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ABSTRACT 

Background: Metabolic bone diseases (MBD), including rickets and osteopenia, are important neonatal complications 
among preterm infants. This study aimed to determine the prevalence and risk factors of MBD in neonates with very 
low birth weight (VLBW). 
Methods: This prospective study was conducted on VLBW infants from January 2012 to July 2013. Inclusion criteria 
were birth weight of ≤1500 g and age of ≤7 days, and the exclusion criteria were cholestatic disorders, skeletal 
anomalies and genetic syndromes. Serum calcium, phosphorus and alkaline phosphatase (ALP) concentrations were 
measured regularly until the 12th week of birth. In addition, wrist and chest radiographs were obtained from the 
neonates at 8-12 weeks of age. 
Results: In total, 58 neonates with the mean gestational age of 30.6±2.65 weeks, weight of 1265±262 g and height of 
38.06±2.49 cm were enrolled in this study. The correlation between biochemical parameters in multiple analysis and 
radiological findings of rickets was examined, and a significant association was observed between serum phosphorus 
level at the first week of age and the incidence of rickets. Moreover, 14 infants had only one radiologic sign of rickets 
(e.g. fraying, cupping, widening or lack of provisional zone of calcification (PZC), and 8 subjects (13.7%) showed at 
least two radiologic signs. The prevalence of osteopenia and rickets among infants with birth weight of <1200 g was 
32.7% and 81.8%, respectively. In addition, 72.2% of the neonates with birth weight of >1200 g had normal X-rays 
(P=0.036). 
Conclusion: Despite the remarkable advances in the management of VLBW infants, MBD is still a prevalent 
complication during the neonatal period. According to the results of this study, birth weight and gestational age are the 
most significant risk factors for MBD. 
 

Keywords: Infant; Premature; Rickets; Very low birth weight 

 

Introduction  
Metabolic bone diseases (MBD) are considered 

as important medical complications in the 
management of preterm infants (1, 2). MBD could 
vary from mild impairment of bone growth to 
severe defects of bone mineralization, and may lead 
to prolonged ventilator dependence, growth 
retardation and spontaneous fractures in severe 
cases (3). 

MBD includes complications such as rickets 
and osteopenia; rickets are defined on the basis of 
radiographic evidence in the growing ends of long 
bones, while osteopenia implies low bone 
mineralization (4). MBD normally occurs within 1-
4 months after birth. Patients tend to be 
asymptomatic, and the diagnosis of the diseases is 

 
based on laboratory and radiographic findings of 
spontaneous, non-traumatic fractures, especially 
in legs, arms and ribs.  

Fractures may occur within 36-40 weeks of 
pregnancy in 10% of neonates weighing less than 
1000 g. Softening of the ribs and fractures lead to 
the decreased compliance of the chest, and infants 
may experience respiratory distress due to poor 
ventilation (5, 6). This rachitic respiratory distress 
often manifests after the 5th week of birth, and it 
needs to be differentiated from early-onset 
respiratory disease in premature infants (5). 
Among other long-term morbidities of MBD are 
enamel hypoplasia, dolichocephaly, frontal 
bossing due to the poor mineralization of the skull 
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and classical rickets (5, 7). 
The major causes of MBD among preterm 

infants are deficiency of calcium, phosphorus and 
magnesium (8-11). During pregnancy, the total 
amount of calcium increases from 5 g at the end 
of the second trimester to 30-35 g at term, and 
80% of calcium and phosphorus transmission 
from the mother to fetus occurs during the third 
trimester of pregnancy; preterm birth disrupt 
this transfer (5).  

On the other hand, breast milk and usual 
formula are not able to provide the infant with 
the essential calcium and phosphorus 
independently. Therefore, early provision of 
highly bioavailable minerals, as well as the 
correction of vitamin D deficiency and 
phosphorus concentrations, are recommended as 
helpful methods of MBD prevention (2). In a 
study in this regard, Siddhartha et al. (2014) 
reported the prevalence of radiological rickets to 
be 7% at the end of 3 months, which increased to 
17% by the end of the 6th month of birth in LBW 
neonates (1500-2000 g) who were exclusively 
breastfed (12). 

