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Clinical Significance of Albuminuria in Patients with Diabetes

Nobue TANAKA, Tetsuya BABAZONO and Yasuko UCHIGATA
Diabetes Center, Tokyo Women's Medical University School of Medicine

There is a global consensus that early diabetic kidney disease (DKD) is characterized by persistent albumin-
uria. According to international guidelines, albuminuria is defined as a urinary albumin-to-creatinine ratio (ACR)
=30 mg/g. Urinary albumin levels should be measured at least once a year. Moreover, albuminuria has been rec-
ognized as a predictor of cardiovascular disease.

In our cohort study including 3,231 diabetic patients, baseline albuminuria, defined as urinary ACR =30 mg/
g, was found in 35.1 % of patients; and a decreased estimated glomerular filtration rate (eGFR), defined as eGFR
<60 mL/min/1.73 m® was observed in 20.7 % of patients. The hazard ratio (HR) in each group stratified by albu-
minuria and eGFR was analyzed to simultaneously estimate the impact of these renal manifestations on renal out-
comes. Compared to patients with normoalbuminuria and eGFR =60 mL/min/1.73 m®, there was no significantly
increased risk for renal endpoints among individuals with normoalbuminuria and eGFR <60 mL/min/1.73 m*®
[HR: 2.50; 95 % confidence interval (CI) : 0.99-6.33; p = 0.053]. In contrast, those with microalbuminuria and eGFR
>60 mL/min/1.73 m® had a significantly increased risk for renal outcomes (HR: 4.98; 95 % CI: 2.82-8.80; p < 0.001).
Therefore, albuminuria may be an independent predictor for the progression of DKD in Japanese patients with
type 2 diabetes. In contrast, the level of eGFR is less likely to be associated with renal endpoints. Further studies
are required to clarify the implications of albuminuria in diabetic patients.
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Table 1 The criteria for the early diagnosis of diabetic nephropathy

1. Subject for assessment
Diabetic patients without proteinuria or with dipstick-positive (+ 1) proteinuria
2. Required items
urinary albumin-to-creatinine ratio 30-299 mg/g Cr (2 or more of 3 specimens)
3. Referential items
Urinary albumin excretion rate
Type IV collagen

30-299 mg/24h or 20-199 pg/min
more than 7-8 mg/g Cr

Kidney size Renal hypertrophy

The criteria for the early diagnosis of diabetic nephropathy were revised by the Dia-

betic Nephropathy Committee in 2005.

Table 2 Clinical causes for tran-
sient albuminuria

Recent major exercise

Urinary tract infection
Congestive heart failure

Acute elevation in blood glucose
Acute elevation in blood pressure
Pregnancy

Diabetic patients sometimes have the
transient albuminuria. Screening of
albuminuria should be retried in the
cases of unstable clinical conditions.

DORRBEEFEL, EAREZREL TV HFAEEE 8%
OEIBI T L7z 2 A, RIERMEXH F 7 A
BWUAZHIEITERZE & v, RN WA Z D2 &
DO THEL TS, E5I121980 4ERE LD, T
TVAAL I T oA BEZLDBRPTIVT I VD
FEMEDTTREE 22 1), LI BERBEE O L ) FLH)
BT AERERAEH SND L H k7270 2
& 12 Morgensen (&, 1 BUHERIEOFEAEFL, HLEAYH
BIHZE B X UOSRERIRD KRR ERARIE S AT HE S 5
SHRERA T ) # (glomerular hyperfiltration) @R
MY, D%, 25~30 FOFME % TRUEASE
WCE LIRS ARIB LY. 20k, B4 2R
FRICK WEHli S, 4HTIE, 77 I VRIEHR
MZa >yt Az, BERIGIEERED /N A+
X—A— LRI N TS,
PEIRIRIEBE DS WAL

BHEOWIN I BT, RBT7TVT Iy - 2L
7F =2 (ACR) 30 mg/gCr LEZ T VT I VR
EEFL, 30~29mg/gCr zMET VT I VIR E
EFLTWDY, KREWERFZ2 (American Diabe-
tes Association : ADA) OHF A F74 »IZBWT
y, ACR30mg/gCrllEZ7NT I VIRD EHE
EFRLTBY, PHREDTHFIT-ET VT I VK

