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Randomised controlled trial of vitamin D
supplementation on bone density and biochemical
indices in preterm infants

M C Backström, R Mäki, A-L Kuusela, H Sievänen, A-M Koivisto, R S Ikonen, T Kouri,
M Mäki

Abstract
Aims—To test the hypothesis that a vita-
min D dose of 200 IU/kg, maximum 400
IU/day, given to preterm infants will
maintain normal vitamin D status and will
result in as high a bone mineral density as
that attained with the recommended dose
of 960 IU/day.
Methods—Thirty nine infants of fewer
than 33 weeks of gestational age were ran-
domly allocated to receive vitamin D 200
IU/kg of body weight/day up to a maxi-
mum of 400 IU/day or 960 IU/day until 3
months old. Vitamin D metabolites, bone
mineral content and density were deter-
mined by dual energy x-ray absorptiom-
etry, and plasma ionised calcium, plasma
alkaline phosphatase, and intact parahor-
mone measurements were used to evalu-
ate outcomes.
Results—The 25 hydroxy vitamin D con-
centrations tended to be higher in infants
receiving 960 IU/day, but the diVerences
did not reach significance at any age.
There was no diVerence between the
infants receiving low or high vitamin D
dose in bone mineral content nor in bone
mineral density at 3 and 6 months cor-
rected age, even after taking potential risk
factors into account.
Conclusions—A vitamin D dose of 200
IU/kg of body weight/day up to a maxi-
mum of 400 IU/day maintains normal
vitamin D status and as good a bone min-
eral accretion as the previously recom-
mended higher dose of 960 IU/day. Vita-
min D is a potent hormone which aVects
organs other than bone and should not be
given in excess to preterm infants.
(Arch Dis Child Fetal Neonatal Ed 1999;80:F161–F166)
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Metabolic bone disease of prematurity is a
common clinical problem in preterm infants.1

The main aetiological factor is insuYcient
mineral intake,2 3 and not vitamin D deficiency.
Despite this, the accepted European rec-
ommendation is to prescribe preterm infants a

very high vitamin D dose in relation to their
body weight.4 The recommendations for vita-
min D supply are diVerent in Europe and the
USA. The European Society of Paediatric
Gastroenterology and Nutrition (ESPGAN)
recommends a dose of 800–1600 IU/day,4

while the American Academy of Pediatrics
(AAP) recommends 400 IU/day.5 Several stud-
ies indicate that a daily vitamin D dose of less
than 400 IU/day maintains normal vitamin D
status and activity,6–8 while supplementation at
2000 IU/day for five days gives 1,25 dihydroxy
vitamin D (1,25(OH)2D) concentrations well
above the normal range.9 Hypervitaminosis D
involves a risk of hypercalcaemia, with subse-
quent complications.10

Studies comparing the eVects of small and
large vitamin D doses on bone mineral content
have not been reported before, as far as we are
aware. We tested the hypothesis that a vitamin
D intake related to the individual’s body weight
and that is lower than any of these recommen-
dations maintains normal vitamin D status and
results in as high a bone mineral content as that
attained with the high vitamin D dose recom-
mended by ESPGAN.

