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ABSTRACT  Although the close relationiship between high blood pressure and obesity has been
pointed out in many epidemiologic or clinical studies, the underlying mechanisms of hypertension in
overweight patients still remain unclear. The purpose of the present study is to clarify the role of
water-sodium balance, sympathetic nerve activity, the renin-angiotensin system and renal
dopaminergic activity on the hypertensive mechanismis in overweight patients with essential hyper-
tension (EHT).

In 113 inpatients with mild to moderate essential hypertension receiving a regular diet containing
200mEq of sodium, 75mEq of potassium, 2400Cal/day, thiere were significant positive correlations
between the obesity iindex (usihg Minowa’s index) and mean arterial pressure (MAP), plasma vol-
ume (PV), extracellular fluid volume (ECFV), atid total exchangeable sodium (Nae). MAP, PV,
ECFV and Nae were greater in obese EHT than those in non-obese EHT. On the other hand, a
significant negative correlation was observed between the obesity index and plasma noradrenaline
coficetitration (pNA) and plasma renin activity (PRA). The mean values of pNA and PRA in obese
EHT were sighificantly lower than in mildly obese or non-obese EHT.

In 41 EHT, following sodium restriction (35mEq of sodium, 75mEq of potassium, 2400Cal/day)
for one week, MAP and body weight were significantly decreased aiid a significant negative correla-
tion was demonstrated between basal obesity index and the changes in MAP and body weight follow-
ing the procedure.

Fractional excretion of sodium (FEna.) correlated negatively with the obesity index in obese
EHT, unlike in mildly obese or non-obese EHT. The mean value of FEna in obese EHT was
significantly lower than that ih MAP- and endogenous creatinine clearance (Cer)-matched mildly
obese or non-obese EHT.

Following intravenous infusion of dopamine (3ug/kg/min, 60min), urinary excretion of sodium
(UnaV) and FEn. significantly increased. This natriuretic response to infused dopamine was
significantly greater in obese EHT than in non-obese EHT.

In addition, urinary excretion of free dopamine (uDA) was correlated positively with the obesity
index in those EHT whose obesity index was less than 15%, but a significant negative correlation was
found in patients with an obesity index of 15% or more.

These findings suggest that the blunted natriuretic ability, which might be attributed to an
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attenuation of the renal dopaminergic activity, at least in part, may play an important role in the

hypertensive mechanisms in obese EHT through the expansion of body fluid volume and sodium.
(Received October 25, 1989 and accepted November 8, 1989)

Key words: Hypertension, Obesity,

1 & B

ARREHEEIMELE OREIIREE SN TERL, Th
K « BAERERmENE « B - ik - RS0
Ml E OHERTFIEHCEE L TWBEELHATY
5. —F, BERE L BEEFCETIELES
DRENE L, RBHEMERSE CREFES L
UfBiktE 258 . F, BRE BRErsLddE
MEAZECIEERBICE RV EEEE 2L 54
¥, B L EIMEORTE BE R IR T A BE K
HLMEINTS, Lol, IEEIELEDR RS
EIC Wb o T\ B D0, ZOEMIEED Kk
BoMizEh Tz, JEREE O ERF
BIRETOEFROBRE TS, XRMERDOBE S 151
WET B L DM (KYR - A Na BEARERESY &
THLOENRD D, REO—FIELh T, &
OEHBO—ERIZIE, NEFCIEHORE, KEERE
Fi, BLEOKRHELEDERNITLID. bk
Z, BETIRIRET, REEBOEREORECRE
AR R renin-angiotensin &, X HITIARK .
Na B O  SEMCHEE L, NEBEOFTEFIT
BiFB R HEROBREITME, SOmFERL, AEE

BRI VEETSERBLMACL TR,
i, BITIEBOK-ERENRHE5E dopamine
ROBEREIRE SN, HLOTERREDDLIAHE
o T B 1518, ‘

Z T, AWETE, REERMEEORE - Bk
W BERE A B 5 L O AR BT, A
E—ERER T CER, 4 BnEREAYFTSEEL
fo kT, REBBCRTLIEHE &, TREMER,
renin-angiotensin &, ¥ - 4&H Na &, B Na gt
BEx X CRPEME dopamine BEEE 0 b 2 1 H
dopamine R DHERE & DBIE A FEMICHRET L %o,

