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Urinary angiotensin—converting
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Does glycemic reverse
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Cardiovasc Diabetol. 2014; 13(1):
125.

Elevation of circulating fatty
acid-binding protein 4 is
independently associated with left
ventricular diastolic dysfunction
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Fuseya T, Furuhashi M, Yuda S,
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Ishimura S, Watanabe Y, Hoshina K,
Tanaka M, Ohno K, Akasaka H, Ohnishi
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Comparative effects of telmisartan
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acid-binding protein 4 is
associated with albuminuria and
renal dysfunction.

Okazaki Y, Furuhashi M, Tanaka M,
Mita T, Fuseya T, Ishimura S,
Watanabe Y, Hoshina K, Akasaka H,
Ohnishi H, Yoshida H, Saitoh S,
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FABP4 is secreted from adipocytes by
adenyl cyclase-PKA- and guanylyl
cyclase-PKG—dependent lipolytic
mechanisms.

Mita T, Furuhashi M, Hiramitsu S,
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Fuseya T, Watanabe Y, Tanaka M, Ohno
K, Akasaka H, Ohnishi H, Yoshida H,
Saitoh S, Shimamoto K, Miura T.
Obesity (Silver 2015;
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GBI GE S

OB O W PRI VERE IS SR A LR R U7 RIS B2 W7 L2 36 1) 2 iU B R R 0 o WA 7 i
O LT B 5

WHEA IR IR A OUN ISR R BRI SR W JE e B BT 2 B - i)

WrREE

i ) VR ZA L L T 0D 4 RV 3 1 2 M PR P ME R IESAE (DR) O A 95 SR A A 0 it o . B FRIBT -2 Wik k)35 i
BEFEHE D J7 WAL Z DA MR LT, 40~T79 FEO(EE 2,681 AIZ 75g #% B E AT sl 4 Wi TL .
Ze W U E(FPG), AfifE 2 B (2hPG), ~F2 aEey (Hb) Ale, ZVa 7 V7 3(GA), 1,6-7 kR R
TN b= v(1,5-AG)ERIETHEEBIZ, IRFHE DR OF A E LT, FPG. 2hPG, HbAlc, GA, 1,5-AG
LAV DOZFENEN 10 DABNCZ 58 DR OBEEIZNTRLE 9 oL~ (FPG: 112~123mg/dL, 2hPG:
166~224mg/dL, HbAlc:5.9~6.2%, GA:16.2-17.5%) Dbz EF Uiz, —J5, 1,5-AG {2 DWW TIEE 2 231
(9.6-13.5 wg/mL) L F DL UL C DR O#EFE LA EH U=, Receiver operating characteristic (ROC) fig#rco
Ay A 7ML, FPG 117mg/dL, 2hPG 207mg/dL, HbAlc 6.1%, GA 17.0%, 1,5-AG 12.1 x g/mL T -7z, &b
12 2hPG @ ROC #h## il (0.947) 1%, FPG(0.908) . GA(0.906) | 1,5~AG(0.881) LW A EIZKEL (Wb
p<0.05) . HbA1c (0.919) &b~ THEWEMIZH o7 (p=0.07) . LLEORARED , PERIFZWTZI1T5 FPG &
HbAlc 077y MAZEIZHBAE DS W B E LB AR, PRI 6922 Wiheid 2hPG D3 b B O ZEMVRIEE N

.

A. TFEBRY

BLE ORE PRI O 2 W B U | Bl PR 975 M8 IRRE (DR) 23
HUER 2 ML ~ VA LIRESNTERY, KERE
PR 9P 5 25 (ADA) SR [ B PR A B A (WHO) I3 32 1T RICK A
ERBELIEFREOMBEED, ~F7 2’ (Hb)
Alc(NGSP fl) ®Av 47 l% 6.5%EEHT-, Ll
TIOT Nk B ELIIN O DRFFETIL, HbAle DX
A7 TR > TR, —HULEZRBIIHELL T
720, 61T, DR LZEE e MUBEE(FPG), Ak 2 FFE
MPEEEhPG), Va7 73 (GA), 1,5-T > eRus
N h—V (AG) DB EL R L2l TIZE A L2,
FZT, ABFE T, @ R R A LET o il R g1
LDROBI/FEREOKRBELS LI, FERAZWICBT
AFPG, 2hPG, HbAlc, GA. 1,5-AG DAy 47 %%
L. TR AME R - REEL T,

B. WFEE Ik
2007 DA NUBTEZ T 40~T9 5BEDER 2,681 A (B

P 1,192 AL otk 1,489 A)IZ 75g #R DVBEA fr iR
(75g0GTT) % 47 >, FPG ., 2hPG & HbAlc, GA .
1,5-AG ZWELTZ, HbAle 177 w7 ABE G ER
AWTHIZEL, L TFo#FE 4 H v JDS Exb
NGSP fEIZZE#a L 7= [HbAlc (%) (NGSP fif)=1.02 X
HbAlc (%) (JDSfE) +0.25(%) ], GA & 1,5-AG ORIEE
BERIER A L7z, DR V&, IRFBHEIZ Z D B IR s
OFERAH LI, HATHEIRAE , BT EEAE . £721308
TEMIIE BN AR DT NIOIRICHHBELERHE L,
MERE IR D F L~V D 10 DAL TR SREZ 10 B
430, MR FREL DR O#EEZ T AT (v /R
ETFNVBRIBERRET VERWTHRE L, &I,
ROC #i## T ik (C FEHRITHEY) Z AV T, DR %2
ET DA TOMBERERIEORE Ry T 7 HE R
L7z,

B mE OB

ABFZRIL, LN KRR R M X R B W PR AT 22 (R B
BEEZBEOERBOGLETITOIL, HRICETH/ T4
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—ALRNa U NERREEBNHOREGL,

C. ME/ER
1. MEEREREEDL ~1E DR ORE%

KREDIL, 52 FUIHERFMAEBIESRD bz,
MEREEE DKL~ D 10 HALTHREE L 10 B
53 DROBHFEBREFILZ, TORKE. KSR T X
1, FPG, 2hPG, HbAlc BI W GA TiE, WTFhbE 9
3L DL~V (FPG : 112~ 123mg/dL, 2hPG : 166 ~
224mg/dL, HbAlc:5.9~6.2%, GA:16.2~17.5%) 75
DR OFRENBBICEL RS, —F ., 1,5-AG 1D
WL, % 2 A0 (9.6~13.5pg/mL) LA F DL~V T
DROFHEFIBLEFLZ(H2),

2. BRAEZWICBIT2MEBEREOEE R
F71E

ROC f##TIC LY DR OFEZHIBIT2 L TRl
vhA T EERDBE, FPG TiE 117mg/dL (RREE 82.7%,
¥R 86.6%), 2hPG T 207mg/dL JREE 90.4%, 45
HE 89.3%), HbALc (NGSP) Tid 6.1% (R%EE 86.5%. HF
FLFE 88.8%) . GA T 17.0% (BREE 86.5%, FFEE 89.0%) .
1,5-AG Ti¥ 12.1ug/mL (FREE 78.8%, FF 2 85.8%) 72
TR BREZEEARDL, 2hPG b &N o7,

