(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Comparison of different protein concentrations of human milk
fortifier for promoting growth and neurological developmentin

preterm infants (Review)

Gao C, Miller J, Collins CT, Rumbold AR

Gao C, Miller J, Collins CT, Rumbold AR.

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in
preterm infants.

Cochrane Database of Systematic Reviews 2020, Issue 11. Art. No.: CD007090.

DOI: 10.1002/14651858.CD007090.pub?2.

www.cochranelibrary.com

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological Wl LEY
development in preterm infants (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD007090.pub2
https://www.cochranelibrary.com

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

TABLE OF CONTENTS

ABSTRACT ettt ettt st st b e b e st e s st e bt e b e s e e s bt e bt e b e s et e bt e bt e b e s ae e Rt e bt e bt SRR e R e e b e e e e e R e e Rt e R e e e e s R e e Rt e b e st e eat e re e resarennee 1
PLAIN LANGUAGE SUMMARY .ottt ettt et et sa bbb bbb bbb bbb bbb bbb e b e b e b e b e b e b e b e b e b e b e b e b e besbesbesbesbes 2
SUMMARY OF FINDINGS .ottt ettt ettt ettt b e bbb bbb bbb bbb e b e b e e b e e b e e b e e b e e b e e b e e b e e b e e b e s b e e b e e b e e b e ebesbesbesbesaesnes 4
BACKGROUND ..ttt ettt ettt st st s b s ea e e st e s b e s b e s s e e st e s b e s bt s et e e st e bt s st e at e e st e be s bt embe s bt e bt sebeembe s st e bt easesnbesseeseensesnnessasane 8
OBUJECTIVES ettt ettt ettt b bbb b bbb e b s b e b s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e s b e sbe s bt sbesaesbesaesutont 9
METHODS 9
RESULTS 11
Figure 1. 12
Figure 2. 14
Figure 3. 15
Figure 4. 16
Figure 5. 16
Figure 6. 17
Figure 7. 18
Figure 8. 18
Figure 9. 19
DISCUSSION 20
AUTHORS' CONCLUSIONS ..ttt sttt sttt ettt ettt ettt et d et et et et et e e et et et et et et et e b enbenaentens 21
ACKNOWLEDGEMENTS ettt sttt sttt et st bt st s e s bt s bt e s e s e s b e s st e a s e s ae e bt s bt e b e s bt e bt e b e embe s s e e st easesntessesseensesneensens 22
REFERENCES 23
CHARACTERISTICS OF STUDIES .ttt ettt et ettt ettt b bbb bbb bbb bbb e b e b e b e b e b e b e b e b ebebenbesbenbesbanne 28
DATA AND ANALYSES oottt sttt ettt sttt st a e b s st e st e b e st e s et e st e bt seseem b e e bt e bt s b e e mt e bt e st s b eenteshe s st sasesmtesseenesasesneesanen 47
Analysis 1.1. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 1: Weight gain (g/ 48
KE/AAY) ettt b A b h et A bRt e b bRt E kbR b e b b et b e bR R et a b sttt ene st tes
Analysis 1.2. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 2: Length gain (cm/ 48
WEEK) oottt ettt ettt ettt et eb et et et et et et et e b et et et et et et e b e b e b et e be b e be b et e b eebeebe b eb e b e eReebeeheeReeheebeeReebeebeebeebeebeebeebeereereerees
Analysis 1.3. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 3: Head 48
CIrCUMTEreNCe GAIN (CM/WEEK)  .eeieiieiteee ettt ettt b e st b ettt s s b et e b et b et e b et e be b e st et ene b eat et et ebentesestesesaenesens
Analysis 1.4. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 4: Proportion of 49
infants who were small for eStatioNal @8  ..c.ccveveueirrirecrree ettt sttt b ettt b et bebent
Analysis 1.5. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 5: Mortality .......... 49
Analysis 1.6. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 6: Blood urea 49
NIEFOZEN (IMMOI/L) ettt ettt ettt sttt ettt e b et e b et e st e he st e st et e st b e st e b et e b entesea b e s et eae st e st b e st ebentebentebentesentesesenesens
Analysis 1.7. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 7: Plasma pH levels 49
Analysis 1.8. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 8: Incidence of 50
NECTOLISING ENEEIOCOLTIS  .eveuietiieiieieet ettt ettt ettt st b et b et e bt e b b et et s b et e b et e b et ese b ese b enenbeneebeneas
Analysis 1.9. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 9: Sepsis 50
Analysis 1.10. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 10: Episodes of 50
INEEITUPLION OF FEEAS .ottt ettt sttt et s b et e s e s e e b e s e e s eseeseseebessesestesesses et asessasessesessansesansesenes
Analysis 1.11. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 11: Days to reach 51
FULL@NTEIAL FREAS .ottt bbb bbbttt sttt ettt bbb b bbbt enenes
Analysis 1.12. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 12: Length of 51
ROSPILAL STAY (AAYS)  ceeeeuirteieieiee ettt ettt ettt b et b et bt e b b et eb et e st s b et e b et e st st ebe b e at et e st b en e e b et ebe s e st b ene b eneetan
Analysis 2.1. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 1: Weight gain (g/kg/ 52
AY) e e R bR a et bbb nen s nen et
Analysis 2.2. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 2: Length gain (cm/ 52
WEEK)  ceretieteeeeeett ettt ettt et ettt et e b e st e bbb et et et et et et et et et et et e b e b et e be b e bebe b e b eebebe b e b e b e bt ebe s e eReeheebeeReeheereebeebeebeebeebeereereerees
Analysis 2.3. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 3: Head circumference 52
AN (CM/WEEK) ettt sttt ettt ettt ettt ettt st et e b et e b et e b et e st et e st b e st s b e st et en e e s e et e b et e b et e st b en e b entebentebentese b ebe b e st tenessentesenes
Analysis 2.4. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 4: Mortality ............ 52
Analysis 2.5. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 5: Blood urea nitrogen 53
(MIMOL/L) ettt bbbttt ettt bbb bbb bbb bbbttt ettt ettt ae st st senene
Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm i

infants (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 2.6. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 6: Incidence of 53
NECTOLISING ENTEIOCOLTIS  .oviuiitiieiiteet ettt ettt ettt b et e b et e b et ebe b e s e st e st et et e b eateb et ebe st enesbesesbeneebeneesantes
Analysis 2.7. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 7: Sepsis 53
Analysis 2.8. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 8: Length of hospltal 53
STAY (AAYS)  wevererirrererieisieesteeste e et et et ete st e te b ese st e s e s tese et e s e ebesseba s s et et e s et e R e b e R e e AeR e e b eRa b et ebe b e s et eReebe s st eRe et en e et eRt e b e te s e bere et eseebensetenserenserenee
Analysis 3.1. Comparison 3: Subgroup analysis - calorie content, Outcome 1: Weight gain (g/kg/day) - high vs moderate ...... 55
Analysis 3.2. Comparison 3: Subgroup analysis - calorie content, Outcome 2: Length gain (cm/week) - high vs moderate ...... 55
Analysis 3.3. Comparison 3: Subgroup analysis - calorie content, Outcome 3: Head circumference gain (cm/week) - high vs 56
MNOAEIATE ottt ettt et b et bt eh et e et e st e b et e b et e b et es et e bt b ea et e me e s e et eb et e b et e s et e st e b eateb et e b et e b et eb et e st et e st bentebeneebent
Analysis 3.4. Comparison 3: Subgroup analysis - calorie content, Outcome 4: Weight gain (g/kg/day) - moderate vs low ........ 56
Analysis 3.5. Comparison 3: Subgroup analysis - calorie content, Outcome 5: Length gain (cm/week) - moderate vs low ........ 57
Analysis 3.6. Comparison 3: Subgroup analysis - calorie content, Outcome 6: Head circumference gain (cm/week) - moderate 57
VS LOW ettt ettt ettt ettt ettt ettt e b et b et e bt h et s Ao s et e st e b e R e ke R b et e b e At e R b e R et e Rt A e Rt b e Re b e Rt e b et e b et e b et e bt b eneeb et b et ebe e ebetene
Analysis 4.1. Comparison 4: Sensitivity analysis, Outcome 1: Weight gain (g/kg/day) - high vs moderate 58
Analysis 4.2. Comparison 4: Sensitivity analysis, Outcome 2: Length gain (cm/week) high vs moderate 58
Analysis 4.3. Comparison 4: Sensitivity analysis, Outcome 3: Head circumference gain (cm/week) high vs moderate ............... 58
APPENDICES .ttt sttt ettt st e b st b e st e e e e s bt e bt e b e e e e s bt e st e b e e e e e R e e Rt e R e e Re e s Rt e Rt e s e e et e Rt e bt e R e e e e en e e b e e aesan e s st ereenne 58
HISTORY ettt ettt sttt st e e st e b st e st e s b e e b e sa b e s st e b e e ase s et e st easeease s et e st enseeasesate st easasaseeat e st essesasesntenseeasesasesneensesasesatesneensesasesnnens 61
CONTRIBUTIONS OF AUTHORS ...ttt sttt st st sbe bbb sb s b s bbbt s b s bt e b s bt e bt e bt e bt bt s bt e st e bt e bt e bt e st e bt e st ebt e st ebtsntentententententes 61
DECLARATIONS OF INTEREST .ottt ettt sttt et st st et a e st s st e b s b s s e s st e s be s b se s e emt e besae s et e emt e bessesasesneessesaseensesneensens 61
SOURCES OF SUPPORT .ottt s st s bt e b e b s e e e beebseba e bt ebs e bt ebtestentententensensentens 62
DIFFERENCES BETWEEN PROTOCOL AND REVIEW  ...cuiiiiiiieienieriertenienienientesieste sttt sr st sae st s saesaesae bt sbesbe bt sbesbtsstsbtssesntsntsntsstesseseneens 62
INDEX TERMS ettt ettt ettt ettt st e bt s et e s bt e b e e b e s et e st e b e e b e s et e st e b e s e e s et e bt e b e s ate s ot e st e besaseeabe st ebesaseentenseenesanennne 62
Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm i

infants (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

Comparison of different protein concentrations of human milk fortifier
for promoting growth and neurological development in preterm infants

Chang Gaol, Jacqueline Millerl, Carmel T Collins!;2, Alice R Rumbold?

1SAHMRI Women and Kids, South Australian Health and Medical Research Institute, Adelaide, Australia. 2Discipline of Paediatrics,
Adelaide Medical School, The University of Adelaide, Adelaide, Australia

Contact: Alice R Rumbold, alice.rumbold@sahmri.com.

Editorial group: Cochrane Neonatal Group.
Publication status and date: New, published in Issue 11, 2020.

Citation: Gao C, Miller J, Collins CT, Rumbold AR. Comparison of different protein concentrations of human milk fortifier for promoting
growth and neurological development in preterm infants. Cochrane Database of Systematic Reviews 2020, Issue 11. Art. No.: CD007090.
DOI: 10.1002/14651858.CD007090.pub2.

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

Human milk alone may provide inadequate amounts of protein to meet the growth requirements of preterm infants because of restrictions
in the amount of fluid they can tolerate. It has become common practice to feed preterm infants with breast milk fortified with protein and
other nutrients but there is debate about the optimal concentration of protein in commercially available fortifiers.

Objectives

To compare the effects of different protein concentrations in human milk fortifier, fed to preterminfants, on growth and neurodevelopment.

Search methods

We used the standard search strategy of Cochrane Neonatal to search CENTRAL (2019, Issue 8), Ovid MEDLINE and CINAHL on 15 August
2019. We also searched clinical trials databases and the reference lists of retrieved articles for randomised controlled trials and quasi-
randomised trials.

Selection criteria

We included all published and unpublished randomised, quasi-randomised and cluster-randomised trials comparing two different
concentrations of protein in human milk fortifier.

We included preterm infants (less than 37 weeks' gestational age). Participants may have been exclusively fed human milk or have been
supplemented with formula.

The concentration of protein was classified as low (< 1g protein/100 mL expressed breast milk (EBM)), moderate (= 1g to < 1.4g protein/100
mL EBM) or high (= 1.4g protein/100 mL EBM). We excluded trials that compared two protein concentrations that fell within the same
category.

Data collection and analysis

We undertook data collection and analyses using the standard methods of Cochrane Neonatal. Two review authors independently
evaluated trials. Primary outcomes included growth, neurodevelopmental outcome and mortality. Data were synthesised using risk ratios
(RR), risk differences and mean differences (MD), with 95% confidence intervals (Cl). We used the GRADE approach to assess the certainty
of the evidence.

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 1
infants (Review)
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Main results

We identified nine trials involving 861 infants. There is one trial awaiting classification, and nine ongoing trials. The trials were mostly
conducted ininfants born <32 weeks' gestational age or <1500 g birthweight, or both. All used a fortifier derived from bovine milk. Two trials
fed infants exclusively with mother's own milk, three trials gave supplementary feeds with donor human milk and four trials supplemented
with preterm infant formula. Overall, trials were small but generally at low or unclear risk of bias.

High versus moderate protein concentration of human milk fortifier

There was moderate certainty evidence that a high protein concentration likely increased in-hospital weight gain compared to moderate
concentration of human milk fortifier (MD 0.66 g/kg/day, 95% Cl 0.51 to 0.82; trials = 6, participants = 606). The evidence was very
uncertain about the effect of high versus moderate protein concentration on length gain (MD 0.01 cm/week, 95% CI -0.01 to 0.03; trials = 5,
participants =547; very low certainty evidence) and head circumference gain (MD 0.00 cm/week, 95% CI -0.01 to 0.02; trials =5, participants
=549; very low certainty evidence).

Only one trial reported neonatal mortality, with no deaths in either group (participants = 45).

Moderate versus low protein concentration of human milk fortifier

Amoderate versus low protein concentration fortifier may increase weight gain (MD 2.08 g/kg/day, 95% C1 0.38 t0 3.77; trials =2, participants
=176; very low certainty evidence) with little to no effect on head circumference gain (MD 0.13 cm/week, 95% CI 0.00 to 0.26; |2 = 85%; trials
=3, participants = 217; very low certainty evidence), but the evidence is very uncertain. There was low certainty evidence that a moderate
protein concentration may increase length gain (MD 0.09 cm/week, 95% Cl 0.05 to 0.14; trials = 3, participants = 217).

Only one trial reported mortality and found no difference between groups (RR 0.48, 95% CI 0.05 to 5.17; participants = 112).
No trials reported long term growth or neurodevelopmental outcomes including cerebral palsy and developmental delay.

Authors' conclusions

Feeding preterm infants with a human milk fortifier containing high amounts of protein (= 1.4g/100 mL EBM) compared with a fortifier
containing moderate protein concentration (= 1 g to < 1.4 g/100 mL EBM) results in small increases in weight gain during the neonatal
admission. There may also be small increases in weight and length gain when infants are fed a fortifier containing moderate versus low
protein concentration (< 1 g protein/100 mL EBM). The certainty of this evidence is very low to moderate; therefore, results may change
when the findings of ongoing studies are available. There is insufficient evidence to assess the impact of protein concentration on adverse
effects or long term outcomes such as neurodevelopment. Further trials are needed to determine whether modest increases in weight gain
observed with higher protein concentration fortifiers are associated with benefits or harms to long term growth and neurodevelopment.

PLAIN LANGUAGE SUMMARY

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in
preterm infants

Review question

Among preterm infants, does the amount of protein used to fortify breast milk feeds result in any difference in growth and
neurodevelopmental (development of the brain to improve performance or functioning (e.g. intelligence, reading ability, social skills,
memory, attention or focus skills) outcomes?

Background

Breast milk is the best form of nutrition for preterm infants. However, as preterm infants often have difficulties tolerating large amounts
of milk, they may not get the recommended amounts of protein from breast milk alone. It has become common clinical practice to
fortify breast milk for preterm infants with additional nutrients with a product known as human milk fortifier. Over time the amount
(concentration) of protein used in human milk fortifiers has increased, but there is debate about what the optimal protein concentration
of human milk fortifier is.

Study characteristics

This review included nine trials involving 861 infants. Six trials compared a high versus moderate concentration of protein in the human
milk fortifier, and three trials compared a moderate versus low concentration of protein. Our main outcomes were growth (e.g. weight,
length, head circumference), neurodevelopment and death. Reporting was incomplete for all outcomes; most were at low or unclear risk
of bias. The search is up to date as of August 2019.

Key results

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 2
infants (Review)
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Feeding preterm infants with a human milk fortifier that contains a high protein concentration versus a moderate protein concentration
resulted in small increases in weight gain but not length gain or head growth during hospital admission after birth. There were small
increases in weight gain and length gain in infants fed a human milk fortifier that contained moderate concentrations of protein compared
with low concentrations. There was no clear effect of protein concentration on infant death during the initial hospitalisation. There were
only limited data on other health outcomes, and this evidence suggests the amount of protein in human milk fortifier does not affect the
risk of infections or feeding or bowel problems. There were no available trial data about infant growth after hospital discharge, or long
term development.

Conclusions

Although there was some evidence that use of human milk fortifiers with a high or moderate protein concentration are associated with
small increases in weight gain during hospital stay, there are no data about the impact on growth after the hospital admission or on
developmental outcomes. Further well designed trials are needed to determine whether the amount of protein in human milk fortifiers is
associated with benefits or harms in the longer term.

Certainty of the evidence

The certainty of this evidence was very low to moderate due to inconsistent results reported by some trials and potential bias related to
the way some trials were conducted.

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 3
infants (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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SUMMARY OF FINDINGS

Summary of findings 1. High compared to moderate protein concentration of human milk fortifier for promoting growth and neurological
development in preterm infants

High compared to moderate protein concentration of human milk fortifier for promoting growth and neurological development in preterm infants

Patient or population: promoting growth and neurological development in preterm infants

Setting: neonatal intensive care units in Australia, Belgium, France, Germany, Italy, Switzerland, UK, USA

Intervention: addition of human milk fortifier

Comparison: high (= 1.4 g protein/100 mL EBM) vs moderate (= 1 g to < 1.4 g protein/100 mL EBM) protein concentration of human milk fortifier

Outcomes Anticipated absolute effects* (95% CI) Relative effect  N¢ of partici- Certainty of Comments
(95% Cl) pants the evidence
Risk with moderate pro-  Risk with high protein con- (studies) (GRADE)
tein concentration of hu-  centration of human milk
man milk fortifier fortifier
Weight gain (g/kg/day) until Mean weight gain was MD 0.66 g/kg/day higher — 606 300 —
the end of the intervention 16.51 g/kg/day (0.51 higher to 0.82 higher) (6 RCTs) Moderate @
Length gain (cm/week) until Mean length gainwas 1.11  MD 0.01 cm/week higher — 547 OO —
the end of the intervention cm/week (0.01 lower to 0.03 higher) (5RCTs) Very low b.c.d
Head circumference gain (cm/  Mean head circumference ~ MD 0 cm/week higher — 549 elele) —
week) until the end of the inter-  gain was 1.00 cm/week (0.01 lower to 0.02 higher) (5RCTs) Very low ¢.d
vention
Cerebral palsy at = 18 months — — — (0 studies) — None of the in-
cluded studies
reported cere-
bral palsy.
Developmental delay at = 18 — — — (0 studies) — None of the in-
months cluded studies
reported devel-
opmental de-
lay.
Mortality during intervention Preterm infants Not estimable 45 — —
period (1 study)

0 per 1000

0 per 1000

0
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(0to 0)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; EBM: expressed breast milk; MD: mean difference; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

Kieaqi (JF)
aueayrory \

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
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dRisk of bias: three studies were rated low risk of bias overall, two studies provided insufficient details of methodology for assessment and one study was rated high risk of bias
for blinding; therefore, the overall evidence was downgraded one level.

binconsistency: evidence was downgraded one level because of substantial heterogeneity (= 50%, < 75%).

