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Abstract

We aimed to assess protein nutrition status during pregnancy by maternal plasma

total protein (MTP) levels in urban pregnant women and to explore the association

between the trimester-specific MTP levels and risk of preterm birth (PTB).

A prospective design was conducted in 3,382 mother-newborn pairs with the

second-trimester maternal MTP information and in 3,478 mother-newborn pairs with

the third-trimester MTP information. Multiple Cox proportional hazard regression

and multiple linear regression were used to analyse the associations between MTP

levels and PTB risk as well as gestational duration, respectively.

Nearly all the second-trimester MTP levels were within the clinical reference range,

but more than 40% of the third-trimester MTP levels were less than the lower limit

of normal. No significant association was found between the second-trimester MTP

level and PTB risk. However, the adjusted hazard ratios (HRs) of PTB across increas-

ing quartiles of the third-trimester MTP levels were 1.00 (reference), 0.59 (0.36,

0.95), 0.35 (0.20, 0.60), and 0.32 (0.19, 0.53) (p for trend < 0.001), respectively. Each

standard deviations increment of the third-trimester MTP was associated with

increase of 0.13 weeks in gestational duration. Moreover, stratified analyses showed

that the effects of third-trimester MTP on PTB risk and gestational duration were

stronger in pregnant women carrying female offspring than those carrying male off-

spring (p for interaction < 0.05).

The third-trimester MTP level was inversely associated with PTB risk and was posi-

tively associated with gestational duration. Improving third-trimester MTP level may

be helpful for preventing PTB.
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1 | INTRODUCTION

Preterm birth (PTB), defined by the World Health Organization

(WHO) as birth before 37 weeks of gestation, is considered a major

health problem worldwide for a long time (“The prevention of perina-

tal mortality and morbidity. Report of a WHO Expert

Committee,” 1970). It is the leading cause of death among children

under 5 years of age (Frey & Klebanoff, 2016; Liu et al., 2016; Moster,

Lie, & Markestad, 2008). Moreover, infants born preterm have higher

rates of other long-term morbidities, including asthma (Tronnes, Wil-

cox, Lie, Markestad, & Moster, 2013), learning disabilities (Aarnoudse-

Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009),

attention deficit disorder (Delobel-Ayoub et al., 2009), emotional

problems (Hovi et al., 2007; Van Lieshout, Boyle, Saigal, Morrison, &

Schmidt, 2015) and insulin resistance and hypertension (Blencowe

et al., 2012; Rotteveel, van Weissenbruch, Twisk, & Delemarre-Van

de Waal, 2008), compared with those born at term. PTB also repre-

sents a staggering economic burden to society, with an estimated cost

of 26 billion dollars every year in the United States alone (Hall &

Greenberg, 2016; McCabe, Carrino, Russell, & Howse, 2014). Of

greater concern, the global incidence rate of PTB is as high as 11.1%

and is steadily increasing in almost all countries (Liu et al., 2016).

However, the aetiologies of PTB are largely unknown (Frey &

Klebanoff, 2016). Thus, a better understanding of the causes and

identification of modifiable risk factors of PTB is urgently needed.

Proteins status have been perceived as crucial for foetal health in

past decades (Blumfield & Collins, 2014; Blumfield, Hure, Macdonald-

Wicks, Smith, & Collins, 2012; Morisaki et al., 2018; Ota, Hori, Mori,

Tobe-Gai, & Farrar, 2015; Switkowski et al., 2016). However, few

studies have focused on the association between the maternal protein

status during pregnancy and the risk of PTB. In a recent Cochrane

review study, two early studies found that pregnant women who

received nutritional advice resulting in an increase in dietary protein

intake had fewer PTB risk than control subjects (Ota et al., 2015). In

the same Cochrane review study, however, six studies found no sig-

nificant effects of protein supplementation on the PTB incidence as

well as gestational duration. Nevertheless, a recent case–control study

revealed a statistically significant lower maternal protein intake among

women who delivered preterm offspring than among control women.

The study also found that the maternal protein intake correlated posi-

tively with the gestational duration of the offspring (Awasthi,

Chauhan, Pandey, Singh, & Singh, 2015). However, these previous

studies mainly focused on the direct association between maternal

protein intake/supplementation and PTB risk, which may be limited

by intrinsic difficulties associated with accurate assessments of the

protein intake and individual differences in digestion and absorption

among different pregnant women. The plasma total protein level, a

long-established biological marker of the protein nutrition status in

the body, may be a good alternative to maternal protein intake to

investigate the association between the protein nutrition status and

gestation duration. However, few studies have reported the maternal

plasma total protein (MTP) level during pregnancy in recent years and

the association between MTP level and PTB risk.

Within this context, we aimed to assess protein nutrition status

by MTP levels in urban Chinese pregnant women and to prospectively

determine the association between MTP levels during pregnancy

(both in the second trimester and in the third trimester) and the risk of

PTB using data from mother-newborn pairs enrolled in a large pro-

spective cohort study.

2 | SUBJECTS AND METHODS

2.1 | Study design and participants

The present study used data from the ongoing Tongji Maternal and

Child Health Cohort (TMCHC) study. The TMCHC was a prospective

cohort study that enrolled urban pregnant women at 8 to 16 gesta-

tional weeks who did not have communication problems from four

maternity centres in Wuhan in central China, to investigate the

impacts of maternal diet and other lifestyle factors before and/or dur-

ing pregnancy on pregnancy outcomes. The study was approved by

the Ethics Review Committee of Tongji Medical College, Huazhong

University of Science and Technology (no. 201302). All study partici-

pants were informed of the study protocol and provided informed

consent before inclusion.

From September 2013 to April 2016, 8,000 eligible pregnant

women were invited and agreed to participate in the TMCHC study.

Further detailed exclusion criteria and the corresponding numbers of

excluded subjects are provided in Figure 1. Finally, 3,382 mother-

newborn pairs who underwent the maternal liver function test (LFT)

during the second trimester and 3,478 mother-newborn pairs who

underwent maternal LFT during the third trimester were included in

the current study.

2.2 | MTP assessment

The data on MTP level (g/L) and other LFT parameters, such as ala-

nine transaminase (ALT), aspartate transaminase (AST), alkaline

Key messages

• Even in urban pregnant women, more than 40% of the

third-trimester maternal plasma total protein (MTP) levels

were less than the lower limit of normal.

• The third-trimester MTP level was inversely associated

with preterm birth (PTB) risk and was positively associ-

ated with gestational duration.

• The effects of the third-trimester MTP level on PTB risk

and gestational duration were stronger in pregnant

women carrying female offspring than those carrying

male offspring.
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phosphatase (ALP), γ-glutamyl transferase (γ-GT), total bilirubin (TBIL),

direct bilirubin (DBIL) and indirect bilirubin (IBIL) levels, were obtained

from the medical records collected from the regular antenatal exami-

nation performed by professional laboratory technicians. The local

normal laboratory range of maternal TP during pregnancy ranged from

65 to 85 g/L.

