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Salt intake and the progression of renal failure in patients with chronic kidney disease
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B B AEEIUIESESRBRENED A, IREAENERZR5210c% <, BHEBETIERETO
a2 b v ZRMIER 2 5 212 S 1T 5, bitb U AR D18 BH E (chronic kidney disease : CKD) B3
ZRRE L, REEIUC X 2 BRIEEREETERE, REH, LA L ANOEELZ BRI 72,

B IEBEIRETE CKD B 53 Hilico T, IGEEIRILE, JRRIAINE, i 2 v 7 F = (Cr) - IRiE - #a L
A7 a—b - hEIRN, RER, QEEEE, EAEREE | ERBI%E L 2, BIESEKRTIRFICBLA L A —
A1 — & L CHilRFIR @D 8-hydroxydeoxy guanosine (83-OHAG) % & L 7o, %5 I & I B FRRE R E5ME A T8 % I Cr
DWHDMEE (A1/Cr) & L TR, SEKKT £ A1/Cr, R 8-OHAG & DHIBIRIRZ#E L7z, & 512 A1/Cr,
JRH 8-OHAG IC ISR 52 2N % AT v 77 4 ZERIRSHTICORIRL 72, &8, K+ 8-0HAG 134
N OFHI b FT> 72, F 7o, AHEBIGE & SOEINE, REA, IE & OHBEBIR S RET L 7,

& B oadgeplo M GEN T 121.5£9.3 mmHg, AR 72562 mmHg & 3 ¥ b u— L RAIFE S
7. Al/Cr i ZBHERGE, REALARoAHMEZZY, BRI CIRIREAMNER S L, AEEI0EIEE
FHEHGE, JREM & AEOIEHBZ RS 7, IR 8-OHAG IF X REHTIFIREN L HEOIEHBMZ B, &Enl
AHTTHFEKFINER SN, BT REERE L AR EHEEZ TR L, ERESNT T RERTFIMNERI N
ZWTIHIREN, alLATu— L EERELEMABEZRL, EREIFTORL 2 RFmERI 17,

& RO CKD BEICB VT, RIEOMMFHBIULIRE N 2 89N L BT 2 T 2,

Purpose - Salt intake not only elevates the levels of blood pressure, glomerular capillary pressure and protein-
uria, but also increases oxidative stress within the renal cortex in animal models. We examined the effect of salt
intake on the rate of renal function decline, urinary protein and oxidative stress in patients with chronic kidney
disease (CKD).

Methods : Clinical data including systolic blood pressure (SBP) and diastolic blood pressure (DBP), serum cre-
atinine, uric acid, total cholesterol, triglyceride, urinary protein, salt intake, protein intake of non-diabetic CKD
53 patients were observed for one year. At the end of the observation period, we measured 8-hydroxydeoxy
guanosine (8~OHdG) in spot urine. We calculated the slope of reciprocal serum creatinine as the rate of renal
function decline (A1/Cr). We then investigated the relationship between those clinical factors and Al/Cr, and
urinary 8~OHdG, and also selected clinical factors that significantly influence A1/Cr and urinary 8-~OHdG by
stepwise multiple regression analysis. In addition, we investigated the gender difference in urinary 8-OHdG.
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Results : Annual mean SBP and DBP of all patients were 121.5+£9.3 mmHg and 72.5£6.2 mmHg,
respectively. Al/Cr was negatively correlated with salt intake, urinary protein and urinary protein was a signifi-
cant predictor of A1/Cr in a multiple regression analysis. Salt intake was positively correlated with protein
intake and urinary protein. Urinary 8-OHdG of all patients was positively correlated with urinary protein and it
was a significant predictor. Urinary 8~ OHdG of male patients was positively correlated with salt intake and was
a significant predictor ; in female patients, it was positively correlated with urinary protein and total cholesterol

and these two factors were significant predictors.

Conclusion - Salt intake increases urinary protein and promotes the progression of renal failure in CKD

patients.

