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Glomerular Filtration Rate and Patient Prognosis in Diabetic Patients with End-stage Renal Disease

Ken SATOH, Tetsuya BABAZONO and Yasuhiko IWAMOTO
Department of Medicine ITI, Tokyo Women's Medical University School of Medicine

When to initiate dialysis in patients with end-stage renal disease (ESRD) has been a controversial issue. The
current study was designed to determine whether glomerular filtration rate (GFR) at the time of onset of dialy-
sis predicts survival in diabetic ESRD patients. A total of 475 diabetic patients, 330 men and 145 women, who con-
secutively started dialysis between 1994 and 2001 were included in the study. Mean age at the onset of dialysis
was 59+12 (SD) years. Patients were divided into five categories (quintiles) based on the distribution of GF R,
estimated using the Modification Diet Renal Disease (MDRD) Study Group equation (MDRD-GFR). The end-point
for survival analysis was all-cause death during the follow-up period. Patients were censored at the time of kid-
ney transplantation, loss to follow-up, or on December 31, 2002, whichever occurred first. Five-year survivals for
the first to fifth GFR quintiles were 61.1, 584, 67.3, 63.8, and 68.4%, respectively (p=0.694, logrank test). There
were no significant differences in the survival among the five groups based on Cox's proportional hazard analy-
sis. Therefore, MDRD-GFR has little or no predictive value in determining patient survival, and there is insuffi-
cient evidence to advocate starting dialysis solely on the basis of MDRD-GER in diabetic patients with ESRD.

Key words: diabetic nephropathy, end-stage renal disease, glomerular filtration rate, initiation of dialysis, mortal-
ity
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PERBIERE T, g2 L7 F = VEAME IS
bEHLLT, WAROUFELZHNE LTENBAICE
BGENLENI LXEAMOBEETH B, LirL
ENFRBOERE LT, BROBE THAED ZBH
WHONTWARIEZ LT F v e L7 F=y - 2

PRAFEHRREZ A3 2 L TE K OB SN T
W B2 & B F 2 T Modification Diet Re-
nal Disease (MDRD) Study Group™ i3, ScERAEE
& (glomerular filtration rate; GFR) @ & 0 [F#E 5
MEE LT, e, % A, mWEsL7F5=v,

MBREER, BILIOCMBE7TNVTI v 2 AR
(MDRD-GFR, #i) ZRME L, %% < ORI
THWHNRTWBY™, S HIZ2002FEICKEESN
7z Kidney Disease Outcomes Quality Initiative (K/
DOQI) Clinical Practice Guidelines for Chronic Kid-
ney Disease T\, #ER#E, FEHERFEEZ IZHh b5
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ACE S HERFBUEBIERZF BT L2EARD

MDRD-GFR & EAHD L@ TH L OMEL RIS

%2 L2 X 5T, MDRD-GFR 2SR 1B B

DBENEADIRIEE 2 ) 5 2 hErEET L7z,
HWEBLUVFE

1. X®R

1994 4E 1 B 55 2001 4 12 A F COHIMIZ, Ho
L ERRFERERFE L v 7 — TIHLREN & 5 Vi3
T E R EN (continuous ambulatory perito-
neal dialysis; CAPD) %A L7-&ERBEAER
F AT B NGRE L. BA2OBREEREAELLT,
BEIRIEMEEE DS D S DR L N TH - 72 BB R,
BT AR R IFEIRE 2 320 2 b o 72 BB IR
L7-.

2. H&

SBNCH LEATEA BRI L, MEB X OEE
AL 7 — % % f{ll % L 72. GFR & MDRD Study
Group'V MIRME 3 2 W, M4, M7 L7 F =2, i
EREEE, BIUOMEBE7TVTIVEHWEUTO
X BHoOBEAE GFR=170XME 7 L 7 F =
VO RO X M IR FER O ME T VT3
v kD4 GFR=170XME 7 L7 F =
09 X AR RO (0762 X DL IR K 88 F XML
TNT I 2 HNCHEE L7, =B MDRD O
IR, Ao XA AE (BADLVIEZOMD
AFE) IZHT A REPE TN T 505, AFROR
BIFEFHARANTH L0, TO/RBE1 &L

HARORERR, BAEDSNOESREAELT,
EEIIRER, MIEER, FHREE T 238E, 8
PRI (B R D A VIEITFEE), Migd LR
BfE, BEHHAEMOFEICIOWT, AL TOR
R E B & O AROFERAEIC L > TRER L.

