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Analysis of metabolic syndrome and pulse wave velocity in hemodialysis patients -
diagnosis of obesity by bioelectrical impedance analysis and a novel risk factor of atherosclerosis
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b, BEHEZICET S Met S EBIIREELICOWT, BEfRESA v E—F > 2 (BIA)EIC X 3 EiHEEe -
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ExZTO, BIRE{LOEEEE L C baPWV ZHIE L 72,
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HDL &AM, TG, 7 A FJEPHES, BIA-VFA, BFM, PBF, HbA,, CRP & EDHIEI%ZED 72, baPWV
BT & L ZERYFESNTICE TR, I, FE#oiEs, (£ ADPN IIE, ECW/TBW 236 i & 3tlH R 11
FIRE N,
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ECW/TBW, {% ADPN IEASEEE L T 3 W HEM A RIB S Nz, £72, BITHEFZICE W TY, ADPN & IR
N & o#IZd b TE 5, ADPN RHEIIRELEHZET 26D EEL SN,

Purpose : Metabolic syndrome (Met S) is one of the risk factors of atherosclerotic vascular diseases related to
visceral fat accumulation. However, it is well known that morbidity and mortality of hemodialysis (HD) patients
are associated with malnutrition and emaciation rather than obesity, representing “reverse epidemiology”. The
risk of visceral fat accumulation or Met S in HD patients remains unclear. Therefore, we evaluated atherosclero-
sis and Met S in HD patients using various markers of obesity by means of bioelectrical impedance analysis (BIA)
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and brachial-ankle PWV (baPWV).

Methods - The subjects comprised 52 patients who were undergoing maintenance dialysis. In addition to a gen-
eral physical examination and routine blood tests, immunoreactive insulin (IRI), homeostasis model assessment
for insulin resistance (HOMA-R), serum adiponectin (ADPN) and C-reactive protein (CRP) were measured
before dialysis. Furthermore, we measured various body fluid components, such as the ratio of extracellular
water to total body water (ECW/TBW), body fat mass (BFM), percent body fat (PBF) and visceral fat accumu-
lation (BIA-VFA), using a body composition analyzer (InBody S20) and baPWV as a marker of atherosclerosis.
Results : There was no significant difference between HD patients with and without Met S for baPWV. baPWV
was positively correlated with age, systolic BP and ECW/TBW, and negatively correlated with serum albumin
level, BMI and serum ADPN. However, no significant correlations were observed between baPWV and the dura-
tions of HD, CaXP product, BIA-VFA, PBF, HOMA-R and CRP. The serum ADPN level was significantly
lower in Met S than in non-Met S. In addition, the ADPN level was positively correlated with HDL-cholesterol,
and negatively correlated with TG, HbA,,, CRP and various markers of obesity (Waist, BIA-VFA, BFM and
PBF). In a multiple regression analysis for baPWV, the ECW/TBW ratio and serum ADPN level, as well as
age and systolic BP, were independent predictors for the enhancement of baPWV in HD patients.

Conclusion : The present study demonstrated that the ECW/TBW ratio and low serum ADPN level, but not
Met S or obesity, could be risk factors for the acceleration of atherosclerosis in HD patients. In addition, the
results showed that the relationship between ADPN, as an anti-atherosclerotic factor, and body fat or lipid
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metabolism were also maintained in HD patients.
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Table 1. Body fluid components measured by InBody
S20 and correlation coefficients between
baPWYV and each parameter in males or females

Overall

Male Female r p
(n=41) (n=11)

Age (years) 63.8£10.1 0.292 0.035
64.0£10.6 63.2£8.7

BW (kg) 56.7+9.5 —0.177 ns
58.9+8.8 48.6+7.7

BMI(kg/m?) 22.1+3.0 —0.286 0.040
22.3%+2.8 21.6*+3.6

Waist (cm) 80.5+8.6 —0.090 ns
81.9£7.8 75.4%£10.2

BIA-VFA (cm?) 102.3+30.3 0.084 ns
106.6+31.0 86.1£21.8

BFM (kg) 15.0£5.7 —0.065 ns
15.3+£5.9 14.0x5.1

PBF (%) 26.3%+8.1 0.005 ns
25.8+8.2 28.1%x7.4

SLM (kg) 39.3£7.3 —0.176 ns
41.2%6.9 32.6=4.2

ECW (kg) 12.1+£2.2 —0.110 ns
12.7+x21 10.2£1.2

TBW (kg) 30.8+5.7 —0.168 ns
32.2%x5.4 25.6%+3.3

ECW/TBW 0.395+0.012 0.418 0.002

0.394+0.012 0.400£0.010
BW : body weight, BMI : body mass index, VFA : vis-
ceral fat area, BFM : body fat mass, PBF : percent body