Jpn J Nephrol 2010 ; 52 * 952-958.
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D DVENIZ E W T2 B i (chronic kidney disease :
CKD) DX, BIfE, ALK 13%E b, BT
FPEF & LT TldZ DAL, Abilk £ ofa
BT & L CHETH 2Y, BRIV TR, fER,
HEABIPIC X 2 IREFED I 20U & 2 BiRe R EE
TR RS ST & 7239, Lo L, ZEAGIR 285y
LT EETEHBIED ARFICESFEL T 2 ENBnik
&, EFETIEIIE I X 2 BTSSR b EH I T
V230 AEEIESEMTEE PRS2 TR, K
EROAOETEEH & JREAORINZ ALY, &5 IcEEBRT
FIBLA P L ADRIMZ G ERZ T 2 EBHLITINT
14359)0

Slbibin, F70 CKD BT 2 SiEEiE
DEPEREFEEEI ML, IREN, BLA b L A~NDEIC
DWTHER L 72,

MR ETE

HIHR AR v 8 — RAWbEE 2 v & —Fkidbih o
FERERIME CKD # D) B, CKD A7 —3 3, 4 D 53§l
ZRNREL 1 AERBISL 7, BEPIRTICE 7 0 —Lhife
Mz F8iE L 72 184, sl EiiIc REFEOR S 6 iz i
¥, BASELLINE A X2 b, FHIC X 2 ABMELZZ L
7o, S 2 A 0F L T 2 BF IR L 72,

FERNRIZOWT, BIZHER (O 2 H), 3, 6, 9, 127
A DRI, $7I0, 24 REZEREERZ FR,
5 [\ DILiE 7 L 7 F = ¥ (creatinine : Cr) i D Wi 5 D HE &
(A1/Cr) z B EETHEE L L, SUERDRIHTIC XD
BHIL 72, 7, 24 RHEIRTOF BV 7 L HRMED S &
SRR (g/day) %, IRFEZHEYEIED 5 Maroni D0 %

Al THEAEIE (¢/kg/day) 2, IREFEEDS | HIRE
H(g/day) ZFH L7z, & 518, £XROBIFEIGE, HH
B, REM, IHEIAIILE (systolic blood pressure : SBP),
5 5% 19 1M1 H (diastolic blood pressure : DBP), IfiLiF I F2 fiEd
(uric acid : UA), #8231 A7 & — )L {fi (total cholesterol :
TC), ARG (triglyceride @ TG) D 1L AR th D ¥ fiE
ZRD Tz, BIEHE TR, BERFREAEZ 1 [ FRINL,
8-hydroxydeoxy guanosine (8-OHdG) %
immunosorbent assay (ELISA) ¥ v I (HARZZ{LHIAHITIZERT,
AR, HA) 2 v CHlE L 72,

INHDT =T 1)~3) DG 21T - 72,

1) Al/Cr s % 5 2 2T OWa

MR G OB R O, MIE Cr fE, e RERIE
U888 5 (estimated glomerular filtration rate : eGFR)'", %114
[ o~ (e R HCE, EHHEAGE, JREH, SBP, DBP,
Ifilf# UA « TC * TG, % 7D IRF 8-OHAG fili% A1
&L, BT EAL/Cr & OMBIBIRZ G L 72, £72A1/
Cr ICHERICHE L 52 5INT2#ERL 72,

2) fHEIGE, SEPEIGEDY CKD B35 ORI L

252 B B OGS

X GR4x D BIZE I h D - by SRR R & PR S AL
= EOMBIBIfRZ MRS L7, £/, PRI &7
SBP - DBP * JR& 1 & OMBABIfR 2 2 Lz uliat L 72,
BEAERIGRIZO W TH 8 SBP - DBP - IREH & DAl
BIBHER 2 15 L 72,

3) IRh 8-OHdG fHIC % 5 2 % ¥ DR
RG] & BN, B TR O S, A Cr A,
eGFR, fHEHENGE, &AMENGE, K&EH, SBP, DBP, i
i UA - TC * TG ZA 1 & L, %K LR 8-OHAG fi &
DOMHBIBIR Z WET L 72, £ 72, IR 8-OHAG fHICH EITHE
B L2 5WFITOWTHERL 7, 51T, BISHK T
DHIREED 95 &, IR 8-OHAG fEIC #2452 5 AIREMED

enzyme linked
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Table 1. Clinical characteristics of the patients at the start of observation and during the observation period

