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## 5374605630: MAJOR MEDICINE

KEYWORDS: eGFR equation, glomerular filtration rate, obesity
KRITTAYA TISKAJORNSIRI: THE VALIDATION OF ESTIMATED GLOMERULAR
FILTRATION RATE EQUATION IN OBESE POPULATIONS. ADVISOR: ASSOC. PROF.
KEARKIAT PRADITPORNSILPA, M.D., 102 pp.

Background: Estimated glomerular filtration rate (eGFR) equations are essential for the kidney
function’s classification.Currently these equations have been validated in some races such as Causasian,

African-Americans, Chinese, including Thais.The reexpressed Modification of Diet in Renal Disease equation

(-1.154) (-0.203)
X (&

for Thais is as follow: 175 x Cr enz Ag x 0.742 (if female) x 1.129 (if Thai) and we used

(-0.848) (-0.364)
€

multiple regression analysis, The Thai eGFR formula is: 375.5 x Cr enz x Ag x 0.712 (if female).
In Thai study, the mean body mass index is 25.3+4.8 kg/mz. These equations can be applied to the obese
populations whether or not. Therefore, we examined all eGFR equations available: Reexpressed MDRD

equation, Thai eGFR formula, etc.

Methods: A total 104 adults Thai obese patients and candidates (BMI >=30 kg/mz) were enrolled.
The 99mTc-DTPA plasma clearance was used as a reference for GFR.The serum creatinine that was
determined by IDSM reference enzymatic method (Cr enz) was applied to equation to these eGFR equations

to compare accuracy and precision.

Results: The disagreement between the reference GFR and eGFR (reference GFR minus eGFR)
was 15.6 ml/min/1.73 m’ for the reexpressed MDRD equation, 13.1 ml/min/1.73 m’ for CKD-EPI equation,
2.6 ml/min/1.73 m” for the eGFR from the reexpressed MDRD with Thai racial facto and 12.1 ml/min/1.73 m’

for Thai eGFR formula. The thai coefficient for reexpressed MDRD was 1.117.

Conclusions: Differrences in race, age, creatinine can significantly affect the results obtained from
eGFR equation, However the body mass index (BMI) may affect the results but not statistically significant.
The validation of reexpressed MDRD with Thai racial factor correction and Thai eGFR equation can precisely

apply to predict eGFR in Thai obese populations.

Fields of Study: ....Medicine............... Advisor’s Signature:............coeeeveiiiininn..

Academic Years: ...2011....................
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1.5 NIOUUHINNNAAIUNITIVY (Conceptual framework)
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- Reexpressed MDRD equation with Thai racial factor correction
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eGFR=175xSCr’ "*x a x 0.742 (if female) x 1.129 (if Thai)

- Thai eGFR = 375.5x SCr " xage """ x 0.712 (if female)
1.8 ﬁmhﬁty (Key words)
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Study | country First author Study design Study subjects Finding on optimal BMI cut-off point based on :
no. Cardiovascular risk factors / Mortality
Or obesity-related disorders
1 China Li (2002) Cross- 2856 subjects and 629 non- | Hypertension and diabetes mellitus (DM) : 27 kg/mZ for
sectional, diabetic subjects added obesity 25-27 or 23-27 kg/mZ for overweight 28 kg/m2 for
cohort 25-70 years obesity
2 China Zhou (2002) Meta-analysis 239,972 adults aged 20-70 Hypertension, DM, lipoprotein disorders : 24 kg/mz for
and years from 13 population overweight, = 28 kg/m2 for obesity
Taiwan studies
3. China Zhou (2002) Meta-analysis 76,227 adults from 4 Coronary heart disease and stroke : 24-27.9 kg/mz for
prospective cohorts overweight, =28 kg/m2 for obesity
24-27.9 kg/m: for overweight, 28 kg 'm’ for obesity
4. china Wildman Cross- 15,239 adults aged 35-74 2 2 of the following (hypertension, dyslipidemia, DM) : 24
(2004) sectional years in a national survey kg/m2 for both men and women for overweight
5 China Weng (2006) Cross- 529 non-pregnant, non- 2 1 of the following (hypertension, high triacylglycerol, high
sectional lactating rural and urban glucose, insulin resistance, high low-density lipoprotein
adults aged 20-64 years (LDL)-cholesterol : 23 kg/mZ
who did not have
diagnosed diabetes in
community survey
6. China Pan (2004) Cohort 154,736 Chinese subjects Not available. Associated with increased all cause
aged 40 years the and mortality : >27 kg,/m1 in men and > 30 kg/m1 in
above from the general women. Those with BMI < 18.5 Or 18.5-22.9 kg/m: had
population at all 30 significantly raised all cause mortality than those with BMI
provinces in china who had | 24-24.9 kg m’
precipitated in national
survey
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Study | country First author Study design Study subjects Finding on optimal BMI cut-off point based on :
no. Cardiovascular risk factors / Mortality
or obesity-related disorders
7 Taiwan PAN (2004) Cross- 2585 adults aged = 20 2 1 of the following (hypertension, hyperuricemia, DM,
and USA sectional years who participated in hypertriglyceridemia, hypercholesterolemia) :
national survey in Taiwan 22.8 kg/mZ in Taiwanese men and 22.6 kg/m2 for Taiwanese
and US. women
8 Taiwan Tseng (2006) Cross- 1183 patient with type 2 Coronary artery disease in adults with type 2 diabetes mellitus
sectional diabetes mellitus aged 18 1245 kg/mz for men and 25 kg/mz for women
to 87 years from random
sapling across Taiwan
9. Korea Oh (2004) Cohort 773,915 men and women Not definitely identified for risk of hypertension. DM and
aged 30 to 59 years who hypercholesterolemia. However, BMI of 25 kg/mZ was
were members of the Korea | proposed as cut-off point in view of the need to counter the
National Health Insurance rapid rise in obesity and obesity-related diseases.
Corporation The participant with BMI 25-26.9 kg m’ for men and
20-22.9 kg m’ for women had the lowest mortality risk .
Koreans were not found to have higher risk than whites.
However a BMI 25 kg m’ was proposed as cut-off point in
view of the need to counter the rapid rise in obesity and
obesity-related disease.
10. Korea Jee (2006) Cohort 1,213,829 men and women Not available. The participants with BMI 23-24.9 kg/m” had
aged 30-95 years from the the lowest risk of death from any cause. The risk
Korean Center area of death from respitory causes was lower at
increasing BMI whereas the risk of death from
atherosclerotic cardiovascular causes and cancer was higher
in participants with higher BMI.
11 Japan Tsugane Cohort 19,500 men and 21,315 Not available. Increased relatively risk of mortality : 30-39.9
(2002) women aged 40-59 years kg/m2 in men and 27-29.9 kg/mj in women.Study did not
in 4 public health center demonstrate a need to lower BMI cut- off point for obesity in
areas Asians.
12 Japan Yang (2007) Cross- 3,608 subjects (2,387 men : Blood pressure, Total cholesterol, LDL-cholesterol, LDL-
sectional 42.3+0.2 years and 1,221 cholesterol/HDL-cholesterol, triglyceride : 23-24.9 kg/m2 in
women : 41.6+0.3 years) men and women
who were not on
prescription for obesity and
obesity-related diseases in
a community setting
13 Pakistan Jafar (2006) Cross- 8,972 people aged 15 years Hypertension : 21.2 kg/m2 in men and women. DM : 22.1
sectional or above in national survey kg/mZ in men and 22.9 kg/mZ in women.
14 Singapore | Deurenberg- Cross- 291 subjects between 18 2 1 of the following (raised total blood cholesterol, raised
Yap (2002) sectional and 75 years of age in total cholesterol to HDL-cholesterol ratio, raised triglycerides,

national survey

hypertension, DM) : 22-24 kg/m24 The study proposed

BMI 223 kg/m2 for overweight and = 27 kg/mz for obesity
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Study | country First author Study design Study subjects Finding on optimal BMI cut-off point based on :
no. Cardiovascular risk factors / Mortality
or obesity-related disorders
15 Singapore | Deurenberg- Cross- 4,723 subjects sampled 2 1 of the following (raised total blood cholesterol, raised
Yap (20060 sectional from a national survey total cholesterol to HDL-cholesterol ratio, raised triglycerides,
hypertension, DM) : 22-24 kg/mz. The study proposed
BMI 223 kg/m2 for overweight and 2 27 kg/mz for obesity
16 Thailand Ackplakorn Cross- 5,305 subjects aged 2 35 Hypertension, diabetes, dyslipidemia, or 2 2 of three risk
(2006) sectional years in a national survey factors: 22-23 kg/mz inmen and 24-25 kg/m2 in women
17 Canada Razak (2005) Cross- Canadian men and women Not available. At any BMI level, the South Asians Chinese,
sectional aged 35-75 years, Aboriginals had markedly higher levels of the following
consisting of 342 South (fasting glucose, HbA1C, ratio of total cholesterol to HDL)
Asians, 317 Chinese, 326 than Europeans. Yhe study proposed that more evidence
Europeans and 301 would be needed to determine optimal cut-off point for
Aboriginals from a study in | Chinese and South Asians.
4 communities in Canada
18. Canada Razak (2007) Cross- 1,078 subjects between 35 South Asians. Glucose factor : 21 kg/mZ
sectional and 75 years of age in 4 Lipid factor : 22.5 kg/m2

regionss in Canada

Blood pressure factor : 28.8 kg/mz
Chinese. Glucose factor 20.6 kg/m2
Lipid factor : 25.9 kg/m’

Blood pressure factor : 25.3 kg/mz
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L&’ [ o o A [5] o« A
L'if]'i\1ﬂ'ﬂJW‘L!‘ﬁﬂUIﬁﬂhlﬁﬂTﬂIiﬂLUWT‘i'ﬂlnﬂﬂﬂtjﬂ PNAITINN 3

H . 1 cﬁ’ [ o
3197 2 1EAd odds ratio 5z 15a laT 059 tazdstintane”

No Diabetes No Hypertension No Diabetes or Hypertension
No. of Case No. of Case No. of Case
Patients/Control (95‘:‘:{{‘(’:1) Patients/Control (Q;%EE[) Patients/Control (QRC‘.')-;'I}EI)
Subjects Subjects Subjects T
Highest BMI in lifetime (kg/m?)°
<25 159/336 1.0 (referent) 37/293 1.0 (referent) 31/281 1.0 (referent)
2Bt0299 274/434 13(10to 17)  58/347 13 (08to20)  44/335 11(06to1.8)
30 to 349 104/105  20(14to28)  19/72 18 (L0to35)  10/65 1.2 (0.5 to 2.6)
=350 37/28 22 (13 to 3.8) 7/13 28 (LD to 8.1) 4/1 21(0.6 to7.6)
BMI at age 20 (kg/m%)*
<250 413/728 1.0 (referent) 81/588 1.0 (referent) 62/559 1.0 (referent)
=250 64/51 24(l6to36)  17/33 36(18t71) 12/33 3.0 (14 to 64)

“Analyses are restricted to participants without self-reported diabetes and/or hypertension.
Adjusted for age, gender, education, smoking, alcohol, and use of paracetamol and salicylates.
“Cut points in accordance with the WHO definition of overweight and obesity.

“Cut points in accordance with the WHO definition of overweight.

~ . : X o 1 v A [s]
MTINN 3 LAY odds ratio 53W'J1315ﬂ1ﬁl5@5\1%’]ﬂﬁ’]!ﬁﬁ]@’]\1"] LasAYUHNINIY

Diabetic Nephropathy Nephrosclerosis Glomerulonephritis Other
No. of
Control ~ No. of a No. of a No. of a No. of a
Subjects Case (Q:'a%‘RC[J Case {Og'RCI] Case (OSRCD Case {OSQ-RCI]
Patients " Patients ¢ Patients " Patients '

Highest BMI in lifetime (kg/m?)”

<25 349 59 1.0 (referent) 30 1.0 (referent) 58 1.0 (referent) 78 1.0 (referent)

25 t0 299 456 90 12(08tl7) 61 14(08t022) 99 13(09te19) 130 1L3(10to1.9)

30 to 349 125 65 28(18to44) 32 24(14to43) 43 20(12t032) 39 15(09t024)

=350 3» 56 74(42t0130) 12 28(12t062) 14 20(10to42) 22 20(11t039)
BMI at age 20 (kg/m?)

=25.00 780 149 1.0 (referent) 05 1.0 (referent) 154 10 (referent) 190 1.0 (referent)

=25.00 53 49 52(32t084) 18 30(l6to55) 30 30(18to49) 25 21(12to03.5)

*Adjusted for age, gender, education, smoking, alcohol, and use of paracetamol and salicylates.
“Cut points in accordance with the WHO definition of overweight and obesity.
“Cut points in accordance with the WHO definition of overweight.
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Stenpel (2003 =CKID-
Gelber [20081-CKD —B—
Is ek [2004]ESRD —t— o
T:‘lﬁ mmﬁm - i CKD: chronic Kidney disease
; ESRD: end-singe renal diseass
Tarylor (2000]-KS == e 1o s
Tarylor {2006)-§E3 il KC: kidney concer
Calls [2003] KT _.'T ACC: renal oell carcinoma
Anpp [2008)=KC ——
Pischan (20061 -RCC S F—
Oh [200%)—ACC =
Bjorgs (2004)=RCC -
Chiow [2000]-RCC _— ——
Hizaiki (1887 |=RCC —g—
Nicodemus [2004]1-RCC - -
Flaherty (2008]1-R0C — -
Flaherty (2002)-ACC :
Tewmws [2002)=RCC - «-g.. VE=
Poaled RA- o
T T T T T T
s 1 15 2 oness o) B 111

Tt for heterogeneity: G=37.11, P=0.003; Pooled AR {&xt Gl 1.40 (1.20-1.50).

H 1 %} v A . @
UAUQNN 3 1AAY relative risk TTHINNNILUHUNAY Overweight (252BMIZ30) 1AL BN

msinalsnala; pooled RR (95% CD): 1.40 (1.30-1.50)""

Stengel (2003) -|CKD = :
Hsu (2008) {ESRD ' ——

Taylor (2008) |KS —.— '

Taglor [2008) K2

Taylor (200a) JKS _5_
KT
KT

Coalls [2003)
Aopp (2005) -
Pischon [2008) JRCC
Oh [2005) -|RCC

Bjorge [2004) 4RCC
Chow (2000) JRCC
Health [1957) JRCC
Nicodemus [20{a) JRCC
Flaharty [(2005) {RCC

ﬁ..__..._.._*.p- +

Pooled AR

T T T T
O i 1.5 2 PAEs%d 5 10

Tesst fior heterogeneity: G=40.88, P=0U001; Pooled AR {25% Cli: 1.82 (1.57-2.13).

uNUNRT 4 1AAY relative risk 5313190192891 (BMI 30) 4azonas1msnalsala ; pooled RR

(95% CI): 1.83 (1.57-2.13)""
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amzdnh llglsaladonldedels Tnuniuunanuues  Eknoyan nazame
1 9 [ v o A @ o YA =) o
nunamgduduiusnuanzlala | ueasimsnsesvedla vl lUsausieenunlu
X Fq v 9 = A 2 7
Jaanzuntu uennnilusulaseadevesla nuniimsmisvuvestsuayad
1 [ o 4 [ { { 1
mesangium 5IUAUMITTIA18V0UFAA podocyte AIM519N 4 TAsNINA1BMTANEINLINTIL
Y I o a o 1 9 A 9 J @ A
Sududntlsdaseaunaszezdy | srezNuanIe1ns aaondusTeznievedlsalaisess e
=\ o 1 9 A zél I 1
nfSeuiieunuauneon WU RR vedlsa laszezgameamuimilu 3.57, 6.12 uag 7.07 tnlu
Y Ad o A 1 1 a [ 2 a [ 2 !
Ailentastnlameeglurie 30-34 nlaniu/auas’, 35-39 nlaniu/aues’ wazuinnan 40
a ] o w a S A a [ (% [
nlansu/auas’ mudiay  1aednsginuANta9naaadesunIu  (confounders) Yo 150

1 v Y @ a = & [ dy v [7]
s 1y Tsasauaans, Tsawmau, Tsannuauladage suiluaumananueslsalaisess

H y =) 1
M99 4 UAAIHAVDINIZINHITIAY Lazn11z8 U 1o

Hemodynamic
T Effective plasma flow
1 Glomerular filtration rate
T Glomerular filtration fraction
T Albuminuria
Structural
T Kidney weight
T Glomerular planar surface
Mesangial expansion

Podocyte injury
Pathologic
Glomerulomegaly

Glomerulosclerosis

Obesity related glomerulopathy
Chronic kidney disease

T Onset of kidney disease

T Progression to kidney failure

T Proteinuria
End-stage renal disease

T Incidence and prevalence

survival advantage in hemodialysis

T Graft loss in kidney transplant recipients
Other

T Renal cell carcinoma

T MNephrolithiasis
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o A [ v o 1 .
imsliaiemanzdruiduniusiulsnlaliin “obesity related glomerulomegaly”
v 1 1
awatln.a. 2513 Tdussenediheniinnigduun (BMI 2 50 nlansuiuas’) 4 510 Fu1da0
' < [l I
anzumanlsa lafli TUsAuirlutlaa1ns (nephrotic syndrome) laidi Tsaunviau iWuanw
o a vo £ j’ o I
aulariags 2 510 laaaruilelasuou 2 st wuiluseslsn Focal and  segmental
. ) dy = aa dg! o o A A
glomerulosclerosis ~ NaHMIasudamane s Inendunuszeznamsaninlsa fo

9 v ] [
szgznaaaaiaul Ilsaus ludaane Tlaudeszezndasiminsevodlnanas”

