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ABSTRACT. Serum osteocalcin (Gla) and skeletal alka-
line phosphatase (SAP) concentration both reflect osteo-
blast activity in the dynamic process of bone formation. To
assess the relation in premature infants between change in
bone mineral content (BMC) and both Gla and SAP serum
concentration, we longitudinally measured BMC via photon
absorptiometry and serum Gla and SAP concentration from
birth to 16 wk in 20 very low birth weight infants. Serum
total calcium, phosphorus, parathyroid hormone, and vi-
tamin D metabolite concentrations were also monitored.
All serum values were measured in the 20 mothers at
delivery. Cord blood Gla concentrations were significantly
(p < 0.03) greater than maternal levels, and by 1 wk had
significantly (p < 0.001) increased from birth values. Total
calcium, parathyroid hormone, phosphorus, and vitamin D
concentrations remained in the normal range throughout
the study. The increase in serum Gla concentrations, birth
to 1 wk, were significantly correlated with the simultaneous
increase in 1,25-dihydroxyvitamin D concentrations. The
correlation between the change in BMC, however, over the
first 4 mo of life and both Gla and SAP serum concentra-
tions failed to reach statistical significance. Finally, a
significant (p < 0.003) negative correlation was measured
between serum Gla and SAP concentrations at wk 4, and,
although not significant, a consistently negative correlation
was measured from 1-16 wk of age. These data demon-
strate a 1,25-dihydroxyvitamin D associated rise in neo-
natal serum Gla concentration during the 1st week after
delivery, no significant correlation between the change in
neonatal BMC over the first 4 mo of life and serum Gla or
SAP concentration, and a consistent negative correlation
between serum Gla and SAP concentrations. These data
do not indicate that either serum Gla or SAP concentration
is a reliable predictor for the change in bone mineral
content of very low birth weight infants over the first 16
wk of life. (Pediatr Res 31: 181-185, 1992)
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Gla is a noncollagenous, vitamin K-dependent, calcium bind-
ing protein synthesized by the osteoblast. The serum concentra-
tion of Gla has been used as a marker for bone formation (1). In
this regard, serum Gla arises from new cellular synthesis and
secretion into plasma and does not reflect the release of bone
matrix Gla during bone resorption (2). This protein is present in
high serum concentration in rapidly growing animals and chil-
dren (3-6). Because elevated concentrations of serum Gila in
adults have been associated with increased serum alkaline phos-
phatase concentrations, Gla may represent a biochemical marker
for developing neonatal BMC (7). A laboratory marker for bone
mineralization would greatly facilitate the clinical management
of VLBW infants (8). Therefore, a longitudinal study of VLBW
infants from birth until age 16 wk was used to test the hypothesis
that serum Gla and SAP concentration may be used to predict
developing neonatal BMC in VLBW infants.

MATERIALS AND METHODS

This investigation was approved by the Medical University of
South Carolina Human Investigation Committee, and written
parental consent was obtained for each patient before he or she
entered the study. VLBW infants (n = 20) with a gestational age
between 28 and 33 wk were chosen randomly within 12 h of
birth, after the presence of minimal lung disease was clinically
established. Gestational age was initially determined from the
history of the mothers last menstrual period and was confirmed
with a Ballard examination within 36 h of delivery (9). One- and
5-min Apgar scores were recorded.

During the first 2 wk of life, the premature infants were fed
via orogastric tube an 84 kJ/30 mL formula and were supple-
mented with i.v. glucose water. This formula contained 12.75
mmol/L calcium, 12.58 mmol/L phosphorus, and no added
vitamin D (Ross Laboratories, Columbus, OH). Vitamin D was
given in a randomized fashion as an oral supplement of 8.5, 10,
15, or 20 wug/d or 300, 400, 600, or 800 equivalent IU/d in a
glycerol carrier. No additional vitamin D supplements were
given. Eight of the 20 infants received parenteral fluid containing
amino acids as well as calcium and phosphate salts for 10 d or
less before reaching full enteral feeds (100 mL/kg/d). No lipid
or vitamin D supplementation was given with this parenteral
nutrition. Although the exact volume of formula intake per kg
per d was not measured after hospital discharge, oral intake until
discharge was recorded and used to derive mineral intakes from
manufacturers’ data sheets. Weight was determined at birth and
biweekly with a standard balance scale (Detecto Scale Company,
Webb City, MO).

