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 +  ~ 500  / 

•  
100  475 – 500 

(Saris 2000 / Alexander 2008)
 320 , 420  
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 ( , 
, , 

),  
,  ) . Saris NE, 2000; Touyz 2004

Elin RJ, 1988; Kimura M, 2007
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• 22 -26 

• 4 

• 99%  , 60% 

• 2 , 

• ,  300 
,  ( , , 
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,  
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, , 

, ,  
.

•  

Touyz RM, ,2004; Sojka JE1995; Saris NE,, 2000; Altura BM,1995;
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4- 1 -

 
5000 mg (19%)

,  
 

      
360 mg/d (240-365 mg/d)

 
    

260 mg/d
(120-240 

mg/d)

 
100 mg/d

13.250 mg
(53%)

6750 mg
(27%)

120 mg/d
(30-50%  

 
) 

 

20 mg/d

2400 
mg/d 80%

2300 mg/d
95%

 
100 mg/d
5%

modified: Coyne DW, ASN Board Review Course, 2006, Elin RJ, 1994 Navarro-Gonzalez 2009, 
Hu JF, 1993 Slatopolsky E, 1988: Quamme GA, 1987:
; 
.

 : 25 g (1000 mmol)

(35-40%)
(60-65%)
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,  2013 4
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•  109  

Page 5 - . . 
,  2013 

Pellegrino ED Medicine (Baltimore) 1965; 44: 397–418

 

•  
33  11 -

 

•  ~ 23 
 

•  
 1,3 /  (0,65 
/ ),

•  
 

2,57±0,41 /  
(1,29±0,21 / ),  

 1.57±0.08 mEq/L 
(0.79± 0.04) mmol/L.
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Contiguglia SR, Lancet 1972; 1: 1300–1302

,  
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Massry 1984,1977; Krendel 1990, Navarro-Gonzalez 2009, Touyz 2004, Saris 2000

Navarro-Gonzalez
JF, 2009; 

0,62-1,02  
 

 
 
, 

 

Mg  0.61 mmol/l = 1.5 mg/dl
Mg  1.6 mmol/l = 3.9 mg/dl

.

M
g

[m
g/

dL
] [

m
m

ol
/L

]

12.08.2013  - . . 
,  2013 7

 sMg 2+

 Cr
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Wyskide K et al, J Ren Nutr 2012: 22; 19-26Marzell et al., EDTA Prague 2011

12.08.2013

 

•  , 
 

 
,   1%  

 
                

Saris 2000

•  
 
, 

, 
                      

Kanbay 2010,         
Spiegel 2007

•  
 

,  
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, 

Choreo-atheosis

, 

, 

 

   

Hashizume und Mori. Jpn J Med (1990)

 2   –
), 

2-3 , , ,  
, , 

, 
 10 mmol/l = 24 mg/dl

Okuno S, 2007;

 
 

 
 

 
 
 

1 4 mg/dl Agus
ZS, 1991  

 

 
 

. 
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, 

•  

•  Mg  
 

 
)

•  
 
 

Mg 0,75   Kelber 1994

•  
 
 

Mg 0,5  Schulze 2010

• 34, , 2 ;  
, 

 
 0,75 (19) 

,   0,5 (15) 
, <0,01; Katopodis KP, 

2003;

 
 

12.08.2013  - . . 
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 sMg   
dMg

• Kelber J, 1994;  Mg 0,  0,25, 0.75mmol/l, n=8, high-efficacy
haemodialysis.  Mg - 1.36±0,.008mmol/l. 

 Mg 486 ± 44, 306 ± 69 and 56 ± 50mg, (p<0.001).
 Mg  

 Mg   0.75mmol /  Mg . 
 Mg  

 0.5mmol / , ,    Mg  
 (0,62-1.02mmol / ), 

 dMg  Mg 2+  = 0.63 mmol/L (1.53 mg/dL) 
0.5 mmol/L: 0.75 mmol/L: 1.0 mmol/L
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•  
 

 ( ),  
.

• ,  
 0.45  O.50

mmol/l  0.25  0.75 mmol/l. 