fat, SLM : soft lean mass, ECW : extracellular water,
TBW : total body water

A > 29~ (IRI), ADPN, CRP %l L, FEW#EIc i
SRME (&, FE, XA AR, BIREELZE &
LC74VA(Fsuara—) vih)ic k% baPWV, ABI
(ankle brachial index) % HIE L 7z, ADPN O Hl7E (¥ ELISA
W T, 72, 420 Uy, 120 Ik
i v B 12 B> T HOMA-R : = (Z2ZHF I X IRT) /
405 DFIEAD SRD 7, S SIBNRIC, FREEERES
SrHrEEE (InBody S20 © /A 4 2 _— 2 4k) I X 2 (KI5 =
(BFM), RHEENA= (PBF), MIshsiifL (BIA-VFA), i
WS 5L (ICW), HilfEstK oy i (BCW), #A7K 57 i (TBW)
R EDWMEERITH72, £72, TBW KT % ECW 0H| &%
M AR 7K 53 GRIEAE 3 ECW/TBW) & L TEHL 72,

Met S ZWICE W TIRNRFAZOBWIIEREICIE Y, 1)E
AN 7 = A b A PHEESS I 85 em BAE, A 90 cm A
b, 2)EIE - BEEREAARERE S, b U <k, ETETGE
BT 130 mmHg BA_E F 72 1355 MIE 85 mmHg B L,
3)BEPRIE @ BRI IS CIinEth £ 7R IESH D, b L I3
BEIRFIILAE 110 mg/dL DA, 4) BB © ARIGHE,

Table 2, Laboratory data and correlation coefficients

between baPWV and each parameter

r p
HD duration (years) 5.1%4.7 0.068 ns
sys BP (mmHg) 152.6+19.1 0.388  0.004
dia BP (mmHg) 83.4%+12.8 0.061 ns
Hb (g/dL) 10.2£1.2 —0.251 ns
TP(g/dL) 7.1+0.6 —0.051 ns
Alb(g/dL) 3.8+0.4 —0.322  0.019
Ca(mg/dL) 9.0%+0.9 —0.235 ns
P(mg/dL) 57%15 —0.156 ns
CaxP 51.3+15.1 —0.207 ns
TC(mg/dL) 149.9+£353  —0.106 ns
TG(mg/dL) 89.4+46.6 0.069 ns
HDL (mg/dL) 42.8+13.5 —0.221 ns
FBS(mg/dL) 113.7£35.5 0.187 ns
HbA,, (%) 5.3+£0.9 0.043 ns
CRP(mg/dL) 0.40£0.77 0.219 ns
IRI(uU/mL) 8.8+7.9 0.065 ns
HOMA-R 2.6+3.2 0.083 ns
ADPN (ug/mL) 17.9+8.7 —0.327  0.020

B L < EREIG 150 mg/dL BAE, /I HDL aL A7
72— 40mg/dL LT &2 ZNZNHRE L L7,

BRI P LB ER A TR L, Hal#NE BERE
1% StatView-J 5.0 ZfH L, 2 #ED LI unpaired t-test %,
2 TEDHHBIZ Pearson DAHBIRENE 2 v, p<0.05 2 H
HEDHD E L7, baPWV ITHEZ LI TRT DM D7
&, baPWV & Z D85 X —% — L QHZERENTO 1375,
baPWV Z BN T, Z Dfth/N T X —& —Z ST & LT
HlEaHr 217> 72,

s R

1. BIBEOXA 2Ky FO-4

ZEFITBT S Met S O 28 E1% 32.7 % T, FEKLA
FD 7Tl IUT 80.8 %, HEKIAE 50.0 %, NEEUHEE
48.1 %, NETBIEG 423 9 TH o7z, RENRHEREDO%R1T
FE IV AT 0= VIEDS 7.7 %, HHENEIIEESS 13.4 %
TH-o7-DITR L, K HDL IIAEDS 48.1 %% &7z, Table