3. b2 R W MEEREREIT 2hPG

WA, FERFZ BT DHIB A EREET H72012,
ML¥ERSEFEAE D DR IZXF 35 ROC #h#R T iR ik
L7z, FOFEE, 2hPG ® ROC Bh#R T EAE(0.947)1%
FPG(0.908), GA(0.906). 1,5-AG(0.881) k0 EEIZKE
L p<0.05), HbA1c(0.919)E b ~Th BV ME TR
12> 72(=0.07) (B 3), —7 . FPG, HbAlc, GA,
1,5-AG DT ROC Bh#R T EBICHE BEITFHBO 2D

oY

D. & &

A A AR RE TSR E LT AR O RGE TIk, B
RFEZZW959% TOFPG & HbAlc DIy A 7L,
BEOCZHEEBEIVLENL VIHoTz, Tz,
2hPG DAy A7 EIZIERDEELITIZT—FKL, 2D
ZHTREII B VLIRS,

@ HbAlc DHYIFZEIZDOWNT
Fx ORFHI LS, FERAZWTICK35 HbAle @

HoRFT7EIX6.1%ThH o7, HbAlc DAY A T7{EIZD
W, TVTAEBRRELIZFFRIZND O Th T
B0, FDORRSEE DL RIRSTERNRENTNS,
TOTANEERELEZHESLFEADOH I T,
HbAlc DA v hA 7 fEIX 6.4%, P> HR—/V AD#FFET
1£6.6~7.0%Tho7z, ZOEVDEBEEL T, RAFFED
xf &3 O HbAle FHMEG.SWIIMOT T A(6.0~
6.5WITHERTIERNWZ &G, ATE- RIER D HbAle L
~ULDEN, FY A TEOBETEEL TWBATREME
NETHND,
@ GABIW1,5-AC DHYIEFTEIZHONT

A FROREE T, GA BEW 1,5-AG OHvbET
EIZENZEI 17.0%, 12.1 pg/mL o7z, Fx DHD
FRY . ABF281% DR DHEE S LIT GA £ 1,5-AG DFER
ROy A 7 EERF LD TOHE TH D,
75g0GTT THIELT-MERA EIIHERB R T T35
% GA DAy 7 EERFLICARADOREIL 2 25
D, AN 7EIZENEN 15.5%, 17.0%ThoTz, Rk
DFENT EIT -T2 BE T, 1,5-AG Oy b7 EIX
14.0~14.2 p g/mL THotz, ZNODORARLY ., FERFB
ZWNCBTS GA DIy hATEE 17.0%HEICH B0
IR, 1,5-AG DX v bA 7 EIZZNE TOME THRE
SHTELVHENL N UIH DT ERRIBIND,
® FPG BLW2hPG DAy AT HIZDONT

4Bl FPG BLT 2hPG DA v A7 HIE, FNLEN
117mg/dL, 207mg/dL TH-o7=3, ZNHDENL, fho
TVT NDORAER, Box DiBRICHELHRELIZIE
—HL TV, DFED, BARAZE LT VT ACBITE
FPG OXy A7 EIZBRADBEAEEIIB AL~
MZHY, 2hPG DIy A7 EITIZIERAEDOBM A 1
Eic—%T5LEZLND,
@ BERBEODBIEEI 2hPG 23 b AV EA

FERROZWIREE 2hPG ORBREHATA LT &
B O—DIXB{LARN A TH S, B mE £
FITEHMICER T AR M, BEANL 22 X
E|ERIFTIENMLILTVD, BB{L AN RO TUEEX
DR FIELEHEICEEL TWBIEMS, 2hPG 1Z DR 12
X BHB AR EoTmEE BN,
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20 -
u-ut‘nuu- FPG
—l—  2hPG
189 - =& = HbAlc
H X oA
&
$ 10
%
5 p
P, S —— — SR
8 x.gn ‘ ﬁ.—“* Sl o g A T nr

FPG (mg/d} =87  88-91 92-84 95-96 97-98  100-102 103-105 106-111 112-123 2124
2hPG (mg/d) =87 88~100 101-108 110-117 118-124 125-134 135-144 145-165 166-224 =225
HbAle (%) =48 4848 50-5.1 52-53 54-54 55-55 §6-56 57-58 59-62 Z63

GA (B =129 130-1368 13.7-13.8 14.0-143 144-146 147-150 151-155 156-16.1 182-17.5 =Z1748

1. FPG. 2hPG, HbATc B LU GALARILD 10 D ELRIIZHT=

FERRMEREEDHRE
FPG: ZEREH5IMBE(E. 2hPG: Bk 2 BRREIMEEE, GA: Yo7 ILTZY

20 1

- 1,5-AG
15 1

10 1

(R) 48 30

0 '—M -

1.5-AG =85 86-135 138-1681 162-18.1 182-189 200-220 221-241 242-268 269-308 =308
(it g/mD)

B 2. 1,5-AG LRJILD 10 LA = iERBEBIEED B RE
15-AG: 1,5-7>ERFOS LS —)L
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R, WMRRZWICE T A MAERERREOHVNTE

M#ERSEEE HubAOME RE HEE BiEETR [ZEEPE
(%) (%) (%) (%)
FPG 117 mg/dL 82.7 86.6 10.9 99.6
2hPG 207 mg/dL 90.4 89.3 143 99.8
HbAlc 6.1% 86.5 88.8 13.3 99.7
GA 17.0% 86.5 89.0 135 99.7
1,5-AG 121 geg/mL 78.8 85.8 9.9 99.5

FPG: ZEREEEMPE(E. 2hPG: Btk 2 BFRMEEME. GA: a7 T
1,5-AG: 1,5-7rEerOs L —iL

] 02 04 06 a8 1

-HEE

pspempcim  ROC BHIR T ETE

MAEREEFEIE (95%{= BB FE) P{E P{E P{E P {E

1,5-AG 0.881 (0.824-0.937) HiE

GA 0.906 (0.853-0.960) 0.39 H#E

FPG 0.908 (0.866-0.949) 0.24 0.95 H#E

HbA1c 0.919 (0.878-0.959) 0.22 0.56 0.54 HiE

2hPG 0.947 (0.922-0.971) 0.01 0.03 0.01 0.07

1,5-AG: 1,5-7rEROS LS R—IL  GA: FYa7 LTI,
FPG: ZEEERSMAE(E. 2hPG: BH71% 2 BSREImiEE

3. MiERSEHEFRDRERBMEMIEEIC TS ROC IR TERDLLE
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EEFBEREMEREMNE (ERHFRE - BRAEFLETEEFIRLEMRES)
PEHAAREE

