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Abstract

Objective: To evaluate the effects of early treatment with CPAP on nutritional intake and 

in-hospital growth rates of extremely preterm (EPT) infants.

Study design: EPT infants (24–0/7 to 27–6/7 weeks of gestation) enrolled in the Surfactant 

Positive Airway Pressure and Pulse Oximetry Trial (SUPPORT) were included. EPT infants who 

died before 36 weeks’ postmenstrual age (PMA) were excluded. The growth rates from birth to 36 

weeks’ PMA and follow-up outcomes at 18–22 months’ corrected age of EPT infants randomized 

at birth to either early CPAP (intervention group) or early intubation for surfactant administration 

(control group) were analyzed.
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Results: 810 of 1316 infants enrolled in SUPPORT (414 in intervention group, 396 in control 

group) had growth data analyzed. Median gestational age was 26 weeks and mean birthweight was 

839 grams. Baseline characteristics, total nutritional intake, and in-hospital comorbidities were not 

significantly different between groups. In a regression model, growth rates between birth and 36 

weeks’ PMA as well as growth rates during multiple intervals from birth to day 7, day 7 to14, day 

14 to 21, day 21 to 28, day 28 to 32 weeks’ PMA, and 32 weeks’ PMA to 36 weeks’ PMA did 

not differ between treatment groups. Independent of treatment group, higher growth rates from day 

21 to day 28 were associated with a lower risk of Bayley III cognitive score <85 at 18–22 months’ 

corrected age (P = .002).

Conclusions: EPT infants randomized to early CPAP did not have higher in-hospital growth 

rates than infants randomized to early intubation.

Trial registration—ClinicalTrials.gov: NCT00233324

Extremely preterm (EPT) infants have a higher probability of survival without a disability 

when clinicians prevent severe comorbidities and provide nutritional support to optimize 

growth outcomes1, 2–6.

Because early CPAP and a protocol-driven strategy created to limit mechanical ventilation 

attenuates respiratory morbidity in the first week after birth and reduces the use of 

postnatal steroids7, current clinical practice guidelines recommend early treatment with 

CPAP in EPT infants 27 weeks of gestation or less8. However, the effects of CPAP on 

weight gain expressed as growth rate and nutritional practices associated with improved 

neurodevelopmental outcomes in EPT infants treated with CPAP have not been investigated. 

Early CPAP could increase in-hospital growth rates by attenuating respiratory morbidity9, 10. 

Early CPAP might also reduce in-hospital growth rates by increasing caloric expenditure 

from work of breathing or by decreasing caloric intake from enteral sources due to frequent 

feeding interruptions and abdominal distension. The effect of early CPAP on growth rates of 

EPT infants has not been reported in a large, multicenter, randomized clinical trial.

Our specific aims were to determine whether in-hospital growth rates were higher in EPT 

infants randomized to early CPAP than in EPT infants randomized to early intubation for 

surfactant administration and to determine the association between in-hospital growth rates 

and adverse neurodevelopmental outcomes.

METHODS

This was a secondary analysis of the Surfactant Positive Airway Pressure and Pulse 

Oximetry Trial (SUPPORT) Postnatal Growth Study. A detailed description of the main trial 

and the growth secondary study have been published elsewhere7, 11, 12. Briefly, SUPPORT 

was a 2 × 2 factorial, multicenter randomized trial in which EPT infants with gestational 

ages between 240 and 276 weeks of gestation born at one of the NICHD Neonatal Research 

Network centers between February 2005 and February 2009 were randomized at birth to 

determine if early CPAP compared with early intubation for surfactant administration would 

increase survival without bronchopulmonary dysplasia (BPD) at 36 weeks’ postmenstrual 

age (PMA) and to determine if lower saturation targets compared with higher saturation 
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targets would decrease mortality and neurodevelopmental impairment at 18–22 months’ 

corrected age. IRB approval was obtained at all the participating centers and antenatal, 

written informed consent was obtained before randomization. Infants enrolled in SUPPORT 

were eligible to participate in the SUPPORT postnatal growth study. When required by 

a local IRB, a separate written informed consent was obtained to collect supplementary 

anthropometric data and detailed 24-hour nutritional data at birth, postnatal day 7, postnatal 

day 14, postnatal day 21, postnatal day 28, and then at 32 and 36 weeks’ PMA12. Thus, the 