Among other risk factors of MBD are delayed 
breastfeeding, soy formula, obstructive jaundice, 
prolonged use of total parenteral nutrition (TPN) 
and medications such as diuretics, 
Methylxanthines  and corticosteroids (1, 13). In 
another study, Viswanathan, et al. (2013) 
reported a prevalence of 30.9% of radiological 
evidence of MBD in 230 ELBW infants of which 
33.8% developed spontaneous fractures (14). In 
addition, the prevalence of rickets in LBW infants 
and neonates with normal weight was reported 
to be 13.4% and 4.9%, respectively between 12-
14 weeks of corrected age (15).  

In another research, out of 32 ELBW infants, 18 
cases showed radiologic signs of rickets, and 14 had 
osteopenia without rickets. Therefore, early 
screening for MBD is recommended in preterm 
infants, specialty those with birth weight of <600 g, 
or alkaline phosphatase (ALP) of >800 IU/L (16). 

Evidence suggests that ALP concentrations of 
>750 IU/L may cause osteopenia of prematurity (8). 
As a result, weekly measurement of biochemical 
bone profile (i.e. Ca, P and ALP) have been 
recommended for early detection of MBD in high-
risk neonates (17). This study aimed to determine 
the prevalence of MBD in VLBW neonates. 

 

Method 
Participants  

This prospective observational study was 
conducted from January 2012 to July 2013 on 

VLBW neonates (≤1500 g) who were born or 
admitted during the first week of birth in Shahid 
Beheshti Hospital of Kashan, Iran. The study was 
approved by the Ethical Committee of Kashan 
University of Medical Sciences, and written 
informed consent was obtained from the parents 
of neonates.  

Inclusion criteria of this study were birth weight 
of ≤1500 g and age of ≤7 days. The exclusion 
criteria were as follows: 1) age and weight above 
the aforementioned criteria; 2) failure to perform 
the required tests and graphs; 3) death of the 
neonate during the study; 4) skeletal anomalies and 
5) associated genetic syndromes. Furthermore, the 
medical birth records of the subjects were 
reviewed prior to the study.  

Admission data of the neonates including 
weight, height, gestational age, multiple fetuses, 
mode of delivery and cause of preterm labor were 
recorded as well. Furthermore, possible risk 
factors of MBD such as hyaline membrane disease 
(HMD), surfactants therapy, necrotizing enter 
colitis, Broncho pulmonary dysplasia, TPN, 
interventricular hemorrhage (IVH) and 
Cholestasis (i.e. conjugated bilirubin of >2 mg/dL) 
were determined.  

In this study, method of feeding was selected 
based on the condition of the mother and neonate; 
infants of mothers with the ability and desire for 
breastfeeding were fed with breast milk, alternate 
with special formula for preterm infants (PRE-
NAN), while other infants were only fed with 
special formula for preterm infants (PRE-NAN). 
Each 100 g of PRE-NAN formula powder 
contained calcium (620 mg), phosphorus (340 
mg), Mg (52 mg), vitamin D (500 iu) and energy 
(501 kcal). 

Laboratory tests including serum calcium, 
phosphorus and ALP were performed weekly on 
all the neonates until discharge. After discharge, 
the tests were repeated every 2-4 weeks.  

All the neonates were followed-up for 12 
weeks, and samples were provided at least 3-6 
times during this period. Moreover, wrist and 
chest radiographs were obtained from all the 
infants between 8-12 weeks of age. Radiographs 
were conducted by two independent radiologists 
who were unaware of the laboratory results. 
Radiological findings were as follows: 
 Early rickets, which were diagnosed in the 

presence of only one of the following 
radiologic signs of rickets in each report: 
widening, fraying, cupping or loss of 
provisional zone of calcification (PZC) at the 
distal ends of the radius and ulna. 
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 Established rickets, which were diagnosed in 
the presence of at least two of the 
aforementioned radiologic signs of rickets in 
each report.  

