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Abstract
Aim The aim of this study is to determine the incidence of metabolic bone disease (MBD) and assess the risk factors for
development radiologic evidence of MBD.
Methods Preterm infants with gestational age ≤32 weeks and birth weight ≤1500 g were included in this prospective study.
Metabolic bone disease was defined as hypophosphatemia (phosphorus levels <4 mg/dl), ALP levels >450 U/L, or radiologic
findings of MBD at four weeks of age.
Results The study included 254 infants (gestational age: 29 (27–30) weeks, birth weight: 1130 g (960–1300)). Metabolic
bone disease was diagnosed in 96 patients (37%); 48 infants had only radiologic evidence of MBD, 24 infants had only
biochemical diagnosis of MBD, and 24 infants had both radiologic evidence of MBD and biochemical diagnosis of MBD.
Conclusions Our results showed that radiologic evidence of MBD existed in some infants with normal biochemical results.
That finding may guide further development of screening programs for MBD.

Introduction

Osteopenia of prematurity, also called metabolic bone dis-
ease (MBD) or rickets of prematurity, describes the reduc-
tion in bone mineral content of the preterm infant for
gestational age with biochemical and radiologic features. It
is primarily result of inadequate calcium and phosphorus
intake to meet bone growth demands. The incidence of
MBD is estimated to be 23–32% in infants with a birth
weight <1500 g and 50% in infants weighting <1000 g
[1, 2]. It is known that the main risk factor is reduced bone
mineralization following premature delivery, so low gesta-
tional age and birth weight are main risk factors [1–4].

Besides, many other risk factors were identified; prolonged
total parenteral nutrition (TPN), feeding with unfortified
human milk, use of medications like diuretics, steroids, and
methylxanthines, as well as neonatal conditions such as
sepsis, cerebral pathology, muscular disorders, and sedation
during mechanical ventilation may result in prolonged
periods of immobility, as a risk for calcium loss and
demineralization [1, 4].

MBD of prematurity typically manifests between 3 and
12 weeks of age [2, 4]. Laboratory findings that are sug-
gestive of MBD include a low serum phosphorus level
<3.5–4 mg/dl and increased alkaline phosphatase activity of
greater than 1000 IU/ml [5–8]. Premature infants are
advised to be evaluated with wrist radiography [2–4].
Nevertheless, diagnosis of MBD depends not solely on
laboratory studies but presence of radiographic findings.
Currently, no single value of alkaline phosphatase or
phosphate levels is related to radiological findings of MBD
[7]. Although it was demonstrated that there existed huge
variations in the method of screening for MBD of pre-
maturity among individual neonatal intensive care units
(NICU) [9], The American Academy of Pediatrics Com-
mittee on Nutrition (AAP-CON) recommends screening all
very low birth weight (VLBW) infants for MBD with serum
phosphate or alkaline phosphates (ALP) starting at four to
five weeks of age [10].
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In this study, we aimed to determine the incidence of
MBD and assess the risk factors for development radiologic
evidence of MBD.

Materials and methods

A prospective cohort study was conducted at Etlik Zübeyde
Hanım Women’s Health Teaching and Research Hospital,
Ankara, Turkey between January 2018 and June 2019. Preterm
infants who survived until four weeks of age with GA
≤32 weeks and BW ≤1500 g were included in the study. Infants
with major congenital anomalies or those who died or trans-
ferred out of NICU before the date of evaluation, four weeks of
age, were excluded from the study. Written informed consent
was obtained from guardians or parents of children. Institu-
tional ethics committee was approved the study.

Included infants were screened for MBD of prematurity
by measuring serum of ALP levels, serum calcium, and
serum phosphate levels and left wrist x-ray at fourth week
of age. MBD was defined as hypophosphatemia (phos-
phorus levels <4 mg/dl), ALP levels >450 U/L, or radi-
ologic findings of MBD at four weeks of age.

Wrist x-rays were evaluated by a radiologist masked to the
biochemical results and the clinical data of the infants. Radi-
ologic evidence of MBD was defined according to screening
criteria of Koo et al.; presence of loss of dense zone of pro-
visional calcification at metaphysis, increased submetaphyseal
lucency, thinning of cortex, fraying, splaying, or cupping of
metaphysis [11]. After the radiologic evaluation, infants with
and without radiologic evidence of MBD were grouped.

