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Abstract 

Calcium, magnesium, phosphate and Vitamin D metabolism is intricately interwoven in human 

beings. For the foetus, the accretion of these nutrients occurs mainly in the third trimester. 

Hence, babies who are delivered preterm are at risk of suffering a deficiency of these 

micronutrients. Inadequate micronutrients can impair the infants' cellular functions, growth and 

development. Hence, this paper reviews the determinants of plasma levels of the micronutrients 

and how they are mobilised. It also reviews the evidence about the quantities of the nutrients 

available in breast milk and how much of them are available to the infant at optimal 

breastfeeding volumes. The possible implications on growth and the argument for or against 

supplementation of the nutrients in pregnant women and their preterm neonates who are 

exclusively breastfed are also discussed.  

Keywords: Breastfeeding, Breast milk, Calcium, Magnesium, Phosphate, Prematurity, 
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Introduction 

As far back as 1951, it was demonstrated in 

certain cornerstone studies that during the last 

three months of gestation, the fetal accretion of 

calcium, phosphorus, and magnesium is about 

20 g, 10 g, and 700 mg, respectively, which 

represents accretion rates of approximately 

100–120 mg/kg/day for calcium, 50–65 

mg/kg/day for phosphorus, and 3–5 mg/kg/day 

for magnesium.1 These findings were based on 

careful analyses of the body compositions of a 

large number of aborted fetuses at various 

gestational ages, including the exact mineral 

compositions of their ashes.1 Several studies 

later have affirmed that 80% of calcium, 

magnesium, and phosphate accretion in utero 

occurs in the third trimester.1–4 During the third 

trimester, calcium is transported by active 

transport against a concentration gradient of 

1:4,5 with relative hypercalcaemia in the foetus, 

leading to decreased bone resorption. The latter 

can be ascribed to a relatively low parathyroid 

hormone, low 1,25-dihydroxyvitamin D, and 

increased bone mineralisation. A relatively high 

foetal calcitonin level, as well as a possibly 

elevated level of 24,25-dihydroxy vitamin D, is 

thought to be responsible for this increased 

(foetal) mineralisation.1,6   

 

The foregoing explanation about mineral 

accretion in the foetus during the third trimester 

implies that preterm infants are likely to miss, 

in part or entirely, the period of greatest mineral 

accretion and so are vulnerable to mineral 

deficiencies.7,8 Breast milk's calcium, 

phosphate, and magnesium concentrations 

cannot match the intrauterine accretion rates at 

the highest possible extrauterine enteral feeding 

rates. This implies that preterm infants who are 

fed only breastmilk have the likelihood of 

developing deficiencies in plasma levels of the 

corresponding minerals.1,7,9 Clinical evidence 

of mineral deficiency/deficiencies may occur in 

mailto:tioluwa@hotmail.com
https://orcid.org/0000-0002-8626-7181


Ayeni, Victor A 

©Niger J Paediatr. Volume 51, Issue No. 2, 2024_______________________________________________76 

as many as 30–50% of VLBW infants who are 

fed on breastmilk exclusively.14  

 

Human breast milk contains little vitamin D3 

(approximately 20IU/L), and very little 25-

hydroxyvitamin D passes from the maternal 

circulation to breast milk.10 The Vitamin D 

content of breast milk correlates with the serum 

levels of vitamin D in the mother. Preterm 

human milk contains approximately 220 mg/L 

of calcium, 125 mg/L of phosphorus, and 34 

mg/L of magnesium.11 These values increase 

slightly at 12 weeks after birth. Term human 

milk, on the other hand, contains relatively 

higher mean levels of calcium (261mg/L) and 

phosphorus (153mg/L) but no significant 

difference in magnesium levels.11 

 

In a Taiwanese study, Hsu et al12 demonstrated 

that there was no significant change in calcium 

levels over the first four weeks in the breast 

milk of mothers of preterm infants. Although 

there was an increase in the phosphate levels, 

these were still less than the corresponding 

phosphate levels in the breast milk of mothers 

who delivered babies at term. These findings 

were corroborated in a systematic review by 

Gidrewicz and Fenton,13 involving studies done 

in North America, Europe, and Japan. 

However, as mentioned earlier, the values did 

increase at 12 weeks after delivery, but only 

slightly.11 

The WHO recommendations on optimal 

feeding of low-birth-weight infants in low- and 

middle-income countries include strong 

evidence for feeding the babies exclusively on 

breastmilk. On the other hand, the evidence for 

supplementation with anything other than 

breastmilk (including calcium, phosphate, and 

Vitamin D) is reportedly weak.14 However, the 

absorption rates at the highest possible feeding 

rates approximate only about one-third of 

intrauterine bone mineral accretion rates.7 

These absorption rates also fall short of the 

2022 updated recommendations for the daily 

requirements of calcium, phosphorus, and 

magnesium,  made by the European Society of 

Paediatric Gastroenterology, Hepatology and 

Nutrition (ESPGHAN) for preterm neonates 

less than 1.8kg which are 3.0–5.0 mmol/kg/day, 

2.2–3.7 mmol/kg/day, 0.4–0.5 mmol/kg/day 

respectively.15 A recent survey of enteral 

feeding practices for very preterm babies in 50 

neonatal units in Nigeria and Kenya found that 

the feeding practices varied widely, and 44% of 

the units gave calcium supplements. In contrast, 

only 10% gave phosphorus supplements.16  

 

Therefore, this paper aims to review what is 

known from empirical studies and previous 

reviews of the interwoven subject of the 

metabolism of calcium, phosphate, magnesium, 

and vitamin D in breastfed preterm neonates 

and their possible clinical implications 

concerning the need for supplementation. It is 

hoped that it will thereby stimulate further 

research in local contexts, especially in Africa, 

where only a few studies have documented 

evidence on the subject.  

