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Cardio-renal Syndrome in Patients With Type 2 Diabetes

Ryotaro BOUCHI, Tetsuya BABAZONO, Ko HANAI and Yasuhiko IWAMOTO
Department of Medicine I1I, Tokyo Women’s Medical University School of Medicine

There is an increasing interest in the association between chronic kidney disease (CKD) and cardiovascular
disease. Components of CKD, i.e., albuminuria and reduced glomerular filtration rate (GFR), have recently been
reported to be associated with incident cardiovascular disease (CVD) in patients with type 2 diabetes mellitus
(T2DM). In this review article, we first examined the association of these components of CKD with incident
stroke and coronary artery disease (CAD)in T2DM patients. We then investigated the association between silent
cerebral infarction (SCI) and CKD. Finally, we examined the association between CKD and CVD, focusing on en-
dothelial dysfunction (e.g. asymmetric dimethylarginine: ADMA). In Japanese T2DM patients, albuminuria but
not reduced GFR was significantly associated with incident stroke. In contrast, both the CKD components were
independently associated with incident CAD. Patients with albuminuria had a significantly increased risk of
prevalent SCI and patients with SCI had a higher risk of incident albuminuria than those without SCI. In addition
to the association between plasma ADMA levels and incident CVD, higher plasma levels of ADMA were associ-
ated with progression of nephropathy in T2DM patients. We believe that our recent works may shed light on the
pathogenesis of cardio-renal syndrome in patients with diabetes.
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BEEE (chronic kidney disease : CKD) D#%
A% 2002 SEVKE TR SN, TN ER
2xtg e L-BEMEIC BT, CKD & EahkE A
BLUOBEFZ G OMERS (cardiovascular dis-
ease : CVD) DFE & OREDSE N/ 26 HE S
BEITT ol 2O XD B OB RE
FEHENTWAED, FOAHZALIERIZALPIC
TR Twihv, AT, CKD BXUCVD W& D
high risk group T& 4 2B BERWEZF T BT 5
B - -ERERHICOWT, Y 4 — T Helsinki &
BICHED 1T o 72ERIRT SR 2 H L SHERL T 5.

BhSHDBEE2 BERREEICHVT
CKD #° CVD DHEEICRIFTHE
QRBERFRE NG L LIBIRIRIZB VT,

CKD O E T TH 5 EREERT B LTIV T3
YR CVD OFIE L ABICHET H 2 EPRES
NP, BEEERE T, 77 VIRDIEEIIREED
FURZEFRZENZNOREICRITTZEIAIHT
Btz KETIEFCKIC AW R OREEETE
{, BAADLEEEICB W CIIREROEEED
BWwekEZONRLIENDL, bILbiudEs, X
N 2 BUBERERE 2RI, RETLVT I VRS
PR OFHSE L OBEY, ZHEIIBT 5 EE
BFZELC & 0 MeEs L72”.

W12 20024FE 1 A~20034E 12 H @ BRI 12 4
LU= AR LA 2EBERFEED D b,
B AR EHEE (estimated glomerular filtration
rate : eGFR) %% 15mL/min/L73m* AT b, BNz
RO R, BB L OB, HEhE oK
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Fig. 1 Hazard ratio of stroke for patients with type
2 diabetes in the multivariate model in six groups
classified according to eGFR levels of >60ml/
min/1.73m? or less and the degree of albuminuria.
The multivariate model included the following co-
variates: age, gender, body mass index, family histo-
ry of stroke, smoking status, systolic blood pressure,
diastolic blood pressure, duration of diabetes, pro-
liferative retinopathy, hemoglobin A1C, logarithmi-
cally transformed triglyceride, high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol,
logarithmically transformed C-reactive protein, use
of renin-angiotensin system blockers, and antiplate-
let medication.

