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Chronic primary Mg deficiency is frequent. About 20% of the population consumes less than two-thirds of the
RDA for Mg. Women, particularly, have low intakes. For example, in France, 23% of women and 18% of men have
inadequate intakes. Mg deficiency during pregnancy can induce maternal, fetal, and pediatric consequences that might
last throughout life. Studies of gestational Mg deficiency in animals show that Mg deficiency may have marked effects
on parturition and postuterine involution. It has interfered with fetal growth and development, and caused morbidity
from hematological effects and disturbances in temperature regulation, to teratogenic effects. Emphasis, here, is on
effects of chronic clinical gestational Mg deficiency as it affects the infant. Premature labor, contributed to by uterine
hyperexcitability caused by chronic maternal Mg deficiency, that can be intensified by stress, gives rise to preterm
birth. If the only cause of uterine overactivity is Mg deficiency, its supplementation constitutes nontoxic tocolytic
treatment, as an adjuvant treatment, that is devoid of toxicity and enhances efficacy and safety of tocolytic drugs such
as beta-2 mimetics. Evidence is considered that Mg deficiency or Mg depletion can contribute to the Sudden Infant
Death Syndrome (SIDS). SIDS may be a fetal consequence of maternal Mg deficiency through impaired control of
Brown Adipose Tissue (BAT) thermoregulation mechanisms leading to a modified temperature set point. SIDS can
result from dysthermias: hypo- or hyperthermic forms. Possibly, simple nutritional Mg supplements might be
preventive. Various stresses in an infant can transform simple Mg deficiency into Mg depletion. For example, lying
prone can be stressful for the baby, as can parental smoking. The role of chronopathological stress appears to be often
neglected, as it constitutes a clinical form of primary hypofunction of the biological clock [with its anatomical and
clinical stigma such as reduced production of melatonin (MT) and of its urinary metabolite: 6 Sulfatoxy-Melatonin
(6 SMT)]. SIDS might be linked to impaired maturation of both the photoneuroendocrine system and BAT.
Prophylaxis of this form of SIDS should include atoxic nutritional Mg therapy for pregnant women with total light
deprivation at night for the infant. Consequences of maternal primary Mg deficiency have been inadequately studied.
To determine ultimate outcomes of gestational Mg deficiency in infants, a long-term multicenter placebo-controlled
prospective study should undertaken on effects of maternal nutritional Mg supplementation on lethality/morbidity in
fetus, neonates, infants, children and adults, not only during pregnancy and the baby’s first year, but throughout life.

Key teaching points:

Gestational Mg deficiency contributes uterine hyperactivity that can cause preterm birth.

It can cause fetal abnormalities that can result in infantile complications that can cause morbidity that persists throughout life or
death in infancy.

One of the calamities to which Mg deficiencies can contribute is SIDS—in which gestational Mg deficiency is a factor.

Intensifying risk of SIDS is infantile Mg deficiency that is worsened by environmental stresses, such as being placed in a prone
position, and exposure to parental smoking.

Subnormal function of the biological clock with resultant reduced melatonin production has been linked to impaired maturation of
the photendocrine system and of brown adipose tissue (BAT).

There is need for a multi-center long-term study to determine the effect of gestational Mg inadequacy on fetal, infant, childhood
and adult health of those born to mothers whose intake of Mg is not optimal during pregnancy.
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INTRODUCTION

Chronic magnesium (Mg) deficiency in human beings is
common. Dietary Mg intakes lower than the recommended
dietary allowances (RDAs) is prevalent in a large proportion of
the population in all the continents. Nutritional adequacy of Mg
is based on major traditional indicators, mainly balance studies.
American RDAs are 420 mg/day for adult men and 320 mg/day
for adult women [2]. The expression of RDAs for Mg in terms
of the daily Mg intake for each age and sex group correspond
to 22 items [2]. Whereas calcium (Ca) kinetics essentially
depend on age, the best expression of RDA for Ca is related to
various life stage groups [1,2], but Mg kinetics rely on body
weight independently of age and sex [1,2]. [1] For example
23% of women of the SUVIMAX cohort consumed less than
two thirds of the RDA for Mg [2]. The best expression of RDA
for Mg is the daily value per kg body weight [1,3—7]. Marginal
or moderate chronic primary Mg deficiency frequently occurs
in fertile women.

EXPERIMENTAL AND CLINICAL
CONSEQUENCES OF GESTATIONAL
MAGNESIUM DEFICIENCY

Well-documented experimental rat studies, of gestational
Mg deficiency during pregnancy, show that Mg deficiency has
marked effects on the processes of parturition and post-uterine
involution and on fetal growth and development, including
teratogenic effects or morbidity (i.e. hematological disorders
and disturbances in thermoregulation) [8—14]. The conse-
quences of clinical maternal primary Mg deficiency have been
insufficiently investigated. Gestational Mg deficiency can in-
duce maternal, fetal, neonatal and pediatric consequences that
can be life-long. To determine the importance of maternal
primary chronic Mg deficiency, a long term multicenter pla-
cebo controlled study on effects of maternal oral Mg supple-
mentation on morbidity and lethality in fetus, neonates, infants,
children and adults should be carried out, not only during
pregnancy and during the first year, but throughout life. Such
an intervention trial may be the only means to assess the
clinical consequences of gestational chronic Mg deficiency
[1,5,7,15].