B LOHERARBRKIKE R = (estimated glomerular fil-
tration rate : eGFR) % &Hiid 2 2 & AR I T
W3 B, RETVT I CPREEIGRIR M
Lo TEHT 5720, FWEREOZWIZEL T,
BRI OBEZITH) 2L, REIRZHVL LR ED
TRPLETH L. HARERIH AR L DIRBINT
Wb RIS A F 2016-2017]"Clx, R 7 v
7 IV OWER 3~6 A1 EEMIICAT) 2 &
EE¥N, HEZ 2 TACRZHEL, 31 2 \ELE
T V7 I VIRDHERR S AR, FIEE &S
T5EENTW5 (Table )”. HA M & ORI
ROBET, BT IVT I D ERAS 246 mg/g
CrCThHo72Z L kb, 2017 FITHEH E 7z ADA
DAA R T A4 %2007 4 12 L7z The
National Kidney Foundation-Kidney Disease Out-
comes Quality Initiative (NKF-KDOQI) ®# 4 K5
AN BWTHEHIN TS A v M+ 71 30
mg/gCrzZDFFHHL TS,

A BT, 1980 SR T b N7 IR F &
ZHWIRENICE Y, BT VT I VIROHEEE L
THWwWHRTWZRF TV 7 I VPR (albumin
excretion rate : AER) 1238 T 20 pg/min 28 % v
FATHE LTHWOENE X)o7Y, ZD%,
BRFR 2 W72 ACR ST VT X VIRDIREEL LT
EHENSD LH12% D, AER 256 #H 7z ACR
30mg/gCr L WIHESH VLN S LI Ik -72Y.

B, R LTI, 220 CHiEIR & 24 FERH
BROWMH % AW 7ESHERR STV 7228, FEIC
RBBETIIERIIHEMETH Y, EEITEFRDPTE
VAR IEMIC 5 2 D0, wETIERPRD
B WIREREIR 2 vy, SR 7 L7 F = AETHIIE S
DIENFOOLNTVS. 721, FEEOMKEL
LTRT TR, @ERES), JREEIAYE, M
DEWME EALZETHRPT IV T I Vid—#kic b
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Table 3 Prevalence of dipstick proteinuria and albuminuria in type 2 diabetic patients

albuminuria
normoalbuminuria microalbuminuria macroalbuminuria total
(<30 mg/g) (30-299 mg/g) (>300 mg/g)
dipstick protein test - 658 (91.0 %) 64 (8.9 %) 1 (0.1 %) 723 (100.0 %)
+/- 168 (73.0 %) 55 (23.9 %) 7 (3.1 %) 230 (100.0 %)
1+ 36 (31.6 %) 55 (48.2 %) 23 (20.2 %) 114 (100.0 %)
2+ 1 (1.4 %) 18 (254 %) 52 (73.2 %) 71 (100.0 %)
3+ 0 (0.0 %) 2(7.1 %) 26 (92.9 %) 28 (100.0 %)
4+ 0 (0.0 %) 0 (0.0 %) 28 (100.0 %) 28 (100.0 %)

Data for dipstick proteinuria and albuminuria are presented as the number of patients and percentage of total (%).

A$25Z 0B 5 (Table2). BT, HZEEEH
DY WRPIE RIS~ L THEL TWwa.

2009 4E20 5 2014 AEO WIS FL 2 R0 L7 2 A
PERBBEEEZNRE L, ROREZHVZRT VT 3
v EBEIREIR % o 72 IR e AR A & W) H 3 L %72
BEORMAZM L2 25, IREEKE TR
(=) THoThH, 0BDEETRBTIVT I U
30mg/g Cr LETH ), JREVEMANZ B\ Chylmtk
(+/=) THolzBETIX210 % TRB T VT I ¥
2530 mg/g Cr YL ET&H - 72 (Table 3).

