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Prevention and management of metabolic bone disease of prematurity

Purpose and scope

This framework of practice aims to

Highlight the importance of optimising enteral and parenteral nutrition to prevent MBDP
among high-risk infants.
Provides recommendations for appropriate screening and management options.

This framework is NOT or out of scope for:

Derangements in calcium and phosphate that occur within the first week of life in preterm
infants.

Disorders resulting in neonatal hypocalcaemia or hypercalcaemia.

Hypophosphatemia due to renal phosphate wasting disorders.

Deranged ALP and bone metabolism due to liver and renal disorders.

Management of bone fragility and fractures, or other disorders that can cause bone fragility
in infancy.

Derangements in bone metabolism in term infants (this is not usually due to MBDP —
alternative diagnoses should be considered).

If there is doubt as to the diagnosis of MBDP, a discussion with a specialist in paediatric bone
metabolism is advised.

© BAPM, 2026



Prevention and management of metabolic bone disease of prematurity

Executive summary/ Key recommendations

Question and Recommendation Evidence Strength of

quality recommendation
How should we prevent metabolic bone disease of Moderate Moderate/strong
prematurity (MBDP)?
Prevention of MBDP relies on identification of at-risk infants in
whom to implement optimal enteral and parenteral nutritional
strategies and maintaining vitamin D levels
Which babies should be screened with biochemical tests for
MBDP?

e Gestational age at birth <32 weeks or Birth weight High Strong
<1500 grams

e Prolonged duration of parenteral nutrition (> 4 weeks) Moderate Moderate
or Prolonged (>2 weeks) or recurrent (>1 course) use
of steroid treatment

When should we consider screening?
e No earlier than 2-3 weeks postnatal age Very low Weak
Very low Consensus

e After enteral nutrition is optimised (unless receiving

prolonged parenteral nutrition)

What tests should be done and how often?
e Fortnightly serum alkaline phosphatase (ALP), Moderate | Weak/moderate
phosphate and parathyroid hormone (PTH)

When should we consider treatment for MBDP?

ALP >650 U/L and/or Phosphate <1.8 mmol/L and/or PTH | Moderate | Weak/moderate
>10 pmol/L

What is the treatment and monitoring of MBDP?
Flow chart 1 below summarises a treatment and monitoring Very low Consensus
pathway once MBDP is established and nutrition has been
optimised. Management depends on whether the infantis in a
calcipenic or phosphopenic state.
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Prevention and management of metabolic bone disease of prematurity
A DRAFT BAPM Framework for Practice

Flow chart 1. Summary of treatment and monitoring pathway, once suggested by routine
biochemical screening, and once preventative strategies and nutrition have been optimised.

2-3 weeks postnatal age, check ALP, PTH, phosphate

If phosphate low/ALP high/PTH raised, check 25-hydroxyvitamin D

25-hydroxyvitamin PTH PTH
D <50 nmol/L 210pmol/L <10pmol/L

A ';fg;“”;c::;in Likely [nad?quate Ca |r!take Likely phosphate deficiency (Phosphopenic
BRI (Calcipenic state - raised state — normal PTH, low phosphate/raised
D level <50 PTH +/- low phosphate, /'-:\LP]
nmol/L raised ALP)
Give vitamin D
dose of 1000 Enterally fed
units (50 1) Commence calcium

micrograms ;
dfily ) suppl 1mmol/kg/dayin 2-4 2) Commence calcium suppl Tmmol/kg/day in
divided doses between 2-4 divided doses between feeds, separate to
feeds
- . phosphate suppl
multivitamin ] ;
( 2) Discontinue phosphate (to maintain total enteral molar Ca:P ratio 1.2-
suppl plus suppl 1.3:1)
additional e

cholecalciferol) PN

Enterally fed
1) Commence phosphate suppl Tmmol/kg/day
in 4 divided doses between feeds

PN
1)} Increase calcium by 0.5- 1) Increase Phosphate by 0.5-1 mmol/kg /day if
Tmmol/kg/day if able able
2) Minimum molar Ca:P
ratio of 1:1, ideally 1.3:1

2) Increase calcium in PN to maintain molar
Ca;P ratio at least 1:1

1

6-12 weekly vitamin

D monitoring

Higher doses may be
provided if 25-
hydroxyvitamin D
levels remain <50
nmol/L (up to 3000
units i.e 150
micrograms) daily

Once vitamin D
sufficiency is
demonstrated (>50
nmol/L), then reduce
dosing to 400 units
daily as per national

recommendation (i.e.

through multivitamin
supplementation
alone)

Abbrevi

Ongoing monitoring:2 weekly phosphate, ALP, PTH

Non-responders (static/ worsening biochemistry)

Calcipenic state

Increase Calcium suppl by 0.5mmol/kg/day increments (max
3mmol/kg/day)
Phosphopenic state

If PTH remains normal, increase phosphate and calcium supplto
1.5mmol/kg/day

If PTH increases, consider increasing calcium suppl or decreasing
phosphate suppl

Responding (normalisation of biochemisti
Halve oral suppldoses and continue 2 weekly monitoring
Discontinue suppl once <0.5mmol/kg/day (or when corrected
gestational age 36/40)
Repeat biochemistry 2 week after stopping

Ongoing monitoring:2 weekly phosphate, ALP, PTH

lkaline P ( ( al nutrition

Blue boxes: Key to the supplementation strategy is whether PTH is elevated (=10 pmol/L) or
not, and therefore whether there is a relative calcipenic or phosphopenic state. Once
supplementation is commenced, fortnightly monitoring of biochemistry (ALP, PTH, phosphate)
will guide adjustments to, and discontinuation of, supplementation. Purple boxes: Of secondary
importance is the optimisation of 25-hydroxyvitamin D levels if deficient.
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Prevention and management of metabolic bone disease of prematurity

Introduction

Metabolic bone disease of prematurity (MBDP) refers to the undermineralisation of the skeleton,
which commonly occurs in infants born preterm (Angelika et al., 2021, Levene et al., 2023, Lyon et
al., 1987, Mitchell et al., 2009). It is due to loss of the accretion of calcium and phosphorus minerals
(80% of which occurs in the third trimester in utero), which is challenging to replicate postnatally
through enteral or parenteral nutrition, and exacerbated by risk factors which affect bone mineral
metabolism (Chinoy et al., 2019, Forster et al., 2024). Therefore, in essence, MBDP is primarily due
to a deficiency in calcium and phosphorus minerals.