mEE7IVFXTFAY /LU AR) EERFLECORKREF

SHEFRE K E GARTKEXRFRASBABNE 803

HREE

L=y ZFoFHTFoiy PILERTOVLATL (RAMS) OFEHRIEEE. A 4RUvooy
FO—L (MetS) HBREFLBREELTNAEEZOATING, ToCRER. TOT—7
—TH5. MPEFILERTAD AID) /U= UH(ARR) & NetS EAFBEBRABRORLEELE
BTHHIRT EDEELZRN L=, [AZ] UK RS SR RBZSME (2004—2006 £) T.Ald.
PRA #£(ZBIEL7=% 1,310 A (B %k : 588/722 ; £&#5 : 65.9+0.8) £XRIZ 2011 £EXETE
Bl (PR{E: 2691 H). ARR S{EREEEHICHT. ETEOBEE Cox Ll Y— K&
T. SERBIEBFICIE. x 2FETHMR LIz, [HBR] 1. RREEHISERCLLTHEICZE
EAEA o7 (HR:2.33, 95%C1:1.14-4.76) . 2. FERBIARMT TIl&. ARR {E{EH (X SEBFICHLT.
CVD (1.83 vs 0.23%, p=0.019) RUE (2.98 vs 0.92%, 0.028) DRETEAFEICEMN o=, [§
F&] ARR EfEIXZ£TET. —RERICEVTEH. ADEEERCOAE 6T, ERCOMILEE
BREFTHD. BECOBKREFE A>TV,

A HIRE®
Ly PoxFTFUIY FILERFTO
VYR T L (RAAS) (&, £5 (Systemic) 4

v RkaO—L (MetS) BEEFLER<CE
ELTWS, FZTC.EFRMSDY—H—,
MmEEL = OEM (PRA) & MetS S4EBER

BELTROMERICBEMERARETS.
Fl-. fABL~AILTO (Local) ERAEFY.
C @ Local RAAS Ri. RFHE. BHE. FERE.
g, mER. BRE. FoREOERT
RBELTHY., MEERK, MBaighE. KiE.
EUHBRRELEFICEESEL TS, 0T,
RAAS (L. Systemic RAS & LTHORKMERESE
(CVD) ~DBEE &I T, local RAS & L T,
B, BRRE. BE. #E TOBAKE. &
BRLEETIEEZIOND,

FAHE. RAAS OFEMEEX, A 2K

BAEORLEEGEETHIECLOMESR
fZH L. PRASENALEL. OWD RUEIZEL S
RCORBEFER>TVIEEZEOWEIC
THE L7 (Metabolism 2012:61:504),

SH., COBREERSE. RAMS DD
T—h— FIFXTA (Ald) U AId/PRA
(ARR) E T EDREEEZ—RERZEZNREL
T-BEfERE & UERET LT,

B. Bk
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HE:IWEREENERRZEMSA
(2004—2006 #£) T, Ald. PRARIZHIEL =
#F 1,310 A (B~ % : 588/722 ; 4} :
65.9+9.8), BIFAE : ET. RU. A
. 2011 ERETEH (PRE: 2,691 B,
64 BHIEL), FETORREFE 75 ARR
DOhy bATflE%E ROC g SRS, il
BLEMEHCODHT., ETEOEES

HEESARRE LTHBT. ARR D200 A8 PA @
RON—ZUTHEELTHLLATLS,
TlE. ARR SMEWNESIE, MBLRLDEAS
M2 ARR EEAETEL, OVD RUMERE L DER
BAFTHLIBENEHARTRE SN, ARR B
HICH+REEBELSVEAH D EBDh
T=o

Associations between ARR and cause of death-specific mortality

ARR (n) At-risk vs. non-at-risk
Atrisk  Not-at-risk R
(613) ) pQO) HR 95% CI p
Total 48 16 <0.001** 2.56 1.44-4.56 0.001*%*
Cancer 21 7 0.003** 2.78 1.16-6.65 0.021*
CVD 11 3 0.017* 3.14 0.86-11.48 0.084
Other” 15 6 0.023* 1.81 0.69-4.74 0.225

Cox proportional regression analysis was used with adjustment for age and gender. *p<0.05 and **p<0.01. #:
Other causes included (n): infections (9), accidents (3), lung diseases (2), brain tumor (2), kidney diseases (1),
intoxication (1), suicide (2) and dehydration (1). CVD: cardiovascular disease.

Kaplan-Meier 4£#Fai#Ri%. Cox tb#l/\H—
FiET. 3. Fi. SIEAROFEET
MIED LML=, ERBBEFTICE, x 2
FEFEMERAL,

1 1. ARR BEBISEHICEELTHEIIS
2RTHAZM-oTz (2.33, 1.14-4.76), 2.
LRTCORBREATFEESD ARR DAy bA 2
fE# ROC BREEMLRD D E. 72 Lo 1=
(AUG: 0.656), 3. SEEANAEMTTIL. ARR 1B
BRI SfER(CH LT, CVD (1.83vs 0. 23%,
p=0.019) BT (2.98 vs 0.92%, 0.028) D
REEERNAFEIZEN ST

D. £
ARR SEIXEHEMEF7II FXT 025 (PA

E. f&

ARR BfE(X£IEE., —RERICBVTH.
RMEBBERCOAHELT. 2FETOMITL
EREFTHD. BECORKRATFL G-
Tz,

F. B RE
1. MXER

1. Daimon M, Konta T, Oizumi T, Kameda
W, Susa S, Terui K, Nigawara T,
Kageyama K, Ueno Y, Kubota I,
Yamashita H, Kayama T, Kato T. Lower
aldosterone-renin ratio is a risk factor for
total and cancer death in Japanese
individuals: the Takahata study. Clin
Endocrinol (Oxf). 2015 Apr;82(4):489-96.

2. Qi Q, Kilpeldginen TO, Downer MK,
....... Daimon M, .....Qi L. FTO genetic

-28 -



variants, dietary intake and body mass
index: insights from 177,330 individuals.
Hum Mol Genet. 2014;23:6961-72.

3. Emerging Risk Factors Collaboration,
Di Angelantonio E, Gao P, Khan H,
....... Daimon M,.......Danesh J.
Glycated hemoglobin measurement and
prediction of cardiovascular disease.
JAMA. 2014;311:1225-33.

2.2RRR

1. K K, KR 2% &H B, Wk E
B WEER. RFE. LHFEZ2. AKRH
Iy, IWFHE#E. Bl FIE, Mk Xk, #
R, BEREE. SIEEDARES
RELOEE, £57AEFRERRFEES
FERFiiES, 20145£5 8248, KR

2. iE BEF. BH W Z2H FF BE
¥ &H E, W& EA EEBEXHE.
AR BE KM E tHEZ. REE.
ABAD. WTFEE, Fil FIE, mE X
kX, XKEBRERICLKAMmMPT7 T4 R+
I F AEADEEIZONTOEFEMRE,
F5 7EAEFERREFREREMESR,
20145 5 A228. KR

3. 2M &F, BF% M, WE K WA &
By &M H, Wik Ea, EEEXE.

