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Overweight modifies the nutritional composition of human milk? 
A systematic review

Abstract  This paper aims to identify the asso-
ciation between overweight and the nutritional 
composition of human milk. A systematic review 
was performed by searching on PubMed, Virtual 
Health Library (BVS), EMBASE, Web of Science, 
and SCOPUS databases, from May to June 2018, 
using keywords “Human Milk” AND “Over-
weight” OR “Obesity” OR “Body Mass Index”. 
The bibliographic search returned 435 papers 
after the duplicates were removed. Of this total, 
12 papers were selected for abstract reading, and 
nine works were incorporated into this systematic 
review. Eight papers showed that overweight in-
creased the total concentration of lipids or glucose 
or macronutrient fractions, and only one study 
found no association between overweight and 
the nutritional composition of human milk. Most 
works selected evidenced that obesity changed the 
total concentration of lipids and their fractions. 
Thus, we recommend that women’s weight and 
height be evaluated in the pregestational visit to 
identify and monitor nutritional deviations, con-
tributing to weight adequacy before pregnancy 
and assisting in the production of milk with ad-
equate nutritional composition.
Key words  Overweight, Human milk, Nutrition-
al Composition, Systematic Review
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introduction

Human milk is a complex biological fluid con-
taining adequate amounts of essential compo-
nents for children’s health, growth, and devel-
opment, such as nutrients1, immunological and 
trophic factors2,3, hormones4,5, and essential bac-
teria for the modulation of the newborn’s intesti-
nal microbiota6. Breastfeeding provides econom-
ic and environmental advantages to the health of 
children, women, and society7 in the short and 
long term.

Exclusive breastfeeding is recommended in 
the first six months of life as the only source of 
nutrients, followed by the introduction of food, 
however, still based on breastfeeding, which must 
be maintained for two years or more8.

Several studies suggest that the nutritional 
composition of human milk can be modified by 
different factors such as maternal age9, lifestyle, 
maternal food intake10, lactation stage, type of 
delivery11, and maternal disorders (arterial hy-
pertension, and diabetes mellitus)12,13.

Besides these factors, women’s overweight 
has been considered a condition that can mod-
ify the nutritional composition of human milk14. 
However, there is still no consensus among the 
studies that aimed to evaluate this association2,3.

Therefore, this systematic review aims to 
identify the association between overweight and 
the nutritional composition of human milk.

Methods

A systematic review of the literature was carried 
out, which consisted of searching for scientific 
papers that evaluated the association between 
overweight and the nutritional composition 
of human milk. The works were selected from 
PubMed, Virtual Health Library (BVS), EM-
BASE, Web of Science, and SCOPUS databases.

The search strategy employed descriptors 
“Human Milk” AND “Obesity” OR “Overweight” 
OR “Body Mass Index”. The search for papers was 
carried out from May 18 to June 4, 2018, by two 
researchers independently. The reference lists of 
the selected papers were also examined to identi-
fy eligible publications.

All potentially eligible publications were se-
lected for full-text reading. Data extraction and 
final classification for inclusion in the review 
were carried out independently, and results were 
compared. Any disagreement was resolved by 
consensus between the two reviewers.

The papers were considered on the following 
inclusion criteria: observational studies that as-
sessed the association between overweight and 
the nutritional composition of human milk (car-
bohydrate or fat or protein or fractions of macro-
nutrients or energy).

The publication period was not limited, and 
the language was not restricted. Studies with rats, 
different outcomes than those established for this 
review, which evaluated changes in the microbi-
ota, hormonal composition, and papers with 
mothers of preterm babies or with any type of 
malformation were excluded.

The following was recorded in the data ex-
traction table: year of publication, type of study, 
country of origin, sample size, losses, age of 
participants, ethnic groups, anthropometric as-
sessment indicators, eligibility criteria, exclusion 
criteria, analyzed nutritional content, the meth-
od used to evaluate the nutritional composition 
of human milk, milk evaluation period, type of 
milk evaluated (colostrum, transitional, mature), 
confounding factors controlled in the analysis, 
and main results.

A checklist based on the Preferred Reporting 
Items for Systematic Reviews (PRISMA) guide-
line was used, which helps authors improve the 
reports of systematic reviews. The summary of 
the stages of the selection process of the papers 
in this systematic review is provided in the flow-
chart below (Figure 1).

results 

According to the established strategy, the bib-
liographic search returned 435 papers after ex-
cluding duplicates. Of this total, 12 works were 
selected for abstract reading. In the end, nine pa-
pers were selected for this systematic review. No 
works were added from the reference lists of the 
papers read.

Table 1 shows the main characteristics of the 
nine papers included in the ascending order of 
the study’s publication period. While the publi-
cation period was not defined, the selected works 
were published from 2005 to 2017. Six studies 
were cross-sectional, and three were cohort. One 
was carried out in Asia, two in South America, 
four in Europe, and two in North America.

Regarding the anthropometric assessment 
of women, only one study measured weight and 
height to calculate body mass index (BMI), two 
studies used self-reported data, and six did not 
inform the method used to calculate BMI. Six 
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studies assessed BMI in the pregestational peri-
od, and the others did not specify when the an-
thropometric assessment was performed.

Table 2 presents the main characteristics of 
milk, controlled confounding factors, and main 
results. As for the type of human milk analyzed 
(colostrum, mature, or transitional), one study 
looked only at colostrum, six analyzed only ma-
ture milk, and two evaluated different lactation 
stages. There was no standard method for evalu-
ating the composition of macronutrients. A stan-

dard method was only used for analyzing fatty 
acids.

Regarding the confounding factors controlled 
in the analysis, three papers made adjustments to 
the analyses.