% 4" MDRD-GFR L OB HRE ST A —F L DB
WA ST A HKT, MDRD-GFR & HICH
WhIMEZ L7 F =V BLXUOREFER, 61
Cockeroft-Gault @ 3. © 5 ¥ @ 35 & ([140 — 4 #i] x
RE [kel/MiEZ VT F=vx72), Zho%E
([140— ] X R E [kgl/MMiEZ VT F = v X72
X085)PIZk Y RDIZLTF=Y - FIVTFVA
& OB ZAT o 72,

RIZ 475 O R EZ % MDRD-GFR ED 5
St (quintile) 12X > T, BOBDO B HTOD
S5ECE L, BAROBKRIT R, EAKROTHRE L
B L7, THOBITIEREBIZH % 2002 4 12 A 31

9

HEL, CORMICBITZ4EM, H5VIZENLHE
ORTCEIBBHMOAEELHR L. BBELZ
FREICE LT, BEBEORRIZIPDLT,
BN T CAFEL, g L L.

BAEDFEIE mean=SD & L7z, R O#ESED
812 1% Student’s t test B % Wi — T ELE 55 #L T
W, EEECE O HBIC X Fisher BEMERFEED 50
13 Cochran-Armitage iR E" % v 72. MDRD-
GFREIZ X o CHEL 725 HOBABLDOAFRIL
Kaplan-Meier #:12 X 0 B L, #H O LB log-
rank BB & o THT o 72, & 512 Cox O HHIN
F— FEFVEH, BRELL#ERE (FI-%
¥ A WidEfiEE Lo MDRD-GFR EDF
BICKT AR, BEARBIUOSEERHITIZL -
THE L7, & Cox EF IV T stepwise £
BIRE % 7295, MDRD-GFRED 4 ¥ I — &
ZIREIAIZE I E T VICELD SAA 7, Bl EDREHE
M1 Statistical Analysis System ver 82 |2 & - TAT
v, WTFRY p<00s DGEEE AR E L.

# R

1. WREFIOEBEKRATR

SHRFER 475 2 O EERNIZ B 330 44 (695%) , &
M 145 44 (305%) , EAKEOF L 59+ 12 (mean +
SD) B Tdh o 72. HAMERFRFRFERIFDWEEER
BABEICBT R GEINE D R EE
%, 1BUHERR G284 (59%), 2BUNEIRIFHA474 (941%)
Th ol BABOEN 7L, 456 % (96.0%)
I EAT (MEERE L), 194 (40%) P REE
MTHhHot.

WA OREREIE, MFERFELEFK 763224
(21.0~1947) mg/dl, MEZ L7 F = 807+181
(2.84~22.20) mg/dl, IMFE7 V73 ¥ 30+£05(15~
43) g/dl, ~=<rZ VU v b 265+40 (158~439) %
Thot. BAROEFRBAOEHEER, THRK
YL 17.9%, IS B 185%, FEIES: £ 721338
36%, B E 80%, Mi%kd L IZHULIE 3.6%,
B 72% TH o7z

2. FEifE AR MDRD-GFR & i DE#EE/N S
=2 EDRE

MDRD-GFR ® 4 4 % Fig. 112 /R 3. & B
MDRD-GFR 13 684 +1.62 (2.09~15.65, HJ:1H 6.77)
ml/min/1.73m* T& - 72. B2 jlo MDRD-GFR i3,
B 713+151 (209~15.32, F1 9 4 6.99) ml/min/
1.73m?, 2 P 6.18+1.68 (2.77~15.65, H I 4 5.94)
ml/min/1.73m’ TH ), BETHEIISHETH -7
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(p<0.001).