 

Methods 

Relevant publications were selected from 

searches of two medical databases, PUBMED 

and Web of Science. The search terms included 

‘preterm’, ‘calcium’, ‘vitamin D’, ‘phosphate’, 

‘magnesium’, and ‘breast milk’. Each of these 

key terms, with synonyms derived from MeSH 

headings, was used in the search. The search 

was delimited to the years between 1974 and 

2024. 

 

The search terms and synonyms were combined 

with the Boolean operators ‘OR’ and then 

‘AND’. The search on the Web of Science 

returned 144 papers, while PubMed returned 

190 papers. Publications on this review's 

subject matter were selected based on the title 

and abstracts. In addition, searches were made 

on Google, and in-text references of articles 

from the searches were also consulted for 

additional publications. 

 

Determinations of Plasma Calcium, 

Phosphate and Magnesium  

The interwoven nature of the physiology of 

these three substrates makes it difficult to 
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discuss them separately, as whatever affects 

one, directly or indirectly, affects the others. In 

a Canadian study involving 506 preterm 

neonates,17 the authors reported that phosphate, 

magnesium, and alkaline phosphatase in cord 

blood serum decreased with gestational age, 

while calcium increased with gestational age. In 

the mentioned Canadian study, multiple births, 

small-for-gestational-age (SGA), and maternal 

pregnancy-induced hypertension (PIH) were 

also significant predictors of decreased calcium 

levels. However, their effects were found not to 

supersede the effect of gestational age.17  

 

As the infant moves to an anabolic state (after 

the first few days of life) with cellular 

phosphorus uptake and without adequate 

phosphorus intake, the ensuing 

hypophosphataemia results in impaired bone 

deposition and hypercalcemia.18 Plasma 

phosphate level is also known to vary 

considerably throughout life, with the highest 

values at the time of the fastest growth in early 

infancy.19 There is a physiologic drop in plasma 

calcium levels in neonates, with a nadir at 24-

48 hours.20 Maternal diabetes in pregnancy is 

known to cause transient hypocalcaemia and 

hypomagnesaemia.21,22  

Tocolysis (i.e. suppression of uterine 

contraction) using oral magnesium sulphate can 

result in maternal hypocalcaemia, as 

documented in an earlier case report from 

Lebanon.23 This was conceivably attributable to 

a corresponding rapid suppression of 

parathyroid hormone release.24 Transient 

hypermagnesaemia in the preterm infant is 

possible in preterm infants whose mothers had 

magnesium sulphate-induced tocolysis 

perinatally.18 Prolonged tocolysis in the mother 

during pregnancy can result in osteopenia right 

from birth as a result of bone demineralisation 

in utero from magnesium toxicity.25  

 

Multiple pregnancies/births can cause foetal 

growth restriction,26 although this should not 

significantly hamper adequate milk production 

for twins and triplets.27 The possible effect(s) 

on foetal growth restriction might be associated 

with the background reduced mineral accretion 

rates, which predisposes the infant to metabolic 

bone disease of prematurity.3 In a Swedish 

study4 that compared blood concentrations of 

ionised calcium, phosphate and magnesium in 

preterm infants, appropriate for gestational age 

and small for gestational age infants, with those 

of a reference group of full-term newborns, the 

authors found SGA infants had lower phosphate 

values, than the reference group and the values 

correlated with the degree of growth retardation 

on the first day of life. This correlation of bone 

mineral content was similarly correlated with 

intrauterine growth status in a Finnish study.28 

The Swedish study4 earlier mentioned also 

found that magnesium concentrations increased 

with time and did not differ significantly 

between the study and reference groups. There 

was no correlation between the serum 

magnesium, calcium, or phosphate values in 

that study. The reason(s) for this was/were not 

clear. 

 

Hypocalcaemia with/without 

hyperphosphataemia may occur in infants with 

birth asphyxia.29 This was conceivably 

attributed to increased phosphate load caused 

by tissue catabolism, decreased intake due to 

delayed initiation of feedings, renal 

insufficiency, and increased serum calcitonin 

concentration.29 Furthermore, the practice of 

calcium administration during or after a session 

of exchange blood transfusion may contribute 

to an increase in plasma calcium levels. 