CImprecision: evidence was downgraded two levels due confidence intervals crossing 0, which included the possibility of no beneficial effect and potential harmful effect of the
treatment.

dRisk of bias: two were rated low risk of bias overall, two studies provided insufficient details of methodology for assessment, and one study was rated high risk of bias for blinding;
therefore, the overall evidence was downgraded by one level.

Summary of findings 2. Moderate compared to low protein concentration of human milk fortifier for promoting growth and neurological
development in preterm infants

Moderate compared to low protein concentration of human milk fortifier for promoting growth and neurological development in preterm infants

Patient or population: preterm infants
Setting: neonatal intensive care units in Canada, India, USA
Intervention: addition of human milk fortifier

Comparison: moderate (= 1 gto < 1.4 g protein/100 mL EBM) versus low (< 1 g protein/100 mL EBM) protein concentration of human milk fortifier

Outcomes Anticipated absolute effects* (95% CI) Relative effect  N° of partici- Certainty of Comments
(95% Cl) pants the evidence
Risk with low protein Risk with moderate protein (studies) (GRADE)
concentration of hu- concentration of human
man milk fortifier milk fortifier
Weight gain (g/kg/day) untilthe  Mean weight gain was MD 2.08 g/kg/day higher — 176 @000 —
end of the intervention 12.86 g/kg/day (0.38 higher to 3.77 higher) (2 RCTs) Very low a,b,c.d
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Length gain (cm/week) untilthe  Mean length gain was MD 0.09 cm/week higher — 217 300 —

end of the intervention 0.77 cm/week (0.05 higher to 0.14 higher) (3RCTs) Low d.e

Head circumference gain (cm/ Mean head circumfer- MD 0.13 cm/week higher - 217 elele) -

week) until the end of the inter- ence gain was 0.71 cm/ (0 to 0.26 higher) (3RCTs) Very low b.d.e,f

vention week

Cerebral palsy at = 18 months — — — (0 studies) — None of the in-
cluded studies
reported cere-
bral palsy.

Developmental delay at > 18 — — — (0 studies) — None of the in-

months cluded studies
reported devel-
opmental de-
lay.

Mortality during the intervention =~ Preterm infants RR0.48 112 — —

period (0.05t05.17) (1 study)

36 per 1000 17 per 1000
(2 to 188)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; EBM: expressed breast milk; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

dRisk of bias: one study was rated low risk of bias overall and the other study provided insufficient details of methodology for assessment; therefore, the overall evidence was
downgraded one level.

binconsistency: the evidence was downgraded two levels due to substantial heterogeneity (= 75%).

CImprecision: the evidence was downgraded one level due to wide confidence intervals (10 times difference between lower and upper confidence interval), which includes a wide
range of possible beneficial effects.

dimprecision: the evidence was downgraded one level as the total sample size across RCTs was fewer than 400.

eRisk of bias: one study was rated low risk of bias overall and the other two studies provided insufficient details of methodology for assessment; therefore, the overall evidence
was downgraded one level.

fimprecision: the evidence was downgraded two levels due to wide confidence intervals that crosses 0, which includes a possibility of no beneficial effect of the treatment.
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BACKGROUND

Description of the condition

Human milk is the optimal nutrition for preterm infants
because of its immunological properties, ease of digestion and
absorption, and it has been associated with more favourable
neurodevelopmental outcomes when compared with infant
formula (AAP 2012). However, as preterm infants are often unable
to tolerate large fluid volumes initially, feeding these infants with
human milk alone (in usual volumes) may not provide adequate
amounts of protein, energy and minerals to meet the high needs
for growth (Arslanoglu 2019). Infants with insufficient nutrient
intake are at increased risk of postnatal growth faltering and
impaired neurodevelopment, which is particularly a problem for
extremely low birth weight (< 1000 g) infants (Kumar 2017). To
address the nutritional needs of preterm infants, it has become
a common clinical practice to supplement or fortify breast milk
with additional nutrients using commercially available human milk
fortifier (Arslanoglu 2019; Brown 2020).

Description of the intervention

Protein is one of the main constituents of human milk fortifiers.
Preterm infants require higher levels of protein intake as they grow
rapidly (in line with fetal growth trajectories in the last trimester)
and have higher nitrogen excretion in urine and faeces and via the
skin than term infants (Hay 2010). However, protein needs cannot
be considered in isolation since adequate energy must be supplied
in order for the protein to be used for anabolic growth. Protein
intake and protein energy ratio (grams of protein per 100 kcal)
are the main determinants of growth in preterm infants (Koletzko
2014). Despite the routine use of commercial human milk fortifiers,
thereis evidence that many preterminfants do not meet their needs
for protein intake and accrue substantial protein deficits during
their hospital admission (Hay 2016; Moro 2015; Radmacher 2017).
For this reason, clinical guidelines have changed to recommend
an increased protein intake that is based on weight and gestation,
ranging between 3.5 g/kg/day and 4.5 g/kg/day (ESPGHAN 2010;
Koletzko 2014; Ziegler 2011), particularly in extremely preterm
(less than 28 weeks' gestation) or extremely low birth weight
infants where the recommended intake is 4 g/kg/day to 4.5 g/
kg/day (ESPGHAN 2010). However, evidence about the impact of
high intakes of protein on infant health outcomes is lacking. For
example, one Cochrane Review of different protein concentrations
in infant formula found a protein intake = 3g/kg/day and < 4 g/kg/
day was associated with improved weight gain in formula fed low
birth weight infants, but there was insufficient evidence to evaluate
the impact of formula containing = 4g/kg/day protein or greater
protein (Fenton 2020).

The protein in fortifiers is usually derived from bovine (cow) milk,
predominantly whey protein, with some fortifiers using hydrolysed
protein. The use of hydrolysed protein in formula may increase
gastric emptying (Mihatsch 2002), and calcium absorption rate
(Picaud 2001), without inducing the risk of feeding intolerance or
necrotising enterocolitis (NEC) (Ng 2019). However, it is not known
if these effects also apply to hydrolysed protein fortifier. More
recently, fortifiers derived from human milk have become available,
which allows for a diet that is exclusively human milk based. Bovine
protein is thought to induce inflammation (Abdelhamid 2013),
increase gut permeability (Taylor 2009), and may even cause death
of intestinal cells (Penn 2012).

Regardless of the source and type of proteins used in fortifiers,
there is considerable clinical practice variation in how and when
fortifiers are administered. The usual regimen of a standard amount
of fortifier added to human milk fails to account for individual
and temporal variations in the protein concentration in maternal
milk (Gidrewicz 2014), and the differing requirements of preterm
infants of different gestational ages and weight (ESPGHAN 2010).
Individualised regimens are now recommended by some groups
(Arslanoglu 2019; ESPGHAN 2010), where either the amount of
fortifier is titrated against blood urea nitrogen concentration or
adjusted according to the level of nutrients in mother's milk. In
addition, several trials have evaluated the timing of fortification,
with evidence that starting fortification early rather than delaying
is well tolerated but does not improve short term growth of
infants (Godden 2019). These different fortification strategies
(Fabrizio 2019), and timing of commencement of fortification
(Thanigainathan 2019), are the focus of other Cochrane Reviews
and consequently, are not addressed in this review.

How the intervention might work

Protein is an essential component of all cells in the body.
Protein provides the amino acids required for adequate growth,
particularly lean tissue and maturation of multiple organ systems.
Growth failure is commonly reported in very low birth weight (<
1500 g) infants and this is thought to be related to inadequate
protein intake (Arslanoglu 2019; Kumar 2017). Related Cochrane
Reviews have shown that, when compared with unsupplemented
human milk, both protein (Amissah 2018), and multi-nutrient
fortifier (Brown 2020), resulted in short term weight gain (protein:
mean difference (MD) 3.82 g/kg/day, 95% confidence interval (Cl)
2.94 to 4.70; multi-nutrient fortifier: 1.76 g/kg/day, 95% CI 1.30 to
2.22).

However, increasing protein intake has potential adverse effects.
These include metabolic acidosis and high serum levels of protein
metabolites, such as urea and ammonia (Goldman 1969; Senterre
1983), high levels of some amino acids (Avery 1967), and increased
risk of sepsis (Moltu 2013). However, results from these earlier
studies may be due to the poor quality of protein (Hay 2010),
and research has shown that adverse effects may be due to other
nutritional components (e.g. minerals) (Rochow 2011). Amissah's
Cochrane Review showed increased blood urea levels in the
protein supplements groups (MD 0.95 mmol/L, 95% Cl 0.81 to
1.00) (Amissah 2018). However, these remained within the normal
range and may reflect adequate rather than excess protein intake.
Nevertheless, there may be risks of feed intolerance and NEC
associated with increased protein intake (Amissah 2018), therefore,
the benefits of increased protein intake must be balanced with any
potential adverse effects.

Why it is important to do this review

There remains considerable debate regarding the optimum protein
concentration of fortifiers (Bertino 2017). When human milk fortifier
was first introduced, the common practice was to add less than
1 g of protein per 100 mL of human milk due to safety and
tolerance concerns. Since then, there has been some evidence
of more favourable developmental outcomes with higher protein
(with adequate energy intakes) (Coviello 2018; Stephens 2009).
The concentration of protein added into human milk has gradually
increased over time in many neonatal units, from around 1 g/100
mL of expressed breast milk (EBM), to greater than 1.4 g/100 mL of
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EBM. However, the upper limit of protein intake, where no further
benefitis conferred oran adverse effect may occur (or both), has not
been determined. There has been no systematic review assessing
the effect of different levels of protein fortification of human milk
on growth and safety in preterm infants. Although there is another
review comparing human milk-derived versus bovine milk-derived
human milk fortifier for mortality prevention and subsequent
growth and neurodevelopment of preterm infants (Premkumar
2019), we will undertake subgroup analyses specifically comparing
the effect of proteins derived from these different sources.

OBJECTIVES

To compare the effects of different protein concentrations in
human milk fortifier, fed to preterm infants, on growth and
neurodevelopment.

METHODS

Criteria for considering studies for this review
Types of studies

We included all published and unpublished randomised trials,
quasi-randomised trials and cluster-randomised trials comparing
two or more different concentrations of protein in human milk
fortifier.

Types of participants

Preterm infants (less than 37 weeks' gestational age) fed any human
milk with added human milk fortifier. Infants may also be receiving
parenteral nutrition when beginning fortification. Participants may
have been exclusively fed human milk or be supplemented with
formula.

Types of interventions

The intervention should have compared two or more different
concentrations of protein added as a human milk fortifier to
EBM. This may have included comparison of two different fortifier
products or comparison of the same base fortifier product but with
a protein supplement added to increase protein concentration.
The fortifier could have been bovine (or other animal) milk based
or human milk based and could have included other nutrients
including fat and vitamins and minerals. We classified the protein
concentrations of the fortifier as:

1. low: less than 1 g protein/100 mL EBM;
2. moderate: 1 g to less than 1.4 g protein/100 mL EBM; or
3. high: 1.4 g, or greater, protein/100 mL EBM.

We excluded trials that compared two different protein
concentrations that both fell within the same category (low,
moderate or high). Infants in trial comparison groups should have
received similar care.

Types of outcome measures
Primary outcomes

1. Growth as assessed at birth (or as defined by study author) to
discharge from hospital, at 12 months or 18 months (or both) or
beyond corrected age expressed in absolute terms or relative to
intrauterine or postnatal growth standard for the following:

a. weight gain (g/kg/day or g/day);

. length gain (cm/week);
head circumference gain (cm/week);
. measures of body composition (lean/fat mass);

proportion of infants who were small for gestational age
(SGA) (less than 10th percentile of intrauterine growth
standards or post-term growth charts as defined by study
author).

2. Neurodevelopmental outcomes
a. Neurodevelopmental disability at 18 months' corrected age
or greater defined as a neurological abnormality including
any one of the following:
i. cerebral palsy on clinical examination;

ii. developmental delay more than two standard deviations
(SD) below population mean on a standardised test of
development;

iii. blindness (visual acuity less than 6/60);

iv. deafness  (any  hearing  impairment
amplification) at any time after term corrected.

3. Mortality.

® oo o
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Secondary outcomes

1. Safety measures, as reported by study authors, including:
a. blood urea nitrogen (mmol/L);

b. plasma amino acid levels (umol/L);

c. plasma pH levels;

d. incidence of NEC (Bell's Stage Il or greater);
e. sepsis (as confirmed by blood culture).

2. Tolerance as assessed by:
a. episodes of interruption of feeds;

b. daysto reach full enteral feeds (enteral intake 150 mL/kg/day
or greater) or as defined by study author.

3. Length of hospital stay (days).

Search methods for identification of studies

We used the criteria and standard methods of Cochrane Neonatal
(see the Cochrane Neonatal search strategy for specialised register;
neonatal.cochrane.org/resources-review-authors). We searched
for errata or retractions for included studies published in full text on
PubMed (www.ncbi.nlm.nih.gov/pubmed).

Electronic searches

We conducted a comprehensive search including: Cochrane Central
Register of Controlled Trials (CENTRAL 2019, Issue 8) in the
Cochrane Library; Ovid MEDLINE(R) and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations, Daily and Versions(R) (1946
to 15 August 2019); and CINAHL (1981 to 15 August 2019). We
included the search strategies for each database in Appendix 1. We
applied no language restrictions.

We searched clinical trial registries for ongoing or
recently completed trials. We searched The World Health
Organization's International Clinical Trials Registry Platform
(ICTRP) (www.who.int/ictrp/search/en/), and the US National
Library of Medicine's ClinicalTrials.gov (clinicaltrials.gov), via
Cochrane CENTRAL. Additionally, we searched the ISRCTN Registry
for any unique trials not found through the Cochrane CENTRAL
search (www.isrctn.com/).
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Searching other resources

We searched the reference lists of any articles selected for inclusion
in this review to identify additional relevant articles.

Data collection and analysis

We used standard methods of Cochrane Neonatal to extract study
information (Higgins 2011a).

Selection of studies

One review author (CG) screened titles and abstracts of all
records and a second review author (split between JM, CC, AR)
independently reviewed the titles and abstracts. One review author
(CG) read the full texts and assessed each article for eligibility for
inclusion based on the prespecified review criteria and another
review author checked them (of JM, CC and AR). We resolved any
disagreements by discussion, or when necessary with a third review
author.

Data extraction and management

Two review authors (CG, JM) independently extracted data using a
form based on the Cochrane Effective Practice and Organisation of
Care Group data collection checklist (Cochrane EPOC 2017). Where
there review authors were authors of included studies (Miller 2012;
Reid 2018), another review author performed data extraction (CG).

We extracted the following characteristics from each included
study:

1. administrative details: study author(s); published or
unpublished; year of publication; year in which study was
conducted; presence of vested interest; details of other relevant
papers cited;

2. study: study design; type, duration and completeness of follow-
up (e.g. greater than 80%); country and location of study;
informed consent; ethics approval;

3. participants: sex, birth weight, gestational age, number;
4. interventions: initiation, dose and duration of administration;

5. outcomes as mentioned above under Types of outcome
measures.

We resolved any disagreements by discussion. We collected
information about ongoing studies identified by our search,
when available, detailing the primary author, research question(s),
methods and outcome measures, together with an estimate of the
reporting date.

If the data reported were insufficient or incomplete, we contacted
study investigators/authors for clarification. We used Cochrane's
statistical software for data entry (Review Manager 2014). We
replaced any standard error (SE) of the mean by the corresponding
SD.

Assessment of risk of bias in included studies

Two review authors (CG, JM) independently assessed the risk of
bias (low, high or unclear) of all included trials using the Cochrane
'Risk of bias' tool (Higgins 2011b), for the following domains.

1. Sequence generation (selection bias).
2. Allocation concealment (selection bias).
3. Blinding of participants and personnel (performance bias).

4. Blinding of outcome assessment (detection bias).
5. Incomplete outcome data (attrition bias).

6. Selective reporting (reporting bias).
7. Any other bias.

We resolved disagreements by discussion or with a third review
author. See Appendix 2 for a more detailed description of risk of bias
for each domain.

Measures of treatment effect

We performed statistical analyses using Review Manager 5 (Review
Manager 2014). We analysed treatment effects for categorical data
using risk ratio (RR) and risk difference (RD). We calculated mean
differences (MDs) between treatment groups where outcomes were
measured in the same way for continuous data. Where outcomes
were measured differently, we reported data as standardised mean
differences (SMD). Where trials reported continuous data as median
and interquartile range (IQR), we summarised data narratively in
the results section. We report 95% confidence intervals (Cls) for all
outcomes.

Unit of analysis issues

All included trials were individually randomised, thus the unit of
analysis was the participating infant. All infants were considered
only once in the analysis. If future updates of this review include
cluster randomised trials we will analyse them using an estimate
of the intracluster correlation coefficient (ICC) derived from the
trial (if possible), or from a similar trial or from a study with a
similar population as described in Section 16.3.6 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).

Dealing with missing data

Where outcome data were missing, we contacted the study
investigators. We did not impute any missing data.

Assessment of heterogeneity

We examined heterogeneity among trials by inspecting the
forest plots and quantifying the impact of heterogeneity using
the 12 statistic. The degree of heterogeneity was graded as:
less than 50%, not serious, low heterogeneity; 50% to 75%:
serious, substantial heterogeneity; more than 75%: very serious,
considerable heterogeneity. Where we detected serious/very
serious statistical heterogeneity (I greater than 50%), we explored
the possible causes (e.g. differences in study quality, participants,
intervention regimens or outcome assessments).

Assessment of reporting biases

We assessed reporting bias by comparing the stated primary
outcomes and secondary outcomes and reported outcomes,
where study protocols were available, we compared these to full
publications to determine the likelihood of reporting bias. We were
unable to formally assess publication bias by generating funnel
plots due to insufficient numbers of studies reporting the same
outcome (fewer than 10).

Data synthesis

We performed meta-analysis using Review Manager 5 (Review
Manager 2014). We used a fixed-effect model to combine data
where it was reasonable to assume that studies were estimating the
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same underlying treatment effect. We used a random-effects model
to combine data where there was substantial level of heterogeneity.
Where there was evidence of clinical heterogeneity, we attempted
to explain this based on the different study characteristics and
planned to perform subgroup analyses where there was sufficient
data on subgroups.

