WA A A 19E A 63 20004

YA FANA 8 w53
BRABSE 2)¢)

Addista e st

Ol - 2HY) - Hold - s e
HUES - UsY ULHE - YYE - H|H

B AN ZolggFe] wle RPANTZE(PTH)ol 2T L &0, o)) 24|

LAEL Zd, WEA D ¥ Q Folth a8y, {29 AFEd) o5t uvads o
Fddzage 23 2% 488 ¥ AeE 4ZHo A3 ok ASL Fy) @
A @A2dA 8A vodied Bpddsegne] dAE EAstax @

YW A EEYd YRS UA 670Y ol AHeT HARAL ¥ Qe 669
ez sged, ¢ AFAZA dades E43m e $AEL gloz Uk At
A AREE THY B¢ 33 FHs BFges FAEYT

o

D W 8459 €% vladg 29 37 2.7104mEq/Lold, A B4 669 F 609
(90.1%6)°] ebrdlE¥Z(YA vl2ul$>2.2mEq/L)ellth

2) 3 iPTH At ¥% vadd 3E9 #98 9498 BAF 2Qu@=-0579. p<
0001), 4 % Zg 2 23 Iy ASE I F9%8 4T BACINL(r=-0.743; p<
0.001, r=-0.699; p<0.001), ¥A alkaline phosphatase X|¢t= #J¥ A% BAE HAT
(r=0.364; p=0.003).

3) ¥H FPFHs2E X7t ¢ F(PTH<120pg/mL)M E& Tol vty €A vy
€ % s 9 o2y e Ut FoAsA Eten(Zz p<0.001), alkaline phosphatase
2171 1A ¢k (p<0.01).

4) FEABBARAGN R iPTH 2t 9% otadle 529 7% 28 Juads 54
A o4& BAHr=-0.53; p<0.001).

5 TGEASMAA BARPE 328 Ao 9BE& FE UFE F ¥H olauE A5t
71 %Y de WFEATHR®=0.72; p<0.001).

d B oY A5 dEEdM noladlg¥EFe] BRENeH, 84 vladlaAe B
A28 A Aold Fo%F 4P BAE B 3 A vl B4z =R 713
Pl UE Y o] AT AR, weladlgdFol RPN IEE 2 8¢ dES
3, FAAAs2ES AAse Aoz Algdd

=
=
=X

M 2
B A8 BraAA 57 9 1% 8uA A4 Fol9Y¥F(renal osteodystrophy)& E7] 4
Az oo Wtz A A A EF gHEFoIth o] dAY FFBL
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perparathyroid bone disease)® #<33(osteoma-
lacia), %3 22 #(adynamic renal bone disease)Z
sl A FAPlow turmover uremic osteo-
dystrophy), ¥ &%3 854 F|9 %S (mixed ure-
mic osteodystrophy)®] Al #o2 EHgc’

ol2| g LANEAN Fate A4 Fo|dUYF L
BAANF2E(PTH 88 988 sy, £33
Hzege F4 9 Hule) =dd dodge JFed
24, g D 2 oY,

ARHE2e AQHow RPYAT=2gE H)E
AZse], RAAMIZE mRNAE F7HADY. 2
AEZLL vEk] D FEA 503 ARE 3o
pAAME2E HHZ AAE GATGY. gl
zHe 85 oy ¥ FNEHE FRY #AE Y
s Aoz RPN 7% VL Yoz
B s diE Ay AgoF P3FAI
22 oA NG,

218} go] 2 43R e = HZ vfadE
AA RAPAETEE 2Fd FA4F gL T A
olgtn BaHYH .

Eyde nladg FEF FMAE 4 83 F
AR 2t BFIReA, Be FEl
unladlg FAGeE FAA ¥A FddI=go
A3 3789, £49 AelA ntadEE Fo
HH RAANAPAFE AFHLE 2FRAGE
Bavt QoSO =g £4 gxlN ¥4 sl
5ol ¥y RIYNIEZE FE Alold 7 A4
# A7 doke Rass Yo

olg)d AT HHAEL FA fAtolA A vy
& T2/ RgydzEsed =AY Fad d9Ee
& AAET YA, oo dis] FFL He sih

old] AEe A7) FAFHE s BAEAA
83 viavad RNz aEne BAE B4
aA; gt

CHe o W

Adustayyd FAFNANA 6704 o] A
o2 F 23 o] ¥ARANE U2 e WINRH
Z AL Yy Ak Y FAEL F 66
o|Ax:(FA 359, oz 31%), HE dFLS 537+
128(24-7TD Aol itk w7 AT de2e 9