Y (= 1 A v A a J g}/ A o o

maxmu”lmwENu@nﬂuL'i’e)waqwaaﬂmuuwmmﬂummu mmmmmaaﬁlmuum

{ g LA 1 1 J a 1 ] . . . . v
wﬁ’wﬁlﬂummmﬁm LLﬁW\’E)ﬁJMl%’W] HAATE1TAIN %Y Angiotensinogen, rennin, cytokines f114¢)

1D bioactive adepokinesm AIR15190 5

] v 9
M1 5 uaaslaseniimanunesouiiavedlsalaisesalunngdiu”

T Renin angiotensin system
1 Aldosterone
T Sympathetic nervous system
T Insulin resistance
T Salt intake
Altered adepokines
T Leptin
T Fetuin-A
TResistin
4 Adenopectin
T Tumor necrosis factoru
T Free fatty acids
1 Endothelin-1
4 Brain natriuretic protein
T Plasminogen activator inhibitor-1

Infiltrating macrophage phenotypic switch

M3U52IUONIININTBIY89)A (Glomerular Filtration Rate : GFR)
v A QU A A U

@ < 2 A a o =
ﬂ@]'51ﬂ”l'§ﬂ'§ﬂ\1"'|]’E]\1llﬁlﬂuﬂ%u%?ﬂLWﬂﬂﬁ%LNuﬂWiﬂNﬂ!ﬂlﬂ\ﬂ@] PINITNITIANUINUY

lan A g Aa Yy A 1 o Y
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. I ax ] asy a a I
11501399 Inulin clearance (JUITMITA GFR 51509 easouyauiluaslszney
Y
polymer EU’ENH”IWEW\I?FIIG]@’ mmﬂmaimaqa 5,200 A1aAU N13ATI inulin clearance DAY
Y

WaNNIINIVIA Inulin ©ONIINTINENI AN1TUN15IA Inulin clearance 11 TAgRaAIBUYAY
9 1 a9 A o 1 1 A o < A o
1IN1951978 Taed T naviaeaaoan108199oIlo tazyimsinulaagmeladsuia a1

suyaungnusa” wndraums

GFR = Urine inulin x Urine volume / plasma inulin

9 o a A an A

o v a I 1 A Y Y9 a oa
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Y Y Y
" c-diethylenetriaminepenta-acetic acid (" "Tc-DTPA) 81314 2 fHTUNN14 Ianaunarua
a < o oA A Y = Y =\ Y Y <
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1A0AM FINANIIIA renal clearance Taalsans “I-iothalamate tiag *"Te- DTPA ldwalndifeq

AU renal clearance Iﬂﬂsl%’ﬁﬁauuau ﬁﬂuﬂNquﬂﬁﬁmﬁl% Creatinine-EDTA (Cr-EDTA)

U
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clearance NAUTAYIUDINITTUTITINTUBYUIN oINS uavesasi lsdeeun

Y
UONIN Henrik tazame laanyfSeumeumsia eGFR a1875 "Tc —DTPA

renography seuneuny single sample “!'Cr-EDTA clearance Wi lawa liuanganu™”

v v ¢ [ a
ANNFUNUTIZHI19ATININTBIVRI )N (GFR) Hazaeatiu (Cr) lwaea

o I o { 1% o 1 [
fni@Ii'J%'EWI5’]ﬂTiﬂ'i’f)\'l‘llﬂ\illﬁlﬂuﬂ%ﬁ%?ﬂﬂWiﬂ'l\‘]'lusllﬂx‘]ll@l LL@ILﬁWﬂQﬁ]gubJﬁ'liﬂﬁﬂ
Y ax Yy 9y ¥ A an Aq Y A
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o oAA =2 o A Y 9 Y Y a a oa
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msdannaseatiu Tudlw.e. 2429 Jaffé 1AU55818 reaction with alkaline picrate (38A7
Jaffé reaction 13 @011 Folin lataueisasde Cr lulaaiy uazluiden dalddeiiieaninin 8o
a A an ' =Y a2 ax o Y 1 . . .
1 1199910750529918 LATAITUNIUATIOALUNAAD TALn glucose, ascorbic acid, ketoacids,

protein LAY ﬂij:iJ cephalosporin 410 vl
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=K A % as Aaxy @ a .
PWUNITWAUNITNITATID Cr Iﬂﬂ?‘ﬁlﬂucﬁﬂlﬂﬁﬂ (enzymatlc method U9 The
QU &’ a Aa % a
Ektachem; Eastman Kodak Co., Rochester, NY) Tﬂ81%ﬁaﬂﬂ13WH§1umﬂﬂﬂgﬂifﬂlﬂ‘u%mﬂﬁﬂ
Y94 Cr N1 creatinine iminohydrolase (creatinine deaminase) o %}N ammonia A N-
. & J A Y o ax . . .
methylhydantoin (F9UUa15NLS 11938 ) 118275 PAP (Boehringer Mannheim GMbH, Mannheim,

FRG) 790 NT 2

EXTACHEM
GH] Fﬂt
M.
WG “'m, minchydvolass u.E" CHy » WMy
At
o _:.a Eﬂ as4 HM C.0
Creatinine N-methylhydantoin Ammon
CREATININE PAP
CHy
.
HHe €7 TCHp  pasninase HH CH,y
v oS ——————= s CHCHa COOH
. ] EC3s210
Creatine
H CHy . o
Mg CHCHy COOH —t o iy CHHg + GHy-NH CHy COOH

EC3533

Creatine Urea Sarcosine

CHy - WHCH, COOH —0 — H:H - “1:.{]"' SCO0H i H;ﬂ;
EC 1631
Formaldehyde Glycine Hydrogen peroxide

MWN 2 uees Enzymatic methods @1MIUNTIA creatinine : Ektachem Kodak 1ia% PAP

methods (Borehinger Mannheim)m

Y [y 1 d' d‘ . .
WA 2469 lag Rehberg wazaae laumswaaeiiesluisesves creatinine

v A

clearance (C_) tazaseAtulU@oA LANINHANTANYINUNAITATANUDINIL Y5 l9eastisia
Mounnnmstuasasediiuiuianela wasmufue1ns s uC, ﬁqﬁlﬂWﬂﬂ15§ﬂ$ﬂﬁﬁ1
INANNABATINT AT 09T AU 311 5 WUT inulin clearance 17 82 faaans/

a [ 2 F 1w a Aan a [ 2 G as [
nlansu UNT il“’"lﬂﬂ"l C,.imnu 77 uaa ﬁi/ﬂiﬂﬂill/l,llﬁi agAseauumny 1.4

&

faansuAATaAT NUTiT11519108A4 inulin clearance TAAAY LA c, nazasoatiuda luaaad™”
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nmugﬁﬁ 5 uaMInNUANNUTIEHIN GER (inulin clearance), creatinine clearance (MNUDU A)

LA plasma creatinine (uwu{]ﬁ B) hllr}j)ﬂ]ﬂ glomerular disease””
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= Y o 9 Aan I dy 1
aaiziivesnaunelumsleasieatiwiluairiasasimsnseueala 1
g a a 1 . 1 j‘ I [ {
WA, 1¥RINA, 81019 1A 15 Trimethoprim, ANULANAIVBINIANAWHD Wudu dam11el 6
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a529 18189, 191819579 liwu wazsian liuna
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Cystatin C 1Hua13 Tsau Tuanaan Sihwinuaa Tuanariesndn 30 kDa (Uszanu
L2 1 1 a [ o Ja J
12 kDa) Tnmaniiansoriulaodedase uazgneadundu uazwauoedeinve lagiudu
. o a s a = J =
(proximal tubule) HazUUBRNNITAA1IL HAMUIINFAANNTUARIANILEAR INATANEN

1 [ v 1 o { 1 a
WUNANUANWUTTEHIN cystatin C Llﬁgﬂﬁﬁﬂ”ﬁﬂiﬂﬁﬂlﬂﬂllﬁﬁMWﬂﬂ’ﬂﬂdﬂﬂﬂﬁu
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Radioisotopes 1143a8n31m159UnT0U%U ~"Te-DTPA a11150 19nA09ANNIATIY
Y ' Y A [ . . = . YR
1#, EDTA Wy wans5n35291ndIRe9AY inulin  91AMTANEIVEY Henrik UazAmE laAnyN
= o 9 an = v . 151
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Type of limitation

Hon-renal influences

Clinical utility

Analytical problems

Examples

Gender

Ethnicity

Recent dietary intake
Drugs

Muscle mass

Extrarenal clearance

Poor sensitivity for CKD

Mot useful in acute kidney injury

Non-specificity

Spectral interferences (icterus/

lipaemia/haemolysis)
Nao intemnational standardization

Most accurate
* |nulin (continuous infusion technigue)
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v A [

[12]

Notes

Males have relatively high serum creatinine for same level of GFR
African-Caribbeans have relatively high serum creatinine for same level of GFR
Cooked meat contains creatinine which is readily absorbed

For example, cimetidine and trimethoprim block tubular secretion of creatinine.
Typically 7-10% of creatinine excretion is due to tubular secretion but this is
increased in the presence of renal insufficiency

Creatinine is derived from muscle: conseguently, serum concentrations reflect
muscle mass. A particular limitation in patients with muscle-wasting disorders
or amputees

Becomes more significant in CKD patients due to degradation as a result of
bacterial overgrowth in the small intestine

Serum creatining concentration remains within the reference interval until
significant renal function has been lost. Will not detect patients with stage 2
CKD and will also fail to identify many patients with stage 3 CKD

There is @ temporal delay between the change in GFR and the resulting change
in serum creatinine concentration

‘Pseudo-chromogens’ (e.g. protein, ketones, ascorbic acid, glucose, pyruvate,
guanidine, blood-substitute products and cephalosporins) give false-positive
reaction in |affe assay

May give falsely negative or positive results for creatinine depending on the
precise assay conditions

Results differ between laboratories

* |nulin (single bolus method), EDTA, iohexol,
1%|-jothalamate, DTPA

* 3-hour creatinine clearance with cimetidine

¢ estimated glomerular filtration rate (MDRD)

* estimated glomerular filtration rate (Cockcroft and Gault)

* serum cystatin C

* serum creatinine

* 24-hour creatinine clearance

Least accurate

MW 3 uaasasuanuuuui lumsiasnsininsosee la
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1.35 constant-infusion (urinary clearance) Tﬂﬂﬁlﬁ'é’ﬂauuauim wazliieda
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¥ T34

X o a o 4 <3
2.5 single bolus plasma clearance #4111 1114 un1911ia TaeRadrs 1 a5 uazinuy

A A (2 aa
AUINMT 120, 180 LAT 240 ANLNULNUINN 6

Distribution phase

Log concentration

Time after injection

uHudi 6 naaIanms lumsiaoasimsnsesvedlalagldas single bolus clearance'”

<3 1 1 1 o
mu"lﬁ'mmima% renal plasma clearance sumgmaﬁ%i‘]mmmnmﬂﬁbmmnmqﬂu
1) nagesoatiulidoinaninanndiedu Jelimsiauaums wazgasmsmuInensINg
9 ~ aa I Y < U o A Y a 4
309904 laun1d Taessoatiuiudu)sniialuaums daudulsous 1dninmsinse

v o 7 aa X v ' @ @ ] { ]
ANUANNUTNNTADA ﬁﬁﬂﬂﬁuuﬂﬁﬁnﬂﬁmm UINUIY muﬁmma&nﬂugﬂﬁ 3 19U NN

MDRD, a3 Cockcroft and Gault FalANMNEMINA NN TanTeaTiu"

= a v Aq Yo Y Y 2 v
Levey HazAMSANEUNGINUANMIN IFAIUIN eGFR 1 1nalRgenuonsIn1snsed

Tagnonsimsnseaniasgiuialaeld “l-iothalamate WUN@WA1T MDRD @131350 191170
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@931 Steven, Levey tavan lawanaumsnianuuiugnnnnaums MDRD
1 A [ Aa aa a ] X g [
Tagmwizod1woalungu GFR > 60 Hanans/Mlaniu/1.73 was’ ¥NAeauns CKD-EPI 64

153 ON

1.209

¢GFR = 141 x min(S_/k,1)" x max(S /1) x 0.993"* x 1.018 (if female) x 1.159

(if black)

Tagh k = 0.7 uag 0.9 MIUSUNANYR LAZINARIIAINEIAY , OL = -0.329 Lag -0.411

AMNSTUNAN LOZINANIIAINEIAY AIN15190 7

M31971 7 uaAsaNns CKD-EPI

Race and Gender Serum Cr [ Amol/L (mg/dl) Equations
Black
Female <62 (<0.7) GFR = 166x(Scr/0.7) "™ x (0.993) **
>62 (>0.7) GFR = 166x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 163x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR =163x(Scr/0.9) " x (0.993) **
White or other
Female <62 (<0.7) GFR = 144x(Scr/0.7) ** x (0.993) **
>62 (>0.7) GFR = 144x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 141x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR = 141x(Scr/0.9) " x (0.993) **

9 '
NIAOITUM TV NAUNALILINNNGUALAIV tazioWs nuomT AU 15uTNS
WalauM e Inoni1MInsoved lalunguanede 1INMsANEIVDI Li LazamgnuI1io

14eun15 MDRD %350 abbreviated MDRD (aMDRD) tiof1u28s eGFR lunguaudu wum
9 v

A ¥ A e ' 3 a A o & A A ' 3 Aa
eGFR T]llﬂ llﬂ’W]1ﬂj']f’\l313“1]1!5]5\111!13?’1‘1@!5@3\151]1!% 1 LLaS‘JJﬂWQQﬂ’J”IﬂﬂmﬂuﬁJiﬂu

Y H
CAS

& o [13] =< = A o Y] o o '
" a % % %
Tﬁﬂqﬂlﬁﬂjﬂﬂlu‘ﬂ 40s 5 Ma llasaue ﬁNllﬂ1§ﬁﬂH1LW@ﬂ§UﬁNﬂ151ﬂlﬁu1”ﬁﬂﬁ7ﬁﬁﬂﬂq3~l

[14]

Usz1n59u TAed19899NdNN15 MDRD 1Az abbreviated MDRD' §1a31/#1 4, 5 1az 6
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GFR =170 x SCr " x age ™" x BUN """ x albumin **'* x 0.762 (if female)

0.203

aMDRD GFR = 186 x SCr "™ x age **” x 0.742 (if female)

MNN 4 LEFAIFUNT original MDRD 4a¢ abbreviated MDRD (aMDRD) ; SCr is in mg/dl,

BUN is in mg/dl, albumin is in g/dl, and age is in years."”

31

GFR (Chinese) =170 x SCr "’ x age 0176« BUN " x albumin **™* x 0.762
(if female) x 1.211 (if Chinese)

aMDRD GFR (Chinese) = 186 x SCr " x age **” x 0.742 (if female) x 1.233

(if Chinese)

MWN 5 UAATUNT original MDRD t4aig abbreviated MDRD with Chinese racial factor'

- Chinese eGFR equation

1.234 0.179

eGFR =175 x SCr, xage  x 0.79 (if female)

(Jaffe)

2 a[14]
NN 6 UFAAITUNITVUDIIU

. Y=R A o o [ 1 A A
Imai Llﬁgﬂﬂwllﬂﬁﬂ‘blﬂﬂEl’Jﬂ‘Uﬂ1iﬂ1u’3ﬂl@@]ﬁﬂﬁﬂﬁ’ﬂ\ﬁlﬂ\1llﬂiuﬂ'@llﬂiz‘mﬂi 1un

o

=

< L o v S ¥
ulsalaiGess Taeldauns MDRD nuanugnueslsalasessiun 3 995 eeaz 20 ¥4

[15]

' Pl v
Uszansg Inguogiu nagarduilsz@nsvesdszannsqiiju (Japanese racial factor) M1

[16]

0.881"" Az AUMIVOIY U AEA

- Japanese eGFR equation

0.2

eGFR =194 x SCr"* x age Y X 0.739 (if female)

= dy =) a a 4 a J @
NNITANKIVDY 7.7, U.N. INDINYTA ﬂi%ﬂyﬁ‘WiﬁfﬁJ wazame lumsisuaums
[} Yy 1 d’d g 2 1 1 U a zg
8a31mM3n303ved la ldmangaylunguilszans Inehii lsn laisess wunmduiszdnsves

1525103110 (Thai racial factor) 8¢ 1.129 nazaumsveding"” auaa
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- Reexpressed MDRD equation with Thai racial factor

0.20.

eGFR =175 x SCr "*'x age “*”x 0.742 (if Female) x 1.129 (if Thai)

-0.0364

- Thai eGFR = 375.5 x SCr “** x age x 0.712 (if female)

2 a 4 1 < 1 a
VNTUMITIAUNT 6 qums Aasizdnnnguilszannsialllusaazginig
é =\ 1 j‘ a Y 1 v d' 1 [ A'l A A
FIUeNMNTIANULANANYOUTETANAD NuNA)shuana1esnuTuGosveanedisine
Yy 1 ¥ @ 1 v A i‘ Aa 1 <= 1 v Y ] v A
Taun vihwin, dauge, avlintane waziuiAITMoNLANUEANARAUAIY ITU ArTiuda
A ' = Aw 1A a @ 12 & A a o 1 =
memasTuuaazmsanyIteegh 22.95-26 nlansuauas’ Judlufondeanun Tuilszannsh
= 1 v A Y 9 =t ° o Y 1o
Hanzihminnu uazdmazannsa ldaumamari lumssuusamsnselausiud
[ o 1 4 o o 1
uazgndedlalndinesnuiszannsna il lan5e b iesanaoiumssi lutfapiuwunie
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imiininu tazazdruugarusanuni Tan saulildlsznelne vaslinua Tdugawu

