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Abstract

Background: About 55% of extremely-low-birth-weight (birth weight < 1000 g) and 23% of very-
low-birth-weight infants (birth weight < 1500 g) suffer from metabolic bone disease (MBD).
There are limited data on the use of calcitriol (1, 25-dihydroxycholecalciferol) to prevent or
treat MBD in preterm infants. Therefore, this study aimed to compare the preventive effect of
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calcitriol and cholecalciferol on the biochemical markers of MBD in preterm infants.
Keywords: - Methods: This study was a pilot randomized controlled trial conducted in the Alzahra teaching
-25-Hydroxyvitamin D hospital of Tabriz University of Medical Sciences. we randomized 72 very-low-birth-weight

-Bioc%le.mical Markers infants in two groups of calcitriol 0.25 pg/day and cholecalciferol 400 IU/day. Biochemical
-Calcitriol markers, including serum 25-hydroxyvitamin D, alkaline phosphatase (ALP), phosphorus (P),
-Cholecalciferol

calcium (Ca), parathyroid hormone (PTH), and tubular reabsorption of phosphate (TRP) levels

-Metabolic B Di . .. .
etabolic Bone Disease were checked at baseline, three, and five weeks after medication, consecutively.

-Neonatal Prematurity Results: After three weeks of supplementation, infants in the cholecalciferol group had higher
levels of serum 25-hydroxyvitamin D (P=0.001) and lower levels of urine phosphate (P=0.009);
There were no significant differences in other biochemical markers. At the end of the fifth week,
there was no significant difference between the two groups in terms of biochemical markers.

Conclusion: The study indicated that the use of cholecalciferol caused a lower urinary loss of
phosphate in very-low birth-weight infants at a short time; however, these findings were not

sustained during the study period.

Introduction

Neonatal Metabolic Bone Disease (MBD) or osteopenia
of prematurity is a condition characterized by the bone
mineral content reduction in preterm infants. It may affect
biochemical markers of bone metabolism.! This medical
condition diagnosed with changes in biochemical markers,
such as serum calcium (Ca), phosphorus (P), and alkaline
phosphates (ALP) levels usually presents within 6-16 weeks
post-birth.>* Prevalence of MBD is inversely associated
with birth weight as well as gestational age. About 55% of
the extremely-low birth-weight (birth weight < 1000 g)
and 23% of the very-low-birth-weight infants (birth weight
<1500 g) suffer from MBD.?

Pathogenesis of MBD is complex and includes prenatal
minerals deprivation, insufficient postnatal intake of
Ca, P, and vitamin D, extended time of total parenteral
nutrition (TPN), decrease in tubular reabsorption of
phosphate (TRP), and prolonged-time of immobilization.

Furthermore, the use of some medications, such as
diuretics and corticosteroids in neonatal intensive care
unit (NICU) may contribute to the pathogenesis of the
disease."* Inadequate intake of vitamin D during pregnancy
is associated with reduced intrauterine bone growth and
subsequently leads to the prevalence of osteopenia in
different communities.?

Vitamin D is being supplied through either nutrient
content or the conversion of 7-dehydrocholesterol in
the skin upon exposure to ultraviolet B radiation.® This
Vitamin is converted to 25-hydroxyvitamin D (25 (OH)
D) in the liver, which is then activated to become 1,
25-dihydroxy vitamin D (1,25(OH) D) in the kidneys.
The second hydroxylation can also occur in other organs.
Vitamin D increases both intestinal absorption of Ca and
phosphorus and bone mineralization.” Since the daily use
of 160-180 ml/kg breast milk could only provide 4 IU/kg
of vitamin D, it is highly recommended to take vitamin D
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supplementation after birth.” There are different definitions
for vitamin D deficiency, but there is an agreement on the
institute of medicine’s (IOM) suggesting the serum level
of 1,25(0OH) D < 20 ng/ml as insufficient vitamin D level.*’
Several types of research have been performed on vitamin
D analogs, especially ergocalciferol (vitamin D2) and
cholecalciferol in neonates with MBD. However, there
are few studies on the preventive effect of calcitriol on
the biochemical marker of MBD in preterm infants.
Cholecalciferol is a usual drug for the prevention of MBD
in Neonatal intensive care units (NICUs), but calcitriol,
the active form of vitamin D, has several direct effects on
end organs that make it an attractive alternative treatment
in the prevention of MBD. According to a hypothesis,
calcitriol could also prevent MTB and its biomarkers.

In this study, we compared the preventive effect of
calcitriol and cholecalciferol on the biochemical markers
of MBD in preterm infants. To the best of our knowledge,
this was the first study comparing the effect of these two
drugs on the biochemical markers of MBD in preterm
infants.

