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Overview: Recognizing the Problem of Magnesium Dellclency 
~li !!Ired S. Seelig, ~1.11. ,H.P. II. 

A11erlr.nn Coll ege or Nutdtion, New York HNiicnl C:o llege 
Scarsd;lle , Ne w York Vnlhalla , New York 

AllSTRACT 

Tlu• "'"f!II('S inm (Hid r.nnlt>nl nf the nsnn l Alllt ' l in111 olif'l is '""s t lo:t11 1111• 
lt>r umottr•ouh." l oli t>tary nll uwann• (KIIA). txces!WS ut soml' m.to to·· aoorl ••i• '" · 
tutl lienl.s interarl wilh H~:, lm:rensing ils ret(llin•m('ttls . ~l;uj\ioo:ll rlo•l i• i••tu )' 
nf Hg i s no t :~ssor.la-ted with hypot~~.,gnesemla, i s not cltitrilcleri7. o ~ol lo y t)'pi c :oi 
manlf estatl ous, 111111 Is thus difrlcult to diagn<)!le, Ser n11 ur pl asma ~lg leve l s 
rtl'! hPitl wit hin m1rrow ll•it s unless tlssne levels rore very low, or lc11al 
lnnct. iou is pnor. Vulnerability tn ~lg tlerici<?ttcy inrreas cs rlu• inJ: 1\'"~· tlt 
;utol olevelopment, preguauc:y, when unrler l>hysicro l or l•sydtol ngira l sl ••:ss , :uul 
olnring illuess or Its treatment thut Interfer e s with ahsurpti•JII "' Gllos r?s 
l oss nf ~tg. Evillence of hlochemtcal chnngeR of enrly ~lg deficieiiC)' is rar••ly 
snught., although the roles of Hg In onany eou:yme systems are r er.ng11 i ze•l. The 
e ff ects of Hg defic i e nc y on metabolism, even i11 di sorders causeol h r vitamin 
oi!.'pr.ndencies In whi ch Hg Is a co-fac tor, nre l argely u11ex1rlor etl. lle fi ci<?ncy 
c>f Hg is oliagnos!.'ll confidently whe n the lahoJra t ury rf'ltu rl s hytuttnagllf'«"mi., itt 
prtti<?lltS wi t h convulsio ns or arrhytlt111i<ts. Wit hout t hese s igns , 1·11\ l f.' \'1! 1~ ;u r• 
not often onlerell, even in the presence or neuromn!lc ul ar i 1 r i I a lti I it )" s ot .- It 
ns respotttl to ~lg rep let ion. Recnnse ~lg su1•1tlemeutntinll or NJ\-~ pat i ng olt tt~s 
ptotiPo: l against lllellta lnre nr eclroplc heart heats a111l ~;wlrlett th·atlt, t n ..-lti• It 
olitttl'li r. - lrcatr•rl hypertt·n~;ive l>:tl. i<'nl s '"'' 111 rl!:k, il is innr ·a::i ii J~II lrr·i tt t: 
ar l vi~o.•rl thai thf'lr H;: status he oletermille<l. The l·lg, wh e11 aolol,.ol In l"•la s~ i rttn 

( ~} s otppl cmrlll.s, improves t he Ir res1•••nse to K-rt-l•l e t ion . The iutltl i r at i•on~; rrf 
<:aroli ovascul ;u · , renrol atttl bone lesions, i11duced hy lottg- tena e xperi mcnt'l l No.: 
r)pf icif!ncy nnt severe enough to cnuse sym1•tomatlc hypmnror, nesem irt, 'HI' r :HI'IJ 
npt•lieol to clinical events. Becnuse epltlemlologlc stuoli es hav" •li sr.l •tseol 
hi gher lnci•leuces of Ischemic heo rt di s ease , suolrle n (ttttexpcr. t .,ol artltylluni•} 
c nroli:~c tl!.'ath, a nd killney stones in soft wnter geographi c 'lreas (..-j tit l •ow Nil 
itttakes) tha n In hard water regions , long- term intervention st ttoli eo; s lt•Jttl •l 
I•'!' untl e rtaken tQ deten11ine whethPr higher Hg Intakes are protec t ivt•. The 
use " r l·tn liS n pareni.PrA I drug has long bee u Just tr leo I to CQttl ro I ,.,. lamt•t i c 
c rmvul s Io tt s anti ltypertens ion , Its use l.o prevent nn•l 1 rr.al ol ys rlt yl ltrni a s ,;r 
ltrt•er l t"ns lve w•tif!llts rer.civing rliu1el.lc:s, of cont:•!slive heat 1 l ;oi luto: "' 
i sdten~i o; heart oli serose pati e nts uurler cnrrliulunl r. lrcaltoll'lll atttl orf poo::l 
mr••r. arolial ittf:lrctiutt pnt ir.ttts Is r:nlning atto•utiun. Wltt•lltt•r I Itt · ino : i•lo·ttr· o ~ 

of suc h I ife t.hrt"atenint; f'Ve llts, attd f>f l•rt"•llsl'"si nJ: r:oHtrlit ion::, r att l11• 
~t:rlttr: r.ol hy r:~ising the ural lnt11ke ,,f ~lg, rt''llli~t•s lmthr: t s ln•l y. 