In a study carried out a few decades ago on full-

term neonates in Zaria, Nigeria, by 

Abdurrahman et al.,30 there was a significant 

correlation between maternal calcium and 

phosphorus levels and neonatal calcium and 

phosphorus levels. Levels of calcium and 

phosphorus were significantly higher in the 

neonates than the corresponding levels of these 

minerals in the mothers.30 This was thought to 

be due to a high foetal-maternal gradient 

brought about by a specific calcium transport 

mechanism. The other explanation considered 

was the possible elevated levels of 

parathormone. Still, this explanation could 
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hardly hold since the parathormone levels were 

low in the cord sera of the neonates in the same 

study.30 

 

Calcium absorption from the small intestine is 

passive and may also occur through a vitamin 

D-dependent active transport mechanism. 

Phosphorus absorption takes place in the 

jejunum, and the quantity available regulates 

calcium absorption and retention; the higher the 

phosphorus content of the enteral feed(s), the 

higher the calcium retention.5 It has been noted 

that the absorption of both calcium and 

phosphate improved with postnatal age, as it did 

with the intake of lactose, fat, and vitamin D.31 

Glucocorticoid use may directly inhibit 

intestinal absorption. In contrast, using 

phenytoin or phenobarbital in the infant may 

indirectly inhibit calcium absorption by 

interfering with vitamin D metabolism.31 

Conversely, in studies where supplementation 

of vitamin D was given,3,16,48 the overall 

outcome on mineral status has not been 

significant compared with controls. Vitamin D 

levels in preterm neonates may not be important 

in regulating calcium, phosphate, and 

magnesium homeostasis beyond a certain level. 

Some available data suggest that 25-

hydroxyvitamin D concentrations may remain 

adequate, even with relatively low dietary 

intake. Also, there was no demonstrable 

evidence of short- or long-term benefit(s) from 

high intakes of 25-hydroxyvitamin D on the 

minerals.7 On the other hand, low 

concentrations of maternal 25-hydroxyvitamin 

D in pregnancy have been associated with 

lower bone mineral content and rickets in early 

infancy.32 

 

Phototherapy is another factor known to induce 

hypocalcaemia. In a study by Yadav et al., 33, a 

significant fall in calcium level was observed in 

80% of preterm and 66% of term neonates 

studied after 48 hours of phototherapy. In 

contrast, only seven per cent of term babies who 

had phototherapy developed hypocalcaemia in 

a more recent Iranian study.34 The reason for 

this wide variance is not apparent. The reported 

hypocalcaemia was ascribed to the inhibitory 

effect of phototherapy on the pineal secretion of 

melatonin, thus blocking the effect of cortisol 

on bone calcium. The unchecked cortisol exerts 

a direct hypocalcaemic effect and increases 

bone uptake of calcium as well.33 Another study 

on newborn rats proposes that it might be due 

to reduced secretion of parathormone.35 The 

first hypothesis was tested by Asghar et al,36 in 

a randomised controlled trial. In that study,36 

the authors found that phototherapy-associated 

hypocalcaemia can be prevented by covering 

the head during phototherapy. This finding 

supported the earlier (inhibition of pineal 

secretion of melatonin) hypothesis.  

 

Effects of Obstetric Characteristics on 

Intrauterine Nutrition 

The inter-pregnancy interval is known to affect 

the quantity of nutrients available for the infant 

and can indeed affect the pregnancy 

outcome.37,38 Long intervals between 

pregnancies, especially lasting beyond 120 

months, usually result in an end of the 

physiologic increase in uterine blood flow that 

follows the first pregnancy.39 There is, 

however, a need for more data about the 

specific impact of this variable on the specific 

nutrient transfer of calcium, phosphate, and 

magnesium to the baby. 

The level of magnesium in mothers is known to 

decrease with increasing parity, as was 

identified in a study done in India.40 Also, a 

study in Northwestern Nigeria,41, found a 

negative correlation between parity and serum 

calcium levels in pregnant women. 

Furthermore, a review by Olausson et al,42 

established that physiologic mechanisms are at 

play in the mother to mobilise nutrients from 

stores in bone and renal reabsorption to meet 

the growing foetus's increased demands. The 

occurrence of this in cycles may have a role to 

play in the relative plasma values of the relevant 

nutrients over time. 

Advanced maternal age is known to result in 

age-related changes in the uterine vasculature 

and a possible corresponding poor placental 

perfusion that may interfere with the 
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transplacental transfer of nutrients.43 However, 

there is a dearth of literature on the specific 

impact(s) of this variable (i.e. maternal age) on 

calcium, phosphate, and magnesium levels in 

preterm babies. 

