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Figure 1. Overall hypothesis in which intracellular magnesium
deficiency may mediate the relationship between insulin
resistance, non—insulin—dependent diabetes mellitus(NIDDM)

and hypertension (Paolisso et al, 1997)

T= wy ol #Zh »EE =tHResnick =, 1991),
Arfadl 5257 Gl dAA Anfadgds: ez <
2

3 A3 sk da WHE ArIUsdESel ded A ¢lel

ofl

g
o]



2 £x 9t

A Fewol AvtadladEF o] 9 ol&d AAE T 7}
A 7pdol 9ok AA, Fnn f@ate] sii] #H7} Arhe shdolh
A9 A wiavls e AR el o F A4ES 94 Fole A9 B

L

1o,
N
o
H
fr

o

159 W@ Sl BAold ohEe) A
(Schmidt &, 1993; Djurhuus 5, 1994). Schmidt %

B9l 200 Amol vhdE A DI 4AS,
YA 2 olale gAndn aach B4, w81l sl
o aF Hlswe] BuT Holt) Djurhuus 5(1994)2 @t TRl
A mbadEe] 25 wiERo] AdTRot 39% wokn sholed
el A " mdo] #F He Aol 85 rlavls dlEe] dadta
St Th Monika 5(2003)<% BxrollA wladlgel A3 FHolu dedd
aFoms slaig e B a4 B TEEEes a4

afl
A olx® s AnladsEEe] L4eda kel

4
N
-z
B
oy,
32
ol i

1

g, ArtadEdsol ded
ATER Qv ‘v 7EAF A5 (NHS © Nurses' Health Study)el] ¢
a9, 84,3609 9 TEAIES W oR @ 2FE AFA wtadle A
HE @o] 3 TdA A 28 Do Lol Fadg(Colditz 5,
1992). of=&7kA = ZQlg Wdow ¢ ATFAE otz atA =l =<
o] vlopze|7hA wlwdRE v} &y Aol Ei(Humphries &, 1999),
o B, ZAEEFH sHASFY Aol F713 Evl(Paolisso
5, 1995; Haffner &, 1996), o}2Ze]7tA vl=Qle] mlauvla HH H-Fol
g Artadgdsor o dyetn oirkKao 5, 1999). G=w
ALt drAd g maEe Aydas diRe Bxs xH4lke)

gk

ELA:



Fala Afe] won, ietEAn vladEo] R0 3 glabet
ey #Hgo] dFd Fdn g=d, F 58 ol AzFel gEnlE
1 27% 7439 ctUiang 5, 2002). &3,
Art2ulE8E AA47F G 249 APAolm(Kao T, 1999), =2

ot
X
4
ED
rr
o
o
oft
kr
o,
o
T
o
o

AtHSong =, 2004), =38k Paolisso & A 28 wWud @xdA =p1
Hes FolgemA 3 9 arginined gk #A4 wiek Al w30 571
ghohar ahoich

alavEe] FHog Qd eyl 5842 tyrosine-kinase B4 X7}
waashe] ey Aedol fbE 4 i (Suarez 5, 1995). Balon &
(1994)2 tpeFe] Hg-& JFHste wdA vebvbs ded Aol de
&) @ ApA ] zbg-nho] ofye} Fo] FRE Hold mladmo] FE3)
7] wiiEoleta stoledl, rtadlEs BEgh el |
HAek, mlaveEs BE5E A A 28 9@ 8719 ey Aol
Ad=m, 47 4870 vfadge] S7beln @9 x=do] sxddg
a9 cHPaolisso &, 1989; Paolisso &, 1994).

2
ofl
kr
%
lo
s
T
o=,
9]

of, vkl ad gt

e A Aol ot Aol mfadigEa det Ateld] &9 A
7} 2 eWhelton &, 1989; Mizushima &, 1098). tlF=o wd 1+
ARIC(Atherosclerosis Risk in Communities) 7ol 2l8td, 150007 ¢
FAS vlmelelA o] 9 ¥4 rladls w5 57 % olgkr] Fgr
Atoldll frefgk &9 A3 BWAZ AdAckMa F, 1995). Jee F(2002)%

