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Table 1. Individualized Fortification Strategy. J 9' u%
PCHM, BUN, Fortification

Weight, g g/100 mL mmol/L Level
<1500 >1.5 >5.0 Level 0
<1500 >1.5 3.2-5.0 Level 1
<1500 >1.5 <3.2 Level 2
<1500 <14 >5.0 Level 1
<1500 <14 3.2-5.0 Level 2

__><1500 <14 <3.2 Level 3
>1500 >1.5 >5.0 Level —1
>1500 >1.5 3.2-5.0 Level 0
>1500 >1.5 <3.2 Level 1
>1500 <14 >5.0 Level 0
>1500 <14 3.2-5.0 Level 1
>1500 <1.4 <3.2 Level 2
BUN, blood urea nitrogen; PCHM, protein concentration in human
milk.

Quan et al, Nutr Clin Pract, 2019
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Table 2. HMF and Protein Demand in Different Fortification
Levels.
Supplemented
Protein Protein by HMF
Powder and Protein
Fortification HMF (Packs/ (g/100 mL Powder
Level 100 mL HM) HM) (g/100 mL HM)
Level —1 3 0 0.8
Level O 4 0 1.1
Level 1 5 0 1.4
Level 2 5 0.4 1.8
Level 3 5 0.6 2.0
HM, human milk; HMF, human milk fortifier.

Quan et al, Nutr Clin Pract, 2019
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Table 5. Growth Indices of Infants in IF or SF Group.
IF Group SF Group
Growth Indices (n=24) (n=27) Statistics
Weight when enrolled, g* 1502.7 + 284.8 1526.5 + 247.5 0.319 0.751
Length when enrolled, cm* 403+ 2.8 40.0 £2.0 0.345 0.731
HC when enrolled, cm® 27192 2.1 28.1+14 -0.338 0.732
z-Score of weight when enrolled® -1.0(-1.3,0.7) -0.3(-1.4,0.4) —0.198 0.843
z-Score of length when enrolled® -0.5(-1.5,1.0) —0.5(-1.5,0.7) -0.026 0.979
z-Score of head circumference when enrolled® 0.7 (-1.7, 1.1) -0.1(-2.1,0.8) -0.379 0.704
Discharge weight, g* 2236.5 + 184.6 2204.3 +£250.4 -0.517 0.607
Discharge length, cm* 48 +1.7 41+1.5 -1.573 0.122
Discharge HC, cm* 315+ 1.1 312411 -1.127 0.265
z-Score of weight when discharged® —0.5(-1.3,-0.1) 0.7 (-1.1,-0.4) -0.491 0.623
z-Score of length when discharged® 0.6 (-0.8, 0.0) 0.8 (-1.1,-0.3) -1.342 0.180
z-Score of HC when discharged® —0.6 (0.8, 0.2) —0.5(-1.1,-0.3) -1.399 0.162
=» WGV during study, g/kg/d® 16.7 (15.3, 18.6 15.4 (14.5, 18.9 -0.614 0.540
-» WGV of first week after enrolled, g/kg/d* -1.449 0.154
WGYV of second week after enrolled, g/kg/d* 18.0 £ 4.8 18.9 +£ 4.6 0.56 0.579
= WGV of third week after enrolled, g/kg/d* (208 £7.9] 149 £45 -2.444
=» WGV of fourth week after enrolled, g/kg/d* 16.4 + 6.1 15.6 + 6.0 -0.249 0.807
Hospitalization duration, d® 33.0(24.8, 45.0) 32.0(27.8, 43.5) -0.176 0.860
Time to reach 1800 g° 22.0 (13.0, 32.5) 21.0(16.0, 32.0) —-0.690 0.490
Time to reach 2000 g° 27.0 (18.0, 40.0) 28.0(23.8, 37.0) —-0.843 0.399
HC, head circumference; IF, individualized fortification; SF, standard fortification; WGV, weight gain velocity.
4% + 5 and t value. s, standard deviation.
"M (Q1, Q3) and z value. M, median; Q1, percentile 25; Q3, percentile 75.

Quan et al, Nutr Clin Pract, 2019
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Table 3. Anthropometric Measurements at Discharge.

