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Early Nutritional Roots of 
Cardiovascular Disease 

MILDRED S. SEEUG 

INTRODUCOON 

The cardiovascular diseases of infancy and childhood that are common 
enough to require specialty medical care and surgical correction are a devel~ 
ment of the past 30 to 40 years, as is the epidemic of sudden death of men 
under 50 from ischemic heart disease (IHD). Less widely recognized is the 
evidence that sudden death from nm has also occurred in infancy and child
hood, with increasing frequency during the same period of time, as has 
aeneralized arteriosclerosis in very youn1 infants, and atherosclerosis, hyper
lipemia, and hypertension in older infants and children (Seelig, 1980). The 
initiating cardiovascular lesion can begin very early in life (in some individuals 
during gestation; in many during early infancy). The years during which 
cardiovascular diseases of all ages have increased in incidence correlate with 
the years during which major dietary changes were made in the industrialized 
countries. The amount of magnesium consumed has slowly declined; the 
consumption of vitamin D and phosphates {both substances that decrease 
magnesium retention) have risen sharply in the period from the 1920s to the 
present It is thus important to note that experimental magnesium deficiency 
causes arterial and cardiac lesions much like those reported in thousands of 
infants under 2* years of age {Seelig, 1980), and that excesses of vitamin D 
or phosphate, or both, intensify the abnormalities (reviews: see Seelig, 1980; 
and Haddy, 1980). 
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Table 1. Arterial Abnormalities in Infants Dead at Birth or in the 
First Month of Life (From Published Data. Tabulated by Seelig, 1980) 

Arterilll P11tholoD' 

Affected Arteriu: 
Coronaries (Small; Medium• 

M~or) 
Aorta 
Pulmonary 
Cerebral 
Visceral (Renal. Pancreatic, etc.) 
Geoeraliz.ed 

Pt~tholo,tc Olllll8tl: 
lntimomedial Thlckenillg 

lntimomedial, Elastica Depneration 
lntimomedial, Elastica Calcification 
Upid lnfiltJation 
Thrombi 
Atresia. Coarctation (Aorta, Pulmonary) 

•Rarely examined . 
.. In 1 series. 

16 
lS 
27 
11 
1 

12 
13 

lS 

13 
14 
0 

13 
lS 

htholou Suneyr 
(>SOO) 

>170 

? 
? 
? 
? 
? 

124 (18 or 54 
Autopsied••) 

51 
? 

lS 
2 

On 140 with EFE: 36,; or 
1580 Autopsied)•• 

Table 2. Cardiac Abnormalities Suggestive of Myocardial Hypoxia in Infants 
Dead at Birth or Dying Within First Month 

(From Published Data. Tabulated by Seelig, 1980) 

MyociVdUV. Dllm~~~t: 
Mural 36 ? 
Subendocardial. Papillary MUlde 34 ' Multilocal, Diueminated l6 ? 
Musive Infarct 14 5 

PatholOflc Oum,er: 
Myocardial Necrosis, Cell lnfiltration 41 ? 
Myocardial Calcification l8 ' . 
Myocardial Fibrosis 37 ' Myocardial Upid lnfiltration 2 '! 
Endocardial Fibroelutolia 80 206 
Conduction System Abnormality• 7 33 

Outflow Obttruction: 
Supr•, Sub-, and Valvular Stenosis lS >3 

(Coarctation; Atresia on Artery Table) 

•Rarely examined. 
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Table 3. Arterial and Associated Abnormalities in Infants> 1 Month 
to 2* Years with Ischemic Heart Disease (Mostly Autopsy) 
(From Published Data, Tabulated by Seelig, 1980) 

Altcrial Pathology 

Artt~l A/ftcttd: 
Coronaries (Small, Medium• 

Large) 
Aorta 
Pulmonary 
Visceral (Renal, Pancreatic, etc.) 
Generalized 

htholotfc Oum,er: 
In &imomcdial Thick.cnin& 
lntimomedial, Elastica Degeneration 
lntimomcdial, Elastica Calcification 
Lipid Infiltration, Atheroma 
Thrombi 
Atresia, Couctation 

•Rarely reported. 

buJJIIIdlul Olur 
(251) 

41 
69 
17 
22 
30 
34 

67 
35 
45 

2 
24 
20 

htholoo Sunqr 
(About 2500) 

70• 
>600 

>350 

>1so• 

>300• 
> so• 
> so• 

50 (Late) 

>3SO 

Table 4. Cardiac Abnormalities Suggestive of Myocardial Hypoxia in Infants 
> 1 Month to 2* Years (Mostly Autopsy) 

(From Published Data, Tabulated by Seelig, 1980) 

~lyOCilrdilll Dtz lftllft; 
Mural 
Subendocardial; Papilluy Muscle 
Multifocal. I>Weminated 
Massive lnfuct 

htholo,tc 014nftr: 
Myocardial Necrosis; Cellln1lltration 
Myocardial Calcification 
Myocardial Fibrosis 
Myocardial Upid Infiltration 
Myocardial CeUulu (Enlarpment) 

(Early Owlae) 

Elldocardial Fibroelastosis 

Conduction System Abnormality• 

Outflow Obstruction 

Supra-, Sub-, and Valvular-Sti:Dosb 

•Rarely examine4. 
.. UM-UltramicrOICOpy or spcdalltalD. 

INIWidulll C..s 
(251) 

35 
48 
39 
20 

63 
26 
40 
s 
l•• 
1·· 

111 

18 

40 

P•tholoo S&lneyr 
(About 2500) 

? 
? 
> so• 

28 

? 
? 
? 
? 