The documented antenatal and clinical variables were
gestational age, birth weight, maternal age, multiple gestation,
antenatal steroid administration (two doses of 12mg beta-
methasone given intramuscularly before delivery), maternal
preeclampsia, mode of delivery, gender, 5-min Apgar score,
being small for gestational age, sepsis (early or late; proven or
probable), caffeine citrate treatment, duration of parenteral
nutrition, time to regain birth weight, mechanical ventilation
and noninvasive ventilation treatment, ventilation treatment
more than 14 days (mechanical and noninvasive ventilation),
oxygen requirement at 28th days of life, chronic lung disease
(oxygen requirement at 36th postmenstrual age), respiratory
distress syndrome requiring surfactant treatment, patent ductus
arteriosus (medically treated), necrotizing enterocolitis (mod-
ified Bell’s staging criteria ≥grade 2), severe retinopathy of
prematurity (≥stage 2) were analyzed. The data from infants
with and without radiologic evidence of MBD were compared.

Parenteral and enteral nutrition policy of our NICU

All infants received TPN in the 1st day of life [amino acid
solution (2 g/kg; Primene-10%; Baxter, S.A. Belgium), lipid

solution (1 g/kg; ClinOleic-20%; Baxter, S.A. Belgium),
glucose]. The amino acid/lipid doses were increased to 4/
3 g/kg on the 3rd day. Enteral feeding was started as 10 ml/
kg with breast milk within 2 days and after 48 h if preterm
formula was the initial nutrition. Trace elements and
water–lipid soluble vitamins were supplemented to TPN
after the 1st week of life. During parenteral nutrition cal-
cium (Calcium Gluconate), phosphate (Sodium glycer-
ophosphate) were added as fallows; days 1–3: calcium;
27 mg/kg, day 4 and later; calcium 47 mg/kg and phosphate
31 mg/kg). Glycophos® contains sodium glycerophosphate
which, 2 meq sodium and 1 mmol phosphate for 1 ml.

Feedings were advanced 20–30 ml/kg/day. TPN volume
was decreased proportionally and continued until 75% of
total volume was obtained from enteral feeding. In total,
1.1 g of Eoprotin® (Aptamil® Milupa breast milk fortifier)
was added to every 25 ml human milk when enteral intake
is greater than 100 ml/kg per day and 400 IU vitamin D was
given after the infants achieved full enteral feeding. In case
of inadequate human milk, infants fed with preterm formula
(Prematil®-Milupa).

All infants were fed with either fortified human milk
(calcium content 92 mg/dl and phosphorus 52 mg/dl) or
preterm formulas (calcium 120 mg/dl and phosphorus
60 mg/dl).

Statistical analyses were conducted using the SPSS
V15.0 (SPSS Inc., Chicago, IL). Categorical variables were
presented as n/N (%), and were compared by Chi-square
test, Fisher exact test, or Yates correction, where appro-
priate. The distribution of numerical variables was investi-
gated and compared between two groups by
Mann–Whitney U test or independent samples t-test, where
appropriate. The numeric variables were presented as means
with respective standard deviation, and as medians with
their interquartile range (IQR) where appropriate. Statistical
significance was accepted if p value ≤0.05. Infants with and
without radiologic evidence of MBD were compared for
probable risk factors that infants were exposed before
radiologic evaluation. The multivariate analysis of logistic
regression was performed with variables of p < 0.1 in the
univariate analysis. Hosmer–Lemeshow goodness of fit
statistics were used to assess model fit. Odds ratios and 95%
confidence intervals for each risk factor were determined.
Positive predictive value, sensitivity and specificity for
biochemical tests to diagnose radiologic evidence of MBD
were calculated.

Results

During study period, 318 eligible VLBW infants were
admitted. Of these, 254 infants were included, and 64
infants were excluded; multiple congenital anomalies (n=
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14), no parental consent (n= 16), died (n= 30), and
transferred out of NICU (n= 4).