Concerning the association between overweight 
and the nutritional content of human milk, of the 
nine selected papers, five found that women’s over-
weight altered the concentration of lipid fractions 
(reduced amount of omega 316-19, and increased 
amount of omega 615,16,19 and triglycerides17). 

Figure 1. Flowchart of the selection process for studies included in the systematic review of overweight and 
changes in the nutritional composition of human milk.

 

 

 

 

  

 



3972
O

liv
ei

ra
 E

 e
t a

l.

Ta
bl

e 
1.

 C
h

ar
ac

te
ri

st
ic

s 
of

 s
el

ec
te

d 
st

u
di

es
 o

n
 t

h
e 

im
pa

ct
 o

f 
ov

er
w

ei
gh

t 
on

 t
h

e 
n

u
tr

it
io

n
al

 c
om

po
si

ti
on

 o
f 

hu
m

an
 m

ilk
, 2

00
5-

20
17

.

A
u

th
or

Ye
ar

Ty
p

e 
of

 
st

u
dy

C
ou

n
tr

y
Sa

m
p

le
 n

 to
ta

l 
an

d
 n

 b
y 

gr
ou

p
Fo

ll
ow

-u
p

 
lo

ss
es

A
ge

 (
ye

ar
s)

e
th

n
ic

 
gr

ou
p

s

A
n

th
ro

p
om

et
ri

c 
as

se
ss

m
en

t 
in

d
ic

at
or

s

M
ea

n
 

p
re

ge
st

at
io

n
al

 b
od

y 
m

as
s 

in
d

ex
 (

K
g/

m
²)

e
li

gi
b

il
it

y 
cr

it
er

ia
e

xc
lu

si
on

 
cr

it
er

ia

M
ar

ín
 e

t 
al

.15

20
05

C
ro

ss
-

se
ct

io
n

al
A

rg
en

ti
n

a
46 21

 e
u

tr
op

h
ic

, 1
6 

ov
er

w
ei

gh
t, 

9 
ob

es
e

N
o 

lo
ss

es
16

-3
9

N
I

W
ei

gh
t, 

h
ei

gh
t, 

B
M

I
N

I
W

om
en

 w
h

o 
ga

ve
 

bi
rt

h
 to

 h
ea

lt
hy

 fu
ll-

te
rm

 b
ab

ie
s 

(3
8-

42
 

w
ee

ks
 o

f 
ge

st
at

io
n

al
 

ag
e)

N
I

St
or

ck
 

Li
n

dh
ol

m
 

et
 a

l.19

20
13

C
oh

or
t/

 
in

te
rv

en
ti

on
Sw

ed
en

82 41
 e

u
tr

op
h

ic
, 4

1 
ob

es
e,

 o
f 

w
h

ic
h

 
29

 w
er

e 
pa

rt
 o

f 
th

e 
in

te
rv

en
ti

on
 

gr
ou

p

N
o 

lo
ss

es
E

u
tr

op
h

ic
: 

32
.0

7 
±

 4
.1

1

O
be

se
 

w
it

h
ou

t 
in

te
rv

en
ti

on
: 

30
.5

 ±
 5

.7
1

O
be

se
 w

it
h

 
in

te
rv

en
ti

on
: 

32
.1

7 
±

 3
.7

1

N
I

P
re

ge
st

at
io

n
al

 
an

d 
ge

st
at

io
n

al
 

B
M

I 
(3

2 
an

d 
36

 
w

ee
ks

)

E
u

tr
op

h
ic

: 2
2 

±
 1

.8
1

O
be

se
 w

it
h

ou
t 

in
te

rv
en

ti
on

: 3
5 

±
 

3.
81

O
be

se
 w

it
h

 
in

te
rv

en
ti

on
: 3

6 
±

 
5.

01

N
I

P
re

m
at

u
re

 
bi

rt
h

 (
<

37
 

w
ee

ks
),

 m
u

lt
ip

le
 

pr
eg

n
an

ci
es

 
an

d/
or

 b
ab

ie
s 

w
it

h
 m

aj
or

 
m

al
fo

rm
at

io
n

s

M
äk

el
ä 

et
 

al
.16

20
13

C
ro

ss
-

se
ct

io
n

al
Fi

n
la

n
d

16
3

49
 e

u
tr

op
h

ic
, 5

1 
ov

er
w

ei
gh

t

N
o 

lo
ss

es
E

u
tr

op
h

ic
: 

29
.7

 (
3.

6)
 1

O
ve

rw
ei

gh
t:

 
31

.0
 (

5.
0)

 1

N
I

P
re

ge
st

at
io

n
al

 
B

M
I

E
u

tr
op

h
ic

: 2
0.

9 
(2

.1
) 

1

O
ve

rw
ei

gh
t:

 2
9.

7 
(3

.3
) 

1

N
I

N
I

Li
nd

er
bo

rg
 

et
 a

l.17

20
14

C
ro

ss
-

se
ct

io
n

al
Fi

n
la

n
d

40 Eu
tr

op
hi

c 
w

it
h 

re
co

m
m

en
de

d 
fo

od
 c

ho
ic

es
 E

ut
ro

ph
ic

 
w

it
h 

no
n-

re
co

m
m

en
de

d 
fo

od
 c

ho
ic

es
 O

ve
rw

ei
gh

t w
it

h 
re

co
m

m
en

de
d 

fo
od

 c
ho

ic
es

O
ve

rw
ei

gh
t 

w
it

h 
no

n-
re

co
m

m
en

de
d 

fo
od

 c
ho

ic
es

N
o 

lo
ss

es
30

.0
1 

 ±
 

3.
96

1

N
I

P
re

ge
st

at
io

n
al

 
B

M
I

Eu
tr

op
hi

c 
w

it
h 

ad
eq

u
at

e 
fo

od
 

ch
oi

ce
s:

 2
0.

