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A STUDY ABOUT THE CAUSE OF UROLITHIASIS
IN UPPER URINARY TRACT

—CLINICAL STUDY OF THE RISK FACTORS OF THE FORMATION
OF THE STONES IN UPPER URINARY TRACT—

Mitsuo NoNoMURA, Juichi Kawamura, Makoto Uebpa,
Yusaku Oxapa, Hideo Takeucur and Osamu YosHIDA

From the Department of Urology, Faculty of Medicine, Kyoto University
(Director : Prof. O. Yoshida)

Various risk factors and inhibitors of the stone formation of the upper urinary tract have
been pointed out in urine. We examined the amount of daily excretion of several important
risk factors (calcium, phosphorus, urate and oxalate) and inhibitors (magnesium and citrate)
in the urine of 21 healthy males, 13 male single stone formeks and recurrent and/or multiple
stone formers before and after taking the regular diet which contains 500 mg of calcium
and 1,000 mg of phosphorus a day.

The daily excretion of calcium, phosphorus and magnesium indicated no significant differ-
ences among the 3 groups. The excretion of oxalate in urine for 24 hours was significantly
decreased in the stone formers after taking the regular diet. The urinary excretion of the
urate per body surface area in the stone formers was significantly higher than that in the
healthy control. The amount of the excretion of the citrate in urine in the recurrent and/or
multiple stone formers was significantly lower than that in the other 2 groups.

Many patients of the recurrent and/or multiple urinary stones had more than two abnor-
mal values of above-mentioned risk factors and inhibitors. These results suggest that the
causes of the formation of the upper urinary stone were not single but multiple and that the

dietary advice to these patients was important against the recurrence of the urolithiasis.

Key words: Urolithiasis, Risk factors, Diet, Calcium, Phosphorus, Magnesium, Urate, Ox-

alate, Citrate
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EERBREGELFRAEBERY LE L T 5 BRER
EROPTRIBHEECA LR, LrbAScERSY
ElTIeRD, BRTHNENSBOBERREL It
> T5. Lo, PISto% L oWeEs LmRERE
BEDRERR Y £ HEH S L T B boshb
57, BIPRIBEEAEE v A5 vRE RSk
TY ¥ =Y R, HRLEDBBREEAEYERGTUL, B
T RER OB LR THARLORERTH 5.

LMRBRER OIS H LD 5 EEbhTWAY ¥
BH ey seRERORBICEL ULEREZIL LD
-« OFAEMBERET (v s (Ca), # (P)
REBI E)CHHERF (=72 v s Mg), 7=V
1E) DEEBIFRBEINTWEN, hboRPER
FRIIBEOHENK & W EEL bhb. ABgET
2, FRREBEAECEERROER, boHW0iL, B
RTFHORND, HRAEBC—EORFLERXY,
RPEBHERET 52 5B ELBELMC L, LoBER
WRERRT o RehgitBic &% @&, i, B
HERF O RPP B > LT RE RN 7. FORs
R RF7=vEHERz, BN BERBEZENC
L THRBEHRTHERECEL, SXEMERBREOT
CILRp 7 = VBB E BN B0 EN LR Z bR
fo. Eie, RPEBHEEER, REHRC X b, B
RELTHEREECAEROETHAA BN, Re Mg,
REPFEEC DT HFRD AR B o, &
b EMRESEEVRE, %< ofBREFORBEED
EHOBERTHBZ EATFEI D THRET 5.

] i

FRAREE BREEWIR BRI 1984454 Am D
19854E 3 A ¥ TR ABE L LI REETRE T,
BRDWC X 0 ERENSY Ca 2EREFETH AL
MBI hich, BER VY L ¥ viRfEET Ca &5
BATHHLHBENKCBTEREDS S, £RMH 2%
WIEREREEEE CRSREE L) 234 (23
~675%, FHI468%), HRBUREREE CIBERBRE
LMY 188 (20~52i%, FeH35E%), NBEL LT
ABEBED 5> LEBIEN TEH ©, YRS, Rk
&, EHEEYHELWHE21E (21~467E, E1H335%)
RO, Thbo#Hic, Ca: 500 mg/day, P: 1,000
mg/day, 1 H 1,800 Cal o—Ef (LIF—ERL 4
1) & 3 BEHEERE A, ERUIMNIKEA DR AN
MEBECECT, —EAEERNIE T h Eh s
HREET, R Ca, P, Mg, REg, %l 7=

VERYEREL, FhIhbofilhREREOLGE
EL, 3HOMTHEBREET- .