Mineral deficiency leads to undermineralisation of the bones (characterised by osteopenia, with
elevations of alkaline phosphatase as the body tries to increase bone mineralisation and turnover)
and rickets (due to low serum phosphate, either due to phosphorus deficiency or secondarily due to
the effects of elevated parathyroid hormone in response to calcium deficiency which results in renal
phosphate wasting) (Chinoy et al., 2019).

Historically, there was a presumption that inadequate dietary phosphate was the leading reason for
MBDP and alkaline phosphatase was the main biochemical marker (Lucas et al., 1989). However, it is
now known that inadequate dietary calcium may also contribute to MBDP, and excessive phosphate
supplementation can lead to secondary hyperparathyroidism (Chinoy et al., 2019, Boddu and
Lankala, 2022).

In extremely preterm infants, it is likely that protein deficiency may also contribute to MBDP, due to
inadequate osteoid formation in the bone to subsequently mineralise (Czech-Kowalska, 2020). This
framework does not specifically address protein provision, in the absence of evidence specifically in
relation to outcomes in MBDP. However, following current guidance on enteral and parenteral
provision of protein to preterm infants published elsewhere is advised, due to its positive outcomes
on growth (Brown et al., 2024, Embleton et al., 2023, Embleton and van den Akker, 2019, van
Goudoever et al., 2018). Due to paucity of evidence, no national or international guidance exists for
the management of MBDP, and clinical practice is varied (Chinoy et al., 2021, Harrison et al., 2008).
MBDP is important to prevent, recognise and manage effectively, so as to avoid its consequences.
Although this has not been fully explored, there is evidence to suggest MBDP worsens respiratory
outcomes (Avila-Alvarez et al., 2020), has implications on growth in infancy and childhood (Fewtrell
et al., 2000, Lucas et al., 1989) and can make the bones fragile, increasing the risk of pathological
fractures, both whilst on the neonatal unit and following discharge. This can cause issues in
separating between fragility fractures and non-accidental injury which can complicate safeguarding
processes (Boddu and Lankala, 2022, Chinoy et al., 2019, Lucas-Herald et al., 2012).

This framework aims to harmonise broad practice across the UK and suggests an approach to MBD
prevention, screening and treatment. This framework highlights i) the importance of a nutritional
preventive strategy in at-risk infants ii) the importance of maintaining a physiological ratio of calcium
to phosphate to avoid disordered bone mineralisation. iii) importance of testing parathyroid
hormone (PTH) in addition to the bone profile to determine whether MBDP is due to primary
calcium deficiency or primary phosphate deficiency, to guide further management.

In recognition of existing areas of uncertainty, the strength and quality of evidence is presented
alongside each recommendation. A care pathway is suggested which can be used to inform local
guidelines. It is important to highlight that this framework provides guidance from an MBDP
perspective only, and clinical decisions need to be made in the context of the whole clinical picture
at an individual patient level.
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Prevention and management of metabolic bone disease of prematurity

In this framework, phosphorus refers to the mineral that is required for bone mineralisation, and
phosphate refers to the measured ion in serum as a screening tool, and to the medication that is
given in phosphopenic states. This differentiation is important in calculating optimal ratios. Ratios
are provided in millimoles given the ratios are equivalent with calcium for both phosphorus and
phosphate. If milligrams was used, ratios differ because of different molar weights between
phosphorus and phosphate.

Recommendations in this framework were informed by published literature, unpublished work and
clinical experience or consensus where no evidence was available. Members of the working group
conducted literature searches focusing on questions surrounding prevention, screening and
treatment of MBDP (see Appendices 1 & 2). A modified Delphi approach was used to achieve
consensus within the working group (with repeated rounds until 75% consensus was achieved on all
areas). Grading of the strength of the recommendations are provided based on the quality of
evidence (Strong/Moderate/Weak) or consensus where no evidence is available.

© BAPM, 2026 8



Prevention and management of metabolic bone disease of prematurity

Clinical questions and recommendations

Recommendation

Evidence

quality

Strength

Rationale for the
recommendation

Identification of at-risk infants:

Studies have identified

- <32 weeks gestation High Strong these as risk factors for

- Birth weight <1500 grams High Strong development of MBDP,

- Prolonged duration of Moderate Moderate presumably due to loss of
parenteral nutrition (>4 weeks) in utero mineral accretion

- Prolonged (>2 weeks) or Moderate Moderate (gestation, BW), placental
recurrent (>1 course) use of insufficiency (BW),
steroids provision of minerals (PN)

- Prolonged or recurrent use of Low Weak and impact on bone
diuretics (especially furosemide) metabolism (steroids,

diuretics)

Implement optimal enteral nutrition Neither breast milk alone,
strategies: nor term formulas provide
- From an MBDP perspective, Moderate Strong adequate calcium and

fortification of maternal breast- phosphorus to meet
milk (or donor breast-milk) with preterm requirements
multinutrient breast-milk (ESPGHAN) (Embleton et
fortifier facilitates the provision al.,, 2023)
of adequate nutrient
requirements
- When formula is used, a Moderate Strong
preterm-specific milk formula
should be selected
Maximise calcium and phosphate in Neither breast milk alone,
parenteral nutrition: nor term formulas provide
- Minimum molar Moderate | Moderate/strong | adequate calcium and
calcium:phosphate ratio of 0.75- phosphorus to meet
1:1 preterm requirements
- Optimise to molar Very low Weak (ESPGHAN) (Embleton et
calcium:phosphate ratio of 1.3:1 al., 2023)
Supplement enteral feeds or parenteral High Moderate/strong | In line with ESPGHAN

nutrition with multivitamin
supplementation containing 400-1000
international units (20-50 micrograms)
of vitamin D per day

recommendations
(Embleton et al., 2023)

Further information

Multiple studies have consistently identified gestational age and birth weight as the two key risk
factors for MBDP, in particular infants <28 weeks gestation or with a birth weight <1000 grams.
Other risk factors have been postulated in the literature (e.g. chronic lung disease, necrotising
enterocolitis, use of ranitidine and caffeine), but the contribution these made to the development of
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Prevention and management of metabolic bone disease of prematurity

MBDP may be confounded by other risk factors above and therefore the review group felt there was
insufficient evidence to support them as definite risk factors. Routine use of prophylactic phosphate
supplementation should not be in isolation; This may worsen MBDP by driving secondary
hyperparathyroidism in calcipenic situations.