Serum concentrations of total calcium, phosphorus, parathy-
roid hormone, and vitamin D metabolites, as well as Gla and
both TAP and SAP, were determined weekly from birth (cord
blood) until wk 4 and biweekly from wk 4 to 16. These data
were compared and correlated with the change in BMC deter-
mined with measurements at birth, and at 8 and 16 wk using
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photon absorptiometry. After reviewing the Gla concentrations
and noting that the major serum concentration changes occurred
between birth and 1 wk, the correlation between these changes
and the changes in PTH and 1,25(OH),D concentrations over
this period was determined.

The serum components measured in the neonates were also
measured and compared in peripheral blood serum collected
immediately before delivery from the 20 mothers. Additionally,
maternal serum Gla concentrations were compared with the
infant’s cord blood Gla concentrations.

Cord blood samples were collected using venipuncture from
the fetal side of the placenta immediately after placental delivery,
and peripheral venous blood specimens were collected at wk 1,
2,3,4,6,8, 10, 12, 14, and 16. The blood was taken directly to
the laboratory and centrifuged, and the serum was removed and
frozen (—=20°C) until it was analyzed. If the neonate developed
more than minimal lung disease within the first 12 h of life, the
infant was not enrolled in the study, and the cord and maternal
blood serum specimens were discarded.

The serum Gla and SAP concentrations were measured using
RIA and colorimetric methodology, respectively. The RIA for
Gla used rabbit antibovine Gla antibody and '*I-labeled bovine
Gla. Both specimen collection and handling and assay technique
followed the procedure recommended by INCSTAR Corporation
(Stillwater, MN). Normal adult values using this technique are
0.72 = 0.21 nmol/L. SAP was measured with the method of
Behr and Barnert (10). This procedure involves precipitating the
SAP from serum using wheat germ lectin and then calculating
the difference between total serum alkaline phosphatase meas-
ured before and after precipitation. The normal range for serum
SAP in adults using this technique is 35-95 IU/L. The vitamin
D metabolites were quantitated using radioreceptor and compet-
itive protein binding assays and/or HPLC as previously described
(11). Normal 25-hydroxyvitamin D neonatal serum concentra-
tion using these techniques is 25-125 nmol/L. The calcium and
phosphorus values were determined using standard colorimetric
techniques (12, 13). Midmolecule PTH was determined with
RIA (14). Normal adult serum PTH concentration using this
technique is 59 + 15 pmol/L.

BMC was measured with the photon absorptiometric system
(Lunar Radiation, Inc., Madison, WI), in which a collimated 3-
mm diameter photon beam from a low activity '*I source was
passed beneath the one-third distal radius of the right forearm
(15-17). The bone mineral assessment was at the junction of the
middle and distal thirds of the radius bone, which has been
shown to have the least variation in mineral content (18). The
use of this site minimizes the error generated by measuring
slightly different bone sites throughout a longitudinal study.
Measurements of BMC were made within the first 2 d of life
and, subsequently, at 8 and 16 wk after delivery. Reproducibility
(without repositioning the arm) for the five scans performed for
each determination of BMC was reflected by a mean = SD
coefficient of variation of 1.1 £ 0.7. The “repositioning error”
determined by repeating measurements of BMC after reposition-
ing the arm was small. The correlation coefficient between
measurements before and after repositioning of the arm was
0.99.

Associations between the dependent and independent vari-
ables at each time period were assessed with Pearson correlation
coefficients, using an adjusted p value of 0.005 as the probability
of a type I error. This preserved the comparison-wise error rate
of 0.05. Differences in average Gla, SAP, and BMC values over
time were determined by analysis of variance (or covariance
where indicated), using the Bonferroni correction for multiple
assessments. The ¢ test was used to assess the difference in
maternal blood and infant cord blood Gla concentrations (paired
¢ test) and also to assess the difference in the Gla concentrations
in those infants with Apgar scores < 7 and in those with scores
of 8-10 (nonpaired ¢ test) at 1 and 5 min, respectively.
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RESULTS

The mean + SD gestational age and birth weight for the 20
premature infants were 31.1 = 1.3 wk and 1245 £ 162 g,
respectively. Mean + SD Apgar scores at 1 and 5 min were 6.3
+ 2.4 and 7.3 £ 2.1, respectively. The increases in infant weights
recorded throughout the study were consistent with previously
reported normal values for 31-wk gestational age neonates (19).
The average weekly calcium, phosphorus, and caloric intake
(including any parenteral intake) from birth through 6 wk of age
{median age at discharge) is shown in Table 1.

Ten of the 20 VLBW infants had all 11 timed blood specimens
collected over the 16-wk study. Five infants had one missing
specimen. Three had two missing specimens. One had three and
one had four missing blood specimens. Similarly, although birth
and 8-wk BMC measurements were obtained in all 20 neonates,
the 16-wk BMC measurement was obtained in only 13 of 20.