(4al5l) O 526 53,
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LP Fortification (n = 31)

Controls (n = 30)

Measure Mean + SD Mean + SD Mean Difference (95% CI) P-Value
Weight (g) 2800 + 420 2699 + 588 —101 (-361, 158) 44
%tile Fenton® 12.01 + 9.85 13.32 + 16.54 —1.31 (-5.61, 8.22) J1
z-score —1.30 £+ 047 —1.48 + 0.90 —0.18 (—0.54, 0.18) 33
HC (cm) 33271 + 1.97 33.04 + 2.06 0.23 (—1.25, 0.80) 66
%tile Fenton® 36.07 + 19.50 36.96 + 27.52 —0.89 (—11.25, 13.04) .88
z-score —0.42 £ 0.61 —0.56 + 1.11 —0.14 (—0.60, 0.32) .55
Growth outcomes

Growth (g/d) 28.62 + 2.52 27.61 + 6.19 1.01 (—1.41,3.44) 40
Growth velocity (g/kg/d) 14.31 + 1.67 14.97 + 2.78 —0.65(—1.82,0.51) 27
HC (cm/wk) 0.82 £+ 0.11 0.89 + 0.23 —0.08 (—0.17, 0.01) 09

CI, confidence interval; HC, head circumference; LP, liquid protein; %tile, percentile.

aWeight: 13/31 (42%) cases discharged above 10th percentile Fenton; 12/31 (39%) controls discharged above 10'® percentile Fenton.
®Head circumference: 30/31 (97%) cases discharged above 10th percentile Fenton; 26/31 (84%) controls discharged above 10th percentile Fenton.

Shakeel et a/, Nutr Clin Pract, 2019
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Cases
(LP added) Controls
Comorbidities n % n % P-Value
Bronchopulmonary 0 0 3 97 24
dysplasia
Hypotension requiring 1 32 2 65 .9
pressors
Infection/sepsis 0 0 5 16.1 053
IVH grade 1 4 129 3 97 .99
IVH grade 2 2 6.5 1 32 .99
IVH grade 3 1 32 0 O 99
IVH grade 4 0 0 1 32 99
PDA 6 194 7 226 .99
PDA-treated with 4 129 3 97 .99
NeoProfen or Indocin
Prenatal steroids 13 419 12 38.7 99
Postnatal steroids 4 129 2 6.5 .67
PVLM 1 32 0 O .99
ROP 19 613 0 0 .99
Respiratory distress 18 58.1 12 387 .2
syndrome
Transfusions 10 323 8 258 78
NEC 0 0 0 0 .99

IVH, intraventricular hemorrhage; LP, liquid protein; NEC,
necrotizing enterocolitis; PDA, patent ductus arteriosus; PVLM,
periventricular leukomalacia; ROP, retinopathy of prematurity.

Shakeel et a/, Nutr Clin Pract, 2019
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Table 2. Anthropometric changes over the study.
Intention to Treat Analyses Per Protocol Analyses !
High Protein Standard A:"i:z:‘ed 2 High Protein Standard A;]I:::‘ed 2
(n=31) Protein (n = 29) . 2 P (n=21) Protein (n = 23) . 2 P
Difference Difference
V‘(’;’/g:;g;;“ 245(230,260) 258 (244, 272) —14(-32,4) 012 245(228,262)  262(247,277) ~15(-36,5)  0.14
Length gain —0.01 —-0.01
s i) 1.1(1.1,1.2) 1.1(1.1,1.2) (—006,008) % 1.1(1.1,1.2) 12(1.1,1.2) (—006,000) 062
Head
. 0.007 —0.004
circumference 1.1(1.0,1.1) 1.1(1.0,1.1) (—005,006 07 110111 1.1(1.1,1.1) (—006,005) 0%
gain (cm/week)
Weight at study 2658 —-100 2646 —157
end (g) 3 (2544, 2771) 2757 (2632, 2883) (~251, 50) 0.19 (2489, 2805) 2815 (2675, 2955) (—341, 28) 0.1
Length at study -05 —0.86
el (i) 452 (44.5,459) 45.8 (45.0,46.6) (~13,03) 0.19 452(444,46.0) 46.3 (45.6,47) (~1.85,0.12) 0.09
Head —016
circumference at 33.1 (32.5,33.6) 33.0(324,337) 0.03(-06,07) 092 333(327,339) 33.6(33.0,34.1) (<0 e 57 066
study end (cm) T
Data are presented as mean, (95% CI); ! For inclusion in ‘per protocol” analysis, infants must have consumed 70% or
P per p g
more of their trial group HMF; ? adjusted for sex and gestational age; > study end defined as removal of naso-gastric
tube or term equivalent, whichever came first.