1 |2 InBody S20 TRk & 2 WA 2 B iR L,
Table 2 IZBFEDIMKIRERT K2R L 72, £/, Z0Z D
HHEIZBWT baPWV L D% RO 72, BMI D FHff L
22.1+3.0kg/m? (B 2234128 kg/m?, 1 21.6+3.6kg/
m?) T, HABHTEEEIC X 32 2 21.1+4.1 kg/m? (5B
M 214+37kg/m?, &M 20.6+£4.6 kg/m?) & b b0 EE
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¥72, MetS DAZWIIEAETH 5 7 T X b R PHPEDHE
HEGE (B 85em, M 90em) BLF, DA BT, MEIE, HH
PRI, MRS OBRERABUCAEZD D 200 £ ) IpiET L 7:
E25, EHMETORBMRAED 1.67(n=30), MBI
BT 1.96(n=22) L EHETPRED TH > 72h, MEHT
HEAZIZRD o7,

2. BREBED baPWV

BENTEE O baPWV 13 2,111.7£563.1cm/s TH D,
Met BT 2,174.7£432.0 cm/s, FF Met S E T 2,081.1%=
6203 cm/s THH, MELCHEREEZ D20 > % (Fig. 1),

InBody S20 TR ® & 7 F MU fE AR - A G & baPWV
& OMBA% MR L 72 &£ 2 5 (Table 1), PBF, BIA-VFA, f{f
KorE72 £ LIS 2 RO T, BMI & OB (r=—0.286,
p=0.040), ECW/TBW & IED B % o 7 (Fig.2 : r=
0.418, p=0.002),

—77, HHREMLIE baPWV DB B> T i (Table
2), Iy Alb, I ADPN & & DB (Alb ; r=—0.322,
p=0.019, ADPN ; r=—0.327, p=0.020) % & ® (Fig. 2),
NI & IEOFHBI (r=0388, p=0.004) Z &7z, % 2
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Table 3. A multiple regression analysis for baPWV
Independent B (standard ;

variables coefficients) P
sys BP 0.467 4.217 0.0001
ADPN —0.507 —3.950 0.0003
ECW/TBW 0.337 2.192 0.034
Age 0.261 2.042 0.048
CRP —0.122 —1.009 ns
HD duration 0.121 0.980 ns
BMI —0.126 —0.924 ns
Men 0.048 0.399 ns
DM 0.005 0.041 ns
CaxP —0.019 —0.158 ns

T baPWV I8 2 J X T A2 B li ot THE L 72 &

225, WGHEHIME, FioiE2», I+ ADPN (p=0.0003),
ECW/TBW (p=0.034) 233 HHIA - & L TEIR S 417 (Table
3)s

3. EEZEOMF ADPN, HOMA-R

ZENTEFE OIMP ADPN ¥ 1 17.9+8.7 ng/mL (5514
163+72ug/mL, 2P 23.5+11.4pug/mL, p<0.05)TH b,
Met S 5T 143+84pug/mL, I Met S FHH T 19.6£8.5
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Table 4. Correlation coefficient between
the serum ADPN and vari-
ous metabolic markers

r p
BMI —0.267 ns
Waist —0.425 0.002
BIA-VFA —0.574 <0.0001
BFM —0.491 0.0002
PBF —0.444 0.001
SLM 0.025 ns
TC —0.077 ns
TG —0.366 0.009
HDL 0.675 <0.0001
FBS —0.170 ns
HbA;. —0.330 0.019
IRI —0.183 ns
HOMA-R —0.140 ns
CRP —0.289 0.041

png/mL TH D, MetS BETHRIEAZ R L 7 (Fig. 1,
p<0.05),

Met S IZB#i$ 2 #4E1EE & fish ADPN & DI % Table
4 1278 L7, I ADPN X HDL & 5\ IEDHB %580
(Fig. 3, r=0.675, p<0.0001), BIA-VFA & 5fi\v>f1DHHEY
(Fig. 3, r=—0.574, p<0.0001) Z &7z, %71l ADPN
1%, AR (SLM), #2821 251 —)L(TC) & 13HE %2 #
§, I A b JAPHES, BEM, PBF, HENENG(TG), HbA,,

CRP & B DMz D 72,

A v A VIEMAFR OB EH h=40) 12K T 3
HOMA-R 13°F-#5 2.6+32 TH b, Met S & (n=12) T
3.614.7, JE Met S ¥ (n=28) T 22£23 TH D, MetS
HBHTPOOREMEE R L7, MHCEEREIZRO R o T,