Stressed here are two sequelae of chronic gestational Mg
deficiency:

e Premature labor or spontaneous abortion when chronic
maternal Mg deficiency is involved in uterine hyperexcit-
ability [16], and

* Sudden Infant Death Syndrome (SIDS), caused either by
simple Mg deficiency or by degrees of Mg depletion.
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PRETERM BIRTH AND MAGNESIUM

Premature delivery is the major cause of perinatal morbidity
and mortality in the developed world. The aim of tocolysis is to
prolong pregnancy. Long-term tocolysis (over 48 hours) is no
longer common, since it has not proven to improve perinatal or
neonatal outcomes, and can increase maternal and fetal adverse
effects. Short-term tocolysis enables the obstetrician and neo-
natalogist to optimize management of prematurity, by admin-
istration of antepartum corticoids, which reduces hyaline mem-
brane disease and permits timely transfer to a center with
neonatal intensive care facilities [16-24].

Beta-2 mimetics are the principal agents used for myome-
trial relaxation [17]; they are the reference tocolytic drugs in
most countries [20]. There is good evidence that beta-2 mimet-
ics prolong pregnancy, but there is no proof of their beneficial
effects on perinatal or neonatal outcomes, and they are associ-
ated with a high level of maternal, fetal and neonatal side-
effects which may be more or less severe [16-23,25-35].
Besides rare sudden maternal death and pulmonary edema,
other side-effects are frequent. They involve the cardiovascular
apparatus: chest pain, dyspnea, cardiac arrhythmias, palpita-
tions, tachycardia, hypotension, as well as headache, nasal
stuffiness, nausea, vomiting, tremor, dizziness, hyperglycemia,
hypokalemia and hypomagnesemia, and metabolic imbal-
ance—side-effects that may necessitate discontinuation of
treatment. Two mechanisms may be involved in these side-
effects: beta-1 receptor stimulation and excessive doses of
beta-2 mimetics (for example lipolytic effects causing hypo-
magnesemia) [16]. Because of high incidence of their side-
effects, use of high dosage beta-2 mimetics for suppression of
premature labor has been either stopped or limited to short
therapy (48 hours) with the lowest possible doses (inducing
heart rate <120) [16].

TOCOLYTIC MAGNESIUM THERAPY,
BY NUTRITIONAL MEANS AND
PHARMACOLOGICALLY [16]

Nutritional Magnesium Therapy for Tocolysis

Premature births and repeated miscarriages have been ob-
served during experimental Mg deficiency. Chronic primary
Mg deficiency is very frequent, particularly during gestation
because of sub-optimal dietary Mg intake [1,16]. When gesta-
tional Mg deficiency is involved in uterine overactivity, nutri-
tional Mg supplementation constitutes atoxic tocolytic treat-
ment: it is devoid of toxicity since it restores a physiological
Mg balance [16]. It significantly reduces spontaneous abortion
incidence, prolongs gestation and favors a better outcome for
the newborn (weight, height, head circumference). Adequate
maternal Mg intake improves neonatal development [16,36].
Mg supplements are intended to correct Mg deficiency.

695S



Gestational Mg Deficiency

To identify pregnant women with gestational Mg defi-
ciency, the most appropriate way is to evaluate their Mg intake.
If the dietary history is not easily available, existence of other
clinical manifestations of Mg deficiency, such as neuromuscu-
lar hyperexcitability, should be investigated, Chvosteck sign,
particularly (which correlates with magnesium intake, but not
with serum Mg), click, iterative EMG tracings, and/or <<idio-
pathic>=> mitral valve prolapse. But the dynamic oral physio-
logical Mg load test (5 mg/kg/day) constitutes the best evidence
of Mg deficiency [1,15,16].

Nutritional Mg therapy is useful for tocolysis; it is devoid of
toxicity, and increases efficacy and safety of tocolytic drugs such
as beta-2 mimetics. Their efficiency and tolerance are consider-
ably improved by physiological oral Mg supplementation both for
the mother (neural, pulmonary and cardiovascular protection) and
for the fetus (normal birthweight instead of underdevelopment).
The dose of the beta-2 adrenergic receptor agonists used for
tocolysis may be reduced by the synergic myorelaxant effects of
beta-2 mimetics and of Mg on the myometrium [16,25,36,38—40].

L. Spitling recommends oral atoxic Mg supplementation
with 2 or 3 single doses of 5 mMol Mg per day, for all
pregnancies. A randomized placebo-controlled double-blind
crossover study has indicated that this Mg supplementation is
efficient and well tolerated [36,37].

