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Abstract 

Nutrition in the first 1000 days of life is essential to ensure appropriate growth rates, prevent adverse short- and long-
term outcomes, and allow physiologic neurocognitive development. Appropriate management of early nutritional 
needs is particularly crucial for preterm infants. Although the impact of early nutrition on health outcomes in preterm 
infants is well established, evidence-based recommendations on complementary feeding for preterm neonates and 
especially extremely low birth weight and extremely low gestational age neonates are still lacking. In the present 
position paper we performed a narrative review to summarize current evidence regarding complementary feeding in 
preterm neonates and draw recommendation shared by joint societies (SIP, SIN and SIGENP) for paediatricians, health-
care providers and families with the final aim to reduce the variability of attitude and timing among professionals.
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Main text
Introduction
Nutrition in the first 1000 days of life can help ensure 
appropriate growth rates and prevent adverse short- and 
long-term outcomes in infants [1]. Early nutrition is also 
essential for physiologic neurocognitive development [2–
4]. Appropriate management of early nutritional needs 
is particularly crucial for preterm infants, a vulnerable 
population that features specific nutritional requirements 
which differ from those of term neonates [5]. Prematurity 

(defined as birth before 37 weeks gestational age [GA]) 
still affects 7–11% of live births worldwide every year [6, 
7] and it represents a significant cause of mortality and 
morbidity not only in the first years of life, but also later 
in life. Premature infants frequently develop postnatal 
growth retardation [8] and feature an altered body com-
position [9, 10], with reduced fat free mass and increased 
adiposity [9–12].

Although the impact of early nutrition on health out-
comes in preterm infants is well established, evidence-
based recommendations on complementary feeding 
(CF) for preterm neonates and especially for extremely 
low birth weight (ELBW) and extremely low gestational 
age neonates (ELGAN) are still lacking. CF (also called 
weaning) is defined by the World Health Organization as 
“the process starting when breast milk alone is no longer 
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sufficient to meet the nutritional requirements of infants” 
so that “other foods and liquids are needed, along with 
breast milk” [13]. It plays a pivotal role in infantile nutri-
tion and neurodevelopment, and represents a delicate 
period in which either nutritional deficits or overfeeding 
may be exacerbated.

What is known is that guidelines for CF in term infants 
[14, 15] are not appropriate for preterm neonates, hence 
the urgency for specific recommendation for premature 
babies [3, 16, 17].

The objective of this position paper is to summarize 
current evidence regarding CF in preterm neonates 
and provide recommendation shared by joint societies 
(Italian Paediatric Society - SIP, Italian Society of Neo-
natology - SIN, and Italian Society of Paediatric Gas-
troenterology, Hepatology and Nutrition - SIGENP) for 
paediatricians, healthcare providers and families with the 
final aim to reduce the variability of attitude [18] and tim-
ing [19] among professionals.

Who is it for?

• Paediatricians and healthcare providers involved in 
the care of preterm neonates and preterm infants

• Parents and carers of preterm neonates and preterm 
infants

Materials and methods
A recommendation development committee was cre-
ated including neonatologists, paediatricians and nutri-
tion experts. Parent representatives were also surveyed at 
multiple points during the process.

The target population was determined to be preterm 
neonates (GA < 37 weeks) and committee members were 
assigned topics based on expertise.

For each topic, screening was performed according to 
Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) guidelines [20]. The follow-
ing keywords and Mesh terms were employed: com-
plementary food; complementary feeding; weaning; 
introduction; timing; preterm newborn; premature; 
preterm infants; health outcome; development; adi-
posity rebound; paediatric obesity; body mass index; 
nutrition; post-discharge formula; macronutrients; 
oral dysfunction; allergy; “Weaning”[Mesh]; “Infant, 
newborn”[Mesh]; “Diet, vegetarian”[Mesh]; “Diet, vegan” 
[Mesh]. Proper Boolean operators “AND” and “OR” were 
also included to be as comprehensive as possible. Search 
limits were set for studies published up to 31st August 
2021 in English language. Eligible studies were retrieved 
using the PubMed, Embase, Cochrane Library and Web 
of Science databases. Additional studies were identified 

from conference proceedings, trial registries and the ref-
erence lists of the selected papers. As a result, 62 man-
uscripts were selected for this position paper, including 
8 systematic reviews [3, 18, 21–26], 8 narrative reviews 
[27–34], 27 observational studies [19, 35–60], 4 con-
trolled trials [61–64], 1 case report [65], 3 commentaries 
[66–68], 1 operational protocol [69], 3 reports [70–72], 
1 consensus [73], 2 recommendations [74, 75], 2 guide-
lines [76, 77] and 3 nutritional reference values [78–80]. 
One or more recommendations/statements were drafted 
for each topic. Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) approach 
[81] was used to assess the quality of evidence (i.e., high, 
moderate, low or very low) and to define the strength of 
the recommendations (i.e., weak or strong) according to 
potential desirable and undesirable consequences of the 
recommendation. Final recommendations and state-
ments were reviewed by experts and future guideline 
users to ensure feasibility. Based on available data, rec-
ommendations and statements were proposed, discussed 
and rephrased until a consensus of 90% or more was 
reached.

When should complementary feeding be started?
The timing for introduction of solid foods in preterm 
infants is still a matter of debate. Different timeframes 
were suggested in the past such as 3–6 months of postna-
tal age (PA) [70, 71], 5–8 months of PA [72, 76] or more 
recently from 3 months of corrected age (CA) [18].

