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Aim : Serum uric acid (UA) concentration is regulated by its production in the liver and/or intestine and its rate of
excretion from the kidneys. However, little is known about skeletal muscle involvement in determining the physio-
logical UA level. The present trial explores whether muscle strength and/or muscle volume is associated with UA
levels.

Material & Methods - Muscle strength was evaluated in terms of grasping power calculated as an average of right
and left hand measurements in relation to other parameters in 14,333 subjects (median age ; 41.2 years), who were
recruited to the study. Skeletal muscle volume was calculated based on the bioimpedance method by subtracting
estimated fat volume plus estimated bone weight from the total body weight.

Results : 1) Multiple regression analyses to explain the association with UA levels (dependent variable) revealed
that BMI, BUN, triglyceride, muscle strength, AST, age and sex are independent variables. 2) Higher UA levels
(assessed as 4 UA quartiles) are associated with higher muscle volume, muscle strength, BMI, DBP, and serum
creatinine (Cr) concentration. 3) Greater DBP (assessed as 2 UA categories) was associated with higher BMI,
muscle strength, muscle volume, UA levels and serum Cr concentration. 4) Regression coefficient “t” for muscle
strength was the largest among the other parameters including serum Cr concentration in the UA level ranging
from 5.5 to 6.5 mg/dL.

Conclusion : There was an association between muscle strength/volume and UA levels in the near physiological
UA range, suggesting that the circulating UA levels can be, at least in part, controlled by its production in the skel-
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etal muscles.

Jpn J Nephrol 2014 ; 56 : 1260-1269.

Key words - uric acid, muscle volume, muscle strength, hypertension, renal function

T =

1 PRI IMURE 23 D AP D ) A 7 7T dH % lagPE 1
19 LD EH L P SREES TR, 208, ERICED
F CRIRIRIMAE S ME D BEAIIEE I3 % it S, %
DHEEME R ESNTELYY, ), 2o 0%
COBISEETH 2720, FIRMRIAEDS DLy PR RUE
HF 2B L TEw» E 2 ICHERI AR T 5, FE,
American Heart Association CREDMiE“%2y) 5 Joint National
Committee CREGRZE B &) 1B\ TIE, EIRFBRIE X0
MERBDEDY 27 LIFARZENTORVLY, ), i
W FEEAIFFE ORI A T, /AINRBTIE & % D3l &
WH7Es 2 34, MRBIAEDSDINE R AGIHED Y 27 TH
3 Lot nHsnsY,

38 PR (UA) il 1 UA PEZETESE T & % xanthine oxidase
(XO) D& = I IaE 72 & cEA S, BHRMEE O FH
filizZ I THRESIND, RO T 7 2 A PEHRE 13 B R RE
ThdH, ZHUTEEXS5T, B, UA @R &R
A T b BE LM 2RO, A ATP 35 TRE#H
DAL ERNRRDIESTH D, THECHE 2 E X0 23
BETHROHOD UAFEERICEEG L T2, 5, HEE
TGO HRIEE) & UA fEICIZIEMBID S 2 2 &, £, B
PR 2 ER T 2WED AR — VI RBFEEE2FEH T 5 2
&, mEDPHLNTV S, —f, UAZRRLA P L AICH
LIT4 AN s AARYY v —& LTLIMEICH LT

WalElZET 5, Thbb, RNICEET 2AWE L

LTOUAIESY S CEDbidsHIcii) it
ThHbh, b MLEHOFIBEEREOK % D, K
ERAEBNERER L ING, 2o kIic, HEED)
A b LRI UA ZHIBLYE & L O fk ey 1
TERI LT 2210 BIEZEL 2 k2, SE4E, ARK—Y QE
MR EMPRICEEL Tw»3 & T 2N ERS
N, 206 ORIV L RIFR BT L oz
RET 2 bDBREHTH 2™, Thsoif%Ed» s, H
HAETE T ORI OFIIRIC & &% 2 HREHICE T
b, WHATEENFEBR T O UA 0 BEE K 1T & % I HENE
BEZ NS, UL, BUEE TICZ ORENHERZ B
LR 7 7a—F1312 & A %L, HElEAHD £ £
Th 5,

