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Abstract :

Neonatal metabolic bone disease (MBD), osteopenia of
prematurity (OOP), neonatal rickets or rickets of
prematurity, are terms used to describe a reduction in
bone mineral content (BMC) of the preterm infant.
Although its exact prevalence is difficult to quantify
because of the various methods used for screening of
infants who are at risk and also because of the difficulty
in the interpretation of these results, it has been steadily
increasing with the survival of more immature neonates
as a result of advances in neonatal care. Pathological
conditions  which impair placental macro and
micronutrients  transfer, such as  preeclampsia,
intrauterine growth restriction, and chorioamnionitis are
associated with an increased risk of MBD in preterm
infants. There are no specific diagnostic methods for
MBD of prematurity. The clinical findings appear late and
sometimes the diagnosis is not carried out. Indeed, it is
necessary to screen the subjects who are at risk to
develop MBD. The prevalence and also the severity of
OOP can be reduced by early nutritional intervention.
Maintaining a sufficient supply of Ca and P for the
growth of VLBW infants' skeleton is challenging because
of their relatively high physiological requirements.
Because of the crucial role of mechanical forces on the
development of the skeleton, daily exercises such as
gentle compression and movements of the limbs are
recommended in infants at risk of OOP.
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Introduction:

Neonatal metabolic bone disease (MBD), osteopenia of
prematurity (OOP), neonatal rickets or rickets of
prematurity, are terms used to describe a reduction in
bone mineral content (BMC) of the preterm infant.
Although its exact prevalence is difficult to quantify
because of the various methods used for screening of
infants who are at risk and also because of the difficulty
in the interpretation of these results, it has been steadily
increasing with the survival of more immature neonates
as a result of advances in neonatal care. Born before a
term pregnancy and thus deprived of a period of
intrauterine supply of minerals, these infants already
suffer at birth from suboptimal bone mineralization. The
prevalence of MBD is inversely associated with birth
weight and gestational age, with up to a third of infants
weighing less than one kilogram at birth being
osteopenic, more so if they are breastfed.' Other factors
impeding normal bone  mineralization include
inadequate postnatal intake of vitamin D, calcium (Ca)
and phosphorus (P), extended periods of total parenteral
nutrition, lengthy duration of immobilization and as also
a side effects of diuretics and corticosteroids prescribed
to these infants.”” Depending on the severity of the
demineralization, osteopenia can remain clinically silent
or develop as rickets, and, if severe, can even result in
fractures.’

As it is an important determinant of skeletal strength
structure and density of the skeletal system throughout
life, bone mineral density (BMD) in infants is an
important topic for neonatologists, pediatricians and
also endocrinologists.  Guidelines for preventing,
screening and treating MBD are not always consistent
nor are they universally agreed upon, as still illustrated
in a recently published review of this topic.’

Risk factors for MBD of prematurity

The most of placental transfer of calcium and phosphate
occurs in the third trimester of gestation with a peak at
34 weeks. Pathological conditions which impair
placental macro and micronutrients transfer, such as
preeclampsia, intrauterine growth restriction, and
chorioamnionitis are associated with an increased risk of
MBD in preterm infants.’
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Data from animal models and observational studies in
humans have demonstrated that calcitriol is not required
to regulate serum mineral levels during the fetal life, as
severe vitamin D deficiency and absence of vitamin D

receptor or 1a-hydroxylase do not impair serum

calcium and phosphate concentrations. However, clinical
trials have shown that vitamin D supplementation of
pregnant women reduces the risk for preeclampsia and
gestational diabetes which represent risk factors for
MBD. Male gender and polymorphisms of vitamin D
receptor, estrogen receptor, and collagen alpha 1 genes
have also been indicated as risk factors for MBD in
preterm infants.’