SUPPORT postnatal growth study included a subgroup of EPT infants with gestational ages 

between 24 and 27 weeks of gestation who were enrolled in SUPPORT and survived to 36 

weeks’ PMA. Nutritional practices were not dictated by the study protocol. Enteral intake 

was calculated assuming an average composition of breast milk and reviewing product 

information of the different formulas prescribed during the study.

For this analysis, the exposure status was defined by randomization to either early CPAP 

and a protocol-driven strategy created to limit mechanical ventilation (intervention group) or 

early intubation for surfactant administration and a protocol-driven strategy created to favor 

mechanical ventilation (control group). The primary outcome was growth rate from birth 

to 36 weeks’ PMA or discharge, whichever occurred first, calculated using the exponential 

method5. Secondary outcomes included postnatal growth failure defined as weight <10th 

percentile at 36 weeks’ PMA or discharge using the Fenton growth curves13, 14 and 

cognitive delay defined as cognitive score <85 using the Bayley Scales of Infant and Toddler 

Development, Third Edition at 18 to 22 months’ CA. The Bayley III cognitive score was 

determined during a comprehensive neurodevelopmental assessment performed by annually 

certified examiners at an outpatient follow-up visit.

The following characteristics were studied in this analysis: in-hospital morbidities 

(intraventricular hemorrhage [IVH] grade 3 or 4, cystic periventricular leukomalacia [PVL], 

BPD defined as receipt of supplemental oxygen at 36 weeks’ PMA, necrotizing enterocolitis 

[NEC] stage 2 or greater, retinopathy of prematurity [ROP] stage 3 or greater, culture­

proven sepsis, and culture-proven meningitis); maternal characteristics (education level, 

socioeconomic status, and history of hypertension or diabetes during pregnancy); and 

neonatal characteristics (early nutrition, sex, race, exposure to antenatal steroids, Apgar 

score at 5 minutes, and intrauterine patterns of growth defined by size at birth). The 

interaction between early CPAP and target saturations was not assessed in these analyses.

Statistical Analyses

Baseline characteristics were compared using either t-test or Mann Whitney U test for 

continuous variables and χ2 test for categorical variables. T-test was used to compare enteral 

and parenteral intake between treatment groups. The association between the two treatment 

groups and growth rates during different intervals from birth to 36 weeks’ PMA (from birth 

to day 7, day 7 to14, day 14 to 21, day 21 to 28, day 28 to 32 weeks’ PMA, and 32 weeks’ 

PMA to 36 weeks’ PMA) was examined with a repeated measures regression model that 

included polynomial terms. This approach allowed the comparison of growth during specific 

intervals between treatment groups using one single model with greater power. The repeated 
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measures regression model was unadjusted and adjusted for multiple birth clustering and 

trial stratification parameters (i.e., gestational age and center).

The association between in-hospital growth rates from birth to postnatal day 28 and 

cognitive delay at 18 to 22 months’ CA was examined in two steps. First, discriminant 

analyses were performed to determine which growth and nutritional measures known at or 

before each time point have a higher predictive value of Bayley III cognitive score <85. 

Then, the results of these discriminant analyses were used to inform which growth and 

nutritional measures at different points should be included in a robust Poisson regression 

model with cognitive delay as outcome variable and other clinical characteristics as 

covariates. This approach minimized problems related to multiple testing and avoided 

problems of collinearity between growth and nutritional measures at different time points 

from the same infant.

All statistical analyses were performed using SAS 9.4 (Cary, NC). Corrections for multiple 

comparisons were not included.