81
 ±

 
1.

69
1

Eu
tr

op
hi

c 
w

it
h 

in
ad

eq
u

at
e 

fo
od

 
ch

oi
ce

s:
 2

1.
41

 ±
 

2.
31

1

O
ve

rw
ei

gh
t 

w
it

h 
ad

eq
u

at
e 

fo
od

 
ch

oi
ce

s:
 2

9.
79

 ±
 

2.
85

1

O
ve

rw
ei

gh
t 

w
it

h 
in

ad
eq

u
at

e 
fo

od
 

ch
oi

ce
s:

 3
1.

22
 ±

 
4.

25
1

N
I

N
I

it
 c

on
ti

n
u

es



3973
C

iên
cia &

 Saú
de C

oletiva, 25(10): 3969-3980, 2020

A
u

th
or

Ye
ar

Ty
p

e 
of

 
st

u
dy

C
ou

n
tr

y
Sa

m
p

le
 n

 to
ta

l 
an

d
 n

 b
y 

gr
ou

p
Fo

ll
ow

-u
p

 
lo

ss
es

A
ge

 (
ye

ar
s)

e
th

n
ic

 
gr

ou
p

s

A
n

th
ro

p
om

et
ri

c 
as

se
ss

m
en

t 
in

d
ic

at
or

s

M
ea

n
 

p
re

ge
st

at
io

n
al

 b
od

y 
m

as
s 

in
d

ex
 (

K
g/

m
²)

e
li

gi
b

il
it

y 
cr

it
er

ia
e

xc
lu

si
on

 
cr

it
er

ia

Fu
jim

or
i 

et
 a

l.2

20
15

C
ro

ss
-

se
ct

io
n

al
B

ra
zi

l
68 25

 e
u

tr
op

h
ic

, 2
4 

ov
er

w
ei

gh
t, 

19
 

ob
es

e

N
o 

lo
ss

es
Eu

tr
op

hi
c:

 
25

.0
 (

18
-3

7)
 2

O
ve

rw
ei

gh
t: 

24
.1

 (
18

-3
7)

 2

O
be

se
: 2

6.
8 

(2
1-

38
)2

N
I

P
re

ge
st

at
io

n
al

 
B

M
I

E
u

tr
op

h
ic

: 2
1.

4 
(1

8.
4 

– 
24

.4
) 

2

O
ve

rw
ei

gh
t:

 2
6.

6 
(2

5.
2 

– 
28

.6
) 

2

O
be

se
: 3

4.
7 

(3
0.

1 
– 

47
.9

) 
2

W
om

en
 w

it
h

 b
re

as
ts

 
w

it
h

ou
t 

fi
ss

u
re

s 
on

 
n

ip
pl

es
 o

r 
m

as
ti

ti
s;

 
w

h
o 

w
er

e 
ex

cl
u

si
ve

ly
 

br
ea

st
fe

ed
in

g 
th

ei
r 

ba
bi

es

M
u

lt
ip

le
 

pr
eg

n
an

ci
es

, f
et

al
 

m
al

fo
rm

at
io

n
 

an
d 

bi
rt

h
s 

be
fo

re
 t

h
e 

37
th

 
ge

st
at

io
n

al
 w

ee
k

Pa
n

ag
os

 e
t 

al
.18

20
16

C
oh

or
t 

U
SA

42 21
 e

u
tr

op
h

ic
, 2

1 
ob

es
e

N
o 

lo
ss

es
 to

 
ev

al
u

at
e 

th
e 

n
u

tr
it

io
n

al
 

co
m

po
si

ti
on

 
of

 m
ilk

E
u

tr
op

h
ic

: 
31

 ±
 3

.7
1

O
be

se
: 3

0 
±

 
5.

71

M
u

lt
ie

th
n

ic
 

(H
is

pa
n

ic
, 

C
au

ca
si

an
, 

A
fr

ic
an

 
A

m
er

ic
an

, 
an

d 
A

si
an

)

W
ei

gh
t, 

h
ei

gh
t 

an
d 

pr
eg

es
ta

ti
on

al
 

B
M

I

E
u

tr
op

h
ic

: 2
2 

(1
.9

) 
1

O
be

se
: 3

5 
(4

.0
) 

1

R
ec

ru
it

ed
 a

t t
he

 
Tu

ft
s 

M
ed

ic
al

 C
en

te
r. 

V
is

it
s 

be
tw

ee
n 

34
 

an
d 

40
 w

ee
ks

 o
f 

ge
st

at
io

na
l a

ge
. 

W
om

en
 w

ho
 p

la
nn

ed
 

to
 o

ff
er

 b
re

as
t m

ilk
 

as
 th

e 
m

ai
n 

fo
rm

 o
f 

nu
tr

it
io

n 
fo

r 
th

ei
r 

ba
bi

es
 a

nd
 w

er
e 

w
ill

in
g 

to
 p

ro
vi

de
 

a 
sa

m
pl

e 
of

 h
um

an
 

m
ilk

 o
n 

a 
st

ud
y 

vi
si

t 
be

tw
ee

n 
4 

an
d 

10
 

w
ee

ks
 p

os
tp

ar
tu

m

C
h

ild
bi

rt
h

 
be

fo
re

 3
5 

w
ee

ks
 

of
 g

es
ta

ti
on

al
 

ag
e,

 m
u

lt
ip

le
 

pr
eg

n
an

cy
, 

to
ba

cc
o 

u
se

, 
in

tr
au

te
ri

n
e 

gr
ow

th
 

re
st

ri
ct

io
n

, f
et

al
 

ab
n

or
m

al
it

ie
s,

 
st

ill
bi

rt
h

.