Median birth weight was 1130 (960–1300) g and
gestational age of the study population was 29 (27–30)
weeks. The ratio of extremely low birth weight (ELBW)
preterm infants was found to be 28.7%. None of the infants
were given steroid regimen or diuretic treatment for prob-
able chronic lung disease in the 1st month of life. MBD was
diagnosed in 96 patients (37%); 48 infants had only radi-
ologic evidence of MBD, 24 infants had only biochemical
diagnosis of MBD, and 24 infants had both radiologic
evidence of MBD and biochemical diagnosis of MBD.

Clinical characteristics of included infants and evaluation
of clinical characteristics of 72 infants with radiologic evi-
dence of MBD and 192 infants without radiologic evidence
of MBD were detailed in Table 1.

Infants with radiologic evidence of MBD were found to
have significantly lower birth weight, gestational age, have
higher incidence of sepsis and medically treated patent
ductus arteriosus, receive longer duration of parenteral
nutrition and duration of ventilation. It was found that
incidence of ventilation treatment more than 14 days and
requirement of oxygen at 28th postnatal day were higher in
infants with radiologic evidence of MBD compared to
infants without radiologic evidence of MBD.

Gestational age, preeclampsia, sepsis, patent ductus
arteriosus, duration of parenteral nutrition, ventilation
requirement more than 14 days, oxygen dependency at 28th
day were put in the regression model. We found that ven-
tilation requirement more than 14 days was independent
risk factor for development of radiologic evidence of MBD
as shown in Table 2.

The mean level of serum ALP was significantly higher
(IU/L; 577 ± 281 vs 412 ± 168, p < 0.001) and serum
phosphate level was significantly lower (mg/dl; 4.2 ± 1.1 vs
5.1 ± 1.0, p < 0.001) in infants with radiologic evidence of
MBD compared to infants without radiologic evidence of
MBD, whereas serum calcium level was found to be similar
and in normal range in both groups (Table 3).

The accuracy of biochemical tests (serum ALP, calcium,
and phosphate levels) to detect radiologic finding was found
to be—sensitivity: 33%, specificity: 87%, PPV: 50%, and
NPV: 76%. The 48 infants who had only radiologic evi-
dence of MBD had median serum phosphorus level of 5 mg/
dl (IQR: 4.0–5.7 mg/dl) and median serum ALP of 410 IU/l
(IQR: 324–462 IU/l).

Discussion

The MBD of prematurity is characterized by deminer-
alization of bone arising from inadequate provision of cal-
cium and phosphorus, both prenatally and postnatally [1]. It

is difficult to quantify the exact incidence of MBD of pre-
maturity, due to differences in terminology and diagnostic
criteria. However, the current incidence of MBD may be
decreasing owing to improvements in care of premature
infants. Nowadays MBD is more commonly seen in ELBW
infants. We showed that the incidence of MBD in VLBW
infants was 37.7%, and radiologic evidence of MBD was
present in 28% of the infants. The incidence of radiologic
evidence of MBD in ELBW infants was found to be 50% in
our study, where 30.9% in study of Viswanathan et al. [12].
There are also important cohort studies evaluating MBD of
prematurity from Turkey. The incidence of osteopenia was
reported as 14.9% among babies <32 weeks GA (81/462)
[13]. In another single center study from Turkey osteopenia
was present in 26.6% of babies ≤34 weeks GA (33/126)
[14]. The diagnosis was based on evaluation of serum ALP
and phosphorus levels in those studies.

There is no universal consensus on definition of MBD.
Given the high risk of MBD in preterm infants VLBW
infants should be evaluated throughout the hospitalization
for early detection. Preterm infants are screened for MBD
by measuring serum calcium, phosphorus, and ALP at four
weeks of age according to AAP-CON recommendations in
our unit. As to AAP, serum phosphorus level < 4 mg/dl and
serum ALP level >500 IU is suggestive of MBD, however,
it is stated that ALP has conflicting evidence about its
sensitivity and specificity [10]. Thus, the cut-off values that
were used for diagnosis of MBD in our study is acceptable.
We also obtained radiographs of the wrist to evaluate the
radiologic evidence of MBD.

MBD of prematurity typically manifests between 3 and
12 weeks of age and clinically apparent in minority of cases
[1, 2, 4]. Demirel et al. reported early MBD in 26.6% and
late MBD in 41.9% among preterm infants with GA
≤34 weeks [14]. We screened VLBW infants for MBD at
four weeks of age, as recommended by AAP-CON [10].
Among the included infants, there were 48 infants with high
ALP and low P levels, which 24 of them had normal x-ray.
In particular, 48 infants had radiologic evidence of MBD
with normal biochemical results. We think that, this result is
really important to create the awareness about possibility of
early radiologic evidence in the absence of biochemical
diagnosis of MBD.

