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Abstract: Background: Preterm infants are at risk for metabolic bone
disease (MBD) due to insufficient calcium and phosphorus accretion.
Objective: To evaluate whether calcium and phosphorus
supplementation prevents MBD and improves biochemical and growth
outcomes in preterm infants. Methods: Fifty preterm infants (<37
weeks) were randomized into two equal groups. The supplemented
group received calcium and phosphorus plus standard feeding; the
control group received standard feeding only. Outcomes at 6 weeks
included serum calcium, phosphate, alkaline phosphatase (ALP),
growth, suspected MBD, radiological osteopenia, and fractures.
Results: At 6 weeks, the supplemented group had significantly higher
serum phosphate (5.4 vs. 4.9 mg/dL; p=0.04) and lower ALP (418 vs.
492 IU/L; p=0.02) compared to controls. Serum calcium was higher but
not significant (9.3 vs. 9.0 mg/dL; p=0.11). Suspected MBD (16% vs.
32%), radiological osteopenia, fractures, and poor growth were less
frequent in the supplemented group, though not statistically significant.
Conclusion: Calcium and phosphorus supplementation improved
biochemical markers of bone mineralization in preterm infants. Larger
trials are needed to confirm clinical benefits.

Keywords:Preterm infants; metabolic bone disease; calcium;
phosphorus; alkaline phosphatase; neonatal nutrition; bone
mineralization.
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INTRODUCTION

Metabolic bone disease of prematurity is an important
neonatal problem that occurs when bone
mineralization is lower than expected for gestational
and postnatal age. It is commonly associated with
reduced bone mineral content, biochemical
abnormalities, osteopenia, growth impairment, and,
in severe cases, fractures.! The condition is especially
relevant in preterm infants because fetal skeletal
mineralization is most active during the third
trimester. 2 When birth occurs early, the infant misses
a major part of transplacental calcium and
phosphorus transfer, resulting in reduced mineral
stores at birth.?

Calcium and phosphorus are the principal minerals
required for skeletal growth and mineral deposition.
Calcium contributes to bone structure and

neuromuscular function, while phosphorus is
essential for hydroxyapatite formation and energy
metabolism.* Inadequate intake or poor retention of
either mineral may disturb bone formation and
increase the risk of metabolic bone disease.® Preterm
infants are particularly vulnerable because their
mineral requirements remain high after birth, while
their nutritional intake may be limited by feeding
intolerance, illness, delayed enteral feeding, or
prolonged parenteral nutrition.®

Biochemical screening is important because metabolic
bone disease may develop before obvious clinical or
radiological signs appear. Low serum phosphate and
elevated alkaline phosphatase are commonly used as
early markers of impaired bone mineralization in
preterm infants.” Serum calcium may remain normal
because it is tightly regulated, so phosphate and
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alkaline phosphatase are often more informative for
early detection. ® Radiographs may show osteopenia,
metaphyseal changes, or fractures, but radiological
changes usually appear later and may underestimate
early disease. °

Breast milk is the preferred nutrition for newborn
infants because it provides immunological and

METHODOLOGY

The study was a prospective randomized clinical trial
conducted over three months (March—June 2025) in
the Pediatrics/Neonatology Department of Saidu
Teaching Hospital, Swat, Pakistan. Fifty preterm
infants (<37 weeks gestation) who tolerated enteral
feeding and had parental consent were enrolled and

developmental benefits. However, unfortified breast
milk may not provide enough calcium and
phosphorus for rapidly growing preterm infants.!®
Therefore, mineral supplementation and human milk
fortification have been recommended to improve
mineral intake and support skeletal growth.!! Despite
these recommendations, the clinical benefit of routine
calcium and phosphorus supplementation in different
neonatal settings remains uncertain, especially in
resource-limited hospitals where regular biochemical
monitoring may not be consistently available.

randomized into two equal groups: 25 received
calcium and phosphorus supplementation plus
standard feeding, and 25 received standard feeding
only, followed for six weeks. Infants with major
congenital anomalies, known bone disorders, illness
preventing feeding, prior supplementation, or high
risk of loss to follow-up were excluded. Baseline and
six-week data included gestational age, birth weight,
sex, feeding type, sepsis status, anthropometric
measures (weight, length, occipitofrontal
circumference), serum calcium, phosphate, and
alkaline phosphatase. Outcomes included suspected
metabolic bone disease, biochemical levels,
radiological osteopenia, fractures, and growth gains.
Statistical analysis used SPSS version 20, with
Student’s t-test for continuous variables and
chi-square test for categorical variables; p<0.05 was
considered significant

This study was designed to evaluate the effect of
calcium and phosphorus supplementation on
metabolic bone disease, biochemical markers, and
growth outcomes in preterm infants admitted to a
neonatal unit in Swat, Pakistan..