2 W& FHE

2-1 ¢ %

wHREE b e R EE CFgREEZ 1L, K
O, BeBHEEY L b M ARDOBRE L
UAREHE (WHO BB I ey L D ARBEE M

Renal sodium handling, Renal dopaminergic system

FEBREI3H (BHTI6, LH404F < Fhix
21~59 %%, F#941.6+0.9 5% (mean+SEM) TH 5.
WSh bR, &L BHERNS R &b 2L
Hind, BEFCEROBRECEEY S 2 2FAD
RAEERAE TR L. ABEIE Na: 200mEq, K: 75
mEq, 2400 » v Y —O—ERLERE LD, AREHE
DB TIMENEET 5 AR 2 BURKIRICB <%
RERRE L. i, APECREMEORELL
TEHBELRD AV, WRyY IFCsELL Thb
b, BWIEFHSO-10%E E, +10%K i o B #H
B, Q+10% M E, +20% K50 B EEHE, )+
20%LL LB TH B, SHOEMB L Fl, R,
RE, ERIEHOFEHMEL Tablel imrT 24T, ¥
IEREEE 4341 (BB 28 4, % 15 %), EREEAEEGRE 37
BI(E 25 Bl, 212 1), ABHEEE 33 41 (5 20 1, & 13
PDchHs. 3FEMTHELME WHOSmMERMEHL
MREREL LR 5T

THI—MROER (41 #1525 41, & 16 Fl, FH
FEH46.411.98) TR\, HFECESET 5% -
R Na BOoEBESEY X b T<X<, Na!35mEq,
K :75mEq, 2400 # = ) —OREREAY 1 :8HER
B, FOBOEKERVCLFECEIE L BEAE
BRI OIERE & O St L.
2:2 & ) :

2:2.1 BR, RERUVEBEORE
AB—EAER 2 B%, —HOEATRELSE
BiE B 1 %, FhPhoBS TRIREEHRAT
DFH TRBC TEDADERCHE, FELRELL.
ZhboflEEY By, FREUEIEZZERIC AR
AAADKEDEHERFEAT »ER LOHEY X
b, BEHEPEREHRLLTERLLE

2:2-2 MENRE

MRS IETR O S eI, 60 4L EoZEER
Trfr Ui, KREME R OE 12cm, X 23cm

L DA 7 ERGREFERERI X ) BIBEIRE ¥ RIEWE

L, HELIFSCORMIIE, HEHimED 10 B
DOFHEERFTEHR LI KT OFHEN HEHM
FE (MAP : SRERIME+1/3XIRE) 2#EH1, LT
OBRFE IR, T, BEEMEEOHB AR T



59 (1) 1990 B A B o8 o FESE o 5 FER R 27
Table 1 Clnical characteristics in non-obese, mildly obese, or obese essential hyper-
tensives.
Non-obese Mildly obese Obese
(n=43) (n=3D (=33
Age (yrs.) 41.8x1.6 39.3£1.8 43.9+1.4
Obesity Index (%) 1.5+0.9 ' 15.5+0.5 32.9%1.6
| *k I * K |
| e |
Height (cm) 161.2x1.2 163.3+1.6 158.1+1.3
| . |
Weight (kg) 56.3£1.0 65.1%x1.3 69.5+1.2
L o I N ]
| . |
*p<0.05, **p<0.01

BRI, RIEENERC ERAREOLETHEIX R
7o MAP fE& i\ fo. 7o, W&, EBiREA 35
cm FHZ BEMILRS, ARRICKT D 754 X
I 2z MEREEOEZEITERL 5> 320 £ L.

2:2-3 I03¥ noradrenaline j2f (pNA)

Rl o i R R O R EAREEAVR T e, FEReH
LHUSERETEEL, ¥ 30 HOoREFREE, 10
ml OMEE~ V) VILFEmL, BEHiEiEEREL Tm
BEoHE, —A0CITEHERTL pNABIE L .
pNA ofiE X HPLC-THI &2V i k » 7.

2¢2+4 [M3E renin ;&% (PRA)

PRA /I pNA I H#m & Mz, FHEkRL D 6 m/
¥ml, Haber et al.?® ® radioimmunoassay B —
WHE L, HEBEROFTED X WAEL .