MDRD-GFR & IfiiE 7 L 7+ = v, REER,
Cockcroft-Gault D2k Y ko727 L 7F= .
79T J v AEDMBE% Fig 2-A, B, CIZRT.
MDRD-GFR & %735 4 — % L OB (2w
IXE M) 1 MDRD-GFR=42081 X [filig 7 L 7 5 =
> 7% (Fig. 2-A, 1"=0.650), MDRD-GFR = 30.65 %
REEF ™ (Fig.2-B, r’=0.187), MDRD-GFR =
0433x 7 L 7F =V - 275 A+337 (Fig. 2-
C, r'=0405)TH Y, WINdMeErEMIcHELH
BEERD7.

MDRD-GFRE® 5 58z & o TH¥E L 72 1~5
HOWE R % Table 1 ISRY. BARERICEIT

100 | T :
90 ﬁV f |
80 / 1 !

male n-330
70
2 o] A
= 60+
=

female n=145
overall n=475

10 7 |
0] }
T [ L L L e | L |
0 1 2 3 45 6 7 8 9 10111213 141516
MDRD-GFR (ml/min/1.73 m?2)

Fig. 1 Distribution of glomerular filtration rate
(GFR) estimated by Modification Diet Renal Disease
(MDRD) Study Group equation at the onset of dialysis
in male (bold line, n=330), female (intermediate-
thickness line, n =145), and overall (thin line, n =
475) diabetic patients

o7z, MDRD-GFRED L ) BWEETHE®
REPFERICE Do 7. BAHHE Tld, MDRD-GFR
HERCINEIRFER, ME2 L7 F = v ik,
MET7NT IV, A= b7y b, Bkl HCO; 135
ETH o7z, AT, TEIRE B A MDRD-
GFRKMERE CTHRICE 2o 7205, hoEBO &%
ES MM THEZ RO o7,

3. 2EFIDFH

2002 47 12 B 31 HBFE, 475 % 284 % (59.8%)
PELELTEY (CFHBIRIPHE 4641222 48), 170
% (35.8%) MSENTEA 301198 (0.01~836) 4E
RIZFELE, 13 4 (27%) H3F3 1.21 £1.63(0.01~5.77)
ERICEBMEZZTTEBY, 2010 84 (1.7%) A
BAM 290+0.76 (1.70~3.90) SE D 5 T BAHE T
HoTz.

BN BT 2 BIEMRIE 3.93+2.29(0.01~9.30) 4E
Tdh-7:. Kaplan-Meier {12 & 5 A 1EHI# % Fig. 3
VR, 1, 3, 5, 9EAFRIZNZFN, 934,
786, 63.1, 424% Th 7.

4. MDRD-GFR EEBAZDF#% & DEE

Fig. 412, MDRD-GFRlIC X > THHE L 7= 5 BD
A R Y. SRR, $— 50 MRE61.1%,
BB 5 LB 584%, H= 5 B 67.3%, &4 5 45
L7 63.8%, B 5 L8 684% Tdh Y, logrank
test CEHICHBR LA ZBDO LD o7 (p=0694) .

RIZMDRD-GFR & ¥ & OB# %, Cox O M)
NPF—=REFVICK TN L7, S THEER S
%3 MDRD-GFR O ADEE %, ¥ I —LH %
MDRD-GFR & % B§ @1t L CHEAMT4 5 &, Table2
WRT LI, BE500E (BBE) 1283 54

)

MDRD-GFR
(ml/min/1.73 m?2)
PRE2EBREE by

T T TT T O
0 5 10 15 20 25 0
Serum creatinine
(mgy/dl)

50 100 150 200

Blood urea nitrogen
(mgy/dl)

T T T T T T T

0 T
0246 81012141618

Cockceroft-Gault CCr
(ml/min)

Fig.2 Relationship of glomerular filtration rate (GFR) estimated by Modification Diet
Renal Disease (MDRD) Study Group equation with serum creatinine (A), blood urea
nitrogen (B), and creatinine clearance estimated by Cockcroft-Gault formula (C) in dia-

betic patients
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Table 1 Demographics, laboratory data, and comorbid conditions of 5 diabetic patient groups classified according to
estimated GFR using the MDRD study equation

