A Asts A A 18 $E 3% 199

TR Y F4A

wERSE o Fog st

=

M =

DYl Age ddd M RS =go)
A estzAle) olatw AgAdHs nYge 1
Axst aAE @A gude FvaAst do.
ZA% AF(interventional study)dAME A 27
AL AT A9 AFo] YL &S5 A o
gy Ad Al 23t el whEE Advict ot
d1” A £gE7t e B o Ix9
AGAL gy dArpe] Y 9% F1 FAx g%
9 FHER YEES MNAAIA RIdE FEE Y
o,

o] A7l ofstd HFHe ¥R A9 30-
60% N MRt frejatAl ¥elg AR A EAd
Abgoll M 25-40% 1Mt FoEA BgE 7
A, AlgelA 49 754 (salt sensitivity) ol 2He
o]l EAZIGE o diEAE B o8 gtk
A AYE #FAe @ n¥Ye] Ame AU
= Y # ol o] EHY T HAbyel
e AE B AY BS54y B BAE A
ARG, 2 g FEAde 54 AFAA o
&3tz n¥ede AES BANE B ol A
Axte] A @A (reproducibility)e] lohE Apde] ¥
WA AEA BRHe 934 IQd. g@x
ARG HAAEE AL AR MR (genetic
marker)E WAslor = HAZE doldck 2¥A
HA AhAgeR TR HE AFE ¢33t A
8o E&& Fx AGATe] Ego] HA g 4T
T AHEE Fo] AdAE A otz € ol

B 2eMe A9 #edel Ao 9F FAEH
B4, 2474, Axd 2 A¥aA gArz A9
g Tol sy 2P uF 3L S8 AAdsAch

El

Al 2=sMo| oo} oIT EAHEE R
(Definition and Demographic Characteristics
of Salt-Sensitive Patients)

Kawasaki 592 1999 EH4ng48xs o
4oz Holx AR 4F Ao YL HEE
FFE 7R g dFY 2 GEEH ZEO
27t 3% 9mEq$ 70mEq4 &3 7]E2Ale] 4
d(NaCD& "id 100mEq¥ A }3sl(average-
sodium) v 4FYE 71BN FEE Fon
(low-sodium) "% dFYL A4S wigd 240
mEq¥ A7}t cHhigh-sodium). 283 Y4
o] PFPgte] AFAET 10% o4 ELWE
“salt-sensitive”2} J9d 31, 10% vl¢ddE “non-
salt-sensitive”2t B3t 2 ¥ 199 F 99
o] A AT NI An(Fig. 1) olEL A4
v 2T viE GEES awidde] AYen n
g AFF7F o gck gy Ad BeA
9 o3t 7|FL Alro] 27 Ha: wrEsie] Ay
37] ol#& EAl7F Uk

Weinberger 57 1929 By n¥getel
37579 AAEY AYAE Uz Holx dFAIF}
23 A4 ddGe BEE FF A7 g o
8A1d 09% A4 288 E AR 500mle] &%
2 AoA AFsn vgdde JEFC] FF 10
mEq ¥ ALAE F=E sn AT olmAl(furo-
semide) 40mgS 1041, 144, 18719 Z+zt H o351}
agln QNEF Rk A el A4
A3} o)A Fo o-gd okl 8Alel 2% YEYet
Hv} 10mmHg ©4 & W& “salt-sensitive” ¥H&
o)z} A3, 5SmmHg °|3tdw “salt-resistant”, 6-
ImmHg ¥ ™ ‘“intermediate” W-g-olz} FA&gch 2
Az R ndLERY 51%, FAEE AR
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MEAN ARTERIAL PRESSURE

%
INCREASE
104

SSs

Fig. 1. Per cent increase of mean blood pressure
in salt-sensitive(SS) and nonsalt-sensitive
(NSS) patients with hypertension when
their diet was changed from low sodium to
high sodium. I=mean*standard deviation
(From T. Kawasaki et al., Am J Med
64:193-198, 1978).