2.3 | Outcomes assessment

Information on neonatal birth outcomes, such as the date of birth,

baby gender and delivery mode, was obtained from obstetric records.

Gestational duration was calculated based on the self-reported last

menstrual period (LMP). When the pregnant women could not accu-

rately report the LMP, we used the foetal crown-lump length, which is

measured in the first trimester using routine ultrasound examination,

to calculate the gestational age at birth. Additionally, if the difference

between the LMP-based gestational age and crown-lump length-

based gestational age exceeded 10 days, we chose the latter value

(Hadlock, Shah, Kanon, & Lindsey, 1992). PTB was defined as delivery

before 37 weeks of gestation (“The prevention of perinatal mortality

and morbidity. Report of a WHO Expert Committee,” 1970).

2.4 | Covariates assessment

Maternal characteristics, such as demographic and sociological charac-

teristics, were recorded based on data from a structured questionnaire

as a part of a face-to-face interview by well-trained investigators upon

enrolment. The questionnaire included recognized and some of puta-

tive confounding factors of PTB, such as maternal age, educational

and income levels, parity, LMP, alcohol and cigarette abuse, presence

of insomnia prior to the current pregnancy and menstrual periods and

cycles. Educational levels were categorized as ≤9, 10–15 and

≥16 years of schooling completed. Income levels were categorized as

≤4,999, 5,000–9,999 and ≥10,000 ChineseYuan (CNY) (1 CNY ≈ 0.13

EUR; 1 CNY ≈ $0.14 USD), according to the mean monthly household

income per person. Smoking (or drinking) before pregnancy was

defined as smoking (or drinking) no less than three times every week

for more than 6 months before pregnancy. Otherwise, the status was

defined as non-smoking (or non-drinking). Insomnia, which was the

subjective feeling of pregnant women, was defined as difficulty initiat-

ing or maintaining sleep, or early awakening with inability to return to

sleep, together with associated impairment of daytime functioning

(Zhong et al., 2018). Gestational weeks at the time of LFT were calcu-

lated using the aforementioned methods based on LMP. Maternal

height was measured using an automatic weight and height scale

when the patient was barefoot. Information on gestational weight

gain and gestational diabetes mellitus (GDM) were obtained from

medical records.

2.5 | Statistical analysis

All covariates were assessed for normality. Covariates which did not

meet the criterion of normality, we transformed or analysed using

non-parametric methods. Descriptive statistics at baseline are pres-

ented as means [standard deviations (SDs)] for continuous variables

and percentages for categorical variables. Subjects were divided into

quartiles based on MTP levels. Basic characteristics were compared

across MLP levels quartiles by analysis of variance test for continuous

variables and χ2 test for categorical variables.

The association of MTP level with PTB was evaluated by hazard

ratios (HRs) with 95% confidence intervals (CIs) with multiple Cox

F IGURE 1 The flow chart of the
participant selection process

XIONG ET AL. 3 of 10bs_bs_banner



T
A
B
L
E
1

C
ha

ra
ct
er
is
ti
cs

o
f
th
e
m
o
th
er
-o
ff
sp
ri
ng

ac
co

rd
in
g
to

ge
st
at
io
na

ls
ta
ge

an
d
o
ff
sp
ri
ng

ge
nd

er
a

Se
co

nd
tr
im

es
te
r

T
hi
rd

tr
im

es
te
r

T
o
ta
l

M
al
e
o
ff
sp
ri
ng

Fe
m
al
e
o
ff
sp
ri
ng

p
va

lu
e

T
o
ta
l

M
al
e
o
ff
sp
ri
n
g

F
em

al
e
o
ff
sp
ri
n
g

p
va

lu
e

N
3
,3
8
2

1
,8
5
9

1
,5
2
3

3
,4
7
8

1
,8
8
8

1
,5
9
0

M
at
er
na

la
ge

at
LF

T
(y
ea

rs
)

2
8
.6
3
±
3
.3
7

2
8
.6
8
±
3
.3
9

2
8
.5
8
±
3
.3
5

0
.4
3
5

2
8
.5
0
±
3
.4
3

2
8
.5
7
±
3
.4
3

2
8
.4
2
±
3
.4
2

0
.1
9
3

P
re
pr
eg

na
nc

y
w
ei
gh

t
(k
g)

5
3
.4
6
±
7
.5
8

5
3
.5
2
±
7
.5
1

5
3
.3
7
±
7
.6
6

0
.5
6
8

5
3
.4
4
±
7
.4
2

5
3
.5
0
±
7
.2
9

5
3
.3
6
±
7
.5
7

0
.5
9
0

M
at
er
na

lh
ei
gh

t
(c
m
)

1
6
0
.3
9
±
5
.0
2

1
6
0
.4
9
±
5
.1
0

1
6
0
.2
6
±
4
.9
3

0
.1
7
3

1
6
0
.3
8
±
5
.0
4

1
6
0
.3
4
±
5
.1
3

1
6
0
.4
3
±
4
.9
3

0
.5
7
2

P
re
pr
eg

na
nc

y
B
M
I(
kg

/m
3
)

2
0
.7
7
±
2
.6
7

2
0
.7
7
±
2
.6
5

2
0
.7
7
±
2
.7
0

0
.9
8
7

2
0
.7
7
±
2
.6
4

2
0
.8
1
±
2
.6
0

2
0
.7
3
±
2
.7
0

0
.3
6
1

G
es
ta
ti
o
na

lw
ei
gh

t
ga
in

(k
g)

1
6
.0
0
±
5
.2
6

1
5
.9
4
±
5
.3
7

1
6
.0
8
±
5
.1
2

0
.4
2
3

1
5
.9
7
±
4
.8
9

1
5
.8
6
±
4
.9
6

1
6
.1
0
±
4
.8
0

0
.1
5
9

G
es
ta
ti
o
na

lw
ee

k
at

LF
T
s
(w

ee
ks
)

2
0
.5
3
±
4
.4
4

2
0
.5
0
±
4
.4
3

2
0
.5
6
±
4
.4
6

0
.7
0
9

3
8
.1
3
±
3
.3
8

3
8
.1
0
±
3
.3
2

3
8
.1
7
±
3
.4
4

0
.5
1
4

P
ri
m
ip
ar
it
y

2
,8
9
2
(8
5
.5
1
%
)

1
,5
5
5
(8
3
.6
5
%
)

1
,3
3
7
(8
7
.7
9
%
)

<
0
.0
0
1

2
,8
8
8
(8
3
.0
4
%
)

1
,5
3
8
(8
1
.4
6
%
)

1
,3
5
0
(8
4
.9
1
%
)

0
.0
0
7

C
ae

sa
re
an

de
liv
er
y

0
.3
2
6

0
.0
4
2

Y
es

1
,2
5
4
(3
7
.0
8
%
)

7
1
0
(3
8
.1
9
%
)

