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Abstract

Background: Currently, there are many studies researched the associations between maternal serum inflammatory
indicators (i.e. ferritin, C-reactive protein [CRP], C3 and C4) and preterm birth (PTB). The results, however, are
inconsistent. Therefore, the aim of this study was to estimate the relationship between maternal serum
inflammatory indicators and PTB in a nested case-control (NCC)study.

Methods: A NCC study was conducted by Guangxi Birth Cohort Study which enrolled a total of 6203 pregnant
women between 5%7 and 34%7 weeks of gestational age (WGA) from six cities in China between 2015 and 2016.
There were 206women who delivered preterm (< 37%7 WGA), and 412 women who delivered term birth, those
women were matched by maternal age, birth place, gender of infants, and wGA at blood collection.

The inflammatory indicators were quantified by immunoturbidimetric methods.

Results: Highest quartile concentrations of all inflammatory indicators were determined versus median. After
adjusting for maternal age, high levels of CRP (CRP > 16.60 mg/L) are related to the risk of PTB (OR = 2.16, 95% Cl:
1.02-4.56, p = 0.044) in the first trimester. The association of C3 was extremely related to those who delivered PTB
(OR=253,95% Cl: 1.14-5.64, p =0.023) in the first trimester. Moreover, no significant associations were found in C4

(p =0.079) and ferritin (p =0.067) between PTB.

Conclusions: Elevated concentrations of CRP and C3 in the first trimester were associated with increased risk of
PTB. Inflammatory indicators may act a pivotal part in early diagnosis and prognosis of PTB.

Keywords: C-reactive protein, Complement C3, Preterm birth, First trimester, Nested case-control study

Background

Preterm birth (PTB), an abnormal pregnancy status, de-
fined as delivery before 37 weeks of gestation [1]. It is a
major cause of mortality of premature infants and can
result in a series of long-term complications in survivors.
Complications of PTB are the main reasons which cause
deaths of children under 5years of age, which caused
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nearly 1 million deaths in 2015. The rate of PTB across
184 countries ranges from 5 to 18% in newborns [2]. In
addition, high financial costs are incurred by PTB in
terms of immediate neonatal intensive care, and subse-
quent on-going and long-term complex health care may
also lead to heavy financial burdens. However, the causes
and mechanisms of PTB remain unknown which limit
the prediction and prevention of PTB.

Subclinical infections and chronic inflammation may
be the main factors of PTB during pregnancy [3, 4]. In
addition, 25-40% of these deliveries were caused by in-
fections [5]. Urinary tract infections, bacterial vaginosis

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-020-2802-9&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yangx@gxmu.edu.cn
mailto:zengnanmo@hotmail.com

Huang et al. BMC Pregnancy and Childbirth (2020) 20:131

and human immunodeficiency virus have been correla-
tive with increased risk of PTB [6]. However, these find-
ings are often relatively late, and PTB is inevitable in the
process. Identification of early markers of PTB may help
to successfully intervene. Although C-reactive protein
(CRP), C3, C4 and ferritin have been associated with
PTB [7-10], many of them only analyze separately rather
than combine together. In addition, most studies are
limited to a single trimester. Importantly, the develop-
ment of PTB in southwest Chinese women has not been
reported yet. Specifically, more accurate methods to
identify women at risk of PTB during pregnancy and
sufficiently early in gestation are needed to allow clinical
intervention.

To better understand the changes in maternal auto-
immunity during pregnancy and find appropriate markers
in early pregnancy to prevent the occurrence of preterm
birth, we measured the concentrations of CRP, C3, C4 and
ferritin before 32 wGA, and estimated the relationship be-
tween maternal serum inflammatory indicators and PTB in
a nested case-control study in Southwest Chinese women.

Methods

Study design and subjects

The NCC study was established in 2015 which based
on Guangxi Birth Cohort Study. Briefly, participants
were enrolled from eight Maternal & Child Health
Hospitals in six cities in Guangxi, China. The partici-
pants attended obstetric screening during gestation
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between July and September 2015. Participants from
these Maternal & Child Health Hospitals provided
blood samples before 32 weeks or less at a time point
to test for serum biomarkers. All participants pro-
vided written informed consent and the study was ap-
proved by the Medical Ethics and Human Subject
Committee of First Affiliated Hospital of Guangxi
Medical University (ID: 2015(028)).