fE, BHEEEEHLZEEZBRALZ 11,3004 T
b BERIBEROFHERIT 6313 (LR
=) ik, HEREEN 754 &, 546 ZTH o 7.
eGFR i, 2009 4 H ARAEMERVRB L 2T
D3, $7%bH eGFR(mL/min/1.73m?) =175 X I &
7 LT F = ME (mg/dL) M < 4G (7%) %% % 0.742
(ZHEDOHBE) L VER Lz 7V T I VIROBE
BEREHIELIREHY, 7V7Iy - 2L 7F= Ui
(albumin-to-creatinine ratio : ACR) 30mg/g kil %
EETVTI VR, 30 BLE 300 Rifi 2 MET V7 3
VIR, 300 L ERBEEET VT I VIREEFRL.
37144, 4784 N - FE ORI Rz 91
LHEER R SE L, T OWNFRIZMEZE 77 &, B
M13%, CHBETHIN] ZTHo7z. WREEZB
BEBBEOT VT I VIRB I UeGFRICE Y 6B
WHOEEL, EET VT I VRDD eGFR 60mL/min/
L73m* DL EDBEITH T 5 B BEORMERIIED ) 2
7 % %758 Cox BN — FEFVTHE L&
25 (Fig ), TVT I VR, BICEET VT I VIR
B, BZER DFESER L, eGFR, HbAlc, MF,
MERERE LGB L, BFELERETFTH S
CEPHALNE R oT MERKRINEHIR L

EHOELARE L7z A ZBIFY T, KK LR
B, REBOEMAPMWEFRREEDO) R 2 Likb I L
PHRESNTHBY, BMEFOYZZ7FME LTOR
ERWNEOEEENRB ENTWS. —%, eGFR
BT 2 ARREREICRITTERICOVWTIE—ENR
R/ LN TR W™ R RO D% R
REVP—REEZ LN, SBICEEHITREERRFR
A CKD /8T A —% L OBEZBRETT 5 LEFDH
bEEZLNT:.

WIZ2EERRBEICBIBTNVTI VRB LU
eGFRIKT 25, BiZEH & BEIREEDORIEIC RITT
FWBPELRDPICOVTHRE 21T 2. WMRITE
WCRLAZ2EBERBEE 1300609 b, S5IZHE
BIREESB L RN ERELHE T2 BEZRIL
721,002 %, FIER 6112 5%, 53 B % 550
%, WHEABZHTH-72. BBIOMITTIE, LT
DFT L\ eGFR #EFRY % w72, eGFR (mL/min/
173m?) =194 x [li& 7 L7 F = i (mg/dL) " x
Fin (%) ¥ x0739 (KME0BE). FH52+21
F, 5247 A\ - FOBLHM I 72 BN ZEF, 91
S DSTEE IR B A SE L7z

Table 112, eGFR 90mL/min/1.73m? Lh_E OB %)
3 % eGFR 60~89, 30~59, 15~29 ® K2 BT
HRZER B X OREEIRE B FEDO N — FH 2R
T. TNVTIVRIZeGFR R EOREEBDEE L%
LTS BWTh, WMEFRE L OEEIRERD
WINORIEL D HFEICHEL 7225, eGFRIET D
EEIIEEHREBICBVWTOAEETH 7.

INHDORRENS, TUT I VRIIMERS X
BHREECTNOBRET TH H 54, eGFR K
TANLIUE R EFIEICRITTHEER, MnERE L
BEIREE TIZR R 2 URREIRE S N Sk
EXEE L7z A B TH % Prospective study of
Pravastatin in the Elderly at Risk (PROSPER) @+
T TY, A DOFER & FIHk, eGFR KT 2L
M7 X0 BRI B RO LB ERE SR
THH, BERER, BINEEEDZNEFNDOFRSE
IZX9 5 GFRIET OEEDECHEED X 9 RikF
IO DD, SHOMEADVPUETH 5.