In this study, the accuracy of biochemical tests to detect
radiologic finding was found to be—sensitivity: 33%, spe-
cificity: 87%, PPV: 50%, and NPV: 76%. Two-thirds of the
infants with osteopenia did not get the diagnosis of MBD
with regards to their biochemical test results. Those infants
had serum phosphorus (median IQR: 5 (4.0–5.7) and ALP
(median IQR: 410 (324–462)). These results should remind
the clinicians the possibility of radiologic evidence of
rickets in the preterm infants with normal biochemical tests.
Viswanathan et al. found that ALP peaked at 2nd month in
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ELBW infants [12]. Thus, our findings may point to
importance of early evaluation of x-ray may be more
appropriate with regards to low PPV and sensitivity of tests
to define radiologic evidence of MBD. This can allow
clinicians to perform early interventions including feeding
and physical exercise protocols.

Clinical manifestations of MBD vary from abnormal
biochemistry to overt rickets (poor weight gain, growth
failure, frontal bossing, swelling of costochondral joints of
ribs, and swelling of ankles and wrist joints). However,
preterm infants with MBD usually represent few symptoms
until further disease process [1, 2]. Biochemical abnormal-
ities as low serum phosphorus and elevated serum ALP
levels, detected on regular neonatal screening are initial
suggestions [1, 5]. Similarly in this study, preterm infants
with MBD demonstrated no symptoms when it was detec-
ted. In severe cases, MBD may present as fractures. Pain on
handling, swelling, tenderness, and deformity at fracture site
may be noted or may be detected incidentally on radio-
graphs [15]. None of our patients had fracture on follow up.

Severe osteopenia may also lead to respiratory difficul-
ties and failure to wean off ventilator support due to
excessive chest wall compliance [1, 3]. On the other hand,
chronic lung disease was said to be a risk factor for
developing MBD of prematurity [16]. However, in this
study chronic lung disease was found to develop more in
infants with MBD (11.1%) than infants without MBD
(3.3%), p= 0.014. Further studies are needed to investigate
the effect of MBD and chronic lung disease on development
of each of them.

Prematurity, prolonged parenteral nutrition, feeding with
unfortified human milk, chronic illness, and the use of
hypercalciuric medications, and methylxanthines are known
risk factors for development of MBD of prematurity [3].
Although in this study, preterm infants with MBD were
found to be more premature, and have longer parenteral
nutrition and more sepsis diagnosis compared to infants
without MBD, none of those variables was found to be an
independent risk factor for development of MBD.
Remarkably, it was demonstrated that longer duration of

Table 1 Clinical characteristics
of included infants and risk
factors associated with presence
of radiologic evidence of MBD
at the fourth week of life.

All patients
(n= 254)

Infants with radiologic
evidence of MBD (n= 72)

Infants without radiologic
evidence of MBD (n= 182)