<too .. 
>600 

About 800 

About 250 
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FETAL AND INFAN11LE CARDIOVASCULAR DAMAGE 
IN WIDCH HYPOXIA OR ISCHEMIA IS IMPUCATED 

Seelig 

Analysis of the literature (Seelig. 1980) has disclosed over ISO indivi
dually described infants and more than 500 listed in sutvcys of autopsied 
infants who had been stillborn or died in the first month of life with arterial 
or cardiac lesions or both-such as have been associated with hypoxia (Tables 
1 and 2). The literature analysis also revealed over 250 individually reported 
cases and about 2500 in pathology sutveys of infants dying after one month 
to 2~ years of age (Tables 3 and 4). Among those who were stillborn, or 
who died within the first few days of life, the lesions must be assumed to have 
occurred during gestation or perinatally. As indicated in the top portions of 
Tables S and 6, data on the condition or history of the mother have been 
given infrequently. When cited, the conditions were generally those that 
predispose to fetal malnutrition and hypoxia and resultant intrauterine growth 
retardation OUGR), reflected by infants that arc small for gestational age 
(SGA). The early necrotic changes found in arteries of myocardium of in
fants born with severe perinatal hypoxia (Gruenwald, 1949), and the endo
cardial fibroelastosis (EFE) found in infants with neonatal hemolytic disease 
(Hogg. 1962), suggest that placental abnormalities that interfere with fetal 
oxygenation earlier in gestation might play a role in some of the grosser 
congenital cardiac anomalies (Johnson, 1952), as well as in the arteriosclerosis 
found at birth and early infancy. Scrutiny of in~vidual case reports and 
pathology surveys shows that, although infrequently examined, involvement 
of the small- and medium-sized coronary arteries was reported almost as 
frequently as was disease of the major coronaries. Blanc et al. (1966), whose 
group had obsetved coronary disease in only 0.6 percent of 6000 consecutive 
autopsies of neooates to 12-year-old children, found that when the small 
(e.g., tenninal) branches of the coronaries were examined, the incidence of 
coronary disease and associated myOcardial infarction (MI) rose to 12 percent 
of 153 consecutive autopsies. They stated that the myocardial fibrosis and 
calcification found in some cases suggested that the myocardial necrosis 
might have been prenatal. Lesions of the subendocardium and of the papillary 
muscles (the most frequently involved lites in early infancy), and disseminated 
multifocallesions {which probably reflect disease of the small intramyocardial 
arteries (for a review, see Seelig and Haddy, 1980) were more frequently 
reported than were massive infarctions. However, that as many as 19 infants 
under a mooth of age, and that 48 mor~ from ooe month to 2~ years should 
have died of massive Mls is startling. It should be noted that infantile Ml 
was reported to be occurring with increasing frequency (Sabiston et al., 
1960), particularly in association with anomalous origin of coronary arteries
a group excluded from the tabulation referred to here. 
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Table S. Abnormalities During Gestation and Antemortem in Infants Stillborn 
or Dead in< 1 Month with Pathologic Evidence of Ischemic Heart Disease 

(From Published Data, Tabulated by Seelig, 1980) 

,.._Eclampsia, eclampsia, cliabctea mellitus 
Mother > 38 yean old 

W.tcmal immaturity; multiple; frequent births 

/rrdivicbul Cua 
(DGIII on H of 

/54) 

11 

17 

P•tholoo Suneys 
(Rizrely Reported: 

>.SOO) 

D.M.: 1/20-1/43• 
>38:1/84 

9% (multiple) 
of97 with 
cardiomeply 

~_!!0..!_~ _!CS_ta~o~;~ ~_m_!a~"b~~ _______ 2_! ____ ~3 ~ ~~~·- _ 
Fetal distsea (Cudiac; ECG) 35 34 

Dalficult; Caeaarian deliwriea 

Pbc:cnta praevia; abnormality 

Low birth wei&ht 

lafantile cyanoW, respiratory diatreu 

J,":hycardia; arrhythmia; block; other ECG 
abnonnalitiea 

Cardiomeply; conaeative heart failure 

Sl&dckn death 

•With conpnital heart diaeue • 
.. t:FE • Endocardial fibroelutoda. 

10 

8 

10 

56 

15 

31 

10 

? 

12 

37% of 620 LBW 
had cardiomeply 

21 noted 

10 noted 

? 

? 

Marked intimomedial hypertrophy, sometimes with necrosis and calci
rac~tion, has been described in coronary and other arteries of very young 
an(mts. The incidence of such arterial changes cannot be ascertained froot a 
retrospective survey of the literature, Iince some studies include sites of 
mtimal proliferation and fibrosis {"cushions") as precursors of ather0011ta 
(Dock, 1946; Fangman and Hellwig, 1947), whereas others specifically exclude 
them as normal variants (Schomagel, 1956; Robertson, 1960; Oppenheimer 
and Esterly, 1967). More generalized intimal and medial proliferation and 
fibrosis is being increasingly considered an early manifestation of infantile 
arterial disease, that in a severe form has been termed "()C(:lusive infantile 
arteriopathy'' {Witzleben, 1970). Such infantile arterial disease might be the 
urty fonn of adult atherosclerosis {Danilevicus, 1974). The most definitive 
~thology studies in this area are those by Neufeld and Vlodaver (1968, 1971). 
Their :findings indirectly implicate nutritional, more than genetic, factors in 
the different susceptibilities to atherosclerosis of different racial groups, by 
analyzing the thickness of the arterial walls of infants and children of three 



.16 Seeliz 

Table 6. Abnonnalities During Gestation and Infancy in Infants> I Month to 
2~ Years with Evidence of Ischemic Heart Disease (Mostly Autopsy) 

{From Published Data, Tabulated by Seelig, 1980) 

/ndi11idutJl Caes 

(251) 

9 

Ptltholoi{Y Surveys 
(About 2500) 

? 

~..!_e~~i~~~~.!.. m_~p~;!~~~ ~~~ ____ 3..?_ ____ .!_' ______ _ 
Fetal distsess, pla~ntal abnormality• · 6 ? 

Low birth weight• 19 ? 