2RMBRIRBE LB T 2 EERMEMNEEL
CKD MDREE

HIERE A2 1 AiA%E 2E (silent cerebral infarction : SCI)
&, BERELEMTEEOEIEGF R THE SR
B WIE BN DRV ERED—DTH B A%, F4E
B2 E BT 5 SCL DA BEAVHF 3 O JE 151 i
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Table 1 Hazard ratios of stroke and coronary artery disease in patients with type 2 diabetes strati-

fied by urinary ACR levels

Stroke CAD
HR 95%CI p value HR 95%CI p value
Univariate analysis
ACR (mg/g)
<30 1.00 (reference) 1.00 (reference)
30-299 2.06 1.56-3.69 0.014 2.56 1.34-3.80 0.002
>300 359 207-6.22 <0.001 393 2.39-6.44 <0.001
Multivariate analysis
ACR (mg/g)
<30 1.00 (reference) 1.00 (reference)
30-299 2.02 1.11-365 0.021 197 1.16-3.34 0012
>300 460 2.31-9.13 <0.001 270 1.46-4.99 0.002
eGFR (mL min~! 1.73 m~? 1.00 0.99-1.01 0541 099 0.98-1.00 0.008
Age (years) 1.06 1.04-1.09 <0.001 1.03 1.01-1.05 0.003
Family history of CVD 1.69 1.05-2.71 0.030 NS
Diastolic blood pressure (mmHg) 1.03 1.01-1.06 0.011 NS
LDL cholesterol (mmo#£/L) NS 141 1.06-1.61 0.032

CAD, coronary artery disease; CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval; ACR,
albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; LDL, low density-lipoprotein; RAS, rennin-

angiotensin system.

Table 2 Multiple logistic regression model investigating risk factors of SCI in

patients with type 2 diabetes

OR 95% CI p value
Age (years) 1.09 1.07-1.11 <0.001
Systolic blood pressure (mmHg) 1.01 1.00-1.02 0.001
Body mass index (kg/m?) 0.95 0.90-0.99 0.028
Log albumin-to-creatinine ratio (mg/g creatinine) 1.89 1.41-2.15 <0.001
Proliferative diabetic retinopathy (presence versus absence) 1.78 1.18-2.69 0.006
Antiplatelet medication (presence versus absence) 2.05 1.45-2.87 0.001

SCI, silent cerebral infarction; OR, odds ratio; CI, confidence interval.
T multiple logistic regression analysis (stepwise method).

BEREIE L BETH 2 L7,

& 512 SCI & F L&

WEZD CVD FIED ) A 7 SIS BEREIC LB W
CEPHREEINTEDY, SCI A CVD HEDFHIR
FELTEEEND LR o BE—RERY
RCKDEE"ZxHEL, PTVFTIVREBIO
eGFRAKT & SCI OB % Mgt L - WA 725 R
bNbbDOD, FERFHEZTO CKD & SCI DBEE
EEBEPITHRE LB IALN o/, 22T
2HERREZICBIIATIVT I VIRB LU eGFR
KTFASCIOAHFICRIFTEEIIOWTHE L
72 MG 2003 4E 7 AA 5 2008 SE4 Az kv
% — CHEER MRI % JEAT L 72BN 2 BB R % R O
9 b, eGFR 15mL/min/1.73m* L ETH V), EW b &
OB, HEE0REE, BHEE*AH LA
BB L2786 44, TFIER 6511 7%, RIS

M 449 %, 2P 337 B TH o 72, SCI DFHM I B A

Ky Z2Z&074 K54 V21201, BEE MRI O
T1AEGE CTRES, T2HAEGRTEHEET2ET
AEZE3mm U EORELEZ L.

786 &R 415 % (52.8%) 12 SCI % 32, BEmEA
ERFEB L eGFRIETHTSCIOAREFIXA E
IEETHo7z. SCIEWHEBEKE L4 ERE
logistic FUR T T, 7V 7 3 YRIZ SCI Bt &
BICBE L7724, eGFRIETOEEBIIAE TP -
7z (Table 2). AREWTEHRTZE TR - B OMUNMERZE
THDHSCILET VT I VRDPEHICHEEST 5 Tk
WATRE I N7z, FVT I VRE SCIDOBEIZ D
T, SOFHELTVTI VROMEEFELT
KEIR D stiffness DE S % a5 L -8 E2 2, K
B LUEOMATENRE F ORI, I 2 8Bl
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Observation period (months)
Number at risk

Without SCI 195 184 155 101 55 13
With SCI 171 160 135 81 42 18

Fig. 2 Cumulative incidence of the end point (transi-
tion to a more advanced stage of albuminuria) in
Japanese type 2 diabetic patients with and without
SCIL The difference between Kaplan-Meier estimates
for the two groups was statistically significant by
log-rank test (p = 0.020).

