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ABSTRACT

Seizures in the first weeks of life have many causes, and low blood calcium is one that can be
corrected quickly once it is recognised. When the mother was severely short of vitamin D
during pregnancy, her infant may be born with small vitamin D stores and may become
hypocalcaemic after birth, sometimes presenting with jitteriness, seizures or, less often,
cardiac failure. This narrative review sets out what the published literature says about that
chain of events. It covers the physiology of calcium supply before and after birth, the reasons
maternal deficiency arises, the clinical picture and differential diagnosis, and the evidence for
prevention through supplementation in pregnancy. It reports no patient data and no new
measurements. The literature shows a plausible and well-described mechanism, but most
direct evidence comes from case reports, small series and surveillance studies, and several
features complicate causal interpretation: the fetus is protected from mild maternal deficiency,
other causes of neonatal hypocalcaemia can coexist, and laboratory assays and diagnostic
thresholds differ. Trials of supplementation in pregnancy support higher maternal vitamin D
status, yet their effect on neonatal calcium outcomes is less clearly established than their
effect on blood levels. The review closes with the gaps that matter most for future work.
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1. Introduction metabolic disturbance (1). Low blood
A newborn who starts to twitch or seize in calcium is on that list, and it is one of the
the first days or weeks of life sets off a few causes that can be put right within
long list of possibilities, among them lack hours. When it is missed, the baby may be
of oxygen at birth, infection, low blood treated for something else while the real
glucose, structural brain disease and problem continues.
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A particular route to  neonatal
hypocalcaemia runs through the mother.
Vitamin D reaches the fetus almost
entirely as 25-hydroxyvitamin D carried
across the placenta, so a mother who is
severely and persistently deficient may
give birth to an infant with very small
stores (2, 3). Reports from several
countries describe such infants presenting
with seizures, and sometimes with heart
failure, in the early weeks (4, 5).

This article asks what the published
literature actually establishes about that
chain, from maternal deficiency to
neonatal seizure. It is a narrative review.
The title reads like a single clinical case,
but no patient is described and no local
data are reported; we consider the topic in
the literature at large, and say plainly
where the evidence is thin. The aim is a
fair account of what is known, and of what
is merely repeated.

2. Literature Review

2.1 Calcium and Vitamin D Before and
After Birth

Vitamin D is obtained mainly from skin
synthesis driven by ultraviolet light, with a
smaller contribution from food and
supplements. It is converted in the liver to
25-hydroxyvitamin D, the form measured
in blood, and then in the kidney and other
tissues to the active hormone (6, 7).

The fetus lives in a calcium-rich
environment. Calcium is moved actively
across the placenta, fetal blood calcium
runs higher than the mother’s, and fetal
parathyroid hormone is kept low (8). At
birth that supply stops. The newborn must
switch quickly to its own regulation, using
parathyroid hormone, the kidney, bone
and, within days, intestinal absorption
from milk. A slow or immature
parathyroid response, tuned by the
calcium-sensing receptor, leaves the infant
exposed for a time (9).

Here the literature contains a complication
that is easy to overlook. Work on fetal
mineral homeostasis suggests that calcium
delivery to the fetus is maintained
surprisingly well even when maternal
vitamin D is low, so mild or moderate
maternal deficiency need not cause
neonatal hypocalcaemia on its own (8, 10).
The problem appears when deficiency is
severe and prolonged, or joined by other
pressures on the newborn’s calcium
balance; it is best seen as a contributor that
lowers the margin, not a sufficient cause in
every case. Timing matters here as much
as the size of any fall.

2.2 Why Mothers Become Deficient

Skin synthesis depends on sunlight, and so
on latitude, season, time outdoors, clothing
and the amount of pigment in the skin (11,
12). Deficiency has been reported in sunny
regions as well as in northern ones (13, 14,
15, 16). Studies of pregnant women and
their newborns in northern cities have
found low levels in both (17). Such
differences look small on paper, but across
a population they add up.

Few foods contain much vitamin D, and
breast milk from a deficient mother is itself
low in it. Surveillance of rickets in Canada
found that affected children were typically
breastfed, unsupplemented and often
darker skinned (18), and an international
review noted that infant status follows
maternal status closely in the first months
(19, 20, 21).

2.3 How Hypocalcaemia Arises in the
Newborn

Neonatal hypocalcaemia is commonly
divided into an early form, in the first days,
and a late form after the first week. The
early form is mostly a problem of preterm
infants, babies who were stressed at birth
and infants of diabetic mothers; the late
form is linked to the phosphate load in
some milks, low magnesium,
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hypoparathyroidism and vitamin D
deficiency (8, 22). Table 1 sets out these
groups and shows where maternal
deficiency fits.