Certainty of the evidence

We used the GRADE approach, as outlined in the GRADE Handbook
to assess the certainty of evidence of the primary outcomes
(Schiinemann 2013).

Two review authors (CG, JM) independently assessed the certainty
of the evidence for each of the primary outcomes. We considered
evidence from randomised controlled trials (RCTs) as high certainty
but downgraded the evidence one level for serious (or two levels
for very serious) limitations based upon the following: design (risk
of bias), consistency across studies, directness of the evidence,
precision of estimates and presence of publication bias. We
used the GRADEpro GDT Guideline Development Tool to create
'Summary of findings' tables to report the certainty of the evidence
for the primary outcomes.

Subgroup analysis and investigation of heterogeneity

We planned to explore high statistical heterogeneity in the
outcomes by visually inspecting the forest plots and by removing
the outlying studies in the sensitivity analysis (Higgins 2011a).
Where statistical heterogeneity was significant, we interpreted the
results of the meta-analyses accordingly; and downgraded the

certainty of evidence in the 'Summary of findings' tables, according
to the GRADE recommendations.

We planned to consider the following groups for subgroup analysis
of the primary outcomes:

1. less mature infants (defined as less than 1250 g birth weight or
less than 28 weeks' gestation);

2. source of protein (bovine, human, other animal);
3. use of hydrolysed protein;

4. the energy content of the two human milk fortifiers compared
(isocaloric or non-isocaloric).

Sensitivity analysis

We planned to conduct sensitivity analyses for primary outcomes
to determine if the findings were affected by inclusion of only
those trials considered to have used adequate methodology with
a low risk of bias (selection and performance bias). We performed
a sensitivity analysis for high versus moderate protein comparison
including three trials (Maas 2017; Miller 2012; Reid 2018). We were
unable to perform a sensitivity analysis for the moderate versus low
protein comparison due to only one trial that met the standard to
be included in such an analysis (Dogra 2017).

RESULTS
Description of studies

Results of the search

See Figure 1 for the study flow diagram.
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Figure 1. Study flow diagram.

1647 records 0 additional records
identified identified through other
through SOUrces

database

searching until
August 2019 (as
1616 unigue
studies)

!

1590 records

screened after 1543 records
duplicates excluded
remoyed
28 fulltext
articles
excluded, with
FEas0Ons:
- 22 wrong
interyention
¥
-2 Wrong
4?Ifull tent outcome
articles
assessed for — " - 4 wrong study
eligibility design

¥
9 records are ongoing trials

1 record is a full-text article
awaiting classification

¥

g trials included
in quantitative
synthesis
{meta-analysis)

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 12
infants (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

+ § Cochrane
é) Library

Cochrane Database of Systematic Reviews

We included nine trials (see Characteristics of included studies
table), and excluded 28 full text reports (see Characteristics of
excluded studies table).

There is one study awaiting classification due to lack of detail
about the protein concentration of the fortifiers compared
(see Characteristics of studies awaiting classification table). We
identified nine ongoing trials (see Characteristics of ongoing
studies table).

Included studies

The nine included trials were conducted in different countries/
regions including USA, Europe, Australia and India (Dogra 2017,
Kim 2015; Maas 2017; Miller 2012; Moya 2012; Porcelli 2000; Reid
2018; Rigo 2017; Sankaran 1996). In general, the included trials that
were undertaken in the late 1990s compared low and moderate
protein concentrations, whereas the more recent trials compared
moderate to high protein concentrations, reflecting a shift in
practice to higher protein fortification.

Participants

In total, 861 preterm infants participated in the included trials,
most of whom were born at less than 32 weeks' gestation or with
a birth weight less than 1500 g, or both, were appropriate weight
for gestational age, and their mothers intended to provide breast
milk during the study period. We excluded preterm infants with a
congenital or chromosomal abnormality.

Intervention

Six trials compared moderate (=1g,<1.4g/100 mL EBM) versus high
(=1.4 g/100 mL EBM) protein concentrations (Kim 2015; Maas 2017,
Miller 2012; Moya 2012; Reid 2018; Rigo 2017).

Three trials compared low (< 1 g/100 mL EBM) versus moderate
protein concentrations (=1 g, < 1.4 g/100 mL EBM) (Dogra 2017;
Porcelli 2000; Sankaran 1996).

Human milk fortifiers used in these studies were mostly
commercially available and all were bovine milk based, either
in liquid or powder form. All fortifiers had additional nutrients,
with varying amounts of fat, vitamins, minerals and trace
elements. Three trials manipulated the concentration of other
macronutrients to ensure the fortifiers were strictly isocaloric
(Miller 2012; Reid 2018; Rigo 2017).

Where there were insufficient volumes of mother's own milk to
meet enteral feeding requirements, three trials supplemented

infants with donor human milk (Kim 2015; Moya 2012; Rigo 2017),
and four trials supplemented with preterm infant formula (Dogra
2017; Maas 2017; Miller 2012; Reid 2018). Only two trials fed infants
with mother's own milk exclusively (Porcelli 2000; Sankaran 1996).

Outcomes

All trials reported growth parameters until the end of the
intervention, which was either the end of study period, or until
hospital discharge or 40 weeks' postmenstrual age. The most
common time period reported for growth was from when the infant
achieved 80 mL/kg/day to 100 mL/kg/day feeding until hospital
discharge or estimated delivery date. Other commonly reported
outcomes included blood biochemistry (blood urea nitrogen and
pH), adverse events (mortality, incidence of NEC and sepsis). No
study reported neurodevelopmental outcomes of these infants.

Excluded studies

We excluded 28 studies (Arco 2002; Atchley 2019; Berseth 2004;
Biasini 2012; Brumberg 2010; Coscia 2018; Costa-Orvay 2011;
Davies 1975; Ditzenberger 2013; ISRCTN27916681; Kanmaz 2013;
Liang 2018; Loui 2004; Lucas 1996; McLeod 2016; Moltu 2013;
Morlacchi 2016; Moro 1991; Moyer-Mileur 1992; Polberger 1989;
Quan 2020; Schanler2018; Strommen 2017; Tan 2008; Thoene 2014;
Thoene 2016; Thomaz 2014; Tracy 2015).

See Characteristics of excluded studies for details of exclusion.

Studies awaiting classification

We identified one study as potentially eligible for inclusion (Kashaki
2018). The study administered human milk fortifier without mixing
with EBM, instead, as in-between feeds four to five times a day. Both
groups received human milk fortifiers, and the intervention group
received an additional protein supplement of 0.6 g/kg/day to 0.8
g/kg/day mixed with EBM to achieve a higher level of intake. We
are unable to determine the protein concentration consumed by
the infants as grams per 100 mL fortified EBM, and are awaiting
a response from the authors to clarify the protein dosage. See
Characteristics of studies awaiting classification table.

Ongoing studies

We identified nine ongoing trials. See Characteristics of ongoing
studies table.

Risk of bias in included studies

See 'Risk of bias' summary (Figure 2).
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Seven trials used computer generated randomisation schedules
and were considered low risk of bias (Dogra 2017; Kim 2015;
Maas 2017; Miller 2012; Reid 2018; Rigo 2017; Sankaran 1996);
the remaining two trials provided insufficient information about
randomisation, and were at unclear risk of bias (Moya 2012; Porcelli
2000).

Five trials were at low risk of bias for allocation concealment (Dogra
2017; Kim 2015; Maas 2017; Miller 2012; Reid 2018). Four trials were
atunclear due to insufficient information (Moya 2012; Porcelli 2000;
Rigo 2017; Sankaran 1996).

Blinding

Six trials were at low risk of performance and detection bias, as
there were adequate methods described for blinding or personnel
and outcome assessors (Dogra 2017; Maas 2017; Miller 2012; Reid
2018; Rigo 2017), or a clear rationale for use of single blinding
(Porcelli 2000).

Moya 2012 reported that outcome assessors were blinded but it
was unclear if carers were blinded; therefore, the trial was rated at
unclear risk of bias.

Sankaran 1996 did not provide sufficient information for
assessment regarding blinding and was at unclear risk of bias.

Kim 2015 reported the trial was unblinded and was, therefore, at
high risk of bias.

Incomplete outcome data

Six trials were at low risk of attrition bias, as all infants were
accounted for, and there was similar attrition rate between the
comparison groups (Dogra 2017; Kim 2015; Maas 2017; Miller 2012;
Reid 2018; Rigo 2017).

Three trials were at unclear risk of attrition bias due to insufficient
information provided (Moya 2012; Porcelli 2000; Sankaran 1996).
In Sankaran 1996, results from 41 infants (out of 60 infants
originally enrolled) were available, whereas Porcelli 2000 reported
most outcomes on a per protocol analysis. Moya 2012 reported
significant attrition (27% overall, 23.6% for moderate protein
group and 31.1% for high protein group) as the trial progressed,

classifying the reasons as either 'fortifier related' or 'non-fortifier
related' but with no further details.

Selective reporting

There was insufficient evidence to judge whether there was
reporting bias as we did not have access to trial protocols. As
a result, all trials were considered unclear risk of reporting bias
(Dogra 2017; Kim 2015; Maas 2017; Miller 2012; Moya 2012; Porcelli
2000; Reid 2018; Rigo 2017; Sankaran 1996).

Other potential sources of bias

Five trials were sponsored by the formula industry (Kim 2015;
Moya 2012; Porcelli 2000; Rigo 2017; Sankaran 1996). For all these
trials, there was no further information reported regarding the role
of the sponsor in trial design and conduct, or data analysis and
interpretation, or preparation and approval of the manuscripts;
therefore, they were at unclear risk of bias. The remaining four
trials specified that the human milk fortifier manufacturer donated
products for trial but were not involved in any other way and were,
therefore, at low risk of bias (Dogra 2017; Maas 2017; Miller 2012;
Reid 2018).

Effects of interventions

See: Summary of findings 1 High compared to moderate protein
concentration of human milk fortifier for promoting growth
and neurological development in preterm infants; Summary of
findings 2 Moderate compared to low protein concentration
of human milk fortifier for promoting growth and neurological
development in preterm infants

High (= 1.4 g/100 mL EBM) versus moderate (21 g,< 1.4 g/100
mL EBM) protein concentration

Primary outcomes
1. Growth outcomes
1.1 Weight gain

Six trials including 606 infants reported data for weight gain (Kim
2015; Maas 2017; Miller 2012; Moya 2012; Reid 2018; Rigo 2017).
Meta-analysis showed there was a higher rate of weight gain in
infants fed high protein fortifier compared with moderate protein
fortifier (MD 0.66 g/kg/day, 95% Cl 0.51 to 0.82; I* = 21%; moderate
certainty evidence; Analysis 1.1; Figure 3).

Figure 3. Forest plot of comparison: 1 High versus moderate protein concentration of human milk fortifier,

outcome: 1.1 Weight gain (g/kg/day).

High Moderate Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Kim 2015 18.2 0.3 66 17.5 0.6 63 90.6% 0.70[0.54, 0.86] .

Maas 2017 16 24 15 16.3 2.2 30 1.2% -0.30[-1.75, 1.15] -

Miller 2012 15.94 1.96 46 15.71 2 49 3.9% 0.23[-0.57, 1.03] J

Moya 2012 15.8 4.3 74 15.7 4.2 72 1.3% 0.10[-1.28, 1.48] [ R

Reid 2018 17.32 2.95 31 17.29 1.99 29 1.5% 0.03 [-1.24, 1.30] —

Rigo 2017 18.3 3.7 64 16.8 3.7 67 1.5% 1.50 [0.23, 2.77] -

Total (95% CI) 296 310 100.0% 0.66 [0.51, 0.82] ’

Heterogeneity: Chi2 = 6.30, df =5 (P = 0.28); I = 21%

Test for overall effect: Z = 8.30 (P < 0.00001) 4 ) 2 4

Test for subgroup differences: Not applicable Favours moderate Favours high
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1.2 Length gain

Five trials including 547 infants reported length gain (Kim 2015;
Miller 2012; Moya 2012; Reid 2018; Rigo 2017). Meta-analysis

showed no difference in length gain between infants fed a high
protein fortifier compared with a moderate protein fortifier (MD
0.01 cm/week, 95% Cl -0.01 to 0.03; I = 53%; very low certainty
evidence; Analysis 1.2; Figure 4).

Figure 4. Forest plot of comparison: 1 High versus moderate protein concentration of human milk fortifier,

outcome: 1.2 Length gain (cm/week).

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 1.2 0.06 66 1.2 0.07 63  773%  0.00[-0.02,0.02] ‘
Miller 2012 1.15 0.15 43 1.09 0.14 49 11.1% 0.06 [0.00, 0.12] -
Moya 2012 1.12 0.36 74 0.98 0.36 72 2.9% 0.14[0.02, 0.26] ——
Reid 2018 1.1 0.14 31 1.1 0.14 29 7.8%  0.00[-0.07,0.07] 4
Rigo 2017 1.23 0.62 55 1.18 0.49 65 1.0%  0.05[-0.15, 0.25] —
Total (95% CI) 269 278 100.0%  0.01[-0.01, 0.03] ’
Heterogeneity: Chi2 = 8.44, df = 4 (P = 0.08); 12 = 53%
Test for overall effect: Z = 1.10 (P = 0.27) _:1 _0:'5 0 065 i

Test for subgroup differences: Not applicable

1.3 Head circumference gain

Five trials including 549 infants contributed data (Kim 2015; Miller
2012;Moya 2012; Reid 2018; Rigo 2017). Meta-analysis showed there

Favours moderate Favours high

was no effect of protein concentration on head circumference gain
(MD 0 cm/week, 95% Cl -0.01 to 0.02; I> = 0%; very low certainty
evidence; Analysis 1.3; Figure 5).

Figure 5. Forest plot of comparison: 1 High versus moderate protein concentration of human milk fortifier,

outcome: 1.3 Head circumference gain (cm/week).

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 1 0.05 66 1 0.04 63  83.6%  0.00[-0.02,0.02] *
Miller 2012 0.94 0.13 43 0.95 0.13 49 7.2%  -0.01[-0.06, 0.04] -+
Moya 2012 1.05 0.24 74 1.05 0.24 72 3.4% 0.00 [-0.08 , 0.08] —=4
Reid 2018 1.1 0.14 31 1.1 0.14 29 4.0%  0.00[-0.07, 0.07] 4
Rigo 2017 1.04 0.32 57 0.96 0.26 65 1.9%  0.08[-0.02,0.18] L
Total (95% CI) 271 278 100.0% 0.00 [-0.01, 0.02]
Heterogeneity: Chiz = 2.38, df = 4 (P = 0.67); I* = 0%

Test for overall effect: Z = 0.11 (P = 0.92)
Test for subgroup differences: Not applicable

1.4 Measures of body composition

No trials reported body composition data.

1.5 Proportion of infants who were small for gestational age

Miller 2012 reported the proportion of infants classified SGA at
the end of study period, based on weight, length and head
circumference measurements (where available). For weight, 15/35
(43%) infants in the high and 17/35 (49%) in the moderate protein
group were SGA (P = 0.84). For length, 21/49 (43%) infants in the
high and 31/63 (49%) in the moderate protein group were SGA (P =
0.047). For head circumference, 8/19 (42%) infants in the high and
11/22 (50%) infants in the moderate protein group were SGA (P =
0.66).

-1 05 05 1
Favours moderate Favours high

2. Neurodevelopmental outcomes

No trials reported on neurodevelopmental outcomes including
cerebral palsy, developmental delay, blindness and deafness.

3. Mortality

Maas 2017 reported no deaths in either the high or moderate
protein groups.

Four other trials did not specifically report death, but all infants
were accounted for in the trial follow-up period (Kim 2015; Miller
2012; Reid 2018; Rigo 2017).
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Secondary outcomes 2. Tolerance

1. Safety measures
1.1 Blood urea nitrogen

Three trials including 230 infants monitored blood urea nitrogen
regularly during the study period (Kim 2015; Miller 2012; Reid 2018).
The meta-analysis was based on the last measurement taken before
the trial concluded and showed that infants fed a high protein
fortifier had a higher blood urea nitrogen concentration compared
with infants fed a moderate protein fortifier (MD 1.25 mmol/L, 95%
Cl 1.19 to 1.32; 1> = 0%; Analysis 1.6).

1.2 Plasma amino acid levels

No trials reported plasma amino acid levels.

1.3 Plasma pH levels

One study reported no difference in plasma pH levels between
groups (mean 7.35, SD 0.03 for high protein group versus 7.35, SD
0.04 for moderate protein groups; P = 0.8) (Miller 2012).

1.4 Incidence of necrotising enterocolitis

Four trials including 326 infants reported on NEC (Kim 2015; Maas
2017; Miller 2012; Reid 2018). Meta-analysis showed there was no
difference in the risk of NEC between infants fed a higher versus
lower protein fortifier (RR 0.78,95% CI 0.27 to 2.27; 1> = 0%; Analysis
1.8).

1.5 Sepsis

Four trials including 326 infants reported on sepsis (Kim 2015; Maas
2017; Miller 2012; Reid 2018). Meta-analysis showed there was no
difference in the risk of sepsis between infants fed a higher versus
lower protein fortifier (RR 1.18, 95% CI 0.51 to 2.73; 1> = 0%; Analysis
1.9).

2.1 Episodes of interruption of feeds

One trial reported a significantly higher rate of feed interruptions
in the high protein group (n = 11, 35%) compared with moderate
protein (n=6,20%) (P =0.01) (Reid 2018).

2.2 Days to reach full enteral feed

Two trials including 162 infants reported days to reach full enteral
feed (Miller 2012; Reid 2018). Meta-analysis showed there was no
difference in the number of days to reach full enteral feeds between
infants fed a higher versus moderate protein fortifier (MD 0.26 days,
95% Cl -1.78 t0 2.31; 12 = 0%; Analysis 1.11).

3. Length of hospital stay

One trial reported length of hospital stay and found no difference
between groups (mean: 77 days (SD 21) in high protein group versus
73 days (SD 16) in moderate protein group; P =0.06) (Miller 2012).

High (= 1.4 g/100 mL EBM) versus low (< 1 g/100 mL EBM)
protein concentration

No trials compared a high versus low protein concentration fortifier.
Moderate (=1 g,<1.4 g/100 mL EBM) versus low (<1 g/100 mL
EBM) protein concentration

Primary outcomes

1. Growth outcomes

1.1 Weight gain

Two trials including 176 infants reported weight gain (Dogra 2017;
Porcelli 2000). Meta-analysis showed there was a higher rate of
weight gain in infants fed a moderate protein fortifier compared
with low protein fortifier (MD 2.08 g/kg/day, 95% Cl 0.38 to 3.77; |2
=919%; very low certainty evidence; Analysis 2.1; Figure 6).