Reid ef al/, Nutrients, 2018
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Reid ef al/, Nutrients, 2018
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Figure 2. Fat free mass as a proportion of body weight for the first four weeks of the trial. Values are
means, error bars are 95% CI. High protein n = 30, 30, 27, 26 and standard protein 29, 27, 26, 23 in weeks
1,2, 3, 4 respectively. Adjusted for sex and gestational age, group interaction

p=0.01

group X time interaction p = 0.84; ¥
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Table 2. Neonatal Morbidities and Respiratory Support P )b u %

Protein

Supplementation
Characteristic Lower  Higher P Value
Necrotizing enterocolitis (any stage), No. 0 0 NA
Focal intestinal perforation, No. 0 0 NA
Retinopathy of prematurity (maximum 0 1(1) >.99
disease stage), No.
Bronchopulmonary dysplasia, No. (%) 0 2(7) 492
Intraventricular hemorrhage (maximum 3(1) 0 242
grade), No.
Periventricular leukomalacia 0 0 NA

Mechanical ventilation via endotracheal tube, 0 (0-2) 1(0-2) .54
median (IQR), d

Nasal CPAP, median (IQR), d 8 (3-32) 23 (4-41) .16°
Supplemental oxygen, median (IQR), d 0 (0-4) 1(0-24) .33¢

Abbreviations: CPAP, continuous positive airway pressure; IQR, interquartile
range; NA, not applicable.

@ Fisher exact test, 2 tailed.

® Defined as need for supplementary oxygen or positive airway pressure at a
postmenstrual age of 36 weeks.

© Wilcoxon test.

Maas et al, JAMA Pediatr, 2017
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Table 3. Growth Outcomes and Macronutrient Supply

Protein Supplementation
Lower Higher Mean Difference
Characteristic (n=30) (n=30) (95% Cl) P Value
Weight gain, mean (SD), g/kg/d
From birth to end of intervention?® 16.3(2.2) 16.0(2.5) -0.2(-1.5t01.0)° 70¢
During intervention period 18.3(2.7) 18.3 (2.3) 0.0(-1.3t0 1.3) 97°¢
Lower leg longitudinal growth from birth 4.1(0.9) 39(08) -0.2(-0.6t00.3) 42°
to end of intervention, mean (SD), mm/wk®
Discharge data, mean (SD)
Weight, g 2611 (420) 2669 (445) 58 (-166 to 282) .60°
Head circumference, cm 32.9(1.3) 32.9(1.4) 0.0 (-0.7 t0 0.7) 98¢
Length, cm 459 (2.7) 46.9 (2.5) 1.0(-0.4to0 2.3) 5 I g
Below 10th percentile, No. (%)
Weight 7 (23) 4(13) .50¢
Head circumference 3(11) 2(7) 67¢
Length 13 (46) 8 (38) 27
Actual protein intake, mean (SD), g/kg/d®
Total, from birth to end of intervention 3.8(0.24) 43(0.27)] 0.6(0.4t00.7)° <.001¢
Enteral, randomization to day 28 3.5(0.35) 41(0.39)] 0.6(0.4t00.7) <.001°¢
Actual energy intake, mean (SD), kcal/kg/d
Total, birth to end of intervention 137 (9.2) 138 (6.4) 1(-3to5) .56°¢
Enteral, randomization to day 28 129 (11.3) 130 (9.2) 1(-4to7) .66°

(4al5l) O 526 53,

rale axdliae

2 Primary outcome.

bThe apparent discrepancy is due to
rounding: more precise weight gain,
16.25 g/kg/d in the lower-protein
group and 16.02 g/kg/d in the
higher-protein group; mean
difference, -0.23 g/kg/d. Total
protein intake, 3.76 g/kg/d in the
lower-protein group and 4.33
g/kg/d in the higher-protein group;
mean difference, 0.57 g/kg/d.

€ t Test, 2-tailed.

9Mean (SD) of individual means.

€ Fisher exact test, 2 tailed.

Maas et al, JAMA Pediatr, 2017
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Figure 2. Standard Deviation Score (SDS) Difference for Weight and Head Circumference During Intervention
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Plots for data points in time are separated only to enhance dlarity of data presentation. Each data point represents the median value; error bars, interquartile range.
Study interventions were continued for a median (interquartile range) of 41 (30-57) days and until definite discharge planning.