2009 8] =& o3t HE B4 &, 1¢€ rladls £ 10mmol

o

o



ol

kel mut g HlEsiAd &7 d9 4.3mmHg(AE T3k
6.3-2.2), ol¢k7] Eete 2.3mmHg(215 71k 4.9-0.0) #adcta 89
o}, WHd, ‘vl g 3 A d9kEAY (NHANES 1T ¢ The National Health
and Nufritional Examination Survey) §@-7-9lA & vl2ulaz ¢ Aol
off felgl A BAY gtk Hajiar &, 2001). vtadlEe BEoz ¢
ool welzltke A7t E7F s (Dyckner 5, 1983; Widman <,
1993; Kawano 5, 1998), ¥t 4k &37F golds 4w d+
(Cappuccino %, 1985; Ferrara &, 1992; Sacks &, 1998)% glef o}z
7hA = A Aot AR AR Fa 9l

o, wb g 1A 9%

vl AHE Srigess d3 AFo] AMdEL, FYEEE
Aol A4t Aoz Hed, FHE ez 3 A" AredA 0.2%9
S BEdS A 24 A2 sRAde 9GS oAA RAA
z29] Azlget dhf] AF Fzdo] FolErin FH(Vitale &, 1959),
Fe2HES B 4H3 FE e Mgt 0.4%2] vladES F
ofd w] @3 FZH~HEol Thsty sHAS Axrt ALEATG T @
thRenaud 5, 1983). E7 & glate s 3 vlE 5E Ao 893 =
ZE~g 29 Wae YA, eladg £ At Bage Z
ZHE o] 48U Ouchi 5, 1000), £3 lads A#9 7=
43 FEdzdEd F4ATe] ThEY, Apo-E FAArt AEH FHd
A B A EF o ditdda stgitk(Ravn 5, 2001),

Atetel] W= frAbgk At Edl, 22 430" 400" 9 §AE
ddez 3 5 ode 729 4 dyeA 449 rladls 4#HE 400mg

2
N
I
i

—

_8_



A 1000mgl & F7istale W, €% FEd2dEd AZE FH 2
o] ¢k 10% 728t th(Singh 5, 1990; Singh %, 1001), %38 #] 13
=W BAA vlavlge] RFoR @3 FEY~HEY ARE ZY
Zo| 7Zbx5lm olsdd 93 o T4t 2=x¥Eyn 59 K Djurhuus
=, 2001),

aodEe] AR Ad ade] e o ehds] HEAAE A
gk, Aol 27F kol Felo] rlavigpo] A AtEl @Eate] Aghs o)A
Ak BRE AAE R, A EE4Y FHE ZYsHE 1)
< =751 71d o] AAHT YrRenaud =, 1983),

:«L

Hlghgl Abghe Qledd Agde]l w1, @3 vlavls w57} doks o
TeHZemva &, 20000, @F vlavleE wR9 ALBASTE &9 vy
A7y ita g ARIC A7 5(Ma 5, 1905) o]&Fo® vlavlae 24
o el A2 BlekS Adsted $4¢ dde & How Ro|xgh o
g FYste 249 a7y g s 98 Ao dAEAT A9 §idh

o]
v gewe FHSS 7HA T i, 2704 deWE Asdste Aol @
Hog o3 #§yZe AAdAZ & 9goug vz gy 3 (American

Diabetes Association)ell A 454 o]o] Alole)] dla]lA 3 FHo=



AEAAE Hudnh 464 o4 dY o9 H

o) & v eHAARA S 25kg/m” o)), &% BF, AF(clz gt
A =, A w=9, eldezt Add, ofAlobAl ml=Ql, BEE A
19 AF2h, 3716 gEd gy dsdelg dete 45, 34
G o AAHol AdAY AdeEA AF 4kg olHE Eold B¢, 1

deHdr 140/920mmig ©]4h), ol AR AEd S (udE ZH Y& ol

N

o]

35mg/dl. B FAAW 250mg/dL o), gdd da S5, 29 23
o] 3AHE Fo]tHThe expert committee on the diagnosis and

classification of diabetes mellitus, 2003).