The majority of data on CF in preterm infants were 
derived from observational studies, thus reducing the 
robustness of the recommendations. Only few ran-
domized controlled trials have assessed differences 
between timings of CF introduction (Table  1). Marriott 
et al. divided 68 preterm infants in two groups: “preterm 
weaning strategy (PWS)” group or control group. The 
PWS group was weaned at 13 weeks of age and at least 
3.5 kg body weight compared to 17 weeks of age and at 
least 5 kg. The PWS group also received advice regarding 
quality of foods, encouraging the consumption of high-
energy and high-protein foods, and a mixture of dried 
cereals and home-prepared foods with preterm infant 
formula. Their results show that the PWS featured greater 
length at 12 months of age, with no differences in weight 
or head circumference, compared to the control group 
[61]. A prospective cohort study by Spiegler et  al. [35] 
showed in a regression analysis that length and weight of 
VLBW infants at 24 months were positively influenced by 
early introduction of CF: VLBW infants at 24 months of 
age were on average ~ 0.4 cm taller and 100 g heavier for 
each month of earlier introduction of CF. Also Rodriguez 
et al. found a beneficial effect of weaning before 4 months 



Page 3 of 14Baldassarre et al. Italian Journal of Pediatrics          (2022) 48:143  

Ta
bl

e 
1 

M
ai

n 
fe

at
ur

es
 o

f R
C

Ts
 a

nd
 o

bs
er

va
tio

na
l s

tu
di

es
 a

ss
es

si
ng

 ti
m

in
g 

fo
r C

F 
in

tr
od

uc
tio

n 
in

 p
re

te
rm

 in
fa

nt
s

A
ut

ho
r, 

Ye
ar

St
ud

y 
D

es
ig

n
Sa

m
pl

e 
Si

ze
Re

su
lts

Ba
ld

as
sa

rr
e,

 2
01

8 
[1

9]
O

bs
er

va
tio

na
l s

tu
dy

Su
rv

ey
 o

f C
F 

pr
ac

tic
es

 a
m

on
g 

34
7 

Ita
lia

n 
pr

im
ar

y 
ca

re
 p

ae
di

at
ric

ia
ns

W
id

e 
he

te
ro

ge
ne

ity
 in

 C
F 

tim
in

g 
(b

as
ed

 o
n 

ag
e 

or
 n

eu
ro

de
ve

lo
pm

en
ta

l 
sk

ill
s 

or
 b

od
y 

w
ei

gh
t)

, q
ua

lit
y,

 a
nd

 p
re

sc
rip

tio
n 

of
 v

ita
m

in
 D

 a
nd

 ir
on

 s
up

-
pl

em
en

ts
.

M
ar

rio
tt

, 2
00

3 
[6

1]
RC

T 
 R

C
T 

co
m

pa
rin

g 
PW

S 
vs

. c
on

ve
nt

io
na

l C
F 

m
an

ag
em

en
t i

n 
68

 p
re

te
rm

 
in

fa
nt

s 
ra

nd
om

is
ed

 to
 e

ith
er

 th
e 

PW
S 

gr
ou

p 
(n

 =
 3

7)
 o

r c
on

tr
ol

 g
ro

up
 

(n
 =

 3
1)

In
fa

nt
s 

in
 th

e 
PW

S 
gr

ou
p 

sh
ow

ed
 h

ig
he

r l
en

gt
h 

sc
or

es
 a

nd
 le

ng
th

 g
ro

w
th

 
ve

lo
ci

ty
, a

nd
 h

ig
he

r i
nt

ak
e 

of
 e

ne
rg

y,
 c

ar
bo

hy
dr

at
e,

 p
ro

te
in

, a
nd

 ir
on

 d
ur

-
in

g 
fo

llo
w

 u
p.

Sp
ie

gl
er

, 2
01

5 
[3

5]
O

bs
er

va
tio

na
l s

tu
dy

Lo
ng

itu
di

na
l a

na
ly

si
s 

of
 in

tr
od

uc
tio

n 
of

 C
F 

in
 9

81
 G

er
m

an
 V

LB
W

 in
fa

nt
s, 

ris
k 

fa
ct

or
s 

fo
r e

ar
ly

 in
tr

od
uc

tio
n 

of
 C

F, 
an

d 
re

la
tio

ns
hi

p 
be

tw
ee

n 
ag

e 
at

 
C

F 
st

ar
t a

nd
 g

ro
w

th
 a

t 2
 ye

ar
s 

of
 a

ge

A
ve

ra
ge

 in
tr

od
uc

tio
n 

of
 C

F 
w

as
 3

.5
 m

on
th

s 
C

A
. L

ow
er

 G
A

 c
or

re
la

te
d 

w
ith

 
ea

rli
er

 in
tr

od
uc

tio
n 

of
 v

eg
et

ab
le

s 
an

d 
m

ea
t. 

A
ge

 a
t i

nt
ro

du
ct

io
n 

of
 C

F 
w

as
 

in
flu

en
ce

d 
by

 IU
G

R,
 G

A
 a

t b
irt

h,
 m

at
er

na
l e

du
ca

tio
n 

an
d 

a 
de

ve
lo

pm
en

ta
l 

de
la

y 
pe

rc
ei

ve
d 

by
 p

ar
en

ts
. N

o 
ne

ga
tiv

e 
eff

ec
t o

f e
ar

ly
 in

tr
od

uc
tio

n 
of

 C
F 

on
 le

ng
th

 a
nd

 w
ei

gh
t a

t 2
 ye

ar
s 

of
 a

ge
.

Ro
dr

ig
ue

z,
 2

01
8 

[4
6]

O
bs

er
va

tio
na

l p
ilo

t s
tu

dy
C

ro
ss

-s
ec

tio
na

l s
tu

dy
 a

ss
es

si
ng

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

fe
ed

in
g 

pr
ac

tic
es

 a
nd

 w
ei

gh
t g

ai
n 

at
 1

8–
24

 m
on

th
s 

C
A

 in
 3

6 
to

dd
le

rs
 b

or
n 

<
 3

2 
w

ee
ks

’ G
A

Fo
rt

y-
on

e 
%

 in
fa

nt
s 

re
ce

iv
ed

 C
F 

be
fo

re
 fo

ur
 m

on
th

s 
C

A
. A

 g
re

at
er

 w
ei

gh
t 

ga
in

 w
as

 o
bs

er
ve

d 
in

 in
fa

nt
s 

on
 e

ar
ly

 C
F.

