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Abstract 
Prevention and treatment of the rickets of prematurity is an important aspect of the care of preterm infants. The purpose of 
this study was to compare the prophylactic effects of different doses of vitamin D on the clinical, biochemical and radio-
logical indices of the rickets of prematurity. In a randomized clinical trial, 68 premature infants (<38 weeks) with birth 
weight under 2000 g, randomly divided in two groups. Infants received 400 IU/d vitamin D in Group A (n=32) and 1000 
IU/d in group B (n= 36). On the 9th week of birth, serum calcium, phosphate, and alkaline phosphatase were measured and 
x-ray of left wrist and physical examination were performed. The average serum calcium, phosphate and alkaline phos-
phatase in both groups had no difference (P= 0.326, 0.466, 0.147, respectively) and no one had a radiological or clinical 
picture of rickets. In conclusion we recommend low dose vitamin D for prevention of the osteopenia of prematurity. 
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Introduction  
Premature infants are known to be at risk of 
developing metabolic bone disease (Rickets or 
osteopenia), and this risk is inversely related to 
the infant's birth weight. Reports of osteopenia 
of prematurity are increasing due to the im-
proved survival rates of low birth weight in-
fants. The reported rates of rickets among the 
very low birth weight infants (Under 1500 g) 
and infants with birth weight under 1000 g are 
30% and 50%, respectively (1). In premature 
infants with gestational age under 32 wk, bone 
mineral content (BMC) was found to be 25% to 
70 % lower than term infants (2).   
The etiology is multi factorial and includes 
phosphorous, calcium and vitamin D deficiency; 
certain drugs, and immobilization (3). When 
premature babies are fed with human milk, both 
the calcium and phosphorous supplies are in-

sufficient; only 25% of amounts needed for 
normal bone mineralization; but the critical 
factor leading to rickets is lack of phosphorous 
(3, 4). Thereafter serum phosphate levels de-
crease and there is not enough substrate to in-
corporate into the organic bone matrix (5). Bio-
chemically, rickets is characterized by an in-
crease in serum levels of alkaline phosphatase 
(1, 5). Clinical rickets usually appears between 
the 6th and 12th postnatal week and a wrist x-ray 
film at 6 to 8 wk of age remains a practical as-
sessment of the presence of overt rickets (1). To 
prevent rickets of prematurity, vitamin D, cal-
cium and phosphorous supplementation is 
needed. The recommendations for vitamin D 
supply are different in Europe and America. 
The European Society of Pediatric Gastroen-
terology and Nutrition (ESPGAN) recommend 
a dose of 800-1600 IU/d (6), while The Ameri-
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can Academy of Pediatrics (AAP) recommends 
only 400 IU/d (7). Some studies indicated that a 
daily vitamin D dose of less than 400 IU/d suf-
ficient to maintain vitamin D status and activity 
normal, but high dose of vitamin D may cause 
hypervitaminosis D which involves a risk of hy- 
percalcemia with subsequent complications (1). 
As far as we know, in Iran, studies comparing 
the effects of low dose versus high dose vitamin 
D on biochemical, and radiological indices and 
clinical manifestations of osteopenia in prema-
ture infants have not been performed before; 
therefore this study was conducted to compare 
these effects. 
 
Materials and Methods  
In this randomized clinical trial we compared 
the effects of low dose versus high dose vitamin D 
on biochemical, radiological and clinical mani-
festations of rickets of prematurity. Ninety six 
preterm infants-inpatients or outpatients-presented 
in Bahrami Children Hospital, Tehran, Iran from 
May 2001 to May 2002, were enrolled in the study. 
The inclusion criteria were gestational age un-
der 38 wk and birth weight less than 2000 g. 
The exclusion criteria were use of specific medi-
cations interacting with vitamin D metabolism 
(eg: Anticonvulsants, diuretics, corticosteroids and 
so on) in mother, diabetes mellitus in mother, 
previous IUGR or SGA baby, chronic use of 
fursemide in infant and being NPO (non per os) 
for more than 2 wk. The withdrawal criteria were 
failure of taking vitamin D supplements ac-
cording to the protocol of the study and failure 
to follow orders like performing radiography. 
Of 96 preterm infants, only 68 infants performed 
the orders (x-ray and laboratory test) in the 9th 
wk. Gestational age was determined based on the 
history of mothers’ last menstrual periods, pre-
natal sonographic findings and postnatal phys-
ico-neurological examination. Within 2 wk of 
birth, eligible infants randomly divided in two 
groups by block randomization of two, to re-
ceive a vitamin D 400 IU/d (group A) and 1000 
IU/d (group B) from the time they tolerated full 