(strain vessel hypothesis) #*5Z®ME % HiHE L 7>
WEVPRLNDY.
S KR - OH-BER

CVDHEZVYFRAMEL, L B EBT K
T L7 BRIRIT R Z A bbb DD, CVD 7n b A
7o - OEEBICOVWTORBFIZIFTEAEALN
v, 2BERFEEL S RICEEE(T VT I VR
DB L GFR DIRT) DfabiK -T2 THI
M & 2 E L 72 #F 98 (UK. Prospective Diabetes
Study 74) 12 BT, JEBEN CVD DN T V7 3
YIROBEIMB L O GFR QKT OWHZ 2R3 5 Fil
HFTHHEHEIND, L2 DAL EEAE
HENBIE-7z. FATEID L-BEBTEATSE T,
2EBERIRBEICBIT ATV T I VRESCL & DR
HEE O LA, SCIABDBERES & O
BIZKIZTHBIIAHTH o 72, £2 T, SCI L BIE
B - EROMEZ AT X IR LY. dRid
ROEBEIFEICESR L= 786 2D 9 b, BEEE
BEEZBRINL, TV7I VR BIRETE 72 366
%, FHEER64:105%, B 217 %, M 149 4,
EETNVT I VIR 246 %6, BT VT I VIR 120 4,
ERTO SCIEPEITZ467% ThHhoTz. TV FFRA
YMIBERED L VITEE, TbbEETVT
IVRPOWMETNVT I VIR, WETNVT I VR
LEEMEARNDER L EFR L.

PO 39 EDOBIBHIM R 47 BT v FFRA ~
MZEL7:. SCIAHRE (n=171) ZFEAHEE (n=

195) 2R, TV FRA YV hORERNAFEICH
oz (Fig. 2). s, M, MERECRE L2
& Cox WHINHF— FEFVIZBVWTYH, SCIEHE
HOSCILIFEMHEE T T L2EIEERDONF—F
i 202 (95% 12X B 1.09~3.72, p=0.025) & &
ETHY, SCIOEHE, BERFEE BV TEED
RIEB L OEROMY LTFRRFTHLEEZD
N7z, REFFEOMER, 2 BFERFEEFICB W TNBE &
UBOM/NLEREEFEPOMEICEET 52 &
WL ERo. SHIC2HMERBEZICBITS
SCI &17%, KIBARE~DOERLHET S Z LAY
RERIBOMIMEE > HIFHESNTB T, BRKEE
HCBIUT B SCLOABHL, BERPICEDLSTHAR
ANERFEEICB I 2BEEROTFHURNTFTH BT
BEMEDSRIE S 7z, MEIRIGEEICBWT SCLOAHF
RIS A 2 & T, BIEERE O high risk group %
ML, BHEAEBMACL > TEEERZIFITE 2
PEEGHOBETH 5.