5
4
4
(3
5
.7
2
%
)

1
,3
2
7
(3
8
.1
5
%
)

7
5
6
(4
0
.0
4
%
)

5
7
1
(3
5
.9
1
%
)

N
o

1
,7
5
6
(5
1
.9
2
%
)

9
5
0
(5
1
.1
0
%
)

8
0
6
(5
2
.9
2
%
)

2
,0
2
0
(5
8
.0
8
%
)

1
,0
6
5
(5
6
.4
1
%
)

9
5
5
(6
0
.0
6
%
)

M
is
si
ng

3
7
2
(1
1
.0
0
%
)

1
9
9
(1
0
.7
0
%
)

1
7
3
(1
1
.3
6
%
)

1
3
1
(3
.7
7
%
)

6
7
(3
.5
5
%
)

6
4
(4
.0
3
%
)

G
D
M

0
.5
6
9

0
.5
3
9

Y
es

2
9
2
(8
.6
3
%
)

1
5
4
(8
.2
8
%
)

1
3
8
(9
.0
6
%
)

3
4
3
(9
.8
6
%
)

1
9
0
(1
0
.0
6
%
)

1
5
3
(9
.6
2
%
)

N
o

2
,9
5
4
(8
7
.3
4
%
)

1
,6
2
6
(8
7
.4
7
%
)

1
,3
2
8
(8
7
.2
0
%
)

3
,1
1
0
(8
9
.4
2
%
)

1
,6
8
7
(8
9
.3
5
%
)

1
,4
2
3
(8
9
.5
0
%
)

M
is
si
ng

1
3
6
(4
.0
2
%
)

7
9
(4
.2
5
%
)

5
7
(3
.7
4
%
)

2
5
(0
.7
2
%
)

1
1
(0
.5
8
%
)

1
4
(0
.8
8
%
)

E
du

ca
ti
o
na

ll
ev

el
s
(y
ea

rs
)

0
.9
7
9

0
.4
4
1

≤
9

4
5
5
(1
3
.4
5
%
)

2
5
2
(1
3
.5
6
%
)

2
0
3
(1
3
.3
3
%
)

4
1
0
(1
1
.7
9
%
)

2
3
3
(1
2
.3
4
%
)

1
7
7
(1
1
.1
3
%
)

1
0
–1

5
8
8
7
(2
6
.2
3
%
)

4
8
6
(2
6
.1
4
%
)

4
0
1
(2
6
.3
3
%
)

8
9
2
(2
5
.6
5
%
)

4
7
3
(2
5
.0
5
%
)

4
1
9
(2
6
.3
5
%
)

≥
1
6

2
,0
4
0
(6
0
.3
2
%
)

1
,1
2
1
(6
0
.3
0
%
)

9
1
9
(6
0
.3
4
%
)

2
,1
7
6
(6
2
.5
6
%
)

1
,1
8
2
(6
2
.6
1
%
)

9
9
4
(6
2
.5
2
%
)

In
co

m
e
le
ve

ls
(C
N
Y
b
)

0
.6
4
8

0
.4
7
2

≤
4
,9
9
9

1
,2
7
9
(3
7
.8
2
%
)

7
1
6
(3
8
.5
2
%
)

5
6
3
(3
6
.9
7
%
)

1
,2
3
1
(3
5
.3
9
%
)

6
7
8
(3
5
.9
1
%
)

5
5
3
(3
4
.7
8
%
)

5
,0
0
0
–9

,9
9
9

1
,4
8
8
(4
4
.0
0
%
)

8
1
0
(4
3
.5
7
%
)

6
7
8
(4
4
.5
2
%
)

1
,5
3
0
(4
3
.9
9
%
)

8
3
5
(4
4
.2
3
%
)

6
9
5
(4
3
.7
1
%
)

≥
1
0
,0
0
0

6
1
5
(1
8
.1
8
%
)

3
3
3
(1
7
.9
1
%
)

2
8
2
(1
8
.5
2
%
)

7
1
7
(2
0
.6
2
%
)

3
7
5
(1
9
.8
6
%
)

3
4
2
(2
1
.5
1
%
)

M
en

st
ru
al
pe

ri
o
d
(d
ay
s)

5
.7
0
±
1
.1
7

5
.7
1
±
1
.1
5

5
.6
9
±
1
.1
8

0
.5
2
7

5
.6
9
±
1
.1
9

5
.7
2
±
1
.1
8

5
.6
5
±
1
.2
1

0
.0
8
1

M
en

st
ru
al
cy
cl
e
(d
ay
s)

3
0
.4
0
±
5
.1
9

3
0
.4
0
±
4
.9
9

3
0
.4
0
±
5
.4
2

0
.9
9
8

3
0
.3
7
±
4
.3
2

3
0
.3
8
±
4
.4
6

3
0
.3
5
±
4
.1
4

0
.8
6
5

H
ep

at
it
is
B
(y
es
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

1
.0
0
0

6
3
(1
.8
1
%
)

3
2
(1
.6
9
%
)

3
1
(1
.9
5
%
)

0
.5
7
5

In
so
m
ni
a
be

fo
re

pr
eg

na
nc

y
(y
es
)

1
,3
3
2
(3
9
.3
8
%
)

7
2
7
(3
9
.1
1
%
)

6
0
5
(3
9
.7
2
%
)

0
.7
1
5

1
,4
6
7
(4
2
.1
9
%
)

7
9
8
(4
2
.2
9
%
)

6
6
9
(4
2
.0
8
%
)

0
.8
9
9

D
ri
nk

in
g
be

fo
re

pr
eg

na
nc

y
(y
es
)

5
7
(1
.6
9
%
)

2
5
(1
.3
4
%
)

3
2
(2
.1
0
%
)

0
.0
8
9

5
0
(1
.4
4
%
)

2
3
(1
.2
2
%
)

2
7
(1
.7
0
%
)

0
.2
3
5

Sm
o
ki
ng

be
fo
re

pr
eg

na
nc

y
(y
es
)

1
1
5
(3
.4
0
%
)

5
6
(3
.0
1
%
)

5
9
(3
.8
7
%
)

0
.1
6
9

1
0
4
(2
.9
9
%
)

5
0
(2
.6
5
%
)

5
4
(3
.4
0
%
)

0
.1
9
7

B
io
ch

em
ic
al

pa
ra
m
et
er
s

A
LT

(U
/L
)

1
9
.1
3
±
1
5
.7
9

1
8
.8
0
±
1
5
.6
0

1
9
.5
3
±
1
6
.0
1

0
.1
1
5

1
1
.6
1
±
2
2
.1
5

1
2
.0
4
±
2
3
.3
2

1
1
.1
0
±
2
0
.6
7

0
.3
9
6

4 of 10 XIONG ET AL.bs_bs_banner



T
A
B
L
E
1

(C
o
nt
in
ue

d)