RESULTS
A total of 50 preterm infants were included in the study. Twenty-five infants were allocated to the supplemented
group, and 25 were allocated to the control group. Both groups were comparable at baseline in demographic, clinical,

anthropometric, and biochemical characteristics

Table 1. Baseline characteristics of study participants

Variable Supplemented Group (n = 25) | Control Group (n = 25) | p-value

Gestational age (weeks), mean = SD 32.1x1.8 319+1.9 0.68

Birth weight (g), mean + SD 1510 + 220 1488 £ 235 0.72

Male sex, n (%) 14 (56.0) 13 (52.0) 0.78

Breast milk feeding, n (%) 16 (64.0) 15 (60.0) 0.77

Formula/mixed feeding, n (%) 9 (36.0) 10 (40.0) 0.77

Sepsis, n (%) 6(24.0) 7(28.0) 0.75

Weight at enrollment (g), mean + SD 1495 £ 215 1478 + 228 0.78

Length at enrollment (cm), mean + 40.8+24 40426 0.57
SD

OFC at enrollment (cm), mean + SD 29316 29.0+1.7 0.53

Serum calcium (mg/dL), mean + SD 8.6 0.5 8.5x0.6 0.48

Serum phosphate (mg/dL), mean * 46 *0.7 45%0.8 0.64
SD

Alkaline phosphatase (IU/L), mean * 356 £ 82 362 £ 88 0.79
SD

The absence of statistically significant baseline differences indicates that the two groups were comparable before
supplementation

Table 2. Biochemical outcomes at 6 weeks

Variable Supplemented Group (n = 25) | Control Group (n = 25) | p-value
Serum calcium (mg/dL), mean £ SD 9.3x0.6 9.0+0.7 0.11
Serum phosphate (mg/dL), mean * SD 54+0.8 49109 0.04
Alkaline phosphatase (IU/L), mean *+ SD 418 £ 96 492 £ 118 0.02
Low serum phosphate, n (%) 4(16.0) 9 (36.0) 0.10
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| Elevated alkaline phosphatase, n (%) | 5 (20.0) | 11 (44.0) | 007 |
At 6 weeks, serum phosphate was significantly higher and alkaline phosphatase was significantly lower in the
supplemented group. Low serum phosphate and elevated alkaline phosphatase were less frequent in the
supplemented group, although these differences were not statistically significant.

Table 3. Growth outcomes at 6 weeks

Variable Supplemented Group (n = 25) | Control Group (n = 25) p-value
Weight at 6 weeks (g), mean £ SD 2525 £ 330 2388 £ 360 0.17
Weight gain (g), mean + SD 1030 + 215 910 £+ 230 0.07
Length at 6 weeks (cm), mean £ SD 45.0+2.7 442 + 2.8 0.31
Length gain (cm), mean + SD 42+1.0 38+1.1 0.18
OFC at 6 weeks (cm), mean = SD 324+1.7 319+£1.8 0.32
OFC gain (cm), mean £ SD 3.1+0.7 2.8£0.8 0.16

Table 4. Metabolic bone disease and radiological findings at 6 weeks

The supplemented group showed greater gains in weight, length, and occipitofrontal circumference. However, these
differences did not reach statistical significance.

Outcome Supplemented Group (n = 25) | Control Group (n = 25) | p-value
Suspected metabolic bone disease, n (%) 4(16.0) 8 (32.0) 0.18
Radiological osteopenia, n (%) 2 (8.0) 5(20.0) 0.22
Fractures, n (%) 0(0.0) 1(4.0) 0.31

Suspected metabolic bone disease, radiological osteopenia, and fractures were less frequent in the supplemented
group. Although these differences were not statistically significant, all findings favored supplementation.

Figure 1. Effect of calcium and/or phosphorus supplementation on bone mineralization in preterm infants
(Radiographs of the left wrist)
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Note: These radiographs are representative (anonymized) images of preterm infants enrolled in the study.