 

Vitamin D Mobilisation 

Vitamin D sources in early infancy consist of 

transplacental transfer, breastmilk, and 

cutaneous production via sunlight. Maternal 

vitamin D status is essential in determining the 

amount of vitamin D transported across the 

placenta during foetal life and, therefore, the 

size of vitamin D reserves at birth.44,45 Breastfed 

infants rely primarily on cutaneous synthesis 

(which should predictably be low because of 

minor exposure to sunlight) to maintain a 

normal vitamin D status; this is because the 

amount of vitamin D (which usually ranges 

between 12–60 U/L) obtained through human 

milk, is generally insufficient.44  

 

The half-life of 25-hydroxyvitamin D is 

estimated to be approximately two to three 

weeks.46 It is known that in pregnant women, 

1,25-dihydroxyvitamin D levels are usually 

supraphysiologically high from 12 weeks 

gestation onwards, uncoupled from plasma 

calcium level. It has been suggested that this 

unusually high level is important for maternal 

tolerance to the “foreign-body effect” of the 

foetus.47 These high levels of 1,25-

dihydroxyvitamin D are presumed to be 

necessary for the normal physiology of 

pregnancy and also depend on a threshold 

plasma 25-hydroxyvitamin D level of at least 

40ng/dL.47 Hence, it will be preferable to 

measure 25-hydroxyvitamin D, rather than 

1,25-dihydroxyvitamin D, to assess the true 

maternal plasma levels of Vitamin D.48,49 

Furthermore, the half-life of 1,25-

dihydroxyvitamin D is only four hours, so it 

does not reflect the vitamin D stores in the 

body.50 In the review by Mimouni et al.,1 it was 

reported that there is no substantial evidence 

that the metabolism of vitamin D in preterm 

infants is any different from that of term infants, 

especially with respect to the intestinal 

absorption of vitamin D, and its 25- and 1α-

hydroxylation. 

 

Plasma Biomarkers of Metabolic Bone 

Disease 

Plasma alkaline phosphatase (ALP) reflects the 

bone, liver, and intestinal isoforms, with the 

bone isoform contributing about 90% and 

representing a marker of bone mineralisation.3 

It has been shown in a study where the authors 

measured ALP serially that ALP concentration 

exceeding 700 IU/L at three weeks postnatal 

age was predictive of metabolic bone disease at 

term age (sensitivity, 73% and specificity, 

73%).51 However, another study52 

demonstrated that at three weeks postnatal age, 

an ALP level of 660 IU/L had a sensitivity of 

29% and a specificity of 93% for severe 

metabolic bone disease. On the other hand, a 

PTH level of >180mg/dL or a phosphate level 

of <4.6mgdL yielded a sensitivity of 100 and 

specificity of 94 for severe metabolic bone 

disease. An observational study of 120 preterm 

infants in Cairo53 put the optimal cut-off value 

of alkaline phosphatase, at which osteopaenia is 

detected at 500IU/L, with 100% sensitivity and 

80.77% specificity. These inconsistencies 

suggest that alkaline phosphatase values should 

not be taken in isolation. 

 

Breastfeeding and Plasma Calcium, 

Phosphate, Magnesium, and Vitamin D 

The sections above have highlighted why 

preterm neonates are especially prone to 

imbalance and low levels of essential minerals 

like calcium, magnesium, and phosphates. One 

of the reasons proffered is inadequate intake. 

The only source of these essential minerals after 

birth would be via parenteral nutrition or enteral 

feeding. The solubility of the different 

constituents of parenteral nutrition precludes 

adequate mineral nutrition through the 

parenteral route.31 Hence, any infant with 

difficulty in establishing enteral nutrition is at 

risk of low levels of these mineral nutrients. 

Preterm infants fed with only breastmilk have 

better feeding tolerance and a lower incidence 

of necrotising enterocolitis (NEC) than those 
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fed preterm formula.54 Exclusively breastfed 

preterm babies also recorded significantly 

shorter hospital stays,55 and long-term 

benefits,56 compared with their peers on 

formula feeds. However, several studies have 

reported that the amounts of calcium, 

phosphorus, protein, and other bone mineral 

nutrients in unfortified human milk are 

inadequate to meet the growth requirements of 

VLBW preterm infants.6,56,57 

 

Postnatal Growth and Plasma Calcium, 

Phosphate, and Magnesium  

Regarding calcium, magnesium, and 

phosphate, inadequate levels of these essential 

bone minerals will ultimately affect bone 

physiology and growth and hence, the linear 

growth of the preterm infant.58 In contrast, the 

effect(s) of calcium and phosphorus 

supplementation was assessed in some groups 

of preterm infants, with no evidence of 

osteopaenia prevention or improvement in 

growth over six months.59 This suggests that 

there may be no short-term effects of low levels 

of these nutrients on physical growth and 

development. However, it should be noted that 

the Swedish study that was mentioned earlier 

correlated low foetal levels of these nutrients 

with intrauterine growth restriction.4  

 

Need for Supplementation of Vitamin D in 

Pregnancy and in Preterm Neonates 

Studies done in the past have reported 

conflicting implications of maternal plasma 

vitamin D on preterm birth. Some studies 

reported that low maternal Vitamin D was 

associated with preterm birth 60,61. However, 

a study in China by Zhou et al. 62 found that a 

normal level of maternal plasma vitamin D, 

rather than low maternal plasma vitamin D 

levels, was associated with preterm birth. 