Overall

Male Female %

(n=53) (h=17) (n=36) P
Age(y/o) 64.2+10.3 65.4%+10.3 63.9+10.1 ns
Serum creatinine (mg/dL) 1.6+0.8 1.8£0.7 1.5+0.7 ns
eGFR(mL/min/1.73 m?) 35.6+14.4 34.9+13.6 36.0+15.0 ns
During observation period (1 year)
SBP (mmHg) 121.5+9.3 121.9+£10.4 121.3+£8.9 ns
DBP (mmHg) 72.5+6.2 72.2+6.3 72.7+6.2 ns
Serum uric acid (mg/dL) 6.9£t1.2 7.2+0.6 6.6+1.3 ns
total cholesterol (mg/dL) 197.5+24.8 193.4%26.7 200.1£16.7 ns
triglyceride (mg/dL) 147.2+64.2 165.0+50.4 138.8+62.1 ns
Urinary protein (g/day) 0.51£0.73 0.69+0.94 0.43+0.61 ns
Salt intake (g/day) 71%£1.7 7.6+2.2 6.9+1.4 ns
Protein intake (g/kg/day) 0.85%+0.16 0.89+0.18 0.83%+0.14 ns
A1/Cr(dL/mg/month) —0.0008+0.0061 —0.0008+0.0066 —0.0008+0.0059 ns

Values are expressed as mean=*=SD. eGFR : estimated glomerular filtration rate, SBP : systolic blood pres-
sure, DBP : diastolic blood pressure, A1/Cr : renal function decline rate, *p : comparison between male

and female patients, ns : not significant

Table 2. Clinical characteristics of the patients at the end of observation

Overall Male Female %
(n=53) (h=17) (n=36) P
Age(y/o) 65.3£10.2 66.4£10.3 64.9+£10.2 ns
eGFR(mL/min/1.73 m?) 31.1%£14.0 30.8+12.9 31.1+146 ns
SBP (mmHg) 121.4£135 121.8£13.8 121.2+13.6 ns
DBP (mmHg) 71.1+8.8 70.8+9.8 71.2+8.4 ns
Serum creatinine (mg/dL) 1.7£0.8 2.0£0.9 1.6+0.7 ns
uric acid (mg/dL) 6.8%+1.2 7.3%+0.8 6.7+1.2 ns
total cholesterol(mg/dL)  201.8+29.5  194.3+£24.1  205.4%247 ns
triglyceride (mg/dL) 141.5+63.3  158.6+£55.2  133.4%48.1 ns
Urinary protein(g/day) 0.53+0.71 0.69+0.88 045+0.63 ns
Salt intake (g/day) 7.3%+2.2 8.2+2.7 7.0%+1.7 ns
Protein intake (g/kg/day) 0.82+0.21 0.85+0.24 0.97+1.0 ns

Values are expressed as mean=*=SD. eGFR : estimated glomerular filtration rate,
SBP : systolic blood pressure, DBP : diastolic blood pressure, *p : comparison
between male and female patients, ns : not significant

DT YK T vy Al (angiotensin converting
enzyme : ACE) BHESE, 7o 4 7 v v BRI
(angiotensin Il receptor blocker : ARB), ZI)IL> 7 LF ¥ %
VA58 (calcium channel blocker : CCB), B3, HMG-
CoA FITIHFILEIED NI IZ OV TH LA ZBE L 72,

KRR RIBRADMMLER 2 DKEDOS &, REHIC
A7 F—LF-avey b 2ETUT- 7,

fREt T

WNROWEKT — 2138, P+ EgERETEDb L, 2
K E DB X Pearson DHHBIFREMRE 2 flv>, Al/Cr, IR

th 8-OHAG fHICH IS E % KT 3] TR IE A
F v 74 REEIFON R VT, IR, BB o HEZ
FEDBEITIZ x e % ATz,

w R

1. MREBEOERKREIFH

o R F O BIEBHIA R & 8122 01 R vh o iR 1 R 1 %
Table 112, BI%GE THRFOEIRAVEHEZ Table 2 1213 L 72,
BRI O B2 BRI O ML Cr {13 1.6£0.8 mg/dL,



KPWr b4 £

r=-0.287

0027 o

0.015 ] . 0= 0037
0.01

0.005 1

-0.005 A
~-0.01 A
-0.015 - .