-~ 28 -

KR #3%, KM K, MW Xx. mH7
TARRI FUEEDMERERE & DE
H, $5 7AEABRRFEERFNESR.
201445 A228. Kik.

4 WE R 2H &F BF W NEH BE

F.&H H, Mk HEiA, BEEAER. KR
#®’E KM K FRE®E. LBm:Zz. AR
HI. WWTFEE, Fil FIE mik XK. #
H-—RERICETAIRRENELE BE
3 FFEE-PREE S OFE . S EBTHIR.
E5 7EBFAERRFEERENESR.
201455 A22H. KR

. KF B, §HfEX. KR &%, &H E,

WiE B, BHE. Z)IER. ELFal.
EHEZ. AREY). IWTERE, ZlL ZF1E,
g Xk MBEFILRFRTFAV/ L=UH

(ARR) EfEIZLETOEREF. £8 7H
BAASBERPHRES, 2014548 26
BH. &8 .

H BB EEDHRE - EHKR

3



I 4
PR O TATIZ BT 5~k v A 77 b

4 (0)
FHERA | WLHA b [EEeEo | OB 4 MRS | R HRRE | X
it 4
MERE (3)
FEFRHF KA WmSLH A R4 FWEEA | GBS N HRE
Daimon M, Konta T, [Lower aldosterone-renin ratio is a risk facto|Clin Endocrin 82 489-1 2015
Oizumi T, Kameda W, r for total and cancer death in Japanese ind| ol (Oxf). 496

Susa S, Terui K, Niga lividuals: the Takahata study.
wara T, Kageyama K,
Ueno Y, Kubota I, Ya
mashita H, Kayama T,
Kato T.

Qi Q,....Daimon M, et |[FTO genetic variants, dietary intake and bo| Hum Mol 23 6961-| 2014

al. dy mass index: insights from 177,330 indivi Genet. 6972
duals.
Emerging Risk Factors |Glycated hemoglobin measurement and predi JAMA 311 1225-] 2014
Collaboration,,..Daimon |ction of cardiovascular disease. 1233
M, et al.

-30 -



Clinical Endocrinology (2014)

doi: 10.1111/cen.12615

Lower aldosterone-renin ratio is a risk factor for total and cancer
death in Japanese individuals: the Takahata study

Makoto Daimon*, Tsuneo Kontat, Toshihide Oizumit, Wataru Kameda#, Shinji Susat, Ken Terui¥,
Takeshi Nigawara*, Kazunori Kageyama*, Yoshiyuki Uenot, Isao Kubotat, Hidetoshi Yamashitat,

Takamasa Kayamat and Takeo Katot'f

*Department of Endocrinology, Metabolism and Infectious diseases, Hirosaki University School of Medicine and Hospital, Hirosaki,
fInstitute for Promotion of Medical Science Research, Yamagata University Faculty of Medicine, and {Department of Neurology,
Hematology, Metabolism, Endocrinology and Diabetology (DNHMED), Yamagata University Faculty of Medicine, Yamagata, Japan

Summary

Objective A higher plasma aldosterone—renin ratio (ARR) is an
established marker for screening for primary aldosteronism
(PA). The association between higher ARR and mortality in a
general population has not been fully explored. We here exam-
ined whether higher ARR is a risk factor for total and cause-
specific mortality in a Japanese population.

Subjects and Methods A population-based, longitudinal study
of 1,310 Japanese individuals (age: 63-9 + 9-8 years) enrolled in
the Takahata study between 2004 and 2006 and followed for up
to 8 years. The incidence and causes of death were monitored
annually until 10 January 2012 (median follow-up: 2691 days).
Results During the follow-up period, 64 subjects died. Kaplan—
Meier analysis showed a significantly increased risk for total and
cancer mortality in subjects with lower ARR (log-rank
P < 0:001). Cox’s proportional hazard model analyses with
adjustment for age and gender showed that lower ARR was asso-
ciated with increased total and cancer mortality in subjects with
low (£72) vs high (>72) ARR (hazard ratios and 95% confiden-
tial intervals: 2-56, 1-44—4-56 and 2-78, 1-16-6-65, respectively).
Conclusions Lower ARR was a significant and independent
risk factor for increased total and cancer mortality in this Japa-
nese population. Subjects with higher ARR were not-at-risk for
total death in general. These findings increase the necessity for
identifying people with PA from those with higher ARR. People
with higher ARR without PA may be at very low risk for total
and cancer death.
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Introduction

The plasma aldosterone-renin ratio (ARR) is used to test for
primary aldosteronism (PA)."? Although cut-off values to detect
such cases vary among studies and medical organizations, people
with an ARR above the cut-off value are considered at-risk for
PA and undergo confirmatory testing for PA.' If confirmatory
testing excludes diagnosis of PA, these people are considered to
have a higher ARR without PA. This raises the question of
whether people with an ARR value similar to those with PA are
at-risk for cardiovascular disease (CVD) and/or other adverse
conditions.

A person with a higher ARR has either increased aldosterone
levels and/or decreased renin levels. In cases with PA, increased
aldosterone levels are thought to be responsible for adverse events
related to the disease, as aldosterone is reported to promote vari-
ous effects such as acute endothelial dysfunction, increased colla-
gen deposition with fibrosis, increased vascular tone, and diastolic
dysfunction, independent of blood pressure.> ® Renin initiates the
renin—angiotensin system (RAS), which regulates cardiovascular
and electorate homoeostasis systemically. At local levels, RAS pro-
motes multiple physiological functions including tissue angiogen-
esis, cellular proliferation, apoptosis, generation of reactive
oxygen species and inflammation”® and is involved in various
pathological conditions such as cancer, liver fibrosis, infection,
obesity and diabetes,”®'%"? as well as CVD.>"*"*¢ Recently, the
association between higher renin levels and total mortality has
been reported in a Japanese population.'” Namely, decreased
renin levels seem to be protective against these adverse
conditions.

The outcome for a person with:a higher ARR seems to be the
result of complex interactions between the -adverse effects of
increased aldosterone and the beneficial effects of decreased
renin. In cases with PA, adverse effects may overwhelm benefi-
cial effects, as PA has been reported to have worse outcomes,
especially for CVD.*5'®!* With regard to people with a higher
ARR without PA, if they are also at-risk for the various
conditions as those seen with PA, it is suggested that they
should also be treated intensively with aldosterone antagonist
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drugs. To investigate this consideration, we conducted a pro-
spective cohort study to examine whether ARR is associated with
total mortality in a general Japanese population.