Se
co

nd
tr
im

es
te
r

T
hi
rd

tr
im

es
te
r

T
o
ta
l

M
al
e
o
ff
sp
ri
ng

Fe
m
al
e
o
ff
sp
ri
ng

p
va

lu
e

T
o
ta
l

M
al
e
o
ff
sp
ri
n
g

F
em

al
e
o
ff
sp
ri
n
g

p
va

lu
e

A
ST

(U
/L
)

1
9
.3
6
±
9
.1
0

1
9
.1
4
±
8
.6
7

1
9
.6
2
±
9
.6
0

0
.2
9
9

1
6
.9
0
±
1
2
.6
8

1
7
.3
9
±
1
5
.7
0

1
6
.3
2
±
7
.6
5

0
.0
9
5

A
LP

(U
/L
)

5
1
.4
8
±
1
4
.7
7

5
1
.7
3
±
1
5
.6
4

5
1
.1
8
±
1
3
.6
3

0
.8
6
1

1
5
9
.6
5
±
6
5
.6
3

1
6
4
.7
5
±
6
7
.9
8

1
5
3
.5
8
±
6
2
.1
9

<
0
.0
0
1

γ-
G
T
(U
/L
)

1
4
.0
1
±
8
.2
2

1
4
.0
3
±
8
.3
9

1
3
.9
9
±
8
.0
1

0
.5
3
9

1
2
.4
7
±
8
.8
7

1
2
.7
3
±
9
.2
9

1
2
.1
7
±
8
.3
4

0
.0
4
7

T
B
IL

(u
m
o
l/
L)

6
.2
8
±
2
.7
4

6
.3
2
±
2
.8
9

6
.2
4
±
2
.5
4

0
.7
9
8

5
.9
9
±
3
.2
4

5
.9
8
±
2
.9
8

6
.0
0
±
3
.5
3

0
.8
5
1

D
B
IL

(u
m
o
l/
L)

2
.2
5
±
1
.0
4

2
.2
4
±
1
.0
5

2
.2
8
±
1
.0
3

0
.1
6
5

2
.4
2
±
1
.2
7

2
.4
3
±
1
.4
1

2
.4
1
±
1
.0
6

0
.4
3
7

IB
IL

(u
m
o
l/
L)

4
.0
2
±
2
.3
4

4
.0
7
±
2
.4
3

3
.9
6
±
2
.2
3

0
.4
4
8

3
.5
6
±
2
.7
4

3
.5
9
±
2
.9
6

3
.5
4
±
2
.4
5

0
.6
9
3

M
T
P
(g
/L
)

7
0
.2
6
±
3
.7
5

7
0
.2
7
±
3
.8
0

7
0
.2
5
±
3
.6
9

0
.8
9
6

6
5
.9
5
±
4
.1
4

6
5
.9
8
±
4
.2
3

6
5
.9
1
±
4
.0
4

0
.6
4
2

<
6
5

2
5
5
(7
.5
4
%
)

1
4
7
(7
.9
1
%
)

1
0
8
(7
.0
9
%
)

0
.3
7
1

1
,4
0
8
(4
0
.4
8
%
)

7
6
6
(4
0
.5
7
%
)

6
4
2
(4
0
.3
8
%
)

0
.9
0
7

6
5
–8

5
3
,1
2
7
(9
2
.4
6
%
)

1
,7
1
2
(9
2
.0
9
%
)

1
,4
1
5
(9
2
.9
1
%
)

2
,0
7
0
(5
9
.5
2
%
)

1
,1
2
2
(5
9
.4
3
%
)

9
4
8
(5
9
.6
2
%
)

>
8
5

0
(0
.0
0
%
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

0
(0
.0
0
%
)

O
ut
co

m
es

G
es
ta
ti
o
na

ld
ur
at
io
n
(w

ee
ks
)

3
9
.5
0
±
1
.5
4

3
9
.4
0
±
1
.5
5

3
9
.6
2
±
1
.5
3

<
0
.0
0
1

3
9
.5
9
±
1
.3
7

3
9
.4
8
±
1
.4
4

3
9
.7
2
±
1
.2
8

<
0
.0
0
1

P
T
B
(%

)
1
4
3
(4
.2
3
%
)

9
2
(4
.9
5
%
)

5
1
(3
.3
5
%
)

0
.0
2
1

1
2
0
(3
.4
5
%
)

8
0
(4
.2
4
%
)

4
0
(2
.5
2
%
)

0
.0
0
6

A
bb

re
vi
at
io
ns
:
A
LT

,a
la
ni
ne

tr
an

sa
m
in
as
e;

A
ST

,a
sp
ar
ta
te

tr
an

sa
m
in
as
e;

A
LP

,a
lk
al
in
e
ph

o
sp
ha

ta
se
;
B
M
I,
bo

dy
m
as
s
in
de

x;
D
B
IL
,d

ir
ec
t
bi
lir
ub

in
;
G
D
M
,g

es
ta
ti
o
n
al

d
ia
b
et
es

m
el
lit
u
s;

IB
IL
,i
n
d
ir
ec
t
b
ili
ru
b
in
;
LF

T
,

liv
er

fu
nc

ti
o
n
te
st
;M

T
P
,m

at
er
na

lp
la
sm

a
to
ta
lp

ro
te
in
;P

T
B
,p

re
te
rm

bi
rt
h;

T
B
IL
,t
o
ta
lb

ili
ru
bi
n;

γ-
G
T
,γ
-g
lu
ta
m
yl

tr
an

sf
er
as
e.

a C
o
nt
in
uo

us
va
ri
ab

le
s
w
er
e
pr
es
en

te
d
as

m
ea

n
(S
D
);
ca
te
go

ri
ca
lv

ar
ia
bl
es

w
er
e
sh
o
w
ed

as
pe

rc
en

ta
ge

s
(%

).
b
C
N
Y
,C

hi
ne

se
Y
ua

n,
1
C
N
Y
≈
0
.1
3
E
U
R
;1

C
N
Y
≈
0
.1
4
U
SD

.

XIONG ET AL. 5 of 10bs_bs_banner



proportional hazard regression. The mean value of each quartile of

MTP levels were considered as continuous variable in the multiple

Cox proportional hazard regression models to test for a linear trend.

Association of MTP levels with gestation duration were estimated by

multiple linear regression.

In model I, we adjusted for the following key confounders: mater-

nal age at time of LFT, gestational weeks at time of LFT, gestational

weight gain, prepregnancy weight, maternal height, menstrual period

and cycle, caesarean delivery, GDM, baby gender, maternal educa-

tional and income levels, primiparity, and insomnia, drinking and

smoking status before pregnancy. In model II, we further adjusted

maternal serum levels of ALT, AST, ALP, γ-GT, TBIL and IBIL based on

model I. Model II was taken as the full model.

All statistical analyses were performed with SAS version 9.4 soft-

ware (SAS Institute, Cary, NC, USA). Significance was set to two-tailed

p values <0.05 in all analyses.