•  , 
 (  

1,25 ),  (0,25 ),  

Sanchez C 2004; Bro S, 1996; Kleinpeter MA. 2000; WeinreichT, 1996; 
Coulthard MG. 1992; Rotellar C, 1993; 
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 2 

 
, 

Pham et al. Clin J Am Soc Nephrol 2007;2:366-373

12.08.2013  - . . 
,  2013 16

.

Lopez-Ridaura et al. Diabetes Care 2004;27:134-140

85060 , 
4085  2  18 

• , , , , 
, , 
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Song et al. Diabet Med 2006; 23: 1050-1056
Meta-analysis of 9 randomized double-blind controlled trials with a total of 370 T2DM patients

   2 

12.08.2013  - . . 
,  2013 18

Larsson & Wolk. J Intern Med 2007;262:208-214

 2 .

Meta-analysis of 7 prospective cohort studies
Relative Risk (95% Cl) for a 100 mg/day

increase in Mg ntake

Relative Risk for association between Mg intake and
incidence of T2DM

* Black participants
† White participants
HPFS Health Professionals’ Follow-up Study
NHS Nurses’ Health Study
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 Mg  
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,  2013 19

Diabetes Care 33:2604–2610, 2010

4,497, 18–30
20- , 
330

0.53 (95% CI, 0.32– 0.86; P trend < 0.01

 Mg 
 , 

12.08.2013
 - . . 

,  2013 20

Diabetes Care 33:2604–2610, 2010

4,497, 18–30
20- , 
330
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1 Song et al. Diabetes Care 2005; 28: 1438-1444; 2 He et al. Circulation 2006; 113: 1675-1682

2

 27% .

 Mg2+  2  

12.08.2013
 - . . 

,  2013 22

Journal of the American College of Nutrition, Vol. 25, No. 3, 210–215 (2006)

 
, 

.

290,  2 
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Page 23 - . . 
,  2013 

• Mg2+ ,  

•  

Ma J, the ARIC study. Atherosclerosis Risk in Communities Study. J Clin Epidemiol 1995; 48: 927–940

 Mg  

12.08.2013
 - . . 

,  2013 24

• 4 , 
• ;  

, 

Guerrero-Romero et al. Hum Hypertens 2009
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Hatzistavri LS et al. Am J Hypertens 2009

• 48  - 12 .
• ,  

, 24 -  Mg

12.08.2013  - . . 
,  2013 26

Ascherio et al. Circulation 1998; 98: 1198-1204

 
.

Health Professionals : 43738 ,  40  75 
, 
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 Mg  
, 
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 ( : 0,91; 95% : 0,87, 0,96),  (RR: 0,96, 

95% CI: 0,84, 1,10)  (RR: 1,01, 95% CI: 0,90, 1,14).

Susanna C Larsson, Am J Clin Nutr 2012;95:362–6.

 100  
Mg /    

 8% 
 (  

 RR: 0,92; 
95% CI: 0,88, 0,97),  

 
 (P = 

0.66, I2 = 0%).

 

• ARIC study, Ma J,1995;  
 carotid arteria, 15 248, 45 -64 
,  0,1  

 
carotid arteria 0,0118 =0,006 ( ), 
0,0048 =0,017 ( ).   

• Honolulu Heart Program, Abbott RD, 2003;  
, 7172 

 , , 45-68 ,  30 , 
 

 7.3 to 4.0 per 1,000 person-years  
 Mg (50.3–186mg/day)  (340–

1,183mg/day) (p<0.001). 
 ,  

)  
 

1.7–2.1 (p<0.001).
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ISIS-4 Collaborative Group. Lancet 1995; 345: 669-685; 
2 The Magnesium in Coronaries (MAGIC) Trial Investigators. Lancet 2002; 360

1. Limit-2 , 
  Mg.

2.  (ISIS-4  MAGIC)  
  " .2

 Mg  
   

 1

, 

•  
 

, 
 

. 
 

 
 

 
 

 (NYHA III 
) Stepura et al. 2009

•  
 

,  
. 