Previous data indicated that the mean growth rate among EPT infants is 13.5 ± 2.5 g/kg/day 

from birth to 36 weeks’ PMA12. To detect a small clinical difference of 1 g/kg/day between 

groups, we determined that at least 100 patients were needed in each comparison group 

(power 80% and two sided α = 0.05).

RESULTS

Of 1316 infants enrolled in SUPPORT from February 2005 through February 2009, 483 

were enrolled before the Postnatal Growth Study was approved (April 2006). Of 810 infants 

enrolled in SUPPORT after April 2006 that simultaneously participated in the Postnatal 

Growth Study (97%), 681 infants (84%) survived to 36 weeks’ PMA and 597 infants (88% 

of survivors) had a Bayley-III assessment at 18–22 months’ corrected age [Figure; available 

at www.jpeds.com]

Growth data for 810 EPT infants randomized to either early CPAP (n=414) or early 

intubation for surfactant administration (n=396) were analyzed (mean gestational age: 26.2 

weeks; mean birth weight: 839 grams).

There were no statistically significant differences in baseline characteristics or in-hospital 

morbidities between groups [Table I]. The outcome of NEC was slightly higher in the early 

CPAP group, but this finding was not statistically significant (14 % vs. 10%; p=0.07). The 

total nutritional intake expressed as kcal/kg/day did not differ between the groups [Table 2]. 

The mean protein intake during the first 28 days after birth was approximately 2.9 g/kg/day 

in both groups. The mean caloric intake at day 28 was 5 kcal/kg/day lower in the early CPAP 

group, but this finding was not statistically significant (p=0.07).

Primary outcome

The mean (SD) growth rate from birth to 36 weeks’ PMA was not different in the early 

CPAP vs. early intubation group (13.2 ± 2.4 g/kg/day (2.4) vs. 13.2 ± 2.6 g/kg/day, p= 0.76). 

There were no significant differences in growth rates during any interval from birth to 36 
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weeks’ PMA between treatment groups (from birth to postnatal day 7, from postnatal day 7 

to 14, from postnatal day 14 to 21, from postnatal day 21 to 28, from postnatal day 28 to 32 

weeks’ PMA, and from 32 weeks’ PMA to 36 weeks’ PMA) [Table 3].

Secondary outcomes

Postnatal growth failure occurred in 306 of 574 infants (53%). Early CPAP was not 

associated with a higher or lower risk of postnatal growth failure (p=0.70). There were 

no significant differences in length and head circumference measurements at multiple 

time points from birth to 36 weeks’ PMA between treatment groups [Table 4;available 

at www.jpeds.com].

Cognitive delay (i.e., Bayley-III cognitive score <85) occurred in 161 of 597 infants (27%). 

Higher growth rates from postnatal day 21 to 28 (p=0.002) were associated with a lower risk 

of cognitive delay [Table 5]. Postnatal growth failure at 36 weeks’ PMA was not associated 

with a higher risk of cognitive delay (p=0.19). None of the other pre or post-discharge 

growth rates estimated over multiple intervals between birth and 18–22 month’s CA were 

strong predictors of cognitive delay.

DISCUSSION

In this secondary analysis, we characterized growth rates of extremely preterm infants 24 

to 27 weeks of gestation randomized to early CPAP or early intubation. During multiple 

intervals between birth and 36 weeks’ PMA, EPT infants randomized to early CPAP 

and a protocol-driven strategy created to limit mechanical ventilation did not have higher 

in-hospital growth rates than infants randomized to early intubation and a protocol-driven 

strategy created to favor mechanical ventilation. The trend toward decreased caloric intake 

from postnatal day 21 to 28 observed in the early CPAP group did not result in lower 

growth rates. Similarly, EPT infants randomized to early CPAP did not have a higher risk of 

postnatal growth failure at 36 weeks’ PMA. Independent of treatment group, higher growth 

rates between postnatal day 21 and day 28 were associated with a lower risk of cognitive 

delay at 18 to 22 months’ CA. Postnatal growth failure defined as weight <10th percentile at 

36 weeks’ PMA was not associated with a delay in cognitive function at 18 to 22 months’ 

CA after adjustment for potential confounders.