Methods
Forty three preterm infants were enrolled in
the study from May 1994 to January 1996. The
inclusion criteria were a gestational age under
33 weeks and appropriate weight for
gestational age. The only exclusion criterion
was major congenital malformation, and the
withdrawal criterion was failure to supplement
vitamin D, according to protocol. The parents
of four enrolled infants failed to do so. Conse-
quently the study was completed in 39 infants.
Gestational age was determined from the
history of the mother’s last menstrual period or
ultrasound scan and confirmed with a Ballard
examination. Within 48 hours of birth the pre-
term infants were stratified according to 300 g
birthweight ranges and then randomly assigned
to receive a vitamin D supplement of 200 IU/kg
of body weight/day up to a maximum of 400
IU/day (group A) or 960 IU/day (group B)
from the time they tolerated full enteral nutri-
tion until they were 3 months old. The
randomisation was concealed from those per-
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forming bone densitometry and determination
of serum vitamin D metabolites. The dose in
the first group was increased up to a maximum
of 400 IU/day as the baby grew, while the dose
in group B was kept constant. At 3 months of
age the infants in both groups received 400
IU/day. In Finland, infant formulas are en-
riched in vitamin D. At hospital discharge all
parents received written instructions on how to
lower vitamin D dose according to the amount
of formula used in order to maintain the
constancy of the dose. Plasma ionised calcium,
serum inorganic phosphate, and alkaline phos-
phatase were measured every other week
during inpatient stay and at 3 and 6 (±1)
months corrected age (corrected age in weeks
= chronological age in weeks − (40 −
gestational age in weeks)). Blood samples for
parathyroid hormone (PTH) analysis were
drawn at week 4. Serum 25 hydroxy vitamin D
(25(OH)D) and 1,25(OH)2 D concentrations
were measured from cord blood, at 6 and 12
weeks, and at 3 and 6 (±1) months corrected
age. Bone densitometry by dual energy x-ray
absorptiometry (DXA) was performed at distal
and shaft sites of the left forearm at 3 and 6
(±1) months of corrected age.

The weight and length of the infants were
obtained from clinical charts.

Vitamin D metabolites were measured from
1 ml serum specimens to which tritated vitamin
D3 derivates [3H]25(OH)D3 and
[3H]1,25(OH)2D3 were added to monitor
recovery throughout the assay. The protein was
removed from the samples which were purified
using the acetonitrile-C18 Sep-Pak method.11

Thereafter the metabolites were further puri-
fied and separated using high performance liq-
uid chromatography (HPLC). A LiChrosorb Si
60 (5 µm) column (E Merck, Darmstadt, Ger-
many) eluted with hexane-dichloromethane-
methanol-isopropanol (76:16:5:3) was used.
25(OH)D was measured using a method based
on binding to the competing protein,12 with
serum from a pregnant woman diluted 1 in 20
000 in barbital acetate buVer, pH 8.6, and
[3H]25(OH)D. Non-radioactive 25(OH)D
served as standard. 1,25(OH)2D was measured
using a radioreceptor method.13 Inter- and
intra-assay coeYcients of variation for each of
the metabolites ranged from 11.7 to 14.5%.
Samples exceeding a 25(OH)D concentration
of 100 nmol/l were diluted to achieve higher
precision. The paediatric reference value for
25(OH)D in the laboratory was 30–130
nmol/l, with a lower limit for winter of 17.5
nmol/l.14 The healthy 95% reference interval
used for 1,25(OH)2D in the laboratory was
50–215 pmol/l.

Duplicate bone mineral content (mg) and
areal bone mineral density measurements (mg/
cm2) were carried out at the left distal forearm
and forearm shaft using DXA (Norland
XR-26, Norland Corp., WI) at 3 and 6 (± 1)
months corrected age. The measurement and
analysis procedures have been described in
detail elsewhere.15 The DXA analyses were
made blind. All scans were taken using general
scan software (version 2.2.2) at a scan speed of
10 mm/s and with pixel size 1.0 × 1.0 mm2. The

scan width was 5 cm and the total eVective
dose remained < 1 µSv. The DXA scanner was
calibrated daily and its performance continu-
ously followed by our quality assurance
protocol.16 A special software (XRVT, Norland
Corp. WI, USA), allowing free adjustment of
the bone detection threshold, was used for the
analyses. A threshold of 0.040 g/cm2 was
applied in every case, as this was found to be
the most appropriate for paediatric DXA
measurements in our recent study.15 To reduce
the eVect of potential movement artefacts
inherent in paediatric measurements, the mean
of the duplicated DXA measurements was
used, except where one of the measurements
was clearly more distorted by movement
artefacts than the other; then only the measure-
ment with the best quality was used. For bone
mineral content measurements this approach
provided an in vivo precision (root mean
square coeYcient of variation) of 4.9% for the
distal forearm and 3.8% for the forearm shaft.
For bone mineral density measurements the
respective precision was 3.4% and 3.0%.