G
up

ta
, 2

01
7 

[6
2]

RC
T 

RC
T 

co
m

pa
rin

g 
C

F 
st

ar
tin

g 
at

 4
 v

s. 
6 

m
on

th
s 

C
A

 in
 3

73
 In

di
an

 p
re

te
rm

 
in

fa
nt

s 
bo

rn
 <

 3
4 

w
ee

ks
’ G

A
 (n

 =
 1

84
 C

F 
at

 4
 m

on
th

s 
C

A
 v

s. 
n 
=

 1
89

 C
F 

at
 

6 
m

on
th

s 
C

A
)

N
o 

di
ffe

re
nc

e 
w

as
 fo

un
d 

in
 w

ei
gh

t-
fo

r-
ag

e 
z 

sc
or

e 
at

 1
2 

m
on

th
s 

C
A

 
be

tw
ee

n 
gr

ou
ps

, b
ut

 a
 h

ig
he

r h
os

pi
ta

liz
at

io
n 

ra
te

 w
as

 d
oc

um
en

te
d 

in
 th

e 
4 

m
on

th
 C

F 
gr

ou
p.

M
or

ga
n,

 2
00

4 
[2

1]
Po

ol
ed

 R
C

Ts
 re

su
lts

Po
ol

ed
 re

su
lts

 fr
om

 5
 R

C
Ts

 a
ss

es
si

ng
 e

ar
ly

 (<
 1

2 
w

ee
ks

) v
s. 

la
te

 
(>

 1
2 

w
ee

ks
) i

nt
ro

du
ct

io
n 

of
 C

F 
in

 1
69

4 
te

rm
 a

nd
 p

re
te

rm
 in

fa
nt

s
Pr

et
er

m
 in

fa
nt

s 
w

ea
ne

d 
be

fo
re

 1
2 

w
ee

ks
 fe

at
ur

ed
 s

lo
w

er
 in

cr
ea

se
 in

 
w

ei
gh

t, 
le

ng
th

, a
nd

 h
ea

d 
ci

rc
um

fe
re

nc
e 

at
 1

2 
w

ee
ks

 −
 1

8 
m

on
th

s; 
by

 
18

 m
on

th
s, 

th
er

e 
w

er
e 

no
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

in
 s

iz
e 

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps
.

Zi
el

in
sk

a,
 2

01
9 

[5
4]

O
bs

er
va

tio
na

l s
tu

dy
C

ro
ss

-s
ec

tio
na

l s
tu

dy
 in

ve
st

ig
at

in
g 
n 
=

 5
81

5 
pa

re
nt

s 
of

 in
fa

nt
s 

ag
ed

 
1–

3 
ye

ar
s 

fro
m

 P
ol

an
d 

(n
 =

 4
06

5)
 a

nd
 A

us
tr

ia
 (n

 =
 1

75
0)

 u
si

ng
 a

 s
in

gl
e 

on
lin

e 
qu

es
tio

nn
ai

re

C
ro

ss
-s

ec
tio

na
l s

tu
dy

 a
ss

es
si

ng
 ri

sk
 fa

ct
or

s 
fo

r e
ar

ly
 C

F 
in

 P
ol

an
d 

an
d 

A
us

-
tr

ia
.P

re
te

rm
 b

irt
h 

w
as

 a
 s

ig
ni

fic
an

t r
is

k 
fa

ct
or

s 
fo

r e
ar

ly
 C

F, 
to

ge
th

er
 w

ith
 

lo
w

er
 m

at
er

na
l a

ge
 a

nd
 e

du
ca

tio
na

l l
ev

el
, a

bs
en

ce
 o

f b
re

as
tfe

ed
in

g 
an

d 
fo

rm
ul

a 
fe

ed
in

g 
af

te
r h

os
pi

ta
l d

is
ch

ar
ge

.

C
le

ar
y,

 2
02

0 
[5

5]
O

bs
er

va
tio

na
l s

tu
dy

Pr
os

pe
ct

iv
e 

lo
ng

itu
di

na
l s

tu
dy

 o
n 

15
0 

in
fa

nt
s 

(p
re

te
rm

 n
 =

 8
5;

 te
rm

 
n 
=

 6
5)

St
ru

ct
ur

ed
 in

te
rv

ie
w

s 
on

 in
fa

nt
 fe

ed
in

g 
pr

ac
tic

es
, g

ro
w

th
 a

nd
 m

ed
ic

al
 

st
at

us
 in

 te
rm

 a
nd

 p
re

te
rm

 in
fa

nt
s. 

Pr
et

er
m

 in
fa

nt
s 

re
ce

iv
ed

 C
F 

ea
rli

er
 th

an
 

te
rm

 in
fa

nt
s; 

lo
w

er
 m

at
er

na
l e

du
ca

tio
n 

an
d 

m
al

e 
ge

nd
er

 w
er

e 
si

gn
ifi

ca
nt

 
ris

k 
fa

ct
or

s 
fo

r e
ar

ly
 C

F.

Fa
na

ro
, 2

00
7 

[5
6]

O
bs

er
va

tio
na

l s
tu

dy
Su

rv
ey

 o
f C

F 
pr

ac
tic

es
 in

 a
n 

Ita
lia

n 
re

gi
on

 o
n 
n 
=

 1
56

 in
fa

nt
s

Si
gn

ifi
ca

nt
 v

ar
ia

tio
n 

in
 ti

m
in

g 
an

d 
in

ap
pr

op
ria

te
 e

qu
al

ity
 o

f C
F 

(lo
w

 
en

er
gy

, p
ro

te
in

, i
ro

n 
an

d 
zi

nc
 c

on
te

nt
). 