_10_



L

o

B

‘c:j'l,

BA

=90
==

obm A golck mapd, A Edl telR ndRFe ddadl

boA s,

orE
e

I

g

el o

o
=

A

3tk

g7

Ratio)

_11_



G

=0

-

-

<0

B

2004 49 1956 79 10€7+A] AL

107, A, slelE

= =
‘:{Z

226478 (2d 15979, <14 6679) 7l&d AA A

al

Fagsr daFEa g, FA4A,

L
AdE Zd2HE,

ol
H

=l
=

7] D o]

T

7.,

A a7t e

=l
=

%%:ﬁé%i

2o 2 E,

= -

ol

.l
H

o
o

A 2l

T

A

]

0
OH

|

std #7171

18%) &

§)

A

3

o

A Llst 20458 654712 8] Fq 21059 (G 15771,

lolm

k.
51 4 6}7h

5

R oA % HELE, Ve GEE PR

, BFadlEe] 2

ok
24

H

FAAR, @HE

Atghe ]

ol

A

73

5

b o,

)

Ade A FAAZ A9

_12_



T 5-6

yob M= 19,

(i
H
=

O,
=

Mo M

2 @

a})

1-23], 9 2-33], € 13] o]

A

o] (161 o

}, 200-300%+%1, 400

)

H(12d-154), W&
20094 o]

=
=

K12 =],

0]6‘

=
|

AMA A

3.

& ol 3ol
[ A3 (keg)/ A 4 m)?)

=
=

Bl o] A A A

} BMDE

5

H A2 (Body Mass Index, ©]

=
=

A ZPEA me W A EellA

N
o
all

tact Olympus A-5400 A% 7]

5

=

1l

= oll &
= "1 =

T A elA

&

el
.

e
i)

el =t

4
Holot.

5]

Fod

B

Hexokinase

il
.

7o

ZY g E

=
5]

A

=
=

Aol ol g

-
o -

i

Xylidyl blue/1 Aleke] &

Zg ~HE L& selective inhibition

# 2~ & Friedwald 54& o]

&to] A

&

_13_



5o Mo

Toll
B

Education Program-Adult

Cholesterol

NCEP-ATP II(National

B33 (fasting serum

Treatment Panel )9 =]

glucose)©] 110mg/dL o]olAv A 2

)
i

Lo

=]
X

WA g WY WA

1%=

AR=

j
L

A= shord

—~
5

seksioiet.

fw

)

bick A7 oAl guE 84 shodg FE

B

el A2l

%, A4,

1
G}

17 A}&EE

o]
pid

Hez yehgled, A+ tidate

el
.

=)
=

t A4 (independent two

bol o & Aol

o] &3

eN
=

sample t-test)¥ FlolAlF A Z(chi-square test)

kel

o
B

o

1.6-2.0mg/dL, Al 2

A ot el web Al FIHA 1 73T

=
=

al;

~
il

1

O

e

|

D 2.2-2.8mg/dL) 0.2 e 3 Q

2.1mg/dl., A 3 7

T2k

_14_



B A (one-way ANOVA test)®} 7}o]l Al A A(chi-square test)

ﬂ,ﬂ ﬂ,gw_ﬂmuw @@___mm
- —_ J Tl o = H o=
K = K :M_ M_o A %0 o © i mu o
~ B
P S
gz_.ﬁ _ZT| of —_ ,&O i o m
- SR G S
. H o N g2 = T o
=% ¢9TwmIZgz £ E
— ™, = = Bp 163
il - <~ ® H T <, < o
w2 T
T S I A
c = T g Ho op ® ™ = =
(- T L X oy
oW RS w ke gy
,_..WO dﬂ_ © = .Jw 0 __,IAE =
= i o Ho m N = z_m ™
— 7l o .m. o o B
L3 ~ 0 A_ﬂ )  'n =R =)
ﬁl _.H_.I iy u} s H N —
%,L, HE5 5 rp X MFMW%
Sé wriEEE §LEC
L ~ x¢ e
o K| T oM. ™ °F g N~ =
= Bt Ao T sy T = 5
CE S P T W ° W -
! 0o o —_—
olp ;o M- qr ,A]H - 5 E,_A:. No - % Ie) FhOu
o Mo Bos n ) -G
— 4 My oo o 2B owe Bom L
. e do TN T oo o om B
gE e ¥y FERERYCL
ko r = 7 OO o
L Ho T W_ g W o ¥ W TS g
P e LT § Ao oW S
oot K oeom ®og R om0 7
o B MM o W o % oW g g
X g : |
G T R o W B o
T W ARSI o o1 T