Aoy

szifiunizdrumazanzlsnlaBess

) 2 A o A A
ANVYNVDINILDIUNINUY thnadedesvelsannyny  , Tsaviaoanoauay
% j‘ [ o a dy o = 1 1 [
1 le nazlsalaese nazmasuiiuvealsn laigess Taslinansznuae loluudnzanuau
=Y j‘ 1 =Y a 1 =Y %
Tafinge uaznzdenoougau neliinalala , Tnamegddla, hyperperfusion, hyperfiltration
1o [] :é d' dy Y A (% d' g [
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Studies Follow-up-type Patients and Primary endpoints Resulis—eonclusions
of the study ages
Iseki et al.  Observational study 47,504 men Relationship between BMI - BMI for developing ESRD
13-yerr follow-up 53.249 and the development of o 1273 (1.121-1.446) for men P = 0.0002)
womes, aged  ESRD OR 0.950 (0.825-1.094) for women
=20 years
Higher BMI increased the risk of ESRD in
men but not in women
Hsu et al. Observational study 320,252 adults  Association between BMI - RR for ESRD
8.347.955 person- and risk for ESRD. 1.87 (1.64-214) for BML 25.0-29.9.9
years follow-up 3.57 (3.05-4.18) for BML 30.0-349
6.12 (4.97-7.54) for BML 35.0-399
T.07 (5.37-9.31) for BMI = 40
Higher BMI increased the risk of ESRD
HUNT-T Retrospective cohort 74986 adults Interaction betwezn BF and  In prehypertensive patients risk started o
study study, median baouty weight on the fisk of  increase
21-year follow-up ESRD onCKD-related  yR 121 (0.67-2.17) for BMI 18.5-24.9, HR
death 1.10 ©0.59-2.00) for BMI 25.0-29.9, HR
2.66 (1.28-5.53) for BMI 30.0-34.9
HE 5.94 (1.94-18.20) for BMI 35.0 or =,
Compared with BP less than 120080 mmHg
and BMI of 18.5-24.9 (P = 0.02 for trend).
The risk of ESRD on CKD-related death
wssociated with body weight started to
increase from a BMI of 25
Framingham Prospective cohort 2676 adults Association between BMI - There was no association betwesn overweight
Heant study, 185-vear 52% women; at baseline and incident individuals and stage 3 CKD incidence
Study follow-up mean age stage 3  Dbese individuals had a 68% increased odds
43 years f%:g?mt;ii;;umld of developing stage 3 CKD
GFR < 64 mlfaii/ OR 1.68 (1.10-257) P = 0.02
1.73 m” for men) which became nonsignificant in multi variable
muxlels
OR 1.09 (0.69-1.73) P = 0.7
Ejerhlad Nationwide, 1330 selected  The link between obesity Relative to BMI < 25, BMI = 25 at age 20
et al. population-based oontrol and incident, moderately was associated with a significant 3-fold
case—control study subjects severe CKD excess risk for CKD,
BMI = 30 among men and morbid obesity
BMI = 35 among women anytime during
lifetime was linked 1o three- 1o fourfold
increases in risk for CKD
Two-to-threefold risk elevations were
ohserved for all major subtypes of CKD
Rvu et al. Prospective cohort 8.792 healthy Weight gainand the risk for U-shaped association between weight change
study 35927 men incident CKD categories and development of CKD
PerSOn-YEArg (GFR 'Z 64 mlimin per Increases in body weight associated with an
follow-up 1L.73 m") increased risk for CKD, even when the BMI
remains within the normal range
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Studies Follow-up-type Patients and Primary endpoints Results—conclusions
of the study ages
Fox et al. Longitudinal cohort 2585 patients Predictors of the BMI increased the odds of developing kidney
study 185-vear development of new- disease by 23% per 5D unit
fiol low-up onset kdney disease OR 1.23 (L.0B—143%)

(GFR-MDRD = 5025
mlfmin per 1.73 m” in
women, =64.25 ml/min

per 1.73 m™ in men)

Elsaved et al. Prospective cohort 13,324 Association between WHER., but not BMIL is associated with
study with a mean individuals anthropomorphic incident CKD and mortality
9.3 vears, measures incident CKD
follow-up and mortality
Gelber et al.  Prospective cohort I L104 healthy  Association between BMI Compared with participants in the lowest BMI
study with a mean men and risk for CKD quintile <22.7 those in the highest quintile
14 vears, follow-up (GFR 60 mlfmin per =>26.6 had OR 145 (119 1.76)
1.73 m*) P irend < 0.001)

Abbreviations: BMI body mass index, CKD chronic kidne v disease, ESRD end-stage renal disease, GFR glomerular filtmtion rate, OR
odds ratio, RR relative nsk, HR hazand ratio, BP blood pressure, WHE waist-to-hip ratio, HUNT-I Health Study in Nord-Trondelag

TsausrluTaanzitfunan1nnnig glomerular hypertrophy ag hyperfiltration'”
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Studies Follow-uptype of Patients and ages Primary endpoints Results—conc lusions
the study
HDFP Ohservational Incident patients with  BMI in incident ESRD patients BMI slope was approximately
study, stdy ESRD by vear compared with the US population  twofiold higher in the incident
Kramer  §_year follow-up dialysis initiation ESRD population compared with
etal i the US population for all age-
LTOUpS
BMI is a risk factor for ESRD
Bonnet Ohservational 162 incident patients  Association between BMI and risk  Increased BMT is a predictive factor
et al study with biopsy-proven for CKD for the development of arteral
immunaoglobulin A hypertension and CKD
(TgA) nephropathy
Obermayr  Longitudinal 2487 patients with Relationship of BMI with earlier  In moderate CKD for cardiovascular
et al cohort study with  mild CKD and 392 stages of CKD concerning mortality
follow-up period  patients with cardiovascular mortality. Possible gp 1 28 (0.33-5.82) at BMI 20
5.5 + 42 vears mirderate CKD risk maodification by proteinurna verss 25
(mild CKD PTU[c'lnLIJ"lil and T:'TD‘RD- HER 0.76 (0.38—1.50) at BMI 30
GFR = 60 mlmin/1.73 m~) versus 25
(moderate CKD MDRD- . HRD.58 (0.13-2.64) at BMI 35
GFR = 30-59 mlimin/1.73 m~) versug 25
In moderate CED with protei nuria
HR 9.43 (2.66-27.40) at BMI 25
HR 3.74 (0.93-15.70) at BMI 30
HR 1.95 (0.37-22.30) at BMI 35
In proteinuric CKD, BMI was
associated with a reduced risk of
death
Kovesdy  Prospective cohort 521 male’s age, Associations berween BMI and all- HR for mortality versus <10th
et al with a follow-up 688 + 10.4 years cause mortality percentiles, HR 0.75 (0.46-1.22),
fior up to with CKD CEKINMDED- BMI in 1(th to 50th, HR 0.56
55 years GFR = 775 4 16.8 ml/fmin/ (0.33-0.94), BMI in 50th to 990th.
173 mY) HR 0.39 (0.17-0.87); BMI > 90th
P (trend) = 0.005)
Higher BMI was associated with
lower mortality
Kwan ARIC Study with a 15,355 participants Associations between BMT and all-  U-shaped association of BMI with
et al. mean follow-up 461 CKD patients cause martality mortality
10 years CKD patients (stage 3 and 4) In CKD patients, higher BMI
associated with lower mortality
Evans Population-based 920 patients aged Mortality rates in CEKD patients Low BMI associated with higher
et al inception cohort 18-74 years with Ser = 3.4 mg/dl, MDRD-GFR mortality
;“'l'f“ a median CKxD 17.5 ml/min/ 173 m® for men
< voura | (Ser > 2.8 mg/dl, MDRD-GFR
T 15.9 mlfmin/1.73 m* for women

Abbreviations: BMI body mass index, CKD chronic kidney disease, ESRD end-stage renal disease, GFR glomerular filtmtion rate, HR
hazard ratio, HDFP hypertension and follow-up program
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Events Follow-up Time" Rate” Crude HR {85% CI) Adjusted HR (95% CIf
ESAD
Al 111 73,113 2024 — —
No family history of 82 64,243 170.6 1.00 (rafarenca) 1.00 (refarenca)
ESRD
Family history of ESRD 20 B.870 4335 258 (1.69-3.04) 204 (1.33-3.15)
Mortality
Al 1,266 73,113 2 268 — —
No family history of 1125 64,243 2312 1.00 (rafaranca) 1.00 (refarenca)
ESRD
Family history of ESRD 141 8870 2107 0.92 (0.78-1.10) 1.02 (0.86-1.23)

Abbreviations: CI, confidenca intarval; ESRD, end-stage renal disease; HR, hazard ratio.
Follow-up fima iz in years.

"Rata par 100,000 parson-yaars.

“Adjustad for age, race, and sax.
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Renal lesions P-value®
IL-6 (mg/ml) Renal arteriosclerosis 008
Adiponectin (pg/mil) Renal arteriosclerosis 0.041
Leptin/adiponectin Glomerulomegaly 0.056
TNF-z (pg/ml) None
Leptin (ng/mil) Mone

EQ, extremely obese; IL-6, intedeukin-6; TNF-=, tumor necrosis factor-x.
Comelations between adipocytokines and renal lesions in our BO patients (n=74).
Renal lesions investigated (increase in the mesanglal matrix, mesangial cell
proliferation, podocyte hypertrophy, glomerulomegaly, arteriosclerosis, arteriolo
sclerosis, interstitial alterations, and tubular alterations).

*Student's r-test
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P<0.001), adiponectin (r=0.254; P<0.030), IL-6 (r =
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P=0.710)

T
10.00 20.00 30.00
TNF-o (pg/ml)

40.00

0.424;

0.282;P=0.022) wag TNF-0L (r=0.48;
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anlamiiiea
Studies Follow-up4ype of  Patients and Primary endponts Results—eonclusions
the study ages
Degoulet  Prospective, 1.453 HD Association between BMILand risk  High BMI was found to be associated with
ohservational patients of mortality significantly decreased cardiovascular
study mortality
Leavey Prospective, 9714 HD Association between BMIand risk  Relative mortality risk decreased with
et al. ohszrvational patients of mortality increasing BMI (P < 0.007)
study Lower relative mortality risk (RR) as
compared with BMI 23-24.9 was found
for overweight (BMI 25-29.9; RE 0.84,
P = 0.008).
for mild obesity. BMI 30-34. 9; RR 0.73.
P = 0.0003, for moderate obesity BMT
35-39.9; RR 0.76. P = 002
Joshansen  Observational study 418,055 Relation between survival and BMI High BMI was associated with increased
with a 2-vear patients survival even at extremely high BML
average follow-up  beginning This was not true for Asians
time dialysis
Chazot Prospective study 5592 incident  Association between BMLand risk  HR 1.14 (0.96-1.35) for BMI <249
et al with mean in HD for TEHJrlaL'tl:u' 1.074 (0. 67-0.9) for BMI 20249
follow-up patients
2.0 + 1.6 years 0.78 (0.56-0.87) for BMI = 25
Owerweight and obese i gnificantly
improved the survival
CANUSA  Prospective cohort 680 PD patients Relationship of adequacy of 1% difference in percent lean body mass
study study dialysis and nutritional status o was associated with a 3% change in the
mortality RE of death
Johnson,  Prospective, 43 PD patients  Association between BMI BMI = 27.5 was shown to be an
ohszrvational cardiovascular outcomes and independent positive predictor of patient
study over a survival in PD patients survival
3-year period Overweight BMT > 27.5 HR 0.09 (0.01-0.85) P < 0.05

normal-weight BMI 20-27.5
Kaizu Observational study 45,967 HD Relationship between survival and — The lowest BMI group had a 42% higher

et al. with a median patients BMI maortality risk than the highest BMI tertile
follow-up
I3 months
Kopple Retrospective study  Approximately  Association between body Patients who had greater weight for height
et al. 13,000 HD composition and mortality percentiles had lower mortality rates
patients
Kaizu Observational study 116 non- Relation betwesn suvival and BMI Patients with BMI < 16.9 and =230
et al. for up to 12 years  diabetic HD showed lowered survival compared to
patients patients with BMT of 17.0-18.9

Abbreviations: BMI body mass index, RR relative risk, AR hazard ratio, HD hemaodialysis, PD peritoneal dialysis
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q

) 1 ¥ 3 )

gasIMImetiosnnnguilinmiinilng uaznguniiminios

' { o o w g I U {
Abbott sazamzAne ludihensnithianaunulanamue 1,337 audludihen

o ° [ ' o
Wonidoadan 1,675 au uazdnlamendhitessuau 1,662 auuiadlu 2 ngu Ao Al

a @ % a ] a 4 a
17aM8 = 30 N 1aNTUANAT LALA¥UNIANY < 30 N1ansu/uas AATIzHmMIIearIaly 59

Taeldada Kaplan-Meier plot W 118as51500330 1u 5 Wungudieenaennd astivrane
> 30 mnudesaz 39.8 uavAsiinlane < 30 A lansu/iuas’ mnuiesas 32.3 (p <0.011agly

v A

a0 log rank test) tazdnsrsendIaly 5 Ylungudthedralanthiesill dviiulame = 30

q U

Alansu/uns’ mnuiosay 38.7 tazdytuIame < 30 nlansu/auas’ winuiesas 40.4

(p>0.05 Tag1HeDA log rank test) ™ AUMAUYAN 11 uaz 12

1.0
2 o B1 BMI =30
™ =
c o
& =
= (=] -
= g2
- =]
o BMI <30
44
P = = = r 3
dggs ! 2 3 4 > & " 90 days 1. é i 5 5 g
Years of dialysis Years of dialysis

URUHIN 11 1@Ad Kaplan-Meier plot 8013111350033 11 5 3 voaxtiuiane (BMI) > 30

Alansuauas’ uazaatiuaanie (BMI) < 30 nlansuauas” ludiheieniden (P<0.01 by
log-rank test) (ﬁmmw)

Aa . o aa = v A
UAUIN 12 11eA9 Kaplan-Meier plot 80351mM330a330T0 5 1 vesawsiulanie (BMI) > 30
Alansuauas’ uazaytiuiame (BMI) < 30 nlansuauas’ ludihedlanewties ¢ >

0.05 by log-rank test) (ﬁﬁwfhﬁl)
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mzdaludiheilasumsignaela
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nnmsan ludihen 1dsumsignaiela wonlunguilissiiviramegeezlions
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ﬂﬁi’]Qi’f)ﬂEU’ENll@]ﬁuﬂ’JWﬂQZJTIZJﬂ%HiJ'JﬁﬂTEJ@n ANRIT NN 11 IﬂﬂﬂTiﬁﬂHWﬂﬂ“ﬁuuﬁﬂﬂWﬂ]’lN

MeveanusasIMslasvela”

d' 9 an ~ v 9 Y ~ Yo
AN 13 UTAIVOYANTITIOAYIN Lm%ﬂﬁi@ﬂﬂl@ﬂl’lﬂﬂ‘ﬂgﬂﬂ18ﬂlﬁﬂﬂ13$®3u1uﬁﬂﬂﬁmqﬂ’iﬂ

! (301
myilgnoe’a

Studies Follow-up-type of the  Patients Primary endpoints Results—eon: lusions

study

Duclux Observational study 292 renal transplant  Relationship betwesn Increass BMI of more than 5% had an
et al. I-year follow-up recipients BMI and the increased risk of graft loss

development of ESRD - HR: 2,82 [95% CT: 1.11-7.44],
P = 0015)

Meier- Retrospective sudy 51,927 primary, adult  Association between WVery high and very low BMI were
Krigsche renal transplants BMI and rsk for worse  associated with significantly worse
et al. long-term graft survival — patient and graft survival

Massarweh  Retrospective siudy at 193 adult renal Association belween Individuals with a BMI = 30 were not
etal. least G-month follow-  transplants BMI and sk for worse  more likely to experience graft loss

up (medn long-term graft (OR 093, 95% CT 0.50, 1.72).
24 £ 14.1 months) survival.