Infantile cyanosis, respiratory distsess (excluding 93 ? 
pr~terminal) 

Growth and mental retardation 35 >150 .. 

lnitability, seizures, tsemors 31 Occasional• 

Apathy, atony, apnea 20 ? 

Syncope 16 > 70 

Deafness 9 (Occasional 
labyrinth 
calcific•) 

Cardioeachs 10 <700 
Cardiomegaly, murmurs, failure 97 (Antemortem ?) 

Tachycardia, bradycardia, block. other arrhythmia, 76 >200 
ECG abnormality 

Hypertension 19 >150••• 

Hyperlipemia • 11 ? 

·Hypercalcemia • 20 ? 

Sudden death (including sudden onset of abort 87 (At Leaat 100) 
terminal i.llness) 

•Ruely reported. 
.. ln outflow obstructive disease; sometimes with t Ca; vitamin D toxicity. 

••• All with coarctation. 

Semitic groups in Israel: Ashkenazim (Jews of European derivation), 
Yemenite Jews, and Bedouins. It was among the male Ashkenazim, the group 
with the highest incidence of early lliD, that there was the most intimome
dial thickening (Fig. 1). Although it was present in the earliest months, the 
difference became marked in the Ashkenazi males as age progressed, as 
graphed for 3- to 12-month-old infants and> 1- to !~year-old boys. 

Endocardial fibroelastosis is the condition reported most often in the 
cases tabulated: the localized or patchy forms are more frequent in the 
younger group (Table 2) and the diffuse thick form is more frequent in the 
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MEAN VALUES OF MEASUREMENTS 
OF INTIMA AND MUSCULO-ELASTIC LAYER IN 
CORONARY ARTERIES IN THREE ETHNIC GROUPS • 
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•---. BEOOUI NS . .......... . 

"Adapted from Neufeld end Vlodever, 1971; from Seelig, 1980. 
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older infants (Table 4). These lesions are included because they have been 
attributed to hypoxia and to ischemia (Craig. 1949; Johnson, 1952; Hotley, 
1955; FJliott and Elliott, 1973). Gross (1941) noted the limilarity of the 
myocardial lesions w ociat.ed with early EFE to that of adult bland MI. 
Elliott and Elliott (1973) remarked that endomyocardial scan of young 
infants are generally in areu most temote from the coronary blood supply 

I 
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and thus most vulnerable to hypoxia. Intimomedial thickening of the intra
myocardial coronaries, that might well be responsible for inadequate blood 
supply to the terminal arterioles, has been reported in EFE (Craig, 1949). 

It is provocative that many of the infants with luminal narrowing of 
the small coronaries, EFE or myocardial necrosis, whose antemortem histories 
had been reported. had had conduction or ECG abnormalities and not a few 
were reported to have died suddenly (Tables 5, 6). Tachycardia, atrial 
fibrillation. depressed or inverted T waves, prolonged P-R intervals, ST de
pression, and partial to complete heart block have all been reported. s001e 
even in utero (Blumberg and Lyon, 1952; Kelly and Andersen, 1956; 
Moller et al., 1964; Oppenheimer and Esterly, 1967). An infant born with 
A-V block died at two months of age with degeneration and calcification of 
the conducting tissue (Miller et al., 1972). Young infants with EFE were 
found to have involvement of the purkinjeal zone (Elliott and Elliott, 1973), 
a possible clue to the frequency of conduction abnormalities that have led 
to lUdden infant death (SID) associated with EFE. Degenerative changes have 
also been found to be frequent in portions of the A-V node and bundle of 
His in infants-both in those who had died of the SID syndrome (unknown 
cause) and in those with identified causes of death (Anderson et al., 1970). 
Similar lesions were found in a baby who developed normally until a con
duction defect suddenly appeared at 12~ months, leading to death a month 
later (Lev et al., 1967). SIDS is commonly thought to occur in infants who 
had been completely well; Naeye et al. (1976) have reported histories of 
symptoms in many resembling those listed on Tables 5 and 6. Kastor (1973) 
has proposed that the cause of many electrical disturbances of the heart is un
known, and that some-such as A-V block and the Wolff-Parkinson-White syn
drome-might be forms of congenital heart disease. He consideres fibrosis of 
the peripheral bundle branches to be probably "acquired"; the foregoing data 
111ggest that the acquisition can be very early in life. 

It has been 111ggested that fibrosis and elastic tissue changes, seen both 
in coronary arteries and endocardial lesions of infants and children with EFE 
might be Wnilarly caused (Esterly and Oppenheimer, 1967). Metabolic defects 
leading both to coronary lesions and to EFE have been considered plausible 
(Kelly and Andersen, 1956; Davies and Coles, 1960). Hypoxia and mechani
cal factors (Moller et al., 1964; Franciosi and Blanc, 1968), or predominantly 
outflow-obstruction (Bryan and Oppenheimer, 1969) have been implicated. 
Outflow-obstruction, commonly caused by great-vessel coarctation or 
valvular stenosis, has been considered part of the metabolic condition that 
increases susceptibili ty to hypervitaminosis D. It has been suggested that the 
specific malformauon mignt depend on the magnitude, time, and extent of 
overdosage or degree of susceptibility (Taussig, 1965,1966; beu;en et al., 1964, 
1966), but that all of the outflow-obstructions and possibly other cardi<>-
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·"'AN TILE ARTERIAL L ESIOHS AND THOSE CAUSED 8Y "puRE • MAGNESIUM DEFICIENCY 

oltfiMA 

MINTIMA 

ELASTICA 

V[OIA 

11.000 LIPIDS 

III'I'OCARDIAL 
UifARCTS 

fiFANTILE ARTERIOSCLEROSIS• EXPERIMENTAL MAGNESIUM DEFICIENCY 
(AT BIRTH, EARLY WEEKS;IoClNTHS) IRATS,OOGS,RUMINANTS) 