D
e 

Lu
ca

 
et

 a
l.4

20
16

C
ro

ss
-

se
ct

io
n

al
Fr

an
ce

10
0

50
 e

u
tr

op
h

ic
, 5

0 
ob

es
e

N
o 

lo
ss

es
E

u
tr

op
h

ic
 

30
.1

 ±
 4

.2
1

O
be

se
 3

0.
2 

±
 4

.7
1

N
I

W
ei

gh
t, 

h
ei

gh
t 

an
d 

B
M

I
E

u
tr

op
h

ic
: 2

1.
6 

±
 

1.
41

O
be

se
: 3

4.
3 

±
 3

.9
1

C
on

ti
n

u
ou

s 
br

ea
st

fe
ed

in
g 

u
p 

to
 

1 
m

on
th

Pr
e-

ex
is

ti
ng

 
ch

ro
ni

c 
or

 
ge

st
at

io
na

l 
di

se
as

e,
 s

m
ok

in
g 

du
ri

ng
 p

re
gn

an
cy

, 
tw

in
 p

re
gn

an
cy

, 
pr

em
at

ur
it

y,
 lo

w
 

bi
rt

h 
w

ei
gh

t o
r 

ho
sp

it
al

iz
at

io
n 

in
 th

e 
ne

on
at

al
 

pe
ri

od

it
 c

on
ti

n
es

Ta
bl

e 
1.

 C
h

ar
ac

te
ri

st
ic

s 
of

 s
el

ec
te

d 
st

u
di

es
 o

n
 t

h
e 

im
pa

ct
 o

f 
ov

er
w

ei
gh

t 
on

 t
h

e 
n

u
tr

it
io

n
al

 c
om

po
si

ti
on

 o
f 

hu
m

an
 m

ilk
, 2

00
5-

20
17

.



3974
O

liv
ei

ra
 E

 e
t a

l.

A
u

th
or

Ye
ar

Ty
p

e 
of

 
st

u
dy

C
ou

n
tr

y
Sa

m
p

le
 n

 to
ta

l 
an

d
 n

 b
y 

gr
ou

p
Fo

ll
ow

-u
p

 
lo

ss
es

A
ge

 (
ye

ar
s)

e
th

n
ic

 
gr

ou
p

s

A
n

th
ro

p
om

et
ri

c 
as

se
ss

m
en

t 
in

d
ic

at
or

s

M
ea

n
 

p
re

ge
st

at
io

n
al

 b
od

y 
m

as
s 

in
d

ex
 (

K
g/

m
²)

e
li

gi
b

il
it

y 
cr

it
er

ia
e

xc
lu

si
on

 
cr

it
er

ia

Yo
u

n
g 

et
 

al
.3

20
17

C
oh

or
t

U
SA

48 26
 e

u
tr

op
h

ic
, 2

2 
ov

er
w

ei
gh

t

N
o 

lo
ss

es
E

u
tr

op
h

ic
 

30
.8

 ±
 2

.6
1

O
be

se
 3

0.
3 

±
 3

.9
1

N
I

P
re

ge
st

at
io

n
al

 
B

M
I

E
u

tr
op

h
ic

: 2
1.

4 
±

 
2.

01

O
be

se
: 3

0.
4 

±
 4

.2
1

M
at

er
n

al
 a

ge
 2

1 
to

 3
6 

ye
ar

s,
 w

it
h

 
pr

eg
es

ta
ti

on
al

 
B

M
I 

fr
om

 1
7.