Methods

Study design and setting

This study was a pilot randomized controlled trial
conducted in the Alzahra teaching hospital of Tabriz, the
largest perinatal referral center at the northwest of Iran, for
seven months from December 2016 to May 2017.

Inclusion criteria, screening, and enrollment

In the study, 111 very-low-birth-weight infants with
gestational age between 26 and 32 weeks were enrolled.
The exclusion criteria included the major congenital
anomalies, history of familial bone disease, being nothing
by mouth (NPO) for more than five days, receiving
parenteral nutrition for more than two weeks, and infants
were given birth to from mothers receiving anticonvulsant
medications, such as phenytoin or phenobarbital. Parents
who either could not complete or understand the consent
form or wanted to leave the study at any time were also
excluded.

According to the protocol of Parenteral Nutrition of
preterm infants in the NICU, all infants received elemental
calcium with dose of 60-80mg/Kg/ day of as Calcium
(Gluconate Calciuml10 %) and elemental phosphor with
a dose of 46-60 mg/Kg/day as phosphor (Glycophose by
Fresenius Kabi USA) from the very first postnatal days
with a molar Ca:P ratio 1.3:1 in mg. Moreover, all infants
received minimal enteral feeding by breast milk from the
second day after delivery. Breastmilk increased step by step
according to the feeding protocol of the NICU. By two
weeks postnatal age, when the infants had received at least
100 ml/kg/day of enteral feedings, calcitriol 0.25 ug/day
or cholecalciferol 400 IU/day were started in each of two
groups of infants (Figure 1).

Preterm infants included
in the study (n=111)

Excluded

Congenital
anomalies (n=1)

Anti-convulsant
medications (n=2)

Preterm infants
randomized (n=108)

Calcitriol group
(n=54)

No oral feeding more
than 5 days (@=7)

Untimely discharged

@=6)

Perineal ulcer (n=4)

Calcitriol group received
0.2 ngkg/day

(n=37)

Cholecalciferol group
(n=54)

No oral feeding more
than 5 days (u=6)

Untimely discharged

(@=8)
Perineal ulcer (n=3)

Cholecalciferol group
received 400U/day

(0=35)

Figure 1. Flow chart of the study.
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Study protocol

The calcitriol group received their medication (0.25 pg/day)
(Dana Pharmaceutical Company, Tabriz, Iran). Of note,
we used calcitriol based on a previous study in which the
researchers used calcitriol at a dose of 0.25 g three times a
day for treatment of a case of MBD of prematurity.'®'! This
dose was the lowest in the suggested dose range for the
treatment of rickets. On the other hand, the cholecalciferol
group received 400 IU/day of cholecalciferol drop
(Vitabiotics, British Nutraceutical Company) based on the
recommendation of the American Academy of Pediatrics
(AAP) for the prevention and management of rickets.'
After preparing the medications in an insulin syringe by a
pharmacy technician in a cleanroom, the syringes were sent
to the NICU. The nursing staft was blinded to the content of
syringes and it is obvious that neonates are not aware of the
receiving medication. The medications were administered
through a nasogastric tube during breast milking. Vitamin
D Supplementation was also given to the infants followed
until discharge. Furthermore, demographic data of infants
including maternal risk factors, gestational age, birth
weight, The Apgar score, hospitalization time, sex, and
laboratory data were recorded in a data collecting form.

Blood sampling

Biochemical markers of MBD including serum ALP,
25-hydroxyvitamin D, phosphorus, Ca, PTH, and TRP were
checked at baseline, at the end of the third and fifth weeks.
Renal tubular reabsorption of phosphate (TRP) is the
fraction of phosphate in the glomerular filtrate that is
reabsorbed in the renal tubules. Hence, we measured the
infants’ Serum, urine phosphateandserum, urinecreatinine.
Their TRP was calculated with the following fraction: The
normal range of TRP is 78-91% and a value above 95%
is a significant marker of insufficient P supplement.” In
the current work, Serum Ca, ALP, and Phosphorus were
analyzed with the enzymatic method using Selectra auto
analyzer E (made in the Netherlands) and Selectra auto
analyzer prom (made in France) 25-hydroxyvitamin D
was also analyzed using Electrochemiluminescence assay
(ECL) in Cobas-e 2010. Besides, PTH was analyzed using
ELISA in Cobas-e 411.

Primary outcomes

Primary outcomes included biochemical markers of MBD
serum ALP, phosphorus, Ca, PTH, and TRP at baseline as
well as three and five weeks after medication.

Study sample size calculation
Because of lacking study related to our topic we decided to
choose a pilot sample of 35 patients in each group.

