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Abstract

We measured percent body fat by air-displacement plethysmography in 86 infants born at <32 

weeks of gestation randomized to receive either high-volume (180–200 ml/kg/day) or usual-

volume feeding (140–160 ml/kg/day). High-volume feeding increased percent body fat by ≤2% at 

36 weeks of postmenstrual age (within a predefined range of equivalence).

Trial registration—ClincialTrials.gov: NCT02377050
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Clinicians often prescribe human milk fortifiers and infant formulas to increase energy and 

protein intake and prevent postnatal growth failure in infants born preterm1. When this 

practice of high-energy feeding is insufficient to avoid postnatal growth failure2, clinicians 

can combine high-energy feeding with high-volume feeding3.

In a clinical trial of high-volume feeding, 224 infants born at <32 weeks of gestation were 

randomized to receive either 180–200 ml/kg/day or 140–160 ml/kg/day. The trial showed 

that high-volume feeding increased anthropometric measurements at study completion, but 

the effects on body composition were not reported4. Promoting rapid growth with high-

volume feeding could alter fat mass (FM) accretion and increase the risk of obesity and 

metabolic syndrome in adulthood5, 6.
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This ancillary study hypothesized that adiposity estimated by air-displacement 

plethysmography at 36 weeks of postmenstrual age (PMA) is equivalent in infants born 

preterm receiving high and usual-volume feeding.

METHODS

A detailed description of the high-volume feeding trial is published elsewhere4. Briefly, 

infants born at <32 weeks of gestation were included. Infants with patent ductus arteriosus, 

necrotizing enterocolitis, gastrointestinal or neurologic malformations, and terminal illness 

were excluded. Patient recruitment began in January 2015. In 2016, the outcome of body 

composition was added, the clinicaltrials.gov registration was updated, and the consent form 

was modified. On the modified consent form, parents could opt-in for infant body 

composition measurements at 36 weeks PMA. Written consent was obtained before 

randomization. A computer-generated, random-block sequence was used to randomize 

infants. Numbered, opaque, sealed envelopes were opened in sequential order to allocate the 

intervention. The intervention was not masked. The study protocol was approved by the 

UAB Institutional Review Board.

Infants were randomized to receive either high-volume feeding (180–200 ml/kg/d) or usual-

volume feeding (140–160 ml/kg/d). The primary outcome was percent body fat (%BF) 

estimated by air-displacement plethysmography at 36 weeks PMA or hospital discharge 

(whichever occurred first). Other outcomes included FM z-scores7, fat-free mass (FFM) z-

scores, postnatal growth failure (weight <10th percentile), growth rate from birth to 36 

weeks PMA, and anthropometric measurements at 36 weeks PMA.

A 24-hour enteral intake was recorded at the time of enrollment and weekly after that. The 

weekly caloric intake was calculated after study completion. These calculations were made 

assuming that unfortified human milk had 1.5 g of protein per 100 kcal, that 24 kcal/oz 

fortified human milk had 3.3 g of protein per 100 kcal, and that 24 kcal/oz formula had 3.6 g 

of protein per 100 kcal. Length was measured from stretched heel to top of head using a 

flexible tape measure. Growth rate was calculated using the exponential method8. Infant 

body composition was measured with the PeaPod®(Life Measurement Instruments, 

Concord, CA).

During the trial, enteral nutrition was administered as an intermittent bolus gavage every 3 

hours. Feeding volumes were started at 20–30 ml/kg/day and then increased by 20–30 

ml/kg/day. When full enteral feeding was established, bovine-based fortifiers were added to 

human milk. If the supply of human milk was insufficient, preterm formula was prescribed. 

Donor milk was not offered.

We estimated that the mean ± SD %BF was 15 ± 39. To exclude clinically meaningful 

differences between groups, we predefined the range of equivalence to be −2 to 2% and 

calculated a sample size of 86 infants anticipating that 10% of them would exit the study 

after randomization (α=0.05; power: 80%).

For the intention-to-treat analysis of the primary outcome, the mean %BF values in both 

groups were compared with an equivalence test. Secondary outcomes were assessed with 
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superiority analyses (t test for continuous variables and chi-square test for categorical 

variables). Longitudinal differences in human milk feeding rates and differences in volume, 

caloric, protein, and fat intake between groups were analyzed with a repeated-measures 

mixed model. All statistical analyses were performed using JMP Pro (SAS Institute Inc, 

Cary, NC).

RESULTS

From 8/2016–11/2017, 105 infants met the eligibility criteria for inclusion in the trial; 86 

infants randomized to either high or usual-volume feeding had body composition 

measurements at 36 weeks PMA (Figure 1; available at www.jpeds.com). Baseline 

characteristics did not differ between groups (Table 1).