 Osteopenia, which was diagnosed in the 
presence of reduced bone mineral density. 

 Pathological fractures, which were diagnosed 
in the presence of fractures in X-ray graphics 
without any obvious trauma. 

 
Statistical Analysis  

Statistical analysis of this study was performed 
using SPSS version 16.0 (SPSS software Inc, 
Chicago, IL, USA), and the obtained values were 
presented as Mean ± Standard Deviation (SD); a P 
value of ≥0.05 (two-sided) was considered 
statistically significant.  

In addition, changes in the biochemical 
parameters in multiple measuring were examined 
by Friedman test and Kruskal-Wallis test was used 
to determine the relationship between 
biochemical parameters in multiple measures and 
radiologic evidence of rickets. 

 

Results 
General and Anthropometric Data 

In total, 58 VLBW neonates with the mean 
gestational age of 30.6±2.65 weeks were enrolled 
in this study, out of which 19 cases (32.7%) were 
small for gestational age and others were 
appropriate for gestational age. The mean weight, 
height and head circumference of the studied 
neonates were 1265±262 g, 38.06 ±2.49 cm and 
28.02±2.06 cm, respectively. 

Age of infants at the onset of nutrition varied 
from 1 to 90 days (mean: 14.48 ± 12.3 days), and 
28 neonates (48%) were born from twin or triplet 
gestations. Mode of delivery was natural vaginal in 
5 cases and cesarean section in others, and 35 
subjects (60%) had been diagnosed with HMD. In 
addition, 45 cases (77.6%) had received TPN, and 
13 patients (22.4%) were found to have IVH via 
head ultrasound.  
 
Biochemical Parameters 

The mean of serum calcium, phosphorus and 
ALP in multiple measures are shown in Table 1; 
no significant difference was observed in these 
rum calcium level during the follow-up period 
(P=0.285). Serum phosphorus level was 
observed to be highest at the beginning of the 
follow-up; however, it decreased within 3 
weeks, and the changes were not considered 
significant (P=0.319).  

Serum phosphorus level was ≥5.6 mg/dl 
during the first week in all the neonates who 
developed at least two radiologic signs of rickets 
in the follow-up period, whereas serum ALP level 
was lowest during the first week of birth and 
increased within 2-3 weeks (P=0.01). 

ALP levels in neonates with rickets or 
osteopenia were not significantly different from 
those of the normal group. Furthermore, the 
relationship between the biochemical parameters 
in multiple measuring and radiologic signs of 
rickets were examined, and a significant 
correlation was observed only between the serum 
phosphorus level at the first week of birth and the 
incidence of rickets (P=0.025) (Figure 1). 

 
Metabolic Bone Diseases (MBD) 

Out of 58 studied neonates, 36 cases (62.1%) 
had no radiologic evidence of rickets while 22 
cases (37.9%) had rickets according to the 
radiological findings. In addition, 14 neonates had 
only one radiologic sign of rickets (e.g. fraying, 
cupping, widening or lack of PZC) who were 
defined as early-onset rickets, and 8 neonates 
(13.7%) showed at least two radiologic signs of 
rickets, who were regarded as established rickets 
(Table 2). Furthermore, the prevalence of 
osteopenia was reported to be 32.7% in the 
present study. 
 
Birth weight & MBD 

In this study, 22 neonates (37.9%) had a birth 
weight of ≤1200 g, and others weighed between 
1200-1500 g. The prevalence of early rickets and 
established rickets among the infants with birth 
weight of ≤1200 g was reported to be 54.6% 
(N=12) and 27.3% (N=6), respectively, and only 
18.1% of the studied neonates had normal X-rays. 
On the other hand, among the neonates with birth 
weight of  ≥1200 g, only two subjects (5.6%) 
showed two radiologic signs of rickets, 8 patients  
(22.2%) had early rickets, and 72.2% had normal 
X-rays (P=0.036) (Figure 2). 
 