Figure 6. Forest plot of comparison: 2 Moderate versus low protein concentration of human milk fortifier, outcome:

2.1 Weight gain (g/kg/day).

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dogra 2017 11.95 2.2 57 10.78 2.6 55 47.5% 1.17[0.28, 2.06] -
Porcelli 2000 19.7 0.98 35 16.8 0.96 29 52.5% 2.90[2.42,3.38] »
Total (95% CI) 92 84 100.0% 2.08[0.38, 3.77] ’
Heterogeneity: Tau? = 1.36; Chi2 = 11.21, df = 1 (P = 0.0008); 12 = 91%
Test for overall effect: Z = 2.41 (P = 0.02) 4 0 0 2 4

Test for subgroup differences: Not applicable

1.2 Length gain

Three trials involving 217 infants reported length gain (Dogra 2017;
Porcelli 2000; Sankaran 1996). Meta-analysis showed there was a

Favours low Favours moderate

higher rate of length gain in infants fed a moderate protein fortifier
compared with low protein fortifier (MD 0.09 cm/week, 95% CI 0.05
to 0.14; 1 = 0%; low certainty evidence; Analysis 2.2; Figure 7).
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Figure 7. Forest plot of comparison: 2 Moderate versus low protein concentration of human milk fortifier, outcome:

2.2 Length gain (cm/week).

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Dogra 2017 0.77 0.22 57 0.7 0.24 55 24.9%  0.07 [-0.02, 0.16]
Porcelli 2000 0.9 0.1 35 0.8 0.1 29  75.0%  0.10[0.05,0.15]
Sankaran 1996 1.2 0.94 22 0.9 4.79 19 0.0% 0.30[-1.89, 2.49] JE—
Total (95% CI) 114 103 100.0% 0.09 [0.05, 0.14] ‘
Heterogeneity: Chi2 = 0.39, df = 2 (P = 0.82); 2= 0%
Test for overall effect: Z = 4.26 (P < 0.0001) 4 i) 0 > 4

Test for subgroup differences: Not applicable

1.3 Head circumference gain

Three trials including 217 infants reported head circumference gain
(Dogra 2017; Porcelli 2000; Sankaran 1996). Meta-analysis showed

Favours low Favours moderate

there was no difference in head circumference gain in infants fed
a moderate protein fortifier versus low protein fortifier (MD 0.13
cm/week, 95% CI 0 to 0.26; 1> = 85%); very low certainty evidence;
Analysis 2.3; Figure 8).

Figure 8. Forest plot of comparison: 2 Moderate versus low protein concentration of human milk fortifier, outcome:

2.3 Head circumference gain (cm/week).

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Dogra 2017 0.66 0.16 57 0.6 0.15 55  49.2% 0.06 [0.00, 0.12] L
Porcelli 2000 1 0.1 35 0.8 0.1 29 50.4% 0.20[0.15, 0.25] [
Sankaran 1996 1.2 0.47 22 0.9 4.79 19 0.4% 0.30[-1.86,2.46] ¢ N
Total (95% CI) 114 103 100.0% 0.13 [-0.00, 0.26] ‘
Heterogeneity: Tau? = 0.01; Chi2 = 13.19, df = 2 (P = 0.001); I = 85%

Test for overall effect: Z = 1.96 (P = 0.05)
Test for subgroup differences: Not applicable

1.4 Measures of body composition

No trials reported data on body composition.

1.5 Proportion of infants who were small for gestational age

No trials reported data on SGA for weight, length or head
circumference.

2. Neurodevelopmental outcomes

No trials reported on neurodevelopmental outcomes including
cerebral palsy, developmental delay, blindness and deafness.

3. Mortality

One trial reported neonatal death, with no difference observed
between groups (1/57 in moderate protein group versus 2/55 in low
protein group; P =1.00) (Dogra 2017).

Sankaran 1996 did not report death specifically, but all infants were
accounted for in the trial follow-up period.

Secondary outcomes

1. Safety measures

1.1 Blood urea nitrogen

Two trials including 165 infants reported blood urea nitrogen
measurements either at the end of study (Porcelli 2000), or at
hospital discharge (Dogra 2017). Meta-analyses showed there was

05 1
Favours moderate

-1 0.5
Favours low

no difference in blood urea concentrations between infants fed
a moderate protein fortifier versus low protein fortifier (MD 0.44
mmol/L, 95% Cl -0.16 to 1.03; 1> = 97%; Analysis 2.5).

1.2 Plasma amino acid levels

No trials reported data for plasma amino acid levels.

1.3 Plasma pH levels

No trials reported data for plasma pH levels.

1.4 Incidence of necrotising enterocolitis

Onetrial reported on NEC, and found no difference between groups
(1/57 in moderate protein group versus 1/55 in low protein group;
P =1.00) (Dogra 2017).

1.5 Sepsis

One trial reported on sepsis, and found no differences between
groups (1/57 in moderate protein group versus 2/55 in low protein
group; P=0.68) (Dogra 2017).

2. Tolerance
2.1 Episodes of interruption of feeds

No trials reported episodes of interruption of feeds.
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2.2 Days to reach full enteral feed

One trial reported median days to reach full enteral feed, with no
difference between groups (median 9 days (IQR 5 to 11); n =57 in
moderate protein group versus 8 days (IQR 5 to 11); n = 55 in low
protein group; P =0.37) (Dogra 2017).

3. Length of hospital stay

One trial reported length of hospital stay, with no difference
between groups (median 29.2 days (IQR 22 to 45); n =57 in moderate
protein group versus 29.5 days (IQR 20 to 43); n =55 in low protein
group; P=0.89) (Dogra 2017).

Subgroup analysis - birth weight <1000 g

One trial reported growth outcomes among infants with a birth
weight less than 1000 g fed a high versus moderate protein
concentration fortifier; therefore, meta-analyses could not be
performed (Rigo 2017). Rigo 2017 showed no significant difference
between the two groups in length gain (1.07 cm/week (SD 0.52); n
=19 in high protein group versus 1.27 cm/week (SD 0.52); n =21 in
low protein group; P = 0.563) or head circumference gain (1.04 cm/
week (SD 0.34); n =19 in high protein group versus 0.94 cm/week
(SD 0.28); n =21 in low protein group; P = 0.223).

Subgroup analysis - energy content

Three trials compared fortifiers that were designed to be strictly
isocaloric (e.g. the same energy content in both groups) (Miller

2012; Reid 2018; Rigo 2017). However, in other trials, there were
relatively small differences in the energy content of the two human
milk fortifiers compared, especially when the fortifier was further
diluted with EBM. Therefore, we also considered trials to be
isocaloric when there was less than a 5% difference in the total
energy content between comparison groups when the fortifiers
were mixed with EBM (assuming 85 kcal/100 mL unless otherwise
stated by the study authors). Based on this, seven trials compared
fortifiers that were classified as isocaloric (Dogra 2017; Maas 2017;
Miller2012; Moya 2012; Porcelli 2000; Reid 2018; Rigo 2017), and two
were non-isocaloric (Kim 2015; Sankaran 1996).

High versus moderate protein concentration

In this comparison, five trials compared fortifiers that were
isocaloric (Maas 2017; Miller 2012; Moya 2012; Reid 2018; Rigo
2017),and one compared non-isocaloric fortifiers (Kim 2015). Meta-
analyses showed a significant subgroup effect for the outcome
of length gain (Chi® = 4.14, degree of freedom (df) = 1, P = 0.04,
I = 75.8%; Analysis 3.2; Figure 9). In the subgroup of trials that
compared isocaloric fortifiers, meta-analysis showed there was a
higher rate of length gain in infants fed a high versus moderate
protein fortifier (MD 0.05 cm/week, 95% CI 0.01 to 0.09; I* = 30%;
studies = 4; participants =418; Analysis 3.2; Figure 9), whereas there
was no difference in length gain in the one trial that compared
fortifiers that were non-isocaloric (MD 0.00 cm/week, 95% CI -0.02
to 0.02; participants = 129). There were no subgroup differences by
energy content for the outcomes of weight gain (Analysis 3.1) or
head circumference gain (Analysis 3.3).

Figure 9. Forest plot of comparison: 4 Subgroup analysis - calorie content, outcome: 4.2 Length gain (cm/week) -

high versus moderate.

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
3.2.1 Isocaloric
Miller 2012 1.15 0.15 43 1.09 0.14 49  11.1% 0.06 [0.00, 0.12] -
Moya 2012 1.12 0.36 74 0.98 0.36 72 2.9% 0.14[0.02, 0.26] —a—
Reid 2018 1.1 0.14 31 1.1 0.14 29 7.8%  0.00[-0.07,0.07] 4
Rigo 2017 1.23 0.62 55 1.18 0.49 65 1.0%  0.05[-0.15, 0.25] R —
Subtotal (95% CI) 203 215 22.7% 0.05 [0.01, 0.09] |‘
Heterogeneity: Chi? = 4.30, df = 3 (P = 0.23); 2= 30%
Test for overall effect: Z = 2.31 (P = 0.02)
3.2.2 Non-isocaloric
Kim 2015 1.2 0.06 66 1.2 0.07 63  77.3%  0.00[-0.02,0.02] [ ]
Subtotal (95% CI) 66 63 77.3%  0.00 [-0.02, 0.02]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 269 278 100.0%  0.01[-0.01, 0.03] ’
Heterogeneity: Chi2 = 8.44, df = 4 (P = 0.08); 12 = 53%
Test for overall effect: Z = 1.10 (P = 0.27) _:1 _0:'5 0 065 i

Test for subgroup differences: Chi2 = 4.14, df = 1 (P = 0.04), I = 75.8%

Moderate versus low protein concentration

In this comparison, two trials reporting on weight gain compared
fortifiers that were isocaloric, thus subgroup analyses could not be
performed (Analysis 3.4) (Dogra 2017; Porcelli 2000). There were no
subgroup differences by energy content for the outcomes length
gain (Analysis 3.5), or head circumference gain (Analysis 3.6).

Favours moderate Favours high

Subgroup analysis - use of hydrolysed protein

We were unable to perform subgroup analysis using hydrolysed
protein due to the lack of trials that used intact protein in both
groups. Four trials compared fortifiers that both used hydrolysed
protein, either extensively or partially hydrolysed (Maas 2017; Miller
2012; Reid 2018; Rigo 2017). Two trials specifically compared an
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intact and a hydrolysed protein human milk fortifier, making it
difficult to separate out the effects of protein concentration from
use of hydrolysed protein (Kim 2015; Moya 2012). Three studies did
not report sufficient detail about the use of hydrolysed or intact
protein (Dogra 2017; Porcelli 2000; Sankaran 1996).

Subgroup analysis - source of protein

We were unable to perform subgroup analysis by the source of
protein as all fortifiers in the included trials were derived from
bovine milk.

Sensitivity analysis

For the comparison of high versus moderate protein concentration,
three trials were at low risk of bias and included in the sensitivity
analysis (Maas 2017; Miller 2012; Reid 2018). All three reported
weight gain, and meta-analyses showed no difference between
groups (MD 0.09 g/kg/day, 95% CI -0.52 to 0.70; I* = 0%; participants
=200; Analysis 4.1). Two of these trials reported length gain and
head circumference gain, and meta-analyses showed no difference
in either outcome between comparison groups (length gain: MD
0.04 cm/week, 95% Cl -0.01 to 0.08; I> = 38%; participants = 152;
Analysis 4.2; head circumference gain: MD -0.01 cm/week, 95% ClI
-0.05 to 0.04; 12 = 0%; participants = 152; Analysis 4.3) (Miller 2012;
Reid 2018).

We were unable to perform sensitivity analysis for trials that
compared the effect of moderate versus low protein concentration
as there was only one trial considered low risk of bias for allocation
concealment and randomisation (Dogra 2017).

DISCUSSION

Summary of main results

We included nine trials involving 861 preterm infants. The available
evidence suggests there is a small but statistically significant
increase in weight gain among preterm infants fed a high protein
fortifier when compared with a moderate protein fortifier. There
was no overall effect on length gain; however, in the subgroup
analysed on energy content, there were subgroup differences, with
a significant increase in length gain identified only in trials that
compared fortifiers with the same or similar energy content. Small
increases in weight gain and length gain were also observed in
infants fed a moderate protein fortifier compared with a low protein
fortifier. The level of protein in the fortifier had no effect on head
circumference gain.

No trials reported on measures of quality of growth (e.g. body
composition), growth after hospital discharge or long term
neurodevelopmental outcomes, and there were insufficient data to
examine any effect on neonatal mortality.

Blood urea nitrogen concentrations were generally higher ininfants
fed a high or moderate protein concentration fortifier but all
reported blood urea nitrogen values were within the normal range.
There was insufficient evidence to examine the effect of protein
concentration on other biochemical outcomes, including plasma
pH and plasma amino acid concentrations. There was no evidence
of an effect of protein concentration on any other clinical outcomes
including sepsis, days to reach full enteral feeds, feed intolerance
or NEC, or on length of stay of the initial neonatal admission.

Overall completeness and applicability of evidence

While the meta-analyses showed statistically significant effects that
suggested a higher protein fortifier is associated with increased
growth rates, these findings should be interpreted and applied with
caution as the effect sizes are small. Based on moderate certainty
evidence, the use of a high protein fortifier rather than a moderate
protein fortifier, over a 12-week admission to the neonatal unit,
would result in 55 g/kg difference in weight gain. The effects were
greater in the moderate to low protein comparison, namely 175 g/
kg difference in weight gain and 1.08 cm/kg difference in length
gain; however, the certainty of the evidence for this comparison
was low to very low. In addition, the relevance of the moderate
versus low comparison to contemporary clinical practice is unclear
as manufacturers of commercially available fortifiers have tended
to increase their protein concentration in recent years.

For some growth outcomes, the meta-analysis showed moderate
to high levels of heterogeneity. Due to the small number of trials
overall, there was limited ability to explore possible sources of
heterogeneity in sensitivity and subgroup analyses. Nevertheless,
for the high versus moderate protein comparison, the small
improvements in weight gain seen overall were not present in
meta-analysis of the trials rated at low risk of bias, suggesting
differences in trial design may be contributing to heterogeneity.
Sensitivity analyses could not be undertaken for the moderate to
low protein fortifier comparisons as only one trial was rated at low
risk of bias. However, data reported in Porcelli 2000 were based on
a per protocol analysis, which may explain the greater effect size
observed and contribute to heterogeneity.

Participants in the included trials were broadly similar, mostly
preterm infants born less than 32 weeks or of low birth weight,
or both. We found no major differences in the subgroup analyses
undertaken to explore the effect of different energy content. The
exception was length gain, where a small but significant increase
in length gain was observed in trials that compared isocaloric
high versus moderate protein fortifiers, suggesting that additional
energy may contribute to the higher length gain in infants fed a high
protein fortifier. However, this should be interpreted with caution,
as there was high heterogeneity in this subgroup, and very few trials
included in this review compared a non-isocaloric intervention.
In addition, the clinical relevance of modest differences in length
gain is unclear. Subgroup analyses based on source of protein
(human versus bovine) and use of hydrolysed protein could not be
undertaken.

It is possible that the high heterogeneity seen in the moderate
versus low protein comparison may reflect different supplementary
feeding practices, as some of the trials gave infants complementary
feeds with infant formula whereas in others infants were exclusively
fed mother's own milk. Trials in this comparison were also
conducted almost two decades apart, therefore it is possible
that other changes in clinical practice such as the introduction
of probiotics into feeding regimens may also have contributed
to heterogeneity. Four trials specifically excluded infants given
probiotics or other interventions known to influence growth (e.g.
steroids), or both (Kim 2015; Moya 2012; Porcelli 2000; Rigo 2017),
whereas the extent of these practices was unclear in the remaining
trials.

We found no trials that compared high protein versus low protein
concentration. This is unlikely to be addressed in new trials,
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as current clinical practice has shifted towards higher protein
fortification due to concerns about growth. This is reflected in the
trials included in this review, where in general, trials comparing
moderate to low protein concentrations fortifiers were the oldest,
whereas more recent studies published since the 2010s compared
higher to moderate concentrations. Notably, only one trial was
undertaken in a low/middle income setting (Dogra 2017), thus the
review findings may not be generalisable to clinical practice outside
of high income settings where the burden of preterm birth lies.

The clinical significance of the small increases in growth rates
during the neonatal admission is not clear, as none of the trials
reported on long term growth or development of the preterm
infants.

Quality of the evidence

The overall certainty of evidence of primary outcomes was
moderate, low or very low (Summary of findings 1; Summary
of findings 2). The methodological approach was mostly well
described, and the very low certainty of evidence was mainly driven
by considerable levels of heterogeneity and imprecision due to
wide CI or Cl that included zero, which includes an indicator of
potential harmful effects. The certainty of evidence was further
downgraded if the number of total participants included for the
outcome was fewer than 400. We did not grade the overall certainty
of evidence of secondary outcomes due to small numbers of trials
and infrequent reporting of these outcomes.

Potential biases in the review process

Potential bias during study screening and selection and data
extraction was minimised by at least two review authors working
independently. However, there was an insufficient number of
studies to assess reporting bias by generating funnel plots. As
manufacturers of the fortifiers sponsored many of the trials in
this review, it is possible that trials that did not find favourable
results for one particular concentration of fortifier have not been
published. We attempted to minimise the risk of publication bias by
searching reference lists and clinical trial registries to identify trials
that have not yet been published. However, it is possible that trials
that did not report statistically significant differences have not been
published and therefore not included in this review.

We classified trials into the low, moderate or high protein groups
based on the protein concentration added to EBM. We did this to
overcome difficulties ascertaining protein intake specifically from
the fortifier, as trials often only report total protein intake based on
the fortifier concentration plus an assumed protein concentration
of EBM. This is problematic as there can be significant variation
in the protein concentration of breast milk between mothers and
by postnatal age (Gidrewicz 2014). Therefore, to minimise bias
associated with misclassification of exposure to added protein, we
compared the protein concentration of the fortifier as reported by
the manufacturer (often reported as numbers of packs per volume
of human milk).

The protein concentrations classified as low, moderate and
high were designed to capture changes in fortification practices
over time. When the review was first prepared in 2008, we
considered fortifiers with less than 1 g of added protein per
100 mL EBM to be low and anything above this was considered
high protein concentration, reflecting updated clinical guidelines

recommending increased protein intake (e.g. ESPGHAN 2010).
However, in more recently, several human milk fortifiers containing
14 g to 1.8 g added protein per 100 mL EBM have been
developed and tested (e.g. see Maas 2017; Reid 2018; Rigo 2017).
To permit examination of the impact of more recent changes
in practice, in this version of the review we created another
category by separating the high concentration group into two
groups (moderate and high). Therefore, the classifications reflect
a pragmatic approach and are not based on specific cut-offs
postulated to be associated with benefits or harms.