I NTKUIIIICI' I UN 

It is widely assumed t hat, hecnnse the Americnn rliet i s ri clt in m•o<;l 
nul rients, it mus t 111eet ~~~~ re•tulre•ents, lluwever , mr•till"'' i c loalilru:e stottli <>o; 
~o· ith healthy vol unteers lllttler nnr111al livlnt: cmulitions s huweol lt t'l:a t i ve :t~: 
lml ;utc:eR on c ustflmary A111erlcnn intake!!- especially aoa11nR young tnf' n (lilt. 
Curren t ly reco111111emled tlle tary Allnwanct'S (RilA) (91) fnr l·lg wp re olr•rivt:ol 
from ntmlysis of these (ltullngs. Extpnslve cli~tnry surveys ltave rlisr: l mwrl 
tltrot, hy this criterion, Hg Intake!! o( litany Nullh AmcricilnS a r c s •tlr•opl ion;tl 
( i nfra viole). St1111ies o( pregnnnt wu111en, Infants, youtt~ cltilolren atttl lt't•u -
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agers, show higher mg/kg requirements of Mg during anabolism (8,43, )'I, 111 7, 
112,135) . The greater Mg need of pregnant women is considerecl in the P.IJAs ; 
that of those growing and developing is not. The effects of other n11tri e nts 
on its absoq1tion and utilization is disregarderl, as is the increas P·I nr••d 
cluring physical or psychological stress (86,107 ,109). llisPn s e nn<l •lru~: <: ·• ~ ".! 
in therapy, that interfere with intestinal absnrption or increase rennl lnss 
of Ng, fi re gaining recognition as causes of Mg depletion. AcceptancP <1f tht• 
neecl to rletermine the Mg status has been rlelayed by problems of methoclul ·-'~' , 
by uncertainty as to normal ranges of serum or J»lasma ~lg, and by the t. ... t;-' s 
ability to maint11in senuw ~lg within narrow llmits <lespite suhnorm>~l t i «-<u•~ 
levels. Low serum ~lg levels may be transitory, as the hody mobili zes th-<uo' 
sources, uutil serious loss eusues. Because plasma ~lg usually rises sl 'l••l f , 
even w'ithout Mg replaceme nt, hypomagnesemia is often considered benign nnd 
not treate d by Ng repletion. The pharmacologic efficacy of parentf'ral 'lg, in 
control I ing convulsions anrl hypertension of toxe mias of pregnnnr: y (67,K.'. , 
12'1,140), ;uul it s more rerl'lltly accepted e(fi r ar:y a s n lor:olytir ag""' l iu 
impenrling premature birth (20,74,118) ami in coutrol 0f inlr<t r. l.ahl e r:;H ol i-t•: 
arrhythmias (1,16,18, 32,34,53-55,105,117), has militAted against ar.cel'l 'JII •e 
by ma ny physic ians of Mg as a nutrient, dietary supplies of which o~v Le 

~ suboptimal. Animal experiments and epidemiologic studies, however, in~i c~te 
that adequate Mg intakes might protect against lesious that cause functi o nal 
and structural changes which predispose to the lethal events (1()5,11 5). f a r 
from general acceptance is the premise that oral ~1g supplement~t ion of Ute 
diet is jus tified, even in those with physiologic sl>ttes <Jnrl under stro.·sses 
that inc rense needs, or with disease- or medication-induced loss. 

As i s true for all nutrients, optimal Mg intakes are the amounts that 
will maintain health : "physi cal and mental well being; freerlom from di s<!a s e, 
pain or defect; normality of physical and mental function" (12). llowever, it 
has been proposed that the RI>As shou'ld be lowere•l to reflect "minim~ l ne~1 s" 
(71): amouuts below which symptoms and signs of deficiency are manifest and / 
or other evidence of nutritional inndequacy can he elicited by appropri d te 
tests. Early manifestations of Mg deficiency are rarely overt and difficul t 
to detect. To lower the recommendations for ~lg in t ake has inherent risks, FIS 

(experimental) Mg deficiency causes asymptomatic cardiovascular, ren<t l, ~ nri 
hone damage, and subtle neuromuscular manifestFit ions that can long prect-d ~ 
the convulsious that are accepted as signs of Mg deficiency (':1,30,97, 10) ). 