Lenting Retrospective study 1,102 renal allograft  Association hetwesn Obesity at transplant kidney patients

et al. recipients af a BMI at transplant predicts increased candiac risk,
single center in patients and increased  especially of CHF and AF
1991-2004 cardiac risk

Kovesdy et Prospective study Cohort of 993 kidney Association between Higher BMI was associated with lower

al. transplint BMI and waist moriality after adjustment for waist
recipients circumference with all-  circumference (0.48 [0.34, 0.69],
canse mortality P <0001}

Higher WC was more sirongly associated
with higher mortality after adjustment
for BMI (2,18 [1.55-3.08], P - 0.001}

WO appears to be a better prognostic
marker for obesity than BMI

Abbreviations: BMI body mass index, ESRD end-stage renal disease, OR odds ratio, RR relative risk, HR hazard mtio, WC waist
circumference, CHF chronic heart failure, AF atrial fibrillation

ANuu tazanugndedumsindnmsnsesvedla

a v o

1753060351m5n509v091A31NUY 13U renal plasma clearance (Tagl¥ansanas wu

inulin, EDTA, iohexol, iothalamate, DTPA, creatinine clearance, E‘Tllmiﬁ'NG] (MDRD,

an

CKD-EPLCockcroft and Gault), serum cystatin C, M3IA8ATINMINIBIVRL lnde7s

1 axy 9

Bioimpedance analysis, serum creatinine 8¢ 24 hrs creatinine clearance 47 FuparIsaven

HAZYALANTDL AINTNA 3
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Most accurate
* Inulin (continuous infusion technigue)
* Inulin (single bolus method), EDTA, iohexol,
1% |-jothalamate, DTPA
*  3-hour creatinine clearance with cimetidine
» estimated glomerular filtration rate (MDRD)
* estimated glomerular filtration rate (Cockcroft and Gault)

* serum oystatin C
* serum creatinine
¢  24-hour creatinine clearance

Least accurate

N 3 uaasasuauuud lumsIadasmsnsesued e

1 1 a v o <]
Aggawaral tagaazwu lunguduinn la msiadasimsnsesveslalaeny

G

Y ] o 1 o 3 e
daaz 24 Hluasiudinnnmsmuiasasimnisavedla lasldaums lumsdnmils

[46, 65]

aUN13 Cockcroft Gault, MDRD

Rigalleau tazamzAny ludihomnynu awnsaldauns MDRD lumsitane

uazsangu Idedraming ™"

Su  LAANEZNUINBATINITNTOIUD lan IdanmIsuiadlsanms modified
A L. A "o A ' A A
MDRD ¥3® original MDRD tilan118a51m3nsesved laannaumsonlunguilszynsiund

A @ A [771
waamaaﬂm% lagvinanlaan

= v = LY A 9
Teo uazamzAnu lunguilszansode nunsasimansesveslanldvinms
AUIUAEANNT CKD-EPI iA1muiaiudmnnia@uns MDRD Tagmwized1easlunquiil

8n31MINT09v04 laga ™™

=2 v ' v
Eastwood Lm%ﬂﬂl%ﬂﬂyTE]GﬁWﬂ”liﬂi’EJQsll?)ﬂllﬁjuﬂquﬂig%”lﬂilmﬁﬂu Uszmanin

WU dums CKD-EPT ingaulunguilszannsuensauniiglsrawen'”

U

Madero Lm%ﬂﬂl%ﬁﬂBTSﬁ’ﬁﬂﬁﬂiﬂﬂﬂli’)\ﬂ@ Iﬂﬂﬁ"m’m&@%ﬂﬁﬂﬂﬁ CKD-EPI uag

- ¥ S SR
MDRD Wy lloldauns CKD-EPT anwgnveen1iz laGessazdniuieldaun1s MDRD

[68, 69, 71, 73-76, 78]

HaziANUUNUEINIANI 11 eGFR > 60 Haaans/U1i/1.73 a3
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=2 = (% o A g (2
NNMIANEUYTIUNEVIATINITAY Llﬁgﬂﬁ]%&ﬁﬂﬂﬂlﬂ\‘liiﬂqﬁﬁi’]ixﬂﬂﬂi%ﬁ/]ﬁ
2 . Y o = o Y
D0AIATLOY White et al. ]’lﬂ‘ﬂ”lﬂ"lilﬂfﬁEJ']_IWIEJ']J@@]ﬁWﬂ”Iﬁﬂi’ENEU’ENhlﬁ Taglgeun1s CKD-EPI tag

= A o Y o [80] o A
MDRD ﬁﬂ}l”Iﬂ’l”lﬁJGI‘fﬂan’)\‘lIﬁﬂqﬁliﬂiﬂiumu@T\iﬂ AANTT NN 14

d‘ = Lﬂy 4 3’/ 1 1
719190 14 LLﬁﬂ\‘]ﬂWiLlﬁ'EJ‘UWIEJ‘Uﬂ'J']iJ“Iq)'ﬂ“UfNIiﬂllﬂlﬁ’t]i\ialu“llu@ﬂ\‘lc] 1uﬂﬁjuﬂ53ﬂﬂﬂi

pomasae™”

CKD-EPI

CKD Stage

MDRD Study MNoCKED 1 2 3a 3b 4 5

Men (n = 5,013)
Mo CKD 4 3o0g° io
CKD stage 1 T
2 44 206 B
3a 612 8 221° 4
b 2/ [
4 8
L 3
Women {n = &164)
Mo CKD 5237
CKD stage 1 71 2
2 G0 158 1
3a 208" 13 321 3
b 13 &1
4 1T 21 A1
LT 1

Abbraviations: CKD, chronic kidney disease; CKD-EPI,
Chronic Kidney Disease Epidamiology Collaboration;
MDRD, Modification of Diat in Benal Discasa.

! y o v &‘ [
W1J'J”Ilﬁﬂﬂ"I‘Ll'Jil!’f)@]i"lﬂﬁﬂi’f)ﬂ"ll’f]\illﬁﬁlﬁﬂﬁuﬂﬁ CKD-EPI ﬂ’ﬂiJ“IjﬂSU’E]\ﬂiﬂ]lmiﬂiﬂ

anad AININN 15 LASUNUYIN 13
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19190 15 !.Lﬁ'ﬂ\1ﬂ'J']llijﬂ“llf]\ﬂiﬂllﬂ!ﬁfliﬂllﬂﬁﬂ'm“llu 114ﬂquﬂ'ﬁzmnieemmlaawuma

E]

mnaNuIamny 251"

Estimated Prevalence
| I
MDRD Study Equation CKD-EPI Equation
eGFR | [ I
Stage Deacription {mLimin4.73m’} % [95% CI) HNo. % (B5% CI) Ho.
1 Kidney damage® with normal =00 1.36(1.02-1.81) 163227 229(1.72-3.06) 275453

orincreased eGFR

2 Kidnay damage® with mikdly i t0 <90 427(337-540) 512966 3.43(264-4.44) 411383
dacreased aGFR

Ja Modarately dacreased eGFR 4510 <60 665(5.23-843) 708716 475(360-6.28) 570005

b Modarately dacreased eGFR 30 {0 <45 082(0551.23) 98537 0.78(053-1.14) 93923

4 Sevaraly dacreased eGFR 1510<30 0.28(0.14-054) 33383 027(0.14-053) 32530

5 Kidnay failure =15 [or dialysis) Ma 16,751 NA 16,751

I WEh kidney damage
= Lewv @GFR kg

B 11

Frevalence (%)

0 7 (=T = = =
ek =h 2§ =& 6§
=Kl =§ =F =8 g
Staga1 GSlage? Slazeds Stagedn Siaga 45 5

I¥len

Qlﬁ' :&’ 3 ! g’/ 1 = -d'd
UANHHUN 13 LLﬁ'ﬂQﬂ’J'liJ"IjﬂEUENIiﬂl’lmiﬂiﬁlmﬁﬁ'm"llu iuﬂquﬂig%'lﬂi’ﬂ’ﬂﬁlﬁimEJ‘VIllE]'IQ

RNy 25 1™
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Unadjusted Survival

R B

0,50

(.60

0.40+

Proporten eunvivng

0.204

0,00+

[=
P

a

v Y
ununRA 14 1A Kaplan Meier plot ¥946A311156A31013500%30 tazlsalaiGesa nswl A

I 1
4 G B
‘ears

B Age-* & Sex-Adjusted Survival

Propodtian suraing
P

— NoOHD
=-+= Reclassified
—— Stage 3a
mmme Elago 3b

0.80

gmas @

0 2 4 B 8

Yoare

unadjusted survival, 319 B age and sex adjusted survival
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CKD-EPI 8031113590330 AUWUNN

N1SANYI0 Herget-Rosenthal #31/1161M15 Cockeroft Gault, MDRD 19 18@ Tusas

MINT09109 1052119 20-60 NaAANT/AIN/1.73 AT UAB1OATINTNTBIVDL 1aNNNI 60

a aa o ° 1 I a v
uaaam/m‘ﬁ/l.ﬁ Lll@ﬁz f’]@]5Tﬂ']iﬂﬁﬂﬂﬂl@ﬂll@]ﬂgﬁ1ﬂ31ﬂ31ﬂlﬂufﬂiﬂ N1TINDATINITNIOIVD

kY . 9 a j [ ~ o [
lade cystatin ¢ 1Fsziiulsalaiseseszecn 2 wazonsimsnsevedla 531319 60-90

47 o

A aa =1 2 ] A PR k) &} Y 1% @
AT/ UIN/AUAT Tagmwized1vee luauniuianduileuss Llﬂgﬂ'ng]lﬁ?“lﬂllwau 12N

A
AITNN 16

d‘ v o 9 as A o ' ¥
M1319N 16 Llﬁﬂ\1ﬂ13']ﬂ’EJGﬁWﬂ”Iﬁﬂiﬂ\isU@th@]ﬂ:]ﬂTﬁﬁ1\1"‘] %ﬂ13ﬂ1ﬂ1um@ﬂ1@1ut!@]a$mu

GFR Detoction marker Specific ndication
[mlmin1 .73 m]
S0 Serum cystatin O
20— MDED agueation [n adults
Cockomfi—Grault oquation  ITn adults
Schwarty cguation Imv children
Serum cystatin O BRAT =30 kg'm : e phirotic
symdrome, acwie kidney
injury superimpoesed on CED
<22 {Creatinine clearanee +urea
clearance) 2
A cute Kidney Serum cystatin O
imjury

CED, chronie kidney discase; MDORD, Maodification of Dict in Benal Discase

Sy,
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Hojs 1azAMZ WU serum cystatin C equation IANuusud1galumsitinelsnla

[

AONETTINTDATINTNTOIUDI 10 < 60 LaaanT/ U NAUAT

2[48, 58, 63, 64]

v

Cystatin C equation il
GFR = 100/serum cystatin C (Naan5u/axsany) (x 0.82 if female)

Marwyne LaZAMENU I eGFR 71 1@91nMIaNMS cystatin c-based Hanuuiue, 1

HAZIUWIZNINAIETUNT creatinine-based”

= v o ! = Y .
Sun Llagﬂﬂlgﬁﬂy1ﬂ153ﬂ@@51ﬂ15ﬂﬁ@ﬂﬂlﬂﬂllﬁ‘luﬂfjﬂﬂig%1ﬂiﬂu Tae 1975 particle-

enhanced turbidimetric cystatin C assay (Abbot) igUNUNITATINOATINIATOINIATTIU Ao ]y

A o P Y . 2 1o 9 [59]
79 99mTc-DTPA ‘W‘U’N’E’J@Iﬁﬂﬁﬂif]ﬂﬂl@\‘iMlﬁ“ﬂ@]i’mﬂﬂﬁl cystatin C assay UANUUNUIIUDY

@ a t4 v o
7.0. UN. YUK dDINIU Llagﬂmgﬁﬂy1ﬂ1§396ﬁ31ﬂ1iﬂii’]\ﬂﬂﬂ‘l% Bioimpedance —

A YA v as N Yy
GFR (BIA-GFR) uﬂﬂﬂammﬂmmwm@;m creatinine clearance 19> urea clearance 1uﬁﬂ38

A o o & ' 3 aq U v o A [56]
Tﬁﬂhl@]ﬁﬂi\i MUU BIA-GFR u1%$!ﬂu')ﬂ1%1Uﬂ1§ﬁﬁ3%3ﬂ@@]31ﬂ13ﬂﬁ@qmﬂﬁhl@ﬂ!ﬁNWgﬁiJ

o v 1 1 9 d' 1 [
ﬂ"liﬂ”ll!ilm’E)@]i”lﬂﬁﬂi@ﬂ"]]ﬂﬂllﬁsluu@]agﬂ@ﬂﬂiz%”lﬂi 1°Ifﬁllﬂ1§‘ﬂl,mﬂ@"lﬂﬂullﬂ
o = j‘ [ 1 ?1/; 1 = o 2 o [49,
uﬁJ”IG]Nﬂ’J”IiJG];ﬂ“UﬂQTiﬂIl@]!i@iﬂutmﬁ%ﬂm IBU NITANYT FINRISK mludszmeruaua

50 q ¥ = a y & v 22 ! \
T9aun13 CKD-EPL, MIANH19099U T5iugIuveaanms MDRD udu natluuaazngu

[50, 70]

[ j’ a . [ Yo j’
Uszannsaisezridotemasona (racial factor) NWﬂiUi%ﬂUﬁNﬂﬁW‘uﬂiu

Matsuo L1AZAMZANEIANNTOATINTNTDIVOIYLU FeTanuududrlumsaiuim

Q

oasImsnIesvesnguilszansqiju’

Zuo azamgAnmANuuiudilumsinensimnsoanaigiu lauugias  single
plasma sample methods 1Hodn31MInTeevedla (eGFR) AMUIUAIBANNT abbreviated

MDRD 1o8n1 45 fiagans/ui/i.73 was

. kY A 9 o A a @
Pringent Llaﬁﬂﬂ‘lzulﬂlﬁu@ﬂﬁmﬂﬂ’)iﬁl%ﬂTi'Jﬂ clearance {NOUTLUUDATINTNTOIVO
2 Ao Ay ¥ o T I ~ A
11@] Gﬁﬂ!ﬂuﬂimﬂﬁ]@]ﬁWﬂ’lﬁﬂiﬂﬂﬂl@ﬁhlﬂ“l/lhlﬂﬂ']ﬂﬁi]fﬂillﬂ%%"lﬂﬂﬂ’ﬂllL!llufl’l niotlunsan
1 ° ] { <3
ﬁﬂ\‘]ﬂTiﬂTﬂJlmuEﬂiﬂﬂ‘] YU ﬂia“ﬁ@WQNTﬂ Tﬁ'ﬂ!ﬂﬂ 5 é}aumﬂ, WBUUIN W%f)ﬂTJZ"lﬂﬂ@'l?‘i'ﬁ
[54]

' @ < A < < Y @ YA a
(15U Tiﬂﬁml"ljﬁ R I'i‘ﬂul@]'ﬂﬁl UIDUSIIN Lﬂuﬁu ), @lﬁ'li]'ﬁ']ﬁﬁ']ﬂ'lﬁﬂif]\i‘ﬂ@\?llﬁ"l]f]\?ﬂﬂﬂiﬂWﬂulﬁ

Aa91519% 17
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2 A o A A o
19190 17  ULAAINTUNAITIA clearance LW’E)‘iJiSL?JL!’O@i"Iﬂﬁﬂi@\isll’lelﬁ

Extremes of age (elderly, children)

#® Extremes of body size (obesity, type 2 diabetes, low

body mass index, ie, <18.5 kg/m?)

Severe malnutrition (cirrhosis, end-stage renal failure)

Grossly abnormal muscle mass (amputation, paralysis)

#® High or low intake of creatinine of creatine (vegetarian

diet, dietary supplements)

Pregnancy

Rapidly changing kidney function

#® Prior to dosing (high toxicity drugs, excreted by the
kidney)

#® Prior to kidney donation

. o A Aq 9 o ' . . . .
Biomarkers #1994 nlawernsalls ﬂllﬁ 1%U C-reactive protein (CRP), interleukin-6

(IL-6) Waluiden wazaaie, Asymmetrical dimethyl arginine (ADMA), symmetrical dimethyl

arginine (SDMA) i8¢ neutrophil gelatinase associated lipocalcin (NGAL)[54]

ﬁNﬂ155ﬂ5‘lﬂ1§ﬂ5i’)\ﬁli’)Q“lﬂ
-Reexpressed MDRD equation : eGFR = 175 x SCr. M age %% 0.742 (if female)
- CKD-EPI equation AITN 7

15190 7 aa9auns CKD-EPI

Race and Gender Serum Cr Mlmol/L (mg/dl) Equations
Black
Female <62 (<0.7) GFR = 166x(Scr/0.7) "™ x (0.993) **
>62 (>0.7) GFR = 166x(Scr/0.7) " x (0.993) **°
Male <80 (<0.9) GFR = 163x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR = 163x(Scr/0.9) " x (0.993) **
White or other
Female <62 (<0.7) GFR = 144x(Scr/0.7) ™ x (0.993) **
>62 (>0.7) GFR = 144x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 141x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR = 141x(Scr/0.9) " x (0.993) **




- Reexpressed MDRD equation with Thai racial factor

- Thai eGFR = 375.5x SCr " x age

eGFR =175x SCr "*'x age’

- Chinese eGFR equation

1.2
eGFR = 175 x SCr .1,

- Japanese eGFR equation

eGFR =194 x SCr " x age "

34

X ageo'179 x 0.79 (if female)

0.20.