Materials and methods

Subjects

The Takahata study is a population-based cross-sectional study
of Japanese people over 40 years old, which was performed to
identify possible risk factors for lifestyle-related diseases, such as
diabetes and hypertension.” Takahata is an agricultural and sub-
urban area about 300 km north of Tokyo. In 2005, among the
26 026 people living in Takahata, 15 357 individuals were over
40. Between 2004 and 2006, 3520 residents were enrolled in the
Takahata study. Of these, 1310 (mean age: 639 £ 9.8 years;
men/women: 588/722) had complete clinical data including their
plasma aldosterone concentration (PAC) (pg/ml) and plasma
renin activity (PRA) (ng/ml/h) at baseline and participated in
the study. The incidence of death was monitored annually until
10 January 2012. There were 64 deaths in this time. The cause
of death was determined by reviewing death certificates through
to the end of 2011. Causes of death in 2012 were unknown
(n = 1). Death certificates of deceased participants were collected
with permission from the Management and Coordination
Agency of the Japanese Government once yearly. The death code
(ICD-10), date and place of death were reviewed. Subjects who
moved away during the follow-up period were identified by resi-
dence transfer documents (n = 14). The median and maximum
durations of follow-up were 2691 and 2760 days, respectively.
To further evaluate the association between ARR at baseline and
mortality, subjects were stratified into tertiles of ARR (tertiles
1-3: <50-0 and 2118-2, respectively) and into patients at risk
(£72) or not at risk (>72).

This study was approved by the Ethics Committee of the
Yamagata University School of Medicine, and written informed
consent was obtained from all participants. Blood samples were
collected by phlebotomy, mostly between 7 am and 10 am, in a
sitting position after at least 5 min rest. PAC and PRA was
determined using radioimmunoassay (SPAC-S Aldosterone Kit;
TEB Inc., Tokyo, Japan and Renin-RIA bead; Abbot, Tokyo,
Japan, respectively). The following clinical characteristics were
measured: height, body weight, body mass index, fasting plasma
glucose, HbAlc, fasting serum insulin, insulin resistance indexes
assessed by homoeostasis model assessment using fasting plasma
glucose and insulin levels (HOMA-IR), systolic blood pressure,
diastolic blood pressure, serum levels of angiotensin converting
enzyme (ACE), total cholesterol, triglyceride, HDL-cholesterol,
LDL-cholesterol, total protein, uric acid, urea nitrogen, creati-
nine, B-type natriuretic peptide (BNP) and adiponectin. HbA,.
(%) was measured using the previous Japanese standard sub-
stance and measurement method (Japan Diabetes Society (JDS)
value) and converted to the National Glycobemoglobin Stan-
dardization Program (NGSP) value using the formula: HbAlc
(NGSP) = 1-02 x HbAlc (JDS) + 0-25.*' Diabetes was defined
according to 1998 World Health Organization criteria (FPG lev-

els 2126 mg/dl).”* In subjects whose FPG levels were not mea-
sured, diabetes was defined as a postprandial glucose level
2200 mg/dl. Subjects with an HbAlc level 26:5% were also
defined as diabetic as were those on medication for diabetes.
Subjects known to have type 1 diabetes were excluded from the
study. There were 133 subjects with diabetes. Hypertension was
defined as blood pressure >140/90 mmHg or being on treatment
for hypertension (n = 738). Hyperlipidaemia was defined as
total cholesterol 2240 mg/dl, TG =150 mg/dl or being on treat-
ment for hyperlipidaemia (n = 407). Alcohol intake (current or
nondrinker) and smoking habits (never, past or current) were
evaluated by questionnaire. PA was not defined, as no confirma-
tory testing for PA was possible as a nature of general health
examination,

Statistical methods

The clinical characteristics are given as mean £ SD. The statisti-
cal significance of differences in characteristic values between
two groups (parametric) and a case-control association between
groups stratified by ARR and the incidence of death (nonpara-
metric) were assessed by Student’s t-tests and y° tests, respec-
tively. Mortality rates were compared among subjects stratified
by ARR using the Kaplan-Meier method. Multivariate Cox pro-
portional hazard regression models were used to calculate hazard
ratios (HR) of ARR for mortality with adjustment for factors
different between the ARR-at-risk and ARR-not-at-risk groups
(e.g. age, sex, medication for hypertension). All analyses were
conducted using StatView software version 5.0 (SAS Institute
Inc.,, Cary, NC, USA). Receiver operating characteristic (ROC)
curves were plotted to determine the ARR cut-off values to pre-
dict the ARR-at-risk group for total death. ROC curves were
plotted using GraphPad Prism Version 4.00 for Macintosh
(GraphPad Software, San Diego, CA, USA). A P-value <0-05 was
considered statistically significant for all analyses.

Results

Baseline clinical characteristics of study subjects

The clinical characteristics of subjects at baseline according to
gender are shown in Table 1. Most clinical characteristics,
including ARR (P < 0-001), were significantly different between
men and women. Therefore, associations between ARR and
mortality were evaluated with an adjustment for gender.

Some characteristics, including ARR, were not normally dis-
tributed and were highly skewed towards larger values, as previ-
ously reported.'” Therefore, along with serum levels of BNP,
adiponectin and PRA, ARR were log-transformed (logl0) to
approximate a normal distribution. Although PAC was signifi-
cantly correlated with PRA, the correlation was modest
(r=0162, P<0-001) and only a 2:6% change in PAC was
explained by that in PRA, indicating that PAC was substantially
affected by factors other than PRA. Therefore, ARR appears a
consequence of complex interactions among various factors
influencing either PAC and/or PRA.

© 2014 John Wiley & Sons Ltd
Clinical Endocrinology (2014), 0, 1-8
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Table 1. Baseline characteristics of study subjects