Protocols for metaholic balance sturlies, from which RIJAs have he!'n ole
riverl, have in common measureme nt of the studierl nutrient in food c on :<u"OC'.I 
anrl in excreta, but otherwise differ . Those 1lone with volunteers kept i " ,.. 
met<~holic unit to keep environmental, as well as •lielary intakes unifo ra. , 
are essentially free of every day stresses. Subjects willing to ne<:ept .. .,,· h 
conditions for extenclell pe riods may be rather plac.irl. Thus, such studies mu! 
yield values indicative of minimal requirements. Studies with free- linng 
subjer.ts are suhject to errors of food consumptiou and excreta collect l " n, 
but have the advantage of more normal life styles. Studies in whi c h nutri P nt 
contents of •lupl i cate sel £-selected meals anrl of excreta are rletermin!'·l a r~ 
usually short- term, ancl subject to comparable errors. Among the variahl~s 
that <Jffec t Mg needs are inrlivirlual, dietary ami envirooment11l factor s , ''" "t 
of 1Jhlch are considerell in calculating Rllfls. Metahol ic h11lanc e stu<li !'s ;or t' 
uot applicable to cleterminatlon of individual neerls. Plasma or seruon N!(, the 
f'a s iest test to obtain, is not a reliahle imlex of mnrginnl ~lg lleficenr,· , 
sin•:e serum levels <Iff' maintained at. hetw<'en I. 5-2. 'i 111F.•1/I., pven wllf•u I i"""' 
li'VI'I S may lw ~;uh·-normal ('1'>,11 '1) . ValuPs a s low a s l.'i ml·q / 1 .. , ... ,. • .,, ,.. •' ! · 



DIETARY fACTORS 
Illl2ll 

Processing;Reftning 
Water Added to Concentrates 

Fiher Content 
Vitamin Excess 

D Surplements & Additives 
Hegadosage: 81, 86, C 
.Hi neral ~Ke_ss 

Ca, Na, K, P 
Trace ; Toxic 
~acronutrient ~xcess 

Sugar, fat, Protein 
R_!gid llie ting 
Low Calorie 
High, Incomplete Protein 

HOST FACTORS 
ehy~~oJogic Anabolism 
Growth & Development 
Pregnancy & Lactation ENVIRONMENTAL FACTORS 

Convalescence Soil, Water. 
Aging Minerals 

~net!c .. ~fects Irradia-tion 
Mg Malabsorption Latit~de 
Renal Mg Wastage Season,Altitude 

Membrane Transport §tress Factors 
Vitamin Bl, B6 Dependency Thermal 

lj.ormone Status Trauma: 
Sex difference Accidental 
PTH/CT Surgery 
CatecholaNines Noise 
Corticosteroids Vibration 

£hysical Activity/Personality Emotion 
Muscle Building Disease/Treatment 
Type:A,B Neoplasm 

TABLE I.: INTERACTION OF FACTORS THAT INFLUENCE MAGNESIUM REQUIREMENTS 
listed as normal on laboratory reports, although they are low. Mg levels of 
red and white blood cells and skeletal muscle biopsy samples Mg are better 
better indicators of the ~lg status, but each has drawbacks (35,105). The 
percentage retention of more than 40% of a parenterally administered Mg 
"load" indicates deficiency in patients with normal renal function. 

Normal Young Arlults: Analyses of balance data from worldwide s t1111ies 
disclose that healthy young women require at least 5 11g of Mg /kg/day to s tay 

i n balance: young men 
require more (112). Hg 
RDAs are thus 350 mg/d 
for men, and 300 mg/d 
for women. Pregnancy or 
lactation , and heavy ex
ercise are estimated to 
increase Hg needs by 100 
-150 mg/d (91). Dietary 
surveys have shown that 
Hg intakes in the U.S.A. 
are 4.5 to 5 mg/kg/d or 
less (66,70,75,79,107, 
109,1 12,120,128): below 
the ROA. Self-selected 
meals of high school and 
collegP students contain 
less than the ROA, for Hg, 
prod de the ROA for Ca, 
and more than the RDA for 
phosphorus (70,112,120, 
128,135). Evaluations of 
Hg, Ca, P and vitamin D 
intakes, done since the 
turn of this century (Fig.!) 
(8,21,59,101,105,111) show 
that, unlike Ca which has 
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Figure I. AVERAGE INTAKES Of Mg, Ca, P, & 
VITAMIN 0 IN THE 20th CENTURY; 
~fg BALANCES OUR I NG PREGNANCY (lOS) 

(Reproduced by permission of PlenuN Publ.) 
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which has slightly risen , and of P and vitamin 0 whi ch have gone up sha qll y , 
i ntakes of Hg have tended to falL slightly (Figure 1). 

llow muc h Hg is requirecl for nonlk,l growth a ncl develo11ment ancl f or mu scle 
hui !cli ng during athletic training and hocly bui ldin~:, ;111cl to m<'et inrr••aSt'<l 
ncecl s 11ur i ng i I loess ami conva l escence , a nd under cocul i l io ns of s l r e s s has 
not been dete rmincrl. 

f:.Uec t s of Pre~:nancy on Ng Requi[£ments: Metabol i c studies in p re~nancy 
have shown negnn ve Mg Dalances on ma ny seH-selectell cll e t s providing ~It; in
takes o f 177-389 m~;/clay (8 , 2 1, 59 ,1 01, 105 ,111 ) (Fig. l ). New ti ssue• (m;ILNn.tl 
ancl fetal) i s fo rmed clurin~; pret;nancy, necess itati ng ma intenance of pos itive 
hal anccs . Although the major accumulation of Mg is in t he t hird trimester , 
fetal need fo r H~: is u~111i fest throughout gestation (Tah l e II, lll )(Ll ,l "lh). 