R Ca E&iT 8-oxyquinoline #ijn orthocresol-
phthalein complexsone (OCPC) REkT?, P
EEZEY FF VI — TP, Mg EERTFD
GEDTA (glycoletherdiamine-N, N, N, N’-tetra
acetate) I X DR Ca ORIGEIH LI =xyli-
dylblue 3T, RPRBOTEEIHES v /AT VI
T0, R0 EROTEEILHILE EBBILEREF]
A LBEE) ©°, 7=YEBOERE Bochringer-
Manheim [OWHFREHD 7 =V BREES » b7 %
FnTfr- .

tk, SEHEL - ARGRBED 5 bElFRE
BRERE, REAHEY, BBEEREO»5ER
YAFVIREE, BRATET Y F—v R, BERERE
DRBEEDH BE, 55\ ILRBEREROBER
AUt

54 f®

24R5MRF Ca PHEEVINRHEC LT CREAEE
CEWEAYRAR bR, —ERERBICETEA AL
RBHR, WTFhIFE TR, T, Zhbofit
HEEH CHE L ELABoERY KL (Fig.
1,2). #r¥, LT Fig. 1,58,10,11 1« 35132 RHgs
HIREELY Fh FheRt

URFHRT P BT hoBic 53R bh
fehr ot (Fig, 3,4).

24FEEIR S Mg BRI RRE, BRBHEBZL
THERBATEMERS AN, —ERERB-ET
HARALIEA, WThIFRTIRLL, ¥k, &
WO OEX GHRERE CHIE LAE L BgolEaLRL
7edt (Fig. 5,6), Mg/Ca BEH (%) 13, HAEE
B OdEEYELY, 4EHES Ca HRitELEE
OYFEBEE R LIz (r=—0.56, P<0.05) (Fig. 7).
URHRFIRIEEHHEL, FE IRV, WBRE
THLTHESE, SR ML IEERECE EE, X
bh, —ERBEREBETEE A Sbh (Fig. 8).
e, Zh SREBPHIEOfE% hRXER CHET 5
&, BR, SRYMbTRARENT ¥BRNckL
T, AHREMETH -7 (P<0.05) (Fig. 9).

4R HR A SRR, BTV, WREE
L TERBECH HEL AR DR, —ERIEIE
w, MR ARYMLFHAERER, NBRCKL
T, HEOETHAALR (Fig. 10). %7, thism
e X 2WMETLAEOKRTH -1 (Fig. 11),

24 R ek 7 = v BB Y, W R, MR LM
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Fig. 1. Comparison of urinary excretion of calcium among controls,
single stone formers and multiple stone formers.
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Fig. 2. Comparison of urinary excretion of calcium per body surface
area among controls, single stone formers and multiple stone
formers (mean+S.D.).
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Fig. 3. Comparison of urinary excretion of phosphorus among controls,
single stone formers and multiple stone formers (mean+S.D.).
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Fig. 4. Comparison of urinary excretion of phosphorus per body surface area among
controls, single stone formers and multiple stone formers (mean+S.D.).

HLUTEEBERT, FRCEL, SREKREEOF
ik, R 7 = v BEBREE AR ARAE C IR T AR A
DT oZnEHA bR (Fig. 12). —ERERED
R 7 = v R OE T HREBE R Tk, £,
fhmER C X HIECh RAEORRTh -~ (Fig.
13).

Table 1,2 (3L EOfEZFICR LIS DTH 5.

&k, Rb#ERSOEFREY Cax250, Mg=
40, JREE <600, & <42, 7 =V E =100 mg/day
ELT AEHROSWHECREEY RTEOR L
HE (%) ko 5L, Ca, Mg i, HHNHTE
NEBLRT, RE, B 7= vBiERERECRE
ExRTENEL, e, Bl 7= VEBISREEE
CRIEERRTENS A bRic (Table 3).
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Fig. 5. Comparison of urinary excretion of magnesium among controls,
single stone formers and multiple stone formers.
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Fig. 6. Comparison of urinary excretion of magnesium per body surface area among

controls, single stone formers and multiple stone formers (mean+S.D.).