This study provides longitudinal data on growth rates of infants randomized to early CPAP 

in a large, multicenter, randomized clinical trial, a reliable source of clinical evidence. 

We chose growth rate as the primary outcome of the study because comparing growth 

rates between EPT infants and healthy fetuses of the same PMA is more informative than 

comparing growth percentiles (ie, postnatal growth failure)15, 16. Although the number of 

neonatal trials reporting postnatal growth failure at 36 weeks’ PMA as a primary outcome 

of growth has increased, the number of studies suggesting an association between postnatal 

growth failure and neurodevelopmental impairment (NDI) has decreased17. Similar to recent 

reports, including our comparative analysis of growth outcomes according to the saturation 

target arm of SUPPORT12, we could not identify a significant association between the 

outcome of postnatal growth failure at 36 weeks’ PMA and the outcome of cognitive delay 
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at 18 to 22 months’ CA using the Fenton growth curves13, 14 to define postnatal growth 

failure at 36 weeks’ PMA17.

Most clinical guidelines recommend growth rates between 15 and 20 g/kg/day to prevent 

postnatal growth failure in preterm infants 23 to 36 weeks of gestation5. The proportion of 

infants with postnatal growth failure at 36 weeks’ PMA in this study was within previously 

described ranges. However, many EPT infants included in this study had in-hospital growth 

rates below 15 g/kg/day and lower cognitive scores at 18 to 22 months’ CA than EPT 

infants included in other studies18, 19. It remains unclear if higher growth rates that prevent 

postnatal growth failure can reduce the risk of cognitive delay without increasing the risk 

of adverse metabolic outcomes6. A recent study suggests that, among EPT infants, higher 

post-discharge growth rates are more strongly associated with adverse metabolic outcomes 

than higher in-hospital growth rates20.

Our sufficiently powered analysis indicates that infants treated with early CPAP and those 

treated with early intubation for surfactant administration have similar growth rates from 

birth to 36 weeks’ PMA. We observed a trend toward more NEC, subsequent feeding 

interruptions, and lower enteral intakes in the first month after birth in infants treated with 

CPAP. We suggest that these infants could benefit from nutritional practices that reduce the 

risk of NEC or feeding intolerance while optimizing energy intake. A large observational 

study suggested that each additional 1 kcal/kg/d of total energy intake is associated with a 

nearly 2% risk reduction of BPD and NDI in critically ill EPT infants10. It remains unclear 

if the trend toward increased risk of NEC in EPT infants treated with CPAP represents a 

cause-effect relationship between CPAP use and NEC or evidence that CPAP use increases 

the risk of abdominal distention, the number of feeding interruptions, and therefore, the 

clinicians’ concerns regarding the diagnosis of NEC. The association between early CPAP 

and NEC reported in this secondary analysis was similar to the association reported in 

SUPPORT (13% in the CPAP group and 10% in the intubation group).

One of the main limitations of this study is that we only included infants who survived 

through 2 years of age and underwent neurodevelopmental assessments. This approach 

systematically excluded critically ill infants with inadequate nutritional support or growth 

failure who died from severe comorbidities. It also excluded infants who survived but 

did not return for follow-up. Growth rates are often confounded by illness severity and 

comorbidities associated with extreme prematurity 9, 10. We attempted to overcome this 

limitation with a regression model that accounted for in-hospital comorbidities. However, 

establishing the mechanisms by which severity of illness affects nutritional practices, 

growth, and survival without a disability is complex10. Other limitations of this study were 

the specific gestational ages listed as inclusion criteria and the antenatal consent requirement 

for enrollment in SUPPORT. The possibility that nutritional practices may have varied 

greatly from center to center and attending to attending is also a limitation. We included 

the covariate center in all the adjusted models to address this limitation, but we did not 

quantify the amount of bias introduced by center variability. Another important limitation 

is that several nutritional strategies have changed since the completion of this trial. The 

use of donor human milk and liquid human milk fortifiers has been expanded, the age at 

first feeding and the time to full enteral nutrition have been reduced, and the guidelines to 
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provide parenteral nutrition have been slightly modified. NEC and postnatal growth failure 

have also decreased overall in frequency, but the increasing survival rates observed among 

infants born at the limits of viability have increased the number of infants at risk.