The cohort study was conducted among 6203 partici-
pants. All participants were followed up until the end of
pregnancy. As a result, 5541 participants had pregnancy
outcomes and 662 participants lost follow-up. All partic-
ipants completed a large-scale integrated census through
face-to-face interviews and professional maternity
checkup by a professional gynecologist. The characteris-
tics of maternal height, pre-pregnancy weight and date
of last menstrual period were obtained by self-report.
Maternal body mass index (BMI) was calculated. by the
pre-pregnancy body weight (kg) divided by the square of
height (m?).

Exclusion criteria included preexisting medical disor-
ders (i.e. preexisting diabetes, gestational diabetes, auto-
immune disorders, current cancer diagnosis, human
immunodeficiency virus, and hepatitis), pregnant women
who had medically premature delivery, stillbirth or in-
duced labor, deformity, macrosomia, full term low birth
weight neonatal and multiple pregnancy (Fig. 1).

Eligibility criteria included women who met all of
the criteria listed above and delivered live singleton

6203 Were eligible and were enrolled in the
Guangxi Birth Cohort Study (GBCS)

)

{ 662 Missing

5541 Had pregnancy outcomes

345 Were observed to
preterm birth

Excluded criteria,
53 Multiple pregnant

66 Medically delivery
6 Stillbirth or induced labor
14 Deformity

5196 Were observed
to preterm birth

Excluded criteria,

105 Full term low birth weight

127 Macrosomia

4 stillbirth or induced labor

31 Deformity

11 Infants gender information missing
171 Multiple pregnant

4747 Normal term birth

Match conditions,

a. Maternal age

b. Birth place

c. Infants gender

d. Gestational age at blood sampling

206 Women were included in
primary analysis

412 Women were included in
primary analysis

Fig. 1 Flow chart for selection of study participants. Flow chart displays a basic process of the nested case-control study conducted by Guangxi
Birth Cohort Study. Those exclusion criteria and match conditions are distinguished in different steps
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PTB (< 37 wGA) were selected as PTB. Pregnant women
who gave singleton neonate at term (> 37 weeks and < 42
weeks). The women were 18—45 years.

According to the above criteria, 206 women were se-
lected in the PTB group. These women were matched by
maternal age, birth place, gender of infants, and wGA at
blood collection in 1:2 ratios and women who delivered
term birth infants were selected as control. Finally,
412women were selected as control.

Biochemical analysis

About 5ml overnight fasting venous blood was drawn
from the pregnant women when they had a pregnancy
test in the morning, and the blood was collected before
32 wGA. Then the blood was centrifuged and stored at
- 80°C until it was sent to the First Affiliated Hospital
of Guangxi Medical University for analysis 2 years later.
It was the same in the preterm and term group. All sam-
ples were analyzed by the same method to ensure reli-
able results.

CRP level (mg/L) was measured on the HITACHI
7600 biochemistry analyzer (Hitachi Crop, Tokyo, Japan)
by using the immunoturbidimetric methods with CRP
assay kits (Randox Laboratories Ltd., Co Antrim, UK),
which intra- and inter-batch CV were 2.37 and 6.02%,
respectively. Both C3 and C4 (g/L) levels were measured
by immunoturbidimetric technique using the HITACHI
7600 biochemistry analyzer (Hitachi Crop, Tokyo, Japan)
with an intra-assay CV of less than 6% and inter-assay
relative range of less than 8%, which use the Reagent
Kits for C3 and C4 Test (Zhicheng Biological Technol-
ogy Co. Ltd.; Shanghai, China). Serum ferritin (ng/mL)
level was measured with an automatic electrochemical
luminescence immunoassay on COBAS 6000 system
E601(Elecsys module) analyzer (Roche Diagnostic, Gmbh
Mannheim, Germany) with an inter-assay coefficients of
variation (CV) of 4.5%. The managing obstetricians were
blinded to the results of the serum CRP/C3/C4/ferritin
concentrations.