"CUSHIOHS"I•-- - - {~~~~:LASIA } - -- - --
F18R08LASTIC HYPERTROPHY CELLULAR PYKNOSIS 
PROLIFERATION 

MUCOPOLYSACCHARIDE DEPOSITION 

(

DEGENERATION } 
THINNING 

------ FRAGMENTATION -----
FATTY STREAKS REDUPLICATION 

CALCIFICATION 

. - _____ {~~~~:LASIA } ____ ~ 
NECROSIS 
CALCIFICATION 

------ INCREASED- ---- --
IOCCASI~L REPORT) 

•----- OCCASIONAL - ---- ---

•YPERTENSIOH (LATER IN flfANCY) RARE REPORT 
•uSUALLY CORON=""'A""'R""v'"",OfT=E::-:-N:-:I.,.,.IN'""OR=DER:=-cOF:::-F=:R::E:=QU::-:E::-N:=C:::YI::-::,OF::::-::K:::IDNEYS==-::,AOR=E::-NA;-:-L:-.S;-;, PAN:u' CREAS 
.. MORE COMMON IN MALES 
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vasallar abnonn.alities might be part of the same disease process (Beuren, 
1978 (personal communication]). 1hiJ concept susgests that at least 1001e 
or the major cardiac arterial momalies that had been excluded from the 
~uJationa (Seelig. 1980) fr<xn which the cited figure~ were derived might 
justifiably have been included-u possibly resulting from fetal malnutrition 
and hypoxia caused by maternal nutritional imbalances md placental damage. 

It il important to note, ~ considering the damqe caused by exoca 
vi~ D to heart and arteries (Seelig. 1969b). that vitamin D exocu cauaea 
mapesium Joss (review: ace Seelig. 1980; Seelig and Haddy, 1980), and that 
vi~ D exceu and dietary. magnesium deficiency have each been implicated 
6n hyperlipemia and hypertension (reviews: ·ace Linden, 1977; Seelig, 1980; 
Sceli& and Haddy, 1980; Haddy and Seelig, 1980). 

IS MAGNESIUM DEFICIENCY A FACfOR IN 
INF AN11LE CAJtDIOV ASCULAR DISEASE? 

The coronary and cardiac lelions of stillborn and very young infants 
memble those of experimental animals maintained on diets that are no~le. 
rfCc:fOminQntly; for magnesium deficiency (Seelig and Haddy, 1980); (Fig. 2). 
llut this may be more than a fortuitous finding is susgested by the evidence 
dat magnesium insufficiency is likely, both during gestatioo and infancy. 
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CHINA 
(11411 

CHANGES IN INTAKES Of MAGNESIUM 
AND Of' NUTRIENTS THAT 

INCREASE IIIIAGN£SIUII REQUIREMENTS 
(CALCIUM, '"OSPHORUS,VITAMIN D) • 

? 

IN YOUNII AMERICANS 

f'IIOM 1101-1171 

• 

;;; 

• • 

? • 

!:! • 

;:; ' .-. 

I 

i I 

CHU(IIE4j 1AL lt01-IU2 1132-1939 1147-1957 lti0-1167 1970-1175 

• SURVEY' (I I flii£N0,1167 ; (2) *LJ((R a MGE,It77 
••BALANCE STUOY : (I)IOGERT a TRAIL,II22 ; SCOULAR ET AL,It~H, (3) LEVERTON 

ET AL,Itl2 . 
•••sEELIG,II64 

t "'OIAILE INTAKE}(SEELIG,Itll) 
"MINIMAL INTAKE 

•from Seelig. 1980. 

fill. 3 

Sttlig 
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Vt.LE AND FEMALE DEATH RATES FROM HEART 
:>tSEASE IN CANADA IN 1926 AND 1961 IN THE AGE 

GROUP 45 TO 64 

600 
HEART PISEASE 
-ISCHEMIC 

SOO CJ RHEUMATIC 
111:8 OTHER 

g 
i400 

cz: 
~ 300 -
w ... 
: 200 
% ... 
c 
~ 100 

FROM t ANDERSON , ll9731 

ti. 4 

Decreased Magnesium Intake and Availability 

41 

Figure 3 depicts the contrast in dietary intakes by a prerevolution 
middle-class population in China (Chu et al., 1941) (as representative of the 
Orient, where the incidence of cardiovascular disease has long been accepted 
u lower than it is in the Occident) and those during this century in the 
United States (Bogert and Trail, 1922; Leverton et al., 1962; Friend, 1967; 
Scoular et al., 1957; Seelig, 1969b; Walker and Page, 1977). The graph 
dtpicts the decline in magnesium intakes and the steep rises in intakes of 
'ilamin D and phosphate, each of which increases magnesium requirements 
either by increasing its urinary excretion (vitamin D) or by interfering with 
its absotption (phosphate): the vitamin D from the mid 1920s on, and the 
phosphate (largely in soft drinks) from the 1940s on. It is thus important to 
note that both vitamin D and sodium phosphates have been used to produce 
or intensify experimental cardiomyopathy, and that magnesium (often with 
potassium and chloride) has been protective (Selye, 1958; Lehr and 
KrukowU:i, 1963; Lehr, 1965; Sos, 1965; Seelig, 1972; Seelig and Heggtveit, 
1974; Seelig and Haddy, 1980). 
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•FLIE!!CE OF so 011 Mo\G![S ..... IALAJICE All) 011 1'£ I!CEJtT ME OF .,. AKE 
EXCIETED AT DFRIIEIIT .TAKES OF IIMG!!UIUM 