Characteristics Men Women P
Number 588 722 -
Age (yr) 64:6 £ 9:8 633 + 9:8 0-019*
Height (cm) 162:9 = 68 150-8 =+ 61 <0-001**
Body weight (kg) 62:5 = 96 534 + 8.7 <0:001**
Body mass index (kg/m?)  23-48 £ 2.95 2345 £ 3.45 0-872
Plasma Renin Activity: 2:02 £+ 2:83 1:22 &£ 1-86  <0-001**
PRA (ng/ml/h)
Plasma Aldosterone 742 £ 359 746 + 381 0-832
Concentration: PAC
(pg/ml)
ARR: PAC-to-PRA ratio 113:5 £ 1769 161-7 &+ 1952  <0-001**
ACE (mg/dl) 152 £ 53 149 + 52 0-328
Serum potassium 4-36 = 0-43 425 £ 039  <0-001**
(mmol/Di
Fasting plasma 96-5 £ 16-8 923 £ 132 <0-001**
glucose (mg/dD)t
HbAlc (%) 5.23 + 0-68 526 £ 0-57 0-570
Fasting serum insulin: 59 £ 70 69 £ 116 0-094
IRI (uU/ml)t
HOMA-IR} 1-52 £ 3-06 1-68 + 478 0-482
Systolic blood pressure 136:5 & 156 1323 &£ 156 <0-001**
(mmHg)
Diastolic blood pressure 81.5 & 10-0 76-4 & 9-3 <0-001**
(mmHg)
Total cholesterol (mg/dl) 1919 £ 29-8 2058 + 304 <0-001**
Triglyceride (mg/dl) 112:5 £ 640 983 + 459  <0-001**
HDL cholesterol (mg/dl) 55-8 &+ 14:0 61:2 £ 143 <0-001%*
LDL cholesterol (mg/dl) 1182 + 282 1272 + 289  <0-001**
Serum total protein (g/dl) 7-46 + 0-46 7-45 4+ 043 0-925
Serum uric Acid (mg/dl) 5.77 + 127 448 + 108 <0-001**
Serum urea Nitrogen 166 + 42 159 =+ 41 0-001**
(mg/dl)
Serum creatinine (mg/dl) 077 £ 0-16 0-59 £ 0-12 <0-001**
BNP (pg/ml) 31.8 + 488 307 £292  0-009*
Adiponectin (mg/dl) 7-5 + 39 111 £ 54 <0-001**
Hypertension: n (%) 356 (60-5) 382 (52:9)  <0-001**
On medication 205 (34-9) 282 (39-1) 0-118
Hyperlipidaemia: 1 (%) 169 (28-7) 238 (33-0) 0-100
On medication 35 (6-0) 92 (12:7) <0-001**
Diabetes: n (%) 69 (11-7) 64 (8-9) 0-087
On medication 41 (7-0) 40 (5+5) 0284
Drinking alcohol: 1 (%) 426 (72-4) 105 (14-5) <0-001**
Smoking (Never/Past/ 242/170/176 668/17/37 <Q-001**

Current): n

*P < 0-05 and **P < 0-01. Data are mean = SD or number of subjects
(%).

fData were not obtained from some subjects, most of whom were
known to be diabetic prior to examination (n (male/female): 564/674).
tData were incidentally not obtained from one male subject.

Lower ARR is associated with increased risk of total
mortality

Mortality rates among subjects stratified into tertiles of ARR
were compared using the Kaplan—Meier method (Fig. 1a). Dur-
ing follow-up, 64 (4-89%) subjects died. Total mortality rates
significantly as ARR tertiles

increased lowered among

© 2014 John Wiley & Sons Ltd
Clinical Endocrinology (2014), 0, 1-8
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(P < 0-001). Cox’s proportional hazard regression model analy-
sis used to adjust for age, gender and treatment for hypertension
confirmed that lower ARR was associated with increased mortal-
ity among tertiles (T1 vs T3: 2:33, 1-14-4.76) (Fig. 1b). These
results indicated that lower ARR was significantly associated
with an increased risk of mortality in the Japanese population.

Association between ARR and mortality is independent
of other clinical factors associated with ARR

As is the nature of association studies, it is possible that not
ARR itself but other factors associated with ARR may be respon-
sible for the observed association between ARR and mortality.
To precisely evaluate this possibility, subjects were divided into
two groups, ARR-at-risk (low ARR) and ARR-not-at-risk (high
ARR), to determine such confounding factors.

A ROC curve was plotted to determine cut-off values of ARR
in relation to total mortality (Fig. 2). In ROC curve analysis,
ARR 72 vyielded the greatest sensitivity and specificity (750 and
54-9%, respectively). The area under the ROC curve (C-index)
for ARR was 0-656 (95% CI: 0-594-0-719), while that for PRA
was 0:633 (95% CI: 0-563~0-703).

Factors different between the groups were examined (Table 2).
Subjects of the ARR-at-risk group were significantly older and
had higher fasting plasma glucose and serum levels of potas-
sium, total protein, uric acid, urea nitrogen and creatinine than
those of the ARR-not-at-risk group. Proportions of men, smok-
ers and drinkers were significantly greater in the ARR-at-risk
group compared with the ARR-not-at-risk group. More subjects
of the ARR-at-risk group were on treatment for hypertension
and diabetes compared with the ARR-not-at-risk group. Serum
adiponectin levels of the ARR-at-risk group were significantly
lower compared with the ARR-not-at-risk group. These differ-
ences perhaps suggest why the ARR-at-risk group is at higher
risk for total death, although lower systolic blood pressure and
serum BNP levels observed in the ARR-at-risk group compared
with the ARR-not-at-risk group seem to be contradictory.

We next examined associations between the ARR-at-risk
group with total death using Cox proportional hazard regression
analysis, which revealed the ARR-at-risk, age, gender, serum lev-
els of uric acid, creatinine and BNP, drinking alcohol and smok-
ing as associated with total death in the univariate analyses.
Multivariate Cox proportional hazard regression analysis using
all these factors as covariates showed a significant independent
association of the ARR-at-risk group (HR: 2-58, 95% CI: 1-42—
4-69) with total death (Table 3).

Association between ARR and cause-specific mortality

The association between ARR and cause of death-specific mor-
tality was then examined (Table 4). Cause of death varied and
the total number of deaths was relatively low in this period.
Therefore, we grouped causes of death into the following catego-
ries: cancer (n = 28), CVD (n = 14), other [infections (n = 9),
accidents (n = 3), lung diseases (n = 2), kidney diseases (n = 1),
intoxication (n = 1), suicide (n = 2), dehydration (n = 1)] and
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Fig. 2 Receiver operating characteristic (ROC) curves for the
determination of cut-off values of ARR as a predictor for the risk of
total death. An arrow indicates cut-off value yielding the greatest
sensitivity and specificity (75-0 and 54-9%, respectively).

unknown (n =1). As shown in Table 4, the rates of death
caused by cancer (3-43 vs 1:00%, P = 0-003), CVD (1-79 vs 0-43,
P = 0-017) and other (2-45 vs 0-86, P = 0:023) were significantly
higher in the ARR-at-risk group than in the ARR-not-at-risk
group.

We next examined the association between ARR and cause of
death-specific mortality using a Cox proportional hazard regres-
sion analysis with adjustment for age and gender, which further
confirmed the independent association between ARR and cancer
mortality (HR: 2:78, 95% CI: 1:16-6:65), and marginally con-
firmed the association between ARR and CVD mortality (HR:
3.14, 95% CI: 0-86-11:48). An association between ARR and
death caused by other means was not confirmed (HR: 1-81, 95%
CI: 0-69-4-74), and an association between the specific causes of
death in this category was not determined.