The DXA scans were taken with the baby
lying on its back on the scanner table, the left
arm being abducted and in full supination. The
hand and elbow were held still by one of the
investigators. No sedation was used. Between
the repeated measurements, made within 15
minutes, the baby was allowed free movement.
The starting point of the scanning was located
immediately distal from the radiocarpal joint
line to permit detection of the distal endplate of
the ulna. The end point was located about 6 cm
proximal from the start point to allow the cor-
tical shafts to be measured. The soft tissue
point was located in the medial soft tissue
region of the forearm.

Bone mineral content (mg) and areal bone
mineral density (mg/cm2) were determined
from two regions of interest: the distal forearm
and forearm shaft, which exhibit distinct
diVerences in cortical to trabecular bone ratios.
The distal forearm was defined as a box whose
length (LROI) was 10% of forearm length
(measured with a ruler from the styloid process
of the ulna to the tip of the olecranon), and
which contained distal regions of both radius
and ulna. The distal side of the ROI was paral-
lel to the distal endplate of the ulna. The fore-
arm shaft ROI was also defined as a box with
the same LROI located 30% of the forearm
length proximal from the distal endplate of the
ulna, and containing both the radial and ulnar
shafts. The rationale of using the bone length
adjusted ROIs was to provide the individual
analyses with anatomically comparable bone
regions of diVerent-sized bones.

Plasma ionised calcium was analysed using
two Ciba Corning Ca++ Analysers (Halstead,
England) adjusted to give similar ionic concen-
trations. Specimens were obtained in capillary
tubes made by the manufacturer.

Serum inorganic phosphate was measured
using Vitros 700XR Analysers (Johnson &
Johnson Clinical Diagnostics, Rochester, NY,
USA) according to the manufacturer’s instruc-
tions.
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Serum alkaline phosphatase activity was
measured at 37OC using a Hitachi 704
Analyser (Boehringer-Mannheim, Mannheim,
Germany) according to the recommendation
of the Scandinavian Society for Clinical
Chemistry 1974.

Serum intact PTH was determined from
EDTA plasma by two site immunoradiometric
assay (INTACT PTH Parathyroid Hormone
Kit, Nichols Institute Diagnostics, San Juan
Capistrano, CA, USA ). Blood samples were
placed on ice and plasma was separated at +
4OC and kept frozen at −20 OC until assayed.
Our 5–95% healthy reference interval for intact
PTH is 1.0–6.8 pmol/l.

When tolerated, the infants received enteral
nutrition according to current ESPGAN
recommendations.4 Unsupplemented breast
milk was used when birthweight exceeded
2000 g. For smaller infants the breast milk was
supplemented with preterm breast milk fortifi-
ers FM 85 (Nestle, Vevey, Switzerland) or
Presemp (Semper, Stockholm, Sweden). Hy-
pocalcaemia or hypophosphataemia was cor-
rected with peroral phosphorus or calcium
supplements. The amount of perorally received
calcium and phosphorus was calculated once
weekly from week 3 onwards during hospital
stay.

The data were analysed using the SPSS for
Windows statistical software package version
6.1 (SPSS Inc, Chicago, IL). Median and
range are given as descriptive statistics for the
group characteristics and mineral intakes due
to apparently skewed distributions. Intergroup