RB7IVT I OBIEE

TNT I VST R 66KkD OEATH Y, MNEE
FEDO# 60 %% 5O TWA. 7IV7 3 Yidifics
WTBHERETEZMFLTWDZ A, B
WaWiEE, AV E YR EOHEERE, EWh L
OHAER, SOIERBRRE, 2R EEH
LTCWwWh. RERARLKEIIS T2 6 T EoWwE %
W X 72\ size barrier 23 1), 7z, RIMASEME
\ZHf 7 L T\ 5 charge barrier 8% 4 729", T
TIVIFARBATEB SN W X ) BEIGERS
N, RPICIERE N7 VT I U LRI TR
EAEDHWRINEN D, RERIRD barrier HEHE & L
T, MHRAICN MR, B, RS H D
INHEDILE, WFRIDOEMAEEINS I LI
X0, MHo7VT I yRRPICRNT 5. $72,
RAERRED IER ThIuE, —HgH L Rb 7 v
73 VL RMAE TN S AR, RSB 5T
WA RE SR S N2 A ICB W Ty, RPIZ7T v
TIVHMBEZEIZRD., LA oT, IEETHN
BRPIZBWTT VT I Y IRIEEAEHRBENT
JRHT7 VT I MEO ERIERERE S X OTRAE ok
EERMLTWDLEWVWR S,

RET7TIVT I v oflElE, JFEFRNIte v T VT
I VPR E o BURPURROG & R & L7, fE

WE:(TIA W), 97 v 7 RBERIENED:, 1%
AR EL B HESR—HTH L. HFEllHB
WTIE, TIARIC X ARP 7 VT I VllESF Y b2
L THBY, 2009 45 JLERE, $ie b 773
YXYFIMFEEH 2 TIAZEOF v b (N=-7 v A
TIA Micro Alb®, = v b—=FR—=2 571 h V&
) ZHVTW5.

FIERISE MM L7220l Tld, RyP b S
N5ET, HoVIIHERFHIZT I 722 MLE
N727 V7 3 T LT YRR UL 2 23 2
En, XDIEMZHNETHZ EEINTVWES. Ly
LD S, WE, BMEOTIVT I APk S L%
WEIEIER IS YED 7 v 7 3 ¥ (immunochemically
nonreactive urinary albumin) D fFEDS S S, B
PRIGEE N B THYEAFAE L T 5 W RETE AR IR
ENTWRYY. Zos, SHiRfkEsrax 77
7 4 — (high performance liquid chromatography :
HPLO)#:% w2 2 Lk - T, PRSI Law
TIVTIYOWEDPTREE %555, BHEDOLEZ A,
IR EREINTWBUELETIE R, £2, 757
AV MEENZT VT I VOMEIZTER Y, &2
FCTIEMEICHIET 2 Z L ICHIRNERSD % 001,
SBRLERTETLEZATH LY, L OEE - I
REOHVMEEDHENLINLEZATH L.
SHIT, KFICBIT 2 REZHE LoBlrrs b, Bl
TEDEZHTNT I VREFBNITWES 2 Z & 138E
L. BRI 2RI 0 8%, REMERAC
BOTHEAREED 2 WI35gkEHEo BEICE LT
i, FE1RBREOWENLE L EEZOLNS.

DMEREVZ7ELTDTIVI IR

TIVT I VR, BREOY ==L LTREITTIE
7 <, G2 (cardiovascular disease : CVD) ®
THRTFUMEFELTHEFEHEINTV S, LILEY A
758 B 2 BIBEIRNEE 2 & L7z The Ac-

—E156—



23

Table 4 Type 2 diabetic patients stratified by stages of albuminuria and grade of eGFR2D

eGFR (mL/min/1.73 m?)

normoalbuminuria

microalbuminuria macroalbuminuria

(N=2,097) (N="781) (N'=353)
>90 (N=722) 517 (16.0 %) 167 (5.2 %) 38 (1.2 %)
60-89 (N =1,840) 1,310 (40.5 %) 431 (13.3 %) 99 (3.1 %)
30-59 (N=590) 264 (8.2 %) 177 (5.5 %) 149 (4.6 %)
15-29 (N=79) 6 (0.2 %) 6 (0.2 %) 67 (2.1 %)

Data for albuminuria are presented as the number of patients and percentage of total (%).

eGFR, estimated glomerular filtration rate.