Statistical analysis

Data analysis was performed using SPSS software Ver.16.0
(Chicago, SPSS Inc., 2007). First, the Kolmogorov-Smirnov
test was performed to determine the distribution of data.
Repeated measures analysis of variance (ANOVA) by
Bonferroni adjustment for pairwise comparisons (within
and between subjects) was further performed. In addition,
theindependent sample t-tests were used to compare means
between the groups. The Chi-square and/or Fisher’s exact
tests were applied to sets of categorical data, Intergroup
comparison was performed, Continuous data were shown
as mean + standard deviation (SD), and p-values less than
0.05 were assumed as statistically significant.

Results

Totally, 111 preterm infants were screened for their
eligibility. Among them, three cases were excluded because
of their congenital anomalies (n=1) and a history of taking
anticonvulsant medications by their mothers (n=2). 108
preterm infants were randomized 1:1 into calcitriol (n=54)
and cholecalciferol groups (n=54). Of them, 13 cases were
excluded because of being NPO for more than five days,
nine other cases were excluded because of difficulty in
urine collection, and 14 preterm infants were discharged
or transfer before completing the research. Finally, 72
preterm infants who met the inclusion criteria completed
the study (37 preterm infants in the calcitriol group and 35
in the cholecalciferol group).

The baseline demographic and clinical data of
patients were similar in both groups (p> 0.05), which is
shown in Table 1. Mean gestational age in calcitriol and
cholecalciferol groups was 28.21+2.35 and 27.98+1.49
weeks, respectively. Moreover, the mean birth weight in
the calcitriol group was 1029.03+163.44 gr, while it was
983.87+163.51 gr in the cholecalciferol group. Table 2

Table 1. maternal risk factors in two groups of very low birth weight infants receiving cholecalciferol and calcitriol.

Mother's risk factors Group 1 n (%) (calcitriol n=37) Group 2 n (%) (vit D n=35) P Value
Hypertension? 9(24.3) 8(22.8) 0.884
Preeclampsia® 9(24.3) 7(20.0) 0.659
Diabetes Meletus® 2(5.4) 3(8.5) 0.597
Smoking® 1(2.7) 0(0.0) 1.000
Thyroid disorder® 4(10.8) 2(5.7) 0.434
Complete antenatal corticosteroid use® 13(35.1) 13 (37.1) 0.956
Partial antenatal corticosteroid use® 8(21.6) 6(17.1) 0.769

aConducted by chi-square. ®Conducted by the Fisher’s exact test. “‘Complete antenatal corticosteroid means full dose corticosteroid given

to pregnant woman expecting preterm delivery.
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shows maternal characteristics and indicates no significant
differences in maternal risk factors of the two groups (p>
0.05).

Biochemical markers of MBD are also presented in
Tables 3 and 4. Mean serum vitamin D was significantly
higher in the cholecalciferol group and had an increasing
trend in the two next measurements (P=0.001). Infants in
cholecalciferol group also had a significantly lower loss of
phosphate in urine after three weeks of supplementation
(P=0.009). Increasing of mean serum phosphate level
seemed to be a late finding and happened after eight weeks
(P=0.049). TRP level was also significantly higher in the
cholecalciferol group after three weeks of supplementation
(P = 0.037). Intergroup comparison of serum vitamin D,
PTH, phosphorus, and urine phosphorus indicated changes
between baseline, the 5%, and the 8" weeks. Figures 2 and
3 show the trend of serum vitamin D and urine phosphate
during the study time.

Other biochemical markers were not significantly
different in the two groups. For example, the mean ALP

level in both groups was less than 900 (IU/L), which can
be related to insufficient intake of calcium and phosphor. It
is noteworthy that biochemical markers in the second test
(after three weeks of supplementation) were better than
the third test. It is suggested that it may happen because of
quick growth after the fifth week and higher demands for
micronutrients.

Discussion

In this study, we compared the effects of calcitriol and
cholecalciferol on the prevention of MBD for the first time.
The results also showed a lower loss of phosphate in urine
as well as higher TRP levels in the cholecalciferol group
after three weeks of supplementation. In the present study,
79% of infants had vitamin D deficiency/insufficiency at
the time of hospitalization.

Several researches have evaluated the effect of
different doses of cholecalciferol on the prevention of
MBD. Different doses (400-1000 IU/day) have been
suggested>>!*!3 ; however, AAP has recommended 400 IU/

Table 2. Demographic data in two groups of very low birth weight infants receiving cholecalciferol and calcitriol.