Table 1. Proportionate Responsiveness to Ra-
pid Sodium and Volume Expansion
and Contraction in Normotensive and
Hypertensive Subjects

Sodium- . Sodium-
Subjects(n) sensitive Indete(r)’/n)nnate resistant
(%) ° (%)
Normotensive 26.0 15.7 584
(375)
Hypertensive 51.0 15.7 333
(192)

(From M.H. Weinberger et al, Hypertension, 8
(suppl 11):127-134, 1986)

26%7} A #@AFAT I HTable 1). Wein-
berger Fo| AMEF A AFAdel olyF EL
718 Grim §'Vo] AH&¥ WhgezA ANBAO F
AP gEuel AgRa 2 Adurds 4w
DAL L B o wa A gy Aok B
o) gl

Aol A 2GRt w2 gt W3l 2YYT
3 F4EsE Z57F ArEE(gaussian distribution)
g g, BeA 49 FEHE Ure VEe 9
AHd Fubell gick 2V AY #EAHY A

High intake

Intake and output of water and salt. times normal

Mean arterial pressure, mmilg

Fig. 2. Relationship between arterial blood
pressure and urinary sodium chloride
and water excretion in normal subjects
and in patients with hypertension(From
A.C. Guyton et al., Am J Med 52:584,
1972).

g HizFAdd AHEE BHFEHH Aolg z=2E
Apol7t Fo] g& Bt ol UG H A¥EA
T FAAH=AE Zol7t Ak

49 #FFA N=E AFH A% =W Aolst
Atk vol7t BEFE A #Fede]l ¥ BRI FY
o] Wmn A #FHol o B wd uw
ol AU @mel Sle AN HE #AeAel
Be Aol A’

oY 2440 SWHDIH
(Underlying Mechanisms of Salt Sensitivity)

YUY B AFe] FLFHTE AL Guyton
§9%) Aol Ngupl EAFELE AL AN
& “pressure natriuresis” 472 €& @ o3
T4 A HQHKFig. 2). B3 Y AEA4 n¥g
BAEC dzToht A9 A ;™Y EAERY
g o BL GBS RESE AN BTEA
HA1'® “pressure natriuresis” IFAe] HAI=7}
o gt AAE 4A SN (Fig. 3).

Campese 5& 249 Z4dold gEe] 253 &

Al fAdez H3F Adge MEE AXEA
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300 4 o—o Normal subjects
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80 90 100 110

Mean anterial pressure (mm Hg)

Fig. 3. Plot shows renal function relation in normotensive(normal)
subjects and salt-sensitive(SS) and salt-resistant(SR) patients
with essential hypertension. Values are mean*SEM(From
V.M. Campese, Hypertension 23:531-550, 1994).

. & gl RET #AHNN UEE-AF 714
(A7 2ZAR3A, AN dd-axeaAA uleE
FEF T2 A AgA, ol2AgAAe Wb e
B3I Hoverexpression)$} YEF-u]A 7]1A(PGs,
dopamine, kallikrein, ANF, NO)¢ HHE2Z(un-
derexpression)o] HFAE I ol AFoA FEo]
F=d B =&HY YEE-AFY n¥e] @
A gt Aol

1. UEBR-XF 7|8 (Sodium-Retaining

Mechanisms)

1) wZHIAA(Sympathetic nervous system)

A9 FrAdel e ¥ AN JEE-AF
o nEYES uwAAA 4= Sl BHEdueE
7= ®ol Atk 7 19 E Y A9 AP
°f gl AlFEL dudlzd ¥FF=t @A
g AeAel AE AHRE %A 9o =3 AA
A nEgol A Algel NEHHAE Ho| A NY
ol FF3tn AGHFF] FAEH 71¥A YEE-
AR7E Fokete @42 A% e APz2E
9] olite] Bl RAE AlAMEL