After birth, the role of mineral intake of calcium,
phosphate and vitamin D in the etiology of MBD of
prematurity is still debated. Some studies reported that
ELBW infants <30 weeks of gestation who had lower
weekly intake of calcium, phosphate, vitamin D, and
proteins during the first 8 weeks of life, developed MBD
, Whereas other studies have not found this correlation
in the same cohort of subjects , and in infants <1,500
gr recruited independently from gestational age.’

It has been demonstrated that newborns are fed
exclusively with breast milk showed lower levels of
phosphate than those receiving special formulas or
mineral supplementation. In addition, preterm infants
fed with unfortified human milk present rickets in 40%
of the cases, compared to the 16% of those fed with
special formulas. It has also been demonstrated that
phosphate supplementation improves the biochemical
markers of MBD in a cohort of preterm infants with low
gestational age and birth weight more than in a cohort
of preterm newborns with higher gestational age and
birth weight. A less effective intake of calcium and
phosphate occurs in infants with poor tolerance to
enteral nutrition and who require total parenteral
nutrition (TPN) >4 weeks.” The adverse effects related
to prolonged TPN include the possibility of aluminum
contamination and the risk of mineral precipitation in
the solution due to the small volumes.

Common neonatal morbidities, like sepsis, chronic lung
disease (CLD) , acidosis, necrotizing enterocolitis,
cholestatic jaundice, and long-term treatments with

diuretics and glucocorticoids can impair bone
remodeling by reducing osteoblast proliferation,
stimulating osteoclast activity, decreasing calcium

absorption, and increasing calcium renal excretion . An
impaired osteoblast activity due to bilirubin and bile
acids has been reported in experimental studies.
Moreover, the lack of mechanical stimuli due to fetal
movements against the uterine wall, as in presence of
muscular disorders and paralysis, may contribute to
decrease the bone formation."

Diagnosis

There are no specific diagnostic methods for MBD of
prematurity. The clinical findings appear late and
sometimes the diagnosis is not carried out. Indeed, it is
necessary to screen the subjects who are at risk to
develop MBD.

Serum Biochemical Markers

The assessment of serum biochemical markers is useful
for early detection of mineral deficiency (third week of
life). However, none of the bone metabolism markers,
such as calcium, phosphate, alkaline phosphatase (ALP),
PTH, and vitamin D alone can be considered specific of
MBD of prematurity.

1 — Calcium

The assessment of serum calcium levels is not a reliable
screening tool because newborns can maintain normal
calcium values despite a bone calcium loss. Furthermore,
serum calcium levels may also be affected by other
disorders such as phosphate depletion and
hypophosphatasemia.

2 — Phosphate

Hypophosphatemia is the earliest marker of disrupted
mineral metabolism, occurring 7-14 days after birth.
Serum phosphate levels lower than 3.6 mg/dl (1.16
mmol/L) in newborns exclusively maternal breastfed
suggest the depletion of the mineral content and
indicate a greater risk for MBD development. Serum
phosphate levels <5.6 mg/dl (<1.8 mmol/L) have been
strongly associated with the presence of radiological
evident rickets in preterm infants with a mean
gestational age of 30.3 weeks (range 24.7-33.0 weeks)
& a mean birth weight of 1,490 g (range 735-2,250 g)."