-0.0364

0.287

x 0.712 (if female)

x 0.739 (if female)

X 0.742 (if female) x 1.129 (if Thai)
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ANNGNABY HazII UGV IENNMINIAMIAUONTINMINTBIVRS laluilszrinshiliniizdiu

V980199 13U 1WA, ©1g LAZABUNIANIY AIAAINVURUYIN 11, 12 1oz 13

20

10

-10

relative error, %

-20

Cirillo Lla5ﬂm%W‘U’Jﬁﬁﬂ’NNﬂﬁWﬂlﬂa@uiuﬂﬁﬂimﬁu@w@ﬁﬂﬁﬂiﬂ\ﬁlﬂﬂllﬂ N

[81]

corrected CG equation MDRD equation Mayo equation
20 1 20
P=0.585 P<0.001 P=0.004

10 - 10

0 0 1

L L1

-10 1 -10
-20 A 20
-30 -30

Men Women Men Women Men Women

unundfi 15 naaeaundovesnuAMIAAdeY Suna e Tagldaums  Cockeroft-Gault

(CG equation) (N51¥N19418) , A5 MDRD (n51Aa19) tazaums Mayo (n311N139931)

[81]
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corrected CG equation MDRD equation Mayo equation
il 20 4 P<0.001 20 P=0.667 20 | P=0.079
210 10 1 10
o 0 0 0
s —U — 1| L
T-10 10 || = -10
2 -20 -20

0 -30 -30
18-24 25-3 3544 45-54 55-64 6580 16-24 25-34 3544 4554 5564 6580 18-24 25-34 3544 45-54 5564 6588
Age, yr Age, yr Age, yr

aa A v A ° ¥
UAUHUN 16 HAAIAIRAY LazLU) [UNANAAIANA DY ULUNAINDEY Tagl¥auns

Cockeroft-Gault (CG equation) (M1MMee) , a5 MDRD (A5Mna1e) wazaums Mayo

(A5 mmav) !
corrected CG equation MDRD equation Mayo equation
20 P<0.001 20 P=0.069 20 P<0.001
o 10 10 10
2
§ 0 0] 0
@
: o=
= . -10
0 10
£ 2 20 20
30 30 30
21 21249 25209 30+ 21 21249 25209 30+ 21 21249 25299 30+
BMI, kg/m? BMI, kg/m? BMI, kg/m2

a

a 1 ~ 9 A o [ 9y
UAUAUN 17 UEAINURAY uamuﬂummummmﬂaﬂu AMUNNUATUNINNTY Tﬂﬂi‘]ﬁﬁuﬂTi

Cockcroft-Gault (CG equation) (ﬂ’iTV\l‘VIN“]%EJ) , @uN13 MDRD (ﬂ’iW\lﬂaN) HAaZaNN1S Mayo

GERL RN ) R

INNSANYIYDY Rigalleau LAZAME WUNANAS MDRD UAMMLIUGIUBIHADATT
Y

msnsesvedlalunquidl cr ge wagnuanuamamdeunnluaums G Tunquiitiimin

nn

Y H
ﬁﬂﬂﬂﬁﬁﬂ‘]&ﬂ"’ll’ﬂ\i Delanaye L!ﬁgﬂﬂl$WU’J1ﬁuﬁW’JiNﬂ18 HazATHNIaMINNAND

ANUARIAAADUVDIBATINTNTOUFUABINY AITAIATNAITIN 11 LAy 12[83]
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a ° X da (83]
M1919N 18 LLﬁﬂQQ@]iﬂTH’JﬂAWH%N’JSNﬂW

Authors Formula

Du Bois and Du Bois 0.007184 x weight®*® x height®™*
Boyd 0.01788 x weight”** « height”~
Gehan and George 0.0235 x weight® 148  height?42248
Haycock er al. 0024265 « \\"Elghlﬂ'sj“ = hclghlﬂ""w
Mosteller |;1-u|.r'4:l,f_rhl'""5 » hci%hl“'sj:'ﬁﬂ

Livingston and Lee 0.1173 x weight®&4%

MN 19 UAAIANIRAIANUUANANNTLHIN  absolute GFR (ml/min) 1a% index GFR

(ml/min/1.73 m)"™"

n Mean absolute  Mean indexed — Mean indexed GFR Mean difference between  Mean difference between
GFR GFR (Du Bois) - {Livingston) indexed GFR (Du Bois)  indexed GFR (Livingston)
and absolue GFR and ghsolute GFR

BMII8S-2S 40 447 4338 45 -109 ~095
BMI =30 81 9855 8113 0.4 -182* =276
BMI =40 33 1017 8176 nx -4 85 =378

=

FAUPAANNUNTANEIVOY  Anastasio  HAZANE WU IUTANUUANAIPAUTLHIN

' Y
J o v v

1 H a 4 ] 4&’ {a 1
nguiiinnzdiu aznguiiishmindnlnd el sudenuniiiame (1.73 m)™



3.1 gﬂsmumﬁ%’ﬂ (research design)

a o

Y
<
NuIvetiumsAny Y descriptive, cross-sectional study
3.2 521 DauIBEN5IVY (research methodology)

3.2.1 Usznsnann

Usznnsdhnune  (population) A Uszmnsneniinnizd  BMI 2 30

nlansuanas’) nlery > 18 1

U329IN37@I9814 (sample population) Av Y3z Ineilingsin (BMIS 30

nlansuauas’) Wllerg> 18 1
d v A v = . . .
3.2.2 ngnamiumsna@aend3nfdns (nclusion criteria)
- fihe WieorEdAsNiin1IzIu (BMI 2 30) uazery> 18 1
dJ v
3.2.3 AQanlumsaaneena1nmsany (Exclusion criteria)
Y A ] ~ g d A A Y A ?,’, J
- {118 WseomaNAINAIAIIA Mot TiuNzAINIIN
Ok A o A ' ]
- fihe veeaainsneglugaliuuyas
Al A a9 .. g [ A 9 = o
- Fiheniilsz Iaunans radioisotope NINWFUY52NIU WD MM ADAIADAR

3.3 mslvmfenanBal §UanlFlunsIde (Operative definition)

- 9A51MIN309U93 1a1A TAI5UINTIIU (Referrence GFR) 1D 9AT1N15NTOIVDI

laldnnmsiade plasma clearance U®4 radioisotope Tagld “"Tc-DTPA
.. = = an = Y [ A Y ax 7 a
- Creatinine 19 ATOAUU Vlﬁ?vlﬂﬂ1ﬂﬂTi'Jﬂ%']ﬂlaﬂﬂﬂﬁﬂﬂ‘ﬁl@ucﬁﬁmWﬂﬂ

- Reexpressed MDRD equation: eGFR = 175 x SCr My age %% 0.742

(if female)
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- CKD-EPI equation AR50 7

M31971 7 uaAsaNns CKD-EPI

Race and Gender Serum Cr Mlmol/L (mg/dl) Equations
Black
Female <62 (<0.7) GFR = 166x(Scr/0.7) ** x (0.993) **
>62 (>0.7) GFR = 166x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 163x(Scr/0.9) """ x (0.993) **°
>80 (>0.9) GFR = 163x(Scr/0.9) " x (0.993) **
White or other
Female <62 (<0.7) GFR = 144x(Scr/0.7) 7% x (0.993) **
>62 (>0.7) GFR = 144x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 141x(Scr/0.9) """ x (0.993) **°
>80 (>0.9) GFR = 141x(Scr/0.9) " x (0.993) **

- Reexpressed MDRD equation with Thai racial factor correction

(- 1.154) (=0.203)
ge

eGFR 175 x SCr X a

x 0.742 (if female) x 1.129 (if Thai)

-0.0364

- Thai eGFR = 375.5x SCr """ x age x 0.712 (if Female)
3.4) MSAMUINVINARIDENS (sample size determination)
n = 7z O /E

zZ 0 /(X

n
o 1 Lﬁ‘ < 9
MNUAAIANUFDIY 95% 3218 Z = 1.96
1M1 S.D , X-[ MINTUNT rexpressed MDRD
= (196 x(28.1 /(6)
= 8426

NUIYTEHINT IMND 85 AU
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3.5 MSAUNALAZNISTIA

3.5.1 Yoyanugvesdihe 1aun ¥ o1g mer Tslszdidn Usziamsquiyns el
o o v Ida 1 ¥ o J 1% o a
Uszd woed InsAnviaase imin dauga souted souasz Inn artinianie anwau Tatia

=
FWIT

3.5.2 Yoyanfnyn

v =K 9

c&’ FA Y Y 9 U
1. Nayu ﬂﬂjmgawu;n;mmmrzgﬂaﬂ uammﬁmimqmi "1mm

v A g d't: 1
AYHUUIANTY LASWUNHIUBITINNY

o

v 1
WInin, aIuga,

o a 4 a4 ' g
2. m3yialuledufinausi ( Bioimpedance 1aua wanduiie

analysis)

(Skeletal Muscle Mass: SMM), y3a lviiu (Body Fat Mass Fosazuna iy

BFM)
Y Aa 4 1
(Percent Body Fat :PBF) Lmzﬂ‘%mmmqm (Total Body Water : TBW) Iﬂﬂ!ﬂ%i’]ﬂ?‘u InBody

AININA 8 LAZIIGNUNAAINNN 9 AN

Body Comp esition
Icleal Weight (ka):

Weight cg)
Skeletal Tissue (ka):

Idlsal ECW (itres]
F riaimé Size:
BodyMass Indec
Fat Mass

Fat (ke

Idleal Fat Mass (kg)
% of Total Weight:
% of Idesl FatMass:

Difference kom Idesl (ko).

Active Tissue Mass
ATM (heir

Ieleal ATM (kal

% of Totd Weight

% of lazd ATM
Difterence from lied (ko

6270
GE.E0
752
1378
Mediumm

25
1818
32.75%
123926
435

2208
23
32.08%
5.18%
-2

Min

ATH

= 4 . '
MNN 8 LAAUATO Bioimpedance 71 InBody (A1WUI1)

MNN9 LLﬁﬂQNﬁSWﬂQ"I‘L!i]"IﬂLﬂ%i’N Bioimpedance (ﬂ”lW“]BJ’HEJ)
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A aa ! v 3
3. AT eelfiiams 1dun szauimialu@en (Fasting Blood Sugar : FBS),
MMMV 0 (Blood Urea Nitrogen : BUN, Creatinine : Cr ) , ﬂiﬂg%ﬂ (Uric acid), 5¢A1
luiuluiden (Cholesterol : Chol, Triglyceride : TG, High Density Lipoprotein cholesterol : HDL),

astlaang eglsinalisauniroenunluilaa1z (Urine Protein/Creatinine ratio)

4. WAN130399 renal plasma DTPA clearance 11 10 31381 @40 1MH 10

Blood collection|
& DTPA injection
~—"

”

O 5102030 60 90 120 180 240

TS T T I ¢

MNA 10 LAAIITNITATIV renal plasma DTPA clearance

o < [ Aaa
uazmmmfgmﬂuﬂﬂw PNLAHONUN 18

Placorn & iraedin i oiboapee: 20t wilies |

10000
5000 —+—GFR = 84 mibmini4. 73 m*
—=—GFR = 77 milmini1.73 m?
BO.DD ——GFA = 38 milmini1. 73 m?
70,00 —=—GFR = 2B milmini . 73 m’
: —&—GFR = 14 mlmini4 72 m*
GO0 N T —— -
T
50.00 T
m'm ‘_\__\___—\_ -
——
30.00 e
20.00 e
———
10.00 e
0.00 T T T T T T T
&5 80 3038 &8 EL 13 18 fr

!!N‘H{]ﬁﬁ 18 UFAAINANITANTIV renal plasma DTPA clearance
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4. qumsnlgmuIn estimated glomerular filtration rate (¢GFR) ( mL/min/1.73 mz)

De
=le

female)

- 0.2

- Reexpressed MDRD equation : eGFR = 175 x SCr M age “x 0.742 Gf

- CKD-EPI equation 196115197 7

15191 7 1aasauns CKD-EPI

Race and Gender

Serum Cr lmol/L (mg/dl) Equations

Black
Female
Male
White or other
Female
Male

-0.329 Age

<62 (<0.7) GFR = 166x(Scr/0.7) x (0.993)

>62 (>0,7) GFR = 166x(Scr/0.7) " x (0.993) **
<80 (<0.9) GFR = 163x(Scr/0.9) "' x (0.993) **°
>80 (>0.9) GFR = 163x(Scr/0.9) " x (0.993) **°
<62 (<0.7) GFR =144x(Scr/0.7) ** x (0.993) **
>62 (0.7) GFR = 144x(Scr/0.7) " x (0.993) **
<80 (<0.9) GFR = 141x(Scr/0.9) """ x (0.993) **°
>80 (>0.9) GFR = 141x(Scr/0.9) " x (0.993) **

- Reexpressed MDRD equation with Thai racial factor correction

20

eGFR = 175 x SCr "*'x age “*”x 0.742 (if female) x 1.129 (if Thai)

-0.0364

- Thai eGFR = 375.5 x SCr “** x age x 0.712 (if female)

- Chinese eGFR equation

23 0.1

eGFR =175 x SCr,p,, ~ xage  x 0.79 (if female)
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- Japanese eGFR equation

0

eGFR =194x SCr " x age **" x0.739 (if female)

3.6 MSAVHUNIUIVY
3.6.1 Yumnaulumsaniiums Iy

o Yo 9o A g v -
1. LL’L!%“LHI?]ﬁ\iﬂW'ﬁiﬁﬂUﬁHﬂﬁ?NIﬂiQﬂWi ﬁﬁ@ﬁjﬂﬂ]ﬁl Y95 18ALID8A 1ATINT

oA Y Y A 9 Yo P Yy a A a X gy =
ﬂ‘iziﬂ‘HUﬂl’dL"lﬂﬁﬁMIﬂﬁﬁﬂﬁ Wiﬂ@ﬂ’)ﬂ%%ulﬂi‘ﬂ 3’33Jﬂ\1Wﬁ“llN!ﬂEJ\'iﬂf)Vﬂ%glﬂﬂ"Uullﬂ ANDAIUDY

9 v o 9 = A a ds!
M3UBINY LazMIIAMITHAVINIABIND1VILNAYU

o w g

Y q YU 2y a A
2. MIUUANTID, Llﬂﬁiﬁﬁiﬂ’f]ﬂ@ﬂ’eﬂ‘ﬁﬁ HAagUIade 20.00 U, $158UNUNIILIA ,

Y Y Ay d S Y Y a aa A A L. 2 A
LRIURUINHBIY , miﬁ]ll@ﬂﬂim R LL%Qﬂﬂﬂﬂg‘ﬂﬁﬂ1iw‘lﬂmiﬂhﬁ1i radioisotope 5’)3Jklﬂﬂ\‘1lﬁiﬂll

U

A
aD1UN

A v v @ v 99 A 9
3. ﬂuﬂuauuﬂmiaﬂﬂugd,mnimiﬂidmi ﬁﬁf’)ﬁﬂﬂﬂ

I Y Y

9 =\ A Y Yo =
4. 19518821000 1ATINT ﬂi%jﬂ%uﬂﬁﬁﬂi’miﬂiﬁﬂﬁ ﬁi’t’)fg{ﬂ’)ﬂ‘ﬂ%llﬂill TIUD

9 = A a zg Y =< Y @ o 9 = A a tg =
Naslmmﬂmmmmﬂﬂmu"lﬂ AARAIUDINITUOINY LAZMITIANITHAVINALIN1VILNATUDN

d a Y Y 1 CRA .
33 Llﬁzﬂlﬂﬂﬁiuﬂuﬂ’t’)ﬂmﬂﬂﬁﬂi’JiJTﬂNfﬂﬁ ‘Viif)l{j‘ﬂ?ﬂ (inform & consent)

X Y Y

=) A Y Y 1A
5. ‘]J‘L!‘ﬂﬂ%@yjawu§1uﬂlﬂﬂ@jl"lﬂ‘i’)hiﬂix‘iﬂ?i ma@ﬂm llﬂ!,l,ﬂ ¥O 1Y INE Iiﬂ

o w (7N A A o J o I 1 S o 1
ﬂizmm ﬂigﬁﬁﬂﬁiq’UuWi ‘(’J'I‘VIGlG]ﬁf}ﬂigin L‘Uﬂiiﬂiﬁ‘wﬂﬁﬂﬁ@ HIYUN ﬁ')u’(,;f\‘l 39U 09U

L= % a =
azInn astiyrane aNuau lana INes

U % %l
6. M3 Bioimpedance analysis 1attA 1133AXIA11 (Total Body Water : TBW), 17
9
|3 (Body Fat Mass : BFM), 3owazvedluiiit (Percent Body Fat :PBF) Llaziianaiuiiie

(Skeletal Muscle Mass: SMM)

7. mizideatlszanas 10 fadans teasremaiestfiams 18un manududuves
1fon (Hematocrit : Hct), 5$ﬁm§1ma1m§®@ (Fasting Blood Sugar : FBS), AMIIauvedla
(Blood Urea Nitrogen : BUN, Creatinine : Cr ) , ﬂiﬂiﬁﬂ (Uric acid), sy lviiuluiden
(Cholesterol : Chol, Triglyceride : TG, High Density Lipoprotein cholesterol : HDL), asndaany

Lﬁe@ﬂ‘%mmiﬂ saunsresnunludaainy (Urine Protein/Creatinine ratio)
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=

8. #1379 renal plasma DTPA clearance Tael¥ea1s DTPA Y5u1ee 3 Hadnd

9 Y 1

. . < Yo 4 3 o 1 o Y )
(|1g radioisotope NNUAvATINIVY ﬁ]gllﬂiﬂﬂ”li%\iﬂ’]ﬁuﬂﬂf’]uu"m"d%) Iﬂﬂ’ﬂgiﬂﬁ!ﬂnﬁflm

U U { 4 1o @ 3 ° g g
Tasams wsedtheldin 13nile wiouvwielsdmsugadon Bnidluswau 9 aseasas 6

v v v
au.uY. (M@ 5, 10, 20, 30, 60, 90, 120, 180, 240 WIN) TINTLILIANNINUA 4 52 TN

J Y A @ a wa
9. danaoAUNINUIIYA0A vaoaazlszana 3 -5 ml l)diielfiansves

UNIFENTAT HAADIS NIATFITIFIN

o — Aq Y Y 2 Aa 4 3 o A
10. UIHMaDAVDIAT radioisotope ‘Vlclflﬂla'l im!ﬂlm/]Glﬂulﬂmumﬂmmumumwa

fMuuans DTPA il

A Y Y A9 v ¥
11. ﬂma@ﬂmamwﬁmimqms ma@ﬂwmﬂwa@mgmm 10 ¥ia9A9 aziszum

A aa ° y S 3 A J =
1 Yaaansg 'u'lll']ﬁuuflﬂclfﬁll ﬂj'lllljjﬂigll’lm 3,000 39U/HUIMN lﬂulja'l 10 UM

'
[

12. @5 U A9 Automatic Gamma counter #931) gUNUHABANAINIATFIU

< S { a [ A
(asuasg e fuheiwson Taen 59091913 1:200,000 luTasans) aeniwi 11

mwﬁ 11 ug mm’%m Automatic Gamma counter

13. ﬁWNaﬂi’)ﬂiﬂﬂlﬂ%E]\ill1ﬁ1u’)mﬂ'15@51ﬂﬁﬂiﬂﬂ "lJfNUlG]


http://www.google.co.th/imgres?q=automatic+gamma+counter&um=1&hl=th&sa=N&biw=1024&bih=365&tbm=isch&tbnid=-VnRvth8g6lyMM:&imgrefurl=http://www.perkinelmer.com/Catalog/Product/ID/2480-0010&docid=DLYU5c2-zAcY6M&imgurl=http://www.perkinelmer.com/CMSResources/Images/44-128536_2480_1000x1000.jpg&w=1000&h=658&ei=UdFYT_P-H4borQen1PT0Cw&zoom=1
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14, thwai 1d 1aans i 10 ganan dwunugiin 18