M
at

er
na

l a
ge

 s
ig

ni
fic

an
tly

 in
flu

-
en

ce
d 

th
e 

w
ea

ni
ng

 s
ch

ed
ul

e.

N
or

ris
, 2

00
2 

[5
7]

O
bs

er
va

tio
na

l s
tu

dy
Tw

o-
hu

nd
re

d 
an

d 
fif

ty
-t

hr
ee

 p
re

te
rm

 in
fa

nt
s 

(1
39

 m
al

e,
 1

14
 fe

m
al

e)
 

as
se

ss
ed

 b
y 

st
ru

ct
ur

ed
 in

te
rv

ie
w

s 
in

 th
e 

U
K

N
ea

rly
 h

al
f o

f t
he

 s
am

pl
e 

re
ce

iv
ed

 e
ar

ly
 C

F. 
Fo

rm
ul

a-
fe

d 
in

fa
nt

s 
(m

ea
n 

ag
e 

at
 C

F 
fro

m
 te

rm
 1

0.
2 
±

 0
.4

7 
w

ee
ks

) w
er

e 
w

ea
ne

d 
si

gn
ifi

ca
nt

ly
 e

ar
lie

r t
ha

n 
bo

th
 h

um
an

 m
ilk

-fe
d 

(1
1.

9 
±

 0
.4

9 
w

ee
ks

; p
 <

 0
.0

5)
 a

nd
 c

om
bi

ne
d 

m
ilk

-fe
d 

(1
1.

9 
±

 0
.2

5 
w

ee
ks

; p
 <

 0
.0

05
) i

nf
an

ts
.

Br
ai

d,
 2

01
5 

[5
8]

O
bs

er
va

tio
na

l s
tu

dy
M

ul
tiv

ar
ia

te
 lo

gi
st

ic
 re

gr
es

si
on

 o
n 

76
50

 in
fa

nt
s 

(t
er

m
 v

s. 
pr

et
er

m
)

H
ig

he
r o

dd
s 

of
 e

ar
ly

 C
F 

in
 E

LG
A

N
. L

ow
er

 G
A

 w
as

 a
ss

oc
ia

te
d 

w
ith

 h
ig

he
r 

od
ds

 o
f e

ar
ly

 C
F.

G
ia

nn
ì, 

20
18

 [5
9]

O
bs

er
va

tio
na

l s
tu

dy
A

ss
es

sm
en

t o
f C

F 
pr

ac
tic

es
 in

 a
 c

oh
or

t o
f 6

4 
Ita

lia
n 

la
te

 p
re

te
rm

 in
fa

nt
s

La
te

 p
re

te
rm

 in
fa

nt
s 

st
ar

te
d 

C
F 

at
 a

lm
os

t s
ix

 m
on

th
s 

of
 a

ge
 re

ce
iv

in
g 

fir
st

 
so

lid
 fo

od
s 

w
ith

 lo
w

 e
ne

rg
y 

an
d 

pr
ot

ei
n 

co
nt

en
t.

M
en

ez
es

, 2
01

8 
[6

0]
O

bs
er

va
tio

na
l s

tu
dy

C
ro

ss
-s

ec
tio

na
l s

tu
dy

 o
n 

38
 p

re
te

rm
 in

fa
nt

s 
to

 in
ve

st
ig

at
e 

di
ffi

cu
lti

es
 in

 
C

F 
in

 p
re

m
at

ur
e 

in
fa

nt
s

N
ea

rly
 7

5%
 o

f p
re

te
rm

 in
fa

nt
s 

ex
pe

rie
nc

ed
 a

t l
ea

st
 o

ne
 d

ef
en

si
ve

 b
eh

av
-

io
ur

 a
t m

ea
lti

m
e 

(e
.g

., 
re

fu
sa

l t
o 

op
en

 th
ei

r m
ou

th
, f

oo
d 

se
le

ct
iv

ity
, a

nd
 

fe
ed

in
g 

re
fu

sa
l).



Page 4 of 14Baldassarre et al. Italian Journal of Pediatrics          (2022) 48:143 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

St
ud

y 
D

es
ig

n
Sa

m
pl

e 
Si

ze
Re

su
lts

C
ra

pn
el

l, 
20

13
 [3

6]
O

bs
er

va
tio

na
l s

tu
dy

A
ss

es
sm

en
t o

f e
ar

ly
 m

ed
ic

al
 a

nd
 fa

m
ily

 fa
ct

or
s 

as
so

ci
at

ed
 w

ith
 la

te
r C

F 
in

 1
36

 p
re

te
rm

 in
fa

nt
s 

(≤
30

 w
ee

ks
’ G

A
)

N
ea

rly
 a

 q
ua

rt
er

 o
f i

nf
an

ts
 e

xp
er

ie
nc

ed
 fe

ed
in

g 
pr

ob
le

m
s 

at
 2

 ye
ar

s. 
Ea

rly
 

hy
po

to
ni

a 
an

d 
lo

w
er

 s
oc

io
-e

co
no

m
ic

 s
ta

tu
s 

w
er

e 
do

cu
m

en
te

d 
as

 ri
sk

 
fa

ct
or

s 
fo

r d
el

ay
ed

 C
F.

CA
 c

or
re

ct
ed

 a
ge

, C
F 

co
m

pl
em

en
ta

ry
 fe

ed
in

g,
 E

LG
AN

 e
xt

re
m

el
y 

lo
w

 g
es

ta
tio

na
l a

ge
 n

eo
na

te
, G

A 
ge

st
at

io
na

l a
ge

, I
U

G
R  

in
tr

au
te

rin
e 

gr
ow

th
 re

st
ric

tio
n,

 R
CT

  ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l.