Breast milk is preferred to formula milk for all infants regardless of gestation due to its nutritional
advantages and proven protective effect against necrotising enterocolitis and late onset sepsis
(Eidelman, 2012, Vohr et al., 2007, Belfort et al., 2016, Corpeleijn et al., 2016, Patel et al., 2013,
Miller et al., 2018, Meinzen-Derr et al., 2009, Taylor et al., 2021, Quigley et al., 2019, Brown et al.,
2019, Valverde et al., 2021). Additionally, in the context of MBDP, there is evidence for greater
micronutrient availability and absorption (Grover et al., 2024, Mastroeni et al., 2006, Roig, 1999).
Recent ESPGHAN guidance proposes early fortification once an infant is tolerating 40-100ml/kg of
breast milk (Embleton et al., 2023, Arslanoglu et al., 2019). Both fortified expressed breast-milk and
most preterm formulae have a calcium-to-phosphorus ratio of ~1.3:1 on a molar basis, which allows
optimal absorption of both minerals (Abrams and Committee on, 2013) (see Appendix 3).

Estimated recommendations for enteral vitamin D of 400-700 IU can only be achieved with
additional multivitamin supplementation, even for infants on fortified breast milk and preterm-
specific infant formula(Abrams and Committee on, 2013, Embleton et al., 2023, Kumar et al., 2022).
For infants on PN (both short term‘and prolonged use), vitamin D should be given as part of the fat-
soluble vitamins component. The total provision of vitamin D is dependent on the weight of the
infant — it should be noted that for.infants less than 2.5kg this is likely to be less than 400IU.
Therefore, enteral supplementation with a multivitamin containing vitamin D should also be
considered for infants on long-term partial PN if the enteral route is not contraindicated (Bronsky et
al., 2018).

Whilst there is a paucity of evidence, it is important to highlight the importance of optimal handling
and positioning given the. potential for bone fragility [consensus]. This will reduce risk of fragility
fractures but also promote bone health via muscle'stimulation (Rauch and Schoenau, 2002). There
remains insufficient evidence at present to support the use of passive physical activity regimens.

od t T
Recommendation Evidence Strength | Rationale for the
quality recommendation
Infants with any of the following should be As per section above
screened for MBD:
e Gestational age at birth <32 weeks or High Strong
birth weight < 1500 grams
e Prolonged duration of parenteral Moderate | Moderate
nutrition (> than 4 weeks)
e Prolonged (> 2 weeks) or recurrent Moderate | Moderate
(>1 course) use of steroid treatment

© BAPM, 2026 10



Prevention and management of metabolic bone disease of prematurity

Recommendation

Evidence

Rationale for the

No earlier than 2-3 weeks postnatal age,
but only after enteral nutrition is optimised
(unless receiving prolonged PN)

quality
Very low

Strength

Weak

recommendation

Biochemical derangements will
begin to be seen from 2-3 weeks
postnatal age. However, nutrition
must be optimised prior to
prevent unnecessary
supplementation being
commenced

Further information

The limited literature suggests that biochemical derangements due to MBDP start to occur at around
2-3 weeks of life (Hung et al., 2011, Lee et al., 2017, Rayannavar and Calabria, 2020). This allows for
early detection and timely initiation of treatment, whilst avoiding unnecessary interventions in the
immediate postnatal period. Although screening should ideally commence only after establishing
optimal enteral nutrition, if an infant is on prolonged PN, then earlier screening can be

implemented.

© BAPM, 2026
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Prevention and management of metabolic bone disease of prematurity

Recommendation Evidence Strength of Rationale for the

quality recommendation | recommendation

Test and thresholds suggestive for

MBDP treatment
1. Alkaline phosphatase, >650 Moderate | Moderate Although ALP thresholds range
u/L from 500-700 U/L, highest
quality evidence available
suggests ALP >650 U/L
2. Phosphate, <1.8 mmol/L Moderate | Weak/moderate | Acceptable sensitivity (50%)
although laboratory and optimal specificity (96%)
dependent and varies with with threshold of <1.8 mmol/L
age

3. Parathyroid hormone, PTH; Moderate | Weak/moderate | As well as guiding treatment,
>10 pmol/L PTH also serves as an early
[moderate/weak] screening measure of MBDP —

a reference range in preterm

infants has been established as

0.9-11.9 pmol/L, with 10

pmol/L felt to be a pragmatic

choice
25-hydroxyvitamin D to be Very low Consensus There is insufficient evidence to
measured (aim >50 nmol/L) only if justify routine 25-
any of the main biochemical hydroxyvitamin D testing, but it
screening parameters are abnormal is important to treat vitamin D
on screening deficiency once MBDP is
diagnosed
How often? To allow for appreciation of
Two weekly Very low Consensus trends in biochemistry, timely

initiation of treatment, without
excessive sampling, and in line
with routine blood tests

Further information

A combination of biochemical markers, particularly elevated PTH and low phosphate, carries a
greater sensitivity and specificity of diagnosing MBDP than reliance on individual markers
(Backstrom et al., 2000, Figueras-Aloy et al., 2014, Moreira et al., 2014).

Alkaline phosphate: There are comparatively many more studies of ALP thresholds (than the other
biochemical thresholds) in the detection of bone disease in preterm infants (Abdallah et al., 2016,
Backstrom et al., 2000, Czech-Kowalska et al., 2016, Faerk et al., 2002, Hung et al., 2011, Koo et al.,
1982, Lee et al., 2017, Lu et al., 2023, Mitchell et al., 2009, Moreira et al., 2014, Tkach et al., 2017,
Viswanathan et al., 2014). The highest quality evidence available indicates that a peak ALP of >650
U/L is associated with a sensitivity of 80% and a specificity of 64% for predicting MBDP (Lee et al.,
2017). The trends, as well as the absolute values of ALP, are useful in assessing for MBDP.