SHR(spontaneously hypertensive rat)ol] 194
S W wPAAAE A8 “pressure natri-
uresis” H49& WIAA YEF-AFG A9 344
£ 2R3

2) H-2tx| 2 BlAIH|(Renin-angiotensin system)

29 el e ¥ RN Hd-gx e

diAe] A8 ofd EfAsict oy Ao o
FE£8 3% dded=rt 2o 2y 85 ddg
ARE AW AdUaA FhHoz gde] AAYEH
™ “pressure natriuresis” AL BWAAH YEE-
AF Ad 24 298 Qo

3) elmel(Insulin)

EH AR Adre ded AR T
Jded¥Fel ok AdedL A Fo3d e
- AR, BAAAA 243, Feol2 AGAAY W
, BEZAZY v g 2585 o

4) 0|2 MEHH| M2 (Alterations of ion
transport)

A Aol ol HMEAAL Wi wEd &
Ak ol& AHste o7 sl™e] AZHL e
olF A B! 7Hdr|dez AQ ZeAel e
AtgelA ZAEE n8Ye] AR YEF o]
A7t we] Hu wjdo] ZaH7] fgiolgts A
otk 1 A#} wAst= MAZF7He EDLC(endogen-
ous digitalis-like compound)®] ¥H|E A3
EDLCE YEF wld®st olvet A3z JEIAE
9] Na'-K'-ATPase 84EE A8 (Fig. 4).
o8 rlHL AdHFAN nPYL dote 3
€ AL olmAlY A4 FuAM(ABRSH)
IE dyste wjAe] Bt
2 dtel adducin2 AT AZALH A Bs}
o] adducin®] Wolt UEF-PZo V4T %
€ &4 Ut HIE e-adducine] Holx AR

al
=
a
3

roll
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Decreased sodium excretion

Extracellular
volume expansion

Secretion of natriuretic
digitalis-like hormone —¥ Restoration of euvolemia

Decreased Na-K-ATPase activity

Increased cell sodium

Increased cell calcium

Vasoconstriction and hypertension

Fig. 4. Possible mechanism of sodium-sensitive
hypertension in which impaired renal ex-
cretion of sodium is the primary abnor-
mality and a natriuretic endogenous digi-
talis-like compound indirectly leads to
systemic vasoconstriction(From J.P. Blau-
stein & JM. Hamlyn, Ann Intern Med
98:785, 1983).

I BAEA G AL BEUYE A7E
b AP

2. UER-ld 1™ (Sodium-Excretory
Mechanisms)

1) Prostaglandins(PG)

g a3t JdE PGE:S PGLE AlgA
ARdo] #AsH YEE-AFSE A4F/HE 2st
2 e D8l T4 wAAIE € 5 gl

2) Dopamine(DA)

DAE A¥F% UEE wWldE 7M. DA%
NE(norepinephrine)&= A&l YEF Agdas =
Holl A Jutd E7E HUdh wWeld NE/DAY&9]
A e mYQtlM Fsbgcl =3 dopaolA
dopamine©2¢] AFFE HAFS YEF WS
AN 79 g2t 2% dopamine/dopat] &2 Z4
7 494 49 ABR AHES JE HsAEE A
ARge},

3) Kallikrein

A7 kallikrein-kininAl 4% Zries 3§
FHog YEF-ARFY A9 FFH4E 24¥SF U
Eegdnadgaas wWinc IeAM 8F kalli-
krein ®jde] o 2t}

4) Atrial natriuretic factor(ANF)

ANF ¥Hzae JEEF-AFY 49 #4448
285 Ao ERdnEYANA EF ANFAE
o2 Avtd ABEo] Has

5) Nitric oxide(NO)

DS(Dahl salt-sensitive)# ¢ DR(Dahl salt-
resistant)F oA 1H2S AFHE @ DRFAE= NO
71 F718ed DSHE NO7F 4k NO A4S
Z7¥A71= L-arginine® L-citrulline® °©)&§k #
o BAE o AY ZeAd n8eE diEgs YA
ok AMghel A9 ZAld NOS 982 o 745
oF & Aol

oy 2AM2 REERSI?
(Is Salt Sensitivity Inherited?)