The main strengths of this study were the multicenter study design, the sufficient power 

to detect true differences in longitudinal growth data between groups, the report of growth 

rates during multiple intervals, and the assessment of cognitive outcomes with standardized 

methods. Although most clinicians and researchers refer to growth rate as the change in 

weight from birth to hospital discharge, recent studies have confirmed that growth rates 

are variable throughout hospitalization21 and more likely to be higher in growth-restricted 

infants3, 22. We selected cognitive delay as one the outcomes of the study because Bayley 

III cognitive scores define most of the variability in the outcome of NDI19, 23–26. Cognitive 

outcomes at 2 years of age are also reliable predictors of poor cognitive skills at school age 

and then at early adulthood27.

In conclusion, randomization to early CPAP did not affect in-hospital growth rates relative 

to early intubation. Higher growth rates between postnatal day 21 and postnatal day 28 

were associated with higher cognitive scores at 18 to 22 months’ CA. We speculate that 

optimizing nutrition by either reducing feeding interruptions or adjusting parenteral nutrition 

in EPT infants treated with CPAP could prevent morbidities and increase growth rates in this 

population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
Participant flow diagram
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Table 1.

Demographics and clinical characteristics

Characteristics Early CPAP group N=414 Early intubation group N=396 P-value

Maternal demographics

Age in years, mean (SD) 26.7 (6.3) 27.0 (6.5) 0.53

Married marital status, n (%) 186 (45) 158 (40) 0.14

Mother’s education: HS or greater, n (%) 83 (25) 76 (26) 0.99

Medical insurance 0.09

   Public insurance, n (%) 211 (52) 230 (59)

   Private insurance, n (%) 162 (40) 136 (35)

   Other insurance, n (%) 34 (8) 23 (6)

Multiple gestation, n (%) 106 (26) 96 (24) 0.65

Hypertension, n (%) 94 (23) 107 (27) 0.16

Diabetes, n (%) 17 (4) 28 (7) 0.07

ANS exposure, n (%) 401 (97) 378 (96) 0.38

Neonatal demographics

Birth weight in grams, mean (SD) 841.6 (182.2) 836.7 (194.8) 0.95

Gestational age in weeks, mean (SD) 26.2 (1.1) 26.2 (1.1) 0.97

SGA, n (%) 156 (53) 150 (54) 0.70

Female, n (%) 194 (47) 169 (43) 0.23

Black race, n (%) 179 (43) 159 (40) 0.37

Weight z-score at birth, mean (SD) 0.0 (1.0) −0.0 (1.1) 0.50

In-hospital morbidity

Apgar score at 5 minutes, median (IQR) 7 (6, 8) 7 (6, 8) 0.55

Intraventricular hemorrhage [IVH] grade 3 or 4, n (%) 65 (16) 54 (14) 0.38

Periventricular leukomalacia [PVL], n (%) 17 (4) 19 (5) 0.66

Bronchopulmonary dysplasia [BPD], n (%) 148 (42) 142 (44) 0.62

Necrotizing enterocolitis [NEC], n (%) 59 (14) 40 (10) 0.07

Retinopathy of prematurity [ROP] stage 3 or greater, n (%) 40 (12) 37 (13) 0.93

Meningitis, n (%) 15 (4) 17 (4) 0.62
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Table 2.