Page 5 of 14Baldassarre et al. Italian Journal of Pediatrics          (2022) 48:143  

of CA with higher weight gain at 18–24 months of CA in 
very preterm infants [46].

Conversely, an RCT conducted in India to compare 
two different timings of CF (4 vs. 6 months CA) in ex pre-
term neonates with GA < 34 weeks revealed that weight-
for-age z score at 12 months CA did not differ between 
groups, but the 4-month CA group experienced a higher 
rate of hospital admission primarily due to infectious dis-
ease [62]. Hence authors recommend to delay CF until 
6 months CA in this population, however generalisability 
of their findings is uncertain due to the important differ-
ences between low and high income countries, including 
higher mortality rate, environmental conditions, and pre-
dominantly vegetarian dietary regimens [68].

Similarly, a pooled analysis of prospective studies 
by Morgan et  al. [21] showed no effects on height and 
weight at 24 months of age and health outcomes up to 
18 months.

What is known is that preterm infants are usually 
weaned early (before 4 months of age) compared to their 
term counterpart [3, 54–57]. Moreover, the first solid 
food is often nutritionally inadequate, with a low energy 
and protein content [56], and wide variability in weaning 
practices and vitamin and iron supplementations [19]. 
The entity of prematurity influences greatly the timing of 
weaning: preterm infants born at 22–32 weeks GA show 
a 9.90 odds of receiving CF before 4 months of age, com-
pared to term peers [58].

However, also late preterm infants are often weaned 
early, at a mean postnatal age of 5.7 months and a mean 
CA of 4.6 months [59].

The early introduction of solid foods in preterm infants 
has been linked to a higher risk of rapid weight gain 
[46], allergy and anaemia whilst a delayed weaning (after 
7–10 months of PA) may increase the risk of avoidance 
feeding behaviour [18].

It is noticeable not only that preterm infants are intro-
duced early to CF, but also that the attitude of primary 
care paediatricians is widely variable in terms of timing of 
introduction and type of suggested foods [19].

This is partly due to the lack of specific guidelines on 
CF introduction for preterm infants [22]. The COMA 
report in 1994 suggested weaning preterm infants 
with a body weight of at least 5 kg, provided they had 
acquired a few specific developmental milestones [72]. 
However, these suggestions may lead to a significant 
delay in some populations of preterm infants (e.g., 
ELGAN or ELBW) which would reach such criteria 
well beyond the timeframe (4–6 months of age) recom-
mended by the ESPGHAN to start CF in term infants 
[14]. Preterm infants starting CF often show defensive 
behaviours at mealtime, such as refusal to open the 

mouth, food selectivity and feeding refusal [60]. More 
recently, it has been recommended that CF in preterm 
infants should be started between 5 and 8 months of 
chronological age [76] when neurodevelopmental skills 
(e.g. good control of the neck, disappearance of the 
protrusion reflex of the tongue, the reduction of reflex-
ive suck in favour of lateral tongue movements, and the 
gradual appearance of lip seal) and readiness to explore 
new textures and flavours should have been reached 
by the vast majority of ex preemies. Since an adequate 
motor development is a pivotal requirement for start-
ing CF, it has also been advised to consider CA in the 
assessment of the optimal timing for weaning pre-
term infants. In this respect the limit of 3 months CA 
has been set to ensure the acquisition of developmen-
tal skills which allow the consumption of solid foods. 
Importantly, CA would be a unifying criterion for the 
heterogeneous population of preterm infants, since it 
is applicable to babies of all gestational ages, from the 
lowest to the highest [3].

Although critical, neurodevelopmental readiness is 
not the only aspect to take into consideration. Difficult 
transition to complementary food may also be related 
to comorbidities, or even behavioural issues, which 
should be carefully assessed with the aid of a multi-
disciplinary team. Indeed, the multiple and unpleas-
ant procedures undergone during hospital admission 
(e.g., orogastric/nasogastric tube feeding, suctioning, 
intubation) may lead to a negative attitude towards CF. 
Furthermore, parental emotional factors should not 
be underestimated, particularly in growth-restricted 
infants, whose growth rate is often concerning for par-
ents [36, 60].

Currently, there is insufficient evidence to draw final 
conclusions regarding a specific timing for starting CF 
in preterm infants, due to their extreme variability in 
achieving neurodevelopmental and oral skills. Hence, 
we suggest an individualized approach based on the 
accurate evaluation of the infant development and atti-
tude towards semi-solid foods, employing corrected or 
postnatal age as an indicative reference rather than a 
mandatory schedule.

Recommendations/Statements

• CF in preterm infants should be started between 5 
and 8 months of chronological age.

• Consider also the limit of 3 months CA to ensure 
the acquisition of developmental skills which allow 
the consumption of solid foods.

Certainty of evidence: Moderate.
Grade of recommendation: Strong.
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Are there specific recommendations for preterm infants 
with oral dysfunction or comorbidities?
Oral dysfunction is not uncommon among infants born 
preterm, due to the higher occurrence of comorbidities 
(e.g., bronchopulmonary dysplasia) or neurodevelop-
mental impairment [27, 37]. Reportedly, over 15% of pre-
term infants require enteral tube feeding upon discharge 
[38]. Lower gestational ages at birth (below 30 weeks) 
and neonatal surgery have been described as risk factors 
for oro-motor feeding problems at 12 months’ CA [39]. 
This sub-group of infants often features greater defensive 
behaviours at mealtime when starting CF, e.g. refusal to 
open the mouth, feeding refusal and food selectivity [60].