0 
to

 
39

.9
 k

g 
/ 

m
²,

 s
in

gl
e 

fe
tu

s,
 p

la
n

n
in

g 
to

 b
re

as
tf

ee
d 

ex
cl

u
si

ve
ly

 fo
r 

at
 

le
as

t 
fo

u
r 

m
on

th
s,

 
h

ea
lt

hy
, d

el
iv

er
y 

at
 

th
e 

st
u

dy
 h

os
pi

ta
l

W
om

en
 w

it
h 

ch
ro

ni
c 

m
ed

ic
al

 
co

nd
it

io
ns

 
re

qu
ir

in
g 

tr
ea

tm
en

t, 
su

ch
 a

s 
ca

rd
io

pu
lm

on
ar

y,
 

rh
eu

m
at

ol
og

ic
al

 
or

 k
id

ne
y 

di
se

as
e 

or
 p

re
-

ex
is

ti
ng

 d
ia

be
te

s,
 

ge
st

at
io

na
l 

di
ab

et
es

, p
re

-
ec

la
m

ps
ia

 o
r 

pr
em

at
ur

e 
bi

rt
h

H
ah

n
 e

t 
al

.20

20
17

C
ro

ss
-

se
ct

io
n

al
So

u
th

 
K

or
ea

80 20
 e

u
tr

op
h

ic
 

am
on

g 
20

 y
ea

rs
, 

20
 e

u
tr

op
h

ic
 

am
on

g 
30

 y
ea

rs
, 

20
 O

ve
rw

ei
gh

t 
am

on
g 

20
 

ye
ar

s 
an

d 
20

 
O

ve
rw

ei
gh

t 
am

on
g 

30
 y

ea
rs

N
I

E
u

tr
op

h
ic

 >
 

20
 a

n
d 

<
 3

0
O

be
se

 >
 3

0

N
I

B
M

I
N

I
M

ot
he

rs
 w

ho
 

ex
cl

us
iv

el
y 

br
ea

st
fe

d,
 

ga
ve

 b
ir

th
 to

 a
 

he
al

th
y 

ba
by

, 
w

it
ho

ut
 a

ny
 b

re
as

t 
di

se
as

es
 in

cl
ud

in
g 

in
fla

m
m

at
or

y 
di

se
as

es
, s

ta
rt

ed
 to

 
br

ea
st

fe
ed

 fr
om

 th
e 

fir
st

 d
ay

 o
f 

de
liv

er
y 

an
d 

ch
ild

re
n 

w
it

h 
no

rm
al

 w
ei

gh
t 

at
 b

ir
th

, h
ea

d 
ci

rc
um

fe
re

nc
e 

an
d 

bi
rt

h 
he

ig
ht

M
ot

h
er

s 
w

it
h

 a
 

di
se

as
e 

in
cl

u
di

n
g 

ge
st

at
io

n
al

 
di

ab
et

es
 m

el
lit

u
s 

an
d 

hy
p

er
te

n
si

ve
 

di
se

as
es

1 M
ea

n
 d

at
a;

 2 M
ed

ia
n

 d
at

a;
 N

I 
=

 N
o 

in
fo

rm
at

io
n

.

Ta
bl

e 
1.

 C
h

ar
ac

te
ri

st
ic

s 
of

 s
el

ec
te

d 
st

u
di

es
 o

n
 t

h
e 

im
pa

ct
 o

f 
ov

er
w

ei
gh

t 
on

 t
h

e 
n

u
tr

it
io

n
al

 c
om

po
si

ti
on

 o
f 

hu
m

an
 m

ilk
, 2

00
5-

20
17

.



3975
C

iên
cia &

 Saú
de C

oletiva, 25(10): 3969-3980, 2020

Ta
bl

e 
2.

 C
h

ar
ac

te
ri

st
ic

s 
of

 t
h

e 
an

al
ys

es
, c

on
fo

u
n

di
n

g 
fa

ct
or

s,
 a

n
d 

m
ai

n
 r

es
u

lt
s 

fo
u

n
d,

 2
00

5-
20

17
.

A
u

th
or

N
u

tr
it

io
n

al
 

co
n

te
n

t 
an

al
yz

ed

M
et

h
od

 u
se

d
 to

 a
ss

es
s 

th
e 

co
m

p
os

it
io

n
 o

f 
h

u
m

an
 m

il
k

M
il

k 
ev

al
u

at
io

n
 

p
er

io
d

M
om

en
t o

f 
ev

al
u

at
io

n
 o

f 
h

u
m

an
 m

il
k 

(c
ol

os
tr

u
m

, 
tr

an
si

ti
on

al
, 

m
at

u
re

)

C
on

fo
u

n
d

in
g 

fa
ct

or
s 

co
n

tr
ol

le
d

 in
 th

e 
an

al
ys

is
M

ai
n

 r
es

u
lt

s

M
ar

ín
 e

t 
al

.15

Li
pi

d 
(f

at
ty

 
ac

id
s)

 a
n

d 
pr

ot
ei

n

To
ta

l l
ip

id
s:

 F
ol

ch
Fa

tt
y 

ac
id

s:
 g

as
 

ch
ro

m
at

og
ra

ph
y

P
ro

te
in

: L
ow

ry
 e

t 
al

.

1 
an

d 
3 

m
on

th
s

M
at

u
re

3
N

I
T

h
e 

hu
m

an
 m

ilk
 p

ro
te

in
 w

as
 n

ot
 m

od
ifi

ed
 b

y 
th

e 
w

om
an

’s
 

n
u

tr
it

io
n

al
 s

ta
tu

s.
 T

h
er

e 
w

as
 a

 h
ig

h
er

 c
on

ce
n

tr
at

io
n

 o
f 

to
ta

l 
lip

id
s,

 li
n

ol
ei

c 
ac

id
, p

ol
yu

n
sa

tu
ra

te
d 

fa
tt

y 
ac

id
s 

(o
m

eg
a 

6)
 

am
on

g 
ob

es
e 

pu
er

p
er

ae
.

St
or

ck
 

Li
n

dh
ol

m
 

et
 a

l.19

Li
pi

d 
(f

at
ty

 
ac

id
s)

Fa
tt

y 
ac

id
s:

 g
as

 a
n

d 
liq

u
id

 
ch

ro
m

at
og

ra
ph

y
3 

da
ys

, 1
0 

da
ys

, 1
 

m
on

th
 a

n
d 

2 
m

on
th

s

C
ol

os
tr

u
m

1 , 
Tr

an
si

ti
on

al
2  a

n
d 

M
at

u
re

3

(p
os

te
ri

or
)

N
I

T
he

 c
on

ce
nt

ra
ti

on
s 

of
 o

m
eg

a 
6 

in
 h

um
an

 m
ilk

 w
er

e 
hi

gh
er

 in
 

eu
tr

op
hi

c 
w

om
en

 o
n 

th
e 

th
ir

d 
da

y 
af

te
r 

bi
rt

h,
 a

nd
 o

m
eg

a 
3 

w
as

 
lo

w
er

 in
 o

be
se

 w
om

en
 w

it
ho

ut
 in

te
rv

en
ti

on
. T

he
 p

ro
po

rt
io

n 
of

 o
m

eg
a 

6/
om

eg
a 

3 
w

as
 h

ig
he

r 
in

 th
e 

m
ilk

 o
f o

be
se

 w
om

en
 

w
it

ho
ut

 in
te

rv
en

ti
on

 c
om

pa
re

d 
to

 th
e 

ot
he

r 
tw

o 
gr

ou
ps

. 
O

be
se

 m
ot

he
rs

 w
it

h 
di

et
ar

y 
m

on
it

or
in

g 
ha

d 
co

nc
en

tr
at

io
ns

 o
f 

po
ly

un
sa

tu
ra

te
d 

fa
tt

y 
ac

id
s 

cl
os

e 
to

 th
os

e 
of

 e
ut

ro
ph

ic
 o

ne
s.