Renal function decline
rate(dl/mg/month)
(]

15
Salt intake(g/day)

r=-0414
. p = 0.002

Renal function decline
rate(dl/mg/month)

-0.02 + T 1 : : T -
0 0.5 1 1.5 2
Urinary protein(g/day)

0.02
0.015 .
0.01
0.005

r = -0.265

-0.005
~0.01 -
-0.015
-0.02 - T T
40 60 80
Diastolic blood pressure(mmHg)

rate(dl/mg/month)
o

Renal function decline

100

eGFR X 35.6+14.4mL/min/1.73 m*TdH O, BIZMHEF D
¥4 SBP 1% 121.5%9.3 mmHg, “F-¥) DBP & 72.5£6.2 mmHg
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Atz L)a 1B 26, 261, A 7HE 26, &5
Bl chh, SEEBICHERBLEZRD LT,

2. A/CrICEEEZ5Z22HF
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Fig. 1. Relationship between renal function decline rate and
salt intake, protein intake, urinary protein, systolic blood
pressure, diastolic blood pressure

a ! salt intake, b : protein intake, c : urinary protein, d : sys-

tolic blood pressure, e : diastolic blood pressure

ns : not significant

0.01) L FREOAMBEZZ Y, EAIEHURE, SBP, DBP & i
MEEL o7z, RURL T \wgs, Al/Cr i3 BEEHM
DIfiliE UA, TC, TG, B TFDIKT 8-OHAG il & b
MBI L 2o 7z, £72, Table 3 IR T &L, Al/Cricfd
BICHER 52 2] Ico 0w, BRSO CIRIREN
(F=10.54) D AR S N7z (r=0.414, p<0.01),

3. BRIEIENED CKD BEDEBKMGFBICEZ 2E

Fig. 2 IR & <, WRAH OB h o f s
I EAEIUE r=0.363, p<0.01), REH (r=0.528, p<
0.0001) £ HEDOIEMBIZ 0 72, KR L T 22\23, SBP,
DBP & 3MHBL Zedr o7z,

4. ERENEDY CKD BEOBKEBRICEA SZE

BIR LTz, wffRaeflosligdidh o s f 8t
13IREH, SBP, DBP DL F itk LML eho 7,

5. [R¥ 8-OHdG fEICFEE2 52 AT

RN aFOIRF 8-OHIG fililk 19.24+12.2(ng/mg * Cr),
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Table 3. Stepwise multiple regression analysis for rate

of renal function decline

Overall(n=53)

F ratio
At the start of observation
Age(y/o) 0.06
Serum creatinine (mg/dL) 1.75
eGFR(mL/min/1.73 m?) 0.04
During observation period (1 year)
SBP (mmHg) 0.26
DBP (mmHg) 1.86
Serum uric acid (mg/dL) 0.01
total cholesterol (mg/dL) 0.27
triglyceride (mg/dL) 0.79
Urinary protein (g/day) 10.54*
Salt intake (g/day) 0.41
Protein intake (g/kg/day) 0.39
At the end of observation
Urinary 8-OHdG (ng/mg - Cr) 0.09

eGFR ! estimated glomerular filtration rate, SBP : sys-
tolic blood pressure, DBP : diastolic blood pressure,

8-OHdG : 8-hydroxydeoxyguanosine,

significant

* : statistically

1.4 -
o~
12
}D e r = 0.363
< 17 ”0 * 0 p = 0.008
;60'8< * vt :.: .
206 - s ¢ *
£ 04 ¢
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§ r = 0528
Y p < 0.0001
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Salt intake(g/day)

Fig. 2. Relationship between salt intake and protein intake,
urinary protein

Table 4. Relationship between urinary 8-OHdG and clinical characteristics of the patients and stepwise multi-
ple regression analysis for urinary 8-OHdG