Discussion

As RAS is involved in various pathological conditions, PAC,
PRA and therefore ARR are expected to be associated with a

not-at-risk for total death in this general population. As we did
not segregate those with PA from those without, the results were
a mixture of the consequences of these two populations. How-
ever, as the study subjects appear to represent the general popu-
lation (as one factor of the study design), and the prevalence of
PA has been reported to be at highest 10-15% in hypertensive
populations,"*** we believe that the results represent the con-
sequences of subjects with higher ARR without PA. As PA has
been established as a risk for CVD and mortality,"** the results
may suggest that those with higher ARR are not at risk for total
death, provided that they do not have PA. Subjects with very
high ARR may possibly represent those with PA. However, even
the top decile stratified based on ARR (ARR >324) was found as
associated with total death with decreased total mortality (HR:
0-31, 0-07-1-42, P = 0-130) similar to the ARR-not-at-risk
group. Contrary, we tried to exclude possible subjects with PA
from those with higher ARR. Such subjects were defined as
those with hypokalaemia (<3:5 mmol/l) and ARR 2>200, and
exclusion of them (n = 8) further increased the HR of the sig-
nificant independent association of the ARR-at-risk group with
total death from 2:58 to 2-81. This result seems to further sup-
port the above-mentioned idea. The results strengthen the
importance of diagnosing people with PA from those with
higher ARR because people without appear not to be at risk or
have better outcomes compared with those with lower ARR.
Activation of RAS is associated with increased CVD risk in
many intervention studies in which hypertensive patients were
treated with RAS (e.g. ACE inhibitors

inhibitors and/or

© 2014 John Wiley & Sons Ltd
Clinical Endocrinology (2014), 0, 1-8
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Table 2. Differences in baseline characteristics of study subjects stratified
by ARR risk for total death

Characteristics At-risk Not-at-risk P
Number 613 697 -
ARR: PAC-to-PRA ratio 36:6 £ 189 231.1 =4 2211 <0-001**
Plasma Renin Activity: 2:77 £ 3-04 0-53 £ 036 <0-001**
PRA (ng/ml/h)
Plasma Aldosterone 68:2 + 33.5 799 £ 393 <0-001%*
Concentration:
PAC (pg/ml)
Gender (M/F) 342/271 246/451 <0-001**
Age (year) 64:1 £+ 101 637 & 96 0-445
Height (cm) 1574 + 87 1553 £ 88 <0-001**
Body weight (kg) 58-0 % 10-0 57-0 £ 10-3 0-093
Body mass index (kg/m?) 2334 £ 318 2357 £328 0199
ACE (mg/dl) 14.8 £ 5.7 152 + 4.8 0-118
Serum potassium 433 4 043 427 4+ 0-40 0-008**
(mmol/)1
Fasting plasma 960 & 15-9 92:6 £ 142 <0-001**
glucose (mg/dl)t
HbAlc (%) 525 £ 0-67 5:22 + 0:58 0-345
Fasting serum insulin: 64 + 48 64 + 4-8 0-928
IRI (nU/ml)¥
HOMA-IR} 1:55 + 123 1-66 £ 5-50 0:630
Systolic blood pressure 1329 £ 16-1 1354 £ 153 0-006**
(mmHg)
Diastolic blood pressure 783 + 104 79-1 £ 9:5 0-135
(mmHg)
Total cholesterol (mg/dl) 1995 &+ 32.5 199:6 + 29-4 0972
Triglyceride (mg/dl) 105-4 &+ 58-5 104-1 £ 521 0-678
HDL cholesterol (mg/dl) 59-0 = 149 58-5 + 14-1 0-531
LDL cholesterol (mg/dl) 1234 + 30-1 1230 4 279 0-831
Serum total protein (g/dl)  7:52 & 0-48 7-40 4+ 0-41  <0-001**
Serum uric Acid (mg/dl) 531 & 141 4-84 £ 122 <0-001**
Serum urea Nitrogen 16:5 + 41 159 £ 42 0-007**
(mg/dl)
Serum creatinine (mg/dl) 070 £ 0-17 065 & 0-15  <0-001**
BNP (pg/ml) 28:9 =+ 46:0 333 4 320 <0-001%*
Adiponectin (mg/dl) 91 =+ 4.7 9-8 £ 54 0-0496*
Hypertension: n (%) 349 (56-9) 389 (55-8) 0-683
On medication 248 (40:5) 239 (34-3) 0-021*
Hyperlipidaemia: n (%) 196 (32-0) 211 (30-3) 0-507
On medication 57 (9:3) 70 (10-0) 0:650
Diabetes: n (%) 72 (11-7) 61 (8-8) 0-073
On medication 47 (7-7) 34 (4-9) 0-037*
Drinking alcohol: n (%) 294 (48.0) 237 (34-0)  <0-001**
Smoking (Never/Past/ 384/114/115 526/73/98 <0-001**

Current): n

*P < (-05 and **P < 0-01. Data are mean -+ SD or number of subjects
(%).

tData were not obtained from some subjects, most of whom were
known to be diabetic prior to examination (n (risk/not-at-risk): 583/
655).

iData were incidentally not obtained from one subject of the ARR-at-
risk group.

angiotensin II type I receptor blockers).">*>?® Associations
between RAS and cancer have been reported in many epidemio-
logical and intervention studies, most of which showed that RAS
activation was associated with the incidence and/or progression
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of cancer.”®**® However, the effects of RAS inhibitors on can-
cer risk are inconsistent.”®*” " However, the RAS is expected to
be associated with cancer, as the RAS is known to regulate vari-
ous physiological functions related to cancer such as angiogene-
sis, invasion, pro-survival signalling and proliferation, which
have been reported in various in vitro, animal and clinical stud-
ies as dysregulated in malignancy.”® To date, the effects of RAS
activation on the risk of CVD or cancer in the general popula-
tion have not been fully clarified. We previously reported on the
association of higher PRA with CVD and cancer mortality in the
general population.'” In the current study, we examined whether
ARR is also associated with CVD and cancer mortality and
revealed a significant association between ARR and cancer mor-
tality, and a marginal association with CVD mortality after
adjustment for age and gender using Cox proportional hazard
regression analysis. These results strengthen the suggestion that
associations between RAS and cancer as well as CVD are clini-
cally relevant.

In this study, we examined the association between ARR and
mortality. ARR has been reported as a better test for screening
cases of PA compared with PAC and PRA and is being used
commonly in ordinary clinical settings."”> Whether ARR is also a
better test for predicting mortality has not been clarified. To
evaluate the issue, we examined the association between PAC
and PRA with mortality. Cox’s proportional hazard regression
model analysis with adjustment for age and gender showed a
U-shaped association between PAC (HR of tertiles 3 and 1 vs
tertile 2 were 1-34, 0-69-2-59 and 1-45, 0-79-2:65, respectively)
and a linear association between PRA and total mortality [higher
PRA was associated with increased mortality among tertiles (T3
vs T1: 1-83, 0-93-3.60)]. However, these associations were not
significant. Furthermore, PRA appears less useful for determin-
ing risk groups than ARR because ROC curve analysis showed
that the area under the ROC curve for PRA was smaller than
that for ARR. The results indicate that ARR is a better means to
predict mortality compared with either PAC or PRA.