Group 1 (mean * SD)

Group 2 (mean * SD)

Study factors (Calcitriol n=37) (Cholecalciferol n= 35) P Value
Birth Weight (gram)? 1029.0 £ 163.4 983.8 £ 163.5 0.281
Gestational age (week)? 282+23 279+14 0.622
Apgar score 12 58+1.6 55+1.6 0.373
Apgar score 5° 7.9£1.3 7.51+1.0 0.455
Hospital stay (day)? 58.6 £ 16.4 55.9 £14.3 0.512
Male/Female (ratio)® 19/18 1718 0.810

aPerformed by independent t-test, ®°Performed by chi-square test, SD: standard deviation.

Table 3. comparison of biochemical markers measured as baseline, third week and fifth week after supplementation in two groups of very

low birth weight infants.

Group 1

Group 2

Study factors Time (calcitriol n=37) (vit D n= 35) P value
Baseline 6.16 +4.8 10.0 £16.5 0.182
25(0OH)-vitamin D(ng/mL) 5" week 7.0 6.6 37.3+20.2 0.0012
8" week 41+16 55.0 +18.8 0.0012
Baseline 633.0 £225.7 576.5 +224.7 0.299
Alkaline phosphatase (IU/L) 51 week 886.5 +313.9 991.4 +427.7 0.238
8" week 1194.1 £378.8 907.3 +458.6 0.069
Baseline 9.3+ 0.5 95+0.5 0.061
Calcium (mg/dl) 5" week 9.2 +0.7 93104 0.485
8" week 9.0 £0.91 94+0.5 0.164
Baseline 56.1 +39.2 53.0+39.7 0.745
Parathyroid hormone (pg/ml) 5" week 34.5+39.7 29.5 +26.3 0.533
8" week 56.7 +51.4 50.0 +£40.2 0.692
Baseline 45+1.0 4.9+1.0 0.218
Serum phosphorus (mg/dL) 5% week 44 +1.0 4.2 +0.8 0.454
8" week 4.4+1.8 5.8+1.9 0.049°
Baseline 51174 74178 0.218
Urine Phosphorus (mg/dL) 51 week 6.1+9.0 1.7 3.2 0.0092
8" week 18.3125.8 7.219.7 0.122
Tubul bsorofi # Shosohat Baseline 90.3 +11.0 87.6 +11.0 0.344
(OZ )” ar reabsorplion of pnosphate  gn \yeek 86.2 £20.4 95.1+10.8 0.0372
8" week 84.4 +14.1 88.2+222 0.579

aStatistically significant.
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Table 4. Intergroup comparison of biochemical markers measured as baseline, third week and fifth week after supplementation in two

groups of very low birth weight infants.

Group 1 (calcitriol n=37) Group 2 (cholecalciferol n=35)

Study factors Time A Time B
Mean Difference P value Mean Difference P value
5% week -0.9 1.000 -27.3 0.0002
25(0OH) vitamin D(ng/mL Baseline
(OH) (ng/mL) 8" week 2.0 .0.650 -45.0 0.0002
5% week -253.5 0.001* -414.8 0.0002
Alkali hosphat IU/L Baseli
aline phosphatase (IU/L) aselin®  gnweek  -561.0 0.001*  -330.7 0.0132
. . 5% week 0.1 1.000 0.2 0.187
Calcium (mg/d) Baseline  gu week 02 0730 0.1 0.776
Parathyroid hormone (pg/ml) Baseline 5" week 216 0.084 23.5 0.020°
8" week -0.5 1.000 3.0 1.000
. 5% week 0.1 1.000 0.6 0.076
Serum phosphorus(mg/dL) Baseline 8" week 0.2 1.000 0.9 0.041°
) . 5% week -1.0 1.000 5.6 0.0032
Urine Phosphorus (mg/dL) Baseline 8" week 131 0,005 01 1.000
th -
Tubular reabsorption of phosphate (%) Baseline :m x:gt 23 g?ii _gg ?83;

aStatistically significant

Icitriol
6000+ Calcitriol group

40.00

20,00

serum vitaminD level (ng/ml)

Cholecalciferol group

-

000

T T T
second week fifth week eighth week

(baseline)

Figure 2. changes of serum levels of vitamin D during the time.

20.00
Cholecalciferol group ;

15.00

10.00-] Calcitriol group

urine phosphor levels(mg/dl)

5.00-

0.00

T T T
second week fifth week eighth week

(baseline)

Figure 3. changes of urine levels of phaosphate during the time.

day of cholecalciferol for the prevention of rickets.'? Rustico
and collogues" investigated the effect of 0.05-0.08 pg/kg/
day calcitriol on the treatment of MBD of prematurity and
secondary hyperparathyroidism in preterm infants. They
showed significant decrease in PTH levels from a median
level of 220 to 25 pg/ml and increase in Ca (9.9 to 10.3
mg/dl), phosphorus (4.3 to 5.4 mg/dl), and TRP (81% to
91.5%). However, no differences in ALP was observed.!!