enteral nutrition until they gained a normal term 
birth weight (3000 to 3500 g).The dose of vi-
tamin D in both groups kept constant. 
All parents received written instructions about 
the purpose and protocol of the study after sign-
ing an informed consent form which was ap-
proved by the local institutional review board 
for human investigations. Infants who could tol- 
erate breast milk, received calcium supplement 
as calcium gluconate (90-120 mg/kg/d) and 
phosphate supplement as phosphate sandose, 
effervescent tablet (55-75 mg/kg/d). For infants 
deprived human milk, premature formula 
(Prenon), enriched in calcium and phosphate, 
was calculated and prescribed.  
In the 9th wk, plasma ionized calcium, serum in-
organic phosphate and alkaline phosphatase 
were measured, x-ray of left wrist and a through 
physical examination were carried out.  
Ionized calcium and phosphate were analyzed 
using spectrophotometry and serum alkaline 
phosphatase activity was measured using parani-
trophenol reaction. Physical examination and x-
ray analysis were made blind by expert pedia-
tricians. Diagnosis of premature osteopenia was 
based on abnormal radiographs (osteopenia, 
bone fractures, intracortical resorption) and bio-
chemical picture including normal serum cal-
cium, low serum phosphate and high serum alka-
line phosphatase concentrations with or without  
signs and symptoms of rickets (Craniotabes, 
rickets rosary, wide fontanel, Harrison groove, 
kyphosis/scoliosis, Potts belly). 
Statistical analyses were performed by SPSS 
version 10.1, software package (SPSS Inc, Chi-
cago, IL), using Chi- square and student t-test. 
P values less than 0.05 were considered statisti-
cally significant. Based on our pilot study on 
preterm infants, we considered our data for esti-
mating the sample size. The total sample size of 
60 infants randomized in 2 groups provided 
80% statistical power to detect 60 units of se-
rum alkaline phosphatase and 0.4 mg/dL of 
phosphorous and calcium difference at the al-
pha level of 0.05 and beta level of 0.2. We also 
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increased the sample size to 96 for considering 
drop out or loss of follow up cases. 

 
Results 
Sixty eight infants- 32 in group A and 36 in 
group B- completed the study. Distribution of 
sex in both groups were the same (Male= Fe-
male). The youngest infant entered in this study 
was 4 d old in group A and 5 d old in group B 
and the oldest in both groups was 13 d old. 
Sixty five infants had gestational age between 
29-38 wk and 3 were under 29 wk. The birth 
weights of 59 infants were between 1500-2000 
g and 9 had birth weight under 1500 g. There 
was no significant difference between birth 
weight in the two groups (P= 0.94). The groups’ 

characteristics and anthropometric results are 
given in Table 1.   
The average duration of taking vitamin D sup-
plements in group A was 46.7 d and in group B  
47.5 d (P= 0.438 ).The average  serum calcium, 
phosphate and alkaline phosphatase in the ninth 
week after birth in both groups were in normal 
range and there were no significant differences 
between the groups (P=0.325, 0.466, 0.147, 
respectively) (Table 2).  None of the infants had 
rickets picture in x-ray. Only 4 infants (two in 
each group) had wide fontanel (more than 3×3 
cm) without other manifestations of rickets in 
physical examination. Thyroid test performed 
in these 4 infants and hypothyroidism detected 
in only one of them and the remained three, had 
no additional findings. 

 

 
Table 1: Group characteristics and anthropometric results in preterm infants receiving different doses of vitamin D 

 
 Group A (400 IU /d)* 

n=32 
Group B (1000IU/d)* 

n=36 
P 
 

Gestational age (wk) 
 

32.8 (28-37) 32.7 (28-37) 0.851 

Birth weight (g) 
 

1736 (1300-1950) 1739 (1100-1950) 0.946 

Age of starting  supplementation 
(days after birth) 

10.6 (4-13) 11.1 (5-13) 0.254 

Duration of supplementation (days) 46.6 (35-56) 47.4 (40-56) 0.438 

*Mean (Min- Max) 

 
 

Table 2: Comparison of serum calcium, phosphate and alkaline phosphatase activity in infants on the 9th week of age 
 

 Group A (400 IU/d) * 
n=32 

 

Group B (1000IU/d)* 
n=36 

P 

Serum calcium(mg/dL) 
 

9.83 (9.10-10.7) 9.71(8.9-10.7) 0.326 

Serum phosphate(mg/dL) 
 

5.55 (4.4-6.8) 5.44 (4.3-6.3) 0.466 

Serum alkaline ahosphatase (IU) 
 