 
 

 
 

 Woods et al 1992
Mg  

, )

Mg  (NYHA )
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12.08.2013
 - . . 

,  2013 31

Framingham Heart Study

Abigail May Khan, Circulation. 2013, 127: 33-38

 

12.08.2013
 - . . 

,  2013 32

James M. Peacock, Am Heart J. 2010 September ; 160(3): 464–470.

Atherosclerosis Risk in Communities (ARIC) Study

 40%  (HR = 0,62, 95% CI = 0.42-0.93)

(n = 14,232). 12 ,  264
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 0.25-mg/dL (1 SD)  
    41% (95% : 15%, 58 %) 

Stephanie E Chiuve Am J Clin Nutr February 2011 vol. 93 no. 2 253-26

88,375 

•  
 

 
,  

. 

•  
 

 
 

,  
 

. 

•  
 

 I2,  
 

. 

Page 34 - . . 
,  2013 

Euser AG, Cipolla MJ. Stroke 2009; 40: 1169–1175
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 Mg2+ , 

• Mg  
 

,  
)

Page 35 - . . 
,  2013 

Altman D,. Lancet 2002; 359: 1877–1890

 

•  
.

•  
,    

• , 
, ,  

,  
,  

,  
. Salem 1995

•  
,  

,  
,  
.  

 

• , ,  
,  

. King 2009
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,  

•

 ( ) 

 

•
 (  Mg)

 (  Mg)
 (  Mg)

•

•

Page 37 - . . 
,  2013 

Juan F. Navarro-Gonzalez Seminars in Dialysis—Vol 22, No 1 2009 pp. 37–44
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)  
 /  

 
,  

 
,

 
 

.

Nephrol Dial Transplant (2012) 0: 1–8
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Nephrol Dial Transplant (2012) 0: 1–8
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Nephrol Dial Transplant (2012) 0: 1–8
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 Mg2+  
 2 .

12.08.2013
 - . . 
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: : 

 4  1  2,  = 0,01  <0,01, 
 3  1  2,  = 0,02 

 <0,02,
:  4  1  2,  = 0,01 
 <0,02, . 

 / 
: 4  1  2,  = 0,02  

 3  1,  = 0,03.

Retrospective study 252 and 298 62.6 ± 22.5 .

 
.  

  [Mg2 +]  
 1/SCr-vs-t  / , 
, HMG-CoA enzyme inhibitors . 

P.-C.T. Pham Clin i cal Nephrology, Vol. 63 – No. 6/2005 (429-436)

   II  
 

Pham et al., Clin Nephrol 71:375 – 9, 2009

 
  

 :
1.8 – 2.7 mg/dL

 
(Crf-u)  (Crt=0  

12.08.2013
 - . . 

,  2013 42
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• , n=100, ; n=10  
(D‘Haese PC et al., 1999)

 Mg  Mg/Ca  
,  

• , n=26, (Mg( )3),  18  
(Moriniére P et al., Contrib Nephrol 64:58-73, 1988)

 ,  Mg  
 1,5 ± 0,3 

12.08.2013
 - . . 

,  2013 43

 CsA-
.

12.08.2013
 - . . 

,  2013 44

 
 CsA .

 

 CsA  

Ryan Holzmacher, Nephrol Dial Transplant (2005) 20: 1456–1462
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Nephrol Dial Transplant (2011) 26: 2362–2369

* P < 0,05
**P = 0.003

 (Mg)  
.  

 > 55  (n = 256)

,  8,06  / )  
,  98,1 .).

 (* P = 0,019)  
 

(P = 0,052). 
 (1,84 ± 0,23  / ) 

. 

12.08.2013  - . . 
,  2013 46

HR = 1; 
**  = 0,003 

* = 0,046 

Adjustment for age, body mass index, posttransplantation hyperglycemia, pretransplantation
glucose, intake of Mg supplements, triglycerides, corticosteroid withdrawal, acute rejection, 
albumin, diuretics and the use of calcineurin inhibitors

Multivariate Cox proportional hazard model

 NODAT  Mg Kaplan-Meier  
 NODAT  1-

(A)  
NODAT  
Mg <1,9  / 

)  
 Mg  

1,9  /  
) (  <0,001 log-rank).