At;t:. OF FI:TIJS HAGNESIIJH BOllY WEJGIIT Or FETUS NAI~N~.S l UH 

(LUNAR MONTII) (mg) ( Gr ams) (g/kg fa t free) m~; 
3 15 32 . 5 .12 
4 58 271 • I 'i 
6 100 787 .21 
7 173 1966 .22 
8 306 3050 • 23 
9 512 3105 . 27 

Ter10: 886 3500 760 

(f rom Coons et al , 1955[21]) 
TAHI.E I [: FE'fAL HAGNES [liM 

(from Widdowson et al, 1951,1962 (1 36 ) ) 
TABLE £ [[: fETAl. HAG HE$ UJ~t 

Possibly, the long known r esponse to Hg of hypertension a ncl convul sions 
of toxc~mi c pre gnancy (67,81,,140) re flects repai r of 1-tg de fi c i ency ( 111', ,1 2'1) . 
In ;ttlcliti on to the J>harmac:o log i r. usc~ of Hg d uri ng toxc~mias of pr l'l)'"""·y , tic•· 
•tui eti ng effect of Hg on uterine s pasms , has heen nJlp1 i ed to impend ing J•rc
m:ctture bir t h, as a toco1ylic agent (20, 51,74,118). Thi s effect , like that in 
ec lamps ia, may r eflect a defic i e ncy tha t might contribute to a bo r tions, mis
carriages a nd premature births ( 4 , 65,105,111) . ~fg deficienc y during feta 1 
g rowth might contribute to antenatal cardiovascu l ar diseas e in infancy tha t 
leads to the overt di sease in a dul t l ife (104-106 ,1 08,111). This premi se i s 
suggested by the similar ity o f f eta l and infantile cardiac a nd arte ri al 
lesions to those caused by experimental Mg deficiency (Ta ble IV,l04). 

INFANTIL~ ARTERIOSCLEROSIS EXPERIMENTAl. ~fA(";NESilflot DEfiCIENCY 
INTIMA 
SUBlNTC~fA 

ELASTICA 

MEIHA 

~------------~DEl-IA, IIYPERTROPIIY ----------: 
HUCOPOLYSACCIIARIDES 

(---- ------DEGENERATION, THINNING--------~ 
·~---------------f'RAGHENTATlON-----------.' 

FATI'Y STREAKS -----CALCIF'ICATION-------------1 
~----------EilEHA, IIY PERPLAS I A------------~ 
~---------NECROSIS , CA I£lflCATIUN---------, 

TAHLE IV lNFANTrLE AR'n:RIAI. l.f:SlONS ANU TllOSE CAUSED IJY HAl;NESlll~t IJEF! CHNC\' 

M~q~~~~~~nts of Infants and ChildLeD: I nfants a t greatest ri sk of 
neonatal hypomagnesemia and thus in need of Hg supplementation, are those 
with l ow birth weights (60,125), whether due to prematurity or intrauterine 
growth r e tardation caused by placental abnormalit ies , such as a re seen i n 
pre-eclampsia a nd eclampsia, and in infants who have unde rgone surgery o r 
other serious (Hg wasting) d isease ( 137 ) . I nfants born to adolescents , whose 
own Mg needs may not be •et ( 24 ), a nd lo wome n who have had mul tiple births 
q r frequen t pregnancies (105) are also al ri sk of Mg defic i e ucy. Infants o f 
d la bet lc mothe r s , whose Hg status may be preca rious (i nfra vi de), n1<ty have 
hypomllt;nesecnia a nd he diffi cul t to manage since hypoma~:nesecni c habics uftc•n 



have secondary hypoparathyroidis•, causing convulsive hypocalce•ia - which 
responds better to Hg, which corrects both deficiencies, than to calcemic 
agents (6,36,63) . 

Early studies of infants, young children and adolescents suggest that 
the mg/kg amounts of Hg needed to sustain their growth -ay be much highe r 
than the 6 mg/kg/d needed by the adult. It .ay be as high as 10-16 ~g/kg/d 
i n the adolescent, and possibly even 110re in the very young child ( 105). The 
retention of large amounts of Hg by young children and adolescents, a nd by 
convalescents, indicate the desirability of further study to deter•ine Hg 
needs during normal anabolism. 