3 | RESULTS

3.1 | Descriptive characteristics and maternal
protein nutrition status during pregnancy

Table 1 describes mother-offspring characteristics according to gesta-

tional stage and baby gender. On average, women underwent LFTs in

the second trimester at a mean of 20.53 gestational weeks at a mean

age of 28.63 years with a mean prepregnancy BMI of 20.77 kg/m2,

and most of them (2,892, 85.51%) were nulliparous. Meanwhile,

women underwent LFTs in the third trimester at a mean of 38.13 ges-

tational weeks at a mean age of 28.50 years old with a mean pre-

pregnancy BMI of 20.77 kg/m3, and most of them (2,888, 83.04%)

were also nulliparous. Male offspring were born earlier and had a

higher risk of PTB than female offspring.

The maternal protein nutrition status evaluated by MTP level was

also displayed in Table 1. The mean value of second-trimester MTP

level was 70.26 ± 3.75 (g/L), and the mean value third-trimester MTP

level was 65.95 ± 4.14(g/L). Nearly all the second-trimester MTP

levels were within the clinical reference range, but more than 40% of

the third-trimester MTP levels were less than the lower limit of nor-

mal. Neither the second-trimester MTP nor the third-trimester MTP

level exceeds the higher limit of normal.

The basic characteristics of the study subjects according to quar-

tiles of the second-trimester MTP and the third-trimester MTP levels

were displayed inTable S1 and Table S2, respectively.

3.2 | Associations between the MTP level and the
risk of PTB

No significant association between the second-trimester MTP level

and risk of PTB was observed (Table S3). However, Table 2 displayed

that the risk of PTB decreased gradually with the increase in third-

trimester MTP. In the crude model, the HRs (95% CIs) of PTB across

increasing quartiles of third-trimester MTP were 1.00 (reference),

0.58 (0.36, 0.93), 0.35 (0.21, 0.60) and 0.41 (0.25, 0.67) (p for

trend < 0.001). The results were robust after adjusting for maternal age

at the time of LFT, gestational weeks at the time of LFT, gestational

weight gain, prepregnancy weight, maternal height, the menstrual

period and cycle, caesarean delivery, GDM, baby gender, maternal

educational and income levels, primiparity, insomnia, and the drinking

and smoking status before pregnancy, and the corresponding HRs

were 1.00 (reference), 0.58 (0.36, 0.93), 0.33 (0.19, 0.58) and 0.30

(0.18, 0.50) (p for trend < 0.001). The results remained robust after fur-

ther adjusting for ALT, AST, γ-GT, ALP, TBIL and IBIL in model II, and

the final HRs were 1.00 (reference), 0.59 (0.36, 0.95), 0.35 (0.20, 0.60)

and 0.32 (0.19, 0.53) (p for trend < 0.001). Furthermore, the risk of PTB

for each SD increment of the third-trimester MTP level was 0.67

(0.56, 0.81) in the full model.

In stratified analyses, a significant sex-specific association was

found between the third-trimester MTP level and the risk of PTB in

our study (Table 3). In pregnant women with male offspring, the risk

of PTB decreased gradually with the increase in third-trimester MTP,

similar to the total participants, and HRs of PTB across increasing

quartiles of third-trimester MTP levels were 1.00 (reference), 0.64

(0.34, 1.21), 0.43 (0.22, 0.84) and 0.49 (0.27, 0.91), respectively (p for

trend = 0.018) after adjustment for possible confounding factors in full

model. In pregnant women with female offspring, the risk of PTB also

decreased with the increase of third-trimester MTP, and the odds

ratios (ORs) of PTB across increasing quartiles of third-trimester MTP

levels were 1.00 (reference), 0.51 (0.23, 1.11), 0.17 (0.06, 0.50) and

0.10 (0.03, 0.31) (p for trend < 0.001) in full model. However, it was

obvious that the effects of third-trimester MTP on PTB risk was

TABLE 2 Association between third-trimester MTP concentrations (g/L) and risk of PTBa

Quartiles of third-trimester MTP concentration, g/L

p for trend Per SD increment of MTPQ1(48.0–63.1) Q2(63.2–65.8) Q3(65.9–68.5) Q4(68.6–82.7)

Crude model 1 0.58 (0.36, 0.93) 0.35 (0.21, 0.60) 0.41 (0.25, 0.67) <0.001 0.70 (0.58, 0.84)

Model I 1 0.58 (0.36, 0.93) 0.33 (0.19, 0.58) 0.30 (0.18, 0.50) <0.001 0.65 (0.54, 0.77)

Model II 1 0.59 (0.36, 0.95) 0.35 (0.20, 0.60) 0.32 (0.19, 0.53) <0.001 0.67 (0.56, 0.81)

aModel I were adjusted for maternal age, gestational weeks at time of LFT, gestational weight gain, prepregnancy weight, maternal height, menstrual period

and cycle, caesarean delivery, GDM, baby gender, maternal educational and income levels, primiparity, and insomnia, drinking and smoking status before

pregnancy based on crude model; model II were further adjusted for maternal serum ALT, AST, γ-GT, ALP, TBIL, IBIL based on model I.
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stronger in pregnant women carrying female offspring than those car-

rying male offspring (p for interaction = 0.003).

3.3 | Associations between the MTP level and
gestational duration

Moreover, a significant positive association was identified between

the third-trimester MTP level and gestational duration (Table 4). In full

model, each SD increment of third-trimester MTP corresponded to a

0.13 (0.09, 0.17) weeks increased in gestational duration. As expected,

the third-trimester MTP level also influenced gestational duration in a

sex-specific manner (p for interaction = 0.032), and each SD increment of

third-trimester MTP corresponded to a 0.15 (0.09, 0.21) weeks

increased in gestational duration in female offspring that was more

than that in male offspring [0.11 (0.05, 0.17)].

4 | DISCUSSION

In this prospective study, we found that nearly all the second-

trimester MTP levels were within the clinical reference range, but

more than 40% of the third-trimester MTP levels were less than the

lower limit of normal. Moreover, we found for the first time that the

third-trimester MTP level, not the second-trimester MTP level, was

inversely associated with the risk of PTB and was positively

TABLE 3 Association between third-trimester MTP (g/L) and PTB risk according to offspring gendera

Model
Male offspring Female offspring

p for interaction

Crude model 0.013

Q1 1 1

Q2 0.60 (0.33, 1.12) 0.55 (0.27, 1.15)

Q3 0.48 (0.25, 0.91) 0.20 (0.07, 0.54)

Q4 0.61 (0.34, 1.08) 0.17 (0.06, 0.46)

p for trend 0.086 <0.001

Per SD increment of MTP 0.82 (0.66, 1.02) 0.51 (0.37, 0.70)

Model I 0.004

Q1 1 1

Q2 0.63 (0.34, 1.17) 0.48 (0.22, 1.05)

Q3 0.44 (0.23, 0.85) 0.15 (0.05, 0.43)

Q4 0.46 (0.25, 0.83) 0.09 (0.03, 0.27)

p for trend 0.009 <0.001

Per SD increment of MTP 0.77 (0.62, 0.95) 0.40 (0.28, 0.57)

Model II 0.003

Q1 1 1

Q2 0.64 (0.34, 1.21) 0.51 (0.23, 1.11)

Q3 0.43 (0.22, 0.84) 0.17 (0.06, 0.50)

Q4 0.49 (0.27, 0.91) 0.10 (0.03, 0.31)

p for trend 0.018 <0.001

Per SD increment of MTP 0.81 (0.66, 1.00) 0.42 (0.29, 0.61)

aModel I were adjusted for maternal age, gestational weeks at time of LFT, gestational weight gain, prepregnancy weight, maternal height, menstrual period

and cycle, caesarean delivery, GDM, baby gender, maternal educational and income levels, primiparity, and insomnia, drinking and smoking status before

pregnancy based on crude model; model II were further adjusted for maternal serum ALT, AST, γ-GT, ALP, TBIL, IBIL based on model I.