Furthermore, it is known that intrauterine 

growth restriction occurs in the babies of 

mothers whose plasma vitamin D levels were 

low,63 and maternal plasma vitamin D levels 

had a direct positive correlation with bone mass 

at birth.64,65  

 

Some systematic reviews showed that birth 

weight and birth length were significantly 

greater for neonates whose mothers had vitamin 

D supplementation in pregnancy. Still, the 

incidence of preeclampsia, gestational diabetes 

mellitus, small-for-gestational-age status. birth 

weight, preterm birth, and Caesarean section 

were not influenced by vitamin D 

supplementation.66,67 Another more recent 

systematic review on preterm neonates or low 

birth weight infants who were fed with human 

milk showed an increase in weight-for-age z-

scores and height-for-age z-scores at 6 months 

in the preterm babies who had Vitamin D 

supplementation, compared with those who did 

not have supplementation.68 

 

Conclusion 

Preterm neonates fed on only breastmilk may 

suffer deficiencies of the minerals, with 

possible effects on cellular metabolism, growth, 

and bone health. There is a need for local 

empirical data on the need or otherwise, for 

supplementation in pregnant women and 

fortification of breastmilk with Vitamin D, 

calcium, phosphate, and magnesium in 

exclusively breastfed preterm babies in 

different populations. 

 

The limitations of this review include the few 

databases consulted, which may, therefore, 

miss some important studies. However, 

subjectivity was reduced by the structured 

search of the databases. The review has 

provided a basis to reconsider the WHO 

recommendations, which state that there is no 

strong evidence in favour of supplementation of 

breastmilk in preterm neonates with bone 

minerals. There is a need for more research to 

document the plasma levels of calcium, 

phosphate, magnesium and Vitamin D in 

pregnant women and their preterm neonates in 

African populations. Furthermore, the review 

has highlighted the need for trials to determine 

the impact or usefulness of supplementation 

with those nutrients in pregnant women and 

preterm babies who are exclusively breastfed 
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and also to determine the optimal doses in the 

context of African countries. 

 

Conflict of Interests: None declared.  

Funding Support: No funding support was 

received for this article. 

Accepted for publication: 12th June 2024.  

 

References 

1. Mimouni FB, Mandel D, Lubetzky R, 

Senterre T. Calcium, phosphorus, 

magnesium and vitamin D requirements of 

the preterm infant. World Rev Nutr Diet 

2014; 110: 140–51. 

DOI:10.1159/000358463. 

2. Dokos C, Tsakalidis C, Tragiannidis A, 

Rallis D. Inside the ‘fragile’ infant: 

Pathophysiology, molecular background, 

risk factors and investigation of neonatal 

osteopenia. Clinical Cases in Mineral and 

Bone Metabolism 2013; 10: 86–90. 

DOI:10.11138/ccmbm/2013.10.2.086. 

3. Rustico SE, Calabria AC, Garber SJ. 

Metabolic bone disease of prematurity. J 

Clin Transl Endocrinol 2014; 1: 85–91. 

DOI:10.1016/j.jcte.2014.06.004. 

4. Nelson N, Finnström O, Larsson L. Plasma 

ionised calcium, phosphate and magnesium 

in preterm and small for gestational age 

infants. Acta Paediatr Scand 1989; 78: 

351–7. DOI:10.1111/j.1651-

2227.1989.tb11091.x. 

5. Bozzetti V, Tagliabue P. Metabolic Bone 

Disease in preterm newborn: an update on 

nutritional issues. Ital J Pediatr 2009; 35: 

20. DOI:10.1186/1824-7288-35-20. 

6. Land C, Schoenau E. Fetal and postnatal 

bone development: reviewing the role of 

mechanical stimuli and nutrition. Best 

Practice and Research in Clinical 

Endocrinology and Metabolism 2008; 22: 

107–18. 

DOI:10.1016/j.beem.2007.09.005. 

7. Abrams SA. In utero physiology: role in 

nutrient delivery and fetal development for 

calcium, phosphorus and vitamin D. 

American Journal of Clinical Nutrition 

2007; 85: 604–7. DOI:85/2/604S [pii]. 

8. Honarpisheh A. Frequency of 

hypocalcemia in low birth weight infants at 

hospitals in Kashan in 1997. MJIRI 2003; 

17: 47–50. 

9. Lyon AJ, McIntosh N, Wheeler K, Brooke 

OG. Hypercalcaemia in extremely low 

birthweight infants. Arch Dis Child 1984; 

59: 1141–4. DOI:10.1136/adc.59.12.1141. 

10. Bae YJ, Kratzsch J. Vitamin D and calcium 

in the human breast milk. Best Practice and 

Research: Clinical Endocrinology and 

Metabolism 2018; 32: 39–45. 

DOI:10.1016/j.beem.2018.01.007. 

11. Butte NF, Garza C, Johnson CA, Smith 

EOB, Nichols BL. Longitudinal changes in 

milk composition of mothers delivering 

preterm and term infants. Early Hum Dev 

1984; 9: 153–162. DOI:10.1016/0378-

3782(84)90096-3. 

12. Hsu YC, Chen CH, Lin MC, Tsai CR, 

Liang JT, Wang TM. Changes in preterm 

breast milk nutrient content in the first 

month. Pediatr Neonatol 2014; 55: 449–

54. DOI:10.1016/j.pedneo.2014.03.002. 

13. Gidrewicz DA, Fenton TR. A systematic 

review and meta-analysis of the nutrient 

content of preterm and term breast milk. 