The boundary is blurred in practice. A
deficient infant may be hypocalcaemic in
the first days if other pressures are present,
or only later, once stores are exhausted and
the demands of growth rise (3, 24).
Genetic forms of low parathyroid function
can look the same and need different care
(23).

Table 1. Main groups of neonatal hypocalcaemia
and where maternal vitamin D deficiency fits.

Group Typical setting Mechanism
Abrupt loss of
Preterm birth, placental
Early onset | perinatal stress, calcium;
maternal diabetes (8) | immature
hormones

Days to weeks after | Phosphate load,
birth, often fed on low magnesium,

Lateonset | ik withahigh | slow
phosphate load (22) | parathyroid
Low stores;
Maternal Severe, prolonged -
I . . poor calcium
vitamin D | deficiency in the uptake and
deficiency |mother (3, 4) P
release
Genetic or
Low syndromic, or after | Too little
parathyroid | maternal parathyroid
function hyperparathyroidism | hormone action
(23)

Note: Qualitative summary of the cited reviews;
groups overlap and more than one cause may act in
the same infant.

2.4 Clinical Picture and Differential
Diagnosis

Low ionised calcium makes nerve and
muscle cells more excitable, so the
presenting features are varied: some
infants are jittery, some seize, and a few
present with stridor, a prolonged QT
interval or cardiac failure (4, 5, 22).
Table 2 lists features by system. This is
one reason the same condition can look so
different from one report to the next.

Low calcium has to be searched for, not
assumed. The current classification of
neonatal seizures stresses that the
underlying cause must be identified and
treated alongside the seizure itself (1). A
sensible work-up checks glucose, calcium,
magnesium and markers of infection
together, and asks about the mother’s
history and the infant’s feeding. A known
maternal deficiency is a useful pointer,
though seldom decisive on its own. It is a
habit worth keeping even when the answer
seems obvious. Figure 1 summarises, in
schematic form, the checks usually
relevant to the common causes.

Table 2. Features that can accompany
hypocalcaemia in a young infant.

System | Possible feature Why it matters

Jitteriness, Mimics other
Nervous . R .

seizures, irritability | neonatal seizure
system

(1, 4) causes

Prolonged QT Can dominate the

Cardiac |interval, heart picture and delay

failure (5, 22) diagnosis
Rachitic changes .
on imaging in Points to a .
Skeletal severe cases (24, longe.r—standlng
deficiency

25)

Note: Features are drawn from the cited clinical
reviews and case reports; none is specific to vitamin D
deficiency alone.

Blood Calcium, Infection Brain
glucose magnesium work-up  imaging

Hypoxic injury

Infection

Low glucose

Low calcium -

Low magnesium

Structural, genetic -

Shaded: check usually relevant to that couse {schematic)

Figure 1. Matrix of common causes of neonatal
seizures and the checks usually relevant to each
(schematic, not data).
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3. Materials and Methods Kingdom and Ireland  identified

3.1 Scope and Question

The question was: what does the published
literature  establish  about  neonatal
hypocalcaemic  seizures that follow
maternal vitamin D deficiency, and how
firmly? The scope covered physiology,
presentation, differential diagnosis and
prevention through  supplementation.
Questions of individual treatment were left
to clinical guidelines.

3.2 Literature Assembly

This is a narrative synthesis. No formal
systematic search, protocol or registered
strategy was used. Sources were chosen by
the authors from the published literature on
vitamin D, mineral metabolism, neonatal
medicine and supplementation trials,
favouring guidelines, systematic reviews,
randomised trials and well-cited clinical
reports published up to 2022.

3.3 Appraisal Framework

We asked of each source whether a report
described how deficiency was measured,
whether other causes of hypocalcaemia
were considered, whether the study could
support a causal reading or only an
association. None of these steps is
difficult, but each one is easy to skip. No
numerical results were extracted and no
data were pooled.

4. Results

4.1 What the Literature Shows About
the Link

The mechanism is coherent and well
described. Maternal deficiency lowers
placental transfer of 25-hydroxyvitamin D,
neonatal stores are small, and the infant’s
adaptation to  extra-uterine calcium
regulation is impaired (2, 26). Figure 2 sets
out the chain and its modifiers. Case
reports describe infants with seizures, low
calcium and deficient mothers (4), and
national surveillance in the United

hypocalcaemic seizures from deficiency as
a recognised, if uncommon, presentation
27).

Prolonged maternal

_ | Skin pigment, clothing,
vitamin D deliciency

latitude, season

v

ow placental transfer of

25-hydroxyvitamin D

v

Fetus is protected from

Small neonatal vitamin D stores
mild deficiency

v

Calcium falls after birth; _ | Phosphate load, magnesium,
weak hormonal response | prematurity

v

| Other seizure causes
© | must be excluded

Figure 2. Proposed chain from maternal deficiency
to neonatal seizures, with modifying factors
(schematic, not data).