Overall(n=53) Male (n=17) Female (n=36)
r p F ratio r p F ratio r p F ratio
At the end of observation
Age (y/o) —0.028 ns  0.11 0.011 ns 0.5 —0.041 ns 0.12
eGFR(mL/min/1.73 m?) —0.032 ns 0.65 0.213 ns 1.17 —0.093 ns 0.06
SBP (mmHg) 0.188 ns  0.88 —0.224 ns  0.81 0.308 ns 1.58
DBP (mmHg) 0.119 ns  0.09 —0.062 ns 0.19 0.184 ns 0.15
Serum creatinine (mg/dL) 0.011 ns 132 —0.042 ns  0.41 0.025 ns 0.26
uric acid (mg/dL) 0.051 ns 0.13 0.041 ns 0.16 0.052 ns  0.007
total cholesterol (mg/dL) 0218 ns  1.67 —0.346 ns 0.89 0.407 0.014 6.87*
triglyceride (mg/dL) 0.157 ns 0.12 0.368 ns 1.74 0.103 ns 0.04
Urinary protein (g/day) 0.339 0.013 7.76* 0231 ns 0.02 0.417 0.012 7.31*
Salt intake (g/day) 0.166 ns  0.23 0.489 0.046 4.71* 0.056 ns  0.38
Protein intake (g/kg/day) 0127 ns  1.69 0389 ns 0.44 0206 ns 1.32

SBP : systolic blood pressure, DBP : diastolic blood pressure, ns : not significant, * : statistically significant

B 19.5+£8.4(ng/mg + Cr),

LN EES

19.1+13.8(ng/mg *

Cr)f% DEBREBELAE 2RO o7, Talbe 4 IZRT T

, WREFDIRF 8-OHAG fiE 13 R &
oos)kﬁ HOIEHRE 2389, Kb 8-OHAG fEIc
BT TR &

BebH5 A5 E L THMEY

F(r=0.339, p<

=7
= \—E’/

H (F=7.76) 3

HEINS N7 (r=0.419, p<0.01), BHETIZRY 8-OHIG i
AR (r=0.489, p<0.05) £ HEDIEMHBZTRL,
HEJFIHTH BEBINEIER S N (F=471, r=
0.489, p<0.05), ZPETIZIRF 8-OHAG fEIZIREN (r=
0.417, p<0.05), TC(r=0.407, p<0.05) £ HEDIEMHE%Z
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AL, RS TbREH (F=7.31), TC(F=6.87)0%%
RN (r=0.563, p<0.01), £7:, ACE FHEZ, ARB,
CCB, BiEMi#E, HMG-CoA HEERDONIRICHE RHBL
HRBDIRDoT,

z ¥

ARG T AREEIGE & EHREIGE & oRICHEDOIEM
%R0, HEED% L OS2 L L Twi, LaL,
AR T B RRRRAR B3R T, ARG & AR
MBI L, SEAELGE, & B L o 7o, EElRT
BrCIX BRI Tl I B RIS E 2 5.2 201 & L TR
EHOAMMBERZI N, ZOFRKE LT, SFEIES
REALAROIEMHEZ R L ZEEREZHT L, B
L OVE R AR T HE & D HBIR B AR EIGE X D bIRE
ADIEI VLD REp-o72 &0, ERRAIICET 28
RBINE DM AN E N 2/ NS Lt EIOND, £
7o, AW CEERRC T R E DM E B2 R S b o 7
JRRE LT, SEGIED D 27> 72 T &I K B a2
N7 —HRRHHEZ S 505, R O BT 23U
WIC 121.549.3 mmHg, $RRIAT 725462 mmHg &, 147
BMEIY FPE—LEZZITTOINRPELSGEN TV
e ODHREEEEZ SN,

BFERZEEMTETH % CKD BHEICE VT, B
I3 EHIED EA, FFIZ non-dipper BUEIME % & 72 L B HE
BEREEZ TSR T LTV Y, £, SEIuLk
BOABMIMENED LA, IREHOHMZ L7592 Lds
Wit SN TELTY, ABR O T I BRI &
DOMBEZ RS etro ey, B E LT, ToakERES
& BIMEa Yy b=V DORFBERHRBPE S EEN Tk
IEEZ SN, Ei, BEEHEIIIREN &HEEZR
LT, BEERICX 2 REORMZN L 7 BERE RS
G D R IR S vt