Pharmacological Magnesium Therapy for Tocolysis

Pharmacologic tocolytic Mg therapy (most often high dos-
age intravenous infusions of MgSO,) are useful, regardless of
the Mg status. The usual route is parenteral [28—-33], but large
doses have occasionally been given orally [41,42]. High dosage
intravenous MgSO, is the most commonly used first line to-
colytic agent among obstetricians in the United States [20,43].
Despite lack of clear tocolytic effects, high dose intravenous
MgSO, therapy is one of the most popular tocolytics in North
America [18,21], but they may induce side effects. The mech-
anism by which pharmacological Mg therapy achieves tocoly-
sis is inhibition of myometrial activity due to modulation of Ca
uptake, binding and distribution in smooth muscle cells. But
intravenous MgSO, lacks specificity with regard to its relaxing
action on uterine muscle. For example, it is able to induce not
only myometrial relaxation but also vasodilator effects
[15,16,23,25,44,45]. Furthermore, intravenous MgSO, for to-
colysis has not been evaluated rigorously, and because several
randomized trials did not produce evidence of tocolytic effi-
cacy, intravenous MgSO, tocolysis has been considered of
dubious value and safety, and not recommended as a tocolytic
agent for women in preterm labor [16,18-20,45,66].

Maternal Side-Effects

Several maternal side-effects are frequent and most often of
mild importance. Flushing, sweating, a sensation of warmth,
weakness, headache, palpitations, chest pain, shortness of
breath, and nausea and vomiting may be related to dosage and
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speed of infusion. Risk of pulmonary edema is rare, and is
increased by concomitant corticotherapy. Administration of
very high dosage Mg can lead to depression, hypothermia,
respiratory and cardiac arrest. Long term MgSO,, tocolysis may
induce local adverse events (such as injection site pain, itching,
erythema, swelling, induration and palpable venous cord), def-
icits in information processing ability, increased rate of cho-
rioamnionitis and osteoporosis [5,15,16,23,25,44-51].

Fetal and Pediatric Side-Effects

Mg crosses the placental barrier. Since the fetal kidney does
not excrete Mg as efficiently as does the mature kidney, ma-
ternal treatment with high intravenous doses of MgSO, (for
tocolysis) exposes the newborn to hypermagnesemia that is
correlated with the amount and duration of the pharmacologic
amounts of Mg. Neonatal hypermagnesemia can lead to hy-
poreflexia, poor suckling and, rarely, respiratory depression.
Neonatal Mg overload can affect intracardial and peripheral
circulation, the APGAR score, Ca metabolism and induce
meconial discharge. Other forms of neonatal Mg overload with
normal magnesemia may be demonstrable by myoelectric trac-
ings that reveal inhibition of neuromuscular transmissions,
which rule out use of medication that may enhance such latent
curariform effects [5,15,16,45,52-54]. However, several retro-
spective observational studies associate maternal tocolytic high
intravenous MgSO, treatment and a reduction in cerebral palsy
in low birthweight infants. In order to ascertain whether ante-
natal exposure to maternal pharmacological magnesium sup-
plementation has neuroprotective effects on premature infants,
several prospective trials were conducted [55-58]. There was
profound disappointment when a scheduled interim data safety
analysis of the American trial MAGNET disclosed a strong
association between maternal MgSO, treatment and total (fe-
tal + neonatal + post neonatal) pediatric mortalities. Contrary
to the original hypotheses, the data have shown that maternal
pharmacological Mg exposure was not associated with a lower
risk of cerebral palsy but a statistically significant increase in
the risk of neonatal intraventricular hemorrhage as well as total
adverse pediatric outcomes [19,59,60]. But other research has
shown that prenatal exposure to intravenous MgSO, was not
associated with increased neonatal morbidity or mortality [51].

Differences between the effects of antenatal pharmacolog-
ical maternal therapy might be due to the dosage of MgSO,
since in an animal model fetal mortality was dose related [61].
However, the nature of the anion should be considered. Phar-
macologic doses of Mg salts may induce toxicity which differs
according to the anion of the salt. MgSO, seems to be the worst
Mg salt toxicologically and pharmacologically. Strangely
enough, in all these important trials it was the only salt that was
routinely used, although nowhere can be found justification for
that choice. It seems, therefore, necessary to determine the
therapeutic ratio (LD5S0/ED50) of the various available Mg
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salts before pharmacological use. The higher its value, the
greater the safety margin [16,44,59,62—65].

In summary, high dosage intravenous MgSO, for tocolysis
is inefficient and unsafe. Because of its maternal and pediatric
side-effects, pharmacological maternal magnesium therapy
should be forsaken for tocolysis. Anions other than sulfate
might have a better effect on health outcome in the neonate.
The therapeutic ratio of Mg salts should be determined before
high dose clinical use.