The serum total calcium, phosphorus, PTH, and vitamin D
metabolite data collected are shown in Table 2. Table 3 shows
the serum Gla and both TAP and SAP concentrations measured
at each time assessed. TAP and SAP concentrations significantly
(p <0.001) increased from birth to wk 1. After wk 1, there were
no significant changes in the serum concentration of either
parameter (Fig. 1). Table 3 also shows the BMC measured at
birth, and at 8 and 16 wk. Maternal serum data are shown in
Table 4.

The cord blood Gla concentrations were significantly (p <
0.03) greater than the maternal concentrations. There was not,
howeyver, a significant correlation (r = 0.3464, p = 0.173) between
the maternal and cord blood Gla values.

Mean =+ SD cord blood Gla concentrations in infants with 1-
min Apgar scores = 7 (0.45 = 0.41 nmol/L, n = 12) were not
significantly (p = 0.6) different from those with scores of 8 to 10
(0.59 £ 0.67 nmol/L, n = 8). Similarly, there was no statistically
significant difference in the measured Gla concentrations be-
tween neonates with 5-min Apgar scores < 7 versus those with
scores of 8 to 10.

A significant (p < 0.001) increase in the neonatal serum Gla
and 1,25(0OH),D concentration but not PTH concentration (p
< 0.07) from birth to age 1 wk was measured. There were no
significant changes in Gla values after wk 1 (Fig. 2). The birth to
1 wk change in Gla concentration was significantly correlated
with the change in 1,25(OH),D concentration (r = 0.606, p <
0.008) but not with the change in PTH concentration (r = 0.164,
p = 0.52) over the same time period.

The correlation between the absolute measured values for SAP
and Gla (n = 20) was significant (p < 0.003) and negative (r =
—0.640) on wk 4. Finally, although not all significant, the cor-
relations between Gla and TAP and SAP concentrations from
wk 1 through 16 were all negative. TAP and SAP serum concen-
tration correlations with Gla levels throughout the first 4 mo of
life are shown in Table 5.

There were no statistically significant associations between
change in BMC and absolute Gla values or changes in serum
Gla concentrations measured in any time period (first 8 wk,
second 8 wk, or total study period). Similarly there were no
statistically significant associations between change in BMC and
absolute values or changes in serum alkaline phosphatase (TAP
or SAP) concentrations measured at any time period.

Using the maternal serum data, there was not a significant
correlation between Gla and SAP concentrations (r = 0.003, p
= 0.9). Further, only the correlation between maternal Gla and
1,25(0OH),D approached significance (r = 0.389, p = 0.12).

Finally, using the infant data, there was not a significant
correlation between serum Gla or alkaline phosphatase (SAP or
TAP) and phosphorus, total calcium, 1,25(OH),D, or PTH at
any time assessed. The infant 25-hydroxyvitamin D concentra-
tions indicated vitamin D sufficiency at each time assessed in all
infants with no serum measurement less than 10 ng/mL except
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Table 1. Average weekly calcium, phosphorus, and caloric intake for first 6 wk of life in study infants*

