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abstractOBJECTIVES: To assess effects of supplementation with 3 or more micronutrients (multiple
micronutrients; MMN) compared to no MMN in human milk-fed preterm and low birth weight
(LBW) infants.

RESULTS: Data on a subgroup of 414 preterm or LBW infants from 2 randomized controlled trials
(4 reports) were included. The certainty of evidence ranged from low to very low. For growth
outcomes in the MMN compared to the non-MMN group, there was a small increase in weight-
for-age (2 trials, 383 participants) and height-for-age z-scores (2 trials, 372 participants); a small
decrease in wasting (2 trials, 398 participants); small increases in stunting (2 trials, 399
participants); and an increase in underweight (2 trials, 396 participants). For neurodevelopment
outcomes at 78 weeks, we found small increases in Bayley Scales of Infant Development, Version
III (BISD-III), scores (cognition, receptive language, expressive language, fine motor, gross motor)
in the MMN compared to the non-MMN group (1 trial, 27 participants). There were no studies
examining dose or timing of supplementation.

CONCLUSIONS: Evidence is insufficient to determine whether enteral MMN supplementation to
preterm or LBW infants who are fed mother's own milk is associated with benefit or harm.
More trials are needed to generate evidence on mortality, morbidity, growth, and
neurodevelopment.
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Preterm (<37 weeks’ gestation) and
low birth weight (<2.5 kg) (LBW)
infants have high risks of mortality
and morbidity, and many are born
with low stores of micronutrients.
Human milk may not be sufficient
for adequate postnatal skeletal
growth and development in preterm
and LBW infants.1–4 Multiple
micronutrients (MMN) such as
vitamin A, vitamin D, B vitamins (ie,
thiamine, riboflavin, niacin,
pyridoxine, and folate), vitamin C,
vitamin E, zinc, iron, and magnesium
are considered to be important for
infant growth and development.4,5

MMNs are commonly combined
together into specially formulated
“syrups” for preterm and LBW
infants and provided to human milk-
fed preterm and LBW infants across
high income and low and middle
income countries.4

There have been many systematic
reviews of MMN supplementation
during pregnancy and early
childhood6–9; however, to our
knowledge, there has been no
systematic review of the effect of
MMN on health, growth, and
developmental outcomes in preterm
or LBW infants fed mother's own
milk in high-, low-, and middle-
income settings.

Our primary objective was to assess
the effect of MMN during infancy on
mortality, morbidity, growth, and
neurodevelopmental outcomes in
preterm or LBW infants who are fed
mother's own milk or donor human
milk. Secondary objectives were to
determine the optimal time of
initiation, dose, and duration of
MMN during infancy.

METHODS

Registration 4 C X

The protocol for this review was
registered in PROSPERO (PROSPERO
2021 #CRD42021238975).10

Inclusion Criteria

We included studies that were
either randomized controlled trials
(RCTs) or nonrandomized trials
(quasi-randomized), including
cluster-randomized trials but not
crossover trials, in which individual
LBW (birth weight <2.5 kg) or
preterm infants (<37 weeks’
gestational age) who were fed
mother's own milk or donor human
milk were either: allocated to
receive enteral MMN syrups, and
compared with a control group
(placebo or none), or allocated to
different regimens of MMN syrups
(to compare dosage, duration, and
timing of initiation).

In this review, MMN were defined as
supplements containing at least 3 or
more of the following
micronutrients: vitamin A, vitamin
D, B vitamins (ie, thiamine,
riboflavin, niacin, pyridoxine, or
folate), vitamin C, vitamin E, iron, or
zinc in 1 formulation.5

Exclusion Criteria

We excluded studies in which MMN
were mixed with multicomponent
breast milk “fortifier” and where
infants were fed formula milk.