2:2:5 FHEERVFEA Na sz

BEEmMEE PV) 3B le rmE7A 7 3 v (OB[-
RISA)® #H\~, Hilas K E (ECFV)? & X UHEAT#H
Pt Na (Nae)?® 1% 2Na & f\ R EZEFER> o FRic
IOPIE LI, ThbHEBIGELL) CTRETSE
PR G CA/ NG & 1 A FTREME DR S, DT A
FTITHEYS b (ECFV i m//cm, Nae @ mEq/cm)
ELTRLR &7, PV 3BERO%EH? i, B
B IEEEOTFHEY 100% L, ZhiDHE(ml/
cm-%normal) TFEi> L.

2-2¢6 FRANafE#tE (UnaV), AEA

creatinine clearance (Ce), T Na HEitss
(FENa)

221 0FE, KAERAEOEH DOFRI6 R, 43k

EE 1m? 24729 150 m! ORKELTHEAKEYED, F

M7 CE2BER L, £ o#%2EK % clearance
period & LCH IR CORYIEMCER L2 &
Biz, clearance period P R OFF] 8 FHiZMmiE Na,
creatinine JIEA OTMEAT g7, MR IRFD
creatinine % Jaffe ¥, Na i ion BEECTERLENRE
FEL7% UNaV X1 5EYS %) o Nadkit®E (wEq/
min) & LTFEi L, Co FEna lXclearance 2 X b,
Zh £ h Ca= (JR b creatinine & & X 5 i R & X
1.48)/ (i creatinine EE X 4REE (m?), FEna
(%)=(Cna/Ce) X100 I X D EH L.

2:2:7 [ReFEEER dopamine HEHE (uDA)

uDA 13, R D clearance Bsic@ b nic 2 KFER %
WEMET CERL, A C THHARERE, 3.4-di-
hydroxybenzylamine (DHBA) % PIEFE#E & LT B\
7- HPLC-ECD &2 1 X b {1, 14Eb 7% b o8k
E#HE L, ng/min & LTHERE L.

2:2:8 Dopamine (DA) 5#taxT=ER

AFERFE 37 AICEPRHIIR TS, 32261
7 FIETH clearance X HFT, K\T5% 7 F R
R LI DA %, RS o Tk 8 ZBEEFIBUE
HAovFngd 237, dopamine BEOIEH DR LY
BT 5L N5 3 ug/kg/min? OEET, 60450, K
BIkRL v EHREAL, ZooEicdF clearance & {ifT
L, UnaV, FEna, Ceo ZHETIROTEIC L DEHEIL 2.
protocol % Fig. 1 iz~

3 MRETEMAE
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Fig. 1 Prptocol of the dopamine infusion study.
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Fig. 2 Correlation between the obesity index and
mean arterial pressure (MAP) in essential
hypertensives.

Table 2 Comparisons of mean arterial pressure (MAP), plasma novadrenaline con-
centration (pNA) and plasma rvemin activity (PRA) among mnon-obese,
mildly obese and obese essential hyperiensives.

Noh-obese © Mildly obese Obese
MAP (mmHg) 108.4 £2.3 114.9 +2.7 120.5 +2.8
(n=43) (h=37) (n=33)
| . i
pNA (pg/md) 181.3 +9.9 142.1 +9.7 101.0 *6.2
(n=40) (n=3n (h=32)
i . [ o |
| e |
PRA (ng/ml/hr) 0.71£0.09 0.69%0.11 0.40+0.06
(n=32> (n=34) (n=34)
{ . f
| . |
*p<0.05 **p<0.01
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Fig. 3 Correlations between the obesity index and plasma noradrenaline concentration (pNA) or plasma renin

activity (PRA) in essential hypertensives.
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Fig. 4 Correlations between the obesity index and plasma volume (PV), extracellular fluid volume (ECFV) or
total exchangeable sodium (Nae) in essential hypertensives.
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Table 3 Comparisons of plasma volume (PV), extracellular fluid volume (ECFV)
or total exchangeable sodium (Nae) among non-obese, mildly obese and

obese essential hypertensives.