TABLE 4 Association between third-trimester MTP (per SD) and gestational duration (weeks)a

Model Total Male offspring Female offspring p for interaction

Crude model 0.04 (−0.01, 0.09) 0.00 (−0.06, 0.07) 0.09 (0.02, 0.15) 0.065

Model I 0.13 (0.09, 0.18) 0.11 (0.06, 0.17) 0.16 (0.10, 0.22) 0.033

Model II 0.13 (0.09, 0.17) 0.11 (0.05, 0.17) 0.15 (0.09, 0.21) 0.032

aModel I were adjusted for maternal age, gestational weeks at time of LFT, gestational weight gain, prepregnancy weight, maternal height, menstrual period

and cycle, caesarean delivery, GDM, baby gender, maternal educational and income levels, primiparity, and insomnia, drinking and smoking status before

pregnancy based on crude model; model II were further adjusted for maternal serum ALT, AST, γ-GT, ALP, TBIL, IBIL based on model I.
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associated with gestational duration. The effects of the third-trimester

MTP on PTB risk and gestational duration were stronger in pregnant

women carrying female offspring than those carrying male offspring.

The pregnant women had an adequate second-trimester MTP

status. However, more than 40% of them with their third-trimester

MTP levels less than the lower limit of normal even in urban preg-

nant women. Although the associations between MTP levels and

birth outcomes have rarely been investigated in previous studies,

our findings were concordant with one recent case–control study.

In line with our findings, a statistically significant lower maternal

protein intake (p < 0.001) was found in the week preceding the

delivery among women who delivered preterm offspring (32 g/d)

than that in control women (37.2 g/d), and the maternal protein

intake correlated positively with the gestational duration of the off-

spring (r = 0.3, p < 0.001) (Awasthi et al., 2015). Likewise, a recent

Cochrane review study based on two early randomized controlled

trial (RCT) studies involving 449 pregnant women found that preg-

nant women who received nutritional advice resulting in an increase

in protein intake had fewer PTB risk than the control subjects (Ota

et al., 2015).

Conversely, in the same Cochrane review study abovementioned

based on five RCT studies involving 3,384 pregnant women with bal-

anced energy/protein supplementation found there were no signifi-

cant effects of balanced energy/protein supplementation on PTB as

well as gestational duration. Another RCT study involving 505 preg-

nant women with high-protein supplementation also found there

were no significant effects of high-protein supplementation on PTB

risk. We also found there was no significant association between pro-

tein intake and risk of PTB in our preanalysis (data not showed) which

was consistent with the above two RCT studies. As we known, mea-

suring dietary intakes in free-living human populations is difficult

(Willett, 2013). Thus, failure to accurately assess actual dietary protein

intake may contribute to the discrepancy. The review itself has con-

cluded that the results should be interpreted with caution. The risk of

bias was either unclear or high for at least one category examined in

several of the included trials, and the quality of the evidence was low

for several important outcomes, such as PTB. Researchers have postu-

lated that different influences of maternal nutrients might exist in

male offspring and female offspring (Dearden, Bouret, &

Ozanne, 2018; Eriksson, Kajantie, Osmond, Thornburg, &

Barker, 2010). Thus, lack of examination of sex-specific associations in

offspring in most of these studies may also explain the discrepancy.

Moreover, the effect of the nutritional status or nutritional interven-

tions is very likely to be related to the timing of occurrence during

gestation (Harding, 2001). MTP level is known to fall progressively

throughout pregnancy (Macdonald & Good, 1971). Therefore, the dif-

ferent timing of exposure assessments may also explain the discrep-

ancy. Importantly, the studies examining protein intake did not

exclude the influence of individual differences in digestion and

absorption, which may also substantially influence the true relation-

ship between maternal protein status and PTB risk. Finally, different

control group settings and sample sizes may also contribute to the

discrepancies.

The precise molecular mechanisms underlying the relationship

between the third-trimester MTP level and risk of PTB as well as ges-

tational duration are unclear. Nevertheless, our results are biologically

plausible. Infection and inflammation are recognized as major risk fac-

tors for PTB (Frey & Klebanoff, 2016; Romero, Dey, & Fisher, 2014).

As we known, protein plays important roles in protection against

infection and a cascade of inflammatory reactions. A low protein sta-

tus is found to be associated with immune impairments, which may

initiate infection and inflammatory reactions (Welsh et al., 1998;

Yamada et al., 2016). Moreover, the serum total protein levels have

been found to be significantly lower either in grade-I, grade-II or

grade-III protein energy malnutrition than in controls (Rahman &

Begum, 2005). Thus, these evidence may support our results. That is a

lower total protein may increase the risk of PTB through the initiation

of maternal infection and inflammatory reaction. Additionally,

uncompensated oxidative stress is also considered as one of impor-

tant reasons for PTB (Dutta et al., 2016; Feoli et al., 2006;

Menon, 2014; Romero et al., 2014; Sultana et al., 2017). Protein mal-

nutrition has been found to be associated with free radical over-

production, which decreases the antioxidant defence system (Feoli

et al., 2006; Khare et al., 2014; Sinha, Patro, & Patro, 2018). Thus, a

lower maternal protein status that induces oxidative stress may be

another possible mechanism implicated in our results. However, more

studies are needed to verify these hypotheses.

The strengths of our study are listed below. First, we used uni-

formly measured MTP level during pregnancy instead of the mother's

dietary protein intake to explore the association between the maternal

protein status and PTB risk as well as gestational duration, which hel-

ped to remove the intrinsic inaccuracy and unreliability of food intake

assessment and individual differences in digestion and absorption.

Second, we used two time points in the second and third trimesters to

explore the associations described above, thus exploring gestational

stage-specific differences. Third, we performed all of our analyses in a

sex-specific manner, helping to identify the sex-specific differences.

Finally, the large sample size and prospective study design allowed

examination of the impact of MTP level on the research outcomes.