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
n 20 20 . 20 17 16 12
Calcium (mmol/kg/d) 0.80 = .30 1.93 £.35 2,13 £.38 2.18 .20 225+ .18 2.33+.18
Phosphorus (mmol/kg/d) 0.77 £ .29 1.90 + .32 2.10 + .39 2.16 £ .23 220 % .15 229 £ .19
Calories (kcal/kg/d) 66 + 11 105+ 14 113+ 16 115+ 10 1199 122 £ 10
* Mean + SD.
Table 2. Infant serum concentrations*
Vitamin D metabolite
Total cal-
cium Phosphorus PTH 25(OH)DT 1,25(0OH),D
Age (Wk) n (mmol/L) (mmol/L) (pmol/L) (nmol/L) (pmol/L)
0 20 2.1+0.3 1.8 £0.5 69.4 + 16.2 40.2 +18.3 73.4 £22.7
1 20 2202 22+04 86.7 + 33.9 63.7+£225 114.2 £ 40.9
2 20 22+0.2 22+0.2 73.3+£20.2 83.6 £42.8 96.4 £ 28.4
3 20 2302 22+£0.2 74.7 + 20.8 929 +594 110.1 = 35.6
4 19 22+0.2 22+0.2 75.1 £29.9 87.9 = 58.1 120.2 + 40.7
6 19 22+0.2 2.1£0.2 74.7 = 30.0 85.4 £ 57.5 1329+ 354
8 20 23+£0.2 1.9+0.2 69.1 £21.9 89.7 £ 70.6 126.5 £ 36.1
10 19 22+0.2 1.9+0.3 66.1 +24.7 80.7 % 70.5 149.3 + 54.9
12 16 24+0.2 20+£0.2 65.2£21.2 80.8 = 76.9 142.7 + 60.1
14 16 23x0.2 20+0.1 57.9 £ 16.2 80.4 = 66.6 144.3 £ 36.3
16 13 24+0.2 1.9+02 47.5+ 14.1 84.4 + 554 128.6 + 53.9
* Mean + SD.
t 25-hydroxyvitamin D.
Table 3. Infant Gla, TAP and SAP concentrations, and BMC values*
Gla
Age (wk) n (nmol/L) TAP (IU/L) SAP (IU/L) BMC (g/cm)
0 20 0505 64,9 £22.2 578 £21.4 0.055 +£ 0.01
1 20 3.1+1.4 138.6 £ 59.6 92.0 £ 31.6
2 20 34x1.3 140.5 £ 33.8 88.8 +29.1
3 20 36+ 1.6 136.6 £ 37.2 99.5 £ 35.5
4 19 33+£1.2 133.6 £ 53.3 105.7 £ 414
6 19 30+£1.3 135.1 £ 69.5 115.4 + 68.9
8 20 29+ 1.0 126.6 £ 60.2 107.3 + 60.2 0.059 = 0.02
10 19 26+1.3 131.3 £48.8 1159 +454
12 16 32+1.5 124.8 £ 40.0 110.8 + 38.2
14 16 27+ 1.1 130.3 £44.7 114.4 + 40.0
16 13 2909 107.9 = 359 919+ 32.2 0.085 + 0.01
* Mean =+ SD.
300+ @ — @ total alkaline phosphatase Table 4. Maternal serum concentrations at delivery (n = 20)*
B — M skeleta! alkaline phosphatase Total calcium (mmol/L) 21+04
250 4 Phosphorus (mmol/L) 1.4+0.8
PTH (pmol/L) 68.4 +22.5
2001 25-Hydroxyvitamin D (nmol/L) 48.0+19.3
~ [ ] I ] l 1,25-(OH),D (pmol/L) 120.5 = 42.3
S 1501 4 e | ] Gla (nmol/L) 02+02
= ‘0:::= = '—’-= l Bone alkaline phosphatase (IU/L) 9.0+ 6.7
100 "/T-I’T'T | l l | 1 T * Mean + SD.
50./ l l . . . .. .
1s synthesized by osteoblasts and its synthesis is, at least in part,
0 regulated by 1,25(OH),D (21-24). Because of this, Gla may play
0123456 7 8 91011121314151617  a role in the action of vitamin D on bone metabolism. Further,

WEEKS POST DELIVERY
Fig. 1. Serum TAP and SAP concentrations in very low birth weight
infants (n = 20) over the first 16 wk of life.

in cord blood (Table 2). The vitamin D data are further described
1n a separate report (20).
DISCUSSION

Although the precise function of Gla in bone synthesis is not
clear, certain characteristics of this protein are well described. It

serum Gla concentration correlates broadly with total serum
alkaline phosphatase in patients with metabolic bone disease
characterized by increased bone turnover (7) and with histomor-
phometric indices of bone formation (1). Therefore, the osteo-
blastic synthesis of Gla and its serum concentration is thought
to indicate bone formation.

In this study, the change in BMC (minearlization) during the
first 16 wk of life was not significantly correlated with serum Gla
or alkaline phosphatase concentration. Furthermore, despite the-
oretically being more closely associated with bone formation,
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Fig. 2. Longitudinal measurement of serum Gla in VLBW infants
over the first 16 wk of life.

Table 5. Correlation coefficients of serum Gla vs SAP and TAP
at each time point sampled

+ -+
+ +

N 4
>

Gla vs SAP Gla vs TAP
Week n r p* r r*
0 20 0.583 0.014 0.573 0.013
1 20 ~0.134 0.573 -~0.361 0.118
2 20 —0.213 0.367 —0.316 0.175
3 20 —0.342 0.139 —0.414 0.070
4 19 —0.646 0.003 -0.569 0.011
6 19 —0.460 0.047 —0.481 0.037
8 20 -0.537 0.015 -0.557 0.011
10 19 -0.289 0.230 -0.267 0.268
12 16 -0.328 0.214 —0.300 0.358
14 16 -0.509 0.044 —-0.497 0.050
16 13 -0.319 0.288 —0.241 0.428

* p = 0.005 constitutes statistical significance.

serum SAP did not correlate with change in neonatal BMC better
than serum TAP concentrations.