Non-obese Mildly obese Obese
(=37 =33 (n=28)
PV (m!/cm-%normal) 86.1+1.5 86.7+1.6 91.9+2.4
F . |
ECFV (ml/cm) 79.3+1.5 89.0%+2.3 88.1%£2.0
L
| e |
Nae (mEq/cm) 13.00.2 13.8+0.4 14.240.5
| R |
*p<0.05, **p<0.01

e ACE B3 oo B IR - 18 Na B0 s
RS L Coaa R bneT <L, KEEHE 44T,
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n=41 Y
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Fig. 5 Correlations between the obesity index before sodium restriction and change in mean arterial pressure
(AMAP) and that in body weight (ABW) following sodium restriction in essential hypertensives.
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Fig. 6 Relationship between the obesity index and
fractional excretion of sodium (FExa) in
essential hypertensives. O : non-obese
patients, € : mildly obese patients, @ : obese
patients.
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{n=9) (n=9} (n=8}
mean + SEM 1.30 + 0.20 % 141 + 0.30 % 0.88 + 0,10 %
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Fig. 7 Comparison of fractional excretion of sodium
(FExz) among mean arterial pressure and
creatinine clearance matched non-obese, mild-
Iy obese and obese patients.
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Fig. 8 Relationship between the obesity index and
urinary excretion of free dopamine (uDA) in
essential hypertensives.
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*% 1 p<G.01

Fig. 9 Comparison of urinary excretion of free
dopamine (uDA) among non-obese, mildly
obese and obese essential hypertensives.
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Fig. 10 Correlation between the obesity index and natriuretic response (AUnaV, AFEna) to infused dopamine
(3ug/kg/min, 60min) in essential hypertensives.

Table 4 Comparison of natriuretic vesponse (AUn.V, AFEN.) to infused dopamine
(3ug/kg/min, 60min) among non-obese, mildly obese and obese essential

hypertensives.
Non-obese Mildly obese Obese
(m=14) =7 (n=16)
AUnaV (zEg/min) 230.9 *£32.5 455.0 +59.0 444.8 £43.4
| . J
| - |
AFENna (%) 1.32+ 0.19 1.84%+ 0.39 2.14% 0.33

l

J

* s

**p<0.01
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5:3 AREMEMEEICEH!T2INHE CKEE, 48

Na g

iz, JEWE L GHEE, 4N NaEOBRI2WT
ELET5. T, AKE, W Na BoRHREKICoWT
BB, —RICERESCHEA Na B, Thbiizs i
EEENTUIWEIER B % %, lean body mass
(LBMD¥%7- b DfEE LTEBRTAONRRE L IR T
5. LaL, ERIRE, Z¥ficLBM 2HIET5 2 &%
BDTEH L. LBM Hsthicd, ERLEE, 5503
BREBCTHIET S HERH 5. Lrl, BHEEL
HELIBAIL, BHEBEOMELHZT5E
BEXURREELC)CEETL L, AEECHNI Na B
BN 2 BTl & 3RABBD, FoT, K
waTl, FEBECEEYSTHI VAR I HHE
E HEAL, MEasgE (ECFV) % ml/cm, #B3
¥tk Na & (Nae) % mEq/cm ©ERE L2, ¥bHg,
ERINER (PV) RIEES &L, ThFho¥iHES
100% &L, b EDthE b mi/ecm—%normal &
LCERB L2, ZofER, REHRE D PV, ECFV,
Nae W Fh b EME S ARICIEMABE L. £LT, B
IBE 3EMoxtbtd, PV, ECFV, Nae iz ¥Fh
FEIEMRIC L USRI CEE BB TH - 2. AlED
WER S 523 Boehringer ef @l 3V 1Y, FE—ER
BT ORE T, EHSnERS & EBHERE CHER
MHEEL Nae CEH AT, Lnl, AE—Ea
BT L 7z Raison et al.') % Messerli et
al ® DT, IEHRMERED PV (33EHEE
B L THAL TV &R, APFEOREE BL
—HT5. £IT, EEAREELIEREZECKSTLE
KK Na B, FEMHFC- B T3
BEELMNCT B ERT, KERZ A BER
Na35mEq(&#E L L T2g), K75mEq, 2400 Cal ®
BEAY 1 BREREL, MEOCEE EDHE L ORE
RRE L. To#ER, BEAZIVVTRIERR
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EymE (MAP) »3 TR, REREASL, ZoED
MAP 0 T EEE, AEOWMAEIBHERSEETH-
fo. Ebi, KEOFRLEORZWHIEEREES K
THY, R REE~S Reison et al.'V DR E S
IHA L. U Lo IEHALBE DR EHER
AR A Na BREA 28 < BIS L T ATREM 278
BEBFH LD ENZD. FLT, FEDIEHAEY
EmEAE T, 1 H 1230 Cal D#IFR AR SREOEES)
213, Na R Tk bhd, NaflifRptA T cil
U THD btz &+ 5% Fagerberg et al*+* OFE
LHEHTS. b, tOREEMEAEOREK -
R Na B8k, #izk L7z pNA, PRA ofiflicd X
2o TV AAREEIEII S S.