(B),  
 NODAT 
 Mg <1,9 

 / )  
 Mg  

1,9  /  
) (  <0,001 log-rank).

 

S. Van Laeckea, American Journal of Transplantation 2009; 9: 2140–2149
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(1)  
(2)]  

(3) -NODAT  
(0) (  <0,001)  NODAT (1) 

 = 0,006).
 Mg  

 NODAT  
 NODAT.

 
 

 (  = 0,067)  
 (  = 0,011)  

 = 0,043).

S. Van Laeckea, American Journal of Transplantation 2009; 9: 2140–2149

 Mg, , BMI, Tg,  

NODAT .

•  
Pseudoxanthoma Elasticum  

,   
 

 

• 80 

•  
 MgSO4  per os Mg 

Lactate, 75%  

• Mg –  
 

Li et al. 2009 

Steidl et al. 1990

 rId3 . rId3 .

Mg -

12.08.2013  - . . 
,  2013 48
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•  
,  

 
-
 

 
 

 Turgut F, 2008; 
Tzanakis I, 2004;

•  40 -70% ,  
,  

.  
 Mg  

-
 

; Rajagopalan S, (DOPPS),2006; 
Braun J, 1996;Goodman WG, 2000; 
Blacher J, 2001; Proudfoot 2001

12.08.2013  - . . 
,  2013 49

:
 

: intima  media

 

 - . . 
,  2013 Page 50

Schoppet M, Shroff RC, Hofbauer LC et al Kidney Int 2008; 73: 384–390

 
   

12.08.2013
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,  2013 51

Ernesto L. Schiffrin, Circulation. 2007;116:85-97.)

. 
 
 

.

 

 - . . 
,  2013 Page 52

Ziad A. Massy Clin Kidney J (2012) 5[Suppl 1]: i52–i61

 

Mg2+  
 

 calcium 
phosphate hydroxy apatite  

Mg2+ -
, ,  

2+ 

 TRPM7, Mg2+  
 

 
 

 MGP  BMP7
Mg2+   VSMCs

 
 

 RUNX2 -2
Mg2+  CaSR  

VSMC 

12.08.2013
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•   
 

 
 

 
 

 

•  
 

,  
 

 

Wei M, 2006

12.08.2013  - . . 
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Mg .

12.08.2013  - . . 
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In vitro:  
.

Peters F & Epple M. Z Kardiol 2001; 90 Suppl 3: 81-85
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Jiang et al. J Invest Dermatol 2007
Larusso et al. Exp Dermatol 2008

Larusso et al. J Investig Dermatol 2009

Abcc6(-/-) Mice a 
Model of

Pseudoxanthoma
Elasticum

(Renagel does not)

12.08.2013
 - . . 

,  2013 55

 Mg

12.08.2013
 - . . 

,  2013 56

Rodriguez 2011, ERA – EDTA Prague

, 
 

 P ,  

 
 

VSMCs
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57 - . . 
,  2013 12.08.2013

P <0,05

Ziad A. Massy Clin Kidney J (2012) 5[Suppl 1]: i52–i61

Mg2+

12.08.2013  - . . 
,  2013 58

ex vivo / in vitro

 

 
.
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 pseudoxanthoma elasticum

12.08.2013
 - . . 

,  2013 59

Theo G. M. J Mol Med (2010) 88:467–475

P<0.05

Pseudoxanthoma elasticum
,  

,  
, .  

  
.

 pseudoxanthoma elasticum

12.08.2013  - . . 
,  2013 60

P<0.05

Theo G. M. J Mol Med (2010) 88:467–475

 
 (

0,5%  2,0%)  (  0,05%  
0,2%)  



31
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Augusto C. Montezano Hypertension. 2010;56:453-462

VSMCs  
 MgL,  MgH,

  MgH,  
MgL .