SUDDEN INFANT DEATH SYNDROME
(SIDS) AND MAGNESIUM

1. SIDS and Magnesium Deficiency

That Mg deficiency might participate in the pathogenesis of
SIDS was hypothesized for the first time in the seminal paper
published in 1972 by Caddell [66]. She highlighted the analogy
between anaphylactic shock from histamine release induced by
mild stress in a Mg deficient weanling rat and the final SIDS
event, concluding that SIDS could be due to Mg deficiency
shock [66]. In 1988, she reported the results of a retrospective
study in 200 premature neonates with apnea neonatorum. Of
these infants, no SIDS was observed in the Mg treated group
[67]. However, this hypothesis raises several methodological
problems:

e analogy does not mean causality;

e young infants do not present a pattern of Mg deficiency
before SIDS;

* no allergen was detected before the anaphylactoid shock
of SIDS;

e the study of 200 premature neonates was retrospective, not
blinded, and the criteria applied to the infants treated with
Mg are not known.

A superacute lethal anaphylactoid Mg deficiency shock is
inexplicable as a mechanism of SIDS [68-70]. Although Cad-
dell did not refute these various criticisms, she maintains that
SIDS is caused by Mg deficiency shock [71] and describes a
corresponding experimental risk model [72]. Instead of super-
acute severe infant Mg deficiency being a cause for SIDS, our
theory [69] stresses the possible link between gestational
chronic Mg deficiency and some forms of SIDS, and is con-
sistent with all the epidemiological and pathological prerequi-
sites characterizing SIDS, the curve of age at death, the stig-
mata of early maternal intrauterine injury, the seasonal
predominance in winter, the absence of an adequate cause of
death at autopsy, the risk factors subgroups (low socioeco-
nomic level, environmental factors and mistakes in baby care)
and the importance of dysthermic forms.

SIDS may result from impaired control of brown adipose
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tissue (BAT) thermoregulatory mechanisms, leading to a mod-
ified temperature set point. Hypothermic forms may be induced
by functional failure of BAT and hyperthermic forms by inappro-
priate functional excess of chemical thermogenesis. Among the
morphological features of SIDS, BAT alterations have been de-
scribed [60], but nevertheless omitted in recent reviews [71,73].

Some SIDS may result from chronic maternal Mg defi-
ciency, causing chronic Mg deficiency in the infant, giving rise
to dysthermia resulting from a Mg dependent disorder—a mod-
ified temperature set point—of the transition from chemical to
physical infant thermoregulation [69,70]. Prevention of SIDS
due to the fetal consequence of maternal Mg deficiency could
be achieved by simple maternal nutritional Mg supplementa-
tion [69,70]. The levels of Mg in the traditional diets of selected
ethnic groups with either the highest or the lowest rates of SIDS
appear to confirm the importance of maternal Mg intake in
protecting the offspring from SIDS [74].

2. SIDS and Magnesium Depletion

It is always important to discriminate between the two types
of Mg deficit: Mg deficiency due to insufficient intake, which
merely requires oral physiological nutritional Mg supplemen-
tation, and Mg depletion, that is related to dysregulation of Mg
status that is not controlled by oral nutritional Mg intake, but
requires more or less specific correction of its pathogenesis
[15,70,75]. Among the various forms of Mg depletion, exper-
imental and clinical data highlight the importance of the forms
caused by the association of a low Mg intake with various types
of stress.

For example, several stresses may be associated with ges-
tational Mg deficiency which may induce SIDS due to various
subgroups of Mg depletion. These stresses concern baby care
and environment [70]. Stress in baby care may involve sleeping
position, bedding, wrapping, ambient temperature and feeding.
A recent decline in the rate of SIDS is attributed to putting the
infant to bed in a nonprone sleeping position [69,70,73], pro-
viding adequate bed clothes, without eiderdown and soft cot
mattress (and particularly without a mattress containing phos-
phorus and antimony as fire retardant [70], wrapping and room
temperature, neither excessive nor insufficient, to avoid ther-
mal stress [69-70]. Breast feeding is less common than bottle
feeding among cases of SIDS than among controls [70]. Be-
sides the environmental factors involved in baby care, such as
thermal stress by ambient temperature, high altitude and expo-
sure to various toxic substances may constitute diverse noxious
environmental stressors. High altitude exposure may increase
the risk of SIDS but is not commonly found in SIDS cases
[69,70]. Parental smoking and maternal alcoholism are associ-
ated with an increased risk of dying from SIDS [69,70].

Drugs such as phenobarbital and phenothiazines, pesticides
(lindane particularly), ambient pollutants (either contributing
factors to hypoxia such as carbon monoxide, sulphur dioxide
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and hydrocarbons or metal pollutants, mainly cadmium (Cd)
and lead (Pb) [69,70,73] may constitute risk factors for SIDS.

The role of chronopathological stress [76] is most often
neglected. SIDS may be induced by the primary chronopatho-
logical form of Mg depletion with hypofunction of the biolog-
ical clock, the main marker for which is a decrease in melatonin
production [75,76]. The pineal gland of SIDS infants is smaller
and less responsive to photoperiod stimulatory effects than the
pineal gland of normal infants. The epochal papers from the lab
of Wurtman [78,79] stress directly the links between SIDS and
pineal dysfunction.