diVerences in these were tested using the non-
parametric Mann-Whitney test and, when
appropriate, cross tabulation and ÷2 test. Mean
and standard deviation (SD) are given as
descriptive statistics for the serum concentra-
tions of vitamin D metabolites, bone mineral
content and bone mineral density, and the
intergroup diVerences were first tested by
unpaired t test, the 95% confidence limit (95%
CI) being used as the primary statistics. If sig-
nificant diVerences in risk factors for develop-
ing metabolic bone disease (duration of
assisted ventilation and lactation, use of diuret-
ics, sedatives and cortisone, prevalence of
respiratory and metabolic acidosis, oral min-
eral intake, presence of respiratory distress
syndrome (RDS), bronchopulmonary dyspla-
sia, sepsis or asphyxia) were found, an analysis
of covariance and, when appropriate, two way
analysis of variance was used for evaluating the
eVect on bone mineral data. Correlations
between the 25(OH)D concentrations vs vita-
min D dose, 25(OH)D concentrations and
1,25(OH)2D concentrations vs bone mineral
content and bone mineral density were deter-
mined using Pearson’s correlation coeYcients
(r). The á-level was set at 0.05.

As no forearm DXA data on preterm infants
were available during the course of this study,
we considered an intergroup diVerence corre-
sponding to one standard deviation a signifi-
cant diVerence. Then the total sample size of
about 40 infants randomised into two groups

Table 1 Group characteristics and anthropometric results in preterm infants receiving diVerent vitamin D doses

Group A 200 IU/kg of body weight/
day up to 400 IU/day (n=21) Group B 960 IU/day (n=18)

Median Range Median Range p Value

Gestational age (weeks) 30.3 26.7–32.6 30.6 24.7–32.9 0.19
Duration of parenteral nutrition (days) 0 0–14 0 0–16 0.21
Age at full enteral nutrition (days) 9 4–20 7.5 5–15 0.12
Duration of assisted ventilation (days) 4 0–50 0 0–60 0.01
Duration of oxygen supplementation (days) 14 0–105 2 0–115 0.06
Infants with chronic lung disease (n) 4 3
Weight (g) at birth 1365 755–2190 1510 735–2250 0.45

3 months corrected age 5955 3830–6968 5797 4520–7020 0.87
6 months corrected age 7545 5400–9090 7600 6350–9340 0.23

Length (cm) at birth 39.0 35.0–45.0 40.0 32.0–47.0 0.65
3 months corrected age 60.0 52.3–65.0 58.7 56.0–62.0 0.09
6 months corrected age 66.3 60.6–71.5 67.4 62.3–76.0 0.41

Head circumference (cm) at birth 28.2 24.0–32.5 29.0 24.5–31.0 0.67
3 months corrected age 41.0 38.0–44.0 41.0 38.5–43.0 0.48
6 months corrected age 43.4 38.5–46.7 44.5 42.8–46.5 0.05

Table 2 Calculated peroral phosphorus and calcium intakes (mg/kg of body weight/day) of preterm infants at diVerent
ages receiving either high or low vitamin D doses

Group A 200 IU/kg of body weight/ up to
400 IU/day Group B 960 IU/day

n Median Range n Median Range p Value

Phosphorus at week 3 21 30 23–91 18 46 26–105 0.15
4 16 73 11–95 12 82 25–95 0.22
5 14 42 0–86 11 86 25–128 0.02
6 14 30 0–95 8 78 28–86 0.16
7 11 30 0–89 6 60 15–93 0.65

Average phosphorus intake 10 46 7–87 6 75 41–86 0.13
Calcium at week 3 21 62 20–136 18 69 54–156 0.11

4 16 85 13–142 12 122 53–170 0.16
5 14 76 0–128 11 128 53–157 0.02
6 14 59 35–141 8 124 58–147 0.09
7 11 60 23–133 6 105 31–138 0.51

Average calcium intake 10 82 25–131 6 114 75–128 0.16

Vitamin D requirements of preterm infants F163
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provided 90% statistical power to detect the
aforementioned diVerence at the á-level of
0.05.

The study was approved by the ethics
committee of Tampere University Hospital and
written informed consent was obtained from
the parents.

Results
The group characteristics and anthropometric
results of the infants are given in table 1. The
groups were matched for birthweight and
gestational age. There were no diVerences in
weight and length at 3 and 6 months of
corrected age. The infants receiving vitamin D
200 IU/kg/day seemed to have smaller head
circumference at 6 months.