tion in Diabetes and Vascular Disease : Preterax
and Diamicron Modified Release Controlled Evalu-
ation (ADVANCE) B0 L HE D9 5 10,640 44 %
B L 72T I BT, BEFBGRO 7T V7 I VIR
EERREOMEIL, DM A XY b, DI, B X
PEAXRY POWTRE S FEREZMEL RO,
TNT I YIROBEMRP RO TIZ X D LILESE
REAEFIED ) A7 D EH L, eGFR 90 mL/min/
L73m* UL ETH-TH, BT V7 I VIREBEFITIE
WTNT I VRIZHA, GINEED 29 1, BARTE
FEIEAY 78 5 ) A7 MEr ol LTWb. AFH D 2
Tk bR 95 B & xf 8 & L 72 Japan Diabetes Clinical
Data Management Study (JDDM #f42) iI2B W T B,
WET VT I VIREFREBE TR, ZhEhhizL
TOMERZE DR & AR HEL RO,

72, #1000 %02 BBERFEZEEZHRE LTz
RO Tk — FMFEICBWTDH, eGFR O T I3
BIREEDIAEY) A7 L O Z R 7228, BNz
EEBE L ol —HTNVT I VRIE, AR
B LOEHIREEOWH DOFNE L ARICHEL Tw
7210 AR BSIZETH O, O 2T I AN
Thb. AifgEeiatFCELET L L, Bk
CF AR X L 2 dr o 7237 V773 VIRIE
e &R & O & B#E 2GR Tw iz 2
ENG, BEREEZ BT 508 EE OB O
—h—Ik, TVTIVIRTHDIEIREIN
7z.

TWVT I VRBGROLMEREDY—H— L b
D& BT, WD LD OO IEHS AT
v ELO 12121, BRI X 2 RERRE
DEADPETOLNT VST, ILIERE % 5IEL T
WAYE, EHOBRE(LFEZ - TED, Sk
of A B L O AIENIR b R LHLEZ AL TW D
720, FREENESEAL, 7V T I VIRDRIET
LUREMED DB E L TWBET. Tz, IR T W

5 strain vessel theory 12X 5 &Y, LIMERE A
THIRETIE, LR CBIIRD 5 551k 2 MBIk
DOWRHIIEAEEE SN TEB Y, SRERMKPN O PR
LRIBRICHEEINTWAELOIZT VT I VIRAEH
FTHLDTE RN EDFBH S, TIVT I VRED
M2 & OBIMICE LT, B2 72
TR L, SHOEFENRICLVEHINLZ L
PR S NG. 512, TEOEEHEL D, SR
TNVT I VPIEFEHIPETdH - THOIMERE OfEhk
WTEmh)H b e@MEINTNEY. BIERIE
) A7 ROIEA XY PORIETFHRT-LLTOT
VT I VRBEDIEOET TR & 72 5013,
WEZH LN TIE R,
TIVT I VR E B

FRLZXDI, IhFE COFERNSEIL, 7
VT I VRICE S EINTE 72 —7, eGFR O
BAPILHCOND X ) o722 h D, B
it (GFR) &7 NV7 3 VIROWH % Fv 7218 P
% (chronic kidney disease : CKD) ® A 5 — V534
AIRIBEND L2072, BERBEREFIIBNT
i, EET VT I VRISH DD S TEREEAME T
L7eBIDD O 3HET 5. £ 2 THETPHROMT,
TIVTIVIRE GFROWTFNHPEETH 5% W]
L2ITT 572012, BFHIBWwWTak— MfsE%
1o 722,

FOR L T ERERF R £ v 7 —1dlbedh o 2 1
BRI R E D9 B, 2003 4E20 5 2005 4 F TOHMH
BRI N, CKDATFT—Y4FTn 32314 (B
PE1,982 %4, k1249 %4, W 59+12 5% CFH+
SD)) & xZ & L7z, Bl IGRO eGFR %60 mL/
min/1.73 m* i D B H 1L 669 % (207 %) TH Y,
FLTNTIVIREBELTCWZEZITLINS
(351 %) Td -7z (Table4). CKD DEHTH 5,
BAEREIL T (eGFR 60 mL/min/1.73 m* AKiiii) & % W
7NV TIVIREATAEEITA35 %% HHTW
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57 3% *p <0.05
60.0 -
50.0 -
33.6*
2 400 -
e
T 300 -
b 13.9%
T 200 -
5.0*
100 2.50 macroalbumérluar(')l0 male)
. 1.00 mlcoalbumlpAlékaso 209 male)
mg/g
0.0 : - normoalbumlnurla
eGFR < 60 : (ACR =30l