Samples of whole blood, ventricular cerebrospinal fluid
(CSF) and/or vitreous humor were obtained at autopsy from 68
infants whose deaths were attributed to SIDS or other causes.
Melatonin (MT) concentrations were measured by radio-immu-
noassay. There was significant correlation for MT levels in
different body fluids from the same individual. After adjusting
for age difference, CSF melatonin levels were significantly
lower among the SIDS infants than among those dying of other
causes [78]. Post mortem blood levels of MT were lower by
about 50% in infants who died from SIDS [79].

The following SIDS research has focused on infants who
have experienced an Apparent Life Threatening Event (ALTE).
Sivan et al [80] compared the urinary excretion of the main MT
metabolite: 6 sulfatoxy-melatonin (6 SMT) in 80 infants who
had (and had not) experienced an ALTE. On a double blind
basis, the total of 6 SMT excreted over 24 hours and the diurnal
rhythm in the rate of 6 SMT excretion were assessed, using
urine samples taken from disposable diapers. The mean daily
excretion of 6 SMT was significantly lower in the group having
experienced ALTE [80]. The deleterious effects of this pineal
deficit in SIDS may be due to the decrease of the direct stimulating
action of MT on BAT [69,70,81] and to the effects of the multiple
other mechanisms of action of the hypofunction of the biological
clock [2,70,77]. In the cases of SIDS due to Mg depletion with
hypofunction of the biological clock, this dysfunction of the tim-
ing oscillator appears as a primary disorder without the stigmata of
the secondary forms of hypofunction of the biological clock, light
hypersensitivity, reactive photophobia, diurnal, spring and sum-
mer prevalence [70]. The mechanism of the primary hypofunction
of the biological clock in SIDS seems to imply that ontogenic
SIDS might be linked to impaired maturation of the photoneu-
roendocrine system [70,80—82] and of BAT [69]. For example,
the follow-up of the ALTE infants, performed 6 to 8 weeks later
(59 to 66 weeks of post conceptional age) revealed that urinary 6
SMT excretion increased in all of them, suggesting a delayed
ontogeny rather than a permanent deficit of MT production [80].

It is necessary to ensure Mg intake corresponding to the
RDA for Mg (6 mg/kg/day) in each maternal diet
[1,15,16,69,70]. Practically, Mg supplementation lower or
equal to 300 mg per day provides a Mg supplement below the
tolerable upper level (UL) intake for Mg, that is unlikely to
pose risks of adverse health effects, that is to say an atoxic
nutritional supplement [1,2]. The palliative correction of
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chronic gestational Mg deficiency may constitute the only
preventive treatment of SIDS due to maternal Mg deficiency
[69,70]. When to fetal Mg insufficiency is added infantile Mg
depletion, caused by association of a low Mg intake with
diverse types of stress, either in baby care or the environment,
it is necessary to correct them. Avoidance of prone sleeping
position for the baby, discontinuation of parental smoking
particularly [70] and chronopathological treatments, darkness
therapy per se: total light deprivation at night for the infant,
possibly with an eye mask [70,76,83] might reduce SIDS risk.
Whether prevention of SIDS can further be achieved by Mg
treatment of the infant, by what form of the Mg salt and its
dosage or administration: (oral or parenteral route) is as yet
uncertain, as is use of darkness-mimicking agents such as
L-tryptophan and taurine [70,76].

CONCLUSION

Nutritional Mg therapy is efficient and non-toxic in prevent-
ing consequences of chronic gestational Mg deficiency in
women, such as premature labor and SIDS. However, pharma-
cological Mg therapy, that causes a therapeutic Mg overload,
may induce Mg toxicity, especially through high doses and the
nature of the anion. It seems necessary to determine the ther-
apeutic ratio (LD5S0/ED50) of the various available Mg salts
before their pharmacological use [5,15,44,62,70].

REFERENCES

1. Durlach J: Importance and clinical forms of chronic primary mag-
nesium deficiency in human beings. In Rayssiguier Y, Mazur A,
Durlach J (eds): “Advances in Magnesium Research: Nutrition and
Health.” London: John Libbey, 2:13-20, 2001.

2. National Research Council: Magnesium (Chapt 6). In “Dietary
Reference Intake for Ca, P, Mg, vitamin D, Fluoride.” Washington
DC: National Academy Press, 1997.

3. Durlach J, Rayssiguier Y, Laguitton A: Le besoin en magnésium et
son apport dans la ration. Med Nutr 16:15-21, 1980.

4. Seelig M: Nutritional status and requirements of magnesium with
consideration of individual differences and prevention of cardio-
vascular disease. Magnes Bull 8:171-185, 1986.

5. Durlach J: “Magnesium in Clinical Practice.” London: John
Libbey, 1988.

6. Durlach J: Recommended dietary amounts of magnesium. Magnes
Res 2:195-203, 1989.

7. Durlach J, Bac P, Bara M, Guiet-Bara A: Apports alimentaires de
référence (DRIs américains) et apports nutritionnels conseillés
(ANC frangais) de magnesium: un consensus sur une consomma-
tion alimentaire magnésique quotidienne sans danger et adéquate.
Med Nutr 34:197-202, 1998.