Agreements and disagreements with other studies or
reviews

We found one systematic review and meta-analysis that compared
growth outcomes of preterm infants fed with human milk fortifier
containing higher-than-standard versus standard (0.7 gto 1.1 g
added protein/100 mL EBM) concentrations of protein (Liu 2015).
The review included five studies (both trials and observational
studies) involving 352 preterm infants and found improved weight
gain (MD 1.77 g/kg/day, 95% Cl 0.81 to 2.73; P = 0.0003; I*> =
29%), length gain (MD 0.21 cm/week, 95% CI 0.12 to 0.29; P
< 0.0001; 1> = 0%) and head circumference gain (MD 0.19 cm/
week, 95% CI 0.07 to 0.31; P = 0.002; 1> = 56%) in infants fed a
higher protein concentration fortifier. The reported effect sizes were
generally higher than those reported in our review. This may reflect
differences in the categorisation of fortifier concentration, with the
review by Liu and colleagues grouping moderate and high protein
concentration fortifiers in the same category. In addition, the
"standard" fortifier category in that review included concentrations
of protein that would now be considered low and thus their findings
may have less relevance to current clinical practice.

The findings of our review are broadly consistent with other
Cochrane Reviews examining the effects of protein for promoting
growth in preterm infants, with short-term weight gain reported
in meta-analyses of infants fed with higher versus lower protein
concentration infant formula (Fenton 2020) or multi-nutrient
fortified versus unfortified human milk (Brown 2020), and among
those fed with human milk supplemented with additional protein
(Amissah 2018).

AUTHORS' CONCLUSIONS

Implications for practice

Very low to moderate certainty evidence suggests feeding preterm
infants with human milk fortifier containing higher protein
concentration results in small increases in weight gain, and
may increase length gain during the neonatal admission. The
concentration of protein in fortifiers was not associated with any
clear differences in head growth, or neonatal complications such
as feed intolerance and sepsis, although few trials reported these
outcomes. There is insufficient evidence about the possible effect
of protein concentration on adverse outcomes and long term
growth or neurological development.

Implications for research

There is considerable uncertainty about the relevance of small
increases in short term growth among preterm infants for longer
term growth and developmental outcomes. Although there did
not appear to be any adverse effects associated with a higher
protein concentration fortifier, existing trials were underpowered to
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assess the effects of protein concentration on important outcomes
including necrotising enterocolitis. As fortifier is routinely used in
clinical practice in many neonatal units, further trials are warranted
to determine whether higher protein concentration fortifier is
indeed beneficial for longer term health outcomes. The nine
ongoing trials identified during the review process may include up
to 1038 preterm infants from both low and high income settings.
Some trials have already concluded active enrolment. The majority
of these ongoing trials are designed to determine the effect of
different protein concentrations on short term growth outcomes,
with some planned follow-up to assess neurodevelopmental
outcomes at 24 or 40 months' corrected age. Future trials should
be powered to assess long term growth, neurodevelopmental and

cardiometabolic outcomes. These trials should also be conducted
outside of high income settings.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Dogra 2017

Study characteristics

Methods Parallel randomised controlled trial, single centre

Participants Inclusion criteria

1. preterm infants weighting < 1500 g or < 32 weeks at birth were enrolled when they reached a feed
volume of 100 mL/kg/day

Exclusion criteria
1. preterm infants with lethal congenital malformation
Setting: neonatal intensive care unit of a tertiary hospital in northern India

Timing: October 2012 to April 2014

Interventions Intervention: bovine based human milk fortifier containing 1 g hydrolysed protein added to 100 mL
EBM (n=57)

Control: bovine based human milk fortifier containing 0.4 g protein (not reported whether hydrolysed)
added to 100 mL EBM (n =55)

Calorie content: isocaloric, providing 17.2 kcal (intervention) vs 13 kcal (control) energy added to 100
mL EBM (102.2 kcal vs 98 kcal in fortified EBM, 4% difference)

Start of intervention: when infants tolerating feed volume of 100 mL/kg/day.

Mean age at study entry: 6.7 days (SD 4.7) in intervention group and 6.49 days (SD 4.6) in control
group

End of intervention: when infants tolerating feed volume of 180 mL/kg/day

Outcomes Primary outcomes
1. head growth at 40 weeks' postmenstrual age
Secondary outcomes

. weight and length at 40 weeks' postmenstrual age

. head growth, length and weight at discharge and 12-18 months' corrected age
. culture positive sepsis

. necrotising enterocolitis

. biochemical parameters (blood urea nitrogen, calcium, phosphorus, alkaline phosphatase and pre-
albumin) at discharge

6. neurodevelopmental outcomes at 12-18 months' corrected age

g b W N =

Notes Conflict of interest: none declared

Source of funding: Nestec, Switzerland donated the human milk fortifier.

Risk of bias

Bias Authors' judgement Support for judgement
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Dogra 2017 (Continued)

Random sequence genera-  Low risk The random sequence numbers with a block size of 4 were generated by an in-
tion (selection bias) dependent researcher.
Allocation concealment Low risk The sequence was kept in serially numbered sealed opaque envelopes.

(selection bias)

Blinding of participants Low risk Treating neonatologist, research personnel and families of the enrolled infants
and personnel (perfor- were unaware of group allocation.
mance bias)

All outcomes

Blinding of outcome as- Low risk Treating neonatologist and research personnel were unaware of group alloca-
sessment (detection bias) tion.
All outcomes

Incomplete outcome data  Low risk Allinfants were accounted for, analyses were performed for all available in-
(attrition bias) fants at each time point. Attrition rate was 5% for intervention group and 8.3%
All outcomes for control group.

Selective reporting (re- Unclear risk Insufficient information.

porting bias)

Other bias Low risk Trial product was donated by manufacturer, who was not further involved in
the trial.
Kim 2015
Study characteristics
Methods Parallel randomised controlled trial, multi-centre, stratification by infant sex and birth weight
Participants Inclusion criteria

1. preterminfants born < 33 weeks' gestational age with birth weight 700-1500 g who were enterally fed
human milk in the neonatal intensive care unit), appropriate intrauterine growth and maternalintent
to provide breast milk during the study

Exclusion criteria

. enteral feeds not started within 21 days of life

. severe congenital anomalies

. expectant transfer to another facility

. 5minute Apgar <5

. severe intraventricular haemorrhage (grade 3 or 4)
mechanical ventilation

. major abdominal surgery

. severe asphyxia

. necrotising enterocolitis

10.any use of probiotics or postnatal corticosteroids

© N U R WN

Setting: 14 neonatal intensive care units from across the USA

Study date: not reported

Interventions Intervention: bovine based liquid human milk fortifier containing 1.66 g extensively hydrolysed pro-
tein added to 100 mL EBM (n = 66)
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Kim 2015 (continued)

Control: bovine based human milk fortifier containing 1 g intact protein added to 100 mL EBM (n = 63)

Calorie content: non-isocaloric, providing 30 kcal (intervention) vs 14 kcal (control) energy added to
100 mL EBM (110 kcal vs 99 kcal in fortified EBM, 11% difference)

Start of intervention: within 72 hours after the infant had reached an intake of = 100 mL/kg/day of hu-
man milk

Mean age at study day 1: 12.8 days (SE 0.6) in intervention group and 12.3 days (SE 0.7) in control
group

End of intervention: 29 days or hospital discharge

Outcomes Primary outcome
1. weight gain
Secondary outcomes
1. length and head circumference gain
2. blood cell counts
3. serum blood biochemistries
4. feedingtolerance
5. morbidity
6. respiratory outcomes
7. adverse events
Notes Conflict of interest: JHK is on the speakers' bureaus for Abbott Nutrition, Mead Johnson Nutrition,
Nestle Nutrition, Nutricia and Medela. JHK and RS are on the medical advisory board for Medela.
Source of funding: Abbott Nutrition funded the study.
Note that the human milk fortifier used in the intervention group was liquid; therefore, the added pro-
tein concentration was converted to gram per 100 mL of fortified EBM in this review.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomisation schedules were computer generated using a (quote:) "pseudo-
tion (selection bias) random permuted blocks algorithm". A separate computer generated ran-
domisation schedule was produced for twins to ensure that eligible twins were
both assigned to the same product. The randomisation block was stratified by
infant birth weight (700-1000 g and 1000-1500 g) and sex.
Allocation concealment Low risk Sealed envelopes contained the treatment group assignment.
(selection bias)
Blinding of participants High risk Study was unblinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Study was unblinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Allinfants accounted for, and reported by intention to treat, the attrition rate
(attrition bias) was 12% in the intervention group and 12.5% in the control group.
All outcomes
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Kim 2015 (continued)

Selective reporting (re- Unclear risk Insufficient information.
porting bias)

Other bias Unclear risk Trial was sponsored by manufacturer, the role of whom was not described fur-
ther.
Maas 2017
Study characteristics
Methods Parallel randomised controlled trial, single centre
Participants Inclusion criteria

1. preterminfants with gestational age <32 weeks at birth and birth weight <1500 g, mothersintended to
supply breast milk and they had reached an enteral feeding volume of =2 100 mL/kg/day until postnatal
day7

Exclusion criteria

1. major congenital abnormality
2. major chromosomal abnormality

Setting: neonatology department at Tuebingen University Children's Hospital, Germany

Timing: October 2012 to October 2014

Interventions Intervention: bovine based human milk fortifier containing 1.8 g hydrolysed protein added to 100 mL
EBM using either standard fortification (n = 15) or individual fortification (n = 15) regimen (only the re-
sults from the standard fortification group were included in this review)

Control: bovine based human milk fortifier containing 1 g hydrolysed protein added to 100 mL EBM (n
=30)

Calorie content: isocaloric, providing 22 kcal (intervention) versus 18 kcal (control) energy added to
100 mL EBM (107 kcal vs 103 kcal in fortified EBM, 4% difference)

Start of intervention: not stated other than "intervention continued according to allocation from ran-
domization"

Median age at study entry: 7 days (IQR 6-10) in intervention group and 7 days (IQR 6-7) in control
group

End of intervention: until definite discharge planning (< 1 week before discharge)

Outcomes Primary outcome
1. weight gain
Secondary outcomes

. head circumference gain

. weight

. head circumference and length at discharge

. SD score difference for weight and head circumference between discharge and birth
. lower leg longitudinal growth

o b W N =
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Maas 2017 (Continued)

Note: some outcomes (head circumference gain, lower leg length gain) were reported for the higher
protein group overall without reporting results for the standard fortification group separately. The trial
authors were contacted to request separate data but no response has been received to date.

Notes Conflict of interest: ARF received speaker or consultant honoraria from Nestla, Milupa and Hipp, and
received grants from Nestle for educational seminars.
Source of funding: Nestle Nutrition, Frankfurt Germany

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A computer generated randomisation scheme was produced by an indepen-
dent statistician to assign the infants to intervention groups in a 2:1:1 ratio.

Allocation concealment
(selection bias)

Low risk Randomisation was performed using sequentially numbered, sealed, opaque
envelopes. Siblings of multiple birth were randomised individually.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Carers and parents were blinded to the type of study fortifier in all groups.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Carers and parents were blinded to the type of study fortifier in all groups.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No infants were excluded or lost to follow-up. All infants were included in the
primary outcome analyses.

Selective reporting (re- Unclear risk Insufficient information.
porting bias)
Other bias Low risk Trial product was donated by manufacturer, who was not further involved in
the trial.
Miller 2012
Study characteristics
Methods Parallel randomised controlled trial, multi-centre, with stratification by gestational age and infant sex

Participants

Inclusion criteria
1. preterm infants born at <31 weeks' gestation and their mothers intended to supply breast milk
Exclusion criteria

. major congenital or chromosomal abnormality known to affect growth

. extra dietary protein was contraindicated

. maternal milk supply was low, together with uncertainty about continuing to express milk or
. they were likely to be transferred to an area where follow-up to discharge would be difficult

H oW N =

Setting: 2 neonatal intensive care units in Adelaide, Australia
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Miller 2012 (continued)

Study date: October 2006 to June 2008

Interventions

Intervention: bovine based human milk fortifier containing 1.4 g extensively hydrolysed protein added
to 100 mL EBM (n = 43)

Control: bovine based human milk fortifier containing 1 g extensively hydrolysed protein added to 100
mL EBM (n =49)

Calorie content: isocaloric, providing 17 kcal energy added to 100 mL EBM
Start of intervention: when infant's enteral intake reached 80 mL/kg/day

Median age at trial entry: 13 days (IQR 10-16) in intervention group and 13 days (IQR 10-18) in control
group

End of intervention: at discharge or the expected date of delivery

Outcomes Primary outcome
1. length gain
Secondary outcomes
1. weight and head circumference gain
2. blood biochemistry (serum urea nitrogen, creatinine, albumin, pH)

3. feedingtolerance
4. clinical data (necrotising enterocolitis, sepsis, brain injury, retinopathy of prematurity and oxygen re-
quirement at 36 weeks' postmenstrual age)

Notes Conflict of interest: MM and RAG have conducted clinical trials funded by the formula industry. MM
serves on advisory boards for Nesle, Fonterra, Nutricia and Danone. RAG serves on scientific advisory
boards for Fonterra.

Source of funding: Grant-in-Aid from Denis Harwood. Nestle Nutrition, Switzerland donated the hu-
man milk fortifiers.
Unpublished data regarding weight gain as g/kg/day were sought and used.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk The randomisation schedule was developed by an independent researcher us-

tion (selection bias) ing a computer random number generator to select random permuted blocks

of 4.

Stratification was by gestational age (< 28 and 28-32 weeks) and infant sex.
Multiple births were randomly assigned to the same group according to the
sex and gestational age of the first born infants.

Allocation concealment Low risk The tins of fortifier were sequentially numbered by an independent staff mem-

(selection bias) ber according to the allocation sequence.

The study fortifiers were supplied as a powder in 100 g tins and were identical
in appearance, packaging and rate of mixing.

Blinding of participants Low risk Research personnel, outcome assessors and analysts were unaware of the

and personnel (perfor- group allocation.

mance bias)

All outcomes
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Miller 2012 (continued)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Research personnel, outcome assessors and analysts were unaware of the
group allocation.

Incomplete outcome data  Low risk Allinfants were accounted for, the attrition rate was similar in the 2 groups

(attrition bias) (only 1L infantin each group discontinued intervention, but their data were in-

All outcomes cluded).

Selective reporting (re- Unclear risk Insufficient information.

porting bias)

Other bias Low risk Trial product was donated by manufacturer, who was not further involved in
the trial.

Moya 2012
Study characteristics
Methods Parallel randomised controlled trial, multi-centre, stratification by infant sex and birth weight

Participants

Inclusion criteria

1. preterm infants with birth weight < 1250 g, gestational age < 30 3/7 weeks, exclusively fed breast milk
(mother's milk or donor milk) and enteral intake of = 80 mL/kg/day of unfortified human milk

Exclusion criteria

1. underlying disease or congenital malformation likely to interfere with growth or tolerance of fortified
human milk

5-minute Apgar score < 4

major surgery requiring anaesthesia

diagnosis of grade 3 or 4 intraventricular haemorrhage before or on study day 0

received pharmacological doses of glucocorticoids for 3 consecutive days on or before study day 0
consumed > 3 feedings of fortified breast milk before study day 0

feeding intolerance to human milk; fluids restricted to < 120 mL/kg/day

history of creatinine > 2 g/dL on or during the 7 days before study day 0

received probiotics

10.required > 40% fraction of inspired supplemental oxygen via mechanical ventilation or continuous
positive airway pressure on study day 0

PN UA WD

Setting: multi-centre (14 centres) but no further details

Study date: not reported

Interventions

Intervention: bovine based liquid human milk fortifier containing 1.6 g hydrolysed protein added to
100 mL EBM (n = 74)

Control: bovine based human milk fortifier containing 1 g intact protein added to 100 mL EBM (n =72)

Calorie content: isocaloric, providing total of 81 kcal (intervention) vs 78 kcal per 100 mL fortified EBM
(4% difference)

Start of intervention: start time point not described in methods - other than day of commencement
noted as study day 0

Mean age at day 1: 18.4 days (SE 0.9) in intervention group and 17.8 days (SE 0.9) in control group
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Moya 2012 (Continued)

End of intervention: 28 days, or hospital discharge, or termination of fortified breast milk feeding

Outcomes Primary outcome
1. weight gain
Secondary outcomes

rate of length gain

achieved growth

ponderal index

enteral/parenteral nutritional intake

feeding tolerance

respiratory status

oliguria

serum chemistries

blood gasses

10.incidence of necrotising enterocolitis and sepsis and

e N WDN

11.serious adverse effects

Notes Conflict of interest: CLB and KRW are employees of Mead Johnson.
Source of funding: Mead Johnson supported the study.

Note to the protein concentration: there was insufficient information from the text to determine the
protein concentration of the two human milk fortifiers compared, only stating the intervention fortifi-
er providing 20% more protein than the control fortifier, when mixed with EBM. We searched for sec-
ondary papers related to this manuscript and found the same description, where the following addi-
tional information was available:

Intervention (liquid, 4 vials per 100 mL EBM): containing 1.8 g protein per 4 vials
Control (powder, 4 sachet per 100 mL EBM): containing 1.1 g protein per 4 sachets

Note that the human milk fortifier used in the intervention group was liquid; therefore, the added pro-
tein concentration was converted to gram per 100 mL of fortified EBM in this review.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Insufficient information.

tion (selection bias)

Allocation concealment Unclear risk Insufficient information.
(selection bias)

Blinding of participants Unclear risk Insufficient information.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information.
sessment (detection bias)
All outcomes

Incomplete outcomedata  Unclearrisk Insufficient information, attrition rate was 31.1% in intervention group and
(attrition bias) 23.6% in control group, based on 2 reasons as (quote:) "fortifier related" and
All outcomes "not fortifier related".
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Moya 2012 (Continued)

Selective reporting (re- Unclear risk Insufficient information.
porting bias)

Other bias Unclear risk Trial was sponsored by manufacturer, the role of whom was not described fur-
ther.

Porcelli 2000

Study characteristics

Methods Parallel randomised controlled trial, multi-centre

Participants Inclusion criteria

1. medically stable very low birth weight infants, had a gestational age 25-32 weeks, a birth weight 600-
1500 g, were appropriate for gestational age, had an enteral intake of 150 mL/kg/day human milk, and
were being fed human milk exclusively

Exclusion criteria

1. receiving parenteral nutrition or infant formulas

2. significant acute or chronicillness

3. systemic infections

4. major congenital malformations

5. receiving corticosteroids, diuretics or mother's milk that was < 14 days postpartum

Setting: neonatal intensive care units at 8 hospitals across USA

Study date: not reported

Interventions Intervention: bovine based human milk fortifier containing 1.0 g protein added to 100 mL EBM (n = 35)
Control: bovine based human milk fortifier containing 0.7 g protein added to 100 mL EBM (n =29)

Calorie content: isocaloric, 13 kcal (intervention) versus 14 kcal (control) energy added to 100 mL EBM
(98 kcal vs 99 kcal in fortified EBM, 1% difference)

Start of intervention: not stated other than "when human milk fortification was introduced"
Mean age at trial entry: 21.2 days (SE 1.5) in intervention group and 17.7 days (SE 1.3) in control group

End of intervention: when fully weaned from the assigned fortifier and receiving only unsupplement-
ed human milk

Outcomes Primary outcome: outcomes were not specified as primary or secondary, but study was powdered to
detect difference in weight gain. Outcomes included:

1. weight
2. length and head circumference gain

3. blood chemistry (vitamin D, copper, ceruloplasmin, sodium, calcium, phosphorus, blood urea nitro-
gen, alkaline phosphate)

Notes Conflict of interest: not reported

Source of funding: Wyeth Nutritionals International, USA supported the study.