Gestational age & MBD 

In this study, gestational age of the infants was 
between 25-36 weeks, and a gestational age of 
≤28 weeks was observed to be significantly 
associated with a higher prevalence of rickets 
(P=0.036). Furthermore, 6 out of 8 patients (75%) 
with two radiologic signs of rickets had a 
gestational age of ≤28 weeks (P=0.02). Early 
rickets were reported only within the age range of 
28-32 weeks and were not detected in infants 
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Figure 1. Relationship between Serum Phosphorus Level 
during the First Week of Birth and MBD (Neonates with 
radiologic evidence of rickets had lower serum phosphorus 
levels at the first week of birth) 

Figure 2. Comparison of Two Study Groups in terms of Weight 

for Evidence of Rickets (Infants with birth weight of ≤1200 g 

showed a high prevalence of rickets) 

 

Table 1. Biochemical Parameters in Multiple Measuring 

P value 46-60 31-45 22-30 15-21 8-14 1-7 Variable/ Days 

0.285 9.23±1.14 9.24±1.05 9.34±.67 9.28±.74 9.15±.86 9.11±1.02 Ca 

0.319 5.2±0.93 4.9±0.93 4.6±1.28 4.85±1.22 5.1±1.11 5.2±1.25 Ph 

0.01 630±198 580±155 497±172 520±175 516±162 431±150 Al ph 

Values expressed in Mean ± SD 

 
Table 2. Radiological Findings in VLBW Neonates with Rickets 

% Number Radiologic Sign 

6.9 4 Fraying 

15.5 9 Widening 

31 18 Lack of  PZC 

15.5 9 Cupping 

15.5 9 Osteopenia (alone) 

PZC: provisional zone of calcification 
 

above 32 weeks of age. In addition, osteopenia 
was found to be associated with the gestational 
age of <34 weeks (P=0.001). 
 
Other Possible Risk Factors 

None of obstetric and maternal risk factors 
such as multiple pregnancies, mode of delivery, 
preeclampsia, Oligohydramnios, premature 
rupture of membranes (PROM) and fetal distress,  
have not a significant association with the 
incidence of MBD. Moreover, gender was reported 
to have no associations with the occurrence of 
rickets or osteopenia.  

In this study, the effects of HMD, surfactant 
therapy, TPN and IVH on the incidence of MBD 
were evaluated as well, and only HMD was 
observed to have a significant association with 
MBD. In addition, osteopenia and rickets were 
reported to be more prevalent among infants with 
HMD (P=0.043, P=0.026). However, no significant 

relationship was found between the mode of 
nutrition and the prevalence of osteopenia and 
rickets (P=0.927). 

 

Discussion 
The present study aimed to evaluate the 

prevalence and risk factors of MBD in VLBW 
neonates.  
 
The Prevalence of Rickets 

Despite the remarkable advancements in the 
management of preterm neonates, MBD of 
prematurity remains a common disorder among 
these infants. Differences in the incidence rate of 
MBD are associated with several factors such as 
nutrition, comorbidities and method of evaluation. 
In the current study, the prevalence of rickets and 
osteopenia among VLBW neonates was reported 
to be 37.9% and 32.7%, respectively, which are 
comparable to the findings of other studies in this 
regard.  

In a study by Lee et al., the prevalence of MBD 
was reported to be 44% among 55 ELBW infants, 
and rickets were diagnosed at a mean age of 48 days 
with improvements at a mean age of 85 days (18).  