8. Dancis J, Springer D, Cohlan SG: Fetal homeostasis in maternal
malnutrition. II. Magnesium deprivation. Pediatr Res 5:131-136,
1971.

9. Wang FL, Wang R, Khairallah EA, Schwartz R: Magnesium

VOL. 23, NO. 6



11.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

deficiency during gestation and lactation in rats. J Nutr 101:1201-
1210, 1971.

. Guenther T, Dorn F, Merker HJ: Embryotoxic effects produced by

magnesium deficiency in rats. Z Klin Chem Klin Biochem 11:87-
92, 1973.

Hurley LS: Magnesium deficiency in pregnancy and its effects on
the fetus. Magnes Bull 1a:202-208, 1981.

Kubena KS, Durlach J: Historical review of the effects of marginal
intake of magnesium in chronic experimental magnesium defi-
ciency. Magnes Res 3:219-226, 1990.

Durlach J, Durlach V, Rayssiguier Y, Ricquier D, Goubern M,
Bertin R, Bara M, Guiet-Bara A, Olive G, Mettey R: Magnesium and
thermoregulation I. Newborn and infant. Is sudden infant death syn-
drome a magnesium-dependent disease of the transition from chem-
ical to physical thermoregulation? Magnes Res 4:137-152, 1991.

. Almonte RA, Heath DL, Whitehall L, et al: Gestational magne-

sium deficiency is deleterious to foetal outcome. Biol Neonate
76:26-32, 1999.

Durlach J, Bara M: Le Magnésium en Biologie et en Médecine.
Paris: Tec et Doc Lavoisier, 2000.

Durlach J, Pages N, Bac P, Bara M, Guiet-Bara A: Beta-2 mimetics
and magnesium: are true or false friends? Magnes Res 16:218-233,
2003.

Wischnik A: Risk-benefit assessment of tocolytic drugs. Drug Saf
6:371-380, 1991.

Gyetvai K, Hannah ME, Hodnett ED, Ohlsson A: Tocolytics for
preterm labor: a systematic review. Obstet Gynecol 4:869-877, 1999.

. d’Ercole C, Bretelle F, Shojai R, Desbriere R, Boubli L: Tocolysis:

indications and contraindications. When to start and when to stop?
[French]. J Gynecol Obst Biol Reprod 31:5584-5S95, 2002.
Carbone B, Tsatsaris V: Which tocolytic drugs in case of preterm
labor? [French] J Gynecol Obst Biol Reprod 31:5596-55104, 2002.
Katz VL, Farmer RM: Controversies in tocolytic therapy. Clin
Obst Gynecol 42:802-819, 1999.

Higby K, Xenakis EMJ, Pauerstein CJ: Do tocolytic agents stop
preterm labor? A critical and comprehensive review of efficacy
and safety. Am J Obstet Gynecol 168:1247-1259, 1993.

Hannah ME: The Canadian Consensus on the use of tocolytics for
preterm labor. J SOGC 17:1089-1138, 1995.

Wiffin AG, Friedman SA, Sibai BM: The effect of MgSO, therapy
on the duration of labor in women with preeclampsia at term: a
randomized double blind placebo controlled trial. Am J Obst
Gynecol 176:623-627, 1997.

Le Bouédec G, Begon E, Monteillard C, et al: Magnésium et
menace d’accouchement premature. J Gynecol Obstet Biol Reprod
18:53-60, 1989.

Hill WC: Risks and complications of tocolysis. Clin Obstet Gy-
necol 38:725-745, 1995.

Ingemarsson I, Lamont RF: An update on the controversies of
tocolytic therapy for the prevention of preterm birth. Acta Obstet
Gynecol Scand 82:1-9, 2003.

Miller JM Jr, Keane MW, Horger EO 3rd: A comparison of
MgSO, and terbutaline for the arrest of premature labor. J Reprod
Med 27:348-351, 1982.

Elliot JP: MgSO, as a tocolytic agent. Am J Obstet Gynecol
147:277-284, 1983.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Gestational Mg Deficiency

Cotton DB, Strassner HT, Hill LM, Schifrin BS, Paul RH: Com-
parison of MgSO,, terbutaline and a placebo for inhibition of
preterm labor. A randomised study. Reprod Med 29:92-97, 1984.
Beal MH, Edgar BW, Paul RH, Smith-Wallace T: A comparison of
ritodrine, terbutaline and MgSO, for the suppression of preterm
labor. Am J Obstet Gynecol 153:854-859, 1985.

Hollander DL, Nagey DA, Pupkin MJ: Magnesium sulphate and
ritodrine hypochloride: a randomized comparison. Am J Obstet
Gynecol 156:631-637, 1987.

Jimenez Aramayo JS, Jimenez-Martinez F, Lopez Rosales C: To-
colytic therapy with MgSO, and terbutaline for inhibition of pre-
mature labour. Gynecol Obstet Mex 58:265-269, 1990.

Chau AC, Gabert HA, Miller LM Jr: A prospective comparison of
terbutaline and magnesium for tocolysis. Obstet Gynecol 80:847—
851, 1992.