M
äk

el
ä 

et
 

al
.16

Li
pi

d 
(f

at
ty

 
ac

id
s)

Fa
tt

y 
ac

id
s:

 g
as

 
ch

ro
m

at
og

ra
ph

y
3 

m
on

th
s

M
at

u
re

3
M

at
er

n
al

 d
ie

t
O

ve
rw

ei
gh

t w
om

en
 h

ad
 s

ig
ni

fic
an

tly
 m

or
e 

sa
tu

ra
te

d 
fa

tt
y 

ac
id

s 
an

d 
lo

w
er

 o
m

eg
a 

3 
w

he
n 

co
m

pa
re

d 
to

 e
ut

ro
ph

ic
 m

ot
he

rs
. 

M
or

eo
ve

r, 
th

e 
pr

op
or

ti
on

 o
f u

ns
at

ur
at

ed
 a

nd
 s

at
ur

at
ed

 fa
tt

y 
ac

id
s 

w
as

 s
ig

ni
fic

an
tly

 lo
w

er
, a

nd
 th

e 
pr

op
or

ti
on

 o
f o

m
eg

a 
6 

to
 

om
eg

a 
3 

w
as

 h
ig

he
r 

in
 o

ve
rw

ei
gh

t w
om

en
.

Li
nd

er
bo

rg
 

et
 a

l.17

Li
pi

d 
(f

at
ty

 
ac

id
s 

an
d 

tr
ig

ly
ce

ri
de

s)

Fa
tt

y 
ac

id
s:

 g
as

 
ch

ro
m

at
og

ra
ph

y
3 

m
on

th
s

M
at

u
re

3
N

I
E

u
tr

op
h

ic
 p

u
er

p
er

ae
 w

it
h

 r
ec

om
m

en
de

d 
di

et
ar

y 
ch

oi
ce

s 
h

ad
 

m
or

e 
lin

ol
ei

c 
ac

id
 a

n
d 

le
ss

 d
ia

cy
lg

ly
ce

ro
l f

ra
gm

en
ts

 in
 m

ilk
 

co
m

pa
re

d 
to

 e
u

tr
op

h
ic

 p
u

er
p

er
ae

 w
it

h
 n

on
-r

ec
om

m
en

de
d 

fo
od

 c
h

oi
ce

s.

Fu
jim

or
i 

et
 a

l.2

Li
pi

d 
(c

h
ol

es
te

ro
l, 

tr
ig

ly
ce

ri
de

s)
, 

gl
u

co
se

 a
n

d 
pr

ot
ei

n

To
ta

l l
ip

id
s:

 E
n

zy
m

at
ic

 
co

lo
ri

m
et

ri
c 

m
et

h
od

G
lu

co
se

: E
n

zy
m

at
ic

 s
ys

te
m

P
ro

te
in

: B
iu

re
t 

co
lo

ri
m

et
ri

c 
m

et
h

od

48
-7

2 
h

ou
rs

 
po

st
pa

rt
u

m

C
ol

os
tr

u
m

1
M

at
er

n
al

 a
ge

, g
es

ta
ti

on
al

 
ag

e 
at

 d
el

iv
er

y,
 s

m
ok

in
g,

 
h

ig
h

 b
lo

od
 p

re
ss

u
re

, p
re

-
ge

st
at

io
n

al
 b

od
y 

m
as

s 
in

de
x,

 
pr

e-
ge

st
at

io
n

al
 d

ia
be

te
s 

an
d 

ge
st

at
io

n
al

 d
ia

be
te

s

In
cr

ea
se

d 
ca

lo
ri

es
, f

at
, a

n
d 

gl
u

co
se

 w
er

e 
fo

u
n

d 
in

 t
h

e 
co

lo
st

ru
m

 o
f 

ob
es

e 
w

om
en

. P
ro

te
in

 c
on

ce
n

tr
at

io
n

 w
as

 
si

m
ila

r 
be

tw
ee

n
 g

ro
u

ps
.

it
 c

on
ti

n
u

es



3976
O

liv
ei

ra
 E

 e
t a

l.

A
u

th
or

N
u

tr
it

io
n

al
 

co
n

te
n

t 
an

al
yz

ed

M
et

h
od

 u
se

d
 to

 a
ss

es
s 

th
e 

co
m

p
os

it
io

n
 o

f 
h

u
m

an
 m

il
k

M
il

k 
ev

al
u

at
io

n
 

p
er

io
d

M
om

en
t o

f 
ev

al
u

at
io

n
 o

f 
h

u
m

an
 m

il
k 

(c
ol

os
tr

u
m

, 
tr

an
si

ti
on

al
, 

m
at

u
re

)

C
on

fo
u

n
d

in
g 

fa
ct

or
s 

co
n

tr
ol

le
d

 in
 th

e 
an

al
ys

is
M

ai
n

 r
es

u
lt

s

Pa
n

ag
os

 e
t 

al
.18

Li
pi

ds
, l

ac
to

se
, 

pr
ot

ei
n

To
ta

l l
ip

id
s, 

la
ct

os
e 

an
d 

pr
ot

ei
n:

 
Ju

lie
 Z

7 
A

ut
om

at
ic

 M
ilk

oS
co

pe
 

eq
ui

pm
en

t b
y 

ul
tr

as
ou

nd
 

te
ch

ni
qu

e 
Fa

tt
y 

ac
id

s:
 m

od
ifi

ed
 

Fo
lc

h 
m

et
ho

d,
 fo

llo
w

ed
 b

y 
sa

po
ni

fic
at

io
n 

an
d 

m
et

hy
la

ti
on

2 
m

on
th

s
M

at
u

re
3

N
I

T
h

e 
m

at
u

re
 m

ilk
 o

f 
ob

es
e 

m
ot

h
er

s 
h

ad
 a

 lo
w

er
 a

m
ou

n
t 

of
 o

m
eg

a 
3.

