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ABSTRACT

Purpose: This study was aimed to investigate the effect of early phosphorus intake
on respiratory distress in extremely low-birth-weight infants (ELBWIs) with a high
incidence of hypophosphatemia.

Methods: We performed a retrospective study to target 164 ELBWIs admitted to the
neonatal intensive care unit in Seoul National University Children’s Hospital. Birth
characteristics, nutritional intake, and electrolyte levels during the first week were
investigated as predictors that would affect the clinical outcomes. The correlations
among invasive ventilation at postnatal age of 2 weeks, moderate-to-severe broncho-
pulmonary dysplasia (BPD), and phosphorous intake were analyzed.

Results: Hypophosphatemia (phosphorus level <4 mg/dL) was observed in 72.0% of
the subjects. The rates of invasive ventilation (P=0.001) and moderate-to-severe BPD
(P=0.005) were significantly lower in the high phosphorus intake group (0.7 mM/
kg/day) than in the low phosphorus intake group (<0.7 mM/kg/day). Phosphorus
intake during the first week was a significant factor affecting invasive ventilation at 2
weeks of age (adjusted odds ratio [OR], 8.212; 95% confidence interval [CI], 2.256 to
28.896; P=0.001) and moderate-to-severe BPD (adjusted OR, 3.402; 95% CI, 1.274 to
9.084; P=0.015).

Conclusion: Early insufficient phosphorus intake confers a significantly higher risk
with invasive ventilation at 2 weeks of age and moderate-to-severe BPD. Therefore,
early sufficient phosphorus supply may improve respiratory outcomes in ELBWIs.

Key Words: Infant, extremely low birth weight; Phosphorus; Respiratory distress;
Bronchopulmonary dysplasia
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Table 1. Clinical Characteristics of the Study Population
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F O 2 o] ¥ wEklS uf, high P F-HollA] AE] A& o] tf
X AGANZ ol vlgo] o H%ow, A5 19 W 71AIgH]
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L. Total patients
Characteristic P

High P intake

Low P intak
ow P intake Pvalue

(n=164) (20.7 mM/kg/d) (n=63) (<0.7 mM/kg/d) (n=101)
Gestational age (wk) 26.3+1.7 26.7+1.6 26.0+1.7 0.006
Birth weight (g) 754.2+£159.5 776.8£158.6 740.0£159.1 0.151
5min Apgar score (n=61/99) 5.4+1.9 5.412.1 5.4+1.9 0.878
CRIB II score 11.6+2.6 11.1+2.4 11.9+2.7 0.061
Male sex 77 (47.0) 35 (55.6) 42 (41.6) 0.081
Delivery (CS) 91 (55.5) 42 (66.7) 49 (48.5) 0.023
Prenatal steroid 108 (65.9) 39(61.9) 69 (68.3) 0.400
Chorioamnionitis 83(50.6) 27(42.9) 56 (55.4) 0.117
Surfactant administration 132(80.5) 48 (76.2) 84(83.2) 0.273
Intubation (1std) 147(89.6) 52 (82.5) 95 (94.1) 0.019
SGA 31(18.9) 16(25.4) 15 (14.9) 0.093
PDA treatment 122 (74.4) 40 (63.5) 82(81.2) 0.012
Highest SCr (PNA 4-7 d; n=62/100) (mg/dL) 1.16+0.55 1.05+0.62 1.23+0.49 0.040

Values are expressed as meanztstandard deviation or number (%).

Abbreviations: CRIB, clinical risk index for babies; CS, cesarean section; SGA, small for gestational age; PDA, patent ductus arteriosus; SCr, serum

creatinine; PNA, postnatal age.
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ol A 1178(10,9%) 2 2

|7’d2] BPDE v w3} 9S
T 75.6% (68/90) %
Hl&o] Fol3hA SAUTHP=0.005). BF1
A 71A1871 5 83 34 g n=131) 2.2 39 1
OW«I BPD 24 H]&-0] high P FFr-ollA]

B RHE

7} 2 mg/dL

7] oEw
Frefgh X}"]% Ho|x| &
16/23 (69.6%) Tl 83/125
2 BAH 0 froj3h Aol & Kol FYrHP=0.767).

i Total patients High P intake Low P intake Povalue
(n=164) (20.7 mM/kg/d) (n=63) (<0.7 mM/kg/d) (n=101)
Average calorie (kcal/kg/d)* 57.8+10.8 62.6+9.1 54.7+10.7 <0.001
Average protein (g/kg/d)* 2.4+0.5 2.6+0.4 2.3+0.5 <0.001
Average urine output (mL/kg/hr) 2.9+0.8 3.0£0.7 2.810.8 0.167
Average P intake (mM/kg/d)* 0.6+0.3 0.9+0.2 0.4+0.2 <0.001
Average Ca intake (mEq/kg/d)* 1.4£0.5 1.5+0.5 1.3+0.5 0.013
Average serum P level (mg/dL) 4.9+1.0 4.6+1.1 5.1+0.9 0.005
Average serum Ca level (mg/dL) 9.2+0.6 9.3+0.7 9.2+0.6 0.361
Average serum K level (mEq/L) 5.0+0.7 5.1+0.7 5.0+0.7 0.558
Lowest serum P level (mg/dL) 3.3+1.2 3.3+1.2 3.441.2 0.590
Initial serum P level (mg/dL) 6.2£1.3 5.8+1.2 6.5+1.3 0.002
Hypophosphatemia' 118(72.0) 46(73.0) 72(71.3) 0.811

Values are expressed as meantstandard deviation or number (%).
*Parenteral nutrition intake; "Hypophosphatemia=P <4 mg/dL.