=

=
=

e}

=

sl -2L0G L(-2 log likehood) test
- 15 -

[o]
=

4%_5:_ ;ﬂ_@_

Z_I

Gy

9

3

(6]

T
=

27 BAL& SAS 8.1 version (SAS Institute Inc. Cary, NC, USA)
(@]

Microsoft excel 2000 program

0.059]

committee on the diagnosis and classification of diabetes mellitus,
2003).
Fotct.

ol
=



Multiple logistic

regression analysis

24 vtadlE

A J

t-test
ANOVA test
Chi-square test

dubd B4 1@, 4
aEY Ea Hw, nE, A LA

Figure 2. The framework of the study

_16_



Ad

(=21

A
~

1. AT OHARES] Q17 AbslStE, AN, Heoy

I
m

B A7y gl 2% 2105 o8 wAlo]l 15779 (71.8%), o4 o]
6187 (28.2%) 01tk WdAte] Ha dw S 3 4264724, A4 41+7.8
A2 d8 BxE 4097 @37 oAAddlA 2z 10%, 4792 713 sk
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G T8e 649(4.1%), 119(1.8%) % FA A
o #AYA ) woka, udekeke] B2 P 22 619(3.9%), 13%
(2.1%), Fxr ko] 28232 239(1.5%), 19(0.2%) 012k da &4 v}
adlg wEE S Ad 2.11+1.46me/dL, ¥ H@Ee  Zzt
2.20%+0.15mg/dL, 2.10%0.14mg/dLE Aol =gk} v zZbzh 19 =
7 2FeFo] 20.6+32.6g, 2.3mgt8.6g, ARAFAEr) 24.1+2.6ke/m’,
20.0£2.7kg/m*, =7} 70.7£7.2cm, 68.5%47.2cm, &7 B
o] 115.4+11.8mmHg, 106.9+11.8mmHg, ©]$+7] dgto] 74.3£9.0
mmHg, 68.2+8.7mmHg, F2d%o] 94.5+1.8mg/dL, 89+11.1mg/dL,
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FZe~EE0]  191.1+31.9mg/dL, 185.1£31.7mg/dL, FAA1o]
146.2490.4mg/dL, 90.0%53.5mg/dLE wAdo] o4 He}l =otm, 1dx
ZY1HES 45.3+8.9mg/dL, 53.2mg/dLE Aol AR vk,
ALy FH282L F 115.9428.2mg/dL, 112.7+£27.7mg/dL
= 5 7 Atoldl 48k abolrt gldelE 1)
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Tablel. Baseline characteristics of subjects

Variables Men (N=1577) Women (N=618)
Agelyears), N(%)

20-29 51(3.2) 54(8.7)

30-39 501(31.8) 196(31.7)

40-49 773(49.0) 294(47 6)

50-65 252(16.0) 74(12 .0)
Smoking, N{(%)

Never 379(24.0) 588(95.2)

Past 508(32.2) 13(2.1)

Current 690(43.8) 17(2.8)
Alcohol consumption(g/day) 296+326 234386
Frequency of exercise, N(%)

Never 759(48 4) 326(53.8)

1-2 per week 351(22.4) 66(10.9)

=3 per week 457(29.2) 214(35.3)
Past history of hypertension, N(%) 165(10 5) 37(6.0)
Past history of diabetes mellitus, N(%) 64(4.1) 11(1.8)
Medicaticn, N(%)

Antihypertensive agent 61(3.9) 13(2.1)

Hypoglycemic agent 23(1.5) 1(0.2)
Education(years), N(%)

{12 31(2.0) 21(3.5)

12-15 207(13.5) 208(35.0)

=16 1291(384.4) 365(61.5)
Income(10,000 won), N(%)

{200 63(4.2) 54(9.5)

200-399 574(37.9) 231(40.5)