eGFR > 60 ACR at baseline

eGFR at baseline

Fig. 1 Hazard ratio of renal outcomes in each group
stratified by albuminuria and eGFR in type 2 dia-
betic patients
Compared to patients with normoalbuminuria and
eGFR >60 mL/min/1.73 m?2, there was no signifi-
cantly increased risk for renal endpoints among
individuals with normoalbuminuria and eGFR <60
mL/min/1.73 m? [HR: 2.50; 95% confidence interval
(CI): 0.99-6.33; p=0.053]. The patients with microal-
buminuria and eGFR >60 mL/min/1.73 m? had a
significantly increased risk for renal outcomes (HR:
4.98; 95% CI: 2.82-8.80; p<0.001).

7z. eGFR 50 % A&~ T H 5 VL ENTEA & =
YIRERA M EL, BIERIBREO eGFR B X IR
ThV7TIvEeolEs, Cox LBINY—FRETILVZE
W THEE L 72,

P39 59+ 1.6 AEOBIEHIHEI A IC 107 £ A%EMNT %38
AER, 279 LD BB X 1) eGFR %850 % T
L7z, IEET7TIVT I VIREFIL eGFR OMHIZHE D 5
T, BISHIERICEN 2 BEA SN BF TR h o
72. eGFR 60 mL/min/1.73 m* L EDOIEET VT I &~
REFZ I 5 eGFR 60 mL/min/1.73 m? i & 1F
WTNT I VIREFEIZBIT A=K (HR) &
250 (95 % EHEIX [ [95 %CI] 0.99-6.33, p=0.053),
eGFR 60 mL/min/1.73 m* L L7 V7 3 VR
BHEITB I 5 HRIF 498 (95 %CI : 2.82-880, p<
0.001) T -7z (Fig. 1). DL ED#ERENS, 2 RpER
WEREICBITET VT I VRO FRICEE

W% T T S, eGFR DX T S FHEIC LIET
HEIINSWEEZ OGN

X512, YRoloar—MIBWT, TLT3
VIRD B ITERERAKT 2 AT T A KT OB b
fToTWwB?, EHET VT I VEHDD eGFR 60 mL/
min/1.73 m* BL b o 2 BUBE FR9G HE 1,802 4412 B W

T, TN I VIROFBIFEREE, MR (B, #
e D& fF, HbAle mfill, IRIREHABHE L, eGFR
DT, ik, DGR S fE,  HEEE o &P,
HbAlc Eifl, BIZEBGR O eGFR {%#, HDL 2 L X
FO— VEASBE L T, TV 7 I VRO
BRI e BRI X L NN e B W] hE
PEDRIZ S 7z,
uhﬂﬁ SRFEDORERDN S, TVT I VRBE W
BB T MEEIND Z LWL ko7
75“, TIVTIVRERTZHBE L2 ARIEIC X 5
THPHOUE LA L-W7EId T 20w, 2 BUpE
PRGBS 577 %% Xt 5 & L7z ORIENT (Olmesartan
Reducing Incidence of Endstage Renal Disease in
Diabetic Nephropathy Trial) Ti&, 7Y% 757 v ¥
VZHEEREEEE (ARB) THEA VAV VY Offi
M) 77 I VRIMET L7228, BPkidtss
ENBholztHmELTWDEY, (U ARBTHSH T
W v OFREMN R % G L 72 RENAAL (Re-
duction in End Points in Noninsulin-Dependent Dia-
betes Mellitus with the Angiotensin II Antagonist
Losartan) sRERD Y TRHTIC L 5 &, a¥ )V ¥ Blls
BREeVPHADT VT I VIRRPENL VT E, KIE
RNENDOHIT) A7 BV e hrolzZ LAVRENTW
B L LGS, TOWEONSEEL, REH
05g/HELE, g2 L7 F = (%) 15 mg/dL,
(&) 13 mg/dL & BHED S % FEEEHEAT L TV B IE
BIThotz. T2, TUT I VIRBAHE & IERA B
ZHB LB CHAHLIELY, B LY LIZED
TIVT I VRBARR DI S v &) Lo K
B, AT E LTS LTwaatEddh s,
IS, A VRY VY OBRER R E MG L7z
IDNT (Irbesartan Diabetic Nephropathy Trial) @ ¥
TIHTICB VTS, A VR Y OB RER R
ERMEMECTHELTODAEETHoE LT
5% 12720, ToRBIIBWTIX, =Y KRS Vb
ThHRMNEAREOERIZ [MFE I LT F=26
mg/dL Dl L] &9 hard endpoint Tl 7 W 3FAl
HZ&ATHBY, F 7, WU M E A 134~140
mmHg O BHHETIEA VARI N &~ OB #ER R
WEBETEPo72. LizloT, DX RIGHN
AZEoTTNT I VIRZBRDSEL LD, HTF
BUGEIZENLONE, 5D EZAHL N TIE R\,
1 RUHE PR B3 2 RINC B2 L 72 the Diabetes Con-
trol and Complications Trial/Epidemiology of Dia-
betes Interventions and Complications (DCCT /
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Table 5 Urinary markers associated with diabetic
kidney disease