BMC Pediatr 2014; 14: 216–29. 

DOI:10.1186/1471-2431-14-216. 

14. WHO recommendations for care of the 

preterm or low-birth-weight infant, 

https://www.who.int/publications/i/item/9

789240058262 (accessed 15 April 2024). 

15. Embleton ND, Jennifer Moltu S, 

Lapillonne A, Van Den Akker CHP, 

Carnielli V, Fusch C, et al. Enteral 

Nutrition in Preterm Infants (2022). J 

Pediatr Gastroenterol Nutr 2023; 76: 248–

268. 

DOI:10.1097/MPG.0000000000003642. 

16. Tongo OO, Olwala MA, Talbert AW, 

Nabwera HM, Akindolire AE, Otieno W, et 

al. Enteral Feeding Practices for Very 

Preterm and Very Low Birth Weight 

Infants in Nigeria and Kenya. Front 

Pediatr; 10. Epub ahead of print 11 May 

2022. DOI: 10.3389/fped.2022.892209. 

DOI:10.3389/fped.2022.892209. 

17. Fenton TR, Lyon AW, Rose MS. Cord 

blood calcium, phosphate, magnesium, and 

alkaline phosphatase gestational age-

specific reference intervals for preterm 

infants. BMC Pediatr 2011; 11: 76. 

18. Griffin IJ. Parenteral nutrition in premature 

infants. In: Abrams SA (ed) 2024 

UpToDate Inc., 



Ayeni, Victor A 

©Niger J Paediatr. Volume 51, Issue No. 2, 2024_______________________________________________82 

https://www.uptodate.com/contents/parent

eral-nutrition-in-premature-

infants?source=search_result&search=par

enteral%20nutrition%20in%20premature

%20infants&selectedTitle=4~150 

(accessed 15 April 2024). 

19. Allgrove J. Physiology of Calcium, 

Phosphate, Magnesium and Vitamin D. 

Endocr Dev 2015; 28: 7–32. 

DOI:10.1159/000380990. 

20. Deshpande N, Patil L, Deshpande S, 

Chavan S. Study of ionic calcium in 

maternal and cord blood and baby′s blood 

at 48-h age. Medical Journal of Dr DY Patil 

University 2014; 7: 152. 

DOI:10.4103/0975-2870.126321. 

21. Demarini S, Mimouni F, Tsang RC, 

Khoury J, Hertzberg V. Impact of 

metabolic control of diabetes during 

pregnancy on neonatal hypocalcemia: a 

randomised study. Obstetrics and 

gynecology 1994; 83: 918–22. 

DOI:10.1097/00006250-199406000-

00003. 

22. Tsang RC, Strub R, Brown DR, Steichen J, 

Hartman C, Chen IW. Hypomagnesemia in 

infants of diabetic mothers: perinatal 

studies. J Pediatr 1976; 89: 115–9. 

DOI:10.1016/s0022-3476(76)80944-4. 

23. Nassar A, Salti I, Makarem N, Usta I. 

Marked hypocalcemia after tocolytic 

magnesium sulphate therapy. Am J 

Perinatol 2007; 24: 481–2. DOI:10.1055/s-

2007-986696. 

24. Cholst IN, Steinberg SF, Tropper PJ, Fox 

HE, Segre G V, Bilezikian JP. The 

influence of hypermagnesemia on serum 

calcium and parathyroid hormone levels in 

human subjects. N Engl J Med 1984; 310: 

1221–5. 

DOI:10.1056/NEJM198405103101904. 

25. Wedig KE, Kogan J, Schorry EK, Whitsett 

JA. Skeletal demineralisation and fractures 

caused by fetal magnesium toxicity. 

Journal of Perinatology 2006; 26: 371–4. 

DOI:10.1038/sj.jp.7211508. 

26. Fox NS, Rebarber A, Klauser CK, Roman 

AS, Saltzman DH. Intrauterine growth 

restriction in twin pregnancies: incidence 

and associated risk factors. Am J Perinatol 

2011; 28: 267–72. DOI:10.1055/s-0030-

1270116. 

27. Mandy G. Neonatal complications of 

multiple births. In: Wesman LE (ed) 2024 

UpToDate Inc., 

https://www.uptodate.com/contents/neonat

al-complications-of-multiple-

births?search=Neonatal%20complications

%2C%20outcome%2C%20and%20manag

ement%20of%20multiple%20births&sour

ce=search_result&selectedTitle=1%7E150

&usage_type=default&display_rank=1 

(accessed 15 April 2024). 

28. Kurl S, Heinonen K, Länsimies E. Effects 

of prematurity, intrauterine growth status, 

and early dexamethasone treatment on 

postnatal bone mineralisation. Arch Dis 

Child Fetal Neonatal Ed 2000; 83: F109-

11. DOI:10.1136/fn.83.2.f109. 

29. Abrams SA. Neonatal hypocalcaemia. 

2024 UpToDate Inc., 

https://www.uptodate.com/contents/neonat

al-

hypocalcemia?search=Neonatal%20hypoc

alcaemia&source=search_result&selected

Title=1%7E26&usage_type=default&disp

lay_rank=1 (accessed 15 April 2024). 