n¥Ad AE 24%(36.4%), ¥ 29(3%), AbTA
o 4%(6.1%), thdd NI 293%), #A4d UF
294(3%), ¥ 4UvY 323(485%)0lsict HE EA
BN 717r2 303+£2126-104)70 €elqith. B e 2
A€ Na' 140mEq/L, K* 20mEq/L, Ca°* 3.0mEq/
L, Mg*" 1.0mEq/L, CI” 110mEq/L, CHsCOO™ 8
mEq/L, HCO;~ 30mEq/L, Dextrose 100mg/dLe]%}
th ¢ AfAEA fibgas BE3tn Qe gxE
& giAez 9o, aluminum hydroxidest Hlu}
7l D& Fojdls #AEL A

g AHe Y 71 B¢ gdeaAs HA
A7 o}El, alkaline phosphatase, ©&¥3, ¢¥-7, &
24, ol23 T, vladle, £, € AL E
ZEGPTH)E 330, 4, 74Y) A3, o] 713t &
ot 249 HFAFLRZ BEASNAHEALMA al-
kaline phosphatase, ##4MF2& X&: AA22H
o2 Yehfieh).

BE Z2HAe Y+t EEHAHmeantSD)E HEA
slgeny £A4 A& SPSS 80 package for Win-
dows2 2 3tk & WFE e & T Hla=
=yAd EE7AHindependent samples test)® 3+
I, patol 0.05 gk Ao FAHOR foF A2
2 BAstac Bz o deeEdy 4
BB AL Pearson¥ A #E4(Pearson’s correlation
analysis)2 B7istgon, RR4A@AAEAL 3
2, FIAHEYE AR

E | o
1. CHy #xHEC| &Y

B odTo Fd @xge) 9%, 44, 45y
71z7F 2 A3t A EEL Table 1o vehl At
g3 vladlg K9 BT 27104mEg/Lel™, A
4 66 F 609(90.19%)°) Rt dlFEF(EAR vl
a4l%>2.2mEq/L) ol tHTable 1).

2. 93 ipTHY §3 ooy, & s, 028t
24 9 alkaline phosphatase2t9] A2 2HA|

¥4 iPTH At 8% vladé s=9 {4 o
A# BAE BRAKHr=-0579; p<0.001, Fig. 1). =3t
iPTH A& & 24 9 o3 e Xo= 47 #
9% G4 #AE JeReni(r=-0.743; p<0.001,
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Table 1. Demographic Characteristics and La-
boratory Parameters of the 66 Patients
Included in the Study

Normal Values

Agelyears) 53.7%12.7
Sex(male/female) 35/31
Time on dialysis(months) 30.3%£21.2

No. of Diabetics(2) 24(36.4)
iPTH(pg/mL) 58.8+63.3 9-55
ALP(IU/L) 77.7£50.2 39-117
BUN(mg/dL) 752170 8-20
Cr(mg/dL) 10727 05-1.3
protein{g/L) 65+06 6.0-83
albumin(g/L) 3704 3.0-5.0
total Ca(mEq/L) 46%05 42-51
ionized Ca(mEq/L) 2.0%0.2 2.0-24
iP(mg/dL) 50%13 25-55
Mg(mEqg/L) 2704 16-2.1
KvV 1.5+0.3

7

6
- 5
E 4
5 3

2

1

o

1.5 2 2.5 3 3.5 4

Magnesium (mEq/L)

Fig. 1. Relationship between serum magnesium
and iPTH levels in 66 hemodialysis pati-
ents(Pearson’s r=-0.579; p<0.001).

LniPTH

3 3.5 4 4.5 5 5.5 6 8.5

Total Calcium (mEq/L)
Fig. 2. Relationship between serum total calcium
and iPTH levels in 66 hemodialysis pati-
ents(Pearson’s r=-0.743; p<0.001).

LniPTH

1.5 2 2.5 3
lonized Calcium (mEq/L)

Fig. 3. Relationship between serum ionized cal-
cium and iPTH levels in 66 hemodialysis
patients(Pearson’s r=-0.699;, p<C.001).

Ln iPTH
&

Ln ALP

Fig. 4. Relationship between serum alkaline phos:
phatase and (PTH levels in 66 hemodialysis
patients(Pearson’s r=0.364; p=0.003).

r=-0.699; p<0.001, Fig. 2, 3), alkaline phosphatase
Age F9% 48 BAE EAUrKr=0.364; p=0.003,
Fig. 4).