2 EMERREBEICH T B - -BEEEOEC

RFIZ DWW TOHKRET

DI EoORRRIMIZEICE D, HARA 2 BUHERFEEIC
BWT, BRI A=5 DI BRIIT VT IVIRE
B O R B E IR A RRMEARIZ S
72h%, EOXLERFAIOMEEICES L TWwATE
%974 ?CKD & CVD ok L2 fEg [+ & L ¢,
Ein, BIE, SR - RS, RERHEY
BB - A &R v 7 EGRE, BE L BRI O NG,
X BIZCKD BEIZBWTIE, b ohaimkk
K7L S 5 R BIIRBEILRER T, T4b50
Lov-7 vy ¥FF Uy -FTVFAFO Y
(RAA)ROTLE, @QIEHNEMBICE 5 — Btz
FZOEEKT, OBILA b L ADHA, OREWEY
4 M4 o, GmERKILORE, ©FIMmZ
EVFET A, ORAA ROTTHEITEARIAKS ML,
FRERBRIER, SSICIZBMEORMELEFHEY
5. =TI OB, FESHEL,
DBV EF) V7 RAELE. QIENEEIEREE I
M/MREESE % ToHE, MEFEHOMEZRET 5
LT BEEDEFOBRELE ETSES
®, @CVD 7213 CKD BE IBALA M L A D
K, BBLWEDORL Dz 08E, DNA, EHDK
WHBEELF| &R L, SOICKEETA My A v
DEMBbHEE-T, L - BEELETSEDLLEZ
LTS, OHFRRKE, BAEBEZETIEIA Y IV
FRMEFRRAKIAEZTI SRS, $4hbb, IF
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Time (years
Number at risk (y )

114 98 87 76 64 57 14
111 106 97 89 80 65 13

Fig. 3 Cumulative incidence of reaching the primary
endpoint (transition to a more advanced stage of
albuminuria) in Japanese type 2 diabetic patients
with plasma ADMA levels above and below the me-
dian (0.46pmol/]) in the entire cohort. The difference
between Kaplan-Meier estimates for the two groups
was statistically significant by the logrank test
(p=0.014).

Above the median
Below the median

TYTITAT AT, MELEE L OBETRH
HWR, TORBREEERCIERETEDL/126F.
®CKD BECTIHEICBIATY ATRIF Y DjE
HETHOBERRMSEL S, 2070, HErEi

PRI, AL, CVD #5ET S, —JF, i)
PERIFEE BT 2BERBRTOFHRFTHE
ErFATHEL TWBT.

NEEED<T —H —D—2Th 5 asymmetric di-
methylarginine (ADMA) X R4 —BBILZ2E 45
BMEOHEWETH Y, ZOE75 PR I B E
THh5b. I, 2BMERFEZICBIT A1 ADMA
DEHNL CVD BEDFREFTH S I L™, S5
WA SE CEAESBEIIBI MR ADMA B
A GFR B L UMENEREBIRT EHE T2 Z &8
HEINTREY, 22 THRA W, BRFEREICBT

Bl -EEBICEETHAHET &L LT, ADMA

WCEEL, WTFoak— Mgz iTo 72",

2001 4F 4 A5 2002 4E 7 H F COHIMICY &
Y —NREZHZLIRA2EBERFEEED ) b,
eGFR 7% 15mL/min/1.73m* LA ECH - 7z 243 &4, F
YERm 6410, B 1584, LB HERNRE
L7z, ¥ ADMA BEOFRETEEZ 2 I
B, E¥TLVTIVEPOLWMET VI VRELE
BMEBERI~OERE, HMET VT I VRO

75

HTEERA~NOERZ Y FRSL Y ML
ADMA =ERF D 6 F BB EIEEREEIL 259% TH
D, REBED 124% 1K LA EICEETH -7 (Fig.
3). 2 E Cox BN — FoMITBWTD,
ADMA mEHOBEERICN T 5 NH — F ik
272 (95% 1EHEX [ 1.25~5.95, p=0012) L EET
Holz.

UJ:J: D, ADMA 2 HERFEZE BT B0 - B~

HEIHS L TWARFOVEDTH S REMEDS
ZN a’é 7z
o

2AERBEE BT 5.0 - -EEBEIZONWT,
LR CTIT o 72 ERIRIFZE 2 IR L 72, 2 0fE R
O7 VT 3 VRIIZES B X O TEEIRE B IIE O
VL7fEBERFTH o7, O - BOM/NILERE
@ surrogate marker TH 5 SCI & 7 V7 3 VR
&, BEAOMEICHEE L. @ ADMA O FHIEE
EEREABICHEL . BRBEREFIIBIT S
eGFRIKET Dl - B-FEIZBITAERIIDOVT
X, SRS T ALEND D
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