1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile
(n = 95) (n = 95) (n = 95) (n = 95) (n=95  DPvale
GFR (ml/min/1.73m?
range 2.09-553 553-6.43 6.43-7.10 7.15—8.06 8.06—15.65 < 0001
mean + SD 473+0.65 6.01+0.27 6.76 +0.18 753+0.25 9.17+125
Age at onset of dialysis (vears) 59+ 12 6011 59=12 57x12 59+13 0414
Men (%) 442 61.1 79.0 79.0 842 < 0.001
Type 2 diabetes (%) 85.3 97.9 96.8 947 95.8 0.019
Body mass index (kg/m? 222+31 224%3.1 230+29 21627 21.7+28 0.007
Hemodialysis as the first modality (%) 99.0 96.8 92,6 979 93.7 0.136
Laboratory data
Blood urea nitrogen (mg/dl) 91.6+264 783+188 76.0+204 727+179 64.6+ 187 < 0.001
Serum creatinine (mg/dl) 10121 8509 85+09 7409 63=1.1 < 0.001
Serum albumin (g/dl) 2905 30£05 31+06 31£05 31+05 0.008
Serum potassium (mEq/!) 4309 41x07 42+07 42x06 41+07 0.300
Total cholesterol (mg/dl) 196 +52 197 59 193 +53 189+56 188+ 56 0.723
Triglyceride (mg/dl) 153 =80 149+ 90 15376 140 £ 69 148+75 0.798
Hematocrit (%) 248+41 263+40 274+39 264+35 278+38 < 0.001
Arterial HCOs (mEq/I) 188+39 20.7x4.1 199+38 209+47 20.7+3.8 0.007
Comorbid conditions (%)
Coronary artery disease 126 147 19.0 190 242 0.028
Cerebrovascular disease 16.8 190 20.0 190 17.9 0.867
Foot ulcer or gangrene 32 53 21 32 42 1.000
Chronic liver disease 74 95 42 84 105 0.550
Pneumonia or sepsis 53 5.3 1.1 21 42 0.383
Malignant disease 74 9.5 74 53 6.3 0.450
100 100
90 - 90
_ 80 80+
£ 704 £ 70
% 60 \ % 60 -| .\
2 50 ] -\__\_\— = 50 1
8 40 ] 8 40 ] 2
T 30 T 30
=W 1 o |
20 4 20 7 3
10 - 10
O- 771 1 71 T T T T T T O- 77T 7T T T " 1 T T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Years on dialysis

Fig. 3 Cumulative survival in overall 465 diabetic pa-

tients commencing dialysis

Years on dialysis

Fig.4 Cumulative survival in diabetic patients divided
into five quintile categories based on the distribution
of MDRD-GFR at the onset of dialysis

ABEDONF— FHI20884~1231 TH D, »wIhd
BT R o7, 4, 5, BML MET
VT, A2y b, EEIIRES, BILE)
B, OTRIEE T2 38E, BUHER, bl
ZRCIME, EBWRHAMOSHOFELIEELE LT
EFMIIIZ, stepwise BEBINFBIC LB L E R
Cox BN — FEFVIZBWTDH, MDRD-GFR
HEBOAROMATFER, =500 II0d 514

BEoNF—FRHEIAECTR 2o/ 6
MDRD-GFR % g & L CETFVICHD AAZHE
LE -S4 EBEMMICB VTS, MDRD-GFR @/
P FHIZEBTIE o7 (Table 3).
z =

ARFZEIE, YRk CTEE SEMICENEZEALL
PERGVEBE B E 475 A e xtH L L, BEARO
FRAEE % RE & LT, MDRD Study Group D#2ME L7z
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Table 2 Effects of MDRD-GFR as a categorical variable on patient survival

Univariate analysis

Multivariate analysis

Variable
Hazard ratio 95% CI p value Hazard ratio 95% CI p value
MDRD-GFR

1st quintile 0884 0.549—-1.425 0614 0.680 0.419-1.105 0.1198
2nd quintile 1.231 0.789-1.922 0.360 1.126 0.709 - 1.789 0.6144
3rd quintile (reference) 1.000 — 1.000 — —
4th quintile 0974 0.607 - 1.562 0912 1.036 0.639-1.679 0.8862
5th quintile 1.034 0.627—1.706 0.896 1.029 0.615—1.720 09146