Search and Extraction

A comprehensive search was
conducted in the Cochrane Central
Register of Controlled Trials (2016,
Issue 3) in the Cochrane Library via
the Cochrane Register of Studies
Online, Medline via PubMed, and
Embase from inception to March 24,
2021, using the search terms in
Appendices 1 and 2.

The trials used varying doses of
MMN supplementation (Appendix 8).
The MMN supplement in the
Tanzania trial contained vitamin C, E,
thiamine, riboflavin, niacin,
pyridoxine, folate, and vitamin B12.
The MMN in the Mexico trial had
the same nutrients, plus vitamins
A and D, iron, zinc, and

magnesium. The Tanzania trial had
4 arms, MMN alone, MMN plus
zinc, zinc alone, and placebo. Thus,
we combined the MMN alone and
MMN plus zinc arms into the
intervention group and the 2 non-
MMN groups into the comparator
group (placebo and zinc alone).
The Mexico trial had 2 arms. The
intervention group was MMN,
vitamin A, and iron. The
comparator was vitamin A and
iron. Mothers in the Mexico trial
received MMN or iron during
pregnancy and their babies were
rerandomized and the MMN
supplementation was started at 3
months and continued until 24
months of age. The Tanzania trial
commenced supplementation at 66
weeks of age and continued
until18 months of age.

The risk of bias assessment is
summarized in Appendix 4 for the
two trials. Overall, 2 reports had
some concerns of risk of bias18,19

because of bias arising from
randomization process, and 2
reports had high risk of bias17,20

because of bias arising from
randomization process, missing
outcome data, and measurement of
the outcome.

For growth outcomes, from
enrollment (mean [SD], 7 [1.41]
weeks) to latest follow-up (mean
[SD], 91 [18.38] weeks), the mean
change between infants who
received MMN and infants who did
not receive MMN: weight for height
z-score (WHZ) was �0.01 (95%
CI �0.31 to 0.29, I2 5 0.00%, low
certainty evidence, 2 trials, 358
participants)18,20; height for age
z-score (HAZ) was 0.07 (95%
CI �0.19 to 0.33, I2 5 0.00%, low
certainty evidence, 2 trials, 372
participants)18,20; and weight for
age z-score (WAZ) was 0.05 (95%
CI �0.20 to 0.30, I2 5 0.00%, low
certainty evidence, 2 trials, 383
participants) (Table 1).18,20
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At latest follow-up (mean [SD] 91
[18.38] weeks), the MDs between
the infants who received MMN
and those who did not receive
MMN in WHZ’s was �0.04 (95%
CI �0.30 to 0.22, I2 5 0.00%, low
certainty evidence, 2 trials, 385
participants)18,20; HAZ’s was �0.06
(MD �0.06, 95% CI �0.28 to 0.17,
I2 5 17.22%, low certainty evidence,
2 trials, 392 participants)18,20; and
WAZ’s was �0.01 (95% CI �0.27
to 0.25, I2 5 0.00%, low certainty
evidence, 2 trials, 392
participants).18,20

At latest follow-up (mean [SD] 91
[18.38] weeks), when comparing
infants who received MMN to
those who did not receive
MMN, the RR for wasting (WHZ <

�2 SD score) was 0.86 (95%
CI 0.50–1.48, I2 5 0.00%, low
certainty evidence, 2 trials, 398
participants)18,20; the RR for
stunting (HAZ < �2 SD score) was
1.17 (95% CI 0.83–1.66, I2 5
0.00%, low certainty evidence, 2
trials, 399 participants)18,20; and
the RR for underweight (WAZ <

�2 SD score) was 1.22 (95% CI
0.85–1.76, I2 5 0.00%, low
certainty evidence, 2 trials, 396
participants).18,20