Risk of bias
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Bias

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Insufficient information provided - study only described as (quote:) "...
tion (selection bias) prospective, randomized controlled ..."
Allocation concealment Unclear risk Insufficient information provided.
(selection bias)
Blinding of participants Low risk Investigators blinded to study group, carers unblinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Investigators blinded to study group.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Data reported in this trial were based on a per protocol analysis, only select re-
(attrition bias) ported safety outcomes were based on intention to treat analysis. The overall
All outcomes attrition rate was 28.9% (25.5% for intervention, 32.5% for control).
Selective reporting (re- Unclear risk Insufficient information.
porting bias)
Other bias Unclear risk Trial was sponsored by manufacturer, the role of whom was not described fur-
ther.
Reid 2018
Study characteristics
Methods Parallel randomised controlled trial, single centre, with stratification by infant sex and gestational age

Participants

Inclusion criteria
1. infants born 28-32 completed weeks' gestation whose mothers intended to provide breast milk
Exclusion criteria

1. major congenital or chromosomal abnormality likely to affect growth
2. where protein therapy was contraindicated

3. infants likely to transfer to remote locations and infants who had received standard practice human
milk fortifier for > 4 days

Setting: neonatology department Women's and Children's Hospital, Adelaide, Australia

Timing: February 2012 to May 2013

Interventions

Intervention: bovine based human milk fortifier containing 1.8 g extensively hydrolysed protein added
to 100 mL EBM (n = 31)

Control: bovine based human milk fortifier containing 1 g extensively hydrolysed protein added to 100
mL EBM (n = 29)

Calorie content: isocaloric, 21 kcal energy added to 100 mL EBM

Start of intervention: within 1 or 2 days after randomisation
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Mean age at study entry: 8.9 days (SD 3.2) in intervention group and 9.0 days (SD 2.5) in control group

End of intervention: until removal of the nasogastric tube or estimated date of delivery

Outcomes

Primary outcome
1. rate of weight gain

Secondary outcomes

feeding tolerance

Hw N

length and head circumference gain
small for gestational age and body composition

biochemical analysis (blood urea nitrogen, plasma albumin, plasma creatinine, pH and base deficit

measured, amino acids)

Notes

Conflict of interest: MM serves on scientific advisory boards for Fonterra and Nestle.

Source of funding: a Women's and Children's Hospital Foundation Grant funded the research. Nestle
Nutrition and Nutricia donated human milk fortifiers and supplements used in this study.

Unpublished data regarding weight gain as g/kg/day were sought and used.

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk An independent researcher created the randomisation schedule using a com-

tion (selection bias) puter generated variable block design of 4 and 6

Allocation concealment Low risk Upon consent, infants were randomised by telephoning an independent re-

(selection bias) searcher who held the randomisation schedule and assigned a unique study
identification number

Blinding of participants Low risk Participants, clinicians, outcome assessors and data analysts were blinded to

and personnel (perfor- randomisation group.

mance bias)

All outcomes

Blinding of outcome as- Low risk Clinicians, outcome assessors and data analysts were blinded to randomisa-

sessment (detection bias) tion group.

All outcomes

Incomplete outcome data  Low risk Allinfants were accounted for in the analyses, 2 infants in each group discon-

(attrition bias) tinued intervention but their data were included.

All outcomes

Selective reporting (re- Unclear risk Insufficient information.

porting bias)

Other bias Low risk Trial product was donated by manufacturer, who was not further involved in
the trial.

Rigo 2017
Study characteristics
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Rigo 2017 (continued)
Methods

Parallel randomised controlled trial, multi-centre, stratification was by centre, sex and birth weight

Participants

Inclusion criteria

1. preterm infants (< 32 weeks' gestation, or < 1500 g at birth), clinically stable, mothers intended to
provide breast milk or donor milk during study period

Exclusion criteria

. preterm infants had history of or current systemic, metabolic, or chromosomic disease
. congenital anomalies of Gl tract

. small for gestational age (< 5th percentile)

. receiving steroids during study period

. receiving preterm formula study period

o b W N =

Setting: neonatal intensive care unit at 11 metropolitan hospitals in France, Belgium, Germany and
Switzerland and Italy

Timing: April 2011 to March 2014

Interventions

Intervention: bovine based human milk fortifier containing 1.42 g hydrolysed protein added to 100 mL
EBM (n =76)

Control: bovine based human milk fortifier containing 1 g hydrolysed protein added to 100 mL EBM (n
=74)

Calorie content: isocaloric, providing 84.5 kcal energy per 100 mL fortified human milk
Start of intervention: infants tolerating > 100 mL/kg/day of human milk for > 24 hours

Median age at study day 1: 16 days (IQR 13-20) in intervention group and 17 days (IQR 13-23) in con-
trol group

End of intervention: minimum of 21 days, or until discharged/medical decision to stop fortification

Outcomes

Outcomes were not specified as primary or secondary

1. growth (weight, length and head circumference gain)
2. protein energy status (blood urea nitrogen, prealbumin levels, urinary urea excretion)

3. bone metabolic status (serum calcium, phosphorus, alkaline phosphatase, urinary excretion of calci-
um and phosphorus)

4. stool characteristics and feeding intolerance

5. adverse events (Gl disorder, infections, metabolism and nutrition disorder, cardiac disorders, eye dis-
orders, necrotising enterocolitis, bronchopulmonary dysplasia, sepsis and retinopathy)

Notes

Conflict of interest: authors either received research funding from Nestle Nutrition or were affiliated
with Nestle Nutrition.

Source of funding: Nestle Nutrition funded the study.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated list of random numbers was used to allocate group as-
signment. Minimisation algorithm with allocation ratio 1:1 and second best
probability of 15% was used.
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Rigo 2017 (continued)

Allocation concealment Unclear risk Reported as (quote:) "Group coding was used with 2 non speaking codes per
(selection bias) group; fortifier packaging was coded accordingly but otherwise identical in ap-
pearance".
Lack of clarity, uncertain of what the quote above means.
Blinding of participants Low risk All study personnel (both site and sponsor based) and participants (infants'
and personnel (perfor- families) were blind to group assignment.
mance bias)
All outcomes
Blinding of outcome as- Low risk All study personnel (both site and sponsor based) were blind to group assign-
sessment (detection bias) ment.
All outcomes
Incomplete outcome data  Low risk Allinfants accounted for in flow diagram, attrition rate similar between groups
(attrition bias) (only 1infant in the intervention group and 2 infants in the intervention group
All outcomes were excluded due to violation of the exclusion criteria).
Selective reporting (re- Unclear risk Insufficient information.
porting bias)
Other bias Unclear risk Trial was sponsored by manufacturer, the role of whom was not described fur-

ther.

Sankaran 1996

Study characteristics

Methods

Parallel randomised controlled trial, multi-centre

Participants

Inclusion criteria

1. healthy preterm infants with birth weight 600-1600 g, gestational age 24-34 weeks. Mother was able
to supply = 90% of her baby's milk supply daily after the addition of fortifier. The infant had received
and tolerated = 120 mL/kg/day of full strength preterm milk for 3 consecutive days

Exclusion criteria

. receiving total parenteral nutrition

. had major congenital anomalies

. experienced renal dysfunction

. needed special formulas other than Similac Special Care

H W N =

Setting: 2 neonatal intensive care units in Canada

Study date: not reported

Interventions

Intervention: bovine based liquid human milk fortifier containing 1.09 g protein added to 100 mL EBM
(n=29)

Control: bovine based human milk fortifier containing 0.7 g protein added to 100 mL EBM (n = 31)

Calorie content: non-isocaloric, 73.5 kcal (intervention) vs 80.6 kcal (control) energy per 100 mL forti-
fied EBM (9% difference)

Start of intervention: tolerating full feeds of 120 mL/kg/day preterm milk after 3 consecutive days

Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 40

infants (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Sankaran 1996 (continued)

Mean age at trial entry: 20.1 days (SE 2.4) in intervention group and 24.5 days (SE 3.1) in control group

End of intervention: when the infants reached 2 kg bodyweight or gained 35 g/day averaged over 10
days

Outcomes Outcomes were not specified as primary or secondary

1. weight gain

2. length gain

3. head circumference gain
4. serum albumin

5. protein

6. phosphorus

7. calcium

8. alkaline phosphatase

Notes Conflict of interest: none declared
Source of funding: Abbott Laboratories and Mead Johnson Canada partially funded the study.

Note regarding the protein concentration: there was insufficient information regarding the protein
concentration of the 2 human milk fortifier as g/100 mL EBM and following calculations were done to
determine the protein concentration. Note: although confirmation was sought from the authors, no re-
sponse has been received to date.

Intervention (liquid, mixed with EBM in 1:1 ratio): liquid human milk fortifier containing 2.7 g protein
per 124 mL as provided in the text, equal to 1.09 g/50 mL when mixed with 50 mL EBM, therefore the
protein derived from the fortifier was 1.09 g/(50 + 50 mL). The final fortified EBM containing 2.6 g pro-
tein per 136 mL, half of the volume was derived from the liquid human milk fortifier which contained
1.48 g protein, therefore the protein concentration of EBM was 1.12 g/68 mL = 1.65 g/100 mL

Control (powder, mixed with EBM as 4 packs/100 mL EBM): the final fortified EBM containing 2.9 g pro-
tein per 124 mL as provided in the text, and the protein from EBM was 2.05 g (based on 1.65 g/100 mL
and 124 mL), therefore the protein derived from the fortifier was 0.85 g/124 mL = 0.7 g/100 mL.

Note that the human milk fortifier used in the intervention group was liquid, therefore the added pro-
tein concentration was converted to gram per 100 mL of fortified EBM in this review.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer generated block randomisation.

tion (selection bias)

Allocation concealment Unclear risk Insufficient information.
(selection bias)

Blinding of participants Unclear risk Insufficient information.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information.
sessment (detection bias)
All outcomes
Comparison of different protein concentrations of human milk fortifier for promoting growth and neurological development in preterm 41

infants (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::':eal:l:.lswns

Sankaran 1996 (continued)

Cochrane Database of Systematic Reviews

Incomplete outcome data  Unclear risk Trial was designed to determine the efficacy of the product, no intention to

(attrition bias)
All outcomes

treat data reported. Attrition were described (41/60 infants' data were used for
analysis) but unclear which group the infants originally enrolled in.

Selective reporting (re- Unclear risk Insufficient information.

porting bias)

Other bias Unclear risk Trial was sponsored by manufacturer, the role of whom was not described fur-
ther.

EBM: expressed breast milk; Gl: gastrointestinal; IQR: interquartile range; n: number of participants; SD: standard deviation; SE: standard

error.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Arco 2002

Wrong intervention - compared fortified human milk with formula.

Atchley 2019

Wrong intervention - intervention included both parenteral and enteral nutrition.

Berseth 2004

Wrong intervention - both fortifiers fell into the same category (= 1 g, < 1.4 g protein /100 mL EBM).

Biasini 2012 Wrong intervention - compared 2 different fortification strategies (adjustable vs standard).

Brumberg 2010 Wrong intervention - compared human milk fortified with either medium chain triglycerides or
protein.

Coscia 2018 Wrong intervention - both intervention groups followed an adjustable fortification regimen that

led to similar level of protein intake.

Costa-Orvay 2011

Wrong intervention - infant formula based study.

Davies 1975

Wrong intervention - compared human milk with non-specified milk with varying level of proteins.
(There was insufficient information in the conference proceeding, but considering the time of pub-
lication and the way the data were presented, it is likely cow's milk vs human milk comparison; un-
fortunately this could not be confirmed.)

Ditzenberger 2013

Wrong intervention - used targeted fortification regimen.

ISRCTN27916681 Wrong study design - observational cohort study.

Kanmaz 2013 Wrong intervention - higher protein content was achieved by adding more fortifier.

Liang 2018 Wrong study design - quality improvement study.

Loui 2004 Wrong intervention - fortifiers compared fell into the same category (< 1 g protein/100 mL EBM).
Lucas 1996 Wrong intervention - compared human milk fortified with either protein or fats and carbohydrates.

McLeod 2016

Wrong intervention - compared different fortification strategies.

Moltu 2013

Wrong intervention - intervention included both parenteral and enteral nutrition.

Morlacchi 2016

Wrong intervention - compared different fortification strategies.
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Study

Reason for exclusion

Moro 1991

Wrong intervention - fortifiers compared were the same level (1 g/100 mL EBM).

Moyer-Mileur 1992

Wrong outcomes - only bone mineral contents were reported.

We have written to authors enquiring if other outcome data were available; however, we have re-
ceived no response.

Polberger 1989

Wrong intervention - compared unfortified human milk with milk fortified with either protein or
fat.

Quan 2020

Wrong intervention - compared different fortification strategies (individualised vs standard).

Schanler 2018

Wrong intervention - fortifiers compared were in the same category (= 1.4 g/100 mL EBM).

Strommen 2017

Wrong intervention - intervention included both parenteral and enteral nutrition.

Tan 2008 Wrong intervention - intervention was about parenteral nutrition.

Thoene 2014 Wrong study design - retrospective study.

Thoene 2016 Wrong study design - retrospective study.

Thomaz 2014 Wrong outcomes - only serum phenylalanine concentrations were reported.
We have written to authors enquiring if other outcome data were available; however, we have re-
ceived no response.

Tracy 2015 Wrong intervention - compared effect of early vs late fortification.

EBM: expressed breast milk.

Characteristics of studies awaiting classification [ordered by study ID]

Kashaki 2018

Methods

Randomised trial

Participants

Infants weighing <1000 g

Interventions

Infants in both groups received human milk fortifier, additional protein supplements were given to
infants in intervention group

Outcomes

Growth (weight, height and head circumference), blood urea nitrogen

Notes

We have written to authors for clarification of the dosage of protein used, but no response received
as yet.

Characteristics of ongoing studies [ordered by study ID]

IRCT2016041927474N1

Study name

Study of varying protein supplement effect on the growth criteria and maturation of immune sys-
tem in very low birth weight infants
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IRCT2016041927474N1 (Continued)

Methods

Randomised, double blind trial

Participants

Preterm infants born <1500 g and gestational age <32 weeks

Interventions

Added protein supplements to breast milk at 2 different dosages

Outcomes

Head circumference

Starting date

21 December 2015

Contact information

Dr Majid Hamidi (M.hamidi@skums.ac.ir)

Notes
IRCT20180923041095N1
Study name Comparing usual protein and rich protein regimens on growth among premature neonates
weighed less than 1500 gram: a double blind randomized clinical trial
Methods Randomised, double blind trial

Participants

Preterm infants with birth weight <1500 g

Interventions

Protein supplements added to breast milk at 2 different dosages

Outcomes

Head circumference

Starting date

19 February 2017

Contact information

Maral Ghasemzadeh (maral.ghasemzade1984@gmail.com)

Notes
ISRCTN96620855
Study name NutriBrain: a controlled study to investigate the effect of a food product on brain development in
very early born infants
Methods Randomised double blind controlled trial

Participants

Very early born infants (24-30 weeks' gestation)

Interventions

Control (maltodextrin casein and whey protein hydrosates) vs intervention (probiotics, prebiotics
and free amino acids)

Outcomes

Fractional anisotropy in the posterior limb of the internal capsule

Starting date

1 March 2015

Contact information

Dr Manon Benders (m.benders@umcutrecht.nl)

Notes
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NCT03001479
Study name Noninferioriy trial of liquid human milk fortifier hydrolyzed protein versus liquid HMF with supple-
mental liquid protein
Methods Randomised clinical trial

Participants

Preterm infants < 32 weeks' gestation and birth weight <1500 g

Interventions

Extensively hydrolysed liquid human milk fortifier vs liquid human milk fortifier with supplemental
liquid protein

Outcomes

Weight gain, length and head circumference

Starting date

23 December 2016

Contact information

Dr Catherine Cibulskis (ccibulsk@slu.edu)

Notes

NCT03191617
Study name Nutrition of premature infants with human breast milk fortifier (EFORT-LM)
Methods Randomised trial

Participants

Preterm infants < 31 weeks' gestation and birth weight <1250 g

Interventions

Liquid human milk fortifier with higher protein and long-chain polyunsaturated fatty acids content
vs powder human milk fortifier with less protein and no long-chain polyunsaturated fatty acids

Outcomes

Weight and linear growth

Starting date

September 2015

Contact information

Dr Jose L Tapia (jlta@med.puc.cl)

Notes
NCT03315221
Study name Renoir: a randomized, double-blind, controlled trial to evaluate the effects of a new human milk
fortifier on growth and tolerance in preterm infants
Methods Randomised, double blind controlled trial

Participants

Preterm infants < 32 weeks' gestation and birth weight <1500 g

Interventions

Human milk fortifier with added lipids and human milk fortifier without lipids

Outcomes

Weight gain velocity
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NCT03315221 (Continued)

Starting date

8 March 2018

Contact information

Jan van der Mooren (jan.vandermooren@danone.com)

Notes

NCT03586102
Study name Effect of increased enteral protein on body composition of preterm infants
Methods Randomised trial

Participants

Preterm infants of 25-28 weeks' gestation

Interventions

Added protein supplements to breast milk at 2 different dosages

Outcomes

Body composition

Starting date

23 August 2018

Contact information

Dr Ariel A Salas (asalas@peds.uab.edu)

Notes

NCT03797157
Study name Human milk fortification in extremely preterm infants (N-forte)
Methods Randomised trial

Participants

Preterm infants of 22-27 weeks' gestation

Interventions

A bovine milk based human milk fortifier vs a human milk based human milk fortifier

Outcomes

Incidence of necrotising enterocolitis, sepsis and mortality

Starting date

1 January 2019

Contact information

Dr Thomas R Abrahamsson (thomas.abrahamsson@liu.se)

Notes
Paria 2016
Study name A clinical trial to study the effect of enriching expressed human milk with additional protein on
growth of very low birth weight newborns
Methods Randomised clinical trial

Participants

Preterm infants with birth weight of 800-1500 g
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Paria 2016 (Continued)

Interventions

Fortified human breast milk plus additional protein vs fortified human breast milk plus additional

glucose

Outcomes

Weight, length and head circumference gain

Starting date

5 March 2012

Contact information

Dr Anshuman Paria (dr.anshuparia@gmail.com)

Notes

We have written to the author to ask if there has been any full text published, but no response re-

ceived to date.