Age in years —
Coronary artery disease (yes vs no) —
Pneumonia or sepsis (ves vs no) -

Malignant disease (yes vs no) -
Serum albumin in g/dl —
BMI in kg/m? —

— 1.048 1032-1.064 < 0.001
1.538 1.060~-2.231 0.023

— 2.030 1.086 - 3.792 0.026
— 1.791 1.095-2.928 0.020
— 0.389 0279-0541 < 0.001
— 0.924 0.873-0.979 0.008

Table 3 Effects of MDRD-GFR as a continuous variable on patient survival

Univariate analysis

Multivariate analysis

Variable

Hazard ratio 95% CI p value Hazard ratio 95% CI p value
MDRD-GFR in ml/min/1.73 m? 1.035 0.937—1.143 0.463 1.079 0.980 —1.188 0.122
Age in years — — 1.048 1.032-1.063 < 0001
Coronary artery disease (yes vs no) — — 1525 1.054 - 2.208 0.025
Pneumonia or sepsis (yes vs no) — — 2222 1.218 —4.054 0.009
Malignant disease (yes vs no) — - 1.768 1.082 —2.888 0.023
Serum albumin in g/dl — — 0.400 0.289-0554 < 0.001
BMI in kg/m? — — 0.930 0.879 - 0.984 0012

GFR S EMBADIEL 20 5 22 KIFT 5 =
LEHME L. ZoiE, # AR MDRD-GFR
TREEAL L-BERE, BXOSERRL LTl 728
BOVTNIIBNTYH, BFEABOFHREOME
BROLholz. ThbbINLDOMENS,
<& HHERFERERE TIE, MDRD-GFRIZ X -
TENBEARHZRET 2B LB Z Lne#
Z b,

FTAEREFRIR M B B T, RO A7 57,
BRRIERZ B L 72 L CEMEARM 2 ET 2 2
ED—RIITH B, PERFETEORHE LT,
B R E O B R A & KA TR 2 & DU AR
RKBBOENDE Z LR ZOMME LTS, LA L
BRREORHE & L Cld, MRIMIE 2 L 75 = s
HOONTWEO0HRTHS, MErL7F=
BIXEREDO A% 5T, EFOHARICLIKET S
720, Edm, PR, K, REIREL SR ER T
FRedn FABBEOETIEVI LTS
Y DRMED S OGWHIENT 5720, FITRIE

RERBIIBVWCZLTF=V - 2T T VAU,
GFR ZBAFHli§ 2 Z M SN Tw53. fiEoT,
IV FZUBLIYILTFy YT AR
BENEAOKEL T2 2 LICIRMEIS V. S5
R & MO BT, EEAROME
JVTFoUPRETHSIIE, BABRDOFHEIAR
BThHo/®., Thonl ers, MEsL7F=
YBIUOILTFZY 2T S VAP, E
FHEADIEEE 72 1) ) 25 BRRE D& B 7 $51E
RO LN TE 7.

1997 4-12 563 E 72 National Kidney Foundation
@ Dialysis Outcomes Quality Initiative ( NKE-
DOQD DAL FIA4 22X b &, HERFBEERS
WZR5T, REOE VT 5V AEHKAKGETH
1E L7z Krt/Vurea THRIFEWEZFML, Znas
20 TEDLBGEIZENMZHBET S L2%ED 5
NTW5B., 72721 Krt/Vurea # BN EA R L 5 2
CERFHLBMESTHY, ZOFMERET > Tz
V. Kuhlmann 571, BTEAR OB AREEBEICE
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W, Krt/Vurea iZIliEZ L7 F =07 LT7F =
Ve UT Iy AGEEDHBEICZLVI L %R
HTW5E, F-mikis X L7z Netherlands Coop-
erative Study on the Adequacy of Dialysis Study”
T, Krt/Vurea I2 & o TENEABE & BHEA
BRI & RSB AR08 LB A RO PR Z L
AER, MBOEFRIIEIRDLN o /2.
Krt/Vurea DEHICIZ 24 BEBRVLETDH Y,
EROMEEIKET A20FEBIZLVWI L
2, BREOZSEERGEIIIFRETRIEOR
ELLTHMTERWREOMELH L. RBEE
& A3 DARHE FR % M B AR 12 B\ T Krt/Vurea &
BB ABOTHEZ R LR T, & Krt/
Vurea THEALBEOTFENRIETH o7, 272
LECRRAEEROFEHEL EOMEDH Y, BE
BABE LR LR EOERRFETETERE BT
Krt/Vurea OB HIIATEETH o 7.