However, guidelines regarding CF for preterm infants 
with oral dysfunction or major comorbidities are still lack-
ing, hence the nutritional strategy for these infants should 
be tailored and revised regularly (Table  2). Seemingly, a 
greater amount of food is consumed by preterm infants 
using a spoon-assisted mode of feeding [63], probably 
due to the decreased gag reflex elicited by the introduc-
tion of food with higher texture [28]. CF may be started at 
3–4 months of corrected GA, encouraging the consump-
tion of thicker foods which may be swallowed more easily.

Importantly, preterm infants with oral dysfunctions 
or comorbidities require a multidisciplinary follow up 
encompassing nutrition experts, speech therapists, and 
a behavioural psychologist [28, 29, 69]: oro-motor stim-
ulation should be started early for infants on prolonged 
tube feeds. Infants with gastrointestinal issues should 
also be followed up by a paediatric gastroenterologist. 
Ex preemies with bronchopulmonary dysplasia should 
be weaned with low salt, limited volume, and high 
energy diets; these infants usually better tolerate foods 
given by spoon since they may suffer from mild hypoxic 
spells when suckling liquids.

Complete foods based on amino-acid mixtures con-
centrate in small volumes a high macronutrients con-
tent: they may be an option to meet the high nutritional 
requirements of infants with comorbidities or of those 
infants unable to ingest large quantities of food [3].

Recommendations/Statements

• Preterm infants with oral dysfunctions or comor-
bidities may require a multidisciplinary assessment 
to evaluate when and how CF should be started.

Certainty of evidence: Low.
Grade of recommendation: Weak.

Which type of food should be recommended?
When it comes to solid foods for preterm infants, 
two critical aspects should be taken in consideration. 

Firstly, if the acceptance and consumption of semi-solid 
food is still inadequate, attention should be paid to the 
intake of micronutrients. In this respect, supplementa-
tion with iron and multivitamin products are helpful to 
ensure the correct supply of micronutrients. Secondly, 
if catch-up growth has not been reached by the time 
of weaning, a high protein and energy intake should 
be promoted by means of the correct formula or spe-
cific foods to propose. The choice of the right formula 
milk (i.e., post-discharge or standard formula) is also 
dependent on the milk tolerance of the infant, since 
less mature preterm infants may have immature feeding 
skills but higher energy requirements [3, 30].

Importantly, several figures are involved in the pro-
cess of weaning a preterm infant: families, primary care 
paediatricians and nutrition experts. Each figure plays 
an important role. The family is pivotal since it repre-
sents the main support for the babies and their parents. 
According to a recent systematic review, nutrition edu-
cation for families may decrease the risk of undernutri-
tion in term infants [23], hence we may speculate that 
the same could occur with ex-preemies. The primary 
care paediatrician should carefully evaluate growth 
patterns and ensure adequate adherence to prescrip-
tions and nutritional advice. Lastly, the nutritional 
expert should guide all the weaning process by carefully 
evaluating the infant nutritional needs and neurodevel-
opmental and oral skills, in order to provide tailored 
recommendations.

More specific recommendations for preterm infants 
regarding type of foods to choose, sequence and speed 
of introduction are lacking, hence guidelines for 
term infants currently remain the gold standard [14]. 
Importantly, the beginning of CF is associated with 
significant changes in both macronutrients and micro-
nutrients intake, with the risk of nutritional imbalances. 
The energy requirement differs according to the degree 
of prematurity. Embleton et al. [40] showed that preterm 
infants often fail to meet their dietary intake (energy 
102 kcal/kg/day; protein 3.0 g/kg/day) since the first days 
of life and that such deficits are not recovered by the 
time of discharge.

Recently, Salvatori et al. [24] suggested intake of macro-
nutrients for preterm infants taking into account recom-
mendations conceived by The Italian Society of Human 
Nutrition with LARNs (Reference intake Levels of Nutri-
ents and energy for the Italian population) of 2014 [78], the 
Dietary Reference Values for nutrients of European Food 
Safety Authority (EFSA) of 2017 [79] and the Nutrient Ref-
erence Values for Australia and New Zealand Including 
Recommended Dietary Intakes of 2017 [80] (Table 3).

As for micronutrients, iron supply is a matter of con-
cern due to its essential role for brain development. Iron 
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supplementation is recommended for preterm infants 
until at least 6–12 months of age [66]. However, from 
6 months of age the supplementation alone would not be 
sufficient to provide the adequate amount of iron, hence 
the consumption of foods rich in iron (e.g., meat, iron-
fortified cereals, fish) should be encouraged.

Recommendations/Statements

• Recommendations for preterm infants regarding type 
of foods to choose, sequence and speed of introduc-
tion may be considered the same as for term infants 
currently.

• Consider starting CF encompassing sources of car-
bohydrates, proteins and vegetable fats (extra-virgin 
olive oil) and paying special attention to the intake of 
micronutrients (e.g., iron and vitamins).

Certainty of evidence: Low.
Grade of recommendation: Weak.

Is there a link between early CF and obesity?
Extrauterine growth retardation is very frequent in pre-
term infants that usually weigh significantly less than 
expected at hospital discharge and often remain small 
throughout infancy and childhood. However, an exces-
sive protein supply in the first stages of life and the 
early introduction of CF have been linked to increased 
concentrations of insulin and insulin-like growth fac-
tor-1 (IGF-1), which in turn cause higher weight gain 
and body fat deposition leading to an increased risk of 
obesity. Singhal et  al. demonstrated that ex-preterm 
patients aged 13–16 years featured higher fasting 32–33 
split proinsulin concentrations if fed with a nutrient-
enriched diet in early childhood (mean 7.2 pmol/l, 95% 
CI 6.4–8.1 vs 5.9 pmol/l 95% CI 5.2–6.4; p = 0.01). Fast-
ing 32–33 split proinsulin levels were also associated 
with greater weight gain in the first two weeks of life, 
suggesting that early relative undernutrition in children 
born preterm may have beneficial effects on insulin 
resistance [64].