At latest follow-up (78 weeks), the
MDs between infants who received
MMN and those who did not receive
MMN in BISD-III, development
scores for: cognitive development
was 2.64 (95% CI �0.48 to 5.76,
very low certainty evidence, 1 trial,
27 participants)17; language
development was 1.19 (95%
CI �0.33 to 2.71, very low certainty
evidence, 1 trial, 27 participants)17;
expressive language was 0.94 (95%
CI �1.13 to 3.01, very low certainty
evidence, 1 trial, 27 participants)17;
fine motor development was 1.03
(95% CI �1.13 to 3.19, very low
certainty evidence, 1 trial, 27
participants)17; and gross motor
score development was 1.14 (1 trial,
27 participants, MD, 95% CI –0.56

to 2.84, very low certainty
evidence).17

There were insufficient data to
perform our prespecified subgroup
analyses: gestational age, birth
weight, and income level of the
country.

DISCUSSION

Data on a subgroup of 414 preterm
or LBW infants from 2 RCTs (4
reports) were included in our
systematic review. Evidence was
insufficient to understand the effects
of MMN on mortality, morbidity,
growth, and neurodevelopment.
There were also no studies
examining dose, timing of initiation,
and duration of supplementation
with MMN.

Using GRADE criteria,15 we judged
the quality of the evidence to be
low to very low for all outcomes.
The number of participants
included in the systematic review
was low (n 5 414) and the
participants were from small
subgroups of 2 randomized trials.
We downgraded 2 levels for
serious imprecision. The trials
were not designed to examine
effects in preterm or LBW infants,
though the Tanzania trial did test
for subgroup differences between
LBW and non-LBW infants.17–19

The trials included also used
varying types and doses of MMN
supplementation, though
heterogeneity in the meta-analyses
was low. There were insufficient
data to stratify our analyses by
birth weight, gestational age, and
income setting, and we could not
perform prespecified subgroup
analyses. Strengths of the review
include the rigorous methods, the
comprehensive literature search,
and the community-based settings
of the trials.

Overall, we found consistently
small increases in all BSID-III

scores (cognition, receptive
language, expressive language, fine
motor, and gross motor) in the
MMN compared with non-MMN
supplemented infants that may be
of clinical significance, though CIs
were wide and crossed the line of
no effect for all domains. There
were only 27 infants in the
neurodevelopmental analysis and
results were very low certainty.
This also highlights an important
research gap in understanding the
effect of MMN on
neurodevelopment in young
preterm and LBW infants. For
growth outcomes, we found small
changes from enrollment to
follow-up in wasting, stunting,
underweight, and WAZ’s, HAZ’s,
and WHZ’s. These effects were all
of uncertain clinical significance,
and CIs were also wide and
crossed the line of no effect for all
growth outcomes.

There are many studies that show
important beneficial effects of
MMNs when given in childhood
(6–59 months) on child growth
and neurodevelopment.8,9 There
are also studies which show effect
on these outcomes when given in
pregnancy.6,7 A number of
reviews,21–26 including those
published in this supplement,
report important effects of single
micronutrients, especially of iron
supplementation.27,28 There are
also studies that report possible
interactions between iron
supplementation on indices of
zinc29 and copper30 status, zinc
supplementation on iron and
copper status,31 and calcium on
iron absorption and ascorbic acid
on iron status.32,33 We planned
this review specifically to
understand the synergistic effects
of MMNs and potential harms in
combining MMNs for preterm or
LBW infants. However, because of
the paucity of data we were
unable to assess these “combined”
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effects. To our knowledge, there
have been no other systematic
reviews that compared enteral
MMN supplementation for
preterm or LBW infants fed
mother’s own milk or donor
human milk with no
supplementation or placebo.

Overall, MMNs are used widely for
preterm and LBW infants in most
countries globally. It is of concern
that there is such little evidence of
their benefits and harms,
especially because provision of
MMNs is so common in newborns
and their mothers. More trials are
needed to understand the effects

of MMN in preterm and LBW
infants. Data on enteral
supplementation of preterm or
LBW infants fed mother’s own
milk or donor human milk with
MMN are currently insufficient to
allow recommendations for
practice.
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