The infants receiving vitamin D 200 IU/kg/
day had more episodes of RDS and thus
needed longer assisted ventilation (table 1),
received longer morphine treatment, and had
respiratory acidosis more often (data not
shown). This also accounts for the smaller
mineral intake in the preterm infants receiving
the smaller vitamin D dose (table 2). There
were no diVerences between the study groups
for serum inorganic phosphate, plasma ionised
calcium, serum alkaline phosphatase concen-
trations or serum intact parathyroid hormone
(data not shown).

SERUM VITAMIN D METABOLITE

CONCENTRATIONS

The serum 25OHD concentrations tended to
be higher in infants receiving vitamin D 960
IU/day, but the diVerences reached significance
only at the age of 6 weeks (table 3). Altogether,
six preterm infants had serum 25OHD con-
centrations above the upper reference level and

five of these represented the group receiving
the higher vitamin D dose. At birth, three out
of 14 infants had a serum 25OHD concentra-
tion below the lower reference level. When
vitamin D substitution was started these values
had returned to normal even in the group with
lower vitamin D intakes. The vitamin D dose of
200 IU/kg/day was evidently adequate as none
of the serum 25OHD concentrations was
below the lower reference limit at any age after
birth.

The mean serum 1,25(OH)2D concentra-
tions at birth, at 6 and 12 weeks, 3 and 6
months were within the reference limits in both
groups (table 3). In the group receiving the
lower vitamin D intake one out of 13 infants at
week 6 had 1,25(OH)2D concentrations below
the lower reference limit. In the higher vitamin
D intake group, two out of 11 infants at week 6
and one out of six infants at week 12 had
1,25(OH)2D concentrations below the lower
reference limit. At every time point two to three
infants had serum 1,25(OH)2D concentrations
above the upper reference limit in both groups.
There was no correlation between 25OHD and
1,25(OH)2D at any time.

BONE MINERAL CONTENT AND DENSITY

The results of the bone mineral content and
density measurements at 3 and 6 months of
corrected age are shown in table 4. There were
no significant intergroup diVerences in these
measurements at forearm shaft or distal
forearm at any age. There was no significant
correlation at any time point between serum
25OHD or 1,25 (OH)2D concentrations and
bone mineral density. In contrast, there was a
positive eVect of a high mean calcium and
phosphorus intake on forearm shaft bone min-
eral density at 3 months of age (r= 0.36,
p=0.03 for calcium and r= 0.34, p = 0.03 for
phosphorus). Despite the fact that the preterm
infants in the lower vitamin D dose group
seemed to have more episodes of RDS,
required longer assisted ventilation, and longer
morphine treatment, had respiratory acidosis
more often and a smaller mineral intake in
general, these infants had as high bone mineral
content and bone mineral density as the
preterm infants on the higher ESPGAN
recommended vitamin D dose even after
controlling for the above variables.

Discussion
ESPGAN recommends a vitamin D dose of
800–1600 IU/day for preterm infants,4 based

Table 3 Serum 25(OH)D and 1,25(OH)2D concentrations in preterm infants at diVerent ages receiving either high or
low vitamin D doses

Group A 200 IU/kg of body
weight/ day up to 400 IU/day Group B 960 IU/day

n Mean (SD) n Mean (SD) Mean diVerence (95% CI)

25(OH)D from umbilical cord 6 29.8 (10.0) 8 29.2 (11.8) 0.6 (−12.5 to 13.7)
chronological age 6 weeks 15 45.7 (18.4) 11 66.7 (30.3) −21.0 (−40.7 to −1.3)
chronological age 12 weeks 10 79.1 (30.0) 6 113.5 (37.7) −34.4 (−70.8 to 2.1)
corrected age 3 months 9 87.0 (18.1) 16 93.4 (36.4) −6.4 (−25.7 to 12.8)
corrected age 6 months 19 86.4 (23.9) 16 90.2 (26.8) −3.8 (−21.3 to 13.6)