Surichamorn P: The efficacy of terbutaline and MgSO, in the
management of preterm labor. J Med Assoc Thai 84:98-104, 2001.
Spitling L: Magnesium and preterm labor. In Rayssiguier Y,
Mazur A, Durlach J, (eds): “Advances in Magnesium Research
Nutrition and Health.” London: John Libbey, pp 399-401, 2001.
Grubert C, Haas M, Behrens C, et al: Klin und tierexper Studien
zur oralen Mg therapie. Magnes Bull 58:561-565, 1998.

Molnar BG, Zadori J, Kovacs L: Magnesium in obstetrics and
gynecology. In: Magnesium: Magnesium and interaction of mag-
nesium with trace elements, Kiss SA ed. (Hungarian Chemical
Society publ.) 81-88, 1998.

Ikeda M, Kawarabayashi T, Sugimori H, Nakano H: The pattern of
spontaneous contraction and the effects of magnesium and ter-
butaline on pregnant human myometrium. Nippon Sanka Fujinka
Gakkai Zasshi 36:377-383, 1984.

Skajaa K, Everts ME, Clausen T, Forman A: Effects of magnesium
and terbutaline on contractility and K+ uptake in isolated human
uterine muscle. Am J Obstet Gynecol 165:1543-1551, 1991.
Ridgway LE 3rd, Muise K, Wright JW, Patterson RM, Newton ER:
A prospective randomized comparison of oral terbutaline and
magnesium oxide for the maintenance of tocolysis. Am J Obstet
Gynecol 163:879-882, 1990.

Rust OA, Bofill LA, Arrolia RM, Andrew ME, Morrison JC: The
clinical efficacy of oral tocolytic therapy. Am J Obstet Gynecol
175:838-842, 1996.

Norwitz EK, Robinson JN, Challis JRG: Current concepts: the
control of labor. New Engl J] Med 341:660-666, 1999.

Durlach J, Durlach V, Bac P, Bara M, Guiet-Bara A: Magnesium
and therapeutics. Magnes Res 7:313-328, 1994.

Crowther CA, Hiller JE, Doyle LW: MgSO, for preventing pre-
term birth in threatened preterm labor (Cochrane Review), Co-
chrane Data Base Syst Rev, The Cochrane Library Oxford (1):1-
41, 2003.

Parsons MT, Owens CA, Spallacy WN: Thermic effects of toco-
lytic agents: decreased temperature with MgSO,. Obstet Gynecol
69:88-90, 1987.

Elliott HR, Abbdula U, Hayes PL: Pulmonary oedema associated
with ritodrine infusion and betamethasone administration in pre-
term labour. Br Med J 10:789-800, 1978.

Ghia N, Spong CM, Starbuck VN, et al: MgSO, therapy affects
attention and working memory in patients undergoing preterm
labor. Am J Obstet Gynecol 183:940-944, 2000.

Levav AL, Chan L, Wapner RJ: Long term MgSO, tocolysis and

699S



Gestational Mg Deficiency

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

maternal osteoporosis in a triplet pregnancy: a case report. Am J
Perinatol 15:43-46, 1998.

Zygmunt M, Heilmann L, Berg C, et al: Local and systemic
tolerability of MgSO, for tocolysis. Eur J Obstet Gynecol Reprod
Biol 107:168-175, 2003.

Eliman A, Verma R, Ogburn P, et al: MgSO, and neonatal out-
comes of preterm neonates. J] Matern Fetal Neonatal Med 12:118—
122, 2002.

Holcomb WL, Shackelford GD, Petrie RH: Magnesium tocolysis
and neonatal bone abnormalities. A controlled study. Obstet Gy-
necol 78:611-619, 1971.

Kamimoto M, Sameshima H, Ikenoue T, Nishibatake M: Fetal
cardiovascular function during prolonged MgSO, tocolysis. J Peri-
nat Med 28:377-382, 2000.

Standley PR, Standley CA: Identification of a functional
Na"Mg?* exchanger in human trophoblast cells. Am J Hypertens
15:565-570, 2002.

Nelson KB, Grether JK: Can magnesium reduce the risk of cere-
bral palsy in very low birth weight infants? Pediatr 95:263-269,
199s.

Schendel DE, Berg CJ, Yeargin-Allsopp M, et al: Prenatal MgSO,,
exposure and the risk for cerebral palsy or mental retardation
among very low birth weight children aged 3 to 5 years. JAMA
276:1805-1810, 1997.

Paneth N, Jetton J, Pinto-Martin J, Susser M: The neonatal Brain
Hemorrhage Study Analysis Group. MgSO, in labor and risk of
neonatal brain lesions and cerebral palsy in low birth weight
infants. Pediatr 99:1-10, 1997.

Caddell JL, Graziani LJ, Wiswell TE, et al: The possible role of
magnesium in protection of premature infants from neurological
syndrome and visual impairments and a review of survival of
Mg-exposed premature infants. Magnes Res 12:201-216, 1999.
Mittendorf R, Pryde PG, Elm RJ, et al: Relationship between
hypermagnesaemia in preterm labor and adverse health outcomes
in babies. Magnes Res 15:253-261, 2002.