Results of the current study demonstrated that
cholecalciferol caused a lower loss of phosphate in the
urine, which is in contrary to Rustico et al. study."! Of note,
there have been few research works studying the effect of
calcitriol on the treatment or the prevention of osteopenia
of prematurity. This study, however, had some differences
with Rustic et al'' study. First of all, they investigated
the effect of calcitriol on the treatment of infants with
Proven MBD with radiographic finding and secondary
hyperparathyroidism, while we evaluated the effect of
calcitriol on the prevention of MBD. We did not evaluate
radiologic finding. Also, based on Yuri Dowa’s study, There
was a significant correlation between ALP and TRP with
increased PTH levels.'® Second of all, in our study, the
dose of calcitriol, was higher than Rustic et al."! study (0.25
ug/day vs.0.05-0.08 pg/kg/day). They used calcitriol for a
longer time (1-12 month/s) than this study (2 months).
In 2012, in a case study performed by Chen et al.”, two
preterm infants suffering from rickets were included. Case
1 received 0.125-0.3 mg/kg/day of calcitriol for 40 days
and case 2 received the same dose for 37 days. In case 1
serum ALP level decreased from 1640 IU/L to 637 IU/L
and phosphorus level increased from 3.75 mg/dl to 6 mg/
dlL In case 2 serum ALP level decreased from 1463 IU/L to
475 IU/L and phosphorus level increased from 2.7 mg/dl
to 5.8 mg/dl. Finally, both infants gradually recovered and
were discharged.

The present study investigated the effect of calcitriol in
the prevention of osteopenia of prematurity but not the
treatment of Rickets. Rickets of prematurity is more severe
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than osteopenia or MBD of prematurity and there are
radiologic findings of rickets beside biomarker findings of
osteopenia. Infants in this study were also younger than
those in Hang Yi Chen’s study. Moreover, several studies
have indicated the incomplete development of Vitamin D
metabolism in the preterm infants’ liver system and the
fact that it is completed as the infant grows.>'”!® Chen et
al.’” also preferred calcitriol to alfacalcidol as the first-line
treatment of rickets of prematurity because preterm infants
are not completely able to convert alfacalcidol to calcitriol.
In another study performed by Brooke and Lucas®, it was
mentioned that preterm infants may have insufficient
1-ahydroxylase so that they cannot produce the active
form of vitamin D. They also confirmed the idea that
alfacalcidol should not be used to prevent or treat MBD in
preterm infants. Unlike the results of the two mentioned
studies, this study showed that Cholecalciferol had a better
effect on biomarkers of bone metabolism in comparison
with calcitriol. This may suggest that preterm infants
don’t have significant insufficiency in a hydroxylation.
Interestingly, in a review article in 2006, it was indicated
that 1, 25-dihydroxy vitamin D can also be produced in
other organs, which is in agreement with the results of the
present study.”” The review article indicated that tissues
and cells having vitamin D receptor (VDR) can express
cyp27B1. For instance, skin, colon, prostate, lungs, brain,
and placenta can produce 1, 25-dihydroxy vitamin D."*%
This may be the reason why preterm infants having
immature liver and kidney enzymatic system can produce
enough 1, 25-dihydroxy vitamin D.

Study limitations

In the study, Because of some limitations, the result should
be interpreted cautiously. First, because of cost limitations,
we could not continue the study for alonger duration of time.
Alonger time of supplementation and checking biomarkers
might show more exact results. Second, our study sample
size was limited and a larger sample size is required to
show out precise effect of the study. Importantly, radiologic
changes in bone could be followed up with DEXA method
to confirm further outcomes. Because of our limited fund,
we couldn’t do it either. The current study was the first
clinical randomized trial comparing the effect of Calcitriol
and Cholecalciferol on biochemical markers MBD in very-
low-birth-weight infants. Moreover, the higher levels of
serum 25-hydroxyvitamin D and lower urinary loss of
phosphate caused by cholecalciferol indicated that preterm
infants can produce an active form of vitamin D despite
having an immature liver. This can address further studies
to investigate vitamin D metabolism in preterm infants.

Conclusion

The results of this study suggested that cholecalciferol
caused a lower urinary loss of phosphate in very-low-birth-
weight infants. There was no significant difference in other
biochemical markers. Further studies are recommended to
obtain the precise clinical outcome.
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