© BAPM, 2026 12



Prevention and management of metabolic bone disease of prematurity

PTH: Elevated PTH is a physiological marker of calcium deficiency. There is evidence to suggest that
elevated PTH is, even in isolation, one of the strongest indicators of MBDP and its sequalae and may
represent the first or only biochemical derangement in the calcipenic state (Czech-Kowalska et al.,
2016, Levene et al., 2023, Moreira et al., 2014). Therefore, this framework recommends that PTH is
part of the screening bloods undertaken, rather than only performed if ALP or phosphate is
deranged, as is common practice in some centres. There is a paucity of studies investigating
thresholds for PTH in neonates (Matejek et al., 2018); Typically childhood and adult reference ranges
have been applied to preterm infants. However, a recent well-designed study established the
neonatal reference range for PTH in preterm infants to be 0.9-11.9 pmol/L, whereby >12 pmol/L
would be considered abnormal (Matejek et al., 2024).

On balance, it was felt that a cut-off >10 pmol/L be a pragmatic choice for PTH, especially as recent
real-word data would also suggest that this is an appropriate threshold (Levene et al., 2025). It is
important to note that 25-hydroxyvitamin D levels should ideally be normalised (i.e. >50 nmol/L) to
ensure elevated PTH is due to MBDP alone, and not due in some part to vitamin D deficiency. It is
also recognised that there is considerable method-related variation in PTH results, which will in
itself, affect cut-offs (Sturgeon et al., 2017). Therefore, local audits of data are advised to establish
specific cut-offs relevant to local assays.

Phosphate: There is mixed evidence on whether low phosphate is predictive of MBDP and its utility
as a screening tool (Abdallah et al., 2016, Backstrom et al., 2000, Czech-Kowalska et al., 2016, Faerk
et al., 2002, Hung et al., 2011, Koo et al., 1982, Lee et al., 2017, Viswanathan et al., 2014). Reference
ranges for phosphate vary with age and laboratory, and therefore the lower limit of a local
laboratory neonatal-specific reference range should be used as a cut-off.

Current evidence does not support the routine measurement of the following biochemical
parameters as part of screening in clinical practice: TmP/GFR (Czech-Kowalska et al., 2016), 25-
hydroxyvitamin D (Czech-Kowalska et al., 2016, Koo et al., 1982), adjusted calcium (Abdallah et al.,
2016, Backstrom et al., 2000, Czech-Kowalska et al., 2016, Hung et al., 2011, Koo et al., 1982, Lee et
al., 2017, Viswanathan et al., 2014) use of imaging tools (plain radiograph, dual energy x-ray
absorptiometry or quantitative ultrasound) in MBDP screening or diagnosis. However, plain
radiographs undertaken for other purposes may incidentally highlight features of MBDP (including
osteopenia, periosteal reaction, rickets and fractures). Osteopenia radiologically is a late marker of
MBDP, apparent only evident when almost 40% reduction in bone mineral content (Mazess et al.,
1984), and should not be used for screening.

© BAPM, 2026 13



Prevention and management of metabolic bone disease of prematurity

Recommendation

Evidence

quality

Strength

Rationale for the recommendation

Treatment for calcipenic state (raised Very low Consensus | Enteral calcium supplementation is

ALP and/or low phosphate and/or within the BNFc recommendations

raised PTH): See Flowchart 2 of 0.25-2 mmol/kg/day for calcium
deficiency.
Minimum PN molar ratios as per
NICE, with optimised ratios to
enhance calcium provision in view
of secondary hyperparathyroidism,
although may be difficult to achieve
practically

Treatment for phosphopenic state Very low Consensus | Concurrent phosphate and calcium

(raised ALP and/or low phosphate with supplementation is given to

normal/low PTH): See Flowchart 2 maintain optimal physiologic molar
calcium:phosphate ratio of 1.2-
1.3:1 (when enteral feeds +
supplements are considered) to
enable optimal absorption of both
Minimum PN molar ratios as per
NICE, with increase in phosphate
balanced with additional calcium to
maintain this ratio

Subsequent monitoring: See Flowchart | Very low | Consensus | Consensus-based approach

3

If serum 25-hydroxyvitamin D level High Moderate | Evidence suggests this dose

<50 nmol/L is noted, provide a total optimises vitamin D stores within

vitamin D dose of 1000 units (50 4-8 weeks, whereas lower doses

micrograms) daily (multivitamin take up to 3 months

supplementation plus additional

cholecalciferol)

Subsequent monitoring of 25- Very low | Consensus | 25-hydroxyvitamin D stores take

hydroxyvitamin D levels for those on
treatment doses should not be more
frequently than 4-6 weekly, ideally 6-
12 weekly

time to achieve, therefore more
frequent monitoring risks
unnecessary increases in dosing

© BAPM, 2026
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Flow chart 2: Suggested algorithm for the treatment of MBDP, depending on whether a calcipenic
(elevated PTH) or phosphopenic (normal PTH) state is demonstrated, subdivided by form of

nutrition.

| Biochemicalevidence of MBDP

Calcipenic state:
Raised PTH +/- low phosphate/raised ALP

Phosphopenic state:
Low phosphate/raised ALP with normal PTH

Enterally-fed:

- Commence phosphate
supplements**

- Also commence calcium
supplements* to maintain
calcium:phosphate molar
ratio of 1.2-1.3:1

Parenteral nutrition:

Increasing
phosphate provision
by 0.5 mmol/kg/day
whilst maintaining
calcium:phosphate
molar ratio of at

Enterally-fed: Parenteral nutrition:

- Discontinue - Minimum
phosphate calcium:phosphate
supplements (if molar ratio of 1:1,
applicable) with optimisation to

- Commence calcium 1.3:1if provisions
supplements* allow

(including feeds)

least 1:1

* Suggested dose 1 mmol/kg/day in 2-4 divided doses
** Suggested dose 1 mmol/kg/day in 4 divided dose