Maas et al, JAMA Pediatr, 2017



€

Oly (S5 psle Jle Sbigal 55 e

Maas et al, JAMA Pediatr, 2016

(aelsl) Qe 9,0

rale axdliae

@

56 VLBW lsligs jo (28b,0 i n +/ QrKGId nolisl g oo 4y »
sl ylolies el ol eli8l e (g loliae "
Solis Lol 05y Tl (g o5 09,5 4 Comad (g 09, )0 odnlys a8 > (5)'.'; W
YRR 9
L) Sao 268 s 530 5 odls® 98 05s b eign 09,5 (ol sl >
g0 lobine Slds Lol sangy (g p 05 09,5 I oS ans 5 plSin

i




(4al5l) O 526 53,

(S

O,y (Sd 3y ple Jle Sojael 35 50

Bellagamba ef al L.y
LISl o YoV s Jlo o @

555 3o S o Bolar b alejllS e

oS9p 9 PN &b 5l (3b 50 slgissl (e (ialidl 0,5V 31 o
ELBW _jlsl;¢ j0 (cmas piasmw Sguge 9 0, » EN 51 8L 50

Vo grikg/d 51PN 51 b e awwlgiasl () :Gas AY)S Jasbiwl a5y 09,5
Hday 59, Vo 50 Y/O gr/kg/d g A Eg

29 VI8 QKG9 e o, Y2+ MIKG/D 4 EN (lie 289 (0

Eayo VO gr/kg/d 51 PN 8050 awlgicel (Al (a5 AY) putSg 0 09,5 ®
a9, O oy 5o VIO gr/kg/d b g o

g Y18 griKQ/d 59, e e, V8- MIKG/D 4 EN lie 289 (0

Qog oads & FM-85L ¥/ e & HM @

S EN wiss o adlol o5V el 5 lcebl gl o n 09,5 0
A esliiul (BENEProteiny g iy p syl Joo

A4

Bellagamba ef a/, J Pediatr Gastroenterol Nutr, 2016



(5

Ol ylg (Seb i pole Jle Shigal 35 50

(4al5l) O 526 53,

TABLE 2. Growth data during hospital stay and at 2 years corrected age
StP (N=82) HiP (N=82) P

Maximum weight loss, % 123455 13.6 6.2 0.15
Age at regained BW, day 1224351 1223, 0.59
Age at 1800 g, day 54412 54+11 0.84
Weight gain from birth to 1800 g, g-kg ™' -day ' m 0.29
Weight gain from regained BW to 1800 g, g-kg ' -day ™' 16.84+2.3 17.5+2.4 0.10
Weight 36 wks PMA, g 1958 + 345 1936 +299 0.66
Weight SDS —1.68 +0.85 -1.73+0.73 0.73
Length 36 wk PMA, cm 428+2.0 42.7+23 0.69
Length SDS —1.70+0.80 —1.74 £0.88 0.74
Head circumference 36 wks PMA, cm 308+1.6 306 1.2 0.38
Head circumference SDS -1.39+1.14 —1.49+0.83 0.47
Knee-heel length 36 wks PMA, cm 10.1+0.6 10.2+0.7 0.28
Number of SGA at 36 wks 34 (41.5) 27 (32.9) 0.26
Weight 2 y 11722 + 1786 11613 £ 1366 0.68
Weight SDS —0.10+1.31 —0.09+0.96 0.96
Length 2 y 87.4+44 86.8+34 0.38
Length SDS 0.79+1.34 0.66 +1.02 0.53
Head circumference 2 y 479+ 1.77 476+1.94 0.39
Head circumference SDS —0.94+-1.39 —-1.01+1.42 0.77

BW =birth weight; HiP =high protein; PMA = postmenstrual age; SGA =small for gestational age; SDS = standard deviation score; StP = standard
prgtein. Data are expressed as mean = SD.

t test or X~ square test as appropriate.

Bellagamba ef a/, J Pediatr Gastroenterol Nutr, 2016
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TABLE 3. Clinical outcomes

StP (N=282) HiP (N=282) P
Patent ductus arteriosus 47 (57.3) 52 (63.4) 0.42
Intraventricular haemorrhage (3°-4°) 3(3.7) 8 (9.8) 0.11
Early onset sepsis 3(3.7) 5(6.1) 0.46
Late onset sepsis 17 (20.7) 18 (22) 0.84
Periventricular leucomalacia 3(3.7) 1(1.2) 0.31
Retinopathy of prematurity (3°-4°-5°) 1(1.2) 0 0.31
Respiratory distress syndrome 75 (91.5) 74 (90.2) 0.78
Bronchopulmonary dysplasia 22 (26.8) 15 (18.3) 0.19
Postnatal steroids 9 (10.9) 333.7 0.13
Diuretic therapy 9 (10.9) 5(6.1) 0.40

HiP = high protein; StP = standard protein. Data are expressed as n (%).
The X’ test was used for all variables.

Bellagamba ef a/, J Pediatr Gastroenterol Nutr, 2016
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