3. 2y FasMds=2 X0 O

o Bio Bl

ojdel Qg 9FH, F4 gAdN A iPTH
27} 120pg/mL ©l31%! A& EAHA3A & iPTH
Az Jdehm Qe ada, o] dFHAMNE i
$25¢ ¥4 iPTH 120pg/mL & 7I€22 8t d
A B#AEL F o Urm, 4 ¥ 92E %
tHTable 2). ¥4 HZT2E A7 & -Fgroup 1)
o] ¥ Fgroup 2)°l ¥lated VA eladlw, F T
& 2 olgsl ZE FE/ FYsA Ehoeo(»T
p<0.001), alkaline phosphatase X7} 2}2JglAl !
tH(p<0.01).
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Table 2. Characteristics of the 66 Patients Clas-
sified according to Serum Intact PTH

Table 4. A Forward Stepwise Multiple Regres-
sion Analysis was Performed Using

Level iPTH as the Dependent Variable
Group 1" Group 2°f B Std. Error Beta t Sig.
(n=52) (n=14)
Constant 940  1.30 725 0.000

age 543+11.7 51.4%166 Mg -098 024 -036 -414 0000
sex(male/female) 29/23 6/8 tocal Ca  -074 031 -032 -241 0019
HD duration 315x221 255+173 ionized Ca -150 0.63 -030 -240 0.020
diabetics/nondiabetics 20/32 4/10 Phosphorus 017  0.06 020 275 0003
BUN 7471162 772%201 ALP 047 018 019 261 0012
Cr 107£29 105%16
protein 65105 6508 R*=072, p<0.001
albumin 37£04 3604
total calcium 47+04 42+0.4%
ionized calcium 2302 20%02% 5. OEs3EYy
i + +
Ve oA B AARLAA 84 Big, + 24, oo
Ln ALP 41+03 46+06" 24, ¢, 2 alkaline phosphatase X7} ¥3 234}
Kvv 1503 14%0.2 AZ2E Ao 4¥gg F= WA oF A5 Fo

‘group 1:iPTH<120pg/mL, 'group 2:iPTH>120
pg/mL, Tp<001, group 1 vs group 2, *p<0001,
group 1 vs group 2

Table 3. Partial Correlation Coefficients Bet-
ween iPTH vs Calcium, Phosphorus,
ALP and Magnesium levels After Con-
trolling for the Effect of the Other
Variables

All Patients(n=66)

total calcium r=-0.37'
ionized calcium r=-0.17
phosphorus r= 032
ALP r= 035"
magnesium r=-0.53*

p<0.05, 'p=0.01, "p<00l, *p<0.001

4. RENHEHIEN

g H4EE FAT & FEYRAASAE 4
tHTable 3). ¥4 RFFNT2E X9} A vl
& A Alololl J@ B/A(r=-053; p<0.001)E e}
itk 83 2443 Ae & g AR 9
A# BA(r=-0.37, p<OODE BFon, ¢ 2 alka-
line phosphatase X¢& 72} 9] 4@ FAE
B2 THr=0.32; p<0.05, r=0.35; p=001). 18}, &
A olade v MR A A4 @A FAA
frolde BTl

ANx 84 vidlg X7k de ¥FERY ) 9%
g 9le WA THR?=0.72; p<0.001, Table 4).

a &

vtadlgE Ao Fole F o A, AxJ <
o] ¥ F WA= e AHYH? anA yAE
A A7lge] FAFH wet gFE vpadled]
g ujdo] FrIsiAIR, AE N71%9 AAAYE o
g wid Frtell o BAAv|He] EHES] HE
o, LAARA A vtadge] e Fei =z
A8 Ay slavigel FrtEd?

54 EE ¥ AR @xE9 Asd=
aoadlEdFe] £35 #EEch E dFoA ¥4
ot BEFE 27+04mEg/Lolw, A o 66
3 F 60H(90.1%)° mulavegdF(¥A slave>
22mEg/L)elfAth olde] dFEME UARA(F
549 rlavie ¥, 12mg/dL)S AFsz 9l
t WARA #xge nriadlgdEs By
Nilsson %, Gonella ¢ ¥z 94 vladlg ¥
%7} 242} 3.15mg/dl, 2.74mg/dLe}i &3, Saha
£ go4xy gxs9 ¥4 vlavlg A7} Wz
TR @A8A g4 Jelkotz Easigch ole @
AREL B dFNAM e vk

AR 23 dig Ty 4L on
AYso] Ut BPALNZEE i #ELS 54
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Hey 2L e Ao oA Atk ALeYE
e APAoz RPPNIEE BB AT 1y
44 mRNAE %7M0713, 1L483e 23
mRNA A& Z&AAY, 2ol 4o Ribgdoz
2 B4 A F4A7 HASAUEE, o] FEAE
Zao] B B A 24 LS AT Ao
2 AZEn g AREY AFAME o)He
FEANANE WA RRANsERs 844 & o 2
o] 23} T4 Atojo] o7 GAW BAE vehhgch