DLEDOERH 6, Wi X 2 UA BEEDMESRIILT T D UA
ERERTTH 2 MR A PR 2 2 L IZBRIE VT —< L
bivd, KAWL, KBRS S oo il &
PIRICHEH L, UAMEE ZolidBERERT- L L Tofl

71 - FFAE ORI 5% YT, AT 2 i A T,
MR EHE
1. 3 ®

FRE R SR PER AR R,  EBUR2 T - R B
vy — TREMEHEZ N %2 22 L 7 ORISR D



1262 i PRIGAE & 5770 - it

Table 1. Patient characteristics
All Male Female

N 14,333 11,733 2,600

Age (y) 41.2+10.5 42.4+10.3 35.6+9.6%
BMI (kg/m?) 23.1+35 23.5+3.4 21.3+3.4*
Body fat ratio (%) 22.6+6.0 21.8+5.5 26.8+6.9*
Muscle volume (kg) 485+7.2 50.5+5.7 37.4+3.6%
Muscle strength  (kg) 38.5+8.4 41.3%6.1 25.9+4.6*
SBP (mmHg) 121.2+15.7  1232+154  112.2+135%*
DBP (mmHg) 76.2+11.0 77.6+10.7 69.6+9.6*
AST (lu/L) 23.7£10.6 24.6+11.1 19.5+6.1%
ALT (lu/L) 26.0+19.8 28.3+£20.7 15.9+10.2*
r-GTP (lu/L) 43.9+41.7 49.0+43.8 21.0+16.8*
TC (mg/dL) 199.1+£34.1  201.1£34.2  190.4+32.2%*
TG (mg/dL) 111.2+82.5  120.8+86.3 67.8+40.5*
HDL-C (mg/dL) 62.4+15.5 60.1+14.6 72.6+£15.1*
LDL-C (mg/dL) 119.0£30.8  121.6+30.8  107.0+28.1*
BUN (mg/dL) 13.1£3.2 13.4+3.2 11.7+2.9*
Cr (mg/dL) 0.77£0.15 0.81£0.13 0.58+0.10*
UA (mg/dL) 57+1.4 6.1+1.2 4.3%+0.9%
eGFR (mL/min/1.73m?) 89.0+18.8 87.0%+17.2 97.8+22.9*
BG (mg/dL) 97.0+£17.7 98.4+18.4 90.5+12.0%
HbA1c (JDS) (%) 5.0%0.6 51+0.6 4.9+0.4%
*p<0.01 compared to the corresponding value of the male mean=+=SD

BMI : body mass index, SBP : systolic blood pressure, DBP : diastolic blood pressure, TC :
total cholesterol, TG : triglyceride, HDL-C : HDL-cholesterol, LDL-C : LDL-cholesterol,
BUN : blood urea nitrogen, Cr : serum creatinine concentration, UA : serum uric acid con-
centration, eGFR : estimated glomerular filtration rate, BG : blood glucose

15271 Z% BTN RO E LCERRL 2, Zho offi
WRE D T IFIRIBRE P RARE b & F L Twiedy, K
WD E L LT UAHZ HINABE LB TH 5 720,
ZNOEINRL SR LT, B, B, BRI, 1§
BEEREICNT 2 8EEZTT0 2 H MBI R E L TR
HL%, £7, b IAT7AR YRV T7 Y Vi EDUA
EICHET 2 L RO DMEDH 12 ) AR —Y 2 HH
(IZFT o T B EHIf L 22 F 3R L 72, BEREORR:
HEMEIX, UAMEICBIL Tl 2 mg/dL BLN & 10 mg/dL B[
Z, CrfElcBIL CTld 2mg/dL ML E%, ZNZFNNRD 05
U7, ZDREE, RAEIIRITRRE 1L, 14,333 74 (18~
65 % ; P 41.2 1%, 2 2,600 44 (18 %)) TH - 72,

Bk, AEFEEO 70 b a—Lix, HREESERK
2RI ERE S N R ITZE MR AR A (PR B &, IRB)
PR E N, SCGHRMAE B L RS DT O 5 T
T B3 2 M BHE S (R 20 4 12 HGET) 1 23857 L T
VB 3R S NUKIR S L (#25-203(7338), 2013 4E),