However, we also acknowledge that several potential limitations

exist. First, the LMP of some pregnant women were used the foetal

crown-lump length measured in the first trimester using routine ultra-

sound examination, which may introduce some potential biases due

to the inconsistency of evaluation criteria. In fact, for third-trimester,

there was a 5% (174/3478) of newborns' gestational age were calcu-

lated with crown-lump length measured in the first trimester, and for

the second-trimester, the rate was 4.8% (161/3382). Therefore, we

conducted a sensitivity analysis after excluding these data found that

these data did not significantly affect our main results (Tables S3 and

S4). Second, almost all the second-trimester MTP levels were within

the normal clinical reference range, but more than 40% of third-

trimester MTP levels were under the lower limit of normal. This may

lead to the gestational stage-specific association between maternal

TP and PTB risk in our study. Thus, more studies are needed to

explore the association between MTP and the risk of PTB. Third, our

study population exclusively comprised Han Chinese subjects, and all
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participants were urban residents. Thus, the generalizability of the

observed associations might be limited to similar populations. Fourth,

although we adjusted for many potential confounders, we could not

completely exclude the possibility of residual confounding by

unmeasured factors.

In conclusion, the results of the present study demonstrated that

the third-trimester protein nutrition status was worrying even in

urban pregnant women. Trimester-specific and baby sex-specific asso-

ciation existed between the protein status and risk of PTB as well as

gestational duration. The third-trimester MTP level was inversely

associated with PTB risk and was positively associated with gesta-

tional duration. Improving the third-trimester MTP levels may be help-

ful for preventing PTB. More studies are needed in the near future to

examine the observed associations in other ethnic groups, particularly

in undeveloped countries.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the cooperation of the pregnant

women who took part in this study. We are sincerely grateful to

everyone inTongji Maternal and Child Health Cohort Study Group.

This work was supported by China Postdoctoral Science Founda-

tion (NO. 2018M632877), National Program on Basic Research Pro-

ject of China (NO.2013FY114200), the National Natural Science

Foundation of China (NO. 81773426), and Young Scientists Fund of

the National Natural Science Foundation of China (NO. 81903313).

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

CONTRIBUTIONS

TX, NY and LPH conceived and designed the study; LH, XC, YZ, CZ,

YW, QG, MH and XH collected the data. XY, NY and LPH supervised

the study conduct; TX and YW contributed in the statistical analysis;

TX drafted the manuscript; LPH reviewed and revised the manuscript.

All authors have read and approved the final manuscript as submitted.

ORCID

Xuefeng Yang https://orcid.org/0000-0002-6787-4437

Liping Hao https://orcid.org/0000-0001-8844-0892

REFERENCES

Aarnoudse-Moens, C. S., Weisglas-Kuperus, N., van Goudoever, J. B., &

Oosterlaan, J. (2009). Meta-analysis of neurobehavioral outcomes in

very preterm and/or very low birth weight children. Pediatrics, 124(2),

717–728. https://doi.org/10.1542/peds.2008-2816
Awasthi, S., Chauhan, M., Pandey, M., Singh, S., & Singh, U. (2015). Energy

and protein intake during pregnancy in relation to preterm birth: A

case control study. Indian Pediatrics, 52(6), 489–492. https://doi.org/
10.1007/s13312-015-0662-6

Blencowe, H., Cousens, S., Oestergaard, M. Z., Chou, D., Moller, A. B.,

Narwal, R., … Lawn, J. E. (2012). National, regional, and worldwide esti-

mates of preterm birth rates in the year 2010 with time trends since

1990 for selected countries: A systematic analysis and implications.

Lancet, 379(9832), 2162–2172. https://doi.org/10.1016/S0140-6736
(12)60820-4

Blumfield, M. L., & Collins, C. E. (2014). High-protein diets during preg-

nancy: Healthful or harmful for offspring? The American Journal of Clin-

ical Nutrition, 100(4), 993–995. https://doi.org/10.3945/ajcn.114.

096511

Blumfield, M. L., Hure, A. J., Macdonald-Wicks, L., Smith, R., &

Collins, C. E. (2012). Systematic review and meta-analysis of energy

and macronutrient intakes during pregnancy in developed countries.

Nutrition Reviews, 70(6), 322–336. https://doi.org/10.1111/j.1753-

4887.2012.00481.x

Dearden, L., Bouret, S. G., & Ozanne, S. E. (2018). Sex and gender

differences in developmental programming of metabolism.

Molecular Metabolism, 15, 8–19. https://doi.org/10.1016/j.molmet.

2018.04.007

Delobel-Ayoub, M., Arnaud, C., White-Koning, M., Casper, C., Pierrat, V.,

Garel, M., … for the EPIPAGE Study Group. (2009). Behavioral prob-

lems and cognitive performance at 5 years of age after very preterm

birth: The EPIPAGE Study. Pediatrics, 123(6), 1485–1492. https://doi.
org/10.1542/peds.2008-1216

Dutta, E. H., Behnia, F., Boldogh, I., Saade, G. R., Taylor, B. D.,

Kacerovsky, M., & Menon, R. (2016). Oxidative stress damage-

associated molecular signaling pathways differentiate spontaneous

preterm birth and preterm premature rupture of the membranes.

Molecular Human Reproduction, 22(2), 143–157. https://doi.org/10.

1093/molehr/gav074

Eriksson, J. G., Kajantie, E., Osmond, C., Thornburg, K., & Barker, D. J.

(2010). Boys live dangerously in the womb. American Journal of Human

Biology, 22(3), 330–335. https://doi.org/10.1002/ajhb.20995
Feoli, A. M., Siqueira, I. R., Almeida, L., Tramontina, A. C., Vanzella, C.,

Sbaraini, S., … Goncalves, C. A. (2006). Effects of protein malnutrition

on oxidative status in rat brain. Nutrition, 22(2), 160–165. https://doi.
org/10.1016/j.nut.2005.06.007

Frey, H. A., & Klebanoff, M. A. (2016). The epidemiology, etiology, and

costs of preterm birth. Seminars in Fetal & Neonatal Medicine, 21(2),

68–73. https://doi.org/10.1016/j.siny.2015.12.011
Hadlock, F. P., Shah, Y. P., Kanon, D. J., & Lindsey, J. V. (1992). Fetal

crown-rump length: reevaluation of relation to menstrual age (5-18

weeks) with high-resolution real-time US. Radiology, 182(2), 501–505.
https://doi.org/10.1148/radiology.182.2.1732970

Hall, E. S., & Greenberg, J. M. (2016). Estimating community-level costs of

preterm birth. Public Health, 141, 222–228. https://doi.org/10.1016/j.
puhe.2016.09.033

Harding, J. E. (2001). The nutritional basis of the fetal origins of adult dis-

ease. International Journal of Epidemiology, 30(1), 15–23. https://doi.
org/10.1093/ije/30.1.15

Hovi, P., Andersson, S., Eriksson, J. G., Jarvenpaa, A. L., Strang-Karlsson, S.,

Makitie, O., & Kajantie, E. (2007). Glucose regulation in young adults

with very low birth weight. The New England Journal of Medicine, 356

(20), 2053–2063. https://doi.org/10.1056/NEJMoa067187

Khare, M., Mohanty, C., Das, B. K., Jyoti, A., Mukhopadhyay, B., &

Mishra, S. P. (2014). Free radicals and antioxidant status in protein

energy malnutrition. International Journal Of Pediatrics, 2014, 254396–
6. https://doi.org/10.1155/2014/254396

Liu, L., Oza, S., Hogan, D., Chu, Y., Perin, J., Zhu, J., … Black, R. E. (2016).