Hence, there is still uncertainty whether the early intro-
duction of CF is more beneficial in short-term weight 
gain or, in contrast, it is more detrimental due to the 
long-term risk of obesity and metabolic syndrome [77].

A few studies explored the influence of early weaning 
on body mass index (BMI) in preterm infants (Table 4). 
Gupta et al. did not find any significant difference of BMI 
index z  score at 12 months according to timing of CF 
[62], whereas Sun et  al. showed that early CF introduc-
tion was negatively associated to BMI at 12 months of 
age [41]. In contrast, Morgan et al. showed that preterm 
infants weaned before 3 months CA featured a greater 
gain in the subscapular skinfold thickness between 3 and 
9 months CA [21].

A recent study showed that half of preterm infants fea-
tured an early adiposity rebound (≤ 4 years of age) irre-
spective of timing of CF introduction [42], hence authors 
concluded that premature birth can be regarded as an 
independent risk factor for obesity and other non-com-
municable diseases later in life [25, 43]. The risk of being 
overweight or obese in early childhood is higher for small 
for gestational age (SGA) [31] and large for gestational 
age (LGA) [44, 45] neonates. An observational cohort 
study concluded that starting CF before 26 weeks of CA 
is associated with a higher BMI at 12 months of age in 
preterm infants [47]. Nonetheless, a recent systematic 
review regarding the link between the timing of CF in 
preterm infants and the incidence of overweight could 
not draw final conclusions due to the shortage of rand-
omized controlled trials [26] and recent findings from a 
multicentre retrospective cohort study on 911 preterm 
infants demonstrated no associations between over-
weight or obesity at 3 years of age and risk factors such 
as extremely preterm infants being SGA or experiencing 
extrauterine growth retardation (EUGR) [48]. We could 
speculate that these contrasting findings might be due to 
either heterogeneity of study designs or different energy 
intakes between the periods of assessment.

Recommendations/Statements

• Timing of CF start in preterm infants is unlikely to 
influence the incidence of overweight and obesity in 
childhood and adulthood.

• The start of CF in preterm infants should not be 
delayed with the aim to prevent overweight and obe-
sity.

Certainty of evidence: Moderate.
Grade of recommendation: Strong.

Is there a link between early CF and allergy?
The retrospective case-control study by Yrjänä and coll. 
showed that very early introduction of CF does not affect 

Table 3 Macronutrients adequate intake for infants

PUFA poli-unsaturated fatty acids.

Macronutrient Age AI (Adequate Intake)

Water 6–12 months 800–1000 ml/day

Proteins 6–12 months 1.6 g/kg/day

Carbohydrates 7–12 months 95 g/day

Total Lipids 7–12 months 30 g/day

n-6 PUFA 7–12 months 4.6 g/day

n-3 PUFA 7–12 months 0.5 g/day
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the incidence of allergy or atopic manifestations among 
preterm infants, suggesting that their gut-associated 
lymphoid tissue is ready for CF within 3 to 6 months of 
chronological age, regardless of GA at birth [49].

Conversely, Morgan et al. showed that preterm infants 
introduced early (within 17 weeks’ CA) to at least four 
solid foods featured a higher risk of eczema in infancy 
[50] (Table 5). Despite limited evidence, a recent system-
atic review suggested that gluten and allergenic foods 
introduction should not be delayed in preterm infants 
starting CF. Gluten and allergenic foods should be offered 
any time after 4 months of CA, irrespective of infants’ 
relative risk of developing allergy. Limiting the amount of 
gluten during infancy might be desirable [74].

Recommendations/Statements

• The introduction of allergenic foods (e.g., eggs, fish, 
tomato, peanuts) may not be delayed in preterm 
infants.

Certainty of evidence: Very Low.
Grade of recommendation: Weak.

Are vegetarian and vegan weaning regimens feasible 
in preterm infants?
Vegetarian and vegan diets are increasingly popular [32] also 
among parents who are reported to ask their paediatricians 
for alternative weaning regimens with significant frequency 
[51, 52]. Paediatricians often are not prone to support par-
ents in their decision mainly for the concerns regarding 
safety of alternative weaning regimens. Indeed, scientific 
societies [14, 75] encourage weaning regimens based on a 
large variety of foods and stand against alternative weaning 
methods due to the risk of nutritional deficiencies and long-
term detrimental effects (e.g., failure to thrive, rickets, irre-
versible cognitive deficits, death). Alarmingly, the sceptical 
approach of paediatricians jeopardizes the alliance with par-
ents [51, 65] who prefer to adhere to alternative diets with 
scarce guidance from healthcare professionals, whereas the 

collaboration between parents, paediatricians and dieticians 
should be strongly advocated to ensure both a comprehen-
sive growth and development assessment, and an accurate 
diet planning.

Due to the shortage of consistent data supporting the 
safety and feasibility of alternative weaning regimens 
(Table  6), they should be carefully planned for preterm 
infants, who are a rather delicate population [52]. Parents 
strongly willing to adhere to alternative weaning regimens 
should be guided in the process by nutritional experts.

Consumption of foods low in fibre and rich in calcium, 
iron, zinc, iodine, and DHA together with the supple-
mentation of vitamin D and B12 (in case of vegan diet) 
are recommended [52]. Infants should also be carefully 
assessed and monitored for sign and symptoms of nutri-
tional deficits.

Recommendations/Statements

• Vegetarian and vegan weaning may be carefully 
planned in preterm infants.

Certainty of evidence: Very Low.
Grade of recommendation: Weak.