Nutritional intake

Outcome Early CPAP group Early intubation group P-value

Age birth weight was first regained in days, median (IQR) 12.0 (9.0,15.0) 11.0 (9.0,15.0) 0.30

Duration of parenteral nutrition in days, median (IQR) 24.0 (14.0,37.0) 23.0 (15.0,36.0) 0.84

Age at first enteral feeding in days, median (IQR) 4.0 (3.0,7.0) 4.0 (3.0,7.0) 0.60

Age at full enteral feeding in days, median (IQR) 24.0 (16.0,36.0) 23.0 (17.0,32.0) 0.48

Any breast milk use in the first month, n (%) 340 (88) 320 (87) 0.57

Total energy intake (kcal/kg/day)

Day 7 83.4 (24.1) 82.5 (23.5) 0.49

Day 14 91.9 (24.8) 90.1 (26.1) 0.30

Day 21 92.2 (35.6) 94.3 (30.0) 0.43

Day 28 94.2 (30.1) 98.9 (28.0) 0.07

32 weeks’ PMA 103.9 (27.7) 105.5 (29.4) 0.41

36 weeks’ PMA 108.4 (33.1) 110.1 (36.9) 0.59

Energy from protein intake (kcal/kg/day)

Day 7 13.0 (3.3) 13.2 (3.3) 0.66

Day 14 12.1 (4.9) 12.4 (4.8) 0.71

Day 21 10.7 (5.1) 10.9 (5.2) 0.85

Day 28 10.1 (4.8) 10.3 (5.1) 0.98

32 weeks’ PMA 9.9 (5.1) 9.9 (5.1) 0.98

36 weeks’ PMA 10.4 (4.9) 10.5 (5.0) 0.73

Energy from carbohydrate intake (kcal/kg/day)

Day 7 40.0 (13.3) 39.5 (12.8) 0.77

Day 14 38.9 (11.5) 39.1 (15.4) 0.97

Day 21 38.8 (14.5) 38.1 (14.7) 0.33

Day 28 38.2 (12.9) 38.2 (12.0) 0.76

32 weeks’ PMA 38.7 (12.4) 37.5 (10.9) 0.30

36 weeks’ PMA 38.4 (12.3) 37.8 (11.4) 0.87

Energy from fat intake (kcal/kg/day)

Day 7 32.3 (16.1) 31.9 (15.0) 0.69

Day 14 44.9 (21.0) 42.3 (19.8) 0.21

Day 21 49.2 (26.8) 50.3 (22.1) 0.36

Day 28 51.7 (23.2) 54.1 (21.4) 0.19

32 weeks’ PMA 58.5 (20.3) 58.5 (20.3) 0.98

36 weeks’ PMA 60.3 (19.9) 60.6 (20.4) 0.95
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Table 3.

Growth rates of extremely preterm infants randomized to either early CPAP or surfactant at birth

Growth rate (g/kg/day)

Unadjusted Adjusted

Early CPAP 
group Mean 

(SE)

Early intubation 
group Mean (SE)

P-value Early CPAP 
group Mean 

(SE)

Early intubation 
group Mean (SE)

P-value

From birth to day 7 −9.45
(0.87)

−9.69
(0.83)

0.88 −9.27
(0.87)

−9.55
(0.80)

0.81

From day 7 to day 14 13.77
(0.75)

14.65
(0.79)

0.61 13.91
(0.75)

14.72
(0.78)

0.45

From day 14 to day 21 12.27
(0.60)

12.39
(0.63)

0.86 12.31
(0.59)

12.37
(0.63)

0.94

From day 21 to day 28 14.06
(0.71)

13.29
(0.73)

0.16 14.08
(0.73)

13.25
(0.73)

0.41

From day 28 to 32 weeks’ 
PMA

13.36
(0.80)

14.60
(0.46)

0.45 13.34
(0.76)

14.40
(0.46)

0.24

From 32 weeks’ PMA to 
36 weeks’ PMA

15.72
(0.27)

15.67
(0.24)

0.82 15.64
(0.31)

15.34
(0.28)

0.46

From 36 weeks’ PMA to 
18–22 months

2.67
(0.02)

2.60
(0.02)

0.07 2.50
(0.14)

2.38
(0.17)

0.54
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Table 4.