Grether JK, Hoogstrate L, Walsh-Greene E, Nelson KB: MgSO,
for tocolysis and risk of spastic cerebral palsy in premature chil-
dren born to women without preeclampsia. Am J Obstet Gynecol
183:717-725, 2000.

Reynolds JD, Chesnut DA, Dexter E, et al: MgSO, adversely affects
foetal lamb survival and blocks foetal cerebral blood flow response
during maternal haemorrhage. Anesth Analg 83:493-499, 1996.
Durlach J, Bac R, Bara M, Guiet-Bara A: Is the pharmacological
use of intravenous magnesium before preterm cerebroprotective or
deleterious for premature infants? Possible importance of the use
of magnesium sulphate. Magnes Res 11:323-325, 1998.

Durlach J, Bara M, Theophanides T: A hint on pharmacological
and toxicological difference between magnesium chloride and
magnesium sulphate, or of scallops and men. Magnes Res 9:217—
219, 1996.

Barn M, Guiet-Bara A, Durlach J: Comparative effects of MgCl,
and MgSO, on the ionic transfer components through the isolated
human amniotic membrane. Magnes Res 7:11-16, 1994.
Oorschot DE: Cerebral palsy and experimental hypoxia-induced
perinatal brain injury: is magnesium protective? Magnes Res 13:
265-273, 2000.

Caddell JL: Magnesium deprivation in sudden unexpected infant
death. Lancet i:258-262, 1972.

7008

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

Caddell JL: Magnesium therapy in premature neonates with apnea
neonatorum. J Am Coll Nutr 7:5-6, 1988.

Mimouni F, Tsang RC: Perinatal magnesium metabolism; personal
data and challenges for the 1990s. Magnes Res 4:109-117, 1991.
Durlach J, Durlach V, Rayssiguier Y, et al: Magnesium and thermo
regulation. Newborn and infant. Is sudden infant death syndrome a
magnesium-dependent disease of the transition from chemical to
physical thermoregulation? Magnes Res 4:137-152, 1991.
Durlach J, Pages N, Bac R, et al: Magnesium deficit and sudden
infant death syndrome (SIDS): SIDS due to magnesium deficiency
and SIDS due to various forms of magnesium depletion: possible
importance of the chronopathological form. Magnes Res 15:269—
278, 2002.

Caddell JL: Hypothesis: new concepts concerning the pathophys-
iology of the sudden infant death syndrome due to magnesium
deficiency shock. Magnes Res 5:165-172, 1992.

Caddell JL: A triple-risk model for the sudden infant death syn-
drome (SIDS) and the apparent life-threatening episode (ALTE):
the stressed magnesium deficient weanling rat. Magnes Res 14:
227-237, 2001.

Caddell JL: A review of the status of magnesium and related
minerals in the sudden infant death syndrome (SIDS). Magnes Res
13:205-216, 2000.

Caddell JL: The apparent impact of gestational magnesium (Mg)
deficiency on the sudden infant death syndrome (SIDS). Magnes
Res 14:291-303, 2001.

Durlach J: Editorial Policy of Magnesium Research: general con-
siderations on the quality criteria for biomedical papers and some
complementary guidelines for the contributors to Magnesium Re-
search. Magnes Res 8 (Suppl 1):6-7, 1995.

Durlach J, Pages N, Bac R, Bara M, Guiet-Bara A: Biorhythms and
possible central regulation of magnesium status, phototherapy,
darkness therapy and chronopathological forms of magnesium
depletion. Magnes Res 15:49-66, 2001.

Durlach J, Pages N, Bac P, et al: Chronopathological forms of
magnesium depletion in forms with hypofunction or with hyper-
function of the biological clock. Magnes Res 15:263-268, 2002.
Sturner WQ, Lynch HJ, Deng MK, Gleason RE, Wurtman RIJ:
Melatonin concentration in the sudden infant death syndrome.
Forensic Sci Int 45:171-180, 1990.

Wurtman RL, Lynch HJ, Sturner WQ: Melatonin in humans:
possible involvement in SIDS and use in contraceptives. Adv
Pineal Res 5:319-327, 1991.

Sivan Y, Laudon M, Kuint J, Zisapel N: Low melatonin production
in infant with a life-threatening event. Dev Med Child Neurol
42:487-491, 2000.

Weissbluth L, Weissbluth M: Sudden Infant Death Syndrome: a
genetically determined impaired maturation of the photoneuroendo-
crine system. A unifying hypothesis. J Theor Biol 167:13-25, 1994.
Cornwell AC, Feigenbaum P, Kim A: SIDS, abnormal night-time
REM sleep and CNS immaturity. Neuropediatrics 29:72-79, 1998.
Jaido-Alba F, Munoz-Hloyos A, Molina-Carballo A, et al: Light
deprivation increases plasma levels of melatonin during the first 72
hours of life in human infants. Acta Endocrinol (Copenhagen)
129:442-445, 1993.

Received August 5, 2004.

VOL. 23, NO. 6