Supplements should ideally be given separate to each other and separate to feeds

Flow chart 3: Suggested algorithm for the monitoring of MBDP, once treatment is commenced,
based on whether there is biochemical response to supplements, and subsequent dose alterations

| Fortnightly measurement of phosphate, PTH & ALP*

/\

Responders
(normalisation of biochemistry)

Non-responders
(static/worsening biochemistry)

/\

» Halving of oral supplement
doses**, with fortnightly
biochemical monitoring (PTH,
phosphate, ALP)

» Discontinue supplements once
<0.5 mmol/kg/day (or when
corrected gestational age ~36/40)

» Repeat biochemistry 2 weeks after
stopping supplements to ensure

Calcipenic state

» Increase calcium
supplements by 0.5
mmol/kg/day
increments (maximum
3 mmol/kg/day)

» Fortnightly biochemical
monitoringto determine
dose changes

Phosphopenic state

» If PTH remains normal: Increase
phosphate and calcium
supplementsto 1.5 mmol/kg/day

» If PTH increases: Consider
increasing calcium supplements or
decreasing phosphate
supplements

» Fortnightly biochemical monitoring

they do not need to be restarted

\/

* Caution should be taken with ALP during
monitoring, as this usually lags

Discussion with specialists in metabolic bone disease if no

treatmentresponse

** More aggressive weaning of calcium

supplementation if PTH is suppressed

© BAPM, 2026
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Prevention and management of metabolic bone disease of prematurity

There is a limited evidence base for the treatment of MBDP, with the literature limited to consensus-
based recommendations (Chinoy et al., 2019, Forster et al., 2024, Grover et al., 2024, Yan-Mei et al.,
2021). The recommendations here are informed by published literature and current practice across
the UK, providing a consensus-based and pragmatic approach to the treatment of MBDP and its
monitoring.

Progression to active management of MBDP assumes the following:
1. That estimated nutritional requirements are being met and have been for an adequate
duration (at least 2 weeks).
2. That abnormalities in bone biochemistry exist: phosphate below the local reference range
and/or an ALP > 650 IU/L and/or PTH > 10 pmol/L.

PTH stimulates bone resorption and is a measure of bone turnover. PTH levels will help determine
whether there is underlying calcium or phosphate deficiency and guide supplementation (Chinoy et
al., 2019, Czech-Kowalska et al., 2016, Levene et al., 2023, Matejek et al., 2018).
e PTH will be raised if there is calcium (or vitamin D) deficiency, with or without raised ALP
and low phosphate.
o PTH will be low or normal if there is phosphate deficiency, with raised ALP or low
phosphate.

A normal measured serum level can still be seen even when total body calcium levels are low, due to
the actions of PTH, which will be elevated. Untreated calcium deficiency will eventually lead to low
serum phosphate due to the increased PTH activity and increased bone resorption.
Misinterpretation of this low phosphate in the context of untreated calcium deficiency and
secondary hyperparathyroidism can result in inappropriate phosphate supplementation, which is
why PTH levels are helpful in this context.

In contrast to the phosphopenic state (see below), in the calcipenic state additional phosphate
supplementation is not required, as the secondary hyperparathyroidism indicates a need for calcium
additional to this ratio. Ideally, calcium supplementation should be given in between feeds, and
separate from iron supplementation, to prevent precipitation and optimise absorption (Appendix 4).

Achieving the optimal calcium:phosphate molar ratio of 1.3:1 in PN can be challenging due to
solution stability limits, local PN provision, and restricted line access for side-arm infusions (Nehra et
al., 2013, Mihatsch et al., 2018).

Phosphate given alone or out of ratio can trigger secondary hyperparathyroidism and bone
demineralisation (Chinoy et al., 2019). Supplementation should be divided into several doses (not
just 1-2 daily as per BNFc) to reduce the risk of secondary hyperparathyroidism. Ideally, calcium and
phosphate should be given between feeds, separately from each other and from iron, to prevent
precipitation and optimise absorption (Appendix 4). When using standard preterm feeds (Appendix
5), this combined approach maintains the recommended physiological calcium:phosphate ratio.

© BAPM, 2026 16



Prevention and management of metabolic bone disease of prematurity

There is limited evidence on the optimal timing for assessing biochemical response, so consensus
recommendations are provided. ALP normalises slower than PTH and phosphate and should not be
used in isolation, though ALP trends are useful. In calcipenic infants, a fall in PTH toward the normal
range (<10 pmol/L) indicates effective treatment, while a suppressed PTH (<1.0 pmol/L) warrants
faster calcium weaning to avoid nephrocalcinosis. Ongoing treatment can be managed as an
outpatient if needed, though most infants will not require this. As MBDP is transient, some units
consider trial stopping supplements at term-corrected age (in the absence of ongoing risk factors),
with repeat bone biochemistry 2 weeks later to confirm they are no longer needed.

There is no agreed definition of vitamin D deficiency in preterm infants. Therefore, the paediatric
consensus of sufficiency (25-hydroxyvitamin D >50 nmol/L) is advised (Abrams and Committee on,
2013, Embleton et al., 2023, Munns et al., 2016). Although the evidence benefit (biochemical, clinical
and radiological) of optimising vitamin D in preterm infants is mixed (Abrams, 2020, Backstrom et al.,
1999, Koo et al., 1989, Kumar et al., 2022, Mathur et al., 2016, McCarthy et al., 2013, Natarajan et
al., 2014, Taylor et al., 2018, Yang et al., 2018), in the absence of harm, optimising 25-
hydroxyvitamin D levels>50 nmol/L is advised, as per ESPGHAN (Embleton et al., 2023).