The mean ± SD %BF was 15.1 ± 3.7 in the high-volume feeding group and 14.1 ± 3.5 in the 

usual-volume feeding group (within the predefined range for equivalence). Other body 

composition measurements did not differ between groups (Table 2). The differences in 

baseline characteristics and growth outcomes between infants with body composition 

measurements and those without body composition measurements included in the high-

volume feeding trial were not significant (Table 3; available at www.jpeds.com).

The weekly caloric intake increased by approximately 10 kcal/kg/day with highvolume 

feeding. Protein intake did not differ between groups, but fat intake was significantly higher 

in the high-volume feeding group (Figure 2; available at www.jpeds.com). In a posthoc 

analysis, 215 weeks of enteral intake data in the high-volume feeding group were compared 

with 249 weeks of enteral intake data in the usual-volume group. For this analysis, each 

infant contributed with an average of 5 weeks of enteral intake data. The analysis showed 

that infants in the high-volume feeding group had more weeks of unfortified human milk 

intake (38% vs 25%; p=0.001) and fewer weeks of 27 kcal/oz formula intake (2% vs. 9%; 

p=0.001).

The median length of hospital stay was 35 days (IQR: 29–40). There were no serious events 

related to body composition measurements.

DISCUSSION

This randomized trial revealed that the effect of high-volume feeding on %BF of infants 

born at <32 weeks of gestation was within a clinically meaningful range of equivalence 

when compared with the effect of usual-volume feeding. At 36 weeks PMA, high-volume 

feeding with either fortified human milk or preterm formula increased %BF by no more than 

2%. In underpowered, superiority analyses, no differences in FM or FFM measurements 

were found. High-volume feeding increased the growth rate from birth to 36 weeks PMA.

Our study results suggest that the higher growth rate, weight, and z-scores of critical 

anthropometric measurements found at study completion in infants randomized to high-

volume feeding4 were not the result of substantial increases in %BF. They also indicate that 

among infants in the high-volume feeding group, the protein intake, along with the increased 

energy and fat intakes, was sufficient to support appropriate protein gain. A comprehensive 
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systematic review recently underlined the benefits of the early enteral intake of energy, fat, 

and protein on growth rates, brain structure, and neurodevelopment10. Our findings provide 

moderate to high-quality evidence that increases in %BF due to high-volume feeding do not 

offset these potential benefits.

It is not clear if the previously described rapid increase in %BF from birth to 36 weeks PMA 

is an adaptive response to the extrauterine environment independent of high-energy 

feeding11 or an early sign of increased susceptibility to adverse metabolic outcomes9, 12, 

including the disproportionate increase in %BF observed in adults born preterm6, 13. FFM 

accretion is a more unequivocal outcome of high-energy, high-protein feeding. Higher 

energy and protein intake are consistently associated with higher FFM gains14. Because 

FFM at 36 weeks PMA is associated with a lower risk of adverse neurodevelopmental 

outcomes in childhood2, 15, FFM is a compelling outcome to show the potential benefits of 

higher energy and higher protein intake, particularly in infants without a history of 

intrauterine growth restriction. We did not observe significant FFM gains in the high-volume 

feeding group, but our study was underpowered for this outcome and other anthropometric 

outcomes that often correlate with higher FFM gains. If we had measured body composition 

in all the infants included in the high-volume feeding trial, we would have achieved 80% 

power to detect a true difference of 0.5 in FFM z-scores between groups.

Randomization and the use of air-displacement plethysmography, a non-invasive and 

accurate method, were the main strengths of the study. Other strengths were the strict control 

of the study intervention for several weeks, the successful assessment of body composition 

in all the study participants, and the sufficient sample size to test our hypothesis. We 

considered our range of equivalence clinically meaningful (i.e., an absolute increase of 2% 

in %BF). However, because this arbitrary range includes relative increases in %BF of 10% 

or more, we acknowledge that this range may be considered unacceptable.

The main limitations of the study were the lack of masking, the methods used to measure 

length, and the single-center study design. Lack of masking could have resulted in reduced 

compliance, delayed fortification, and limited use of 27 kcal/oz formula in the high-volume 

feeding group. If the lack of masking had not affected fortification practices and protein/

energy ratios, protein intake would have increased as much as fat or energy intake in the 

high-volume feeding group and supported not only growth but also FFM gains. Length 

measured with an inaccurate method could have affected the body composition calculations. 

The single-center study design is also a limitation because it reduces the external validity of 

our results. Other limitations were the indirect method used to calculate caloric intake and 

the lack of longitudinal data on FM accretion from birth to 36 weeks PMA.