P<,0.05

P<,0.05

P<,0.05

 
matrix Gla protein

12.08.2013  - . . 
,  2013 62

Augusto C. Montezano Hypertension. 2010;56:453-462

P<,0.05
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g  
  BMP-2 (bone morphogenetic protein)

12.08.2013  - . . 
,  2013 63

Augusto C. Montezano Hypertension. 2010;56:453-462

P<,0.05

P<,0.05

 /  
TRPM7 

12.08.2013
 - . . 

,  2013 64

2-aminoethoxy-diphenylborate 
(2-APB) (TRPM7 inhibitor)

TRPM7 (cytosol:membrane
translocation)

 TRPM 7  

 

 
 

 / 
 TRPM7 

 
, 

BMP-7, matrix Gla protein

Augusto C. Montezano Hypertension. 2010;56:453-462
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 HAVSMC
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,  2013 65

 Mg2 + 

,  

 
 

 Mg2 +  
 TRPM7

Loïc Louvet, Nephrol Dial Transplant (2012) 1–9

12.08.2013
 - . . 

,  2013 66

 BGP  
. 

 BGP-
, ,  

 BVSMCs . 

Fatih Kircelli Nephrol Dial Transplant (2012) 27: 514–521
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a difference versus BGP: P < 0.05; 
b difference versus control: P < 0.05).

a difference versus BGP: P < 0.05

 
 ( )  BGP,  

.

Fatih Kircelli Nephrol Dial Transplant (2012) 27: 514–521

Oral Mg oxide
 

carotid IMT; p = 0.001
Mg  

 
CAC; p = 0.0737

cIMT  
, 

 Mg,   = 0,014 

 
Mg (1,13  / ),  =0,036 

Mg

IMT,  = 0,001 

 Mg  

,  = 0,008 

Mg

,  <0,001 
12.08.2013

 - . . 
,  2013 68
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Mg  

12.08.2013
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Tzanakis I , Magnesium Research. Volume 17, Number 2, 102-8, June 2004 

 Mg  intracellular lymphocyte  
 intimal thickness common carotid arteries (p=0.001 

 0.003)  .
 0,5 ,  0,35  

intimal thickness common carotid arteries
Mg c jv, ,  sCa, [Ca x P] jq -

93, 

n= 390,  (226 , 59 ± 13 )   

Ca: 1.5 mmol/l, Mg: 0.5 mmol/l

52 (38 ) , 

338 –

Ishimura et al., Clin Nephrol 68 (4):222-7, 2007
Odds ratio for the presence of calcification

Age (per yr)

Male (vs female)

HD duration (per yr)

Calcium (per 1 mg/dl)

Phosphate (per 1 mg/dl)

Magnesium (per 1 mg/dl)

iPTH (per 1 pg/ml)
0.0 1.0 2.0 3.0

0.284

1.748

 

(2.69 0.28 vs. 2.78 0.33 mg/dl, p < 0.05)

(1.10 0.11 vs 1.13 0.13 mmol/L)

                 
( OR 0.284. 95%- CI 0.088-0.919. P = 0.0356),

12.08.2013  - . . 
,  2013 70
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 Mg  
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,  2013 71

Turgut F et al, Int Urol Nephrol., 2008;

• 32  magnesium citrate, 12 
• intima media thickness  2 months  

 
 MgCO3/CaCO3

12.08.2013  - . . 
,  2013 72

CAC scores

Spiegel DM et al, Hemodial Int., 2009

n = 7  CAC  > 30 , 18 . Ca  
2.5 mEq/l  0.75 mEq/l Mg

 % CACS  ( CACS > 30)  TTG, 
RIND CARE-2 : 6 – 41%
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 intima media, 

• Randomized controlled double blind trial
• n=54, , 440 mg Mg oxide orally 3  6  (n=29)

 placebo (n=25)
•  intima media thickness -  (carotid doppler ultrasound)
•  –   flow-mediated dilatation (FMD)

Mortazavi M et al, World Congress of Nephrology Vancouver, SU453, 2011

12.08.2013
 - . . 

,  2013 73

: 

12.08.2013
 - . . 

,  2013 74

 
 

 ( <0,05)
 3 mg/dl

(1,2 ) 
 2  

 ( 2=6.98:  = 
0.008) ,  

 
 3 mg/dl. 