30. Abdurrahman M, Raza M, Ajayi V, 

Zakolshi W, Ame J. Levels of Calcium, 

Phosphorus, Alkaline Phosphatase, 

Bilirubin and Glucose in Newborn Infants 

and their Mothers. Niger J Paediatr 1981; 

8: 52–7. 

31. Abrams S. Management of bone health in 

preterm infants. 2024 UpToDate Inc., 

https://www.uptodate.com/contents/manag

ement-of-bone-health-in-preterm-infants 

(accessed 15 April 2024). 

32. Hogler W. Complications of vitamin D 

deficiency from the foetus to the infant: 

One cause, one prevention, but who’s 

responsibility? Best Pract Res Clin 

Endocrinol Metab 2015; 29: 385–98. 

DOI:10.1016/J.BEEM.2015.03.003. 

33. Yadav R, Sethi R, Sethi A, Kumar L, 

Chaurasia O. The Evaluation of Effect of 

Phototherapy on Serum Calcium Level. 

People’s Journal of Scientific Research 

2012; 5: 1–5. 

34. Alizadeh-Taheri P, Sajjadian N, 

Eivazzadeh B. Prevalence of phototherapy 

induced hypocalcemia in term neonate. 

Iran J Pediatr 2013; 23: 710–1. 



A Narrative Review of Calcium, Phosphate, Magnesium and Vitamin D Metabolism in Breastfed Preterm 

Babies 

©Niger J Paediatr. Volume 51, Issue No. 2, 2024_______________________________________________83 

35. Kim SH, Park JH. Effect of Phototherapy 

on Bone Metabolism in Newborn Rats. 

Journal of the Korean Society of 

Neonatology 2001; 8: 206–10. 

36. Asghar I, Khan IA, Hassan F. Effect of 

head covering on phototherapy induced 

hypocalcaemia in term neonates with 

hyperbilirubinemia: A randomized 

controlled study. J Neonatal Perinatal Med 

2021; 14: 245-251. DOI: 10.3233/NPM-

200442.  

37. Miller JE. Birth intervals and perinatal 

health: An investigation of three 

hypotheses. Fam Plann Perspect 1991; 23: 

62–70. DOI:10.2307/2135451. 

38. King JC. Life and Fitness The Risk of 

Maternal Nutritional Depletion and Poor 

Outcomes Increases in Early or Closely 

Spaced Pregnancies. J Nutr 2003; 133: 

1732–1736. DOI:10.1093/jn/133.5.1732S. 

39. Zhu B-P, Rolfs RT, Nangle BE, Horan JM. 

Effect of the interval between pregnancies 

on perinatal outcomes. N Engl J Med 1999; 

340: 589–594. 

DOI:10.1056/NEJM199902253400801. 

40. Kumar AN, Kumar R. Correlation of 

Serum Magnesium Level with Increase in 

Parity and Comparision Among Rural and 

Urban Pregnant Women |. PharmaTutor, 

https://www.pharmatutor.org/articles/corre

lation-of-serum-magnesium-level-with-

increase-in-parity-and-comparision-

among-rural-and-urban-pregnant-women 

(2011, accessed 16 April 2024). 

41. Katung GK, Akande TS. The Prevalence of 

Hypocalcemia in Pregnancy and 

Peurperium in Northwestern Nigeria. Trop 

J Obstet Gynaecol 2016; 33: 27–31. 

42. Olausson H, Goldberg GR, Ann Laskey M, 

Schoenmakers I, Jarjou LMA, Prentice A. 

Calcium economy in human pregnancy and 

lactation. Nutr Res Rev 2012; 25: 40–67. 

DOI:10.1017/S0954422411000187. 

43. Usta IM, Nassar AH. Advanced maternal 

age. Part I: Obstetric complications. Am J 

Perinatol 2008; 25: 521–534. 

DOI:10.1055/s-0028-1085620. 

44. Hatun S, Ozkan B, Orbak Z, Doneray H, 

Cizmecioglu F, Toprak D, et al. Vitamin D 

deficiency in early infancy. J Nutr 2005; 

135: 279–82. DOI:135/2/279 [pii]. 

45. Wagner CL, Greer FR. Prevention of 

Rickets and Vitamin D Deficiency in 

Infants, Children, and Adolescents. 

Pediatrics 2008; 122: 1142–52. 

DOI:10.1542/peds.2008-1862. 

46. Merewood A, Mehta SD, Grossman X, 

Chen TC, Mathieu J, Holick MF, et al. 

Vitamin D Status among 4-Month-Old 

Infants in New England. Journal of Human 

Lactation 2012; 28: 159–66. 

DOI:10.1177/0890334411434802. 

47. Wagner CL, Taylor SN, Johnson DD, 

Hollis BW. The role of vitamin D in 

pregnancy and lactation: emerging 

concepts. Women’s Health 2012; 8: 323–

340. DOI:10.2217/whe.12.17. 

48. Abrams SA. Calcium and Vitamin D 

Requirements of Enterally Fed Preterm 

Infants. Pediatrics 2013; 131: e1676-83. 