.TAKE • 
~IIETK*~O~~~~~~~~._~~ .. ~~~~~~ ...... .....,, 

·20 

~~~~~--------~--------~--------~--------._--------~ 

SO£MATIC AEPRESENTATICWS OF ELECTROCARDIOGRAMS 
~ loalERATE AND SEVERE HYPOMAGNESEMIA 

OOMPARED TO Tt«::SE CAUSED BY HYPER· AND HYPOI<ALEMIA AND CALC£MIA 

I FIQ4 SEELIG, 19691 

A I 

~~·-~-
lilw•..o 

MOOERATE:L 'f SEVEIIE MAGNESIUM DEFICIENCY 
MVOCAROill. U•t; te.c./lc. k ,, ...... c. 

S£V£11E MAGNESIUM OEPLETIOfi 
MYOCARDIAL t ,..,k 

............ Co,k 
Itt p~aamo k I 

~-=·~· 
o•iiiDDIID ... ~-· 

~ -..-s --.r-
H'fERKALEMIA 11\'PERCALUMIA H'fPOICALEMIA H'I'POCALCEMIA 

Sudden Duth from IHD 

It is possible that the combination of declining intakes o,f magnesium 
with alwp increases in vitamin D and phosphate intakes miaht have contri
buted to the llwp riJe in incidence of nm in men from 1926 to 1961 (Fig. 
4; Anderson, 1973). The difference in retention of magnesium by young men 
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IISJ women on marginal intakes of magnesium (Fig. 5) first suggested to the 
.. thor that a common denominator between the lower incidence of IHD in 
J~& women than young men, and in the Orient than in induatrlalized 
'<Aifttrics, might be the magnesium retained or ingested (Seelig, 1964). The 
..-brity of abnormal ECGs of infants to those of magnesium deficiency 

4J 

(Tra. 6; Seelig. 1969a; Burch and Giles, 1971) and the limilarity of arterial 
l.maae caused by magnesium deficiency to that reported in arteries supplying 
., conduction system of infants, many of whom died suddenly (supnz vide), 
a further inferential evidence that magnesium deficiency should be colllidcred . 
• wdden death. 

Superimposing ranges of magnesium intakes during pregnancy on a graph 
ckpicting the average calcium intake and the probable range of vitamin D 
aualtes (Fig. 7; Seelig. 1978, 1980). shows that magnesium needs of pregnant 
•vmen, and thua of their unborn babies, are unlikely to be met by the typi
ul American diet. The Food and Nutrition Board (1980) has recommended 
dlat pregnant and lactating women ingest 450 mg of magnesium a day, an 
~mount not even approaclled in the most recent surveys of the dietary intakes 
ol midwestern American women (Ashe et al., 1979; Johnson and Philipps, 1980). 
llummcl et al. (1936, 1937) published long-term balance studies of two pregnant 
wmen that suggest that the optimum intake during pregnancy miaht be even 
hi&Jler than 450 mgjday. Although we cannot draw general concluaions from 
C\'Cn long-term studies of only two subjects, it is noteworthy that the mother of 
three vecy healthy children coosistently consumed a diet that provided about 
600 mg of magnesium daily during her fourth pregnancy, wbereu a teenqed 
primipara with a poor nutritiooal histocy, whose magnesium intake approached 
that recorDJDendcd, retained only half u much magnesium u did the multi
para (Table 7). The compilation of published data (Fia- 8; Coons et al., 1935) 
confinna the much greater retention of magnesium by pregnant women on 
IU&Jler than on lower intakes. 

Effect of Gatatioaal M..,..mm DefideDcy oa IDcidence of Eclampsia 
aacl a1 Placenta IDd Fetus 

Two groups of investigators studied the increase in magnesium present 
in human fetuses as they grew and matured (Table 8; Coons et al., 1935; 
Widdowsoo and Dickerson. 1962). The amount of magnesium acquired by 
the fetus increases markedly towards the end. of gestation. On the other hand, 
pregnant rats kept on a magnesium-poor diet retained their own tissue mag-



44 See/if 

MAGNESIUM INTAKES DURING PREGNANCY AND CHANGING A VEitAGE INTAKES 
OP MAGNESIUM, CALCIUM, VITAMIN D DURING 11lE lOCh CENTVJlY 

(DeriYecl from Priead, 1967; Seel.ia. 1969, 1971; Joluuoll A Pb.illipa, 1976; Albe et 11, 1979) 
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Table 7. Magnesium Retentions During Last Months of Pregnancy 

Al'erqe Dtlily lniJIU .,d Retention 

Helllthy {}lllldriptUtl• 18 Ye-Old Primipill'tl•• 
(With Succe11{ul /'ref'lmiC/et) (Poor NutritiONII History) 

/tltlllce In IJIU 
(mt Mr/dq) Retention {rrtt M1/dq) Retention 

>7-8 

>8-9 

>~9 Total retention 

• From Hummel et aL, 1936 • 
.. from Hummel et aL, 1937. 

614 

S90 

61S 

+128 

+ 85 

+104 

9.6 grams 

403 

392 

37S 

COMI'IlATIOII Of PUILISH£0 DATA 011 THE IIUtiiTIOII Of MAGIIESIUII DURING 
HUIMII PllfGIIAIICY SHOWIIIG IIELATIOII Of STORAGE TO .TAKE 

+ 58 

+102 

+ 2S 

4.2 gruns 

0 .)0 r--r---...... -...--"T'""-"'T""_""T'"_'""T"_""'T_---r ....... --r-., 
0 COOIIS-IILUIIT Oorc.,. Q 9)01 ,. • J A HOFFSTIIOM f ...... Q91il • • • • 0 .20 6 A 

• 9 LAIIOSL.IIG c.._,. Q 9141 

J • TovtiiUO......, Cl9Jll 
0 COOIIS Otw.- Q9)SI 

0.10 r 

1. 0 

I 0 
~·0. 10 

A 

A ..0.20 
0 .18 0 . 24 0.)0 0 .)6 

DAILY IIAGIIESIUU .TAKE 1t1 GIIAUS 

,_ Coona, C.U., Old"'- Atrtc. lo Ellllt'l s-.. 11 .. 223, 1935. 

"•. 

• 
• 
• v 

0.42 0. 48 

~at5ium fairly well, whereas the amount of magnesium acquired by their 
(ctuses was less than one-fifteenth that of controls (Table 9; Dancis et al., 