1,25(OH)2D from umbilical cord 6 43.8 (21.5) 8 69.2 (25.6) −25.8 (−53.6 to 2.8)
chronological age 6 weeks 13 120.5 (64.7) 11 138.8 (62.0) −18.3 (−72.3 to 35.6)
chronological age 12 weeks 9 178.0 (66.8) 6 160.2 (79.8) 17.8 (−64.3 t o 100.0)
corrected age 3 months 16 150.1 (46.6) 15 135.6 (55.9) 14.4 (−23.2 to 52.2)
corrected age 6 months 19 110.2 (28.2) 15 162.3 (39,6) −52.2 (−75.7 to −28.4)

Table 4 Bone mineral content (BMC) (mg) and bone mineral density (BMD) (mg/cm2)
at 3 and 6 months corrected age measured by dual energy x-ray absorptiometry at forearm
shaft and distal forearm in preterm infants receiving diVerent vitamin D doses

Group A 200 IU/kg of body
weight/day up to 400 IU/day
(n=21)

Mean
(SD)

Group B 960 IU/day
(n=18)

Mean
(SD)

Mean diVerence
(95% CI)

Forearm shaft: BMC at 3 months 255 (49) 258 (39) −3 (−32 to 27)
6 months 326 (67) 328 (56) −2 (−42 to 39)

BMD at 3 months 135 (16) 139 (9) −4 (−12 to 5)
6 months 150 (17) 152 (18) −2 (−14 to 9)

Distal forearm: BMC at 3 months 201 (37) 208 (33) −7 (−29 to 16)
6 months 274 (50) 272 (46) −1 (−29 to 33)

BMD at 3 months 109 (14) 113 (9) −4 (−12 to 4)
6 months 120 (13) 124 (11) −4 (−11 to 4)
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on, among others, the studies of Glorieux et al9

and Salle et al.17 They suggested that a vitamin
D dose of 400 IU/day is insuYcient and that
vitamin D requirements in preterm infants are
at least three times higher. However, the
control group in their studies received no vita-
min D at all, while the study group received
2100 IU/day of vitamin D. The infants received
a minimal phosphorus enrichment (60 mg of
phosphorus/100 ml human milk). In our
present study we questioned the ESPGAN
recommended high vitamin D dose, as it seems
to be merely a recommendation and not an
established requirement based on results from
clinical intervention trials.

On the other hand, the American Academy
of Paediatrics recommends a vitamin D dose of
400 IU/day for preterm infants.5 A daily dose of
400 IU of vitamin D maintains adequate serum
25OHD concentrations.6 7 A recent American
study has shown that even as little as 160
IU/day of vitamin D for 24–29 days maintains
normal and stable vitamin D status provided
the preterm infants receive adequate mineral
intake.8 The eVect of the small vitamin D dose
on bone mineral density was not investigated,
as DXA measurements were not available
when their study started. This latest American
low dose study prompted us to elucidate the
eVects of such a small vitamin D intake on
vitamin D status and bone mineral content and
density, as determined by DXA, while cur-
rently recommended mineral supplementation
was used to ensure optimal bone mineral
accretion.

Maternal nutritional influences are poten-
tially important in the extrapolation of these
data to other populations. European studies9 18

show low concentrations of serum 25OHD
concentrations from cord blood compared with
findings in studies conducted in the USA.19 20

Dairy products are supplemented with vitamin
D in the USA, but not in Europe. This
probably accounts also for diVerent vitamin D
dose recommendations for preterm infants
between these regions. However, our study
clearly shows that irrespective of low 25-OHD
concentrations in cord blood, serum vitamin D
is adequately corrected for the small weight
related vitamin D dose in this Finnish popula-
tion.

Pittard and co-workers6 found no toxic
serum 25OHD concentrations in preterm
infants receiving 400 IU/day of vitamin D. In
our study six preterm infants had serum
25OHD concentrations above the upper refer-
ence limit, five of whom belonged to the study
group receiving the high ESPGAN recom-
mended vitamin D dose of 960 IU/day. Overall,
the serum 25OHD concentrations tended to be
higher in infants receiving vitamin D at 960
IU/day.