=400 379(58.0) 285(50.0)
Body mass index(kg/m?) 241426 220+27
Waist circumference(cm) 797+72 685+7.2
Systolic blood pressure(mmHg) 1154+11.8 106.9+£11.8
Diastolic blood pressure(mmHg) 74.3+9.0 68.2+8.7
Fasting serum glucose(mg/dL) 945+18.2 89.1+11.1
Total cholesterol{mg/dL) 19114319 18514317
HDL-cholestercl{mg/dL) 453+£8.9 53.2+10.2
LDL-cholestero{mg/dL) 115.9+282 11274277
Triglyceride(mg/dL) 146.2+90.4 90.0+535
Serum magnesium{mg/dL) 220015 2.10+0.14

Values are meantSD and Number(%)
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2. 8 9y ojadse 2%
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Figure 3. The distribution of serum magnesium level by sex
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3. negds F5o mE ol AlSEA AMAN ol
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i | i =1
u@FZE NCEP-ATP M9 7|&d wte} FBIFo] 110mg/dL )4
A 7 =

A4 vl2dlE FET 2.0720.14mg/dLE 44 89 g 24 92
Y 5 2.1120.14meg/dL Bo} w& Akolgloy &

A e SFUvHP=0.059). ZE G H&L P 27 168%(10.0%), 279
(4.4%) 0.2 FAdo] oY HT}; {9354 F=deH(P<0.0001). nE8FTF 4
A dere] Hi A 45.916.84, 41.3£7.041(P<0.0001), AR A
T 24,542 5kg/m, 23.4+2.8kg/m*(P<0.0001), B EH = 70.0+
6.5cm, 76.2£8.8cm(P<0.0001), %7 ¥¢2 117.5+13.4mmHg,
112.6£12.1 mmHg(P<0.0001), olg7] @<L 75.319.6mmig, 72.4+
9.2mmHg(P=0.0001), %&d 28 &2 195.5+30.7mg/dL, 189.1+32.0
mg/dL(P=0.0003), 4 A& 172.2+114.8mg/dL, 126.2+79.9mg/dL
(P<O.0001E mEFTA A FEdwry d7 A3, A2=A 4, 3
gEd, £57] @ olgy] d%, FFUAHE, ST FAsA =8k
o 2R FY2YEe n¥9Td AY @9 44 44.0+£9.3 mg/dL,
47.9+10.0mg/dLZ n@FwdlA fFodshA wekem(P=0.0003), 1¥ &
Foke 27 20.5430.2g/day, 21.7+30.5g/day(P=0.360), AR xE =&~
¥ 22 zbz; 113.5427.7mg/dL, 115.3+28.2mg/dLE F o Alolol] 9]
g Zole gldohP=0.520). &4& ndgadlAde dA Fd70] 679
(36.2%), A EFwolre A4 Fd0] 640%(31.8%) 011, HEAT 0
0127(45.49%) 0.2 7F4 2o ue&e A 8HHP<0.0001). g AELE T

il
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Table 2. Baseline characteristics of subjects according to serum glucose level

. Hyperglycemia Normoglycemia Y

Variables
(N=185) (N=2010)

Sex, N(%) <0.0001

Male 158(10.0) 1419(90.0)

Female 27(4.4) 591(95.6)
Agelyears) 4159+638 413+7.0 <0.0001
Smoking, N(%) <0.0001

Never 55(29.7) 912(45.4)

Past 63(34.1) 458(22 .8)

Current 67(36.2) 640(31.8)
Alcohol consumption(g/day) 205+302 21.7+305 0.360
Frequency of exercise, N(%) 0.160

Never 83(46.4) 1002(50.3)

1-2 per week 44(24.6) 373(18.7)

=3 per week 52(29.1) 619(31.0)
Education(years), N(%) 0.057

<12z 6(3.5) 46(2 4)

12-15 44(257) 371(19.0)

=16 121(70.8) 1535(73.6)
Income(10,000 won), N(%) 0.774

<200 10(5.8) 107(5.6)

200-399 62(36.1) 743(38.8)

=400 100(58.1) 1064(55.6)
Body mass index(kg/m®) 245+25 23.4+£2.8 <0.0001
Waist circumference(cm) 799+65 762+88 <0.0001
Systolic blood pressure(mmHg) 1175134 1126x12.1 <0.0001
Diastolic blood pressure(mmlg) 753+96 72.4+£9.2 <0.0001
Total cholesterol{mg/dL) 1955+307 1891+32.0 0.0001
HDL-cholesterol{mg/dL) 440£93 479+£100 0.0003
LDL-cholesterol(mg/dL) 1135£277 11531282 0.529
Triglyceride(mg/dL) 1722+1143 126.2+799 <0.0001
Serum magnesium{mg/dL) 2071014 211+0.14 0.059