Pilacsrn a raedio I ot ope: 2ot wilies | W

10000 | ey, .
80.00 ——GFR = 84 mUminit. T3 m?
—a—GFR = 77 mUmini1.73 m?
B0.00 ——GFA = 38 mUmine. T3 m?
20,00 —B—GFR = 2B mU/mini1. 72 m*
: —%—GFR = 14 mUmini1. 73 m*
. —
60.00 ; ——a -— .
50.00 e
0,00 — -
——
30,00 oo
1.%_
e
20.00 —
——
10.00 -
D.on T T T T T T T 1
0510 2030 & £ 120 150 40

zmugﬁﬁ 18 UHAINANITATIV renal plasma DTPA clearance

3.7 ﬂﬁ!ﬁ‘]Ji’J‘lJ‘J’JN%E)Eﬁ (data collection)

Y o av d PR 9 v = 9 J v = 9
vgmmsmmﬂu@mmamamm&a VUNHUDYA munuueiumsunnveya taz

Rl

d 9

¢ ) A q oy v v ° 9 o a
asngeuaNNaNyssivesdeyaiiof laasudrumuiiuideanisuaziihninsizidoya
ao )

a d .
3.8 M3AUATIZHVOYA (data analysis)

9 Y

9 Ay v ° a 4
Foyai IavziimnInszideyanieTUsiunsuy software SPSS 16

v

{ S
pyaNTdNYUENINITZVIBVBITOYAUUY normal distribution taziilu vzgnudasly

u

e

51v03A1UNAY (mean) 110zANDBUVY (standard deviation)

9 @

U { I v o
druveyanlanyazi)y normal distribution, quantitative variables @ANNAUNUT lag

o w a

an A [ v J 1 @ a
Glﬁlsf}’c‘fﬂﬂ spearman’s correlation I@]ElVIiJﬂ’NiJ’tffil‘Wu‘ﬁE]EJN?JutlﬁmﬂmNﬁﬂm (P S 0.05)
p S

= 1 a3 '
Yoyai 1uidlu normal distribution, qualitative variables vzgnuaalugilvoanud

u

o 1 v v aa A
(frequency) Uasa@ANIU (percentage) uaz@mmanwuﬂﬂﬂﬁam Pearson’s correlation 1Ag7

v [

= o v d 0 = o aa
UANUAUNUIDYNUUITIAYNNADA (PS 0.05)

9
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ADA3ININTBINIATR (reference GFR) azA18a1MInsoei ldnnmsmuian
a o 1 1
aums (eGFR) e lagldmmamanfsouiion Taeld  Bland Altman plot tazg

v o 9y . . . A 1o a £
ANNTUNUS Ao linear regression analysis (force zero LW’EJﬁ1ﬂ”IfT3J‘]JS$fT1/I‘ﬁ)

a d o o d . . . 1 ] 4 1
IR IEHA ANUFUUT Iae Y linear regression analysis ue 13 force zero L‘Wdﬂﬁ]m

v o oA Y a
ANVUFTUNUTNUNDIN



UNN 4
HaN13I08

v A
4.1 voyanUgIU

(X 1

PR Y Y Ao Y e
A8 1azdns I IAsIMINIIIUNIMLA 104 AU HAIINHIUNYADN 1T
o A 9 = . L. A v A Y9 A Y
An@oMUINANYY (Inclusion criteria) NA1IAD {128 130 AI1591TATINT NTUAILEIU
L Y . . . !
(BMI 2 30) uazo1gy > 18 3l uaxﬂgmmmiumimaaﬂmﬂmiﬁﬂm (Exclusion criteria) 1dun
Y Y Y P s A A ¥ A Y P . . v A g
Ao nazdininTnsansnaInssn neluud Hunazatnssa |, oglusaaliuuyas WA
~ ) L. 2 o A g A o A g
U5z iAuneNs radioisotope  NINNFUU3EMU HIBIIMNaeAoaf mas1l Y Hag
o g’; Qy 3 a 1 =1 = A
P1ENANAINIAU 85 AU (W UIWAY IS 22 AU HAZINANDIN 63 AU 01gTzHIN 19 11D 67 T Tl
d‘ 1 U =) =) d‘ =S a A d' =
DIYRAVININY 42.5£12.7 U iwAmIoNognae 44.9+15.1 1 tazmarauogmae 41.6x11.7 1
b 1 1 =) U =) U %‘ -7 4 'd’ a -
WHIinNegsz1iag 68.6 A lansu 84 167 A lansy Wviinmagegn 93.5£20.1 A Tan3u meanel)
Y d' =) (%] a A ﬂo} v d‘ a [} 1 ]
MMIMAY 105£21.5 A laniu MANQNININKINMAY 89.518.2 Nlansl ANUGIDYITHIN
143 A3 04 1.86 1WA 1AeMAonNUgunIny  1.60£0.08 1WAT INFBTAINGUNTY
1.69+0.77 1NQ3 INANQNUANUGUNTY 1.57£0.56 1UAT ABHUIANEDYILHIN 30.10 N laniy /
2 =X a o 2 Ao o~ = 1A a Y 2
W3 D964.50 lansu/anes’ Tasnaytiyiamemagogn 36.15+6.19 N1ansu/uns’ INAwY
A v oA a a o 2 A Ao oA =
Nartiunanmemay 36.36+21.46 0 lansu/auas’  MAMANUATHLIANINEY  36.08+6.54

[

a 2 A da 1 ' 22 2
ﬂjaﬂiil/mﬁi NWUNHITNNIYYTSH I 1.6 LUAT D9 2.7 1UAT

=Y 1 H 1 (% z 'Q 1 H
TAgNNUNAITNMBRASNINY 1.96£0.22 AT INAWEHNUNAITINNSDAY 2.14+£0.24 AT

ad da o

H 9
INAMANENUNAITIMemEY 1.89£0.18 was” WUNTTWINGIoMNUNKLA 30 AV Aa
I ! 3 I a ' {
Wlufesas 35.3 Tasndovas 153 Wumsme uaziosaz 17 Humemge nazwudiheniinng

3 a g { =
8IUAINI (metabolic syndrome) Nanua 45 au aadludosaz 52 Tashiosaz 20 Wumeane

v < a o A
agingns 32 Lﬂu!WﬁﬁﬂJ\? AT INN 20



; A :
M15190 20 uaatoyanuguveiile uay

Characteristic

Age : years
Weight : kg
Height : kg

Body mass
index: kg/mz
Body surface
2
area: m

DM cases

Metabolic Syndrome

VA Y Y 1 Yo a a
At uazfidniuTasemsnnauez 1asumsase luTedunnay

All (n=85)
(mean£SD) (range)

42.5+12.7 (19.0-67.0)

93.5+20.1 (68.6-167.0)
1.60:£0.08 (1.43-1.86)

36.15+6.19 (3010-64.50)

1.96+0.22 (1.6-2.7)

30 (35.3%)

45 (52.0%)

v

Male (n=22)
(mean+SD) (range)

44.9+15.1 (19.0-76.0)

105.0+21.5 (79.0-156.0)
1.69+0.77 (1.56-1.86)

36.36+£21.46 (31.60-51.50)

2.14+0.24 (1.8-2.7)

13 (15.3%)

17 (20%)

Y 1 A v 1 =
Z!l;“'l]"li?]llTﬂi\iﬂWi‘ﬂL"lﬂﬂﬁi'JNﬂﬁﬂﬂET

Female (n=63)
(mean+SD) (range)

41.6+11.7 (21.0-63.0)

89.5+18.2 (68.6-167.0)
1.57+0.56 (1.43-1.69)

36.08+6.54 (30.10-64.50)

1.89+0.18 (1.6-2.6)

17 (19.0%)

28 (32%)

1 j’ % % 1 30’ =)
analysis) 1&un waandile, waaludu, Sesazvesluiulusnme wazaSinanignslu
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o (Bioimpedance

519MY (skeletal muscle mass, body fat mass, percent body fat LIQ& total body water CRITSRENT))

Y [
WUIWIANAWINEDYITUIN 3,00 Nlaniy B3 58.80 nlansu Taum@Aewiiny 30.49:16.07

nlansy wialuiiuegszrang 4.9 Alansu §439.6 Alansu Tasmdoegh 40.5+13.7 Alansu

U 1 1 o ?,’ a 1 v 1
%@8'@136[1@\1h]flliJuGlLliNﬂ'lEJmaEJL‘V]'lﬂ‘U 43.43+£9.07 Lm%ﬂa’iNWﬂ!uTQfﬂ‘ﬁiuiNﬂ?ﬂf]gi%’ﬁ’ﬂﬂ 24.4

ans 991525 ans Taemaeegh 40.6£19.7 8a3 AIA13197 21

q‘ 9 a a J Y1 Y Y
M1519N 21 Llﬁﬂﬂﬂlﬂy’ﬁﬂlhohJI@@JJWLLﬂuVIGUENIZjﬂ?IEJ uae lellﬁ?lliﬂﬂfﬂi

Characteristic

BIA :TBW (L)
:BFM (kg)
:SMM (kg)

: PBF (%)

All (n=85)
(mean+SD) (range)
40.6+19.7 (24.4-152.5)

40.5+13.7 (4.9-39.6)

30.49+16.07 (3.00-58.80)

43.4349.07 (3.00-57.80)

Male (n=22) 25.9%

(mean+SD) (range)
53.3+24.9 (37.7-152.5)

38.3+14.9 (5.0-75.1)
41.0+20.5 (28.4-122.7)

35.949.1 (3.0-50.4)

Female (n=63) 74.1%
(mean=SD) (range)
36.2+15.6 (24.4-146.1)
41.2+13.4 (4.9-39.6)
26.9+12.6 (17.3-115.3)

46.1+7.6 (3.0-57.8)

Total body water =TBW ; Body fat mass = BFM ; Skeletal muscle mass = SMM ;

Percent body fat = PBF
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1 v 90’ 1 1 %
W’dfﬂﬁ@Iﬁ’J*ﬂ!ﬁ@ﬂﬂT\iﬁ}ﬂ\iﬂ{]UﬁﬂWWU’N izﬂuu1ﬁ1a1ugﬁaﬂ (FBS) MABIINY
Y

108.3+63.1 Haaniuragans lasszauiaaludoamaeludmeminy  124£62.9 Haaniu/
v { 1 % =) =) % an Q.

wFans uazszauinamaludoamdeluduauminy 103.1£62.17 Haaniuiagans szavgde

luiden (BUN) maumny 15.8 £16.3 Haansuiadans Iashaundevesgelumoaveuns

PN 23.0£30.5 Vadn5uiaGans uazaunasvesgiselunonvounangumny 13.2 +4.5

a o

a an [ = ad =) A ' o Aa Aa o aa A
NAANTN/IABANT seaunastoatulumon (Cr) Rmagmny 0.85£0.97 WAANTN/AATANT Taeh

AundsszauaTeatiu AU UNAININY  1.37+1.78 UAANTUAATAAT HAZANRAYTZAL

= a

AslAt I ReAVEUNANYUMINY  0.67+0.25 Haansuiadans seaudaylulu@on (Alb)

[
= 1

PASMINY 4.17 £0.53 Naansuiadans Tashinundsvesdayiiulu@oavounamomny

[

470£030  HadnsuAaTaas nazAuRfvossayiulu@oavounAMUNInY  4.12+0.34
Haansuradans seau lviiulududon nuseauaAvaAN0T0a (Chol) WasmMINY
211.0£60.8 NAANSUAATAAT  1ANAYTLAUADE@AINDTOA IIUNASIOMNINY  211.9+60.4
UadNTNAATAAT tazIzAUADIaMADTPAMA THINAKAUNINY 210.7+61.4 HaANTN/ATAAT
] = 4 d’ L% A a o an d' [
seaulasnamwe’lsa (TG)  WAsMIAY 152.1492.6  Naansuaa%ans  lagmagszall
= L 1A A Aa o aa [ =\ ¢ a
lasndiwe lsa lumsmneodn 177.0472.3 Jadniuiedans uazsza lasname lsalumangs
g 143.4£97.9 Hadniuiedans szau laaameseariawyatoa (HDL cholesterol) Taginay
WAL 4924117 NAaRsuAA%aAs  lmaAmeamas laaansisasiaesatoaminy
43.4+8.7 Hadniuaaxans taz luwAngA1IRas AAABToaTUARTALOAMINY  51.2+12.0
Haansuagans szaunsaginlu@en (uric acid) IRAININY 6.3+2.1 Haansuiadans Tuwe
MeszAUNIAgIA laeaIng 7.5+2.5 Naansuiadans uazlumavgssauniagialuien
AL 5.82+1.75 Haansuragans szau llsaulutlaaig (UPCD magegi 0.61+1.5 Tasimas

=
N

szauTdsauludaanzluwameogn  0.69+1.8  szaulisauludaannslumange

U

0.58+1.4 94915197 22
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M3197 22 HAAINANIATIIN R0 rANS

Characteristic All (n=85) Male (n=22) Female (n=63)
(mean+SD (range) (mean£SD (range) (mean+SD) (range)
Fasting Blood Sugar (FBS) mg/dl 108.3+63.1 (53.0-204.0) 124.6+62.9 (54.0-271.0) 103.1+£62.17 (53-304)
Blood Urea Nitrogen (BUN) 15.8£16.3 (6.7-151.0) 23.0+30.5 (9.0-151.0) 13.2+4.5 (6.7-28.0)
mg/dl
Serum creatinine (Cr) mg/dl 0.85+0.97 (0.40-9.00) 1.37+1.78 (0.40-9.20) 0.67+0.25 (0.40-2.23)
Serum Albumin (Alb) g/dl 4.1740.35 (2.20-4.80) 4.30+0.3 (3.40-4.80) 4.1240.34 (2.20-4.80)

Serum Cholesterol (Chol) mg/dl 211.0+60.8 (119.0-619.0) 211.940.4 (119.0-408.0) 210.7+61.4 (142.0-619.0)

Serum Triglyceride (TG) mg/dl 152.1+£92.6 (36-59) | 177.0£72.3 (59-359) 143.4+97.7 (36.0-597.0)
Urine-Protein creatinine index 0.61+.51 (0-9.40) | 0.69+1.80 (0-8.50) 0.58+1.41 (0.10-9.40)
(UPCIY)

Y Y Y Yo @
Av)e wazdiinsanTasanisez lasumsnsieeasimanses veelauasgiu (reference

GFR) @297 renal plasma DTPA clearance WUA19A5IN13N509 V94 I M1ATgIUMAGDEN

U

115.00439.45 dagaas/Ani/ 1,73 was’  laeNonsinsngedunsgIuyednameming
122.43+61.81 Haaans/u1i/1.73mas°  1azoni1ninged 109 1au1as gIuvounaAngaumIng
133.55+28.18 UAAAAI/UNN/1.73 1WAT HOLAAIAINITINN 23

A15199 23 LAAINANTIIBATINITNTO9UBY 1A 1A8TF renal plasma DTPA clearance (reference

GFR)
Results All (n = 85) Male (n=22) Female (n=63)
mean=SD (range) mean=SD (range) mean=SD (range)
Reference GFR 115.00+39.45 122.43+61.81 133.55+28.18
(ml/min/1.73 m") (29.90-310.52) (36.94-310.52) (29.90-195.79)

o o

A o 9 dy EA a s A o .
welminedoyanugvesdihoin e giieIANNduWUS  (correlation)
2
FENINOATINMINT09ved Ia uazdoyanugiu TaeldadAuuy Spearman’s correlation 1151
1 90‘ % % g 'Q 1 u
W03 ALDY non-parametric 1ALA ©1g. 11N, ANUGY, Arlindanie, AUNAIVBITIING, T2AU
= = an @ a = J a = A
give, fistoatiu, 0a1 U, AoMAI0A, Inindiye 154, noladinsoartinewdion Inefia
anudrgnana (p < 0.05 two tailed) 1oz 1HadA Pearson’s correlation §115YoyANUY

parametric laun et TagAa1udyn1eada (p < 0.05 two tailed) AINITIN 24-26
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4 o v J o :&‘
ﬂ1§1\1ﬁ 24 l!ﬂﬂ\?ﬂ?”lilﬁNWUﬁigﬁ'JTQ@@]ﬁTﬂ]sﬂﬁﬂﬂ6]]@\11@]1”@]3ﬁ”|1! l,mxsﬁimg,awugm 533J]1'1J
=~ 9 a ua Y . = o W v o dAA
ﬂﬂWﬁ@]ﬁjﬁ]ﬂTQW@QﬂgUﬂﬂTﬁ Iﬂfﬂ,"lf Spearman’s correlation IﬂﬂljElﬂﬁhlﬂ']_l@nllﬂflnmﬂllwu‘ﬁﬂu

anudagnuanannunlivnies

Spearman’s correlation BUN Cr Age Alb TG FBS
Reference GFR coefficient  -.446** -456%* -271* .220% -.192 126
Significant (2-tailed) .000 .000 .012 .035 .078 341
N 85 85 85 85 85 85

* Correlation is significantly at the 0.05 level (2-tailed)
** Correlation is significant at the 0.001 level (2-tailed)
d‘ [ v 1 [ 9 d"
A1319N 25 LLﬁﬂ\‘lﬂ'J’llJﬁuwuﬁ5$ﬁ31\1@ﬂ§1ﬂ13ﬂﬁ@ﬂﬂl@ﬂul@]NWﬂﬁﬁTH HagvayanuyIu 5'31JVIJJ
s

=2 Y a oa 9 . =) o w ¥ W =~
ﬂ\‘]Wﬂ@]i?fl‘ﬂW\iW@\iﬂ&]U@]ﬂ’]ﬁ Tagls Spearman’s correlation TReisead 1A UNANNTUNUTNH

anudaynuanannunlivies (Ae)

Spearman’s correlation Chol Ht HDL BMI BSA BW
Reference GFR coefficient -.044 -.027 025 023 013 010
Significant (2-tailed) 686 803 821 832 903 926
N 85 85 85 85 85 85