Recorded rates of deficiency also depend
on how often clinicians test for it, which
complicates comparisons over time (28).
Read this way, one maternal measurement
says little about the risk to the next infant.

4.2 Timing and Course

Calcium supply changes sharply at birth,
as Figure 3 shows in schematic form. The
infant of a deficient mother has a weaker
regulatory response once the placental
supply ends, so the dip may be deeper or
longer, and the early diet and the infant’s
own parathyroid function also shape it (22,
24).

4.3 Prevention in Pregnancy and

Infancy
Prevention rests on maternal vitamin D
status. Guidelines recommend

supplementation for pregnant women at
risk and a daily supplement for infants,
especially breastfed ones (29, 30, 31).
Population intakes in the Institute of
Medicine report may fall short for
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higher-risk groups (32, 33). Table 3
summarises how the measures compare.

e placental supply
== = fnfant own regulation
= =« gegulation, vitamin D deficient

birth

Relative contribution (schematic)

Time (schematic, no units)

Figure 3. Qualitative shape of calcium supply
across the transition from fetus to newborn
(schematic, not data).

Early trials in Britain reported better
calcium status in supplemented mothers
and infants (34, 35). A later randomised
trial found that higher daily doses brought
more mothers and infants to sufficiency
without evident harm (36), and a Cochrane
review judged that supplementation raises
maternal vitamin D concentrations (37). A
large trial of high-dose supplementation in
Bangladesh did not change infant growth,
a reminder that raising 25-hydroxyvitamin
D does not automatically improve every
downstream outcome (38). Nothing in this
reading argues against supplementation; it
argues for measuring what
supplementation achieves.

4.4 Quality of the Evidence

Several difficulties limit what can be said.
Case reports and small series dominate the
direct evidence, and in many the maternal
level was measured late or not at all. A
clinician reading a single case report needs
a simple answer: was anything else going
on? Laboratory methods for
25-hydroxyvitamin D have differed in
what they report, and early work showed
that assay variation can change which
patients are called deficient (39).

Thresholds for deficiency and
insufficiency  also  differ  between
guidelines and are still debated (40, 41,
42). A single case report seldom separates
the acute seizure from the deficiency
behind it, which are managed differently
(43, 44). The point is not that a report is
poor, only that its conclusion travels less
far than its title suggests.

Table 3. Prevention measures and how firmly
the evidence supports them.

What the Main
Measure . .
evidence shows | uncertainty
Effect on
Raises maternal | neonatal
Maternal . .
. and cord vitamin | calcium
supplementation

D status (36, 37) |outcomes is
less clear

Supplemented

mothers had Older, small

Early-trial studies;

observations better calcium
status (34, 35) methods dated
Recommended | Does not help
Infant . .
. for breastfed a seizure in the
supplementation

infants (30, 31) | first days

Note: A qualitative reading of the cited trials,
guidelines and reviews, not a formal grading of
evidence.

5. Discussion

5.1 Interpretation

The literature supports a plausible,
mechanistically sound link between severe
maternal vitamin D deficiency and
neonatal hypocalcaemic seizures, mainly
through low neonatal stores and a weaker
postnatal calcium response. It does not
support a claim that deficiency is the
whole explanation in every infant, and it
cannot say how often seizures follow a
given level of maternal deficiency. That is
a modest claim, and it is the one the
evidence will bear.

5.2 Limitations

The most important limitation sits in the
evidence itself, not in this review: direct
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data are mostly descriptive, and diagnostic
thresholds and assays vary. The review
adds its own limits: sources were chosen
by judgement without a systematic search,
so relevant studies may have been missed,
and readers who need effect sizes must go
to the original studies. Reviews are more
useful when they say where the evidence
stops than when they smooth it over.

5.3 Future Work

Prospective studies that measure maternal
and cord vitamin D, calcium, magnesium
and parathyroid hormone together would
clarify how often, and at what level of
deficiency, = neonatal = hypocalcaemia
occurs. Trials of supplementation should
report neonatal calcium outcomes, not only
blood levels, and standardised assays
would make studies comparable. These
points apply to many nutritional
deficiencies, not only to this one.

6. Conclusion

Severe maternal vitamin D deficiency is a
recognised and preventable contributor to
neonatal hypocalcaemic seizures, acting by
shrinking neonatal stores and weakening
the postnatal calcium response. The
published evidence for that link is
mechanistic and descriptive, with limited
controlled data on outcomes, and mild
deficiency does not reliably produce it.
Supplementation raises maternal status; its
effect on neonatal calcium still needs
direct study.
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