Campese $9¢ 29 Aol fugde 7H4
€ FASAD. olaig ML o APl aeA
AP M nEYe] A= FAY A A
g Aol oA W mYgto] WAAE I Wi A
o= ¥ite] AAET ARAZ olozre Hto]
22IU?,

A A4 FAE dFEE A8 FAEL
532 IHSAEND 498 AN Hg A5l
FAH oz FEHTYE JHEAHE HA¥ F= gk
7Hd x=ql, B Gxd Fol A AMRlA 249
F48 W=t Eo 2 ZEISFAEF(pheo-
chromocytoma)ely} NE8AAG 1d¢a} 2L o2y
TEGA YA Z2FE AANH AP JEEF A
d%5go] JBIAYY zemz A9 #AFAH 1Y
AN UEE widsEel Fejrl MAHoer] B
g o3d FIHY 4L uAgE Qi &
REYG AN AP AL n¥do] Y F
o olxHom AAFAY n¥Y A olAHH
28 FAHE F4UF= ke FH el

Al MRl MREUM QEE
(Salt Sensitivity and the Risk of
Renal Failure)

B ndgtgate] A%d HPEL Bl W
uot 5-68 o O Wr)AnAfze g9 F
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16%7F 2EYAH &9 Y| ARAERe) dg) F
30%7 m¥Yo|x 11%7F n¥te]d™,
JNC(Joint National Committee) VI 21%¢] <]&}
¢ 19709 2EE 19900ddl 274A] nFde] nE
e UAAF L Az vlgo] A5 et HE
3 TAESAN ARz A% AlgEol Z+7 60
6 Zastgoy orjaRde] HYELS
A F7IA L olF Fo] WlrTt 6-78] @t
YRV A 2R 9 F 183%
7t n¥EdG AAFAAFo|NL DrjARd LAE
T AL FUMeAT ool n¥Ye R A% &
71 ¥de] A& Frrstn A 2@ &
dol g o] Mye AlF-FHAA gdoz H
Z3¢ AUz FE3le 4, 2L YdHE &Y
Ar7t E]lo] o AR FAE7t s F50] A4

(e}
el e

=3

GFR

ml/min

Low Na+ High Na+

Filtration Fraction

Y

104

Low Na+

High Na+

ml/ min

mm Iy

5]—, 9\1‘:}24,28)
Qe ozt 49 BH4Y NEs} BE xQ
ol FmBPAdME nHYoR UG AFHe] o

Agol o ¥

olghge] A #AFAol Y LY BAFo] A
Eol AGE olft FHUAAT ofntx TP
e v E AYFSE wWste) Az As)

ATHE mFAe M A APY TG BRAEY A
dARFe F7hstn AFE&(filtration fraction)<
dasts dHdd A9 44 1Y s NE
FHe Zasln A3EES U8k AbeAde ¥
42 Frhetohe Aoltk(Fig. 5, Table 2).

A9 Bayel Yt WY BASAA old@
YA AYRAF A BEE N9 w44
Pyr)ae Azete 49 AnelkFig. 6)°. 59

Low N High Na«

Na+

Glomerular Pressure

J Salt-Resistant
B Salt-Sensitve

Low Na+ High Na+

Fig. 5. Bar graphs show glomerular filtration rate(GFR), effective renal

plasma flow(ERPF), filtration fraction,

and calculated glo-

merular capillary pressure in salt-resistant and salt-sensitive
patients with essential hypertension during a low(20mEg/d) and

high(200mEq/d) dietary sodium intake.