* Correlation is significantly at the 0.05 level (2-tailed)
** Correlation is significant at the 0.001 level (2-tailed)

4‘ o v J 1 [ 9 d” =
M1319N 26 l!ﬁﬂ\‘l'ﬂuﬁuwu‘ﬁﬁgﬁ'ﬂ\‘]ﬂﬁi'|ﬂ15ﬂ'i’f)\‘]"llﬁ]\1vl@]u'|§li§'lu HagUaanwUy Ul ﬁ'JﬂJthiN

%9

9 a oA 9 &
Han329MaNe91l1An13 Tl Pearson’s correlation

Pearson’s correlation Gender
Reference GFR coefficient -.099
Significant (2-tailed) .366
N 85

* Correlation is significantly at the 0.05 level (2-tailed)

**Correlation is significant at the 0.001 level (2-tailed)
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o w a

v o @ a ' [ @
WUﬂ’JﬁJ’dNWH‘ﬁ@EleluElﬁ'WﬂfllﬂNﬁﬂﬁ’igﬁ’JN@ﬂﬁﬂﬁﬂ'ﬁﬁ]\iiﬂ@liﬁﬂ! wazauls 4

g

9
Y

@ Y . o w =2 3 A % Aq Yo
@1 1aun BUN, Cr, Age, Albumin mua1ay aasindaifunuivesdudsluaumsildmuin
v 4
98131N13N399 ( eGFR) %QﬁiQﬂUﬁMﬂWiﬁl‘!ﬁWU NN 4-variables MDRD uaz”lﬁ’iumiwwm
' U a3
aums waz l¥ed1amsvale nAvauMs reexpressed MDRD (Modification of Diet in Renal
, o 2
Disease) A9
—1.154 —0.203 .
eGFR (reexpressed MDRD) = 175 x SCr X age x 0.742 (if female)
= ~ Yo [ ) 9 = a a 4 9 dy 1 =
Llﬂxllﬁllﬂ"lill1ﬂ3J"IEJ1/I"l,ﬂ§‘Uﬂ1§'1JTULLﬂ$uHJﬂﬁlf G]NGLM’J‘VIEHL!WH‘EﬂiJiJuiJS“]J’E]ﬂﬂ"I’JEN
g’l U 1 da’
MNUUA 6 FUNT mmllﬂu
1. Reexpressed MDRD equation Aainadu
2. CKD-EPI equation LeANAIA15199 7

MI9N 7 uaaddunN1s CDK-EPI

Race and Gender Serum Cr Mmol/L (mg/dl) Equations
Black
Female <62 (<0.7) GFR = 166x(Scr/0.7) ** x (0.993) **
>62 (>0.7) GFR = 166x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 163x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR = 163x(Scr/0.9) " x (0.993) **
White or other
Female <62 (0.7) GFR = 144x(Scr/0.7) ™ x (0.993) **
>62 (>0.7) GFR = 144x(Scr/0.7) " x (0.993) **
Male <80 (<0.9) GFR = 141x(Scr/0.9) **"" x (0.993) **
>80 (>0.9) GFR = 141x(Scr/0.9) " x (0.993) **

3. Reexpressed MDRD equation with Thai racial factor
eGFR = 175 x SCr "'x age "*"x 0.742(if female) x 1.129 (if Thai)

4. Thai eGFR

-0.0364

eGFR = 375.5 x SCr " x age """ x 0.712 (if female)

5. Chinese equation

23

eGFR =175 x SCr(Jaffe)l‘1 xage" x 0.79 (if female)

6. Japanese equation

0.287

eGFR =194 x SCr"** x age  x0.739 (if female)
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iiodasasimanses veelawnasgiu uasdausaimanses vedlaveadthe as
ﬁﬁw%aﬂﬂiamiﬁ’wm 85 A wuhamasdndeununasuvedazaumsiludadl
sasmanses veslnwasgu SAunderdudoununas g sy 115£39.45 Tadans/
W73 wes’, Amdesdndeuninasgiuvessanmanses vedlafidmannaguns
Reexpressed MDRD 11101 100.29+£32.20 iagaas/uii/ 1.73 a3, AunAsEd T
WAsFIUVRIeATINMINToeves lafifuannInauns CKD-EPI iy 101.12+24.88 Sadans/
W73 was’, Auedesduioununasgiuvesdasimsnses veslafisunnauns
VOIIWNMINDY 118.97+40.5 Haaans/u1i/ 1.73 a5’ ﬂ'wmﬁaid:ml,ﬁ'mmummgmmma‘”@ﬁ
mInseefimuImININaNMs VeI iuiiy 73.18421.93 fadansanii.73 wns’

AImasEd T uUNIIAT USRS INITNT ST IIMIINANNS Reexpressed

MDRD  with Thai racial factor (M1AU 113.23+36.36 Nadans/u1i/ 1.73 a3’ uaz
AmasEdeuUuATTIUe8ATINTNIee Yee laRAINeINANNT Thai eGFR iy
103.78+27.54 iiadansani/ 173 was’ lavldsarminses vea'la masgiu aziiuldn
AunasraufsuuunATIUsATININTeT vodla fidmmnaums
Reexpressed MDRD with Thai racial factor il IndiResiugasimanses vealaunasg
wnfiga sevaunie  mumascaudsuuunasuvessasnnses vesla ifdamein
FUN15VO9IU, Thai eGFR formula, CKD-EPI, Reexpressed MDRD, aummmﬁjﬂu ANAIAL
HAAIRINIIT 27
msad 27 uarasRnasEadeuuuasTIvesaTIMsnsesves laanmsaseta ez

i]”Iﬂﬂ”Iiﬁ”Il!’Jmﬁl’lﬂﬁuﬂ"ﬁﬁﬁﬂﬂ"ﬁﬂi’ﬂ\imﬂ\il’l@

Method Mean GFR (ml/min/1.73m’)
Referrence GFR 1154+39.45
Reexpressed MDRD with Thai racial factor 113.23+36.36
Chinese Equation 118.97+40.5
Thai eGFR 103.78+27.54
CKD-EPI 101.124+24.88
Reexpressed MDRD 100.29+32.20

Japanese Equation 73.18+21.93
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d[ o % t:' 9 g’/ = 1 v

¥99211A19051MInTevedla (eGFR) #1d91nNe 6 aumsufSeuisunaniany
8A3INMINTOINIATFIN NIz maazaums latianuuiud IndiResnuoasininies
11A5gIUNINNGA Tael¥ada Altman-Bland plot Iaghunuueu (X axis) Ao 8ATINTNTOI VD

v v

T lannmsmuadisaunsaee) Hazunuad (Y axis) Ao HaA19TEHINBATINITATO VDI
lnanasgiu nazsnsimsnsosues lai Idanmsmuisdisaumsaieg

HOATINAYTYHINDATINITNTBY 104 ln1ATTIU LagenTIMInTed vadlafldan
MIMUINAIBANUMNT reexpressed MDRD #a 14m1iy 15.6 TadaaasAniiuag °, Haaamde
5EHI98ATININTD Yo laNIATTIU LaLenTIMInTed ¥ed I ldninmsmuiadieauns
CKD-EPI &A1 13.1 Tadans/aniiuns’, nas1amaesernineensininged ved launsgiu
wazsnIMngee ved lai ldanmsmuianisaums reexpressed MDRD with Thai racial
factor 1AINAY 2.6 HaAAAT/ANNANAT, HAAIMALTEHIIBATININTB V04 lnIaTgIU LAz
(% d‘ 9 o 9 \ Y 1w a aa =1 2
8931M3n399U04 1aN 1A91nN1TAUIUAY Thai formula TANIAY 15.6 Hadans/aniiuag
HAAINAYTEHINOATINTNTBI V04 In1ATEIL azdasmsnTes ved laf Idvinmsmiuia
AEAUMTVRIIY TAIAY -3.1 Haaans/AniANaT * LazNaaamagseI1enIINTNTeY YBd

o ~ 9 [ 9 A Y 1w

lamasgu uazoasimsnses weslanldannmismuiadlsaumsvesdilu lamny  42.7

UaaansANNANAT HAAIANUANN 19-24 ANA1AL

200 -
(@]

) |
% 150
=
§ 100 - —o +1-96 SD
;;,_ 50 L 5 S:CS 79.2
(¢B) o o
o - °° S0 a Mean
1 ~O O )
g °or SgEL o 15.6
o a © c 196 SD
® -50} - ° — —
2 —48.1

-100 K1 L L 1 1 1

0] 50 100 150 200 250

Average of isotope and reexpress MDRD

UHUYIN 19 LAAINAMIIRTETZTNINOATINTNTOININTFIY LAZOATINTNTOIN 1A9INN3

FMUIUAIIETUNT reexpressed MDRD
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200 - o
150 -
o
Q — +3+ 96 SD
L.) 50 I O 73.6
08’_ Mean
405; O 13.1
'_ 196 SD
S0 =47.3
(e}
-100 K | ] ] ] ]
0 50 100 150 200 250

Average of isotope and CKD_EPI

UAUYHN 20 LAAINAAINIMAYIZHINBNITINIINTOINIATIV UAZBATINITNTOIN G913

MUIUAGTUNT CKD-EPI

200
@)
150
c
O
© 100}
& — +1.96 SD
8 50 L omons 68.5
1 (@] o
S _ °° O%O"@M Mean
g O T e nE, 2.6
8 S |
50 ao © 1.96 SD
- -63.3
-100 hH I l l 1 1 1

0 50 100 150 200 250 300
Average of isotope and correction

uRudf 21 uAAIWAA1INABIZHINEATININTEY Vod lauasgIu tazdasImsnsee la

NAMIMUINATANNT reexpressed MDRD with Thai racial factor
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200 F
O
» 150
LL
@ 100} »
= - - +1.96 SD
: -
— 50 ] ) %o 70.5
o ° © 22,2 Mean
5] OF o et Ro R 0 Yo 12.1
3 o °° 9 -1.96 SD
=0 > 6.3
-100 1 ! ! ! ! !
0 50 100 150 200 250

Average of isotope and Thai eGFR

UHUYNN 22 LAAINAAIINEYIZHINGATININTEY Vs laNnIgIU LazdaIIMINTean Ia

NMIAIUIUATY Thai formula

200F
O
150 |
7
o 100
£ — +1.96 SD
O 5ol - e 69.4
() o e
8' o OOO%DOOSBQ ° Mean
5 O = = 5 o0 ©
2 W -3.1
(9(90 OQOO
~0F © oo © o -1.96 SD
O o :
-75.6
-100 R I I l 1 1 1

o

50 100 150 200 250 300
Average of isotope and Chinese

HHUYIN 23 tAAIWAAIINEYTEHINGATINIINTEY Y4 laNnTgIu tazdasIMInTen Ia

mﬂmsﬁmamﬁ’aﬂﬁumimaﬁm
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250 F
O
200 |-
(D)
i
© )
< +1.96 SD
» 100 104.0
o .
% 50 Mean
Q 42.7
O 1.96 SD
- -18.7
-50hH l 1 l l 1
0 50 100 150 200 250

Average of isotope and Japanese

uNUNRT 24 UAAINAAIUNABTZHINOATINTNTBIVOL TANIATFIL LAz dnTIMINTBIN 191N
o Y A

MIAMUIUAIIAUNTVOIN U

VINHAAIINABIZHINDATINTNIOINIATTIY LAZBATINTNTIN IAINMTATUI
AWANMIVNAY WUIHAANIRAIVDIOATINTNTOIVDL IALUIATTIU LAZOATINTNTOI V04 In
n1dnnmsfmuInAIeauNT reexpressed MDRD with Thai racial factor 110sfiga Ami1AIe
AUMIVDIIY, gATUDY Thai eGFR, a5 CKD-EPIL @3 reexpressed MDRD aun15oq
d’ 1 o QU % d'
1y muaay a3ilainisnan 19
M3197 19 LAAINAA 1IN AYTZHINDATINITNTBINIATTIW HAZOATINTNTOIN IRa1nNs

MUIUAITAUNITOATINTNTBIITAIE

Equations and formula A reference GFR and eGFR by each method
Reexpressed MDRD with Thai racial factor 2.6
Chinese equation -3.1
Thai eGFR 12.6
CKD-EPI 13.1
reexpressed MDRD 15.6
Japanese equation 42.7
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derndnsziauduiuisznneasmsnses  vedla i ldnnmsdnudie
auMsee uazsasnanses vealamasgiu Tasfiunuuen (X-axis) fie 5ATININTBI VB4
aft I8 nmsfuadieaunIaeg uasunus (Y-axis) Ao a51mM3nsed vedlatnasgn
Tael¥aa linear regression analysis Lﬁ'@@ﬂ'mﬂmﬁ’hﬁﬁﬁ{ (r2) uaz“lﬁiﬁ’uﬂiﬂ/\lvhmﬁquﬁ
(force zero) 1HogAIAMNFUYDINTIH (slope) Falwendemdunlazand il uaumslu
URazANMs AaHugRf 25-30

Referrence GFR (ml/min/1.73 mz)

350

300

250

r’=0.269
] /
200 y="1117x

150

100

50

0 T T T T 1
0 50 100 150 200 250

eGFR by reexpressed MDRD equation (ml/min/1.73m2)
HAUQAN 25 nananNANLSsEnINeasINInsesh lannmsdnudisauns

reexpressed MDRD uazé”mwmsmmmmgm

4

9110 uRUNH N 25 WUNMANUFUNUTT2HINEATINTNTOINMUINN BTN

1 % 1 U a QJ o 1 %
reexpressed MDRD 11111 0.269 aduyszanshnlslSuaumsminy 1.117
aumsh ldnasnnlsvaumsimunzanlunguilsznnshiinngdiu Tasly

< dy [ dy
reexpressed MDRD () UNUFIUAIY

—-0.2

eGFR(obese group) = 175 x SCr My age *x 0.742 (if female) x 1.117



Referrence GFR (ml/min/1.73 mz)
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350

300

250

200

150

100

50

80 100 120 140 160

eGFR by CKD-EPI equation (ml/min/1.73m2)

aa v o 1 @ Ay ¥ o Y
UAHANN 26 LEAAIANUAUNUIICHINDATINITNT BN Gllf]\‘lhlﬁﬂhlﬂmﬂﬂﬁﬂWu’Jmﬂ’JﬂﬁﬁJﬂﬁ

CKD-EPI Ll,ﬂ85@51ﬂ15ﬂ5@3ﬂ1@\ﬂ@]1ﬂ@3§1u

aa T @ v v (Y { o
mmmuguﬁ 26 W‘]J’Nfﬂﬂ’NllﬁiJWu‘ﬁ‘33‘Vi’JNE]Glﬂﬂﬁﬂi@\iﬂl@ﬁqﬁlﬁﬂWH’Jm@a{’Jﬂ

A3 reexpressed MDRD 11171 0.419 adualszansnlsSuaumaminy 1.139

Referrence GFR (ml/min/1.73 mz)

350

300

. y = 0.930x

250

r>=0.158

200

150

100

50

150 200 250 300

e¢GFR by Chinese equation (ml/min/1.73m2)

v o 7 ' @ { o
!!N‘H{]ﬁﬁ 27 UEAANANNTAUNUTIETHINOATINITNT DI “ll’éNul,ﬂﬁhlfs’g]}%'lﬂﬂTﬁﬂ'luﬂﬂ‘lﬁl’JEJﬁﬂJﬂ']’i

VOIIU L!ﬁ%ﬁﬂ'ﬁ']ﬂﬁﬂiﬂ\i‘ll@ﬁllﬁlll'lﬁijlu
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Aaa A o v v @ { o
mmmuguﬁ 27 W‘]J’ﬂﬂ'lﬂ”J'lﬂJﬁllWuﬁ’igﬁ’ﬂﬂﬂﬂﬁﬂ'ﬁﬂ'ﬁﬂ\ﬁlﬂ\‘lhlﬁ“ﬁﬂWu’Jﬂlﬁl’JﬂﬁiJﬂTi

VOIIUMINDY 0.158 mrduilszansnlFlsuaumaminy 0.930

Referrence GFR (ml/min/1.73 mz)

350
y = 1.543x
300 *
r>=0.302
250
4
200 ®
/ ¢
10 I AT
* o o0
100 e >
L
? _‘/«"/ "
0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
eGFR by Japanese equation (m]/min/1.73mz)
Lmug:ﬁﬁ 28 L!ﬁﬂ\‘lﬂ’ﬂuﬁhwuﬁiwﬁ’ﬂﬂﬂ@lﬂﬂﬁﬂ'ﬁ’EN “ll’é]\iulﬂﬂulﬂ%Tﬂﬂ1§ﬂ1u3mﬂ’JﬂﬁﬂJﬂ1’i
Qﬁjﬂu 1BZOATININT0IDI 1M11ATTIU

aa v o d ' @ { o
EﬂWﬂLLWl‘l{]ﬂJ‘ﬂ 28 W‘iJ'J'Iﬂ']ﬂ'J']iJETﬂJWU‘ﬁ'ﬁ31’7’31\1’E]GI'i"lﬂ'liﬂﬁ@ﬂﬁﬂTuﬁﬂ!ﬁ}’JﬂﬁNﬂWﬁm@ﬁllﬂ

PR

MY 0.302 mdulszansnlelSuanmsminy 1.543



70

Referrence GFR (ml/min/1.73 mz)

350
y = 0.989x
300 .4

r*=0.269
250

200 * /
IS
150 L 3 *

100

50

0 T T T T T 1
0 50 100 150 200 250 300

eGFR by reexpressed MDRD with Thai racial factor (ml/min/1.73m2)
HAUOAN 29 naeInNNANRUTsZHINeRTIMINITeY Yo laf Idenmsmuiudleauns

reexpressed MDRD with Thai racial factor uaz'é"mwmiﬂimmm"lmmsgm

VNUHUYIN 29 WUNAIANVFNIUTIZHINOATINTNTOINMUIBAIBTUNS

1 (%} 1 % a ‘g-dl o 1 %
reexpressed MDRD with Thai racial factor (M1 0269 mduiszansnlslSuaumsminy
0.989