Values are mean*SD and Number(%)

'P values are calculated by t-test and

chi-square test
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2.1mg/dL.E A 277, 2.2-2.8mg/dLE Al 3 #re® -8k
g wldlE =7 A 1 FUNA A 3 FHeR moldd oot &
Yo zhzb 05.7420.2mg/dL, 93.0+13.7mg/dL, 93.1+16.9mg/dLE
olfon EAAoR FoatdtkP=0.004). @F vladlE F=7F A 1
TRHAA A 3 e Fobdd whel A#EE 41.2+7.74, 42.147.3
Al 42.727.041(P=0.0002), 3l@lEd= 76.3+9.6cm, 77.2+8.6cm,
77.4%3.7cm(P=0.044), FZ#E ~H &2 188.1+£33.9mg/dL, 190.4%
31.5mg/dL, 194.8+33.6mg/dL(P=0.0003), Ad % Zd2¥ &2
113.7+29.2mg/dL, 115.6+28.3mg/dL, 120.2429.6mg/dLE =gto.
H(P<0.0001), 77t FAH o E Folstrt. @3 rlavls w27 S7HEel
el 19 S5 22.3434.1g/day, 21.71£28.3g/day, 25.3+31.8g/day =
/Fehe Aol e (P=0.061), 1% Zdl~HEL 48.6+10.6mg/dL,
48.4+10.6mg/dL, 47.5+10.0mg/dLE 7FAske A dko] gl ok (P=0.099),

FAM R fFolEtAle ottt S4(P=0.135), +H(P=0.860), A=A
7(P=0.132), 571 2 ol¢k7] "H(P=0.337, P=0.622), TAAW
(P=0.436)> &3 vlavlFe] Al FollA SAIHo= fofd Aolrt gl
ATHE 3
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Table 3. Baseline characteristics of subjects according to serum magnesium level

Serum Magnesium(mg/dL)

Variables 1.6-20 21 22-2238 N
(N=724) (N=628) (N=843)
Sex, N(%) 0.023

Male 495(31.4) 453(28.7) 629(39.9)

Female 229(37.1) 175(28.3) 214(34 8)
Agel(years) 412277 42173 42770 0.0002
Smoking, N(%) 0.135

Never 342(47.2) 273(43.5) 352(41 8)

Past 174(24.0) 146(23.3) 201(23.8)

Current 208(28.7 209(33.3) 290(34 .4)

Alcohol consumption(g/day) 2234341 217+283 253+318 0.061
Frequency of exercise N(%) 0.860

Never 368(51.5) 306(49.1) 411(49.2)

1-2 per week 137(19.2) 119(19.1) 161(19.3)

=3 per week 210(29.4) 198(31.8) 263(31.5)

Body mass index(kg/m?) 235428 238+28 237+29 0.132
Waist circumference(cm) 76.3£9.6 77286 T74+8.7 0.044
Systolic blood pressure(mmHg) 1133+131 1135+127 1142+128 0.337
Diastolic blood pressure(mmHg) 728£9.9 77286 T74+8.7 0.622
Fasting serum glucose(mg/dL) 95.7+202 93.0+137 93.1+169 0.004
Total cholestercl(mg/dL) 188.1+£339 19044315 1948+336 0.0003
HDL-cholesterol{mg/dL) 486106 48.4+106 47.5x10.0 0.099
LDL-cholesterol(mg/dL) 113.7£292 1156+283 1202+296 <0.0001
Triglyceride(mg/dL) 132.4+92 133.8x£876 1379%£8386 0.436

Values are meantSD and Number(%)

P values are calculated by cne-way ANOVA test and chi-square test
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Table 4. The Odds ratio and 95% confidence interval of hyperglycemia

according to serum magnesium level

Serum magnesium (mg/dl)