602.5 (420-750) 633.3 (415-753) 0.147 

*Mean (Min- Max)           
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Discussion 
Clinical rickets has been recognized as a com-
mon complication of prematurity for more than 
forty years, and nowadays is seen more com-
monly. In preterm infants fed unsupplemented 
human milk, bone mineral content measure-
ments remain significantly lower than the cor-
responding intrauterine values (1-3). Chen et al. 
(8) studied the prevalence of rickets during 
subjects’ first 18 months of life and found that 
premature infants in comparison with term in-
fants (=>37 wk gestation) were more likely to 
have rickets, 9.4% versus 5.2%, respectively. 
Oyatsi et al. (9) found the incidence of rickets 
of prematurity by 6 months of age to be 58.8 %. 
Radiological changes characteristics for rickets 
have been found in 55% of infants with a birth 
weight of less than 1000 g and in 23% of in-
fants less than 1500 g at birth (3). Bone Mineral 
Content (BMC) can be measured by DEXA 
(Dual Energy X-ray Absorptiometry) but in 
routine clinical practice it is performed in few 
centers and has its own ‘baggage‘, such as cost, 
availability and logistic difficulties (1). It is 
usually said that standard x- ray films are not an 
accurate assessment for bone demineralization 
because BMC must decrease by 30% or more to 
be diagnosed by this method , however standard 
x-ray films can detect fractures and a wrist  x-
ray film at 6 to 8 weeks of age remains a practi-
cal assessment of the presence of rickets(1). 
In this study we have shown that low dose of 
vitamin D intake, has the same results in bone 
mineral content as high dose vitamin D, rec-
ommended by ESPGAN. We used biochemical, 
radiological and clinical criteria to diagnose 
rickets of prematurity and there were no sig-
nificant differences between the groups for bio-
chemical and radiological features, as well as 
clinical manifestations. Simple biochemical in-
dicators of bone mineralization such as serum 
alkaline phosphatase, and to some extent, serum 
phosphate and serum calcium has been sug-
gested to be an easy way of identifying meta-
bolic bone disease in premature infants. Kovar 

et al. (10) introduced use of serum alkaline 
phosphatase level for screening rickets of pre-
maturity. They suggested a cut off level of al-
kaline phosphatase activity above 5 times the 
upper limit of the normal adult reference rate (> 
1200 IU) as an indicator of rickets. A radio-
graphic study (11) found a significant associa-
tion between serum phosphate level and bone 
mineralization. In our present study we used 
these biochemical and radiological criteria and 
our results were consistent with these studies. 
In a study (12), the association between serum 
alkaline phosphatase and serum phosphate with 
bone mineral content by using DEXA in pre-
mature infants was negative. In another study, 
(13) a positive association between alkaline phos-
phatase and phosphate and BMC was found. 
Comparison of these studies is difficult because 
the measurements of biochemical variables and 
BMC are inconsistence.  Based on the previous 
studies (14, 15), ESPGAN recommends a vita-
min D dose of 800-1600 IU/d for preterm 
infants. It is suggested that a vitamin D dose of 
400 IU/d is insufficient and that vitamin D 
requirements in preterm infants are at least 
three times higher. In our study we questioned 
the ESPGAN high dose vitamin D recommen-
dation as it seems to be merely a recommenda-
tion and not an established requirement based 
on clinical trials. On the other hand the AAP 
has recommended a vitamin D dose of 400 IU/d 
for preterm infants. Koo et al. (16) showed that 
even as little as 160 IU/d of vitamin D for 24-
29 ds maintain normal and stable vitamin D 
status in preterm infants who receive adequate 
mineral intake. They could not investigate the 
effect of low dose of vitamin D on the bone 
mineral density because DEXA measurements 
were not available. 
Backstrom et al. (17) compared the effects of 
low (200 IU/kg/d) and high (960 IU/kg/d) doses 
of   vitamin D on bone mineral accretion, using 
DEXA, in two small groups of premature in-
fants until 3 months old. They noticed that there 
were  no  differences  in  bone  mineral  content 
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and in bone mineral density at 3 and 6 months 
corrected age between the infants receiving low 
or high dose vitamin D. They also measured se-
rum 1,25-(OH)2 D concentration at birth, 6, 12  
and 24 wk and the levels in both groups were 
within the reference limits, indicating sufficient  
1-hydroxylation of vitamin D even with a low 
dose of  vitamin D. 
Two limitations of our present study were that 
we neither measured serum metabolites of vi-
tamin D nor using DEXA for evaluating BMC. 
Vitamin D mainly stimulates absorption of in-
testinal calcium and phosphorus and also is a 
potent factor in bone resorption. Hypervitami-
nosis D involves a risk of hypercalcemia, hy-
percalciuria, polyuria, dehydration, hyperten-
sion, stones in the lower urinary tract and me-
tastatic calcification; therefore vitamin D should 
not be given in excess to preterm infants (18).  
In our study 4 infants (two in each group) had 
wide fontanel (larger than 3×3 cm), however 
they did not have other manifestations of rick-
ets in physical examination and their biochemi-
cal and radiological tests were normal. Thyroid 
tests performed for them and hypothyroidism 
detected in only one of them and the other 
three, had no important findings, so prematurity 
assumed to be the main cause. 
In conclusion we recommend 400 IU/d of vi-
tamin D supplement for premature infants until 
they gain a normal term birth weight (3000- 
3500 g); this low dose of vitamin D as well as 
high dose of vitamin D can prevent osteopenia 
of prematurity.  
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