* p<0.05 vs low Na’

intake;, # p<0.05 vs salt-resistant patients(From V.M. Campese,
Hypertension 23: 531-550, 1994).
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SALT-SENSITIVITY AND RENAL HEMODYNAMICS

High Dietary Na+ Intake
]

v ' ) v
 NE/Doparine leo-m:m J [rPG& uachl LTRenalAlI ]

ratio ‘

1 Renal Efferent> ‘_______J

Afferent Resistance

!

\d

1 Intraglomerular
H "
Hypertension | > P
RENAL FAILURE

Fig. 6. Flow chart shows possible mechanisms underlying renal hemo-
dynamic derangements in salt-sensitive patients with essential
hypertension NE indicates norepinephrine; 20-HETE, Z20-hy-
droxyeicosatetraenoic acid, PG, prostaglandin, and AIl, angio-
tensin II(From V.M. Campese, Hypertension 23:531-550, 1994).

Table 2. Renal Hemodynamic Responses to Salt o F@sA FAT £F AW e AE A

Loading Rug 49 254 1YY BASAA o Aste
Salt~ Salt- 2ax g

Renal Parameters Re%zt)ant Ser(x;i)give o] AT Qs == AL Bux| @A
Renal vascular resistance -7 +37° RAARA A= 37%, 49 A4 29T A
Renal arterial resistance M BT R % &(nocturnal dipping)®l &=
Afferent +5 +24° 4, 49 2549 2¥8Y FAEC] A9 AP n¥
Efferent -2t s ¢ §Au AAALe] Fl[LDL EalxH &% LP
Glomerular pressure —10 +21 (@9 Z7} HDL 2H2689 ZAl7 B AS

ﬁ%ﬁlmg ﬁﬁsgﬁr;ﬂt from low NaCl diet and o] 2 7jdoz ANS T P,
Significantly different from low NaCl diet(From HAA e 2AEFL F8 AFDA H8UA
V.M. Campese, Hypertension 23:531-550, 19%4). 2 e ARHT Q7] YEel ey nygBAS

A A9 AFAE 884 AEAAE FE4EF 8l

PGEz%t PGLx AFTAA AE(preglomerular ar- Aolae 2ol A7Hn Ao
a2 A = T AL .

teriole)oll E#E&F AUt e v ALFASE AF
W (postglomerular arteriole)ol = PGLY ¥a&3

£347} ek i B

THATEGEAEAN Y FFAdol AFH A
oA AgdAE FEe r1de E9Ae 44
o AE AFE FXEdA BEEE 2FAAA, ol
< AEAA 2 AEFIFY WA Fol F52E3

¥ FREAN HE4HS FALNRE B o DPGS] dE Y, o oprt A HE#
AawAs BRHT® ol 1P YEAT I A A¥eAz FgESF UA FEt FREF A

A EOIXIZMO AlY Z+M
(Salt Sensitivity as a
Cardiovascular RiskFactor)
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Congenital or Acquired
Predisposition + High NaCl Intake

)

Alteration of renal Alteration of Cellular |4 1SNS Activi
Hemodynamics Transport of Na+ v
»|  Sodium Retention l;lnsulm rmfstant:e/
yperinsulinemia
{ Intraglomerular P ShE—
<«—— ! HYPERTENSION
Pressure _ ? ?
J v v
Progressive 1 Cardiovascular
Glomerulosclerosis Disease

Fig. 7. Flow chart shows salt sensitivity and cardiovascular and renal
complications: a hypothesis. SNS indicates sympathetic nervous
system(From V.M. Campese, Hypertension 23:531-550, 19%4).

thFig. 7).

FF A B dobds e ET FA
Holvd dA4AE 2 EXHHAHgenetic marker)e]
HA, Ad BEAel gl AlgdA #BEHE= AAF
A% ®ste 71d, A9 Aeds ZAAHE 99§
o] ol TFHEol & FAFo|T ol nYY] HelA
ol#|sl X759 HFE HIscd vi¢ T8
& Froletn Azt
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