Global, regional, and national causes of under-5 mortality in 2000-15:

An updated systematic analysis with implications for the Sustainable

Development Goals. Lancet, 388(10063), 3027–3035. https://doi.org/
10.1016/S0140-6736(16)31593-8

Macdonald, H. N., & Good, W. (1971). Changes in plasma total protein,

albumin, urea and alpha-amino nitrogen concentrations in pregnancy

and the puerperium. The Journal of Obstetrics and Gynaecology of the

British Commonwealth, 78(10), 912–917. https://doi.org/10.1111/j.

1471-0528.1971.tb00203.x

McCabe, E. R., Carrino, G. E., Russell, R. B., & Howse, J. L. (2014). Fighting

for the next generation: US Prematurity in 2030. Pediatrics, 134(6),

1193–1199. https://doi.org/10.1542/peds.2014-2541

XIONG ET AL. 9 of 10bs_bs_banner



Menon, R. (2014). Oxidative stress damage as a detrimental factor in pre-

term birth pathology. Frontiers in Immunology, 5, 567. https://doi.org/

10.3389/fimmu.2014.00567

Morisaki, N., Nagata, C., Yasuo, S., Morokuma, S., Kato, K., Sanefuji, M., …
Japan Environment and Children's Study Group. (2018). Optimal pro-

tein intake during pregnancy for reducing the risk of fetal growth

restriction: The Japan Environment and Children's Study. British Jour-

nal of Nutrition, 120(12), 1432–1440. https://doi.org/10.1017/

S000711451800291X

Moster, D., Lie, R. T., & Markestad, T. (2008). Long-term medical and social

consequences of preterm birth. The New England Journal of Medicine,

359(3), 262–273. https://doi.org/10.1056/NEJMoa0706475

Ota, E., Hori, H., Mori, R., Tobe-Gai, R., & Farrar, D. (2015). Antenatal die-

tary education and supplementation to increase energy and protein

intake. Cochrane Database of Systematic Reviews, 6, CD000032.

https://doi.org/10.1002/14651858.CD000032.pub3

Rahman, M. Z., & Begum, B. A. (2005). Serum total protein, albumin and

A/G ratio in different grades of protein energy malnutrition. Mymen-

singh Medical Journal, 14(1), 38–40.
Romero, R., Dey, S. K., & Fisher, S. J. (2014). Preterm labor: one syndrome,

many causes. Science, 345(6198), 760–765. https://doi.org/10.1126/
science.1251816

Rotteveel, J., van Weissenbruch, M. M., Twisk, J. W., & Delemarre-Van de

Waal, H. A. (2008). Infant and childhood growth patterns, insulin sensi-

tivity, and blood pressure in prematurely born young adults. Pediatrics,

122(2), 313–321. https://doi.org/10.1542/peds.2007-2012
Sinha, S., Patro, N., & Patro, I. K. (2018). Maternal protein malnutrition:

Current and future perspectives of spirulina supplementation in

neuroprotection. Frontiers in Neuroscience, 12, 966. https://doi.org/10.

3389/fnins.2018.00966

Sultana, Z., Maiti, K., Aitken, J., Morris, J., Dedman, L., & Smith, R. (2017).

Oxidative stress, placental ageing-related pathologies and adverse

pregnancy outcomes. American Journal of Reproductive Immunology, 77

(5). https://doi.org/10.1111/aji.12653

Switkowski, K. M., Jacques, P. F., Must, A., Kleinman, K. P.,

Gillman, M. W., & Oken, E. (2016). Maternal protein intake during

pregnancy and linear growth in the offspring. American Journal of Clini-

cal Nutrition, 104(4), 1128–1136. https://doi.org/10.3945/ajcn.115.

128421

The prevention of perinatal mortality and morbidity. Report of a WHO

Expert Committee. (1970). World Health Organization Technical

Report Series, 457, 1–60.
Tronnes, H., Wilcox, A. J., Lie, R. T., Markestad, T., & Moster, D. (2013).

The association of preterm birth with severe asthma and atopic der-

matitis: A national cohort study. Pediatric Allergy and Immunology, 24

(8), 782–787. https://doi.org/10.1111/pai.12170
Van Lieshout, R. J., Boyle, M. H., Saigal, S., Morrison, K., & Schmidt, L. A.

(2015). Mental health of extremely low birth weight survivors in their

30s. Pediatrics, 135(3), 452–459. https://doi.org/10.1542/peds.2014-
3143

Welsh, F. K., Farmery, S. M., MacLennan, K., Sheridan, M. B., Barclay, G. R.,

Guillou, P. J., & Reynolds, J. V. (1998). Gut barrier function in malnour-

ished patients. Gut, 42(3), 396–401. https://doi.org/10.1136/gut.42.
3.396

Willett, W. (2013). Nutritional epidemiology (3rd ed.). New York: Oxford

University Press.

Yamada, S., Tokumoto, M., Tatsumoto, N., Tsuruya, K., Kitazono, T., &

Ooboshi, H. (2016). Very low protein diet enhances inflammation, mal-

nutrition, and vascular calcification in uremic rats. Life Sciences, 146,

117–123. https://doi.org/10.1016/j.lfs.2015.12.050
Zhong, C., Chen, R., Zhou, X., Xu, S., Li, Q., Cui, W., … Yang, N. (2018). Poor

sleep during early pregnancy increases subsequent risk of gestational

diabetes mellitus. Sleep Medicine, 46, 20–25. https://doi.org/10.1016/
j.sleep.2018.02.014

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: XiongT, Wu Y, Huang L, et al.

Association between the maternal protein nutrition status

during pregnancy and the risk of preterm birth.Matern Child

Nutr. 2021;17:e13043. https://doi.org/10.1111/mcn.13043

10 of 10 XIONG ET AL.bs_bs_banner


	Association between the maternal protein nutrition status during pregnancy and the risk of preterm birth
	  INTRODUCTION
	  SUBJECTS AND METHODS
	  Study design and participants
	  MTP assessment
	  Outcomes assessment
	  Covariates assessment
	  Statistical analysis

	  RESULTS
	  Descriptive characteristics and maternal protein nutrition status during pregnancy
	  Associations between the MTP level and the risk of PTB
	  Associations between the MTP level and gestational duration

	  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