DATA AND ANALYSES

Comparison 1. High versus moderate protein concentration of human milk fortifier

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Weight gain (g/kg/day) 6 606 Mean Difference (1V, Fixed, 95% 0.66 [0.51,0.82]
cl

1.2 Length gain (cm/week) 5 547 Mean Difference (IV, Fixed, 95% 0.01[-0.01, 0.03]
cl

1.3 Head circumference gain 5 549 Mean Difference (IV, Fixed, 95% 0.00 [-0.01, 0.02]

(cm/week) Cl)

1.4 Proportion of infants who 1 92 Risk Ratio (M-H, Fixed, 95% Cl) 1.01[0.57,1.76]

were small for gestational age

1.5 Mortality 1 45 Risk Ratio (M-H, Fixed, 95% Cl) Not estimable

1.6 Blood urea nitrogen (mmol/ 3 230 Mean Difference (IV, Fixed, 95% 1.25[1.19,1.32]

L) CI)

1.7 Plasma pH levels 1 92 Mean Difference (IV, Fixed, 95% 0.00[-0.01, 0.01]
I

1.8 Incidence of necrotisingen- 4 326 Risk Ratio (M-H, Fixed, 95% Cl) 0.78[0.27,2.27]

terocolitis

1.9 Sepsis 4 326 Risk Ratio (M-H, Fixed, 95% Cl) 1.18[0.51,2.73]

1.10 Episodes of interruptionof 1 60 Risk Ratio (M-H, Fixed, 95% Cl) 1.72[0.73, 4.04]

feeds

1.11 Days to reach full enteral 2 162 Mean Difference (IV, Fixed, 95% 0.26 [-1.78, 2.31]

feeds Cl)

1.12 Length of hospital stay 1 92 Mean Difference (IV, Fixed, 95% 4.00[-3.71,11.71]

(days)

cl)
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Analysis 1.1. Comparison 1: High versus moderate protein concentration
of human milk fortifier, Outcome 1: Weight gain (g/kg/day)
High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 18.2 0.3 66 17.5 0.6 63 90.6% 0.70[0.54 , 0.86] .
Maas 2017 16 2.4 15 16.3 2.2 30 1.2% -0.30[-1.75, 1.15] -
Miller 2012 15.94 1.96 46 15.71 2 49 3.9% 0.23[-0.57, 1.03] e
Moya 2012 15.8 4.3 74 15.7 4.2 72 1.3% 0.10[-1.28, 1.48] [ R
Reid 2018 17.32 2.95 31 17.29 1.99 29 1.5% 0.03 [-1.24, 1.30] —
Rigo 2017 18.3 3.7 64 16.8 3.7 67 1.5% 1.50 [0.23, 2.77]
Total (95% CI) 296 310 100.0% 0.66 [0.51, 0.82]

Heterogeneity: Chi? = 6.30, df =5 (P = 0.28); I = 21%
Test for overall effect: Z = 8.30 (P < 0.00001)
Test for subgroup differences: Not applicable

4 2

Favours moderate

Analysis 1.2. Comparison 1: High versus moderate protein concentration

of human milk fortifier, Outcome 2: Length gain (cm/week)

Favours high

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total  Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 1.2 0.06 66 1.2 0.07 63 77.3% 0.00 [-0.02, 0.02]
Miller 2012 1.15 0.15 43 1.09 0.14 49 11.1% 0.06 [0.00, 0.12]
Moya 2012 1.12 0.36 74 0.98 0.36 72 2.9% 0.14[0.02, 0.26] ——
Reid 2018 1.1 0.14 31 1.1 0.14 29 7.8%  0.00[-0.07, 0.07]
Rigo 2017 1.23 0.62 55 1.18 0.49 65 1.0%  0.05[-0.15, 0.25] -
Total (95% CI) 269 278 100.0%  0.01[-0.01, 0.03]

Heterogeneity: Chi? = 8.44, df = 4 (P = 0.08); I = 53%

-1 05

0.5

Test for overall effect: Z = 1.10 (P = 0.27) 1
Test for subgroup differences: Not applicable Favours moderate Favours high
Analysis 1.3. Comparison 1: High versus moderate protein concentration
of human milk fortifier, Outcome 3: Head circumference gain (cm/week)

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 1 0.05 66 1 0.04 63 83.6% 0.00 [-0.02, 0.02]
Miller 2012 0.94 0.13 43 0.95 0.13 49 7.2%  -0.01[-0.06, 0.04]
Moya 2012 1.05 0.24 74 1.05 0.24 72 3.4% 0.00 [-0.08 , 0.08]
Reid 2018 1.1 0.14 31 1.1 0.14 29 4.0% 0.00 [-0.07, 0.07]
Rigo 2017 1.04 0.32 57 0.96 0.26 65 1.9% 0.08 [-0.02, 0.18] -
Total (95% CI) 271 278 100.0% 0.00 [-0.01, 0.02]
Heterogeneity: Chi? = 2.38, df = 4 (P = 0.67); I> = 0%
Test for overall effect: Z = 0.11 (P = 0.92) 1 0.5 05 1

Test for subgroup differences: Not applicable

Favours moderate

Favours high
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Analysis 1.4. Comparison 1: High versus moderate protein concentration of human
milk fortifier, Outcome 4: Proportion of infants who were small for gestational age

High Moderate Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Miller 2012 15 43 17 49  100.0% 1.01[0.57, 1.76]
Total (95% CI) 43 49 100.0% 1.01[0.57 , 1.76]
Total events: 15 17
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.02 (P = 0.98) Favours high Favours moderate

Test for subgroup differences: Not applicable

Analysis 1.5. Comparison 1: High versus moderate protein
concentration of human milk fortifier, Outcome 5: Mortality

Moderate High Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Maas 2017 0 15 0 30 Not estimable
Total (95% CI) 15 30 Not estimable
Total events: 0 0
Heterogeneity: Not applicable 0.01 01 i 10 100
Test for overall effect: Not applicable Favours high Favours moderate

Test for subgroup differences: Not applicable

Analysis 1.6. Comparison 1: High versus moderate protein concentration
of human milk fortifier, Outcome 6: Blood urea nitrogen (mmol/L)

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2015 3.32 0.19 49 2.07 0.14 40 97.8%  1.25[1.18,1.32] .
Miller 2012 3.24 1.44 43 1.83 1.3 49 1.5% 1.41[0.85, 1.97] —_—
Reid 2018 3.59 1.67 25 1.98 1.1 24 0.7% 1.61[0.82, 2.40] —
Total (95% CI) 117 113  100.0% 1.25[1.19, 1.32] ’
Heterogeneity: Chi2 = 1.09, df = 2 (P = 0.58); 12 = 0%
Test for overall effect: Z = 36.23 (P < 0.00001) 4 i) 0 > 4
Test for subgroup differences: Not applicable Favours moderate Favours high

Analysis 1.7. Comparison 1: High versus moderate protein
concentration of human milk fortifier, Outcome 7: Plasma pH levels

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Miller 2012 7.35 0.03 43 7.35 0.04 49  100.0% 0.00 [-0.01, 0.01]
Total (95% CI) 43 49 100.0% 0.00 [-0.01, 0.01]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00) 1 05 0 05 1
Test for subgroup differences: Not applicable Favours moderate Favours high
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Analysis 1.8. Comparison 1: High versus moderate protein concentration
of human milk fortifier, Outcome 8: Incidence of necrotising enterocolitis

High Moderate Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2015 1 66 2 63  28.3% 0.48 [0.04, 5.13] - !
Maas 2017 0 15 0 30 Not estimable
Miller 2012 3 43 5 49  64.6% 0.68 [0.17, 2.69] ——
Reid 2018 1 31 0 29 7.1% 2.81[0.12, 66.40]

Total (95% CI)
Total events:

155 171 100.0% 0.78 [0.27 , 2.27] ?
5 7

Heterogeneity: Chi2 = 0.83, df = 2 (P = 0.66); I = 0% 0ol o1 H T 100
Test for overall effect: Z = 0.46 (P = 0.65) Favours high Favours moderate
Test for subgroup differences: Not applicable

Analysis 1.9. Comparison 1: High versus moderate protein concentration of human milk fortifier, Outcome 9: Sepsis

High Moderate Risk Ratio Risk Ratio
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Maas 2017 0 15 0 30 Not estimable
Miller 2012 6 43 7 49  71.9% 0.98 [0.36, 2.68] ——
Kim 2015 3 66 2 63  22.5% 1.43[0.25, 8.29] R P —
Reid 2018 1 31 0 29 5.7% 2.81[0.12, 66.40]

Total (95% CI)
Total events:

155 171 100.0% 1.18[0.51, 2.73] ?
10 9

Heterogeneity: Chi? = 0.47, df = 2 (P = 0.79); I = 0% 001 o1 i o 100
Test for overall effect: Z = 0.39 (P = 0.69) Favours high Favours moderate
Test for subgroup differences: Not applicable

Analysis 1.10. Comparison 1: High versus moderate protein concentration

of human milk fortifier, Outcome 10: Episodes of interruption of feeds

High Moderate Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Reid 2018 11 31 6 29 100.0% 1.72[0.73, 4.04]
Total (95% CI) 31 29 100.0% 1.72[0.73, 4.04]
Total events: 11 6
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 1.23 (P = 0.22) Favours high Favours moderate

Test for subgroup differences: Not applicable
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of human milk fortifier, Outcome 11: Days to reach full enteral feeds

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Miller 2012 10.2 43 17 9.1 49 26.4% 1.00 [-2.97, 4.97] R - S—
Reid 2018 5.68 31 8 4.12 39 73.6%  0.00[-2.38,2.38]
Total (95% CI) 74 88 100.0% 0.26 [-1.78 , 2.31]

Heterogeneity: Chi? = 0.18, df = 1 (P = 0.67); I> = 0%
Test for overall effect: Z = 0.25 (P = 0.80)
Test for subgroup differences: Not applicable

Analysis 1.12. Comparison 1: High versus moderate protein concentration

Favours high

of human milk fortifier, Outcome 12: Length of hospital stay (days)

5 10
Favours moderate

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Miller 2012 77 21 43 73 16 49 100.0% 4.00[-3.71, 11.71]
Total (95% CI) 43 49 100.0% 4.00 [-3.71, 11.71]

Heterogeneity: Not applicable

Test for overall effect: Z =1.02 (P = 0.31)
Test for subgroup differences: Not applicable

-20 -10

Favours high

Comparison 2. Moderate versus low protein concentration of human milk fortifier

10 20
Favours moderate

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

2.1 Weight gain (g/kg/day) 2 176 Mean Difference (IV, Random, 95% 2.08[0.38,3.77]
Cl)

2.2 Length gain (cm/week) 3 217 Mean Difference (IV, Fixed, 95% Cl) 0.09[0.05, 0.14]

2.3 Head circumference gain 3 217 Mean Difference (IV, Random, 95% 0.13[-0.00, 0.26]

(cm/week) Cl)

2.4 Mortality 1 112 Risk Ratio (M-H, Fixed, 95% CI) 0.48[0.05, 5.17]

2.5 Blood urea nitrogen 2 165 Mean Difference (IV, Random, 95% 0.44 [-0.16, 1.03]

(mmol/L) Cl)

2.6 Incidence of necrotising 1 112 Risk Ratio (M-H, Fixed, 95% Cl) 0.96 [0.06, 15.05]

enterocolitis

2.7 Sepsis 1 112 Risk Ratio (M-H, Fixed, 95% Cl) 0.48[0.05, 5.17]

2.8 Length of hospital stay 1 41 Mean Difference (IV, Fixed, 95% Cl) -3.00[-7.13,1.13]

(days)
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Analysis 2.1. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 1: Weight gain (g/kg/day)
Moderate Low Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dogra 2017 11.95 2.2 57 10.78 2.6 55 47.5% 1.17[0.28, 2.06] -
Porcelli 2000 19.7 0.98 35 16.8 0.96 29 52.5% 2.90[2.42,3.38] N
Total (95% CI) 92 84 100.0% 2.08[0.38, 3.77] ‘
Heterogeneity: Tau? = 1.36; Chi2 = 11.21, df = 1 (P = 0.0008); I> = 91%
Test for overall effect: Z = 2.41 (P = 0.02) 4 ) 0 ) 4

Test for subgroup differences: Not applicable Favours low

Analysis 2.2. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 2: Length gain (cm/week)

Favours moderate

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Dogra 2017 0.77 0.22 57 0.7 0.24 55  249% 0.07[-0.02,0.16]
Porcelli 2000 0.9 0.1 35 0.8 0.1 29 75.0% 0.10[0.05, 0.15]
Sankaran 1996 1.2 0.94 22 0.9 4.79 19 0.0% 0.30[-1.89, 2.49] IR
Total (95% CI) 114 103 100.0% 0.09 [0.05, 0.14] ‘
Heterogeneity: Chi2 = 0.39, df = 2 (P = 0.82); I2 = 0%

Test for overall effect: Z = 4.26 (P < 0.0001) 4 _:2

Test for subgroup differences: Not applicable Favours low

Analysis 2.3. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 3: Head circumference gain (cm/week)

2 4
Favours moderate

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dogra 2017 0.66 0.16 57 0.6 0.15 55  49.2% 0.06 [0.00, 0.12] L
Porcelli 2000 1 0.1 35 0.8 0.1 29 50.4% 0.20[0.15, 0.25] ]
Sankaran 1996 1.2 0.47 22 0.9 4.79 19 0.4% 0.30[-1.86,2.46] ¢ N
Total (95% CI) 114 103 100.0% 0.13 [-0.00, 0.26] ‘

Heterogeneity: Tau? = 0.01; Chi2 = 13.19, df = 2 (P = 0.001); I = 85%

0.5
Favours low

Test for overall effect: Z = 1.96 (P = 0.05) 1
Test for subgroup differences: Not applicable

Analysis 2.4. Comparison 2: Moderate versus low protein
concentration of human milk fortifier, Outcome 4: Mortality

0 0.5 1
Favours moderate

Moderate Low Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dogra 2017 1 57 2 55 100.0% 0.48[0.05, 5.17] _.__
Total (95% CI) 57 55 100.0% 0.48 [0.05, 5.17]
Total events: 1 2

Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)
Test for subgroup differences: Not applicable

0.01

Favours moderate

1 1

Favours low

10 100
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Analysis 2.5. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 5: Blood urea nitrogen (mmol/L)

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dogra 2017 3.39 0.57 57 2.64 0.54 55  48.6% 0.75[0.54, 0.96] -
Porcelli 2000 0.75 0.07 29 0.61 0.04 24 51.4% 0.14[0.11, 0.17] [
Total (95% CI) 86 79 100.0% 0.44[-0.16 , 1.03] _‘
Heterogeneity: Tau? = 0.18; Chi2 = 33.11, df = 1 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 1.43 (P = 0.15) 1 05 0 05 1
Test for subgroup differences: Not applicable Favours low Favours moderate

Analysis 2.6. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 6: Incidence of necrotising enterocolitis

Moderate Low Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dogra 2017 1 57 1 55 100.0% 0.96 [0.06 , 15.05]
Total (95% CI) 57 55 100.0% 0.96 [0.06 , 15.05]
Total events: 1 1
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.03 (P = 0.98) Favours moderate Favours low

Test for subgroup differences: Not applicable

Analysis 2.7. Comparison 2: Moderate versus low protein concentration of human milk fortifier, Outcome 7: Sepsis

Moderate Low Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dogra 2017 1 57 2 55 100.0% 0.48[0.05, 5.17] _.__
Total (95% CI) 57 55 100.0% 0.48 [0.05, 5.17]
Total events: 1 2
Heterogeneity: Not applicable 0.01 1 1 10 100
Test for overall effect: Z = 0.60 (P = 0.55) Favours moderate Favours low

Test for subgroup differences: Not applicable

Analysis 2.8. Comparison 2: Moderate versus low protein concentration
of human milk fortifier, Outcome 8: Length of hospital stay (days)

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Sankaran 1996 14 7 22 17 6.5 19 100.0% -3.00 [-7.13, 1.13]
Total (95% CI) 22 19 100.0% -3.00 [-7.13, 1.13]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.42 (P = 0.16) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours low Favours moderate
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

3.1 Weight gain (g/kg/day) - 6 606 Mean Difference (IV, Fixed, 95% Cl) 0.66[0.51, 0.82]

high vs moderate

3.1.1Isocaloric 5 477 Mean Difference (IV, Fixed, 95% Cl) 0.32[-0.19, 0.83]

3.1.2 Non-isocaloric 1 129 Mean Difference (IV, Fixed, 95% Cl) 0.70[0.54, 0.86]

3.2 Length gain (cm/week) - 5 547 Mean Difference (IV, Fixed, 95% Cl) 0.01[-0.01, 0.03]

high vs moderate

3.2.1 Isocaloric 4 418 Mean Difference (IV, Fixed, 95% Cl) 0.05[0.01, 0.09]

3.2.2 Non-isocaloric 1 129 Mean Difference (IV, Fixed, 95% Cl) 0.00[-0.02, 0.02]

3.3 Head circumference gain 5 549 Mean Difference (IV, Fixed, 95% Cl) 0.00 [-0.01, 0.02]

(cm/week) - high vs moder-

ate

3.3.1Isocaloric 4 420 Mean Difference (IV, Fixed, 95% Cl) 0.00[-0.03, 0.04]

3.3.2 Non-isocaloric 1 129 Mean Difference (IV, Fixed, 95% Cl) 0.00[-0.02, 0.02]

3.4 Weight gain (g/kg/day) - 2 176 Mean Difference (IV, Fixed, 95% Cl) 2.52[2.10,2.94]

moderate vs low

3.4.1 Isocaloric 2 176 Mean Difference (IV, Fixed, 95% Cl) 2.52[2.10, 2.94]

3.4.2 Non-isocaloric 0 0 Mean Difference (IV, Fixed, 95% Cl) Not estimable

3.5 Length gain (cm/week) - 3 217 Mean Difference (IV, Fixed, 95% Cl) 0.09[0.05, 0.14]

moderate vs low

3.5.1 Isocaloric 2 176 Mean Difference (IV, Fixed, 95% Cl) 0.09[0.05, 0.14]

3.5.2 Non-isocaloric 1 41 Mean Difference (IV, Fixed, 95% Cl) 0.30[-1.89, 2.49]

3.6 Head circumference gain 3 217 Mean Difference (IV, Fixed, 95% Cl) 0.14[0.10,0.18]

(cm/week) - moderate vs low

3.6.1 Isocaloric 2 176 Mean Difference (IV, Fixed, 95% Cl) 0.14[0.10,0.18]

3.6.2 Non-isocaloric 1 41 Mean Difference (IV, Fixed, 95% Cl) 0.30[-1.86, 2.46]
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Analysis 3.1. Comparison 3: Subgroup analysis - calorie
content, Outcome 1: Weight gain (g/kg/day) - high vs moderate
High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.1.1 Isocaloric
Moya 2012 15.8 4.3 74 15.7 4.2 72 1.3% 0.10[-1.28, 1.48] PR —
Miller 2012 15.94 1.96 46 15.71 2 49 3.9% 0.23[-0.57, 1.03] J
Maas 2017 16 24 15 16.3 2.2 30 1.2%  -0.30[-1.75, 1.15] R —
Rigo 2017 18.3 3.7 64 16.8 3.7 67 1.5% 1.50[0.23, 2.77]
Reid 2018 17.32 2.95 31 17.29 1.99 29 1.5% 0.03 [-1.24,1.30] PR E—
Subtotal (95% CI) 230 247 9.4% 0.32 [-0.19, 0.83] ’
Heterogeneity: Chi2 = 4.38, df = 4 (P = 0.36); 2 = 9%
Test for overall effect: Z = 1.23 (P = 0.22)
3.1.2 Non-isocaloric
Kim 2015 18.2 0.3 66 17.5 0.6 63 90.6% 0.70 [0.54 , 0.86] .
Subtotal (95% CI) 66 63  90.6% 0.70 [0.54, 0.86] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 8.32 (P < 0.00001)
Total (95% CI) 296 310 100.0% 0.66 [0.51, 0.82] ’