Rrpo Ca, P, Mg, RES, #F, 7 =~ VD 6IHE
DEFREN 2EDREMD 55 2E L b b5\ I
S EH I ERETH>TeDMIEBIC A bR chRIE
BRI BRI CHBI LI b 2 5, SREBREEC

REMENLERC b 5EN % A b hi (Table
4). wic, Pial kb | EREERF L IERHAN
Febvw FSRO 6 AL OWTEAEBERTREL, K5
THB U7 (Fig 14). WHEBHETREFECERGNR



316
mg/day

1100
1000

500 -

WRICE 3256 35 19864F

mean=S.D.
900 -
800 [~
700 -
600 [~

53)1171 5381174
(n=13) (n=23)

456+ 198
400 (n=23)
o
L o
300 8 8
200 |- 9
o
100 -
0 1 i ] 1 1 1
before after before after before after
regular diet* regular diet regular diet
controls single stone formers multiple stone formers

* calcium 500mg, phosphorus 1000mg per day

Fig. 8. Comparison of urinary excretion of urate among controls,
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P<0.05 between ®and®, ®and®, ®and @, ®end®
Comparison of urinary excretion of urate per body surface area among
controls, single stone formers and multiple stone formers (mean+S.D.).

bife\wad, BREREEZCIRBECEENAOK, % crystal growth inhibiting protein 7z & A1 Hh
KBE TIIREMEISEEC i Y EHTEN LS 50, Zoft, Ro pH, RELEOMEBIERTS

z

CEN—RUHEL L. BEIRTLBH0,
= AR B HR/AREC X5 &, EHRERERO/M
- BRGS0 5 b, Ca BERMAIWBSS % &, L0k

REFERBIC B0 2 GRET LEPhTW3 b0 9B%H, B Ca SHEETHDL'Y. BIFRIRHAE

i, Ca, P, &,
Tix, 7=V, e

(GAGs), 73 /I,

RBicENDY, B#RTFEL JU#ESE, Cushing fEMRR, RMEEHET7 > r— v X,
P/, Mg, glycosaminoglycans RBRYER L YRR OBELR b ORBRAT2 &, E
ME &R, calcium oxalate BRB Ca RF/BEDITEA LD, Kk Ca 45K
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Fig. 10. Comparison of urinary excretion of oxalate among controls,
single stone formers and mutiple stone formers.
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Fig. 11. Comparison of urinary excretion of oxalate among controls, single
stone formers and multiple stone formers (mean+S.D.).
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Fig. 12. Comparison of urinary excretion of citrate among controls, single
stone formers and multiple stone formers (meanz+S.D.).
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Fig. 13. Comparison of urinary excretion of citrate per body surface area among
controls, single stone formers and multiple stone formers (mean+S8.D.).

Ca ERGIBIEEINTE . DS, 1945FELHK 263, ULnl, bhbh OfFE TR ERRE
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Bzl Ca {BEREE DEFTLTH 200X 1h# FRRERETORETIE LRRE Ca aFERRED
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Fig. 7. Correlation between urine Mg/Ca ratio and urinary excretion of Ca in 24 hours.
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Fig. 14. Frequency and interrelation among abnormal values
of various urinary constituents.

Ca EEREIIFH 1 H 43 mg, ERFEHD8 K% Lis
LAMICEL, BADRADRENBER LT DMEF
81% % T, Bib, EHRE Ca GEEAEE
LT —8 R Ca PEEROET AN L L
Ca BIRHIROEE LT 5 & L (X EHKH CRIEN S
ST AT N

TEOPFE T, KF Ca BiltE X <HET %
Di¥, Ca EREFOLDO LD LT L ABMEELSE
ERETHHLEELRTE OB, i, ERCkL
Th, BEEAEAN rat OFF Ca PEtE%L Hinx
BHEN D TR RP 7 = v BHEE LR ¢ &

