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ABSTRACT

Purpose: This study aimed to analyze the risk factors for the development of rickets
of prematurity in extremely low birth weight (ELBW) infants.

Methods: We retrospectively reviewed the data of 57 ELBW infants. Nineteen infants
were diagnosed with rickets and 38 infants without rickets were recruited. On radio-
logic evaluation, 47% of infants had grade I, 37% had grade I, and 16% had grade III
rickets.

Results: In ELBW infants with rickets, the durations of oxygen administration, mecha-
nical ventilation, parenteral nutrition, and hospitalization were significantly longer
compared to those of the control group. The number of days for achieving an enteral
caloric intake of 80 kcal/kg/d and the number of days for regaining birth weight were
significantly longer compared to those of the control group. Serial weight changes
from birth weight during 8 weeks after birth was significantly lower in the rickets
group than in the control group. Retinopathy of prematurity was significantly higher
in the rickets group than in the control group. After adjustment for birth weight, rickets
of prematurity was correlated with days for regaining birth weight (odds ratio [OR],
1.316; P=0.010), and with weight changes from birth weight at 4 weeks of age (OR,
0.964; P=0.033).

Conclusion: In ELBW infants, the risk factors for rickets of prematurity were days for
regaining birth weight from birth and the weight changes at 4 weeks of age. Early
aggressive nutrition for regaining birth weight earlier may reduce the development
of rickets of prematurity.

Key Words: Infants, Premature, Extremely low birth weight, Rickets, Risk factors,
Enteral nutrition, Body weight change
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Table 1. Subject Characteristics
Rickets group (n=19) Control group (n=38) P-value
GA (wks) 26.9£2.1 27.8+2.0 0.703
Birth weight (g) 744+129 855+141 0.042
SGA, n (%) 5 (26%) 3(8%) 0.454
Hospital days 110.3+35.6 74.3+37.4 0.007
Days on ventilator 67.0+41.0 44.422.6 0.004
Days on oxygen 91.2+42.8 52.3+36.0 0.001
Days to enteral calories (60 kcal/kg/day) 34.2+28.4 21.5+22.0 0.051
Days to enteral calories (80 kcal/kg/day) 39.9+31.8 24.2+423.1 0.033
Days regaining birth weight 14.8+£7.7 9.7+3.1 0.006
Weight changes from birth weight (g)
1 week -62+44 -63+40 0.914
2 weeks -4+66 21+64 0.183
3weeks 89480 129481 0.870
4 weeks 190+85 313+189 0.045
5weeks 301+116 450+175 0.001
6 weeks 448+140 603+238 0.009
7 weeks 583+177 824+306 0.002
8weeks 748+234 1,010+325 0.003

Plus-minus values are mean+SD.
Abbreviations: GA, gestational age; SGA, small for gestational age.
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Table 2. Comparison of the Peak Alkaline Phosphatase, Peak
Calcium, and Lowest Phosphorus Levels between the Rickets
and Control Groups

Rickets group Control group P-

(n=19) (n=38) value
Peak ALP (TU/L) 613+198 357195 0.038
Peak calcium (mg/dL) 8.1+0.6 8.7+0.9 0.150
Lowest phosphorus (mg/dL) 3.0£1.0 4.1+1.4 0.315

Values are mean+SD.
Abbreviation: ALP, alkaline phosphatase.
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Figure 1. Weekly weight changes from birth weight in extremely
low birth weight infants. Analysis of serial weight changes from
birth weight during 8 weeks after birth showed that weight gain
compared to birth weight was significantly lower in the rickets
group than in the control group, at 4 weeks of ages (P=0.012, re-
peated measures ANOVA).

Table 3. Comparison of the Underlying Disorders Between
the Rickets and Control Groups

Rickets group Control group

(n=19) (n=38) P-value
HMD 19 (100%) 25 (100%) NS
BPD 15 (79%) 24 (62%) NS
BPD (>moderate) 9 (47%) 10 (26%) NS
ROP 12 (61%) 7 (20%) 0.007
PDA 14 (74%) 24 (64%) NS
NEC 1(5%) 2 (5%) NS
PNAC 8 (43%) 12 (32%) NS
IVH/ICH 5(26%) 6 (16%) NS
PVL 2(11%) 2 (5%) NS

Abbreviations: HMD, hyaline membrane disease; BPD, bronchopul-
monary dysplasia; ROP, retinopathy of prematurity; PDA, patent
ductus arteriosus; NEC, necrotizing enterocolitis; PNAC, parenteral
nutrition associated cholestasis; IVH, intraventricular hemorrhage;
ICH, intracerebral hemorrhage; PVL, periventricular leukomalacia;
NS, non-significant.
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Table 4. Risk Factors Analysis for Rickets of Prematurity
OR (95% CI)*

P-value

Birth weight 1.002 (0.996-1.009) NS
Days to enteral calories up to 0.976 (0.942-1.012) NS
80 kcal/kg

1.316 (1.018-5.916) 0.010
0.964 (0.891-0.998) 0.033

Days regaining birth weight
Weight changes from birth weight

at 4 weeks
ROP 1.354 (0.087-6.902) NS
PNAC 0.209 (0.023-1.902) NS
BPD (>moderate) 0.120(0.014-1.001) 0.050

*Multiple logistic regression analysis.

Abbreviations: ROP, retinopathy of premature; PNAC, parenteral
nutrition associated cholestasis; BPD, bronchopulmonary dysplasia;
OR, odd ratio; CI, confidence interval; NS, non-significant.
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