Which milk should be consumed during CF?
Similarly to in-hospital nutrition, also at home the main 
options are human milk (HM), raw or fortified, and for-
mula milk adapted for preterm infants. Despite the fact 
that fortified HM may help ensure adequate growth 
[33, 53], the use of fortifiers at home may be trouble-
some, hence parents should be carefully informed on 
the importance of continuing fortification after dis-
charge from hospital to improve growth and support 
breastfeeding, [73] in a period when feeding and suck-
ing competency on the breast are usually improved [53]. 
Hence, mother’s milk supplementation is often discon-
tinued, exposing the infant to the risk of nutritional 
deficits and decreased weight gain soon after discharge 
[34, 53]. Whether exclusive breastfeeding at discharge 

Table 5 Main features of observational studies assessing the relationship between CF introduction in preterm infants and later onset 
of allergy

CA corrected age, CF complementary feeding.

Author, Year Study Design Sample size Results

Yrjänä, 2018 [49] Observational study Retrospective analysis of data from 464 preterm infants to 
investigate whether early CF influences the incidence of 
food allergy or atopic dermatitis among

CF was started at the median CA of 1.4 months 
for all preterm infants. The incidence either of 
food allergies or of atopic dermatitis did not 
differ significantly between preterm infants and 
controls at 1 and 2 years.

Morgan, 2004 [50] Observational study Assessment of CF-related risk factors for eczema at 
12 months CA in 257 preterm infants

Introduction of 4 solid foods within 17 weeks CA, 
male gender, family history of atopy in parents 
acted as risk factors for the onset of eczema by 
12 months CA.
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and suboptimal initial weight gain in preterm infants 
increase the odds of later cognitive impairment is still 
matter of debate [1, 53]. The so-called “apparent breast-
feeding paradox” clearly describes that very preterm 
infants started on breast milk early in the course of their 
life may feature better neurodevelopmental outcomes in 
spite of suboptimal initial weight gain, thus encouraging 
the use of breastfeeding in preemies [53].

According to ESPGHAN, exclusive breastfeeding, 
mixed feeding (in case of insufficient amounts of breast 
milk) or standard infant formula enriched with LCPUFA 
should be preferred for infants without EUGR. In con-
trast, in case of EUGR or high risk of long-term growth 
failure, infants should be fed up to 40 (but possibly 52) 
weeks’ postmenstrual age with fortified HM or formula 
milk adapted for preterm infants featuring high protein 
contents, calcium, phosphorus, zinc, and LCPUFA [67].

Recommendations

• Infants without EUGR may be fed with exclusive 
breastfeeding, mixed feeding (in case of insufficient 
amounts of breast milk) or standard infant formula 
enriched with LCPUFA.

• Infants with EUGR or at high risk of long-term 
growth failure may be fed with fortified HM or for-
mula milk adapted for preterm infants as long as 
necessary to gain an optimal weight for CA.

Evidence quality: Low.
Grade of recommendation: Weak.

Conclusions
To the best of our knowledge, the present position paper 
by joint societies (SIP, SIN and SIGENP) is the first to 
draw tailored guidance regarding nutrition and comple-
mentary feeding of preterm infants.

We suggest that CF in preterm infants should be 
started between 5 and 8 months of chronological age, 
taking also into account the limit of 3 months CA to 
ensure the acquisition of crucial neurodevelopmen-
tal skills which allow the consumption of solid foods. 
As for type of foods to choose, sequence and speed of 
introduction, the same guidelines available for term 
infants should be applied also for ex-preemies. CF 
should be started encompassing sources of carbohy-
drates, proteins and vegetable fats (although whether a 
specific type of vegetable fat should be preferred is still 
unknown). Attention should be paid to the intake of 
micronutrients (e.g., iron and vitamins).

A multidisciplinary assessment to evaluate when and 
how CF should be started is recommended for preterm 
infants with oral dysfunctions or comorbidities.

According to current knowledge, the timing of CF in 
preterm infants is unlikely to influence the incidence 
of overweight and obesity in childhood and adulthood. 
Thus, it is not necessary to delay the start of CF in pre-
term infants to prevent overweight and obesity. Simi-
larly, the introduction of allergenic foods (e.g., eggs, 
fish, tomato, peanuts) should not be delayed in pre-
term infants.

Vegetarian and vegan weaning should be carefully 
planned in preterm infants, in order to prevent detrimen-
tal effects due to nutritional deficiencies.

Future research should also aim at providing tailored 
recommendations for subgroups of preterm infants, such 
as late preterm neonates, that feature higher risk of lower 
weight and height during childhood, insulin resistance, 
glucose intolerance, and high blood pressure compared 
to term neonates, and whose nutritional requirements 
are still matter of debate [82].

Table 6 Main features of studies assessing vegetarian and vegan weaning regimens

CF complementary feeding.

Author, Year Study Design Sample size Results

Bivi, 2021 [51] Observational study National cross-sectional 
survey on 176 Italian parents 
of children following a vegan 
diet

Nearly 72% of the children enrolled in the study had been on a vegan diet 
since weaning. Primary care paediatricians were often (70.8%) perceived as 
sceptical or against a vegan diet. Nearly 70% of the parents relied on medi-
cal dietitians, and 28.2% on nutritionists/dietitians for dietary counselling.

Baldassarre, 2020 [52] Observational study Survey on 360 Italian families 
to assess the prevalence 
of vegetarian and vegan 
weaning

Nearly 10% of infants were weaned according to a vegetarian or vegan 
diet. Almost half of parents perceived their primary care paediatrician as 
unable to provide sufficient information on unconventional CF and 77.4% 
of parents reported the paediatrician’s resistance towards alternative CF 
methods.

Farella, 2020 [65] Case report n.a. Case report on a 22-month-old boy with failure to thrive probably due 
to an unbalanced vegetarian diet. Difficulty in establishing a therapeutic 
alliance between parents who follow alternative regimens and the paedia-
trician is highlighted.
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