DEERH B, Robertson Hit, LEMREERE
EoBYtEOBEREMERAC L L TERLE
Emh, B Ca FREE KL CBEHO Bk
BEOEERERZELEX S X5EEL Tw5W. $ED
bbb oWR T, 1 H Ca: 500mg ixBADKRA
DFEHFERRE LIFEFABETHHEI0rbLT, —&E
RIERHE, RP Ca BHEOETEHAN ES hico
X, 1 BIERAHEGIR O DBt RS EERE G
Behicz b HHBEMFRL TS EBbh5.
In vitro OERTI, KEWFT Mg B Ca
OBBERHEME & BEAR D 5 & LAMOATH
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Table 1. Urinary constituents in controls, single stone formers and multiple
stone formers (mg/day: mean+S.D.).
controls single stone formers multiple stone formers
(n=21) (n=13) (n=23)
regular diet* regular diet regular diet
before  after before  after befors  after

Calcium 15155 132+ 68 183+ 59 164+ 80 170+ 84 151+63
Phosphorus 486+ 155  464+172 385117 470+ 125 370+ 133 432134
Magnesium 80+ 21 67+28 82+26 12+32 7231 60+ 27
Urate 409+185  378+224 558209 530+ 171 538+ 174  456+198
Oxalate 28.1+78 244:74 31.1£8.10 2274649  33.7:16.09 25.6+12.3@
Citrate 256+ 136® 2321109 229161 189+ 138 101819 72£104®

* calcium 500mg, phosphorus 1000mg per day
P<0.05 between ® and®, @and®, ®and®, ®and ®

Table 2. Excretion of urinary constituents per body surface area in controls, single

stone formers and multiple stone formers (mg/day/m?: mean=+S.D.),

controls

single stone formers

multiple stone formers

(h=21) (n=13) (n=23)
regular diet* regular diet regular diet

before after before after ﬂ ﬂ
Calcium 8732 76£39 107 34 962 47 10053 94237
Phosphorus 280+ 89 26799 225+ 68 2413 21885 26179
Magnesium 46+12 39:16 48215 42+18 43220 36217
Urate 236+ 107®  218+1299  326+1209 310:1009  313:96® 2791259
Oxalate 16.2+4.5 141243 18.2+4.7® 13.3:371®  20.9£10.00 15.9:7.80
Citrate 147780 1342630 134:94® 1102 81@ 63£509  40:66®

* calcium 500mg. phosphorus 100mg per day
P<(.05 between ®and©®, ®and®, ®and@. ®and®, @and®, Oand @
®and®, @and®, Qand®, ®and ®

Table 3. Frequency of abnormal value of various urinary constituents.

controls (n=21)  single stone formers (n=13)  muitiple stone formers (n=23)

number (%) number (%) number (%)
Ca > 250 mg/day 0 (0 2 (19 3 Y
Mg <40 mg/day 5 (25) 2 (15 5 (22)
Urate >600 mo/day 6 (28) T (54) 11 48)
Oxalate>42 mo/day 0 (0 1 (13) 6 (26)
Citrate <100 mg/day 2 (1w 4 (31 19 (83)
h, in vive TiX, Mg RZRT rat I BREGHEN BTN D180,

FHEIN BRI, vitamin-Bs RSB X 5 rat
DEFEHRL Mg 5 TMHIEh 3 BB X <4

BERAZ 1k, HE Ca BiaBE T, R Mg B
HEEA A I & DS b B B H3202D EH A L Eh
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Table 4. Number of urinary constituents which indicated abnormal values.

number of the patient (or control ) whose urinary constituents

number of indicated abnormal values one or two times
urinary constituents two times more than one time
which indicated Cont®  Single** Multiple™  Cont. Single  Multiple
abnormal values (n=21)  (n=13) (n=23) (n=21) (h=13)  (n=23)
number % number(%d number %) number{%d number®) number(%3
0 18 (86) 10 (77) 12 (52) 10 (48) 4 (31) 4017
1 3014 3(23) 731 10 (48) 5 (38) 3(13)
2 4017 1(4) 3 (23) 10 (44)
3 40171
4 108 209
* cont. : control subjects
** single . single stone formers

«++ multiple : multiple and/or recurrent stone formers

WEDHBELERA LR E2W, SEIDbhbho
NTHEBALDEZLIRD LRI . i,
B Ca BAHBIC RSP Mg Pt & X b & R
Mg/Ca RELOFNERETH Y, ¥ Ca EAEE
TR Mg/Ca LAVEETH B L Ebh T3, b
hb ho@rcfERci, R Mg/Ca BEK (%) &
24 MR Ca BEMLE - AE oML RL, Mg/
Ca WELL (%) THBEE, BEBECHL (HER
ABRECEE CIIRVWHEMERNAA LR, 0T
DWTL, S, X &L DESIEERCOWRS D
HEBbhx5.