1971). The magnesium-deficient pregnant rats and their fetuses were com
par;ably hypomagnesemic. 

Women with toxemic pregnancies retain high percentages of therapeutic 
parenteral doses of magnesium (Pritchard, 19SS; Kontopoulos et al., 1980) 
~nd require large amounts to maintain pharmacologic levels of plasma magnes
a~m (Fig. 9) (Pritchard, 19SS; Hall, 1957; Flowers et al., 1962; Hutchinson et 
al., 1963; Harbert et al, 1968). These observations, and low pretreatment 
~~rrum magnesium levels, have been interpreted as possibly pointing toward 
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Table 8. Increase in Total Body Magnesium with Fetal Growth 

"W of Mt/kl Tottll "W of 
•Body {Dry F•t- M1 Ill Fenu; •• ..t,e: ittiU, 
wa,ht 1m Felli; /Jcby (Dry, /Mby 

{Cnnu) btf•t) F1t-F'r«) {Lww M011th1) 

11.1 .09 0.9 (#) 
17S .14 24 3 (7) 

400 .1S 60 4 (3) 
737 .21 16S 7 (6) 

1500 .21 320 8 (8) 
2500 .23 sao 9 (7) 

3500 .22 760 10 (10) 

•From Wicld01r10n and Spray, 19S 1; Coou et al., 1935. 
••Ftom W"Jd4o'W10n and Ditbnon, 1962. 

A~r•MI 
fml) A~MI 

Coli tent Ill Upuke 
Fenu, &lby {mJ/Dq) 

lS 0.5 
SB 1.5 

173 2.6 
306 4.7 
S12 7.4 
703 9.0 

Tlble 9. Magnesium Levels in Maternal and Fetal Tissues 
(From Magnesium Deficient and Control Rats)• 

Matcmal pJuma 
Maternal boDe 
Maternal mlllcle 

Fetalplalma 
Fetus 

•From DallciJ et al., 1971. 

(mEq/L or k1 ± SE) 

Mqrur#Jlm Deficient 

0.33 ± 0.03 
176.0 ±12.1 
24 ± o.s 

0.31 ± 0,02 
8.9 ± 0.22 

1.6 ±0.04 
213 ±0.8 
23 ±0.8 

2.4 ±0.07 
142 ±0.39 

magnesium deficiency u a factor in preeclampsia and eclampsia (Flowers et 
al., 1965; McGanity, 1965; Lim et al., 1969; Muller, 1968; Muller et al., 1974; 
Hurley, 1971; Seelig and Bunce, 1972; Kontopoulos et al., 1980; Seelig, 1980; 
Weaver, 1980). The low levels of magnesium and high levels of calcium in 
placentu from women who had toxemic pregnancies or borne twins (Table 
10; Charbon and Hoebtra, 1962) parallels that seen in placentu of 
magnesium-deficient rats (Dancis et al., 1971). Is the fact that both toxemic 
women and magnesium deficient rats have young that are SGA another indica
tion of IUGR in magnesium-poor mothers? Johnson and Phillips (1980) 
reported a direct correlation between low magnesium intakes by the pregnant 

: Wisconsin women surveyed, and low-birth-weight infants. Abnormalities dur
ing pregnancy were not reported. 

It is possible that hypervitaminosis D during gestation might be con
tributory to abnormal placentas, as well as to the congenital heart disease 
cited earlier. Scarred, small, calcified placentu were produced in rats given 
excess vitamin D during pregnancy (Potvliege, 1962; Omoy et al., 1968). 
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Table 10. Calcium and Magnesium Content of Placentas 
(Tabulated by Charbon and Hoekstra, 1962)• 

Wapeaum <ma ~) 
Calcium (1111 ~) 

•From MildleJ. 1957. 

1.87 
86.4 

6.94 
124.6 

6.49 
942 

47 

4.30 
134.6 



Seelig 

Supravalvular aortic stenosis and EFE were produced in rabbits born to dams 
overd0$Cd with vitamin D during gestation (Coleman, 1965; Friedman and 
Roberts, 1966). IUGR is a product of scarred placentas (Warkany et al ., 
1961; Scott and Usher, 1966; Wigglesworth, 1966), and there is a greater 
likelihood of its occurring in immature primiparas, mothers who have had 
previous SGA-infants or who have had six or more pregnancies. It is ass<>
ciated with a 16-fold increase of incidence of congenital heart disease (Scott 
and Usher, 1966). Required is investigation of the magnesium and vitamin D 
status of mothers suffering from toxemic pregnancy, who have had histories 
of abnormalities during pregnancy, or have had stillbirths, SGA-infants, or 
children with congenital heart disease. 

Better insight into the magnesium status of pregnant and postpartum 
mothers and infants is likely to be obtained by determination of percentage
retention of a parenteral1oad of magnesium than by determining serum 
magnesium levels (Harris and WUkinson, 1971; Caddell, 1975; Byrne and 
Caddell, 1975; Caddell et al., 1975a, b), assuming essentially normal renal 
handling of magnesium (Freeman and Peanon, 1966). It may now be diffi
cult to ascertain whether relative or absolute vitamin D excess during human 
gestation affects the health of the mother, the placenta, or the infant, because 
vitamin D supplementation is normally unavoidable. 1his is particularly 
true in the United States and Canada, where milk, breakfast foods, and pre
natal vitamins each usually provide all or some of the 400 I.U. of vitamin D 
recommended as both the recommended daily allowance and the maximal 
permitted amount (Committee on Nutrition, 1963; Seelig, 1970), an inter
esting situation for a substance to which there is an enormous variation 
in response (Fanconi, 1956; Seelig, 1969b, 1970). During the 1930s, when 
vitamin D-supplementation gained in popularity, and when it was starting to 
be given (usually with calcium salts) to pregnant women, two studies were 