DOI: 10.46858/vimshsj.7411

148

VIMS Health Science Journal Volume 7 - Issue 4 - December 2020



Approach to Metabolic Bone Disease of Prematurity

Prof. Dr. Sunil Natha Mhaske et al

3 - ALP

ALP is a bone marker which physiologically increases
over the first 3 weeks of life and reaches a peak at 612
weeks of age . There are at least four ALP isoenzymes,
encoded by four genes: 3 tissue non-specific alkaline
phosphatase (TNSAP) (intestinal, placental, and germ
cell), and the ubiquitous TNSALP especially abundant in
the liver, bone and kidney, but also expressed in the
brain, particularly in the cortical sensory areas. ALP
levels >500 IU/L are suggestive of impaired bone
homeostasis and values >700 IU/L are associated with
bone demineralization, despite the absence of clinical
signs.”™ " ALP levels higher than 900 IU/L in preterm
infants <33 weeks of gestational age, associated with
serum phosphate levels persistently lower than 5.6
mg/dL (<1.8 mmol/L), have a diagnostic sensitivity and
specificity of 70 and 100%, respectively.” An X-ray of
the wrist and/or knee has been suggested in VLBW
infants when 2 values of ALP measured at least 1 week
apart exceed 800 IU/L . Viswanathan et al. have shown
that ALP level >500 IU/L in ELBW infants <30 weeks of
gestation is associated with MBD . Of the 230 infants
included in the study, 71 (30.9%) developed radiological
evidence of MBD of which 24/71 (33.8%) showed
spontaneous fractures. The differences of the cut-off
between the above studies could depend on the
selection of patients who were VLBW with higher
gestational age in the studies from Backstrom and Chan,
differently from those selected by Viswanathan who
were an omogenous population of ELBW <30 weeks of
gestation. The assessment of serum phosphate and ALP
has been recommended weekly or biweekly." "

4-Other Biomarkers

Serum PTH levels >100 pg/ml may suggest ELBW
neonates at risk for MBD (17). A high PTH level indicates
not only a secondary hyperparathyroidism but, in
association with the kidney tubular reabsorption of
phosphate (TRP), can discriminate the underlying cause
of hypophosphatemia. A low TRP with a high PTH would
suggest a calcium deficiency, while a high TRP with low
or normal PTH would indicate phosphate deficiency .
Serum osteocalcin (0C), a protein of the bone matrix, is

a marker of osteoblastic activity, partially regulated by
1,25-dihydroxyvitamin D levels. In presence of high
bone turnover, OC levels are increased. However, despite
its specificity, there is no a clear relationship between
serum OC levels and bone mineral content in the first 4
months of life. It has been demonstrated that serum PTH
levels might predict a reduction of bone mineral content
in preterm infants who have reached the at term age,
while urinary phosphate excretion and OC might be
useful markers to predict a low bone mineralization at 3
months of corrected age."

Urinary Biomarkers

Urinary calcium and phosphate excretion have also been
indicated as biomarkers of postnatal skeletal
mineralization. Hypophosphatemia, the most common
biochemical alteration associated with MBD of
prematurity, causes reduced PTH release which increases
renal tubular phosphate reabsorption. Decreased
phosphate also directly stimulates renal tubular
synthesis of vitamin D which increases intestinal calcium
absorption. Thus, phosphate deficiency interferes with
calcium  balance, leading to  hypercalcemia,
hypercalciuria, and nephrocalcinosis. Infants born <28
weeks of gestation have a lower phosphate threshold
value compared to other preterm newborns, resulting in
elevated urinary phosphate excretion even in the
presence of low phosphate levels. The normal range of
TRP is 78-91% and a value above 95% is a significant
marker of insufficient phosphate supplementation.14
Tubular phosphorus reabsorption is calculated according
to the following formula:

[1-(urinary phosphorus/urinary creatinine X
creatinine/serum phosphorus)] x 100.

serum

Likewise, urinary calcium or phosphate to creatinine
ratios may also be useful as biomarkers for MBD,
although these ratios are highly dependent on the
dietary intake and are also affected by the
administration of drugs such as furosemide or
theophylline.”

Radiological Markers

The instrumental diagnosis of bone impairment in
preterm infants remains a difficult challenge.
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X-rays are not reliable at early stage of bone disease due
to the absence of significant demineralization or
fractures. Bone mineralization must be reduced by
20-40% to be identifiable and usually it occurs later in
life.”

The Koo's score describes the radiological alterations:"”
 Grade 1: presence of bone rarefaction;

» Grade 2: presence of bone rarefaction associated

with  metaphyseal alterations, shadow, and
subperiosteal bone formations;
e Grade 3: associated with the presence of

spontaneous fractures.