¥, HOLoPEC X5 &, FEFMEMLND,
RERNFTRELOHEK L5 &, Mg EEURI LS
R¥ Ca SHEREFREE CREFACERTEEC A
{, TOECZFERL, FEEFHEOERTETHD
LW TR ThH, ERRBEROBES 0K
DORFIEENEETHS.

#E: Ca #EREEC Mg WHLBHRTFHOBHT
BET2RICELTE, LA SERE X 58EN
b5, WHE LT, MgO, MgO+vitamin Bs, Mg
(OH)., MgCle ¢ & 05 RF Mg Bhilbai8in s
% HBTO thiazide {EMLINTE DY, FRF
M HLBEOHREHET TB X5 THBHEH, )
NohoRELEEEE P, R+ Mg/Ca it
DBIGCAEEOEBEN PR EENTH H, BEFHOR
HTo Mg WHOLRSEEEFTHSE2, LBRE
HABEC ST A5 AMEBIEES Mg RhlEe
Mg WHBS B BL CRBED & 2 AERI L.

R DOEE Ca OfEMIEICIZ, Ca X b BB
FNEEIHKECEFLRTWAE?, 46, bhb

NOBIRERTYL, R Ca K BEREE & HRH
ETEXLLNT, SRUEETEBZRCIRFERDHE
DREFBHEOEVR L Abhiz. Lnd, ROER
PRt B I ARG X D EHCBLT A &, =
B DBHEORERHKICIE, BYh S OBBIERNE
ERRFOOE>THY, EBREBEROBRHED
T DOREREUNEETH S EEL LIS, L,
18 = O BMprh O &7 BT O\ TR ESEAY 7 iRE 1T
H5HDOD%D, EREOR TS FI L OHRERT
by, EEHECBETIAEREEL L UL, Ry L VE,
B3R, THE, 43 HE £X B 43
B, R I, 8%, .2 L e KR BERS
HEOEVEINDAYEREROTLIEHET 3
B Er B 5, BT RRRGED
SERVBBENRD.

ek, BEBOTRECIIE«~DFERDY, B=vH
VEEA ) FEEEEAV, LA SHTERS, M SHTEES,
RFBIEFHEES, FBHRIESY, #27e<}
757 kR, BE s e< S5 7B
0, BRik (EMUUR BB RE, Bk Bk
%, BEEBLERES O I ERBFLh BN, b
bR oW TR THREOR\ - HILE (EREEIL
BEREFIR U IcBERE) RV, e oW TR
FErBR IR\,

R, RpoiE® Ca Bty X O AR %R
ETHERBD Y, ©hix, RENERE Ca & lat-
tice XM T 52 6 TH Y, K Ca KERILERIRE
EXDRT, RBIOL L AREE Na REBETHD
EEbh T a8, i, &l Ca AEEBECR
BABIHIFKITh 5 allopurinol #5356 ki &
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DB OBRENEIT 5 L OMEMN b 559, b
hbhoBIBRTH, EREFBEBED S bt RR
EEE OB\ B RbREBEEE L R E
FENBIL - T DL ERIE

Refp 7 = VR, BREAVBIGER S5 EED
hTw5. chid, 7 =vEh, Cafd viciEELT
TEEOHEHE R L, CaD BBtk LEd 5 L\ 5
F U= RIEN Y TR, ER CafEfRoKE D
HHT 1B EEL LR TE D®, RebEBPEHEE
EUXAEBER I K e, JRAR 2 = v ERIEREVE A ZETAS
ELWD, BLCERRBELEE CXRF s =R
PR D Ie o & OREDD D5, bhibhoFicE
REBHT 22, IHRA 7 = v Bk Ec i @A £
KELEBEOBRECIXELRB/LELENEAHTHS.
bhvbhiXET O LFREERAREEZCHT LT
7= VK (7 =VE Na, 7 = VB K, 7 = VD
BENERELCOBM, FRFOMRLFETE B
OB TR, rat ZHWRERTIX, 7=
VB Na B X0 7 = vBKORECIRS 7 = vk
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