In our study the serum 1,25-(OH)2D
concentrations at birth, at 6 and 12 weeks, and
at 3 and 6 months were within the reference
limits in both groups, indicating suYcient
1-hydroxylation of vitamin D even with a small
vitamin D dose. The high serum 1,25-(OH)2D
concentrations seen in both groups probably
reflect a state of relative mineral deficiency, but

the detrimental eVects on bone must be kept in
mind. Our results clearly show that a vitamin D
dose of 200 IU/kg/day is adequate, as none of
the 25OHD concentrations was below the
lower reference limit at any age after birth and
the 1-hydroxylation of vitamin D is comparable
with that seen in the group receiving 960
IU/day.

Studies comparing the eVects of a small and
high vitamin D doses on bone mineral
accretion have not been reported before, as far
as we are aware. We have shown for the first
time that a vitamin D intake that is tailored to
individual body weight and lower than any of
the recommended doses, results in as high a
bone mineral density and content as the high
vitamin D dose recommended by ESPGAN.
There was no significant diVerence between
the groups for either bone mineral or bone
density content at 3 and 6 months of corrected
age. Due to the small sample size and relatively
wide 95% confidence intervals, however, we
cannot preclude the possibility that a real and
considerable intergroup diVerence might still
exist. The risk factors for developing metabolic
bone disease of prematurity seemed to be more
prevalent in preterm infants receiving the low
vitamin D dose; nevertheless, these infants had
as high a bone mineral and bone density
content as the preterm infants receiving the
high vitamin D dose.

Vitamin D should be administered directly
into the mouth and not added to the milk.
Vitamin D is a fat soluble vitamin and might
adhere to the surface of feeding bottles. When
human milk is administered through a feeding
tube, losses of as much as 50% of the fat con-
tent can occur.21 22 There has been discussion
as to whether vitamin D should be dosed with
a margin of safety.8 We claim, however, that
vitamin D administration should be precise
and based on established requirements as are
other potent hormones. There are no data to
support the belief that preterm infants need a
disproportionately high vitamin D dose in rela-
tion to their weight. Preterm infants can
1-hydroxylate vitamin D from an early
age.8 9 17 23 1,25 (OH)2D is the most biologically
active metabolite of vitamin D. Its main
function is stimulation of intestinal calcium
and phosphorus absorption. It is also a potent
factor in bone resorption.24 25 Hypervitaminosis
D involves a risk of hypercalcaemia, hypercal-
ciuria, polyuria, dehydration, hypertension,

Key points
+ The ideal vitamin dose for preterm

infants is controversial
+ A directly administered vitamin D dose

of 200 IU/kg of body weight/day (maxi-
mum 400 IU/day) maintains normal
vitamin D status and does not endanger
bone mineral accretion in preterm in-
fants supplemented with minerals

+ Vitamin D administration should be pre-
cise and and based on evidence based
criteria, analagous to those for other
potent hormones

Vitamin D requirements of preterm infants F165

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.80.3.F
161 on 1 M

ay 1999. D
ow

nloaded from
 

http://fn.bmj.com/


stones in the lower urinary tract and metastatic
calcifications.10 Moreover, it is now recognised
that even a wide variety of tissues and cells
unrelated to calcium metabolism are target
sites for 1,25 (OH)2D and that the tissues
respond in a variety of ways.26–31 Thus vitamin
D aVects other organs besides bone, being a
steroid type molecule with potent mitogenic
eVects. This is also one of the reasons why vita-
min D should not be given in excess to preterm
infants.

In conclusion, we recommend a directly
administered vitamin D dose for preterm
infants of 200 IU/kg body weight/day up to a
maximum of 400 IU/day. This dose does not
give too high or too low serum 25OHD
concentrations and results in as good a bone
mineral accretion as the higher dose of 960
IU/day, recommended by ESPGAN. This is
provided that calcium and phosphorus are also
given to ensure appropriate bone mineral gain.
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