciations were calcubsted by using Spearman’s cor-

relatsons. eGFR was calculated by modified MDRD eguation: 186 x

sCr~ " ¢ age "™ x 0,742 (if female) x 1.212 (if African American). EMI range

* Adjusied for age and sex.
% + 5D (all such valses).
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M Larisa Trirogoff et al, AJCN 86: 1642-1648, 2007



Inflammation and insulin resistance i gi-: Karolinska

Among individuals with CKD, IL-6 is a strong predictor of IR

Table 3. Significant associations with IR, siratified by CKD among Health ABC participants

Overall (with eGFR),
odds ratio (95% CI)*

Overall (with CKD),
odds ratio (95% CI)

Without CKD,
odds ratio (95% CI)*

With CKD,

Participant characteristics odds ratio (95% CI)’

Age (per | year)
Race (black)
Sex (women)
CKD

eGFR (per 10 mL/min/1.73m’

Current smoker

Log triglycerides per SD

HDL per SD

| 0g adiponectin per SD
I I

1.00 (0.96-1.04)
1.90(1.41-2.56)
1.10(0.80-1.52)
NA

0.92 (0.87-0.98)
0.62 (0.39-0.98)
1.59(1.39-1.82)
NS

058 (051-067)

1.00(0.96-1.04
205(1.54-274
1.00(0.73-1.36
L3T(L15-274
NA

0.62 (0.39-0.99)
1.60 (1.40-1.83)

NS
(.59 (0.52-0.68)

o

1.00 (0.96-1.05)
1.99 (1.44-2.74)
1.16 (0.81-1.66)
NA

NA

0.51 (0.29-0.88)
1.49 (127-1.75)

0.82 (0.68-0.99)
(.57 (0.49-0 67)

1.02(0.93-1.13)
263(132-5.24)
(.70 (0.34-1.43)
NA
NA
NS
1.94 (1.41-2.69)
NS

|Log 116 per 8D

NS

NS

NS

147 (1.07-1.97)

Log visceral fat per SD
Log subcutaneous fat per SD
Log muscle fat per SD

2.05(1.71-2.46)
1.62 (1.30-2.00)
1.19(1.00-1.42)

215 (1.81-2.56)
1.80(1.49-2.17)
NS

2.06 (1.69-2.50)
1.82 (1.46-2.23)
NS

247(1.64-3.72)
201 (1.31-3.08)
NS

Nephrol Dial Transplant (2011) 26: 2814-2819
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