Biomarkers of glomerular damage
Type IV collagen3? 39
Transferrin3 30
Micro RNA29 29
Biomarkers of tubular damage
ol-Microglobulin®)
B2-Microglobulin®
Retinol-binding protein (RBP)*
v-Glutamyltransferase (GGT)
Liver-type fatty acid binding protein (L-FABP)%?
Neutrophil gelatinase-associated liocalin (NGAL)3% 3D
Kidney injure molecule-1 (KIM-1)3%

There are several markers which consider being associated
with diabetic kidney disease.

EDIC) study OO ETDH, TV T I VIRDFE
FEIXE TR EMEZ RO, FRPIIT VT I v
RO L7 BEICBWT, BT 227 1&
B TE D72 L E2HBHLTVEY. 51T, K
D K HAEE L 98 T B 5 The population-based
National Health and Nutrition Examination Survey
(NHANES) 2 5 1&, E4ETIE 7 VT I VIREEb %
WHERRSE CKD B2 L TB 0, HRmZHEIC
B1F% CKD BEDERRBRIIZEDLY) O2OH 5B Z L3
sz,

RETIVTIVEUNOFI-BRNAFT—H—

R T VT I VIRSHBLT AR, RERIE X
T AFEE ORISR BRI ONEE 2 &, Bl
FbE 2 GO 2 WAL S TB Y, L) RIS
BUIAZH~— 7 —DHEAPRKDOLN TS, mi-
croRNA®#*'% NGAL™®", KIM-1*, L-FABP¥, IV
W5 —2 0% L5272 9% 5 EhMEkl
ELTHEIFSLNT WS (Table5)™ ™.

Z LIS, L-FABP IZBI LTI, BB B E BT
FREORMZH R HEFRTURFE LT, TOE
RSN TV AP, Kamijo-Ikemori 5 &, 1IE% 7
VT IVIRTH->TH LFABP SEfETH 5 &, £
DHRDOFREZ IR LRI &b LB, LFABP #*
XD RINCB T 2 EREZK~—7—L LTOREN
b ErPELTNDY,

RANA F <= —h—ORi & LT, H%F256L-
FABP L BHE & OFEIZOWTHE L TWA. 356
%4 0 2 BB R 9E L E O B Y] & R i L-FABP i
el OFEZ BT LR, TV T I VR LI
BAREEZETHEHICBVT, EWHTLVTI VRO
BH LW LT, JRYP L-FABP IBESHEIC LA L

25

TV, IVHI S —7 2 12onT b RBEICSRT
DFFZED S Y, 1 BUPEIRIE B H BT % eGFR KT
ERRE MR R,

Ry, BHAEFHLTWARBP TV TI VXD
BIICBMTE b~ —A—& LCOH MR A
HL% L, 5BOBEIPLETHLLEEDNS.

BhUIC

BIEOLZ A, METLVTI VRIIEEOR NS
Wrox—A—L LT #MRZILLIHFAZET
W AR TRRTE L) ICHENIEH L 00,
WET VT I VIRE VERRZH O~ — 7 —I1k
HIEO L ZAHFE L. S, BEEZEIMEL:
RN &, TIVT I VIRO XD EEl G & & DI,
Bz RAF RGBT~ — A =2 s v b 2 & & ity
L7zw,

R R & R B 7 .
X ®
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