Heterogeneity: Chi2 = 6.30, df =5 (P = 0.28); 12 = 21%

Test for overall effect: Z = 8.30 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.92, df = 1 (P = 0.17), I2 = 48.0%

Analysis 3.2. Comparison 3: Subgroup analysis - calorie

content, Outcome 2: Length gain (cm/week) - high vs moderate

-4

Favours moderate

2 0 2

Favours high

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
3.2.1 Isocaloric
Miller 2012 1.15 0.15 43 1.09 0.14 49  11.1% 0.06 [0.00, 0.12] e
Moya 2012 1.12 0.36 74 0.98 0.36 72 2.9% 0.14[0.02, 0.26] ——
Reid 2018 1.1 0.14 31 1.1 0.14 29 7.8% 0.00 [-0.07 , 0.07] 4
Rigo 2017 1.23 0.62 55 1.18 0.49 65 1.0% 0.05[-0.15, 0.25] JR B
Subtotal (95% CI) 203 215 22.7% 0.05 [0.01, 0.09] |’
Heterogeneity: Chi2 = 4.30, df = 3 (P = 0.23); I2 = 30%
Test for overall effect: Z = 2.31 (P = 0.02)
3.2.2 Non-isocaloric
Kim 2015 1.2 0.06 66 1.2 0.07 63  773%  0.00[-0.02,0.02] [ ]
Subtotal (95% CI) 66 63 77.3%  0.00[-0.02, 0.02]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 269 278 100.0%  0.01[-0.01, 0.03] ’
Heterogeneity: Chi2 = 8.44, df = 4 (P = 0.08); I2 = 53%
Test for overall effect: Z = 1.10 (P = 0.27) _:1 _0:_5 0 OfS i
Test for subgroup differences: Chi? = 4.14, df = 1 (P = 0.04), I = 75.8% Favours moderate Favours high
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Analysis 3.3. Comparison 3: Subgroup analysis - calorie content,
Outcome 3: Head circumference gain (cm/week) - high vs moderate

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.3.1 Isocaloric
Miller 2012 0.94 0.13 43 0.95 0.13 49 7.2%  -0.01[-0.06, 0.04]
Moya 2012 1.05 0.24 74 1.05 0.24 72 3.4%  0.00[-0.08, 0.08]
Reid 2018 1.1 0.14 31 1.1 0.14 29 4.0%  0.00[-0.07,0.07]
Rigo 2017 1.04 0.32 57 0.96 0.26 65 1.9%  0.08[-0.02,0.18]
Subtotal (95% CI) 205 215 16.4% 0.00 [-0.03, 0.04]
Heterogeneity: Chi2 = 2.32, df = 3 (P = 0.51); 2 = 0%
Test for overall effect: Z = 0.26 (P = 0.79)
3.3.2 Non-isocaloric
Kim 2015 1 0.05 66 1 0.04 63  83.6%  0.00[-0.02,0.02]
Subtotal (95% CI) 66 63 83.6%  0.00[-0.02, 0.02]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 271 278 100.0%  0.00 [-0.01, 0.02]
Heterogeneity: Chi2 = 2.38, df = 4 (P = 0.67); 2 = 0%
Test for overall effect: Z = 0.11 (P = 0.92) _:1 _0:'5 0 035 i
Test for subgroup differences: Chi? = 0.06, df =1 (P = 0.81), 2= 0% Favours moderate Favours high

Analysis 3.4. Comparison 3: Subgroup analysis - calorie
content, Outcome 4: Weight gain (g/kg/day) - moderate vs low

Moderate Low Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.4.1 Isocaloric
Dogra 2017 11.95 2.2 57 10.78 2.6 55  22.2% 1.17[0.28, 2.06] T
Porcelli 2000 19.7 0.98 35 16.8 0.96 29  77.8%  2.90[2.42,3.38] B
Subtotal (95% CI) 92 84 100.0% 2.52[2.10, 2.94] ‘
Heterogeneity: Chi2 = 11.21, df = 1 (P = 0.0008); 12 = 91%
Test for overall effect: Z = 11.72 (P < 0.00001)
3.4.2 Non-isocaloric
Subtotal (95% CI) (1} 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 92 84 100.0% 2.52[2.10, 2.94] ‘
Heterogeneity: Chi2 = 11.21, df = 1 (P = 0.0008); 12 = 91%
Test for overall effect: Z = 11.72 (P < 0.00001) VI )

Test for subgroup differences: Not applicable Favours low

Favours moderate
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Analysis 3.5. Comparison 3: Subgroup analysis - calorie
content, Outcome 5: Length gain (cm/week) - moderate vs low
Moderate Low Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.5.1 Isocaloric
Dogra 2017 0.77 0.22 57 0.7 0.24 55 24.9% 0.07 [-0.02, 0.16] .
Porcelli 2000 0.9 0.1 35 0.8 0.1 29 75.0% 0.10[0.05, 0.15] [
Subtotal (95% CI) 92 84 100.0% 0.09 [0.05, 0.14] .
Heterogeneity: Chiz = 0.36, df = 1 (P = 0.55); I2 = 0%
Test for overall effect: Z = 4.25 (P < 0.0001)
3.5.2 Non-isocaloric
Sankaran 1996 1.2 0.94 22 0.9 4.79 19 0.0% 0.30[-1.89, 2.49] R R
Subtotal (95% CI) 22 19 0.0% 0.30 [-1.89, 2.49] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 0.27 (P = 0.79)
Total (95% CI) 114 103 100.0% 0.09 [0.05, 0.14] .
Heterogeneity: Chi2 = 0.39, df = 2 (P = 0.82); 2= 0%
Test for overall effect: Z = 4.26 (P < 0.0001) 4 ) 0 2 4

Test for subgroup differences: Chi? = 0.03, df =1 (P = 0.85), I* = 0%

Favours [Low]

Analysis 3.6. Comparison 3: Subgroup analysis - calorie content,
Outcome 6: Head circumference gain (cm/week) - moderate vs low

Favours [Moderate]

Moderate Low Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

3.6.1 Isocaloric

Dogra 2017 0.66 0.16 57 0.6 0.15 55 42.3% 0.06 [0.00, 0.12]

Porcelli 2000 1 0.1 35 0.8 0.1 29 57.6% 0.20[0.15, 0.25] t

Subtotal (95% CI) 92 84 100.0% 0.14 [0.10, 0.18] ‘

Heterogeneity: Chi2 = 13.17, df = 1 (P = 0.0003); I2 = 92%

Test for overall effect: Z = 7.38 (P < 0.00001)

3.6.2 Non-isocaloric

Sankaran 1996 1.2 0.47 22 0.9 4.79 19 0.0% 0.30 [-1.86, 2.46] R E—

Subtotal (95% CI) 22 19  0.0%  0.30[-1.86,2.46] el

Heterogeneity: Not applicable

Test for overall effect: Z =0.27 (P = 0.79)

Total (95% CI) 114 103 100.0% 0.14 [0.10, 0.18] ‘

Heterogeneity: Chi2 = 13.19, df = 2 (P = 0.001); I2 = 85%

Test for overall effect: Z = 7.38 (P < 0.00001) 4 ) 2 4

Test for subgroup differences: Chi? = 0.02, df =1 (P = 0.89), I = 0% Favours [Low] Favours [Moderate]

Comparison 4. Sensitivity analysis
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 Weight gain (g/kg/day) - high vs 3 200 Mean Difference (1V, Fixed, 0.09 [-0.52, 0.70]
moderate 95% Cl)
4.2 Length gain (cm/week) high vs 2 152 Mean Difference (1V, Fixed, 0.04 [-0.01, 0.08]
moderate 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.3 Head circumference gain (cm/ 2 152 Mean Difference (1V, Fixed, -0.01 [-0.05, 0.04]

week) high vs moderate 95% Cl)

Analysis 4.1. Comparison 4: Sensitivity analysis, Outcome 1: Weight gain (g/kg/day) - high vs moderate

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Maas 2017 16 2.4 15 16.3 2.2 30 17.8% -0.30[-1.75,1.15] —
Miller 2012 15.94 1.96 46 15.71 2 49  589%  0.23[-0.57,1.03]
Reid 2018 17.32 2.95 31 17.29 1.99 29  233%  0.03[-1.24,1.30]
Total (95% CI) 92 108 100.0% 0.09 [-0.52, 0.70]
Heterogeneity: Chi? = 0.41, df =2 (P = 0.82); I* = 0%
Test for overall effect: Z = 0.29 (P = 0.78) 4 ) 0 2 4
Test for subgroup differences: Not applicable Favours [Moderate] Favours [High]

Analysis 4.2. Comparison 4: Sensitivity analysis, Outcome 2: Length gain (cm/week) high vs moderate

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Miller 2012 1.15 0.15 43 1.09 0.14 49 58.6% 0.06 [0.00, 0.12]
Reid 2018 1.1 0.14 31 1.1 0.14 29  41.4%  0.00[-0.07,0.07]
Total (95% CI) 74 78 100.0%  0.04[-0.01, 0.08]
Heterogeneity: Chi2 = 1.61, df = 1 (P = 0.20); I2 = 38%
Test for overall effect: Z = 1.51 (P = 0.13) 05 -025 0 025 05
Test for subgroup differences: Not applicable Favours [Moderate] Favours [High]

Analysis 4.3. Comparison 4: Sensitivity analysis, Outcome 3: Head circumference gain (cm/week) high vs moderate

High Moderate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Miller 2012 0.94 0.13 43 0.95 0.13 49  639%  -0.01[-0.06,0.04]
Reid 2018 1.1 0.14 31 1.1 0.14 29 36.1% 0.00 [-0.07, 0.07]
Total (95% CI) 74 78 100.0% -0.01 [-0.05, 0.04]
Heterogeneity: Chi2 = 0.05, df =1 (P = 0.83); 2 = 0%
Test for overall effect: Z = 0.29 (P = 0.77) 1 05 0 0.5 1
Test for subgroup differences: Not applicable Favours [Moderate] Favours [High]

APPENDICES

Appendix 1. Cochrane Neonatal standard search strategy

We created the randomised controlled trial filters using Cochrane's highly sensitive search strategies for identifying randomised trials
(Higgins 2011a). The Cochrane Neonatal Information Specialist created and tested neonatal filters.
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Cochrane CENTRAL via CRS Web

Date searched: 15 August 2019

Terms:

1 MESH DESCRIPTOR Milk, Human EXPLODE ALL AND CENTRAL:TARGET

2 MESH DESCRIPTOR Milk Ejection EXPLODE ALL AND CENTRAL:TARGET

3 MESH DESCRIPTOR Breast Milk Expression EXPLODE ALL AND CENTRAL:TARGET

4 ((human or breast* or mother* or expressed or maternal or donor*) and milk*) AND CENTRAL:TARGET

5 breastmilk* AND CENTRAL:TARGET

6 #1 OR#2 OR#3 OR #4 OR #5

7 MESH DESCRIPTOR Dietary Proteins EXPLODE ALL AND CENTRAL:TARGET

8 protein® AND CENTRAL:TARGET

9 #8 OR #7

10 MESH DESCRIPTOR Infant, Newborn EXPLODE ALL AND CENTRAL:TARGET

11 infant or infants or infantile or infancy or newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or
premature or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or
VLBW or LBW or ELBW or NICU AND CENTRAL:TARGET

12 #11 OR#10 AND CENTRAL:TARGET

13 #6 AND #9 AND #12

MEDLINE via Ovid

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R).
Date ranges: 1946 to 15 August 2019

Terms:

. exp Milk, Human/

. exp Milk Ejection/

. exp Breast Milk Expression/

((human or breast* or mother* or expressed or maternal or donor*) and milk*).mp.

. breastmilk*.mp.

.lor2or3or4or5

. exp Dietary Proteins/

. protein*.mp.

.7or8

10. exp infant, newborn/

11. (newborn* or new born or new borns or newly born or baby* or babies or premature or prematurity or preterm or pre term or low birth
weight or low birthweight or VLBW or LBW or infant or infants or infantile or infancy or neonat*).ti,ab.
12.100r11

13. randomized controlled trial.pt.

14. controlled clinical trial.pt.

15. randomized.ab.

16. placebo.ab.

17. drug therapy.fs.

18. randomly.ab.

19. trial.ab.

20. groups.ab.

21.0r/13-20

22. exp animals/ not humans.sh.

23.21not 22

24.12 and 23

25.6and 9 and 24

©CO~NOUAWNR

MEDLINE via PubMed

Date ranges: 1 August 2018 to 15 August 2019

Terms: ((("Milk, Human"[Mesh] OR "Milk Ejection"[Mesh] OR "Breast Milk Expression"[Mesh] OR ((human OR breast* OR mother*
OR expressed OR maternal OR donor*) AND milk*) OR breastmilk*))) AND ("Dietary Proteins"[Mesh] OR protein*)) AND (((infant,
newborn[MeSH] OR newborn*[TIAB] OR "new born"[TIAB] OR "new borns"[TIAB] OR "newly born"[TIAB] OR baby*[TIAB] OR babies[TIAB]
OR premature[TIAB] OR prematurity[TIAB] OR preterm[TIAB] OR "pre term"[TIAB] OR “low birth weight”[TIAB] OR "low birthweight"[TIAB]
OR VLBWI[TIAB] OR LBWI[TIAB] OR infant[TIAB] OR infants[TIAB] OR infantile[TIAB] OR infancy[TIAB] OR neonat*[TIAB]) AND (randomized
controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR placeboltiab] OR drug therapy[sh] OR randomly[tiab] OR
trial[tiab] OR groups[tiab]) NOT (animals[mh] NOT humans[mh]))) Filters activated: Publication date from 2018/08/01
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CINAHL via EBSCOhost

Date ranges: 1981 to 15 August 2019

Terms:

(((human OR breast* OR mother* OR expressed OR maternal OR donor*) AND milk*) OR breastmilk* OR “milk ejection”)

AND

protein*

AND

(infant or infants or infantile or infancy or newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or
premature or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or
VLBW or LBW)

AND

(randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials as topic OR randomly OR trial OR PT
clinical trial)

ISRCTN.com
Search terms: milk AND Interventions: Protein* AND Participant age range: Neonate
Appendix 2. Risk of bias

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we categorised the method used to generate the allocation sequence as:

=

. low risk (any truly random process, e.g. random number table; computer random number generator);
. high risk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
3. unclear risk.

N

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorised the method used to conceal the allocation sequence as:

[

. low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

N

. high risk (open random allocation; unsealed or non-opaque envelopes; alternation; date of birth); or
3. unclear risk.

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For eachincluded study, we categorised the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for different outcomes or class of outcomes. We categorised the methods as:

1. low risk, high risk or unclear risk for participants; and
2. low risk, high risk or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention
adequately prevented at the time of outcome assessment?

For each included study, we categorised the methods used to blind outcome assessment. Blinding was assessed separately for different
outcomes or class of outcomes. We categorised the methods as:

1. low risk for outcome assessors;
2. high risk for outcome assessors; or
3. unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were
incomplete outcome data adequately addressed?

For eachincluded study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where sufficient information was reported or supplied by the trial authors, we reincluded missing data in the
analyses. We categorised the methods as:

1. low risk (less than 20% missing data);
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2. high risk (20% missing data or greater); or
3. unclearrisk.

6. Selective reporting bias. Were reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

1. lowrisk (whereitwas clearthatall the study's prespecified outcomes and all expected outcomes of interest to the review were reported);

2. highrisk (where not all the study's prespecified outcomes were reported; one or more reported primary outcomes were not prespecified
outcomes of interest and were reported incompletely and so could not be used; study failed to include results of a key outcome that
would have been expected to have been reported); or

3. unclearrisk.

7. Other sources of bias. Was the study apparently free of other problems that could have put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (e.g. whether there was a
potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent process).
We assessed whether each study was free of other problems that could have put it at risk of bias as:

1. lowrisk;
2. highrisk; or
3. unclear risk.

If needed, we explored the impact of the level of bias through sensitivity analyses.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We made the following changes to the published protocol (Miller 2008).

1. As of July 2019, Cochrane Neonatal no longer searches Embase for its reviews. Randomised controlled trials (RCTs) and controlled
clinical trials (CCTs) from Embase are added to the Cochrane Central Register of Controlled Trials (CENTRAL) via a robust process
(see '"How CENTRAL is created'; www.cochranelibrary.com/central/central-creation). Cochrane Neonatal has validated their searches to
ensure that relevant Embase records are found while searching CENTRAL.

2. Also starting in July 2019, Cochrane Neonatal no longer searches for RCTs and CCTs from ClinicalTrials.gov or the World Health
Organization's International Clinical Trials Registry Platform (ICTRP; www.who.int/ictrp/en/), as records from both platforms are added
to CENTRAL on a monthly basis (see 'How CENTRAL is created'; www.cochranelibrary.com/central/central-creation). Comprehensive
search strategies are executed in CENTRAL to retrieve relevant records. The ISRCTN (at www.isrctn.com/, formerly Controlled-
trials.com), is searched separately.

3. Forthe 2019 update, we developed a new search strategy, which we ran without date limits (Appendix 1).

4. In the protocol (Miller 2008), we stated that the review would include interventions 'comparing two or more different levels of
protein concentration in human milk fortifier, which requires the two human milk fortifiers compared to have different protein
concentration per se. However, during the study selection process, there were several trials that gave the two comparison groups the
same commercially available human milk fortifier as a base, and then altered the protein concentration in the intervention group with
an additional protein supplement. These interventions did not fit in the original description of eligible studies in the protocol. However,
as the trials aimed to examine the effect of varying the protein concentration of human milk fortifier, the study selection criteria have
been amended to include these studies (e.g. the trials by Reid 2018, and the ongoing trial by Paria 2016).

INDEX TERMS

Medical Subject Headings (MeSH)

Bias; Body Height; Child Development [*physiology]; Confidence Intervals; Head [growth & development]; Infant Formula
[*chemistry]; Infant Mortality; Infant, Premature [blood] [*growth & development]; Intensive Care Units, Neonatal; Length of Stay;
Milk Proteins [*administration & dosage]; Milk, Human [*chemistry]; Randomized Controlled Trials as Topic; Weight Gain
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