 
 

 
86 %.

56,(34 /22 ),  10 . ,  8 , [Ca  P]  60 2 2, Doppler
 ( )
 46% (23) , [Ca  P], P  iPTH  

  

Tzanakis I. Nephrol Dial Transplant (1997) 12: 2037
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 - . . 
,  2013 Page 75

Am J Nephrol 2012;36:228–237

283 
Endothelium-dependent vasodilatation (flow-
mediated dilatation; FMD)  

 ( )
 

 

12.08.2013

 

12.08.2013  - . . 
,  2013 76

Am J Nephrol 2012;36:228–237

 FMD 

,  
, 

 
, 

-
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• , , 
 

 II" Curiel- Garcia (2008) 

•  
" Limaye et al (2011)

• " Karakelloglu
et al. (2011)

•  
 ( . ) 

Reffelmann (2011)
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US data base

Lacson EK, 2009.
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,  2013 78
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European database (EuCliD®)

                                         

12.08.2013  - . . 
,  2013 79

12.08.2013  - . . 
,  2013 80

Kaplan-Meier

38 . 
 

81% SMg < 2.05 mg/dl 
 

97% sMg > 2.05 mg/dl; 
(p < 0,001 by the log-rank test).

Am J Nephrol 2012;36:228–237
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Am J Nephrol 2012;36:228–237

Cox analysis

   
 

-

12.08.2013
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Slatopolsky E. New Therapeutic Approaches in the Treatment of Hyperphosphataemia. ASN 
1998

Dialysis is a poor phosphate remover

 

12.08.2013
 - . . 

,  2013 84

Young EW et al. Predictors and consequences of altered mineral metabolism. The 
dialysis outcome and practice pattern study. Kidney Int Vol 67:1179-1187, 2005

Block et al. 1998
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Isakova 2009

KDIGO 2012 Clinical Practice Guideline for the Evaluation and 
Management of Chronic Kidney Disease 
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?
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•  
: Locatelli F, 2002;

Savica V, 2006; Isakova T, 
2009; Young EW, 2007

 
 

 
 

 
• Fine KD, 1991;

,  
 

.
,  

12.08.2013  - . . 
,  2013 89

 2009-2012

12.08.2013  - . . 
,  2013 90

Source: IMS data 
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  800 -  2000-     
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,  2013 91

800  2000  3  4-

DM Spiegel, Kidney International (2012) 81, 1116–1122

?
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Kaplan-Meier

Mark J Bolland, BMJ, 2008
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Karl Michaëlsson, BMJ 2013;346:f228

61 433 ,19 

 > 1400  / 
 

 
 ( HR 1,40, 

95% CI  1,17  1,67),
 (HR 1 49, CI 1,09  

2,02),  (HR 2,14, CI 
1,48  3,09),  

 (HR 0,73 CI  
0,33  1,65).  
 600  1000  / , 

 + 
.   1400  / 

 

 HR 2,57 (95% CI 
1,19  5,55).
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/Mg
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 250 

Hümpfner 2008, NHK 37: 260-278 

OsvaRen®  

12.08.2013  - . . 
,  2013 96

 

+ 30% CaAc2, 

+ 50% CaCO3

- 35%  CaAc2, 

- 59%  CaCO3

Hümpfner 2008
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 Ca/Mg

12.08.2013  - . . 
,  2013 97

 sCa, P PTH
 sMg   Ca/Mg 2,83± ,38 vs CaAc 2,52±0,27 mg/dl p=0,001

 
 ,  Mult log reg =0,47

Tzanakis et al., ASN 2012, PUB498 

12.08.2013
 - . . 

,  2013 98

 Ca/Mg
=0,03, , 

Matias et al. 49th ERA-EDTA Congress 2012, Poster 582-SAP, DOI: 10.3252/pso.eu.49era.2012 
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CaMg  

Tineke M. De Schutter Kidney International (2013) 83, 1109–1117;

CALMAG study –

12.08.2013
 - . . 

,  2013 100

Deuber 2004
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