Studies that suggest treatment with 400 1U/day of cholecalciferol in preterm/LBW infants show
normalisation of levels after up to 3 months (Abrams, 2020, Anderson-Berry et al., 2017, Fort et al.,
2016, McCarthy et al., 2013, Munshi et al., 2018), whereas 800—-1000 |U/day achieved better vitamin
D levels within 4-8 weeks (Bozkurt et al., 2017, Embleton et al., 2023, Fort et al., 2016, Matejek et
al., 2020, Mathilde et al., 2022, Mathur et al., 2016, Natarajan et al., 2014, Tergestina et al., 2016,
Kolodziejczyk-Nowotarska et al., 2021, Aristizabal et al., 2023, Cho et al., 2017, Choudhury et al.,
2021). Therefore, if vitamin D deficiency (<50 nmol/L)/is present, a total of 1000 |U/day (including
multivitamin content) is recommended, increasing up to 3000 IU/day if levels remain low on 6-12
weekly monitoring. If absorption is impaired, intramuscular ergocalciferol may be used. Once
sufficiency is achieved, reduce to 400 IU/day (i.e. through multivitamin supplementation alone). If
levels exceed 150 nmol/L, stop all supplementation for 4-6 weeks, then resume 400 IU/day
thereafter.
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Recommendations of this Framework

All services are encouraged to review their own local and network practice or guidance (where it
exists) and consider whether there are elements of the BAPM framework they wish to incorporate
or align to.

This Framework is grounded in the best available evidence; however, in several areas where
evidence is lacking, recommendations have been developed through consensus. Accordingly, the
working group advises auditing local practices to ensure their appropriateness for local populations
and to gather supplementary data to inform future revisions of this national Framework.

This Framework has highlighted the significant deficits in evidence base in this field, and therefore
the importance of future research focussed on MBDP, establishing data to support evidence-based
recommendations in the future relating to optimal screening, preventative and treatment
approaches, as well as evidence of long-term outcomes.

The following have been suggested by the working group as aspects of MBDP that require
clarification with future studies:

e Timing and frequency of MBDP screening informed by epidemiological studies that have
delineated when biochemical derangements begin to occur in a large cohort of preterm
infants, stratified by birth weight and birth gestation.

e Optimal cut-offs for biochemical screening markers, particularly for PTH and vitamin D in
preterm infants.

o Aectiology of the phosphopenic state to determine whether phosphopenia is due to dietary
deficiencies or due to renal phosphate wasting.

e Further association/correlation studies to establish more firmly whether medications such as
caffeine, furosemide and proton pump inhibitors are truly risk factors for the development
of MBDP.

e Optimal enteral treatment regimens which is currently largely consensus-based due to the
absence of evidence. Large multi-centre prospective trials that use various doses and ratios
with appropriate monitoring are needed to establish an evidence base.

e Role of vitamin D in preterm bone mineralisation. There remains a lack of clarity on the
importance of vitamin D specifically for preterm infants, where it is hypothesised that
mineral absorption is largely passive.

e Short-term and long-term outcomes of MBDP including rates of fractures and bone density
data.

e The role of physical activity regimens on preterm bone health (strength and mineralisation),
and prevention and treatment of MBDP. Some of these studies are ongoing internationally,
but need to robustly examine not just bone density and bone turnover data, but also more
clinically useful outcomes such as changes in bone biochemistry (ALP, PTH and phosphate —
which is currently used to guide treatment) and in fracture rates.

e The development of a risk stratification tool to inform optimal handling and positioning to
minimise the risk of fractures in the most severe cases.
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Appendix 1: Explanation of grades and evidence levels

The GRADE (Grading of Recommendations, Assessment, Development and Evaluation) system is a
transparent and systematic approach that involves assessment of two elements of the
recommendation: i) the certainty or quality of evidence ii) strength of the recommendation (Atkins
et al., 2004, Andrews et al., 2013). GRADE is a system developed by an international working group
for rating the quality of evidence across outcomes in systematic reviews and guidelines; it can also
be used to grade the strength of recommendations in guidelines. The system is designed for reviews
and guidelines that examine alternative management strategies or interventions, and these may
include no intervention or current best management. GRADE rates the quality of evidence for a
particular outcome or recommendation of practice across studies and does not rate the quality of
individual studies.

i. Quality of evidence reflects confidence in an effect estimate, assessing study design, bias,
consistency, etc.

(Co 1Cé
e High: Further research unlikely to change the recommendation.
e Moderate: Further research may significantly impact confidence.
e Low: Further research likely to change the recommendation.
e Very Low: Estimate of effect is very uncertain.

What it is: How sure we are about the true effect (benefit/harm) of an intervention.

How it's assessed: Evidence from randomized controlled trials (RCTs) starts as "high quality" and can
be downgraded, while observational studies start as "low quality" and can be upgraded. Starts high
(e.g., Randomized Controlled Trials) and can be downgraded for risk of bias, inconsistency,
indirectness, imprecision, or publication bias; observational studies startlow and can be upgraded.

ii.  Strength of recommendation (Strong/Weak) is the ultimate advice, determined by evidence
quality plus other factors like benefits/harms balance, costs, and patient values, meaning
high-quality evidence doesn't always mean a strong recommendation, nor does low-quality
evidence always lead to a weak one.

Factors to consider in developing Recommendations: considers multiple factors beyond just the
evidence quality when making recommendations, including the balance of benefits vs. harms,
patient values/preferences, and resource considerations.

e Strong (most patients should do it) or
e Weak (clinicians should consider context).
e Consensus * by the working group

How it's determined: A decision-making process that considers:

Evidence Quality: Higher quality generally favours stronger recommendations.
Balance of Effects: Clear benefits over harms (Strong) vs. close balance (Weak).
Patient Values & Preferences: Consistency and importance to patients.
Resource Use/Costs: Low cost/resource use favours Strong.
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Appendix 2: Literature review

Review question References of articles

What are the risk factors for
developing MBDP?

(Avila-Alvarez et al., 2020, Chen et al., 2018, Figueras-Aloy et al.,
2014, Hogberg et al., 2018, Jensen et al., 2016, Mutlu et al.,
2023, Nehra et al., 2013, Perrone et al., 2022, Ukarapong et al.,
2017, Wang et al., 2022)

How can enteral nutrition be
optimised?

(Abrams and Committee on, 2013, Brown et al., 2020, Embleton
et al.,, 2023, Nehra et al., 2013)

How can parenteral nutrition be
optimised?

(Mihatsch et al., 2018, Nehra et al., 2013, Pereira-da-Silva et al.,
2011)

How can vitamin D be optimised?