undertaken that indicated that such supplementation might not be uniformly 
safe. Brehm (1937) found extensive placental calcification in two groups of 
90 women each, who were given vitamin Dl (one with and one without cal
cium lactate) during pregnancy. Such placental calcification was not seen 
in the four other groups of 90 women each, who were given (1) only calcium 
lactate, (2) cod liver oil, (3) both, or (4) neither. 1his study was undertaken 
when the incidence of calcified placentas, fused sutures and decreased size of 
fontanels, and difficult labors, was found to have increased in incidence after 
the practice of vitamin D supplementation had been instituted in an obste~ 
cal clinic. Another group of investigators, also concerned about the possible 
effect of vitamin D supplementation during pregnancy on increased bone 
density, and on cranial suture closure of infants that might contribute to 
difficult labors, found that m several instances, in which women received 
vitamin Dl and calcium phosphate, maternal and cord blood levels of calcium 
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•trc at pathologically high levels (Fig. 10; Finola et al., 1937). Although the 
" ·nagc cord phosphorus levels were almost the same in the supplemented and 
nonsupplemented groups, a few infants born to supplemented mothers were 
hyperphosphatemic. Magnesium levels were not measured. 

Vitamin D DwiDa Infancy; Human Venus Cows' Milk 

Another common change during most of this century was the shift 
from breast- to bot~feeding. Cows' milk has a much higher P/Mg ratio 
chat does human mille 7.5/1 versus 1.9/1 (Cockburn et al., 1973) . . Thus, it 
• not surprising that hyperphosphatemia is more prevalent in fonnula-fed than 
e breast-fed infants, with and without vitamin D supplements (Figs. 11, 12; 
P.ncus et al., 1954). The same investigators also measured the serum calcium 
Intis of the same groups of infants, and reported an unexpected fmding : 
nong the fonnula-fed infants, despite the higher concentrations of calcium 
• cows' than in human milk, the serum calcium levels C'!' several infants were 
~r than in any of the breast-fed infants (Fig. 12). The lowest calcium 
c-rcls were in several infants given the larger amount of vitamin D. Adapting 

I 



JO Seelil 

SERUM PHOSPHORUS LEVELS IN INFANTS FED BREAST MILK OR COWS' MILK 
WITHOUT AND WITH VITAMIN 0 SUPPLEMENTS 

11.0 
10.5 
10.0 
t .5 
to 

i ·~ 
~ eo 
.... 7.5 . 

7.0 I .. 
:> ·~ ! &.0 

f 5~ .. &.0 0 

" 4.5 .. 
4.0 

u 
JO 
1.5 

Jlla.ll 

11.5 

11.0 
i 105 
~ 10.0 .... 
r t5 

i tO 
::> t5 u ..... 1.0 c 
u 7.5 
:a 7.0 ::> 
0: &.5 
"' .. •.o 

5.5 
5.0 
4 .5 

Jlla.ll 

IAOA~TtD ,_ ~lOCUS (T Al,lt54 I 

INI'ANTS rrc -AST MI~K INfANT FtO COW$ MI~K fOIIMU~A 

VITAMIN 1! VITAMIN D VITAMIN D VI TAMIN D VI TAMI N 0 
e.oo.us~ 111 toO,USJ! IN 

0 Amous D IN MI~K AQU[OU$ 
400 -TSIQUMT lUll' ~::.a 

01 ..._TIVIT 
!Of IUSI'lNSION 

IIIUI.TIIIIT-

DAY I DAY 5 DAY I DAY I DAY I DAY I 

' 

: • L 

.::~t . . . • .• i : 
5 74 _1_~ ~to _Jif£AH . 

515 T AN .... :: : lit: AN ~ 

5.2&-=- + . ..... , 

DAY I OAY I 

-
.L 
-;: . 

.k"!-'¥ 
l - i ... : 

T 
~: .. • . 
~ 

DAY I DAT I 

i 

'"-i--... . 
~ 

• .:. ... 
~fit(. A~ 

'1 

11 .0 
10.5 
100 

t.S 
tO 
as 
ao 
7.11 

70 
&.$ 

10 

55 
5 .0 

4 .5 

40 

1 .5 
1.0 
Z.5 

. SERUM CALCIUM LEVELS IN INFANTS FED BREAST MILK AND COWS' MILK 
WITHOUT AND WITH VITAMIN 0 SUPPLEMENTS 

I ADAPT[D f- ,.NCUS £T AI., It 54 ) 

INfANT$ FtD IIIEAST 111~1( INfANTS fED COWS MILK fOAMU~A 
VITAMIN D VITAMIN D VITAM IN D VITAMIN D VITAMIN D 

60fd~l~s1N 600,USP IN 
0 0 IN MI~K· AOUEOUS 

or ~~~m~~::. .. ! 400 UNITS/OUART SUSPENSION 
Of MU~TIVITAM INS 

DAY I DAY 5 DAY I DAY 5 OAY I DAY 5 DAY I DAY 5 DAY I DAY 5 . . .. 
-

:t9 •• I .:. : 
; y - . - . 

: 9 05! • 92 J ... II[ AN .:iJt~ -~ ~91 1 • MEA.~~..:...- TEAN =-'- ~MEAN •$-
.... 96 I '*' 9 ,14 .. 

WEAN y .. u ... ':' ... ANt -i 1 .61-±- .. 
l 

l .li'*' £ 
. : II[AN:~ . 

! WEAN ., • . . 
: 

. 

. 

11 5 

11 0 

10 5 

10 0 

t5 

t.O ., 
10 
7.5 

70 

6 .5 

1 .0 
u 
50 
45 



l.vly Nutritional Roou 

• 

. .., ... ,., .. ., .... 
• c .,...111h•.,. • f••'• \ 

~ I 
10.......-~--~-

I I ... '"'', 

,. , . 
• 

II 

.;o>~~o"S' milk fonnula to resemble human milk more closely has partially 

.;orrected these abnormalities (Opp«! and Redstone, 1968). 
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Hypocalcemic irritability, like infantile and premature adult cardi~ 
'&ieular diseases, has become more prevalent during this century. Only in the 
put 10 to 15 yean ha$ the dependence of plasma calcium levels in' infancy 
.-t lhe magnesium status been accepted. The composite figure 13 (Cockburn 
tl al., 1973) clearly depicts the lesser predilection of bottle-fed infants to 
.:unvulsions, and the simultaneously low plasma magnesium and calcium and 
tu~ ph~phorus in the convulsing (bottle-fed) infants. The better response of 
tl)·pocalcemic convulsions to magnesium than to calcium or barbiturate is 