 H
ow

ev
er

, t
h

er
e 

w
as

 n
o 

as
so

ci
at

io
n

 b
et

w
ee

n
 

pr
e-

ge
st

at
io

n
al

 B
M

I,
 c

al
or

ic
 d

en
si

ty
 a

n
d 

m
ac

ro
n

u
tr

ie
n

ts
 in

 
hu

m
an

 m
ilk

.

D
e 

Lu
ca

 
et

 a
l.4

P
ro

te
in

 
(a

m
in

o 
ac

id
s)

Fr
ee

 a
m

in
o 

ac
id

s:
 u

lt
ra

-
p

er
fo

rm
an

ce
 li

qu
id

 
ch

ro
m

at
og

ra
ph

y 
an

d 
ta

n
de

m
 

m
as

s 
sp

ec
tr

om
et

ry

1 
m

on
th

M
at

u
re

3
N

I
  T

h
e 

am
ou

n
t 

of
 b

ra
n

ch
ed

-c
h

ai
n

 a
m

in
o 

ac
id

s 
w

as
 2

0%
 

h
ig

h
er

 in
 t

h
e 

m
at

u
re

 m
ilk

 o
f 

ob
es

e 
pu

er
p

er
ae

 a
n

d 
30

%
 

co
n

ce
rn

in
g 

ty
ro

si
n

e.

Yo
u

n
g 

et
 

al
.3

Li
pi

ds
, l

ac
to

se
, 

pr
ot

ei
n

, 
ca

lo
ri

e

Li
pi

d:
 c

re
am

at
oc

ri
t;

 L
ac

to
se

: 
en

zy
m

at
ic

 d
ig

es
ti

on
 P

ro
te

in
: 

m
od

ifi
ed

 v
er

si
on

 o
f 

th
e 

B
ra

df
or

d 
m

et
h

od

2 
w

ee
ks

, 
1,

2,
3,

4 
m

on
th

s

Tr
an

si
çã

o2  e
 

M
ad

u
ro

3 
(A

n
te

ri
or

 
e 

po
st

er
io

r)

N
I

T
h

er
e 

w
as

 n
o 

as
so

ci
at

io
n

 b
et

w
ee

n
 p

re
ge

st
at

io
n

al
 B

M
I 

an
d 

th
e 

co
n

ce
n

tr
at

io
n

 o
f 

lip
id

s,
 la

ct
os

e,
 a

n
d 

pr
ot

ei
n

.

H
ah

n
 e

t 
al

.20

Li
pi

ds
, 

pr
ot

ei
n

, 
la

ct
os

e,
 c

al
or

ie

M
IR

IS
4 

w
ee

ks
M

at
u

re
3

M
at

er
n

al
 a

ge
T

h
e 

in
te

ra
ct

io
n

 b
et

w
ee

n
 m

at
er

n
al

 a
ge

 a
n

d 
B

M
I 

m
od

ifi
ed

 
m

ilk
 m

ac
ro

n
u

tr
ie

n
ts

 in
 d

if
fe

re
n

t 
w

ay
s,

 a
cc

or
di

n
g 

to
 t

h
e 

di
ff

er
en

t 
su

bg
ro

u
ps

.
1 C

ol
os

tr
u

m
: U

p 
to

 5
 d

ay
s 

af
te

r 
de

liv
er

y;
 2

Tr
an

si
ti

on
al

: 6
 to

 1
5 

da
ys

 a
ft

er
 d

el
iv

er
y;

3M
at

u
re

: >
 1

5 
da

ys
 a

ft
er

 d
el

iv
er

y.
 N

I 
=

 N
ot

 I
n

fo
rm

ed
.

Ta
bl

e 
2.

 C
h

ar
ac

te
ri

st
ic

s 
of

 t
h

e 
an

al
ys

es
, c

on
fo

u
n

di
n

g 
fa

ct
or

s,
 a

n
d 

m
ai

n
 r

es
u

lt
s 

fo
u

n
d,

 2
00

5-
20

17
.



3977
C

iên
cia &

 Saú
de C

oletiva, 25(10): 3969-3980, 2020

Besides the alteration caused by overweight 
in the lipid fractions, an increase in total fat con-
tent was observed in three studies2,15,20. As for the 
protein fraction, only one study found an increase 
of around 20% in the concentration of branched-
chain amino acids in the milk of obese women21. 
Regarding the carbohydrate content, one study 
observed 2.5 times higher concentration of glu-
cose in the colostrum of obese women compared 
to eutrophic women2. Only one study showed no 
significant association between human milk mac-
ronutrients and women’s body composition3.

Discussion

Overweight is a global problem in both devel-
oped and developing countries. This issue must 
be addressed at all stages of life, particularly in 
women in the reproductive22 and gestational23 
periods due to the several negative consequences 
of this condition to the mother-child dyad23.

Some studies have evaluated the possible 
impact of overweight on the nutritional compo-
sition of human milk2,20. However, their results 
diverge mainly regarding the nutritional content 
evaluated, the methods to assess the nutritional 
composition of milk, the type of milk analyzed 
(colostrum, transitional, and mature), and the 
control of confounding factors in the analysis.