In another study, Viswanathan et al. reported a 
prevalence of 30.9% in the radiological evidence 
of MBD among 230 ELBW infants, 33.8% of whom 
had developed spontaneous fractures (14). 
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Furthermore, the prevalence of rickets among 
LBW infants was reported to be 13.4% while it 
was 4.9% among neonates with normal weight 
within 12-14 weeks of corrected age (15). 

In another research, rickets were diagnosed in 
32 ELBW neonates with radiographic evidence of 
rickets and the associated risk factors (e.g. ALP 
>800 IU/L, TPN >3-4 weeks, or clinical suspicion). 
Of these neonates, 18 cases had radiologic rickets 
and 14 had osteopenia without rickets.  

According to other studies, the prevalence of 
radiologic rickets is approximately 50% among 
infants with birth weight of <600 g, while it is 14% 
in neonates with birth weight of 600-800 g and 
4% in infants with birth weight of 800-1000 g 
(P<0.01) (16). The lower prevalence of rickets 
reported in the present study might be due to the 
selective assessment of newborns; however, 
rickets may be diagnosed incidentally (19).  

 
Birth weight and Gestational age 

In the present study, birth weight and 
gestational age were important predictors of 
MBD; accordingly, gestational age of <28 weeks 
was observed to be significantly associated with a 
higher prevalence of rickets.  

Moreover, early rickets were detected only 
within the gestational age of 28-32 weeks, and 
infants ageing over 32 weeks were not reported 
to have early rickets. On the other hand, 
osteopenia was associated with the gestational 
age of <28.5 weeks, and infants weighing less 
than 1200 g were reported to be more 
susceptible to early rickets (P=0.036).  

Similar to our study, Viswanathan et al. (2013) 
evaluated the frequency of the radiological 
evidence of MBD and spontaneous fractures in 
230 ELBW infants. According to their findings, 
neonates with MBD had a lower gestational age 
and birth weight compared to normal infants (14). 
In addition, Mitchell et al. indicated that infants 
born with a birth weight of ≤600 grams were at a 
higher risk of osteopenia and rickets (16). 

 
Maternal and Obstetric Risk Factors 

According to the results of this study, possible 
obstetric and maternal risk factors associated 
with rickets include multiple pregnancies, mode of 
delivery, preeclampsia, oligohydramnios, PROM 
and fetal distress, have not a significant 
association with the incidence of MBD. Other 
studies have variable results on this subject.  

On the other hand, the findings of the present 
study were indicative of a similar prevalence of 
MBD between the two genders. In a study 

conducted on 41 VLBW infants, Funke et al. 
reported a higher risk of bone disorders among 
male preterm neonates (20); however, no 
significant difference was observed between the 
bone mineral content, which was measured by 
Dual-energy X-ray absorptiometry, and the gender 
of the studied neonates (21). 

 
Postpartum Complications 

In the current study, we investigated the role 
of HMD, surfactant therapy, TPN and IVH in the 
incidence of MBD, and only HMD was found to 
have a significant association with MBD. This 
finding is inconsistent with other studies in this 
regard. 

Some of the important risk factors for MBD 
include long-term TPN (more than 4 weeks) and use 
of medications such as diuretics and corticosteroids 
(22). In a research, the presence of Cholestasis, 
necrotizing enter colitis, Broncho-pulmonary 
dysplasia, and gastrointestinal perforation were not 
significantly associated with radiological rickets 
despite the fact that cholestatic patients were 
observed to have a higher ALP (16). 

 
Biochemical Parameters 

In a study by Chuhan et al. (2011), serum calcium 
and phosphorus levels were reported to be 
significantly lower in preterm infants (28-32 weeks), 
and serum ALP, creatinine and electrolytes were 
significantly higher in these infants compared to the 
control group (34-38 weeks) (23).  

In preterm infants, serum calcium may not be a 
useful screening measure for MBD since these 
neonates are able to maintain normal plasma 
calcium at the expense of removal from the bone 
(22). Therefore, no significant correlation could be 
found between serum calcium and the diagnosis of 
rickets (16). 