T 2 94794 iPTH X% alkaline phospha-
tase X9} Fol¥ A BAZ 2Ych Alkaline pho-
sphatases Z ¥AO EAANZA LPgANs e
E 9o A# BAE Jehdttn”® @ o)zl nm
B YA s djolt

olde) ATEAA BH, YARY XNz8g Tz 3
E WA%A @AM FH99 slavle FE7}
¥4 vhadlgs BES AYPse, FAde nlaudle
FE7} vtavlg B RA F28 98e B
E3, BN mlade FEE /AL 9 ¥R
RPN EE A9 Favl BEHAen? de B
=9 gl FHYoR BN ¥y RRgdEE
£ 3571 848 7. 28, 54 @zl
ttadEE FodteA FFANANFTES dFHe=
zFsgoe 17k A 24 g4 8%
nadle FES YA RPANIZE 5T Aol
A4 BAZ Yoks BRSE Q9P oge A
FEz 8 o, ¥4F clodie $E7F 2pgdsaER
Ao zMo} 2% A%e ¥ Aoz AR, I
7136 disiAE obz FYE uirl Gk

Axeldel g A F8AE BT
A, A H R Z AE Sol EAEH, Axe el
Zg ool Ze Wzl o5 ¥} A} ¥F T
# EEe ZAe el RPATIE A Alo|o] o
A4 BA, 9 BHe] 49X ojgez FNE 9 8
Z 249 7} BE BA F4A GAse o3
o]0 Atk 1N TE FA FEAE AU L
g4 fAo Fa% AL #o P

2y, e B2 FE8AE Boliel 17 HEd
ohavl g3 2e o7t Fololut, sHE e F(gado-
linium)3 2L A7t Fol&, 2 9 thrt Fol(po-
lycationic compound)$l ul@mlelAle] osjNE ¥A
g 2. ol B BA $£EA Y vlaviw

T

o] A3y ddEe] meladgdFe]l RFPME2E
2H|E gAY Aoz Yad ®,

2 a7 gdENE s e oY BRES
84 vlavige] F7iERy, ¥4 vtadlas £
HEZE Alolo] 9% 4% BAE RETh =%
¥A vladge] g TEEY FA%E FE A
FgHo] e ANt

o] A7 A, arlads¥Fol BV ARME
e §AE0 oM RFURAME2ZE ZHo| Fa T
AL 3y, FNAANZT2E L A= Rez A
€rch

= Abstract =

Relationship Between Serum Magnesium
and Parathyroid Hormone Levels in
Hemodialysis Patients

Seong Kwon Ma, M.D., Jeong Ki Kim, M.D.
Mi Jung Park, M.D., Byoung Seok Park, M.D.
Myong Yun Nah, M.D., Chung Ho Yeum, M.D.

Soo Wan Kim, M.D., Nam Ho Kim, M.D.
Young Joon Kang, M.D. and Ki Chul Choi, M.D.

Department of Internal Medicine, Chonnam National
University Medical School, Kwangju, Korea

The important factors involved in the regulation
of PTH are calcium, vitamin D, and phosphorus.
However, recent studies have suggested that mag-
nesium may also play a significant role in the modu-
lation of PTH. The aims of this study was to
analyze the relationship between serum magnesium
and PTH levels in the hemodialysis patients.

We studied 66 stable patients under maintenance
hemodialysis for more than 6 months. Calcium czr-
bonate was used as a phosphate binder in all pa-
tients. No patient had been previously treated with
vitamin D and aluminum hydroxide. Biochemical ta-
rameters were evaluated 3 times during 7 months,
and the mean values were computed.

The mean serum magnesium level was 2.7X04
mEq/L. Hypermagnesemia(defined as serum Mg>2.2
mEq/L) was found in 60 patients(90.1%). Serum mag-
nesium levels were inversely correlated with serum
iPTH levels(r=-0.579; p<0.001). Serum total and icn-
ized calcium levels were inversely correlated with se-
rum iPTH levels(r=-0.743; p<0.001, r=-0.699; p<0.001,
respectively). Serum alkaline phosphatase levels posi-
tively correlated with serum iPTH levels (r=0.364;
p=0.003). In lower iPTH group(serum iPTH<120pg/
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mL), serum magnesium, total calcium, and ionized
calcium levels were significantly higher. Alkaline pho-
sphatase level was significantly lower in lower PTH
group. After controlling for the effect of the other
variables, serum magnesium and iPTH levels were
inversely correlated(r=-0.53; p<0.001). A stepwise mul-
tiple regression analysis showed that serum magne-
sium level was the most predictive variable(R?*=0.72;
p<0.001).

Hypermagnesemia is frequent in hemodialysis pa-
tients. There is a significant inverse relationship bet-
ween serum magnesium and PTH levels. In addition,
serum magnesium concentration has an important
influence on PTH regulation. These results suggest
that hypermagnesemia may have a suppressive effect
on PTH regulation in hemodialysis patients.

Key Words : Magnesium, Parathyroid hormone
(PTH), Renal osteodystrophy, Calcium
sensing receptor
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