5.4 [EHAEMSITEEECHITSE NaBEltgEe &

dopamine (DA) %

wic, IEmAREEEnESESEOFEER, KA NaE
HEROBR, Hcih~0B 0 Na BRltiE0BS- D 237
Bicikn, L, ThECRIOREHLREYT
T BB EE 5TV, 22T, KT,
7, ENapreEnEE & L ¢, BNaphit X
(FEn) ZWTRE L. £0RE, KERELED
BDUNIFEIETEEECLE FEN & IBIE & Oic—EDHEEY
BEB A, JERERECL, FEna &R 2 &ICAIES
L. HETR, AEESMmMESRZE D FENa i3 MAP
LIz, BAREAEAER (GFR) OFETHL 7 v 7T
F=ves ) 75VvA Co) LXARHETAZ LY,
BLicsRes® L&k, Thik, MAP & GFR o¥&%
Bsh<, IRHEEE 3 BERIC MAP, Cor % match LT
FEna &% 35 &, IEH#EED FENa (Xl 2 BRI L
LK E oo te. Xz, PV, ECFV, Nae iif
BRIE D FEna &3AEBS T % L OBERROMES %
EETLE, IEMKREBREOERE KN Na 2O
% Na BB OWBICRET2 0L E L TRERERD
kv X o, i, B, BokeNaf@hc
TiE3 DA OB E %< DB XED, Ball ef all”
=2 Kuchel et al.'® 13, DA 2Bz~ T Na FIR & v
EVELTUERA LTV A REREHREL 5. i,
e DA 138 D dopaminergic neuron 2B S5
Lo L RME ©dopa decarboxylase i & b 1-
dopa 2 HERE WD DOZDOREKTHLEE L DR
Twa., Lal, BERE B DAFROEBEY AL
RENFRES G TR L. BURTE,
DA OfEEEITHBEBEE DA ORFEEEEORAIEH
itk DA # 5B OB Na Fift 0 JEEHEOH? HE DA
RO HES—R V25, F-T, B