Although associations between ARR and mortality have not
been well examined, one study with Caucasian patients with
heart failure reported that subjects who died from CVD had
lower ARR compared with survivors.®®> This study aligns with
our results. However, a recently published Japanese study
reported possibly conflicting results with our own. In that study,
although no association between ARR and stroke was found,
higher ARR was reported to be associated with the incidence of
stroke in those with a higher sodium intake stratified into halves
by median sodium intake (105 g/day).® The reasons for the
differing results cannot be explained precisely at present. It is
possible, however, that differences in study populations, time
when was blood drawn, and subjects fasting or not may be con-
tributing factors. In the conflicting study, the researchers
excluded people on medication for hypertension, the proportion
of which was about 25% of people who gave informed consent
to participate. It is therefore possible that the study subjects rep-
resented a nonhypertensive population rather than the general
population. Additionally, subjects had blood taken in the non-
fasted state, and in both the morning and afternoon. PAC and
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Table 3. Hazard ratios for total death

Univariate

Multivariate

Characteristics HR 95%CI P HR 95%CI P
ARR-at-risk group (vs not-at-risk groups) 3:45 1:99-6:16 <0-001** 2:65 1:48-4.75 0-001**
Age(per 1 year) 110 1:07-1-14 <0-0017* 1:09 1:05-1-13 <0-001**
Gender (M vs F) 451 2:49-8-16 <0-001** 171 0-74-3-96 0213
Medication for hypertension {vs none) 1:52 0-93-2-48 0097 NA
Diabetes (vs nondiabetes) 146 0:72-2:95 0/294 NA
Medication for diabetes (vs none) 1-30 0:52-3-23 0579 NA
Height (per 1 cm) 1-01 0:98-1-03 0678 NA
Systolic blood pressure (per 1 mmHg) 101 0-99-1-02 0:302 NA
Serum potassium (per | mmol/l)t 1-44 0-86-2-41 0-168 NA
Serum total protein (per 1 g/dl) 1-00 0-58-1-74 0-998 NA
Serum uric Acid (per 1 mg/dl) 128 1:07-1-52 0-006%* 1-00 0:82-1-22 0-968
Serum urea Nitrogen (per 1 mg/dl) 1-02 0-96-1-08 0-580 NA
Serum creatinine (per 1 mg/dl) 723 3.37-1548 <0-001** 2:35 0-58--9-59 0-233
BNP (per 10 % log pg/ml) 113 1:06-1-20 <0-001** 1-07 0:99996~1-14 00501
Adiponectin (per 10 % log mg/dl) 1-06 0-95-1-18 0-322 NA
Drinking alcohol (None vs yes) 040 0-24-0-66 <(-001** 0-62 0-33-1-17 0-141
Smoking (Past vs current) 1-14 0:58-2:23 0-708 0-82 0-41-1-61 0-555
(Never vs current) 0-40 0-22-0-73 0-003** 056 0:29-1-10 0-094
Cox proportional regression analysis was used with all variables listed above as covariates.
*P < 0-05 and **P < 0-01. NA: not appreciated as covariates.
tData were incidentally not obtained from one subject.
Table 4. Associations between ARR and cause of death-specific mortality

ARR (n) At-risk vs. not-at-risk

At-risk (613) Not-at-risk (697) P (Xz) HR 95% CI P
Total 48 16 <0-001** 2:56 1-44-4.56 0-001**
Cancer 21 7 0-003** 2:78 1-16-6-65 0-021*
CVD 11 3 0-017* 314 0-86-11-48 0084
Othert 15 6 0-023* 1-81 0-69-4-74 0225

Cox proportional regression analysis was used with adjustment for age and gender.

*P < 0-05 and **P < 0-01.

+Other causes included (n): infections (9), accidents (3), lung diseases (2), brain tumour (2), kidney diseases (1), intoxication (1), suicide (2) and dehy-

dration (1). CVD: cardiovascular disease.

PRA changes upon dietary intake and PAC are known to
decrease in the afternoon with circadian rhythms.** The amount
of dietary salt consumption could also account for the discor-
dance. Unfortunately, we do not have these data from our study
sample. However, the median dietary salt consumption has been
reported as 1244 g/day in the same study area,”® which is higher
than that reported for the conflicting report’s sample, and there-
fore does not seem to account for the discordance. Finally, as an
association between ARR and lower mortality has been reported
in Caucasian populations, we believe that the results are general
across ethnicities, although further studies with increased popu-
lation sizes of different ethnicities are needed.

The mechanisms for why those with higher ARR but without
PA are not at risk for total death cannot be cdearly explained.
Such subjects appear to have increased PAC and decreased PRA

as those with PA, and should therefore be at similar risk for
CVD, or eventually for total death. This hypothesis does not
appear correct from the results of the current study. The values
of PAC may be less in those with higher ARR but without PA
than in those with PA, although both groups have higher ARR.
PAC has been reported to change with circadian rhythms.*
Those with higher ARR but without PA appear to have normal
PAC circadian rhythms, as such people were generally consid-
ered as normal subjects. However, some people with PA have
perturbed PAC circadian rhythms.>® These differences in circa-
dian rhythms may contribute to the different outcomes observed
between people with higher ARR but without PA and those with
PA, as is the case in people with Cushing syndrome, in which
not only absolute but also chronically elevated cortisol levels
were suggested for the adverse outcomes. The above-mentioned
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possibilities are merely speculative, however, and require further
examination.

Antihypertensive drugs have a substantial influence on RAS.
ACE inhibitors, angiotensin II type I receptor blockers and min-
eralocorticoid receptor antagonists decrease PAC, increase PRA
by a feedback mechanism and can decrease ARR. Some diuretics
and beta-blockers also increase PRA, while calcium channel
blockers have no influence. Direct renin inhibitors, such as ali-
skiren, inhibit PRA. Direct renin inhibitors were only recently
approved for clinical use in Japan; therefore, no subjects were
on the drugs at baseline. The classes of antihypertensive drugs
used appeared to be confounding factors in analysis. We evalu-
ated the influences of antihypertensive treatment on the associa-
tion between ARR and total mortality without regard to the
class of drug used. This is a limitation of the study. Cox’s pro-
portional hazard model analysis with adjustment for factors
related to ARR including age and gender showed no significant
association between medication for hypertension and total mor-
tality (P = 0-983). Therefore, although the class of drug used
was not considered, medication for hypertension did not seem
to have a substantial influence on the results.

A further limitation is that blood samples were collected in
the sitting position after at least 5 min rest, which does not
appear sufficient to overcome the large variability in the influ-
ence of posture on PRA, and thus ARR. A strength of the study
is that statistical adjustments were made for multiple factors that
could possibly confound the results, and a population-based/
general sample of individuals was used.

In conclusion, we found that lower ARR was significantly and
independently associated with an increased risk for total and
cancer mortality in a general Japanese population. Lower ARR
indicated higher mortality, while higher ARR indicated a higher
possibility of PA. This finding suggests that diagnosing people
with PA from those with higher ARR is extremely important, as
those without seem to have better outcomes compared not only
with those with PA but also those with lower ARR. This finding
requires further evaluation using an increased population size
and participants from different ethnicities.
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