Regarding lipids, similar results were ob-
served regarding the association between the 
women’s overweight and fatty acids based on 
gas chromatography in the studies conducted 
by Marin et al.15, Mäkelä et al.16, Linderborg et 
al.17, and Storck Lindholm et al.19. These studies 
observed an increased proportion of omega 6 
compared to omega 3 and reduced omega 3 in 
overweight women’s human milk. Panagos et al.18 
carried out a cohort study to assess newborns’ 
body composition and a cross-sectional analysis 
to obtain the nutritional composition of human 
milk of 42 women at two months of the child’s 
life. The authors did not identify any difference in 
the amount of saturated, monounsaturated, and 
polyunsaturated fatty acids of the omega 6 type 
in the mature milk of obese women using the 
modified Folch method. However, this paper’s 
result was similar to the others cited concerning 
the lower content of omega 3 in the mature milk 
of these women. These findings corroborate sev-
eral studies that have already demonstrated that 
being overweight generates an inflammatory 
state marked by an increased amount of omega 6 
and a reduced amount of omega 316,17,19.

Unlike the studies mentioned above, the 
studies conducted by Fujimori et al.2 and Young 
et al.3 did not observe statistically significant 
differences in the concentration of lipids in the 
milk of overweight women compared to eutro-
phic women. The study by Fujimori et al.2 dif-
fered from the others concerning the type of lip-
ids evaluated (triglycerides), the method used to 
evaluate the composition of human milk (enzy-
matic colorimetric), and the type of milk (colos-
trum). On the other hand, the cohort conducted 
by Young et al.3 analyzed the concentration of 
fat in the transitional and mature milk using the 
creamatocrit. However, there was no complete 
milk extraction during the collection, which con-
sequently may have interfered with the fat con-
centration, as there is a difference in the number 
of lipids in anterior and posterior milk24.

In a cross-sectional study with 80 puerperae, 
Hahn et al.20 analyzed the concentration of lip-
ids in mature milk using Miris, a piece of equip-
ment already validated for the analysis of human 
milk25. The authors observed that maternal age 
and nutritional status changed the composition 
of lipids in human milk. The authors affirm that 
overweight women aged 30 years had a higher 
lipid concentration than eutrophic women of 
the same age, but did not explain their findings. 
Argov-Argaman et al.26 aimed to assess whether 
maternal age was associated with changes in fatty 
acid concentrations in human milk. The authors 
observed that the lipid content was higher among 
women over 37 years of age. Lubetzky et al.27 ob-
served that the lipid concentration in transition-
al milk is higher in women over 35 years of age. 
However, both highlighted that the mechanism 
and biological plausibility for such findings are 
unknown.

Lactose was the most discussed disaccharide 
among studies, possibly because it is the most 
significant glycosidic fraction in human milk3,20. 
However, Fujimori et al.2 was the only study that 
assessed the concentration of glucose in colos-
trum. The authors observed that the amount of 
this monosaccharide was higher among obese 
puerperae. However, the authors did not eluci-
date the findings. The other studies did not ob-
serve differences in the number of carbohydrates 
in the human milk of overweight women3,18,20.

Regarding human milk protein, it was ob-
served that women’s overweight did not change 
the amount of this macronutrient3,18,20. How-
ever, results are different when amino acids are 
evaluated. De Luca et al.21 observed that the ma-
ture milk of obese women contained 20% more 
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branched-chain amino acids and 30% more ty-
rosine than eutrophic human milk. Noteworthy 
is that the increased amount of branched-chain 
amino acids can modify insulin secretion and 
sensitivity, resulting in adverse outcomes for 
women and babies28.

Concerning the anthropometric assessment 
of women to perform the nutritional diagnosis, 
most of the selected papers used pregestational 
weight and height to calculate BMI. While this 
measure is used to carry out the nutritional di-
agnosis in all life stages29, this index is knowingly 
not suitable for quantifying body fat5. Thus, it is 
vital to assess body composition30 and calculate 
BMI to diagnose the nutritional status.

Regarding the control of potential confound-
ing variables, except for the study conducted by 
Fujimori et al.2, Mäkelä et al.16, and Hahn et al.20, 
the other selected studies did not focus on the 
control of potential factors associated with the 
nutritional composition of human milk. This data 
must be taken into account since this outcome 
can be modified by other factors besides women’s 
nutritional status12,13. Exemplifying the effect of 
tobacco use and food consumption on the nutri-

tional profile of human milk, Mäkelä et al.16 ob-
served that smoking decreased omega 3 and in-
creased omega 6 in human milk. Concerning food 
consumption, only two evaluated the influence of 
this variable on the lipid quantity in human milk. 
Noteworthy is that the puerperal diet is pointed 
out by several studies as a factor associated with 
changes in lipid concentrations and the profile of 
long-chain polyunsaturated fatty acids in human 
milk31,32, confirming the need to adjust these and 
other essential variables in the analyses.

Regarding follow-up losses, only two papers 
selected for this systematic review reported sam-
ple losses16,21, and the cohort conducted by Marin 
et al.15 did not inform the number of losses. Thus, 
the association estimates may be compromised 
by follow-up losses or by not having controlled 
critical confounding factors.

Even if estimates of the selected studies are 
compromised, pregestational nutritional surveil-
lance is still paramount, preferably in the precon-
ception visit, so that women start the pregnancy 
with adequate weight, favoring, among other 
several aspects, the production of milk with an 
adequate nutritional profile.

Collaborations

All authors made substantial contributions to 
the study’s conception and design, obtaining, 
analyzing, and interpreting the data, elaborating 
the paper, and approved the final version of the 
manuscript.
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