In conclusion, this trial suggests that high-volume feeding with a relatively “low” protein/

energy ratio supports weight gain and body fat accretion within a clinically meaningful 

range of equivalence when compared with usual-volume feeding with a relatively “high” 

protein/energy ratio.
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Figure 1. 
Flow diagram
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Figure 2. 
Longitudinal changes in volume intake (A), caloric intake (B), protein intake (C), fat intake 

(D), protein to energy intake (E), and formula feeding (F). Mean values and 95% confidence 

intervals were adjusted with repeated measures analyses that assumed an unstructured 

variance and accounted for subject-to-subject variability (random effects) and a fixed 

interaction term between the study groups and time (fixed effects).
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Table 1.

Baseline characteristics

High Volume group (n = 40) Usual Volume group (n = 46)

Demographic characteristics

 Birth weight in grams, mean ± SD 1458 ± 236 1483 ± 276

 Gestational age in weeks, median (IQR) 31 (30–31) 30 (30–31)

 Weight-for-age percentile at birth*, mean ± SD 47 ± 24 53 ± 23

 Male, n (%) 18 (45) 26 (57)

 Black, n (%) 21 (53) 27 (59)

Apgar score at 5 minutes, median (IQR) 8 (7–9) 8 (7–9)

Feeding volume at study entry in ml/kg/day, median (IQR) 120 (120–140) 120 (120–147)

Any human milk feeding at study entry, n (%) 32 (80) 43 (93)

Postnatal age at study entry in days, median (IQR) 7 (5–10) 7 (6–9)

*
Z-scores were estimated using the Fenton 2013 growth curves.

J Pediatr. Author manuscript; available in PMC 2022 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Salas et al. Page 10

Table 2.

Nutritional intake and growth outcomes

High volume group 
(n=40)

Usual volume group 
(n=46)

P

Length of study participation in days, median (IQR) 27 (22 – 31) 28 (23 – 32) 0.72

Growth rate in g/kg/day, mean ± SD

 From study entry to study completion 20.3 ± 5.0 18.4 ± 4.0 0.05

 From birth to 36 weeks PMA 13.5 ± 3.7 11.8 ± 3.1 0.03

Postnatal age at assessment in days, mean ± SD 35 ± 9 36 ± 10 0.47

Body composition z-scores at 36 weeks PMA, mean ± SD

 Fat mass 1.1 ± 0.9 0.9 ± 1.0 0.36

 Fat-free mass −1.5 ± 1.1 −1.2 ± 1.6 0.40

 % Body fat 1.7 ± 0.9 1.4 ± 0.9 0.16

Anthropometrics at 36 weeks PMA*, mean ± SD

 Weight in grams 2308 ± 325 2256 ± 305 0.44

 Weight z-score −0.8 ± 0.7 −0.7 ± 0.8 0.42

 Length z-score −0.6 ± 0.7 −0.8 ± 0.8 0.44

 Head circumference z score −0.2 ± 0.7 −0.2 ± 0.7 0.64

Differences between weight z-score at birth and weight z-score at 36 weeks 
PMA, mean ± SD

−0.8 ± 1.0 −0.8 ± 1.1 0.88

Postnatal growth failure defined as weight at 36 wk postmenstrual age 
<10th percentile, n (%)

10 (25) 10 (22) 0.72

Any human milk feeding at study completion, n (%) 24 (60) 31 (67) 0.42

Exclusive human milk feeding at study completion, n (%) 14 (35) 18 (39) 0.69

Length of stay after randomization in days, mean ± SD 39 ± 14 40 ± 15 0.62

*
Z-scores were estimated using the Fenton 2013 growth curves.
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Table 3.

Baseline characteristics and growth outcomes for infants with and without body composition measurements

Body Composition Cohort 
(n=86)

Main Cohort (n=131) P

Demographic characteristics

 Birth weight in grams, mean ± SD 1471 ± 257 1435 ± 253 0.31

 Gestational age in weeks, median (IQR) 31 (30–31) 31 (29–31) 0.18

 Male, n (%) 44 (51) 60 (46) 0.47

 Black, n (%) 48 (56) 67 (52) 0.39

Apgar score at 5 minutes, median (IQR) 8 (7–9) 8 (7–8) 0.10

Feeding volume at study entry in ml/kg/day, median (IQR) 120 (120–145) 120 (120–147) 0.49

Growth rate in g/kg/day, mean ± SD

 From study entry to study completion 19.3 ± 5 19.3 ± 5 0.98

Anthropometrics at 36 weeks PMA, mean ± SD

 Weight in grams 2280 ± 314 2277 ± 333 0.95

 Length in centimeters 45 ± 2 45 ± 2 0.69

 Head circumference in centimeters 32 ± 1 31 ± 1 0.01

Differences between weight at entry and weight at completion in grams, 
mean ± SD

892 ± 324 913 ± 344 0.66

Length of stay in days, mean ± SD 47 ± 16 48 ± 20 0.59
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