The previously reported reduction in serum Gla concentration
in full-term neonates with low Apgar scores at 1 min was not
observed in this study of premature babies (4). Infants with
Apgar scores < 7 at one and/or 5 min had serum Gla concentra-
tions similar to those with Apgar scores of 8-10.

The maternal serum Gla concentrations measured in periph-
eral blood drawn immediately before delivery were consistent
with previous reports from both animal and human studies (25,
26). The Gla concentrations were low. Two of the 20 were below
the lower detection limit (0.034 nmol/L) of the RIA, and the
mean = SD serum concentration for all 20 women was 0.2 +
0.2 nmol/L. The low maternal Gla serum concentration ob-
served throughout pregnancy has been postulated to reflect both
placental clearance (25) and decreased osteoblast production
(26). A definitive explanation awaits further study.

Throughout the last trimester-of gestation, the fetus maintains
a serum calcium concentration (both ionized and total) greater
than maternal levels. This maternal-fetal relationship is thought
to be maintained by an active placental calcium pump and may,
in part, explain the increased maternal PTH and 1,25(OH),D
serum concentrations of late pregnancy (27-29).

At delivery, the fetus encounters an abrupt decrease in calcium
intake. To maintain serum calcium levels, a neonatal endocrine
response including an increase in both 1,25(OH),D and PTH
levels is thought to occur (30, 31). In this study, a significant (p
< 0.001) increase in 1,25(OH),D was measured, but the simul-
taneous increase in PTH was not significant (p < 0.07) and the
total calcium concentrations at 1 wk were in the normal range.
Although serum total calcium values may be influenced by such
factors as total protein concentration, there is a good correlation
between total and ionized calcium in the newborn.
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Total calcium as well as PTH concentrations may have varied
during the 1st wk and returned to normal before the 7-d blood
specimen was drawn. However, based on these data, the physi-
ologic drive for this calcitriol increase is not clear and the
possibility of a noncalcium driven neonatal vitamin D response
is presented. Further study of neonatal serum Gla and each of
these serum parameters with more data points during the first 7
d of life will undoubtedly shed light on this issue.

The increase in serum Gla concentration from birth to age 1
wk was significantly (r = 0.606, p < 0.008) associated with the
simultaneous increase in 1,25(OH),D. Although this relation has
not previously been reported in VLBW neonates, it was not
unexpected, inasmuch as 1,25(OH),D has been shown to be a
stimulator of Gla production in both human and animal studies
(22, 24).

The reported changes in neonatal serum Gla concentration
after delivery have been inconsistent (24, 32). Loughead et al.
(32) reported during the first 24 h of life a significant (p < 0.03)
inverse correlation between serum Gla and PTH concentrations,
but did not measure 1,25(OH),D levels. In contrast, Delmas et
al. (24) reported a significant correlation between pooled
1,25(OH).D and Gla concentrations over the first 5 d of life, but
did not measure PTH concentrations. Interestingly, the cord
blood Gla values reported by Delmas et al. were less than 30%
of those in the study of Loughead et al. Both of these investigators
studied healthy, full-term newborns.

The study of Delmas ez al. (24) also included 10 low-birth-
weight infants. The cord blood Gla concentrations in their low-
birth-weight infants were similar to the values in the VLBW
infants of this report. In this evaluation, the changes in
1,25(OH),D and Gla during the Ist wk after delivery were
significantly (p < 0.01) correlated, but neither the absolute
1,25(0OH),D nor PTH values were significantly correlated with
the absolute Gla values at birth or age 1 wk. Further, the change
in PTH values over the 1st wk of life did not correlate signifi-
cantly (r = —0.164, p = 0.52) in this study with the change in
Gla values.

As in the study of Delmas et al. (24), the neonatal Gla values
in this study were significantly (p < 0.03) greater than the values
measured in maternal blood at delivery. Similarly, there was not
a significant correlation between maternal and cord blood con-
centrations. Maternal values were not measured in the study of
Loughead et al. (32).

The data reported here indicate /) a rise in serum Gla concen-
tration during the 1st wk after delivery significantly (p < 0.01)
correlated with the simultaneous rise in 1,25(OH),D; 2) no
significant correlation between Gla and PTH serum concentra-
tions; 3) no significant correlation between serum Gla concen-
tration and total calcium or phosphorus concentration; 4) a
consistently negative correlation between serum Gla and both
TAP and SAP concentrations, reaching significance (p < 0.003)
only for SAP at wk 4; and 5) no significant correlation between
the longitudinal change in BMC and Gla or alkaline phosphatase
concentrations. Thus, these data do not support the contention
that serum Gla or alkaline phosphatase concentration is a bio-
chemical marker for change in the BMC of VLBW infants during
the first 4 mo of life.
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