p value

Gestational age, week 29 (27–30) 28 (26–30) 29 (27–30) <0.001

Birth weight, grams 1130 (960–1300) 1000 (835–1135) 1165 (1040–1350) <0.001

ELBW infants 73 (28.7) 36 (50.0) 37 (20.3) <0.001

Maternal age, years 29 (23 33) 30 (25–33) 29 (23–34) 0.508

Multiple gestation 50 (19.7) 11 (15.3) 39 (21.4) 0.267

Antenatal steroid 171 (67.3) 48 (66.7) 123 (67.6) 0.888

Maternal preeclampsia–eclampsia 59 (23.2) 22 (30.6) 37 (20.3) 0.082

Cesarean section 195 (76.8) 54 (75) 141 (77.4) 0.190

Male gender 114 (44.9) 37 (51.3) 77 (42.3) 0.190

Apgar—5 min <7 62 (24.2) 21 (29) 41 (23) 0.267

Small for gestational age 60 (23.6) 17 (23.6) 43 (23.6) 0.998

Sepsis 54 (21.3) 26 (36.1) 28 (15.4) 0.001

Caffeine citrate treatment 192 (75.6) 54 (75.0) 138 (75.8) 0.890

Duration of parenteral nutrition, days 15 (11–22) 17 (13–37) 14 (10–19) <0.001

Time to regain birth weight, day 11 (7–15) 12 (7–18) 11 (8–14) 0.155

Initial respiratory treatment

Invasive MV 111 (43.7) 42 (58.3) 69 (37.9) 0.003

NIV-MV 78 (30.7) 21 (29.2) 57 (31.3) 0.738

Duration of MV, days 2 (1–5) 3.5 (1–13) 1 (1–3) 0.001

Duration of NIV-MV, days 3 (1–6) 4 (2–12) 2 (1–4) <0.001

Duration of ventilation, daysa 3 (2–9) 5 (2–24) 3 (1–5) <0.001

Ventilation requirement more than 14 daysa 33 (12.9) 23 (31.9) 10 (5.5) <0.001

Duration of oxygen treatment, days 6 (2–27) 23.5 (4–50) 5 (2–18) <0.001

Oxygen requirement at 28th postnatal days 56 (22.0) 25 (34.7) 31 (17.0) 0.002

Chronic lung disease 14 (5.5) 8 (11.1) 6 (3.3) 0.014

Respiratory distress syndrome 149 (59.7) 50 (69.4) 99 (54.4) 0.028

Patent ductus arteriosus, medically treated 69 (27.2) 28 (38.9) 41 (22.5) 0.008

Necrotizing enterocolitis ≥grade 2 8 (3.1) 4 (5.6) 4 (2.2) 0.167

Severe retinopathy of prematurity 21 (8.3) 7 (9.7) 14 (7.7) 0.597

Mortality, after first month 3 (1.2) 1 (1.4) 2 (1.1) 0.847

Values are presented as n/N (%) or median (interquartile range) where appropriate. p value is between the last
two columns (infants with and without radiologic evidence of MBD) in the table.

ELBW extremely low birth weighted, MV mechanical ventilation, NIV-MV noninvasive mechanical
ventilation.
aMechanical and noninvasive ventilation.
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mechanical ventilation is an independent risk factor for
development of MBD in our cohort. The Cochrane
reviewed the effect of physical exercise on bone develop-
ment and growth of premature infants and stated that current
data in not enough to suggest standardized physical activity
programs for premature infants to improve bone health [17].
Yet, a recent review evaluated 14 studies investigated effect
of exercise on bone mineralization and emphasized that
passive range of motion exercise of the extremities may lead
to increased bone mineralization [18]. Thus, long-term
mechanical ventilation requirement as an independent pre-
dictor of MBD in this study might be explained as to the
decrease of physical activity due to both medical condition
of the infant and less handling by NICU staff.

Our prospective study showed that VLBW infants may
have osteopenia findings as early as fourth week of life in
the absence of abnormal biochemical tests. Large sample
size, strict enteral, and parenteral feeding protocol of our
unit are the strengths of our study. We are aware that MBD
is a developmental condition and our study has some lim-
itations. In particular, we do not record either the bio-
chemical results or the x-ray findings in the follow up
period. So sequential values of phosphorus and/or ALP
during the hospitalization lack in this study. Additionally,
we did not evaluate serum PTH and vitamin D levels to
avoid risk of anemia due to phlebotomy. Moreover, the

exact volume of human milk or formula feeding was not
calculated. As the long-term-follow up of NICU graduates’
is out of the scope of our study, out-patient clinical data of
the infants were not recorded. Besides we are aware that
MBD is now more commonly seen in ELBW infants and
the patient population we included was relatively greater
than the infants at the highest risk for MBD development.
As, MBD screening is recommended in all VLBW infants,
we prefer to conduct our study in VLBW population.
Nevertheless, in this study we would be able to demonstrate
that longer duration of mechanical ventilation is an inde-
pendent risk factor for development of MBD in VLBW
infants.

It is well established that MBD is a complication of
preterm delivery with no universal consensus regarding its
definition and screening. Screening at fourth week of
postnatal life showed that radiologic evidence of MBD
existed in some infants with normal biochemical results.
That finding may guide further development of screening
programs for MBD. Additionally, physical exercise pro-
grams to improve bone health of NICU infants must be
subject of further trials.
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