2. #%EHEE

i - AEIEEE LTE, EA0BRIONEHEME,

WA A A v E—5" 2 (BIA) B HED 2 ARG
(DC-250, ¥ =% (k) 8) 2 Hv>, HIENE D & BRiEN# %
Ko, BHEREZTI Vb DE L, BIATEIZX DR
AR IE, “HEIRLE — XN (DXA) EIC X Do
AR EDOHICELD TRVHBIREZRD 2 2 L025
(r=096 (%), r=0.90(%1h)]), &AHARZEDT LS
nTwz?,

iy - ARSI A, 4R, BMI, I UGS (SBP),
IRW(DBP)), M7 L 7 F = > (Cr)fl, IREEFH
(BUN), HESLRER{AE ) & (estimated glomerular filtration
rate : eGFR), HFHERE, HbAlc, IflBE(BG), NHE, % &%
I Z 7238 H % $iPA% % (independent variable) & L 7z,

3. REERATIE

falFikix, UA % HIVZ % (dependent variable) & L T
MR MEYF T & EWEE 7z, SRR R I
&, N7 A MYy 7 orAREH I3 —JCRLE ANOVA %2,/
VoRF A MYy 75 A H I Kruskal-Wallis 15 % iV 72,
ZL T, ZORTHEEVWR NG EDORREO%H
FEE 1% Mann-Whitney 155> Scheffe 1 % W H A\ 72,



Hl o fh144 1263

Muscle
volume

Muscle
strength

ke

Serum UA concentration

Fig. 1.
BMI : body mass index

Single regression analysis of UA and muscle-related parameters

The UA level is significantly correlated with each of these three parameters (p<0.001).

Table 2. Multiple regression analyses on the independent vari-
ables (UA as a dependent variable)

Table 3. Multiple regression analyses on the independent vari-
ables of males and females (UA as a dependent variable)

Variable B SE(B) stdB t p

Sex —1.2192  0.03563 —0.2751 34.2141 <0.0001
BMI 0.05759 0.00298  0.1595 19.3163 <0.0001
TG 0.25940 0.01849  0.1165 14.0323 <0.0001
r-GTP 022393 0.01608  0.1157 13.9255 <0.0001
BUN 0.03710 0.00290  0.1064 12.7915 <0.0001
AST 024167 0.03313  0.0609 7.2938 <0.0001
Age —0.0046 0.00094 —0.0414 4.9501 <0.0001
gijiﬁh 0.00411 0.00155  0.0221 2.6461  0.00815

Male Female

Variable t p Variable t p
BMI 16.3426 <0.0001 BMI 11.4503 <0.0001
TG 13.3877 <0.0001 BUN 8.7952 <0.0001
y-GTP  11.7388 <0.0001 r-GTP 8.3206 <0.0001
BUN 10.3692 <0.0001 TG 4.0868 <0.0001
AST 6.7566 <0.0001 AST 2.6016 0.0093
Age 4.7682 <0.0001 Age 1.2525 0.2105
Muscle ;1563 0.0141 MUSCe o545 05857
strength strength

BMI : body mass index, TG : tryglyceride, BUN : blood urea
nitrogen, AST : aspartate aminotransferase
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BMI : body mass index, TG : tryglyceride, BUN : blood urea
nitrogen, AST : aspartate aminotransferase
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Fig. 2. Coefficients of multiple regression analyses on muscle-related parameters as a function of UA
BMI : body mass index, Cr : serum creatinine concentration, DBP : diastolic blood pressure
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BMI : body mass index, SBP : systolic blood pressure, DBP : diastolic blood pressure
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Fig. 5. Muscle-related parameters according to the 2 DBP categories
BMI : body mass index, DBP : diastolic blood pressure, Mann-Whitney **P < 0.0001
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Fig. 6. Other parameters according to the 2 DBP categories
BMI : body mass index, Cr : serum creatinine concentration, UA : serum uric acid concentration, eGFR : estimated

glomerular filtration rate
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