Another important predictor of MBD is the 
level of serum phosphorus. In the present study, 
serum phosphorus levels declined over time, and 
the lowest level was observed during the 4th week 
of birth; however, this level increased along with 
the improvement of nutrition.  

In this study, all the neonates with rickets had 
serum phosphorus levels of <5.6 mg/dl (1.8 
mmol/l), which is consistent with the findings of 
previous studies in this regard (8, 24).  

Preterm infants with serum phosphorus levels 
of <2 mmol/l are at the possible risk of osteopenia, 
and serum phosphorus levels of <1.8 mmol/l are 
strongly associated with radiographic evidence of 
rickets. Unfortunately, this parameter has a low 
sensitivity despite its high specificity (8).  
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In a study by Mitchell et al. (2009), a direct 
correlation was observed between serum 
phosphorus levels and the birth weight of 
neonates. Furthermore, increased ALP and 
decreased serum phosphorus were found to be 
associated with a higher risk of osteopenia and 
rickets in preterm infants (16).  

In another study, Lapillonne et al. (2004) 
demonstrated that higher intake of calcium and 
phosphorus by 25% and 40% were likely to 
increase bone mineral content in preterm infants 
with gestational age of 28-32 weeks (25).  

On the other hand, supplementary calcium and 
phosphorus are known to reduce the radiographic 
evidence of rickets in VLBW infants; nevertheless, 
monitoring for urinary calcium and phosphorus 
concentrations has been recommended by several 
researchers (13). 

Bone is the origin of 90% of plasma alkaline 
phosphatase (P-ALP) in infants, which is an 
indicator of high bone metabolism during this 
period (26). In all neonates, P-ALP rises within the 
first 2-3 weeks of birth and increases further in 
case of mineral deficiency.  

However, appropriate mineral 
supplementation in preterm infants may not be 
able to reduce P-ALP (27); some researchers have 
suggested that P-ALP of >500 might be an 
indicator of possible MBD (22). In the present 
study, P-ALP levels in neonates with rickets or 
osteopenia were not significantly different from 
the control group, which is inconsistent with the 
findings of other studies in this regard.  

In a cohort study conducted on 113 ELBW 
neonates, P-ALP was observed to have a 
significant inverse correlation with birth weight, 
gestational age and serum phosphorus levels; 
however, it was not significantly higher in infants 
with radiologic rickets compared to those without 
rickets (16).  

According to some data, provision of minerals 
in preterm infants could prevent the increase of 
ALP (1). In a study by Backstorm et al. (2000), it 
was demonstrated that at the corrected age of 3 
months, total ALP activities higher than 900 IU/l 
have a sensitivity of 88% and specificity of 71% 
for low bone mineral density (measured by Dual- 
energy X-ray absorptiometry).  

Furthermore, measurements of bone  
isoenzyme activity were not associated with 

higher diagnostic value. In the same study, serum 
phosphate levels of <1.8 mmol/l (5.6 mg/dl) were 
associated with low bone density (96% of 
specificity and 50% of sensitivity), and a 

combination of these two criteria yielded a 
sensitivity of 100% at a specificity of 70% (24).  

One of the limitations of the present study, 
similar to other researches, was the unavailability 
of DXA device appropriate for the determination 
of bone density in infants. In addition, wrist X-ray 
is essential for the accurate diagnosis of rickets. 
Another limitation of this study was the 
measurement of total ALP activity without 
evaluating bone isoenzyme activity although it 
may not have improved the diagnostic value (24).  

Due to financial limitations, we  not  measured 
parathyroid hormone and  25-hydroxy vitamin D 
level. Therefore, it is recommended that future 
studies be conducted with large sample sizes on 
the evaluation of the relationship between MBD 
and maternal and neonatal vitamin D deficiency. 
 

Conclusion 
Despite the remarkable advances in the 

management of VLBW infants, MBD remains a 
prevalent and important medical issue in the field 
of neonatology. 
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