Dual energy X-ray absorptiometry (DEXA) is the gold
standard technique to assess bone mineral density
(BMD), adaptable to preterm infants. DXA expresses the
bone calcium content as grams of hydroxyapatite per
centimeter squared. The method implies the use of low
ionizing radiation (effective dose, 0.001 mSv; <0.1
mrem), and the preferred target regions in neonates are
the lumbar spine, the forearm and the calcaneus. A BMD
>0.068 g/cm’, evaluated in a cohort of preterm infants
<31 weeks (birth weight <1,500) at discharge, has
been associated to a low probability of developing MBD
of prematurity. However, the instrumental dimensions,
the time employed for imaging and movement artifacts
limit the widespread use of this technology in preterm
and at term infants. Backstrom et al. found that the
association of ALP serum levels >900 IU/L and
phosphate <1.8 mmol/L indicates a low BMD with
sensitivity and specificity of 100% and 70%,
respectively, compared to DXA measurements, in VLBW
and ELBW infants <33 weeks of gestation and mean
birth weight of 1,490 g. This correlation was not found
in a prospective study performed in a cohort of infant
<32 weeks with a mean birth weight of 1,129 g.” In
these subjects ALP and phosphate were measured
weekly from 1 week of age until 37 weeks of gestational
age, and no associations were observed between either
ALP or serum phosphate and bone mineralization at
term.

Fig 1: X ray showing spontaneous fracture of humerus
due to MBD of prematurity.

Prevention & Management

The prevalence and also the severity of OOP can be
reduced by early nutritional intervention. Maintaining a
sufficient supply of Ca and P for the growth of VLBW
infants' skeleton is challenging because of their relatively
high physiological requirements. In addition, although
preterm infants are capable of absorbing up to 70% of
Ca from human milk, the P content affects the Ca
retention rate. Supplementing milk with both Ca and P is
more effective: while the Ca absorption rate is 35 mg/kg
per day in the presence of P supplementation alone, it
increases to 60 mg/kg per day when both Ca and P are
supplemented. Ca absorption is also affected by the
dietary Ca/P ratio with the retention rate reaching up to
90 mg/kg per day when the appropriate ratio is
attained. The neonatal intestinal absorption of P is very
good in the presence of Ca, with absorption rates
exceeding 90% with both human and formula milk. Ca
and P retention rates similar to those observed in utero
are attained with high-mineral preterm milk formulae or
with fortified human milk.

It is imperative to monitor closely serum Ca, P and ALP
in such high-risk infants. To prevent OOP serum Ca
concentration should be maintained between 2.05-2.75
mmol/L and serum P between 1.87-2.91 mmol/L.
Although VLBW infants are routinely given vitamin D
supplementation to increase intestinal absorption of Ca
and P doses above 400 IU/d do not improve their
absorption.
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Parenteral nutrition preparations providing 1.45 to 1.9
mmol/kg per day of Ca and 1.23 to 1.74 mmol/kg per
day of P result in Ca and P retention rates of 88%-94%
and 83%-97% respectively, equivalent to 60% to 70% of
the expected in utero Ca and P accretion rates. Ca and P
delivery by parenteral nutrition are affected not only by
their respective concentrations in the intravenous
solution, but also by the ratio of their concentrations.
The optimal Ca/P ratio in the intravenous solution fluid is
between 1.3:1 and 1.7:1.54. The supply of these
minerals to infants is limited by the poor solubility of
both Ca and P in parenteral nutrition solution, resulting
in an increase in the risk of OOP when enteral feeding is
not possible for an extended period. Further research is
required to improve Ca and P delivery with parenteral
nutrition. Vigilance is required during parenteral
nutrition as the increase in parenteral mineral delivery
may result in metabolic acidosis and hypercalciuria. If
needed, parenteral P delivery can also be enhanced by
using special preparations of organic P

Because of the crucial role of mechanical forces on the
development of the skeleton, daily exercises such as
gentle compression and movements of the limbs are
recommended in infants at risk of OOP if greater
increase in body weight, forearm bone length, bone
area and BMC are to be achieved.”
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