Length and head circumference gain velocities in extremely preterm infants randomized to early CPAP or 

surfactant

Length gain velocity (cm/week)

Unadjusted Adjusted

Early CPAP 
group Mean (SE)

Early intubation 
group Mean (SE) P-value

Early CPAP 
group Mean (SE)

Early intubation 
group Mean (SE) P-value

From birth to day 7 0.013 (0.050) 0.014 (0.048) 0.41 0.013 (0.003) 0.014 (0.003) 0.92

From day 7 to day 14 0.021 (0.039) 0.027 (0.048) 0.30 0.022 (0.002) 0.027 (0.003) 0.19

From day 14 to day 21 0.020 (0.031) 0.020 (0.036) 0.37 0.020 (0.002) 0.021 (0.002) 0.80

From day 21 to day 28 0.021 (0.030) 0.026 (0.039) 0.38 0.022 (0.002) 0.026 (0.003) 0.15

From day 28 to 32 
weeks PMA

0.021 (0.030) 0.020 (0.043) 0.96 0.022 (0.002) 0.020 (0.003) 0.60

From 32 weeks PMA to 
36 weeks PMA

0.025 (0.016) 0.025 (0.016) 0.88 0.026 (0.001) 0.025 (0.001) 0.75

Head circumference gain velocity (cm/week)

Unadjusted Adjusted

Early CPAP 
group Mean (SE)

Early intubation 
group

Mean (SE) P-value

Early
CPAP group
Mean (SE)

Early intubation 
group

Mean (SE) P-value

From birth to day 7 −0.014 (0.052) −0.007 (0.051) 0.77 −0.012 (0.003) −0.006 (0.003) 0.18

From day 7 to day 14 0.026 (0.049) 0.018 (0.055) 0.15 0.027 (0.003) 0.018 (0.003) 0.05

From day 14 to day 21 0.026 (0.047) 0.030 (0.043) 0.71 0.026 (0.003) 0.030 (0.003) 0.34

From day 21 to day 28 0.027 (0.045) 0.031 (0.050) 0.46 0.027 (0.003) 0.031 (0.003) 0.45

From day 28 to 32 
weeks PMA

0.030 (0.029) 0.027 (0.040) 0.86 0.030 (0.002) 0.027 (0.003) 0.31

From 32 weeks PMA to 
36 weeks PMA

0.031 (0.014) 0.032 (0.013) 0.42 0.032 (0.001) 0.031 (0.001) 0.38
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Table 5.

Relationship between treatment arm, growth, and nutritional characteristics within the first month and 

cognitive outcomes at 2 years of age*

Characteristics

Cognitive delay (BSID III < 85)

Unadjusted RR P-value Adjusted RR P-value

Treatment (CPAP vs Intubation) 0.84 (0.64, 1.09) 0.19 0.71 (0.52, 0.97) 0.03

Growth rate from 21 to 28 days 0.87 (0.82, 0.92) <0.01 0.89 (0.82, 0.96) <0.01

Enteral intake at 7 days 0.90 (0.84, 0.97) <0.01 0.94 (0.83, 1.06) 0.30

Enteral intake at 14 days 0.95 (0.91, 1.00) 0.05 1.01 (0.93, 1.10) 0.76

Carbohydrate intake at 7 days 0.84 (0.74, 0.95) 0.01 0.93 (0.74, 1.18) 0.56

Fat intake at 14 days 0.91 (0.84, 0.98) 0.01 0.94 (0.84, 1.05) 0.28

Fat intake at 21 days 0.88 (0.83, 0.93) <0.01 0.91 (0.84, 0.97) <0.01

*
Variables listed in the table were found to best fit the final model using discriminant analyses with all growth rates and nutritional measures within 

the first month after birth. Results for continuous variables reflect the risk ratio for every 10 units. The adjusted Poisson regression model included 
treatment arm, center, gestational age, maternal education, and severe IVH.
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