R« BB RED

FLIREERE

A HRME S M B % O DA ZOERE LR L7-RR
HRMAS. 20T, AFRTCIIARBESLTER
F BB IRHE & RePEEER DA gEitE, $XODA
Bt RO Na SHiH RIS E OBEIC OV TIRE &
Hat, 3, AEBEORTHEEI DA E
(uDA) & B%E & DBIE R LR, uDA 2B
B 15% R FICIR IR E L IEAEB Lichs, 16%LE
OFTIEMICADOHBEEYR L. 2% b, KBHSEIM
EBETy, BEE 15%KmosE T, JEMEDE
Kiek L7 B DA ROBENI VIEXTHDIKL,
FEREEE A 15% L bz 7 s &, IEREEOHE AL L IcE
DA ROMERIINES T 5 L I n D, TORER, IE
EEREBEESOEERE KT 5E Na BRlaE 5, &
W« kP Na BHKE DA ROBEE T 07k hE
FERFHRY S - T T AR %IRRT 5
boEvwrld. FI2TC, TORMBORIEY I HITHE
L, kiR DA BitEd ko Na FIRRIG
HRE LR, DA #5810 Na FIRRIG A E
CEEIIEMEBI L. 22T, DAMEEYLYO—F
BLLTRELALD, BEATRESERS EHR
i s R, 2k Na FIRRIG OISO S 37
Bbhichot., 0ED, BEESMEREREETRE
O DA =i+ % Na FIRRIG2 88 & 2 TRBNZ
ThBH, —FH, EELIZDABERHERCIEIGFR R
UnaV, FEna, &I OSEALRMEICRIT% Na FRIO
R L S h b BEEESEER (FE,) nEm3 52 &,
FLTZDEDA UnaV 1ZA GFR & iXMBEEET, A
FEna, A FE, & IEHBIF 2 o & 2BRc#isesn LT
fr. LizhisT, EILERED FENa (KfEOIER S LR
Zi1x¥, DA BERBIIGIMN 2 ETLERMED Na BR
s e b, FEER NaFRIETHLEEZD
no. ZORESEL LT, FEESHI, BDAR
L DA =k 5 Na BEfiHE & DRI down regulation(JR
rhiEEER DA SElE R & SR DA #5850 Na FlRK
e oMIcEE A OMBBEGRNPFEET ) Ol
NTETHTREM WS LTEi3®. 2%y, NEEOCE
DA Z2MEE L T B a1 s, RN DA #5850 Na
FIRFIGHEFZ B ETHLOTHB. ZORBIC
viE, BRoRfREHEnERE cRHREER
DA ROBRENRIEBL T\ A2 L2 E LIRS THW TS
BRED 25, LavbiE, JEHARBESNESRE
CIRE D DA RO T HOh, Z OEFIIARSE
ORATIEELMCLE R, SB o eks
ENBIREEFERFBEOOLEDEE 2 o0,

PbXo, AEEEMERE CE—EML LOBHED
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WRicE by, BDAROBERETL, *0ER
% Na BEMAEDIRES, AWK AN Na BEoBANAEL,
N EREE ML A o B ERECERS LT\ 55
PEDR < REE X R,

6 & A

RERENEEORRE - RRECELLIEHOEREY
S, KERE L3 FAZERE L, Eintg
Buz X % EI%EE & Mm% noradrenaline & & (pNA), i1
HreninfE k. (PRA), MEE PV), MEIKE
(ECFV), #exx# 2 NaE (Nae), B Natrit =&
(FEna), Rep#EBEE dopamine BEEE (uDA) & X O
dopamine FHEEERD Na FIR G & OBE # 1&
Bl b, —HoEMCHERESR (Nass
mEq/H)% 1 BMER S, "“coBomEEOLEE) &
TERE OBIE A B RE L, T oREx S,

ARBMERMEBE T o
(1) MAP @IBHE & BRI EAE L.

(2) pNA, PRAGERE & MHEL, EFEHD

pNA, PRA FEBRHC L LEBEETH - 7.
(3) PV, ECFV, Nae \3EfEE & TEwAHBEL, BEREE

D PV, ECFV, Nae i33EfBf#E i L LABIRBEAL

Tuie. ;

4) 1BMoOBERESR (Na3smEq/H) EREORE

EEGIBHEERSERIATD » .

(5) BEWGAHE B CLIERE & FExa ILMAREI L £

Fie, FENOME, BERER, IEFO 3FRET MAP &

Coa %=y F LT FENa Xt ET 5% L, FENa VIIEIEH

B, BEESECEL, EEECEELEHEYRL

7.

(6) ReiE#ER dopamine BEMEVIILIBE &, HOSES
1596 R DOBITIRIEMBIT %435, 15% L Eoflcix
BB o, i

(7) dopamine 3 ug/kg/min ¥ErEs R0 Na FIR
WS IBREEE  EABIL, »ofRRE D NaFIR
BIGSEERH R LABICATh o
BlEX b, REMSIMESS CIZERCE b

FERERT 52, % oREIK I EMRERPrenin-

angiotensin ;RO 5L BRI A 70, B Na BHEEER

SRR T 5 HK AN Na BIEANERE RS 2 R

LTwbEEz bR, O Na BElEERE i

dopamine ZDOBAEE TAEI L LT BT REMESGE < 7R

wE i,

BI85 7 AR 5 o FEAE O S 35

BMEEzBichlcy, HBELLHIEE ALY
TV FLIRE RN B SR 2 BRSO
oL 27 B, AFRCEBIIG RS
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