Referrence GFR (ml/min/1.73 mz)
350

300 * y=1.108x

250 r’=0.423

200 ®

(R
150 :—.—QQ’

<
100 X
L 2 L 4

0 T T T T 1
0 50 100 150 200 250

e¢GFR by Thai eGFR formula (ml/min/1.73m2)
BT 30 uaeInNdLLTsEHIeRTIMInIeaved lafi IdnInnsMuINAI8 Thai eGFR

formula uazé’mwmsmawaﬂ@mmgm
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VAL 30 nuhaAdTLE s eSaIMInsesfid I Thai eGFR
formula (¥ 0.423 Adunszans R 1SS DAuMIINAY 1.108

dennsandnsgimanudiug ) szuihesasimsnsesvedlafisuinde
aumsnaua gy tazsasimsnseedlauasgin TaelFada lincar regression analysis
oA NuANTUT VeI IMInTeaves lafi IdnmsFImAe W1 6 AU 1AZsATINS
nyeeveslANATgI AaHLgif 31-36

Referrence GFR (ml/min/1.73 mz)

350 —
300 ® y=0.746x + 41.03
250 r’=0.370 —
200 2 s
150 . o 5 ¢
100 - AAN
50 -
0 T T T T )
0 50 100 150 200 250

eGFR by reexpressed MDRD equation (ml/min/1.73mz)
ad' v o J 1 o Ay v ° Y
UAHANN 31 L!ﬁﬂ\‘lﬂ’ﬂuﬁiJW‘LJ‘ﬁ’iZ‘H’JN@ﬂiTﬂ"l'iﬂ'iENEUENhlﬁl“lflvlﬂmﬂﬂ1‘iﬂ1u3ﬂ!ﬂ?ﬂ qaunNg
reexpressed MDRD Lm%ﬁ?ﬂﬂﬂﬁﬂiﬂﬂﬂl@ﬁhlﬂiﬂﬁijj?u
4 L o v J 1 [ . o .
mﬂﬂiw‘l‘ﬁ W‘U’J1ﬂ1ﬂ’JTNﬁlJ‘IN‘L!‘ﬁ'ﬁ%‘ﬂ"ﬂ\i@ﬁi1ﬂ15ﬂ5@\1ﬁﬂ1u’3m€]}’38 Thai eGFR
formula HAZBATINTNTOIVDI IANIATFIUMIAY 0.370

Referrence GFR (ml/min/1.73 mz)
350
300 +— *
250 4 y=1.032x + 11.49
200 4 12=0423 4
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100
50
0 T T T T T T T )
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e¢GFR by CKD-EPI equation (ml/min/ 1.73m’)

a v o 1 o { o
!!NH{]Nﬁ 32 Llﬁﬂﬂﬂ'ﬂuf’fll'WLl‘ﬁig‘W'J'N@@i'lﬂ'I3ﬂﬁENEU'ENll@ﬁl’l@’]}ﬂ'lﬂﬂ'liﬂ'luﬁmﬁg]}?ﬂﬁllﬂ'li

CKD-EPI L!ﬁ$€ﬂ§1ﬂ1§ﬂiﬂ\1‘llf)ﬂhlﬁll']@]ijlu
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Aaa A o v v [ { o
mmmuguﬁ 32 W‘]J’ﬂﬂ'lﬂ”J'lﬂJﬁllWuﬁ’igﬁ’ﬂﬂﬂﬂﬂﬂﬁﬂiﬂ\ﬁlﬂ\‘lhlﬁ“ﬁﬂWu’Jﬂlﬁl’JﬂﬁiJﬂTi

CKD-EPI 11026A51M13n509904 1aunasg1uminy 0.423

Referrence GFR (ml/min/1.73 mz)

350
300 L2 y = 0.555x +49.82 —
2 =0.324
250
.
200 *
/0
150 ~ LA
100 ¢
g $
50 - P @
']
0 T T T T T 1
0 50 100 150 200 250 300

a ¥ o 1 [ ! o
uwuguﬁ 33 U,E‘Tﬂ\1‘ﬂ'nlIE‘TiJW‘L!‘ﬁ3$‘Vi'J1\‘]'6@]51ﬂ15ﬂiﬁN"Uﬂﬂqﬁﬁqﬁ}ﬂTﬂﬂTiﬂTu?mﬁjﬁﬂ

VOIIU Lm$5ﬁ51ﬂ15ﬂ56\1ﬂl®\11ﬁu1@i§1u

¢GFR by Chinese equation (ml/min/1.73m’)

aung

VNUHUYIN 33 NUNAAIWANTUF5ZHINEATIMINTBIRMUIUNITAUNTUDI

U 1AZEATINTNTOIUDI 1ANIATFININD 0.369

Referrence GFR (ml/min/1.73 mz)
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300 y=1.094x +35.78
250 2=0369
*
200 *
*
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0 20 40 60 80 100 120 140 160
e¢GFR by Japanese equation (m]/min/1.73mz)
HUNUHS “ﬁﬁ 34 Llﬁﬂ\‘lﬂTmequﬁ’iwﬁ’JN’é)ﬂﬁmiﬂ'iE]Qﬂlf]ﬂhlﬁﬂ"lﬂmﬂﬂ1iﬂ1u"]mﬂ’w qunNIg
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mmmuguﬁ 34 W‘]J’ﬂﬂ'lﬂ313JﬁllWuﬁ’igﬁ’JN’ﬂﬂﬂﬂﬁﬂi’ﬂ\iﬁUﬂx‘lhlﬂﬁﬂWu’Jmﬁl’JEJ

UMV U 1azdnIINMINToIved lauasgIu MmN 0.369

Referrence GFR (ml/min/1.73 mz)
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eGFR by reexpressed MDRD with Thai racial factor (ml/min/1.73m2)
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reexpressed MDRD with Thai racial factor LLﬁ%ﬁﬁﬁﬂﬁﬂiﬂW@ﬁhlGlll1Gliﬁ1u

Aaa A @ oY p— ' o { o
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reexpressed MDRD with Thai racial factor N 0.423

Referrence GFR (ml/min/1.73 mz)
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e¢GFR by Thai eGFR formula (ml/min/1.73m2)
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mmmu@,ﬁﬁ' 36 WUNAANUAUIUT 2N I96ATINTNTOIRFUINGIY Thai eGFR
formula 1AZBAIINTNTOIUDI IANIATFIUMIIAD 0.431

dofinsananmnnuduius wuhaumsaianuduiuisusasimsnsesvedla
1103519 1 1 TeusEl Thai eGFR formula, #1015 CKD-EPI, reexpressed MDRD with

Thai racial factor, reexpressed MDRD, aumimmfﬁﬁu AL



a
unn 5
a v a v
agﬂwams'mﬂ anﬂimwmmzmmaummz

ailwamsIde
I Y ~ o v
1. Aumsdanululszanns Inedtinnngsiu (BMI 2 30 Alaniuiuas’) ogmae 42.5 )
Y { a [
Wminmae 93.5 A lansy

2. Cr RAasNINY 0.85 mg/dl LALBATINITNTBIVDL IARAUMINY 115 ml/min/1.73 m’

I o y J o ] v o w
3. ©1g, BUN, Cr tag Albumin iJuauilshiinaneonsimsnsesvedla egrelitiodinny
neana P < 0.05)
%’ o [ = ,i’ Aa <3 @ A 1 [
4. AN, ANNGY, A¥TILIaN1e, NUNA31908 HudlsNTHaaedns 111330901
o ua hifhiedngmeada (P = 0.05)
[ 1 A Ay v a d Aaa v =\
5. MANUUANAIUNAEN IAINNTANTIZHADA Bland Altman Plot Y9duaaza il
v v H v
AUUANATNNY AIANULANANMASNDENGA LVIVONDINAUNTHUT AUINAIOAT
Y A [ A
msn3esved la 1 IndiAsanusnsimsniesues launsgIu (reference GFR) Nga
6. HAMUIUBATINTNTOIUDL IAN 1A INFNNT reexpressed MDRD with Thai racial
~ Y 2 v o Ay v an 2 &
factor 1ANNINAIRBINUBATINTNTBIVBS 1o 1A910TF renal plasma DTPA clearance a1l
ax o 1 Aa Y
Wuasgulumsasioasimsnsoswssla lunguilszanns Inehlinnzdm BMI - = 30
nlansuiuns)
[ a 4 ] 1 A Y
7. maulszdntvesaumsonsimsnsesvosnguilszanns Inehiinnzdau
. { a3 ¥ 1w
(Thai obese factor) ﬁﬁlﬁffjﬁum’i reexpressed MDRD Lﬂﬂﬁﬂﬁﬂ! MmNy 1.117
] [ v J (% @ 1
8. MANNFUHUTUDIBATINITNTOWWIATTIU LALBATINITNTBIDT laf la1naums
o o v J 1 o g‘;
89351A13AT09 (correlation : 1) HEAAIDIANUTUNUTILHINHATATININTBWRA AN 2 T
1INMTIVENUNOATININTOIN IdnInmsmuIndleaumsvedlng  (Thai formula) Tf1ga
Nga MmNy 0.423
' v o = Ko o Y 9 A a oY
9. WUNMANNFUHUS luMsAnElimaoudnlosnnaums eAnTIzHae
9
aa Y] 1 1 o v Jd 0 1
@09 linear regression analysis YN force zero waz'li force zero mmmauwu‘ﬁagiuma
v Y
0.158 §40.423 UaE 0.324 D4 0.431 MUAIAY LAAIDINATNIINAT validate AUMTUU
I = 1 & o Ao 1 o 13 = v A Ao [
pvaziluiisaaiuniiavesfteninaneons1nsnsedvedla uan 819z liifadeduniinane
gasmsnIesvedlalunquilszannifiinnngd  au BMI =30 dlansu /was’) 15U uIa

9 L @ Y @ 3 J < 9
NAaTULUD, ll')auléllilu, i@ﬂag"ll'ﬂ\ul’lallel]mu !Lﬁgﬂgu1mu1ﬁlu51ﬂﬂ1ﬂ 1uau
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10. @UNIT reexpressed MDRD with Thai racial factor tae UMIVDI N (Thai formula)
9 o (% 9 1 o 9 d’ v d‘d
awnsoldmuiuoarmsnsesvedlalauiud uazgndesnniga lunquilsznns lnedd
AU (BMI = 30 dlansuiuas’)
1. gumsvesInelunguilszanns Inelinnzdiu BMI = 30 Alansuiuas)

-0.203

eGFR =175 x Crenz "™ x Age "~ x0.742 (if female) x 1.117 (if Thai obese)

anlsiema
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= dy Y I v =\ v Aa v 1 A v o
ninmsantuaasliun Jfwedlinanusnsiminsesves laedrediioddny
aayy 1 . = o . =2 @ A
nuana ldun 819, BUN, Cr, Albumin $9A590UAUNS 4 variables MDRD Jaiiluflunuos
g’/ 4 1 [ H an <
AUMI MDRD 9101z HmMAaNuuana1unas laslsada Bland Altman Plot #afAnH1
ANUUANANTEHINOATINTNTBIVEL INIATTIU HazenT1INTNTIved lanmiuia laan
aumslutaazaums lasNauLANAINTEHINBATINTNIDIVY IALATIIW HAZEATINT
9 ] =3 1 g}; o 1w Y A (% [
n599v04 latlos UauondaNaumMIue muuneasInsnsevedla lalndiReadusas
MIN509909 1aN1ATIIU (reference GFR) Wnfiganasiuiaensimsniosusd lan lanin
AUMT reexpressed MDRD with Thai racial factor  uaulndifeenusasimsnsesvesla
' ] 9 v
nasgannige lunguilsznng lnehiinngsau BMI = 30 nlansuauas’) asiunni
2o Vo @ < AN o A 1w
aumsi lamunsninmsnsesvedlaluilszanns nenaly Taehdidytivianme minu 253
Alansy enusaldmuiudasimsnsesvedlalulssmasniinnzdin  BMI = 30 Alansy/
2 Y (B 1] LY -( =® dydl 1 F) Y A a J Y
was’) 14 wunmanudunus lumsanidmasudniosnnnnauns elniiziaie
Y
aa . . 1% ] ' o v 1
@06 linear regression analysis Y14 force zero waz 14 force zero mmmauwu‘ﬁagﬁlumq 0.158
v v
D49.0.423 1Az 0324 04 0.431 MUAAY HAAIDINAWTN N validate FUMTHY D199
I ~ 1 = v AA v o 13 = A Aa T W
Fuisaarunilavealaseniinanesniinsnseusdla uaneivszidunlsouniinanesni
1 H a 1Y) [ &’
msnsowedlalunquilszyinsilinnzdiu BMI = 30 AlanSu/uas’) 1wy wrand e |
@ 9 @ o J < Y A o T o a J
wa'lviiy, Fesazveawialviu uazalSuaniluseme dudu uaviiiorh aduilsednsves
@ 1 A 9 . Aq ¥
AUMIOATININT0I0INgNTEHINT INeNTIN11282U  (Thai obese factor) 0 l¥auns
<3 dy Y R A Y Y ' o a QJ
reexpressed  MDRD  (Juiiugiu mmny 1.117 Geialnafesnuaauiscansvos aums
[l rd v
reexpressed MDRD with Thai racial factor #93AaNUIEANT N1AD 1.129 AIUUMSIIABATING

= 1T o ~ ]
ﬂi@\?elj’t]\‘lulﬁiﬂﬁlcl%}ﬁhﬂ1i reexpressed MDRD ﬁmmmgﬂ@ﬂfm UASHNUHININNETA TDI0INUN

Ao aum3sved1ne (Thai formula)
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A a 1 o v d 2 J o Ay v 9y
HNNTAMANUTUIUT () TeHININAOATINTATOIN laanmsasde Lasldans
“"Te-DTPA HAZHa eGFR 1NANMIBATINITATO NN 0.324 D4 0.431 UANIDINDI1L]
] v ] Y
TadedunaIuneITed U v1and e (Skeletal muscle mass : SMM), u2alviiu
y 1
(Body fat mass : BFM), %’aﬂazmmma”hmu (Percent body fat : PBF) wazafsuanihlusiame
(Total body water : TBW) ttazifsouiiousznang 2 ngu Av ariiuianie =30 nlansuiuas’
HAazAYHNIAN1Y <30 N1anSUANAT AIA1319N 28

M131971 28 LLEAAIAA Bioimpedance analysis

Body composition analysis Body composition analysis Body composition analysis

BMI < 30 kg/m’ BMI 2 30 kg/m’
Body weight (kg) 59.19+10.52 (35-77) 92.82+20.40 (68.60-167.0)
Total body water (L) 31.10+5.96 (22.30-49.70) 40.62+19.74 (24.40-152.50)
Body fat mass (kg) 16.68+6.78 (4.70-32.20) 40.47+13.73 (4.90-39.6)
Skeletal muscle mass (kg) 22.98+4.93 (15.80-38.70) 30.49+16.07 (3.00-58.80)
Percent body fat (kg) 27.7448.76 (9.90-44.80) 43.434£9.07 (3.00-57.80)
N 39 78

[ v Y
WenfSeueuanuuana1avodanagued TBW, BEM, SMM #@ag PBF U934 2
ngu 1ag 1Y non-parametric test; Mann-Whitney U WUIMHAMUANA NN WD T Hod ARyN1g
9@ (P =0.000) #a91519% 21

M3197 21 taaIHanl3eunel Bioimpedance analysis ¥991524105 2 ngu (BMI 2 30 vs

BMI < 30 kg/m’)

TBW BFM SMM PBF
Mann-Whitney U 691.500 88.000 72.000 229.000
Wilcoxon W 1.472E3 868.000 1.502E3 1.009E3
Z -4.796 -8.286 -4.617 -7.471

Asymp. Sig (2-tailed) .000 .000 .000 .000
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1 ' { i o a g
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A g ,i’ o & A 'V v 9 o w
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L ' 4 a o
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9
v W

1 1 1 o %] 1 i‘
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o 90’ 1 I
170 1y aaeaauSuaniilusiame wudu

I { a 1) {
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y H =) 7 H ) u QU {
42.5 % vhminmae 93.5 Alaniy , Wa Cr AYNINY 0.85 mg/dl 1AZEATINITNTBRd lamae

10U 115 mI/min/1.73 m* 1AgNINIIN

msﬁf’hﬂ%‘luﬁeﬂﬁﬁﬁ (Implication for practice)

o 1 U a Qd 4 &’ v
aunsothmdudseans (1.117) T8 dielFaunsnugiu reexpressed MDRD 4

154) (-0.203)
(&

AU eGFR = 175 x Crenz. " x Ag x 0.742 (if female) x 1.117 (if Thai obese) UALIN
N19 validate @UNIT ﬁ?ﬂ’j”lﬁ”m”liﬂcl%}ﬂllmi reexpressed MDRD with Thai racial factor iag
AuMIUe3 1ng (Thai formula) Tumsmiuimnionsimsnsesves lalunguilszanns Ineill

Y Y Y 1 o = F) o "9 aa o a Y]
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msin1NFludanuideluenan (Implication for further research)
A Y o w kY 1 1 Y [
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1.Age .... years
2.Sex ....1) male ....2) female
3.Body weight ..... kg
4. Height ..... meter
5.BMI ... kg/m2
6.BSA ... Vkgm
7.Blood pressure ...../.... mmHg
8.Waist/Hip circumference ...... BYO cm
9.Current medication

10.History of smoking

....1) Never ..... 2) stop more than 2 weeks ...3) stop less than 2 weeks
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11.Underlying disease

12.Date of registration ..../..../.... (date/month/year)
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