BB X 2 R3KENED LR, IREAOHMIZX %
BIFEECEN & 302 L 72, BB HEEORF IO WT
FYEBETIEZ  OWMEDH 5, BHEEIUIRIRIETO
transforming growth factor- 3, (TGF-8,) D FEAER M % /- L
THREMERIL 2 ET 5 2 &9, SR ES v h Tkl
D TGF-B, PRI A % JOG D nitric oxide (NO) P&
AT 69, | & TGF-B FEBIH M~ & G
BT 52, BEETOREBREREOMM, iRty
T % superoxide dismutase (SOD) DIFA % 5| EHlZ L, &
LA P LA = —D ERPEI S I ERINT W

29, WAL A b L R ORI FRAIAZ AT A 52 PR A e
DFREALTS X4 > X 7 Ll Ml LS & (A
BN S0 M VY B A, - A R 3 1) B AR AR
K-oid, IMENMENTomMnzs Sk L, BhEEz
T 2 & ST L3202,

AW TIE, BILA ML ZA2—A—L L TRPD 8-
OHAG %% L 7z, 8-OHAG FEE{L A b L AT X % KN
® DNA #HEGDOHRETH D, R CKD EEH DK 8-
OHdG filEl |3 FEAFE R DB 2 T v 2 EPME I N T
V32 KRR, ot R4 TIR T 8-OHAG fEIZIRE &
B L, EMYF7HTTH IR 8-OHAG fHICH R ICHE L 5
ZBRFE L TREAMNERI Nz, LHL, 50 %N, 60
IRARD A B\ T IRY 8-0HAG D KK 12 B 4703
H5IEPWEIN TP, Thbb, 50 kMR, 60 %
R DR 8-OHAG DV-HfEIZ, D3 BEIEL  HE
W, ZORRAE LCHRIC X 2 ENgkoRm, =&k
07V EEAETICHE ) a Vv AT — VRIS E Z S5
TV 3224 RKBETORROEM D TIET 66.4+10.3
T 649102 1K TH o 7728, JRY 8-OHAG fHICH =
IR 5.2 32O BT B DOME b 175 7228,
IR 8-OHAG DMIEME I IZ B L2 R D > Tz, BIET
(kPR 8-OHAG fiEl |3 A EHGE L HBI L, BRI E L 5.
Z5HTE L CHAEBIEMERI N, /i, KT
(3R 8-OHAG fifi i3 B fEHGE & IZMHRE T, IREN, &
AL A7Tu— ) EEMBEIL, BRICGEEZL5Z 5T LL
THMKFHNER S 7, FETIERIREIGE 2R 8-
OHAG fHICH BRI B2 5.2 2T L L TGERSI N Z L
D5, BYFEBRTOWREY D X i, HFN CKD BEICE
VT H BHHERDBLA L A RS 2K TH B
AMREME S & 573, KMETOREL S X, AFEERICX 2%
BEREAR TR EE D RIIN 2 B LA+ L ZABN D A2 5 3T %
DIFWEETH 5 & b, ZMIZE > TIRY 8-OHdG fE
B R 5.2 27 & L TEFEBHIGEINERS s> 7
JRIKIE, WNROEMD 6491102 K TH Y, BRI EIHE
NS EOFE 2 52 IHRELERTRETH A9 D5,
AR CIIEk D & 27 0 R 8-OHAG D F-HfiE i
BUHAERRBDIRPOTZDT, TDIEDPEDATIEHHT
9, ToIKHSPICTE o7,

At &, AHERULEMIIE 2 IGEY T 121.549.3
mmHg, JAEYT 725462 mmHg &+ zliEa Yy fo—
V% ZT T B CKD BF 2B W T HIREH Z M
XY, BHEEEZESE S 2 RSN, BB,
TIZEIEEIUZIR T 8-OHAG DN & Bh# 4 2 2 & AR
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