Figure 2. Comparative effect of supplementation vs control on bone mineralization
(Radiographs of the left lower leg)
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Note: Improved cortical thickness and mineralization are more prominent in the supplemented group compared to control.
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Radiographs from a preterm infant at risk of metabolic bone disease. (A) Pre-treatment film shows features of osteopenia with metaphyseal rarefaction, poor
cortical definition and widened physis. (B) Post-treatment film after 6 weeks of calcium and phosphorus supplementation shows improved mineralization
and cortical thickness. (C) Side-by-side comparison highlights the radiological improvement. (D) Diagrammatic representation of the effect of supplementation.
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Figure: Six-week biochemical and clinical outcomes by study group serum phosphate, alkaline phosphatase, suspected
metabolic bone disease, and radiological osteopenia

DISCUSSION

This randomized clinical trial showed that calcium
and  phosphorus  supplementation  improved
biochemical indicators of bone mineralization in
preterm infants. Serum phosphate was significantly
higher and alkaline phosphatase was significantly
lower in the supplemented group after 6 weeks. These
findings are clinically meaningful because
hypophosphatemia and elevated alkaline phosphatase
are commonly used markers of metabolic bone disease
in premature infants.!! The improvement in serum
phosphate supports the biological role of phosphorus
in hydroxyapatite formation and skeletal mineral
deposition.!? Phosphorus deficiency can limit bone
mineralization even when calcium intake is
adequate.!> Therefore, combined calcium and
phosphorus supplementation is more physiologically
appropriate than calcium supplementation alone,
especially in rapidly growing preterm infants.!* The
reduction in alkaline phosphatase in the
supplemented group suggests reduced bone turnover
and improved mineralization.!®> FElevated alkaline
phosphatase has been associated with poor skeletal
mineralization and increased risk of osteopenia in
preterm infants.’® In the present study, fewer
supplemented infants had elevated alkaline
phosphatase compared with controls, although the
categorical difference did not reach statistical
significance.

Serum calcium was higher in the supplemented group,
but the difference was not statistically significant. This
finding is expected because serum calcium is tightly
regulated by hormonal mechanisms and may remain
within the normal range despite inadequate bone
mineralization.!” Therefore, serum calcium alone is
not a reliable screening marker for metabolic bone
disease of prematurity.

The supplemented group had a lower frequency of
suspected metabolic bone disease, radiological
osteopenia, and fractures compared with the control
group. These differences were not statistically
significant, likely because the study had a small
sample size and a short follow-up duration.!®* Bone
mineral changes may require longer observation
before they become radiologically apparent. In
addition, radiographs were performed only when
clinically indicated, which may have underestimated
radiological osteopenia.

Growth outcomes also favored supplementation.
Infants in the supplemented group gained more
weight, length, and occipitofrontal circumference
than those in the control group. Although these
differences were not statistically significant, the
direction of effect was consistent. Previous studies
have shown that adequate mineral intake may support
both skeletal development and overall growth in very
low birth weight and preterm infants.!®
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The findings of this study are consistent with the
concept that metabolic bone disease of prematurity is
strongly influenced by substrate deficiency.?®° Preterm
infants have high postnatal mineral requirements, and
standard feeding may not always provide sufficient
calcium and  phosphorus. Early  mineral
supplementation may therefore help correct
biochemical abnormalities and reduce later skeletal
complications.?!

This study has several strengths. It used a randomized
design, included both biochemical and clinical
outcomes, and addressed a locally relevant neonatal
problem. It also assessed growth parameters and
radiological findings, giving a broader view of
supplementation effects. However, the study has
limitations. The sample size was small, with only 25
infants in each group. The follow-up period was
limited to 6 weeks. Radiographs were not performed
routinely for all infants, and detailed intake of
calcium, phosphorus, vitamin D, and fortified feeds
was not quantified. Future studies should include
larger samples, longer follow-up, standardized
radiological assessment, and detailed nutritional
intake monitoring..

CONCLUSION

Calcium and phosphorus supplementation improved
biochemical indicators of bone mineralization in
preterm infants, particularly serum phosphate and
alkaline phosphatase. The supplemented group also
showed lower rates of suspected metabolic bone
disease, radiological osteopenia, and fractures, along
with better growth trends. However, several clinical
and growth outcomes were not statistically
significant, most likely due to the small sample size
and short follow-up period.

These findings support the potential role of calcium
and phosphorus supplementation in reducing
metabolic bone disease risk among preterm infants.
Larger randomized trials with longer follow-up are
recommended to confirm these findings and guide
routine supplementation practices in neonatal units..

Recommendations

1. Preterm infants should be screened for metabolic
bone disease using serum phosphate and alkaline
phosphatase.

2. Calcium and phosphorus supplementation should
be considered in preterm infants at risk of poor
bone mineralization.

3. Serum calcium should not be used alone to
exclude metabolic bone disease.

4. Larger randomized trials should be conducted
with longer follow-up and standardized
radiological assessment.

5. TFuture studies should record exact mineral intake
from feeding, fortification, and supplements.
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