drpicted in Table 11. (Turner et al., 1977). 

Infants that are particularly susceptible to falling magnesium levels after 
birlh are those that suffer from IUGR (Tsang and Oh, .1970; Tsang, 1972) 
and infants of diabetic mothers (Tsang et al., 1972; Tsang and Brown, 1971). 
~abctics are subject to magnesium deficiency (Martin, 1969).· The nature 
o>( feeding these latter infants was not designated, but the mothers being 
American, fonnula was probably used. 

DISCUSSION 

The practice of medicine has changed substantially during the past 40 
)Urs, not only because of new diagnostic and therapeutic developments, but 
because new diseases have emerged or increased in incidence. In a commentaJy 
on lhe change in pediatric practice from the 1930s to the 1950s, Hutchison 



Table 11. P~ and Post-Treatment Pla5ma Magnesium, Cal.cium and Phosphorus in Response to Treatment of 
Neonatal Tetany • 

Results of Treatment with Magnesium, Calcium, or Phenobarbitone (Mean ± SD) 

fW. Tretlhnent POit·Trutmmt 

Plasma mapesium 1.18 ±0.3-4 1.7S ±0.41 
(mEq/L) 

Pluma calcium 6.16 ±0.64 8.19 ±0.97 
(ma/lOOml) 

Pluma phosphorua 9.7 ± l.OS 9.02 :t 1.42 
(ma/100 ml) 

Number of seizures 1.86 ± 0.9 (After 8 
started) 
3.24 ±4.23 

Number of d011e1 2.31 :t o.s 
required for cure 

•Adapted from Turner, Cockburn and Forfar, 1977. 

c.Jcblm 'nrerapy (34) 

Pn-Tretltmmt Po1t-Tret1tment 

1.21 ± 0,18 1.27 ±0.22 

S.80 ±0.72 7.24 :t 1.12 

9.94 ± 1.04 8.94 :t 1.26 

1.72 :t 0.9 (After 8 
started) 
8.36 :t 10.2 

IS.63 :t S.9 

&rbitrmlte 'nrerapy (33) 

1.17±0.22 

6.11 ±0.66 

9.71±1.32 

1.67 :t0.8 

1.28 ±0.21 

7.0S :t 1.06 

8.S3 ± 1.13 

(After 8 
started) 
8.93 :t 9.4 

12.48 :t S.8 
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(1955) noted new renal and pancreatic diseases and considered the possibility 
that measures taken to abolish rickets might have resulted not only in infan
tile hypercalcemia (then prevalent in Great Britain-see Seelig, 1969b), but in 
new organic diseases. A variety of pediatric cardiovascular abnormalities has 
also been increasingly reported during the same era, and has persisted to the 
present. Direct and inferential evidence has been presented that the changed 
nutritional patterns since the 1930s might be to blame for a variety of cardi~ 
vascular and related or associated abnormalities that might be acquired during 
aestation and intensified during infancy, or that emerge during infancy or 
later life. Physicians who care for adults with lliD, atherosclerosis, hyper
lipemia and hypertension, and epidemiologists and geneticists seeking explana
tions for the increased incidence of these disorders are increasingly looking to 
the infant years for clues as to origins and means of prevention of what has 
become a major epidemic. 

Stress, in this paper, has been on magnesium deficiency-absolute and 
induced by dietary and other factors-as an important factor in sudden, un
expected cardiac death (during infancy, childhood, and early adult life
especially in men), and in chronic cardiovascular diseases. It is possible that 
the damage caused by vitamin D excess intensifies that produced by dietary 
magnesium deficiency, and that the primary lesion might be the cardiovascular 
necrosis and subsequent fibrosis, that can be produced experimentally by 
magnesium deficiency alone. Excess vitamin D increases blood pressu.re, the 
calcific process, and arterial fatty inft.ltration. Excess dietary fat further 
increases the tendency towards atheroma formation. The similarity of 
wme of the cardiac and other defects and growth and mental retardation 
associated with the fetal alcohol syndrome (Hanson et al., 1976), and with 
the use of lithium (Weinstein and Goldf1eld, 1975) or of anticonvulsants 
(Speidel and Mcadow, 1972; Anderson, 1976) to those seen with vitamin D 
excess suggests that each of these agents might cause the damage by means 
of a common mechanism. Anticonvulsants interfere with vitamin D 
metabolism (Christiansen et al., 1975), and cause hypomagnesemia 
(Christiansen et al. , 1974). Alcoholism has long been known to cause mag
nesium depletion (Flinlc ct al., 1954; Flin1c, 1980). lithium alters magnesium 
metabolism. a subject discussed by Birch (1981) (in this symposium) as 
possibly related to the fetal cardiovascular damage in infants born to mothers 
receiving lithium during pregnancy. Thus, there is at least circumstantial 
evidence that several pharmacologic agents that adversely affect magnesium 
retention or metabolism can cause cardiac and related congenital diseases. 

There is much still to be done before we understand the complete 
picture of nutritional factors involved in the pathogenesis of cardiovascular 
diseases. We hope that as investigations progress, nutritional intervention can 
be modified and new steps taken, so as to prevent some of the diseases that 
luve reached epidemic proportions during the past 40 years. 
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