Increased Hagnes! um Needs in~~~: Dietary protein and fat of the 
elderly decline strikingly, especially in the seventh decade, while intakes 
of carbohydrate remain essentially unchanged, and thus disproportionately 
high (22,37). Their Hg intake also is rather low, and their susceptibility 
t o Hg deficiency is intensified by di~inished intestinal absorption and 
inc reased urinary output of Hg (19,58,72,77,110,124) . Whether evidence that 
long-term Ng experimental inadequacy causes cardiovascular and renal damage 
i~ a rplicable to the chronic diseases of mankind, which are contributory to 
and i ntensi fied by the poor health of many elderly subjects is speculative. 
A c lue to the poor adaptation to stress of the aging individual is provided 
b,- a study of rats maintained on a low Hg diet throughout their lives, and 
s ubjec ted to cold stress when they were old (50). Those surviving symptoms 
and signs of Hg deficiency during infancy adapted to the deficency, becoming 
symrtorn-free during their adult life. However, they had shorter lives than 
did the Hg-adequate rats, and were much less tolerant to severe s tress , as 
manifes ted by ca rdiac necrosis and death. 

lncreasecLHg _l_!equill11ents.. Caus.e.d _ bJ Stress: Release of hormones that 
med iate response to stress (catecholamines and corticosteroids) is affected 
by the s t atus of Hg and affects its needs. Stress-induced adrenergic over
ac tivity increases oxygen demand (which causes egress of Hg from cells [86, 
87)), and causes lipol ysis. This increases free fatty acid- release, whic h 
c a use~ inactivation cf circulating Hg, thereby increasing its need (41,90). 
Catecholamine-secreting granules from nerve endings and the adrenal medulla 
sec rete more catecholamines when suspended in a medium rich in Ca and poor 
in Ng tha n when in a high Hg/Ca medium, which reduces catecholamine release 
(1 1, 26) . Hg deficient rats have developed hypertrophy of the juxtaglomerular 
index , and increased levels of mineralocorticoids (15). There is evidence 
that s tress of severe physical exertion and competition increases the need 
f or Hg and that performance can be improved by its administration (25,44). 
The c lini cal arrhythmias of alcohol withdrawal and of •yocardial infarc tion, 
~o·hi c h >~re stressfu l are 1118naged better with addition of intravenous therapy 
..-ith Hg (1,18,39-41,55,76,88,89,105,117,130,138) and which has a ph~rmaco
l og i c effect on cardiac irritability (46,121), It also repletes the Hg that 
i ~ inactivated by stress-induced increased free fatty acids, and that might 
..-ell have been inadequate before the acute event -certainly in alcoholics 
in ~ithdra..-al, and possibly also in the •yocardial infarction victims (39, 
41). Se ,·ere trauma also causes Hg loss (23). 

~ffe~~s of Other Nutrients on Hag~,Requirement~ 
tlacronutrie~ts: The American diet commonly provides .arginal amounts of 

~lg , but excesses of sugar, fat, protein and phosphate - eac h of which has 
intensi fied experimental Hg deficiency (29,105-107) . Sugar loading in normal 
subj ects, and its abnormal aetabolism in diabetics is known to cause Hg loss 
(29,61,68,73,78). Excess dietary fat or fat malabsorption interferes with ~lg 
absorption (72 ,105,107). High dietary phosphate, as in processed foods and 
carbonated beverages, or as phytate, has also interfered with utilization 

lH; 



of~~~~ (17, RI,IOU,I06,107) . lntern~lat i ouships of protrin in til~ tli !'l "i lh il ,~ 
a r e .-.,.npl ex. Si n ce Hg is n co-fa c: l.or in l.he sy nt hes i s of prolt•in a oul now l r, j,· 
aci d s (3 ,1 0 l ,ltl9 ,1 27) , high 1•rotein intake oluring nnnholism i ncreasP~ n• ·Pols 
for Ng. llo.,ever, the Hmoun t and •1na llt y of •lietary pru l.t>in cau ~r.; po~ il i • •· 
or III'J::ll ive Hr. hal :uu: P. , tlepmuli.ng 1111 Ill•! n-dal ivl' illlk>llnl s ol l'a.-lo l'''" · iol •··l , 
Llu• pro tein sourc e, nnd t he r ate of gno.,th or n •pni r . l<;oising till' l" "'•· i n 
i 11 take o f ado l escent boys , from l ow to u•leq uat.e , i Il l" rease•l ~II! rP. I ... nl i "" 
(101). On the other hnn•l, hi gh protein oliets o f poor •Jnalit)" (i.E' in''"' ' " 
for ohesity r P.clm: tion) has C:il iiS!'tl ~It: loss (27,JII), 

llani/So ft Wnter:.: Tht! conE' Iation of hinh 
c nroliovas n rlnr tlcath ral•·s \lith sof t \lalt •r , :111•l 
of low olral h ralt!S \lith hil rtl wa l ••r (F ig .:l , l llr•) 
is creol ite•l huth lo Ca nnol the ~11: in the \lat·er. 
Eac h interfer es with in test i nn l fat absor pti on , 
hut analysis tlf thei r contrHst inJ: effects on 
c:u tl i ;u : t· hythrn "''' ' on ti s sut• inter,rlty, :lllol 
s uhs tantinl epidemio lo gic olata support t he 
p remise t hat ~lg is t he protective cat ion i n m 
hard water (5,7,70,98,99,105,115). Th<' evidence > 
of pr otecti o n hy Ca in patie nts with low-renin _.-; 
hypertension, a nd by Ng of hi gh-reni n hy1oer- , > 
t e nsives (92 , 93), mul of t he low ~lg level s in ~ / . 
T yp<' A subjects (4q), who are s uhj<'c t to both ".:'.'" u~ .. ;'"·"• ~;~::·· 
c ardi nc tli s ense and hypertension, indit:<ltes ,., _, .. 
t hat g<'net ic differences in tlg needs noul Fl l.:llKE "l. . WATt-11 IIAIWIH· "~ 
distrihution m11y ex pla in some nf the conflict. ~ C:ARIJ IAC lli:ATII 11:\n :; 