AWFZE TR 2 MDRD-GFR i, LiZili~724 9
AR, M, ANEE, MBS LT F= v, MERERE
FBIVCMETNTI VLo THEIEENS 720,
ERBEELELE LWHET, 2VT7F= 7Y
7 v AR Krt/Vurea (b~ 72 BB AF B B e O
el L # 2 55, 72 Cockeroft-Gault DRIZ XD
ROLZVLTFov - 7)) T T VAZHN, KDIE
W7 GFR -l TH 2 Z L » 5, #ED National
Kidney Foundation Practice Guidelines for Chronic
Kidney Disease?iZ BT b, 2HEE R A D GFR
BHHEE LTHRASRTWS, 22 LAMEL R
B2, BHEARO MDRD-GFR & EABROFHE
W& L7 Beddhu 5O FGEO#E TiE, GFR 2
WIZLEABORTRIL LAREP 2122 &b,
MDRD-GFR B BBOBEEL LA 2w E L TWw
B EiX, AROBRE—HT 5.

s MDRD-GFR TO@EN B AN FHYE IZF 5
LAaVEBIZOWTIE, BTOZEPEZLRS.
9, KBS L " Beddhu 'O &b, KU
&8 # D MDRD-GFR (2 & o TEERICIRY o)
2 bECEARREREL, FREHRKLLTOTAN
254 THMETHEVWETHS. 45 MDRD-
GFR #3&\VBE IS BN 2 HA SN BB T, JRATF
BEREAME N T WA I b 5T, MOEE LR
EATRAEAFBE 2o/ 2 2%, PHREABREL
URELEETE RV, 4%, IREZEKIER
L7z ECOREALERBSLELBRDNL. &5
BT BEOFRICH LTI, BEARORKITRO
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Al b§, BEBENE, BN HERLS % EEAR
DIFERCHENBELEETLILENH Y, 4HROK
HTH5.

KIZ, MDRD-GFR i3I 7 L 79 =~ IR, M
BTNVTIVRMEREER, FHLLECIoTH
HENBA, IV 27 LTF=vOBBIIBD TR
XVl KO EHS & ko7 (Fig
2-A). BERFERFHEAEEETE, SEOHH
RLAFEREOKT, BIUEOGH, BEVEEM,
EHIIEA YA YARREMNEIC L 5 RILTTES
EOREE BT, BHEECREREZRT LD
HMHNTWAEYY, ZORKEL LTHRAETRD
L, M7 L7 F=vaMRiiE 255610,
MDRD-GFR 3 &L EHEN S 52 &5, MDRD-
GFR ZFREBHEE L L TRl 3 2 ICIZRA TS 5
LEZLNS.,

HHETIE, 1990 4F(JE A B FRE R AT 7E8E &
A EERFEIOGHERRICL D, THERKEE
AN B ENTRRE ORI |V RE &
h, M7 L7 F= EEREL LBRRBETO
BN A, BRAERS HW A EEER % S BnE
L, &&t60 bl LA EARSOEL LTw5., 72
72 U AR 7 R P BHIE VAR e SRR E I
M4 2BV L, BRRERS B EATGRE
BEOFMGEICEBREE R 2L, SHICERRRE
LLCIEZ LT F =y 2 HWTWAET, B#ED
HHERDLNG., SHREABRORYTEL, DA,
BITEAD X ) BENLIEOMENLEL b
5.

#® =

B PR VE B B BT 5 ENTE A O MDRD-
GFR & BATEABOFH Z MG LR, WEIY
LIRS, ENEARNOKEL LTH
WH I EILETTRWEEZ S BERETEERE
2 X BBIEABESEHE LT ABEY, HERA
PEBHEBF BT AR ERIED X 0 B % RFli
L, BENGENEALEOHILVPEHETH 5.
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