16-2.0 21 22-28
P for
(N=724) (N=628) (N=843)
trend
(M=495, F=229) (M=453, F=175) (M=629, F=214)
Total 0.032
Age and sex adjusted OR 1.56(1.09-2.25) 1.15(0.78-1.71) 1.00
Multivariate adjusted OR" 1.50(1.04-2.18) 1.16(0.78-1.72) 1.00
Male 0.040
Age adjusted 1.60(1.08-237) 112(0.74-1.72) 1.00
Multivariate adjusted ORT 1.53(1.02-2.28) 1.12(0.73-1.72) 1.00
Female 0.494
Age adjusted 1.41(055-3.60) 1.34(0.49-3.69) 1.00
Multivariate adjusted ORT 1.43(0.52-3.96) 1.34(0.46-3.93) 1.00

*Adjusted for age, sex, BMI, blood pressure, HDL-cholesterol and triglyceride.
TAdjusted for age, BMI, blood pressure, HDL-cholesterol and triglyceride.
OR : Odds Ratio
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Figure 4. The Odds ratio and 95% confidence interval of hyperglycemia

according to serum magnesium level (adjusted for age, sex, BMI,

blood pressure, HDL-cholesterol and triglyceride)
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ABSTRACT

The association between serum magnesium level and hyperglycemia

Hwang, Ue Kyvoung. M.D.
Graduate School of Public Health

Yonsei University

Background: Magnesium is the second most abundant intracellular
cation, it activates multiple enzymatic reactions, and it is a critical
cofactor in carbohydrate metabolism., Hypomagnesemia i1s associated
with diabetes mellitus, hypertension, hyperlipidemia, atherosclerosis,
angina pectoris. Especially, hypomagnesemia in diabetes mellitus is a

bad prognostic factor of insulin resistance and diabetic complications.

Objective: The purposes of this study are to 1)investigate the
distribution of serum magnesium level in Koreans, and 2)the
independent association between hypomagnesemia with hyperglycemia.

Methods: Our study sample consisted of 1577 men and 618 women
who were screened at one health promotion center of a Korean
university hospital. Hyperglycemia was defined by a past history of
diabetes mellitus or fasting glucose level of at least 110mg/dL. We
compared the serum magnesium level, other hematologic factors,
physical measurements, demographic and socio—-economic factors

between hyperglycemia and normoglycemia groups. We divided the
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study sample into tertiles(1.6-2.0mg/dL, 2.1mg/dL, 2.2-2.8mg/dL)
according to the serum magnesium level, compared the fasting glucose

level, and other baseline characteristics.

Results: The mean serum magnesium level In men was
2.20+10.15mg/dL, in women it was 2.10+0.14mg/dL, and higher in
men(P=0,003), The mean serum magnesium level in the hyperglycemia
group was 2.07%0.14mg/dL, in the normoglycemia group it was
2.11£0.14mg/dL{P=0.059), Among tertiles of serum magnesium level,
the mean fasting glucose level was 95.7%+20.2mg/dL, 93.0+13.7mg/dL,
93.1£16.9mg/dL, respectively, and there was an inverse association
between serum magnesium and the fasting glucose level(P=0.004),
Age, waist circumference, total cholesterol, LDL-cholesterol had a
positive association with the serum magnesium level. After adjusting
for potential confounding factors, age, sex, obesity, hypertension,
dyslipidemia, compared with subjects that had a serum magnesium
level of 2.2-2.8mg/dL., the odds ratio of hyperglycemia rose across the
following lower magnesium categories: 1.16(95% CI: 0.78-1.72),
1.50(95% CI: 1.04-2.18) (for trend P=0.032), and for men 1.12(95% CI:
0.73-1.72), 1.53(95% CI: 1.02-2.28) (for trend P=0.040), and for
women 1,34(95% CI: 0.46-3.93), 1.43(95% CI: 0.52-3.96) (for trend
P=0.494),

Conclusion: This study reveals a significant inverse association
between serum magnesium and the fasting glucose level in Koreans.

Because magnesium depletion elevates insulin resistance and may
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increase the risk of diabetic complications, we should monitor the
serum magnesium level in hyperglvcemia, and encourage increased

dietary magnesium intake if the level of serum magnesium is too low,

Key words' serum magnesium, hypomagnesemia, hyperglycemia, diabetes

mellitus, insulin resistance
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