(¢ g/ml)
w]®
3 | r=-0.574
e o, p < 0.0001
-9
g 2 °©

z ¥

AEELRA v E—F v A (BIA) B, BERICEHBED
WEF R AT L CTHRNIEPUE(f v =% v R) Z ko,
FERERIIC B R DK R, iR, TR Z &% VREE
CHBMERZ Lo THIET 5 2 ERHHETH ), WHETIFE
WROAZ ST, TEIE, M, Met S OBW, RKEBIRESL
Ve Ol ERIA VLTI TETHW S

TR L (R 53 4 BT (InBody S20) T, yﬂ&&ﬁﬁ
Ik DTN - Aok REZRZFUCHIERRETH b,
Ay 5 (TBW) 1215 & 2 il A4 K 73 1 (ECW) D Hi %
M stk 7y 3 (R IEfE 5 ECW/TBW) & L TROTWw 5, i
EbtbiuL, 9 ECW/TBW 25ENTHEF O DW DFFiE
ELTHATHZ Z LM L™, FRAEETH,
BFM, PBF, & 6IC CT & DHlIHEEIC X 2 Ml o
D NIERE TR (BIA-VFA) 23Kk TE D, MG Met S

oW EATH 5, bitbiuk, JEEHONRELIC
BV TAEED Met S DIEZWHICHMTH D, BIA-VFA
i A AR, BMI L D bEEAPERS baPWV & B
HLTED, BEoPHez PHT 2R LAV IB L E
W LY,

—J7, MENRBEREEREE (7 4V L) I K % baPWV IXH)
IREE L DRREE 2 ) L, ffE» S IEREICHIETE %
EDo, EROBHIZZMICE KL Tw5, bitbild
uw,naﬁszb77&_;bmﬁmﬁm%®k@
IR~ HRMEIARD PWV Z 158 L, 4 & BERIE 250 BLE
ok s 2 &M LY, JTE, 2D PWV IR,
M, BERIBEINT L 7 fEbRR 7 & 22 2 2 £ D3 &5 Hric &
nTEh, \IERE, WREEE BAeBEERlIcE
WTENZOIEA XY POPURFE %5 2 ERES
NTw3>29, Erbhbild, Met S BETIRZD

r=0.675
p < 0.0001
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BIA-VFA (cm?)

0 T T T T T v !
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HDL (mg/dl)

Fig. 3. Relationship between serum ADPN levels and either the
BIA-VFA or HDL cholesterol
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baPWV 23JE Met S fE&E L D b EifEiZ R L, SR DE
FORBENG Z E2HEL TV,

L2 LENTHRE 2B W TIE, BMI % PBF 23 W IE E D
MAEFEC Y A7 HMEL, A PRI E L) “reverse epi-
demiology” 231 5T E W 2™ BITEE D 20D 5 Met S
BEZMEL, 2O L TEIRNZNAZIT) 2T
EmPHEUET 208 ) I, —~EDRMBPESN T
R\, o, BHTERE OLIMNE R A IFE (CVD) X IR
fiEE R & 3B <, 202 ) RARAFIREICB# T 2
DS S A SN TS (RAEEIRAE & Bk AL o B
BT, REEE L E, BRI AR AR 5
BN HEE D%\ S22 5, malnutrition-inflammation-atheroscle-
rosis (MIA) syndrome & L THAZ 51T\ 3'9, JE4E, 47
B A2 BETIIEREESEIRETH > TH CVD FIE
DY A7 DE L, EHERERE B AL CVD DfER 12 &
L2 EDBWSPITEoRT, L L, HEHEAZOBINR
WAL DRI IO W TEAHAREBEL L, bhtbild
baPWV D a1 12D T, MM T — &, SRR,
G, FEIREOBAND o WEt 217> 72,