(Abrams and Committee on, 2013, Bronsky et al., 2018, Chen et
al., 2018, Embleton et al., 2023, Kumar et al., 2022, Levene et
al., 2023, Nehra et al., 2013)

How can handling and positioning
be optimised?

(Ferrari et al., 2007, Schulzke et al., 2014, Stalnaker and Poskey,
2016, Torro-Ferrero et al., 2021, Torro-Ferrero et al., 2022)

What postnatal age to start
screening?

(1991, Hung et al., 2011, Lee et al., 2017)

How frequently should screening
occur?

No original articles found, only consensus statements

What is the utility and cut-off for
ALP in screening for MBDP?

(Abdallah et al., 2016, Backstrom et al., 2000, Czech-Kowalska et
al., 2016, Faerk et al., 2002, Hung et al., 2011, Koo et al., 1982,
Lee et al., 2017, Lu et al., 2023, Mitchell et al., 2009, Moreira et
al., 2014, Tkach et al., 2017, Viswanathan et al., 2014)

What is the utility and cut-off for
phosphate in screening for MBDP

(Abdallah et al., 2016, Backstrom et al., 2000, Czech-Kowalska et
al,, 2016, Faerk et al., 2002, Hung et al., 2011, Koo et al., 1982,
Lee et al., 2017, Viswanathan et al., 2014)

What is the utility and cut-off for
PTH in screening for MBDP?

(1991, Czech-Kowalska et al., 2016, Koo et al., 1982, Levene et
al., 2023, Matejek et al., 2018, Matejek et al., 2024, Moreira et
al., 2014, Tkach et al., 2017)

What is the utility and cut-off for
TmP/GFR in screening for MBDP?

(Czech-Kowalska et al., 2016)

What is the utility and cut-off for
25-hydroxyvitamin D in screening
for MBDP?

(Czech-Kowalska et al., 2016, Koo et al., 1982)

What is the utility and cut-off for
adjusted calcium in screening for
MBDP?

(Abdallah et al., 2016, Backstrom et al., 2000, Czech-Kowalska et
al., 2016, Hung et al., 2011, Koo et al., 1982, Lee et al., 2017,
Viswanathan et al., 2014)

What is the utility of a combination
of these biochemical markers in
screening for MBDP?

(1991, Backstrom et al., 2000, Figueras-Aloy et al., 2014,
Moreira et al., 2014)

Is there a role for radiographs in
screening for MBDP?

(Kavurt et al., 2021, You et al., 2017)

Is there a role for bone mineral
density scans in screening for
MBDP?

(Faerk et al., 2002, Figueras-Aloy et al., 2014, Lee et al., 2017,
Rigo et al., 1998)

Is there a role for quantitative
ultrasound scans in screening for
MBDP?

(Tomlinson et al., 2006, Tong et al., 2018)
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What is the optimal enteral No original articles found, only consensus statements

treatment of MBDP?

What is the optimal parenteral No original articles found, only consensus statements

regime to treat MBDP?

What investigations should be No original articles found, only consensus statements

undertaken to monitor treatment of

MBDP?

How often should monitoring No original articles found, only consensus statements

occur?

What cut-off defines vitamin D (Taylor et al., 2018)

deficiency?

How should vitamin D deficiency be | (Adnan et al., 2022, Anderson-Berry et al., 2017, Aristizabal et

treated? al., 2023, Bozkurt et al., 2017, Cho et al., 2017, Choudhury et al.,
2021, Fort et al., 2016, Kolodziejczyk-Nowotarska et al., 2021,
Kumar et al., 2022, Matejek et al., 2020, Mathilde et al., 2022,
Mathur et al., 2016, McCarthy et al., 2013, Munshi et al., 2018,
Natarajan et al., 2014, Tergestina et al., 2014, Tergestina et al.,
2016, Yang et al., 2018, Zung et al., 2020)
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Appendix 3: Calcium and phosphate content of enteral feeds
commonly used on the neonatal unit

Feed Calcium Calcium Phosphate Phosphate Ratio of calcium
content content in content per | contentin to phosphate
per 100ml | 150ml/kg/day | 100ml of 150ml/kg/day (mmol:mmol)
of feed feed (mmol) feed (mmol) | feed (mmol)

(mmol)

Human milk | 0.85 1.28 0.48 0.72 1.8:1

(mature)*

Fortified 2.32 3.48 1.71 2.57 1.4:1

breast milk

(Nutriprem)

Fortified 2.75 4.13 1.90 2.85 1.4:1

breast milk

(Gold Prem)

Nutriprem1 | 2.5 3.75 2.03 3.05 1.2:1

Nutriprem 2 | 2.10 3.15 1.50 2.25 1.4:1

powder

GoldPrem1 | 2.98 4.47 2.52 3.78 1.2:1

Gold Prem2 | 2.05 3.08 1.61 2.42 1.3:1

powder

Hydrolysed 2.45 3.68 1.74 2.61 1.4:1

Nutriprem

*Mature expressed breast milk: McCance RA, Widdowson EM, Institute Of Food Research (Great
Britain, Public Health England, Society R. McCance and Widdowson’s the composition of foods.
Cambridge: Royal Society of Chemistry; 2015.
Molar mass of calcium = 40g/mol

Molar mass of Phosphate = 30.1g/mol
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Appendix 4: Optimising absorption of enteral supplements (both
calcium and phosphate): practical dosing suggestions

e Enteral supplements of calcium and phosphate should be given as minimum of 2 to an optimal
of 4 divided doses over a 24 hour period. Enteral supplements of phosphate should be given as a
minimum of 4 divided doses over a 24 hour period.

e Calcium and phosphate should not be given together.

e (Calcium and phosphate should not be given alongside an enteral feed. Ideally these should be
given between a feed.

e Calcium and phosphate should not be given alongside enteral iron.

Include nursing staff and parents when prescribing enteral calcium and phosphate supplements so
that they can be timed appropriately and in a manner that optimises absorption.

NG-fed infants: Bolus feeds. Divide the oral supplements ideally 4 times a day and between (not
with) enteral feeds or enteral iron.