C:al c emi<: Agt>n t s (Vitwnin I> n tul Ca lc ium ): Siuoi l;o r ly tlt~/ vilanoin ll inl •·• 
n .J a l ion,; an• t:ompl ex 
(Fig. :I) ( llJ~,I06,IOIJ). 
lle(ir.i.e nc y of vitnmin ~ __ ,... • nn ESifiiAL Mq ARsnnruou _____ .... ,... 
II i n t e r feres wi.th Hg ..,o ,. __ 1 VI IAMIN o UliLIZAIIOII ~ ------
r elen t i o n, but Vi t amin g(; ____ ._, ttYPOCAl(fMIA ...., __ t• fARG(T ORGA N A(. SPOUS[I 
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Jwulin1: nf tlg- defi<:i.ent -mrlnt ALC£Mtl\ .,. ____ .. - -- ,{ :oori"( ;l i 
anioual s intensify the o __ ,... C&I~JIOvA!'.Cl~AII OIIMM.f ~ -
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adequate ~esponse to thiamin ~equi~es Hg ~epletion (56 , 139). 

Enzrmes __ pepel'!den.t on Hg and B! 

pyruvate dehd~ogenase 
a-ketoglutarate dehydrogenase 
transketolase 

Hg-Dependent Bl Conversions 
HgH 

Bl ----------------------~ 
Bl pyrophosphokinase 

TPP (thiamin diphosphate) 
~1g 

TPP-----------------------~ 
phosphoryl transferase 

TTP (thiamin triphosphate) 
---------------------------~ 
Hg Deficiency - Bl Deficiency 
Bl Reple tion Alone -- Hg 
TABLE V. HAGNES liJN & THIMIIN 
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FIGURE: 4. HAGNESrtJH & PYRIOOXINE: 
Antioxidant Hicronutrlents: Less is known of interrelations of other 

~ltamt;;; ·an·d Hg, but as for vitamin C, high intakes of whic h are common, 
excesses have lowered tissue levels of Hg in guinea pigs (62). Vitamin F., 
among the micronutrients that affect free radicals, has activities that 
overlap with some of those of Hg (48,109,110). 

Diseases That Increase Ha gnesium Requiren~ents: 
Alr:oi)_Q_lism : One of the ear liest clinical conditions ~ecognized to cause 

3Jmptomiltit: Hg deficiency is alcoholism (39,40); even moderate intakes , as 
In social drinking, increases the urinary output of Hg (39,40). 

Gastrointestinal: Intestinal disorders that interfere with absorption, 
In ge~al, such as infective diarrhea, inflammatory bowel disease, sprue or 
1ther forms of steatorrhea, or post-intestinal resection each causes fecal 
~loss (9,16,31,80), Familial Hg malabsor ption is a genetic disorder that 
1as caused refractory Hg depletion in infants (83,123). Proteln-enriched
ti1k refeeding of starved children, who often have had severe diarrhea, has 
eused Hg deficiency leading to cardiac arrhythmias and death (14). 

Cardiovascular Disea~~~: Gaining recognition is t he role of magnesium 
oss in the arrhythmias and sudden cardiac deaths, associated with drugs 
sed to treat hypertension and of congestive heart failure (18,32-34,52-55 
S,96, 110 , 132) . Also receiving attention is the eff icacy of Hg treatment of 
ecent victims of myocardial infarction (1 , 4J,55,76,88 , 89 , 105,117,133), who 
re likely to have had Hg deficiency and to lose Hg during the stress of the 
1farct. Such findings i ndicate the applicability to humans of the evidence 
1at l ong- s tanding, low-grade experimental Hg deficiency can contribute to 
rterial and cardiac disease. The similarity of arterial lesions of "pure" 
tperimenta l Mg deficiency to those seen in infants dying at birth or soon 
1ereafter raises the possibility that the roots of the disease are in early 
lfe (104-106 ,111), perhaps even in gestation. The correlation of high rates 
· ~udden unexpected cardiac deaths with low Hg intakes (i . e . in soft water, 
I from f ood) (5, 7 ,98,99 ,105,109) a nd the possible role of low ~1g with high 
ood pressure (5,57), supports t he premise that those with predisposition 
cardiovascular disease should be examined for Hg defic ienc y, which should 
corrected if they are found to have high Hg retention.Diabetes Mellitus: 
has l ong been known that diabetics have abnormal Hg metabolism 