1. BRBEDOXFK) v U2 FO—LE baPWV

Met S DRERRA T2 BT, HINHE (80.8 %), HE IR
(50.0 %) DD BENGHE L, BEREOZ»TIEEI L
AT 0 — VI 5 & R AR WA IE (< Heie L, (% HDL Ifithi
DHEED% L BD 61 (48.1 %), HARBHTE-E DM
TICBWTH, IHEEE D% T HDL MEDHR D % <
RO LNT 5, —RISENTBE ISR EE DR E
T, BHEFZED BMI, PBF OFHfEIZ, HMk 223+
2.8kg/m? 25.8+8.2 %, M 21.6+£3.6kg/m?, 28.1+£7.4 %
ThY, AIHENRZ Vb DIC, FEEITEEICHN BMI ®
PBF IZEKfEZ /R L T3, F725HoBsc, B
AECRIME, BERWE, TRERE OBRBRAEBICAEIZZ S,
Met S DEMIZEWTH baPWV ICHEZIFRD S NLA
2o 7z (Fig. 1), % 7= bivb U B, JEEHTEE D fEt T,
baPWV %35 PBF % BIA-VFA & IEMBIZ R T2 2R L 72
23, S oETTIE, baPWV 1 PBF, BIA-VFA 75 & & (3
2RO Lo, BEMEHFOCHERIZ, A2
IZROTIN - DIMEFEEZEDGIRENERTH 505, o
DT EXD, Met S, MEEBILG, NI ERE 2 & 13T E
EOBIRELER B DGR F & 132 R iR &
%,

FaLA7Ta— ViEIE L TbHEETH D, &L 53
FrEETIEI L AT 0 — )UEMEVIZ E LG PRI
EDPHOEICE->TED, REDHIEAEIZELTY,

JEEAR TR L > THAEEROUE IZRD s -
7, BHIBE T, BB GIRE, REREOR
VIR REMTEPARTH L I EBHE2ICINTE
DY, Leavey 53, KEFIWED—~>TH2 BMI &7 L7
S VIMERENT G O DI A XY P O FHIKTFI%D 9
3 EHEL Tw3?Y, SROBEHIE T, baPWV 25 BMI
PIGE7 V7 S it Az -2 L1E, ThoD
ZEERHEFTITwBEEZSNS,

AR, 2 PERiEE (CKD) O A& X AR A 412 5 DAT
IZ CVD THLET 2 HIDEFTIC L £ ) FHEHH S 0
27z h ', Fo CKD MO REMESRBE N TV 3,
BHTRE T, FEENTEE LD D baPWV 23EEEZ R T Z
EDHSNT W2, BN & 3B 2RO 2w E T
LMEDNL L, DI L, BRI OR S CEIIREE
LA TISET L TW 2 2 EAVRE I N T2, SE0
BEHZ BT, baPWV ILEHTIAR & 134 HHEIZ 720 7,
FHEORETH 2 ECW/TBW & IED B % i 9 7 (Fig.
2:1r=0418 p<0.002), % Dflh, BIREAGICFEEZ KIET
RN BFERH, B, CaxP i, RIELIGE DO
Bl% R, AREALDIIRD sNmdrol, TD ECW/
TBW S@ENTIEF OB ES DW OfEFICRD 95 2 &
X, I E THEIHUA I NS08, BIIREELS baPWV &
DR AR L 72 i ld v, S 512, baPWV ZEEE T
&L ZEERSHTICE W TIE, ECW/TBW (ZIUEIH I,
ADPN 2R\ T FHE T ICERIR S 4172 (Table 3), &
72, ECW/TBW (ZILFE & &K M Z D o7 T L0 5
(r=0.147, p=0.299), ECW/TBW IZIfilF & ($457 L CH)
REE L DFT 72 22 bR 112 2 0 9 2 REED D 2, bbb
i, ECW/TBW 2E N volume % KKM$ % CTR, 1IVC
EHBIL 2w &5, IMEN XD D IME S (FEWR) Off
BRIy KL T 2 DR H 5 2 L 2WE L TE
D7, ECW/TBW ZSIfiliE EAHBE L 22\ 2 & 2 AT T 5,

—J7, baPWV DERRIA T & L CTHRIE O F IEIZBRIF S
7203, ZHUEEARA L W) IREBEED T TICIERICE W
PWV 269252006, ZOEPHIIS o700 A
bif-, EH, CKD IZEI S CVD DEMEFLE LT, &
MU, BEARGE, BEEARHEEE & v o 2 i IR 1 012
B>, PROE T SRR E D3I B GBI - & L TIRIB
NTL 253, (RGBS BINREE L O IEER T- £ 72 0 5 %
ERERHEL 2obhb g TThH Y, BAL
BE T, MRRSMRR OB AN & (3 MR R I BhIRAEL
DHEIZBE G L T 2 RS R S L, 2 DT ICD
WTIEH S TR, BARDIEEDEK T H 5 Bl



482 MAEENTRE DAY RY v 7> Fua—24

MEED EFRNO Na e, FHEE & b4 L 2L
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