NG/NJ-fed infants: Continuous feeds. Consider a pause in feeds of 1 hr every 4-6 hours. This will
allow for a period of time in which enteral phosphate and/or calcium can be given in order to aid
absorption. Ensure that total feed volume is not reduced if this happens, the rate should calculated
over the reduced number of hours.

Responsive fed infants: breast or bottle. Consider the timings of doses in order to coincide with

periods where the baby is not usually feeding. If this is impractical give the oral supplements around
30 minutes after a feed and divided as above.
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Appendix 5: A supplementation approach

With supplementation of phosphate and calcium (in the phosphopenic state), the following molar
calcium:phosphate ratios are achieved when enteral feeds are also considered.

Molar calcium to phosphate ratio
(150ml/kg/day feed plus 1mmol/kg/day of

calcium® and phosphate)

Fortified breast milk (Nutriprem) 1.3:1

Fortified breast Milk (Gold Prem) 1.3:1

Nutriprem 1 1.2:1

Nutriprem 2 (powder) 1.3:1

Gold Prem 1 1.1:1
(*would need 1.2mmol/kg of calcium for a ratio
of 1.2:1)

Gold Prem 2 (powder) 1.2:1

Hydrolysed Nutriprem 1.3:1
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Appendix 6: Parent Information Leaflet

The below information sheet has been designed to provide information to parents about MBDP and
what they may expect in terms of investigations, management, handling and follow-up/discharge.
However, it would need to be amended to be specific and accurate to local practices.

What is metabolic bone disease of prematurity?

Metabolic bone disease of prematurity (MBDP) — sometimes called osteopenia of prematurity —is a
condition where the baby’s bones are undermineralised; there are less minerals in the bones. MBDP
mainly affects babies that are born very preterm or very small. It is estimated to affect up to 23% of
babies born weighing less than 1500g, and up to 60% of babies born weighing 1000g. It is a condition
that is regularly diagnosed and treated in neonatal units.

During pregnancy, most of the minerals needed for healthy bones are laid down during the third
trimester. When a baby is born prematurely, or if there is a problem with the placenta making the
baby smaller than expected, this can mean that the baby has not had the opportunity to store
enough protein and minerals, putting them at risk of MBDP.

MBDP can range from mild to severe. In mild cases there may only be changes to certain mineral and
hormone levels in a baby’s blood tests. In more severe cases, changes can occur in the baby bones,
and there may be breaks or fractures that can be seen on an X-ray.

How is MBDP diagnosed?

There are blood tests that can screen to identify babies with MBDP. These include looking at the
bone mineral and hormone levels (bone profile) in the blood, which are usually tested weekly on the
neonatal unit. There are other special tests that are done from the 2" or 3" week of life looking at a
specific bone hormone (parathyroid hormone - PTH). The PTH level helps the team to understand
the cause and treat MBDP.

Prevention, early identification and treatment of babies with MBDP is crucial for optimal bone health
in preterm babies. Unfortunately MBDP can be diagnosed late on'some occasions, for example, after
a fracture is noticed on x-ray. Babies with MBDP can have thin or more translucent (see-through)
looking bones on x-rays. This can tell us how brittle the bones are.

How is MBDP treated/managed?
Providing the right amount of nutrition at the right time is the best way to prevent or reduce the
severity of MBDP. This includes:

e starting nutrition as soon as possible after your baby is born, including the use of

intravenous/parenteral nutrition (PN) if your baby is unable to tolerate milk

e using as much of mother’s own breast milk as possible

e using breast milk fortifier at an early stage

e preventing or treating vitamin D deficiency

e and stopping intravenous/PN as soon as your baby tolerates full milk feeds
If your baby is diagnosed with MBDP, the neonatal team will ensure your baby receives the best
nutrition possible. The next step is for the team to review your baby’s blood tests to determine the
underlying cause.
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MBDP can be caused by:
e A phosphorus deficiency.
e A calcium deficiency.
e Avitamin D deficiency.

When the underlying cause is determined your baby may be given extra calcium and/or phosphorus
supplements and their blood tests will be repeated in two weeks before any changes are made to
the treatment plan.

How do | handle and look after my baby with MBDP?

Handling can be a stressful event for any infant on a neonatal unit, so this needs to be considered
when performing any interaction, procedure, or tasks, including routine cares. It's important to talk
to your infant and follow their cues (signals from your infant that tell you how they feel and what
they need) and ensure tasks are completed at the infant’s pace.

When you are handling and moving your infant, doing any cares such as nappy changes, dressing,
feeding and cuddles you need to support their body and limbs until they are stronger and more
active:

e Use widespread “splayed” hands to provide support to the body, head and limbs

e Try not to use a finger pincer grip-on legs and arms, as this can cause a stress point which
could result in a fracture while the bones are still fragile

e Try not to lift legs up by the ankles, when changing nappies or dressing

e Trynot to pull on arms and legs when dressing.

e When moving your infant from the cot, gently slide your hand down into the mattress and
under them, one hand under their head and trunk area and the other under their lower
back, buttocks and lower limbs.

e Make sure their fingers and toes aren’t caught in blankets or clothes when lifting them.

What happens when we go home?

When your baby is well enough, they will be discharged from hospital, and you can take them home.
It is natural to have worries or concerns about this next stage, regardless of whether your baby has
MBDP or not.

It is important to have all the information you need to care for your baby at home. Before you leave
hospital, it is a good idea to write down key information and make a list of names and contact
details, so that you know the best way to get help or advice if you need it. If you are unsure about
anything, do not feel afraid to ask questions. The team will tell you if your baby needs to continue
any medicines or supplements for MBDP at home. The hospital will send a discharge letter to your
GP and health visitor with information about your child’s medical condition.

Your baby may need to have blood tests to monitor the MBDP and decide how long they will
continue to need treatment for, if they will be needing medicines for this at home. These may take
place in hospital or at home. It is important to attend appointments and work together with your
child’s healthcare team so your baby can continue to receive the best care and the team can support
you.

Your baby’s medical team will continue to care for your baby at follow up appointments, these are
called outpatient appointments. Although your baby may need some specialised care, they still have
the same needs as any other baby. Attendance at clinics for vaccinations, developmental care and
routine healthcare is as important for a baby with MBDP as any other child.
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