Table 3. Comparison of Respiratory Outcomes between Patients with High Phosphorus Intake vs. Low Phosphorus Intake

Variable High P intake (0.7 mM/kg/d) Low P intake (<0.7 mM/kg/d) P-value
Total no. (n=164) 63 101
Invasive ventilation (at PNA 2 wk) 30 (47.6) 73(72.3) 0.001
1st day Intubation (+) (n=147) 30/52 (57.7) 73/95 (76.8) 0.015
1st day Intubation (-) (n=17) 0/11(0) 0/6(0) -
Mortality 5(7.9) 11(10.9) 0.535
Survivors (n=148) 58 90
Moderate to severe BPD 31(53.4) 68 (75.6) 0.005
1st day Intubation (+) (n=131) 28/47 (59.6) 67/84(79.8) 0.013
1st day Intubation (-) (n=17) 3/11(27.3) 1/6 (16.7) 1.000*

Values are expressed as number (%).
*Moderate to severe BPD, 1st day intubation (-).

Abbreviations: PNA, postnatal age; BPD, bronchopulmonary dysplasia.
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Table 4. Determinants of Invasive Ventilation More than 2 Weeks after Birth (n=164)

Variable Crude OR P-value 95% CI Adjusted OR P-value 95% CI
Gestational age (<26 wk) 30.450 <0.001 8.934-103.788 16.539 <0.001 3.638-75.192
Birth weight (<700 g) 7.301 <0.001 3.158-16.878 5.488 0.009 1.532-19.656
5 min Apgar score 0.628 <0.001 0.504-0.781 0.747 0.072 0.544-1.026
Male sex 1.320 0.393 0.698-2.498 2.847 0.058 0.965-8.398
Delivery (CS) 0.410 0.009 0.211-0.799 0.480 0.218 0.150-1.542
Prenatal steroid 0.716 0.336 0.363-1.414 0.471 0.178 0.157-1.411
Chorioamnionitis 2.575 0.005 1.339-4.951 1.399 0.532 0.489-4.008
Surfactant administration 6.322 <0.001 2.681-14.906 6.615 0.007 1.678-26.081
PDA treatment 1.643 0.171 0.807-3.342 1.240 0.719 0.384-4.007
Highest SCr (PNA 4-7 d, >1.2 mg/dL) 1.224 0.564 0.616-2.431 0.284 0.037 0.087-0.927
P intake (<0.7 mM/kg/d) 2.868 0.002 1.484-5.543 8.212 0.001 2.256-28.896
Average calorie (<60 kcal/kg/d) 3.598 <0.001 1.851-6.993 0.982 0.976 0.309-3.117
Average protein (<2.5 g/kg/d) 1.805 0.071 0.952-3.424 1.014 0.981 0.317-3.242

Abbreviations: OR, odds ratio; CI, confidence interval; CS, cesarean section; PDA, patent ductus arteriosus; SCr, serum creatinine; PNA, postnatal

age.

Table 5. Determinants of Moderate-to-Severe Bronchopulmonary Dysplasia (n=148)

Variable Crude OR P-value 95% CI Adjusted OR P-value 95% CI
Gestational age (<26 wk) 3.120 0.005 1.402-6.943 1.105 0.861 0.361-3.379
Birth weight (<700 g) 4.607 0.001 1.886-11.257 3.909 0.020 1.242-12.301
5 min Apgar score 0.769 0.014 0.624-0.949 0.904 0.432 0.703-1.163
Male sex 2.067 0.043 1.023-4.173 3.238 0.010 1.319-7.948
Delivery (CS) 0.862 0.675 0.431-1.726 0.995 0.992 0.396-2.505
Prenatal steroid 1.282 0.505 0.618-2.662 1.321 0.546 0.535-3.266
Chorioamnionitis 1.740 0.118 0.870-3.481 1.367 0.506 0.544-3.435
Surfactant administration 3.225 0.005 1.427-7.293 2.470 0.089 0.870-7.012
PDA treatment 1.743 0.163 0.798-3.805 1.519 0.429 0.539-4.279
Highest SCr (PNA 4-7 d, 1.2 mg/dL) 1.051 0.896 0.501-2.206 0.449 0.111 0.168-1.201
P intake (<0.7 mM/kg/d) 2.692 0.006 1.330-5.449 3.402 0.015 1.274-9.084
Average calorie (<60 kcal/kg/d) 3.609 0.001 1.750-7.445 1.451 0.441 0.563-3.745
Average protein (<2.5 g/kg/d) 2.143 0.033 1.065-4.312 1.121 0.814 0.434-2.892

Abbreviations: OR, odds ratio; CI, confidence interval; CS, cesarean section; PDA, patent ductus arteriosus; SCr, serum creatinine; PNA, postnatal

age.
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