2,73,78) , which is not surprising in view of the loss of Hg caused by high 

117 



s ugnr levels (61,68) anti i ns ulin's role in cellul a r l·tg uptake- whi ch hac; 
IJ~e n applied to the trea tme nt of HI pAtie nt s treated with intra-vennu~ 
g lucnse/ insulin/potassium (G1K), addition of Hg converting the GI K t •> rt;G tl: 
( 133). Substantial l oss of cell ~t r, accompanies d iabetic ketos is (73 , 
7H). During ins ulin t reatment , hypomagnesemia il S we ll as h ypokal emi .1 can 
deve lop if Ng i s not provided, with K, to 10aintain plasma l e,·e l s :~ s the 
cati o ns shif t into t he cells. Het<~bolic hl!hnce s tutlies of pati e nt s during 
r ecove ry frotn dia beti c ncidosis tl i s closerl t hat des pite s uhsta••t ia l ~II: 
r e tention, ce llular rejll etion had not hee n Ctnnplele•l, n s inoti ca l••ol hy t lu• 
conli nnl"tl "'OS iti.ve ha l ancc> nt the e nd o f a leu-day rec overy t•e ri•ocl. 

Ot!. _ _, ,c:e neti c: lli s11 rd c r s: Thos•~ recp11 r111 g most Mg (in thl• .th'<o'n•··· n l 

d i sea sP.s or t reatment t hai. alone o r t ogether inLeriere wi th Ng ahsuq11 t• onl 
o r incr·ease its ren:~l loss) are those with i s <llated genetic 1-lg ma l a hsoqJL irth 
(81 ,1 23), o r with r e n:tl ~lg was ting of unknown origin (47,94). It i o; l'nssild•· 
that r e na l Hg wa:>Liug might he i1uluced hy ca lceoni r. therapy of hypou tl r o•mt. t 
of severe Hg deficienc y, which might cuuse i ntratu hul a r cal c ium de posit i rtot 
of ca l c ium, the crysta l s damaging the l oop of Henle (where mos t fi lte r e•! 1·16 
i s r eabsorbed). Suc h renal damage has been seen in Ca-loac.led l·tg-de ficient 
anima l s (13,105), and in a hypocalcemic infant whose underlying Ng depleti on 
was detected the day of her death (126). However, the renal leakage o f ~lg , 

like ~lg malabsorption, has been r eported to be familial (47), and might a l so 
be a prima ry gene tic defec t. 

Amo ng the inborn errors of metabolism a r e vitamin-depende nt <li se'lses 
(1 02) . Thos e c harac terized by abnormally high nee ds of vitamins t hat rcqu iro:? 
Mg as a co-factor for t he ir utili?.a tion 11nd for a c tiva ti on o f vi t .ur.in
depc nclent en7.ymes , suc h a s t hi amin ;uul pyr· idoxinc ( s upra vid(') mi ;:hl )t,. 

cnmloi nP.tl gcnt'l.i .-: ahnnnn; tl i I. i_,.s: o f tle fec:l.~ ,,[ IIIC•tnllrane traus purt of tlo•· 
vilanlin or o f i ts c:nnvcrs i on lu i ls <.: •>- c nzyuu•, nnd ur ~1g lll. ili z; lt i tJfl o r 
rete ntio n that migh t he p.1rliHlly responsible fo r the vitami n clcfc<:t ( l t! ' IJ . 
Thi s pt>ssihilily has not yet been explored. Howeve r, thiami n-depr•~td·~n l 
encepha.l opa thy of alcohol i sm (Wern i c ke-Korsakof f syndrome) , t h:t 1 i ~ 
associated no l only wi t h thlaonin defic i e nc y, but "'i t h a l coho l- in•lll:e.l 
wastage of Mg, i s unres ponsi ve t o Bl unti t Ng i s repleted ( 10'.1) . 

1'h,'l-r::lln"- TnA•·---' '1' -- ·-



Is Magnesium Supplementation Recessary? 
-- -Hagnesiu11 deficiency is likely to be silent, until it is vere . Its 

diagnosis is often missed, since serum (or plasma) levels tend to re11ain 
within limits that are commonly considered normal . A high index of suspicion 
is required, and special efforts should be ~~~ade to detect occult eficiency 
- by measuri ng cellular Hg content, or deter•ining percentage re ention of 
parenteral loading doses. Since surveys have shown that the diet of most 
Americans do not meet the RDA, it is unlikely tha t at times of increased 
needs they will be met by self-selected diets. The possibility tha RIJAs [or 
nutrients might be recalculated on the basis of "•inimal nutritio~al needs" 
(71): the amounts needed to prevent overt ~~anifestations of defic ency, has 
inherent risks , because recogni7.ed .. anifestations of Hg deficien

1 
y usually 

sign;~} development of irreversible changes. Early neuromuscular , psy cho
neurotic symptoms of early Hg deficiency that are recognized, pa~ticular ly 
in tiediterranean countries (30), the syndrome being .termed hypomhgnesemic , 
normocalcemic latent tetany, are rarely diagnosed in this country (114). It 
has heen correlated with 111itral valve prolapse (45), a "new" disease. 