DOI:10.1542/peds.2013-0420. 

49. Abrams SA. Vitamin D in Preterm and 

Full-Term Infants. Ann Nutr Metab 2020; 

76: 6–14. DOI:10.1159/000508421. 

50. Misra M, Pacaud D, Petryk A, Collett-

Solberg PF, Kappy M. Vitamin D 

Deficiency in Children and Its 

Management: Review of Current 

Knowledge and Recommendations. 

Pediatrics 2008; 122: 398–417. 

DOI:10.1542/peds.2007-1894. 

51. Hung Y-L, Chen P-C, Jeng S-F, Hsieh C-J, 

Peng SS-F, Yen R-F, et al. Serial 

measurements of serum alkaline 

phosphatase for early prediction of 

osteopaenia in preterm infants. J Paediatr 

Child Health 2011; 47: 134–9. 

DOI:10.1111/j.1440-1754.2010.01901.x. 

52. Moreira A, Swischuk L, Malloy M, Mudd 

D, Blanco C, Geary C. Parathyroid 

hormone as a marker for metabolic bone 

disease of prematurity. J Perinatol 2014; 

34: 787–91. DOI:10.1038/jp.2015.64. 

53. Abdallah EAA, Said RN, Mosallam DS, 

Moawad EMI, Kamal NM, Fathallah 

MGE-D. Serial serum alkaline phosphatase 

as an early biomarker for osteopenia of 

prematurity. Medicine (United States) 

2016; 95: 1–5. 

DOI:10.1097/MD.0000000000004837. 

54. Cristofalo EA, Schanler RJ, Blanco CL, 

Sullivan S, Trawoeger R, Kiechl-

Kohlendorfer U, et al. Randomised Trial of 



Ayeni, Victor A 

©Niger J Paediatr. Volume 51, Issue No. 2, 2024_______________________________________________84 

Exclusive Human Milk versus Preterm 

Formula Diets in Extremely Premature 

Infants. J Pediatr 2013; 163: 1592–5. 

DOI:10.1016/j.jpeds.2013.07.011. 

55. Dritsakou K, Liosis G, Valsami G, 

Polychronopoulos E, Souliotis K, 

Skouroliakou M. Mother’s breast milk 

supplemented with donor milk reduces 

hospital and health service usage costs in 

low-birthweight infants. Midwifery 2016; 

40: 109–13. 

DOI:10.1016/j.midw.2016.06.015. 

56. Wood C, Wood A, Harker C, Embleton N. 

Bone mineral density and osteoporosis 

after preterm birth: The role of early life 

factors and nutrition. Int J Endocrinol 

2013; 2013: 1–7. 

57. Bishop N. Bone disease in preterm infants. 

Arch Dis Child 1989; 64: 1403–9. 

DOI:10.1136/ADC.64.10_SPEC_NO.140

3. 

58. Bandara S, Kariyawasam A. Osteopenia of 

prematurity: Are we on the right track? Sri 

Lanka Journal of Child Health 2012; 41: 

56–59. DOI:10.4038/sljch.v41i2.4391. 

59. Torabi Z, Moemeni N, Ahmadiafshar A, 

Mazloomzadeh S. The effect of calcium 

and phosphorus supplementation on 

metabolic bone disorders in premature 

infants. Journal of Pakistan Medical 

Association 2014; 64: 635–9. 

60. Eremkina AK, Mokrysheva NG, Pigarova 

EA, Mirnaya SS. Vitamin D: Effects on 

pregnancy, maternal, fetal and postnatal 

outcomes. Ter Arkh 2018; 90: 115–127. 

DOI:10.26442/terarkh20189010115-127. 

61. Agarwal S, Kovilam O, Agrawal DK. 

Vitamin D and its impact on maternal-fetal 

outcomes in pregnancy: A critical review. 

Crit Rev Food Sci Nutr 2018; 58: 755–769. 

DOI:10.1080/10408398.2016.1220915. 

62. Zhou J, Su L, Liu M, Liu Y, Cao X, Wang 

Z, et al. Associations between 25-

hydroxyvitamin D levels and pregnancy 

outcomes: A prospective observational 

study in southern China. Eur J Clin Nutr 

2014; 68: 925–930. 

DOI:10.1038/ejcn.2014.99. 

63. Khalessi N, Kalani M, Araghi M, Farahani 

Z. The Relationship between Maternal 

Vitamin D Deficiency and Low Birth 

Weight Neonates. J Family Reprod Health 

2015; 9: 113. 

64. Morley R, Carlin JB, Pasco JA, Wark JD. 

Maternal 25-Hydroxyvitamin D and 

Parathyroid Hormone Concentrations and 

Offspring Birth Size. J Clin Endocrinol 

Metab 2006; 91: 906–912. 

DOI:10.1210/jc.2005-1479. 

65. Viljakainen HT, Saarnio E, Hytinantti T, 

Miettinen M, Surcel H, Mäkitie O, et al. 
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