rhysicians have long been accustomed to considering Hg a "drug of 
choice" to correct hypertension and convulsions of eclampsia. Its efficacy 
in counteracting arrhythmias, also reported years ago, is gaining increased 
recognition for management of otherwise intractable cardiac arrhythmias. Not 
~· idely appreciated is the likelihood that both life-threatening conditions 
might he late manifestations of Hg deficiency, that are found in conditions 
associated with increased needs. Genetic di fferences in requirements of Hg 
may explain the disagreement as to whether Hg deficiency contributes to a 
wide variety of diseases , and whether supplementation with Hg will prevent 
or alleviate some of the conditions that resemble manifestations of tlg 
defic iency in animals, or that respond to phar~~acologic doses. 
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DISCUSSION 

INQUIRER : lain Thornton, !~erial College, london, United Kingdom 

Q: Uave original or national differences in dietary •tg intake been 
recognized and linked to good epidemiological data? 

A: lhe first epidemiologic clues to the protective rolr of Hq 
against cardiovascular disease wen~ 11rovided by J. Kohayashi in 
Japan (Ber. Ohara lost. 11 : 12, 1951), who reported that lh!' 
incidence of apoplexy was higher in soft than in hard water 
areas . In the United States, U. Schroeder reported that amony 
while middle -aged and elderly ~~~en the death r ates from ischemic 
heart disease was significantly higher in states and cities with 
soft water than in those with hard water (J .A.H.A. 95: 172, 1960; 
J. Chron. Dis. 172: 1902, 1960; J. Chron . Dis. 12:586, 1960; 
J .A.H.A. 195: 125, 1966). In his 1960 publications , he correlated 
the low death rates with hardness of water; in 1966 he reported 
that the correlation was Aluch stronger for Hg (p<O.OOOS) than for 
Ca (<0.02 ) - the two Major cationic constituents of hard water . 
Even where the hardness of water derives la rgely from Ca (in 
England) hearts of men under 60 years old who died of accident 5 
in Glasgow - sort water - had evidence of small myocardial scan 
and lower cardiac Hg than in london - hard water (Crawford & 
Crawford , lancet 1:229, 1967). Comparable findings from Ontario . 
where accident victims in soft water c i l.ie s had 7'!. lr ~-; 
myocardial Hg than in har-d water cities in contras t tn llu.•ir· 
higher Ca levels and insignificant differences in other cations. 
supported the premise that it is the Hg that is protective (l.W . 
Anderson et al, Canad Hed Assoc J 113:199, 1975) . Finland , when! 
the dietary Ca and salt is high and that of Hg is low, as is the 
water and soil content), has the highest cardiova scula r death 
rate of young and middle aged men (Karppanen & Neuvonen, lancet 
2: 1390, 1973). Marier, who reported early on the epidemiologi c 
evidence on hard water and heart disease (8rit Hed J 2: 686, 
1963) , has publIshed 11any analyses and reviews as to the 
protective effect of Hg (Magnesium 1:3, 1982; 5 : 1, 1986) . 

INQUIRER : Hilton W. Heyer 

Q: Is the Hg loss of al coholics due to the al cohol or poor diet of 
alcoholics? 

A: Both. Studies with normal subjects given a m(l(l!'rale amount nl 
alcohol showed that it markedly Increases urinary Hg excretion 
(Kalbflei sch, Lindeman, Smith : l lab Cl in Hed 48 : 833, 1961; 
McCollister, Flink, lewis: Am J Clio Nutr 12 : 415, 1963) . 

INQUIRER: T .W. Perry, Purdue University, West lafayette, W 

Q: What is the danger of twice the recommended daily allowances of 
magnesium? 



A: Unless the subject has substantial loss of renal excretory 
function, there is no risk, even to pharmacologic dosage of Mg, 
since the kidneys normally excrete amounts of Hg above the renal 
threshold rapidly - keeping the serum Hg levels stable. 
Practical demonstration is the co11111on use of antacid and 
cathartic doses of Hg, as well as the imbibing of mineral spring 
waters rich in Mg (i.e . Epsom; Vittel, etc . ) without other than 
the effects for which the high doses of Hg were taken . 

INQUIRER: M.D. Waters, EPA, Research Triangle Park, NC 

Q: Would you say what types of "integrative bioassays" you are 
using? 

A: My findings derive from analyses and correlation of data from 
published research reports - clinical, epidemiologic, and 
experimental (human and animal) to whi ch I have added clinical 
verification from hospital investigations. 

INQUIRER : Nord L. Gale, University of Missouri-Rolla, Rolla, tiO 

Q: Thank you for a beautiful presentation! Would you care to 
comment on the possible exacerbation of Hg deficiency problems in 
cases or populations where lead may be elevated? 

A: I am aware of no studies specifically on this point. Many years 
ago, A. R. Krall was interested in Pb/Mg interrelations, and 
reported the partial repair of Pb-damaged mitochondria by 
addition of Mg. He may be able to provide the information you 
want. The use of EDTA, in the treatment of Pb-toxicity, i s 
likely also to deplete the body of Mg, unless the Hg withdrawn is 
repleted. 