Data sources

Laboratory records and analysis of maternal serum CRP,
C3, C4 and ferritin biomarkers were obtained from the
Laboratory of the First Affiliated Hospital of Guangxi
Medical University. The subjects’ data on perinatal and
birth outcomes were collected from electronic medical
records of 8 Maternal & Child Health Hospitals. The
perinatal data included maternal features, pregnancy,
parturition and neonate characteristics at birth. All birth
reports were diagnosed by professional obstetricians and
entered into the maternal and child health care system.
All pregnant women’s labor data were exported from
this system.
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Statistical analyses

All analyses were performed by IBM SPSS 19.0. The
continuous variables were performed by Student’s test,
and categorical variables were examined by chi-square
statistics between two groups.

We evaluated the associations between maternal
serum levels of CRP, C3, C4, ferritin and the risk of PTB
by using conditional logistic regression. Concentrations
of serum inflammatory indicators were examined con-
tinuously and as quartiles. Effect estimates were pre-
sented as odds ratios (ORs) with 95% confidence
intervals (95%CIs). Initial unadjusted analyses were con-
ducted and subsequently adjusted with covariates show-
ing association with both infant PTB and maternal
pathology. Potential confounding factor for inclusion in
the final model was maternal age. Statistical test were
two-tailed, and p value < 0.05 was considered statistical
significance.

Results
Study population
Figure 1 showed the flow chart of the study population.
A total of 6203 pregnant women were recruited in
GBCS, and 662 women lost follow-up. And 5541 preg-
nant women were followed-up till delivery. PTB was ob-
served in 345 women, and 4747 had normal term birth
(TB). According to the inclusion and exclusion criteria,
we selected 206 cases and 412 controls in our research.
The baseline characteristics of the pregnant women at
follow-up were shown in Table 1. None of the sociode-
mographic characteristics differed significantly between
women who experienced PTB and TB (p>0.05). In
addition, compared with the TB group, the PTB group
had significantly higher levels CRP (p =0.029). More-
over, no significant difference in ferritin (p =0.161), C3
(p=0.255) and C4 (p=0.451) were found between the
two groups (Table 2).

Study outcomes

The result indicated that, with pregnancy progressed,
the levels of ferritin dropped while CRP and C3 levels
increased among the TB group (Fig. 2). The concentra-
tions of ferritin, CRP and C3 of the term group were sig-
nificantly different from those of the PTB group during
pregnancy (trimester effect, p <0.01). The blood bio-
chemical parameters for two groups in the different tri-
mesters were shown in Fig. 2. In the first trimester,
serum CRP and C3 were remarkably higher in the PTB
than in TB group (group effect, p < 0.05). By contrast, no
significant differences were found in serum C4 and fer-
ritin between PTB and term groups (group effect, p >
0.05). In PTB group, the inflammation indicators were
not significantly different between the second and the
third trimester.
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Table 1 General characteristics of the study population

N Preterm  Term pe
n(%) n(%) value
206 (100) 412 (100)

Maternal age (years) [mean = SD] 2835+ 2825+ 0.808
532 4.70

Maternal age (years) 0.732
<25 47 (22.8) 99 (24.0)

25-34 130 (63.1) 264 (64.1)

235 29 (14.1)  49(11.9)

Neonatal gender 1.000
Male 121 (58.7) 242 (58.7)

Female 85 (41.3) 170 (41.3)
Gestational age at blood sampling 1.000
(weeks)

<14 68 (33.0) 136 (33.0)

14-27 116 (563) 232 (56.3)

=28 22 (10.7) 44 (10.7)
pre pregnancy BMI b 0.060

<185 60 (296) 98 (24.0)

18.5-23.9 120 (59.1) 280 (684)

2240 23(113)  31(76)

Literacy 0.647
Primary 7 (34) 18 (4.4)

Secondary 122 (59.5) 255 (61.9)

Graduate and above 76 (37.1) 139 (33.7)
Household yearly income (yuan) 0.747

< 50,000 94 (45.6) 197 (47.8)

250,000 71 (345 143 (347)

Unclear 41 (199) 72 (175)

Parity 0.586
Nullipara 124 (60.8) 241 (585)
Multipara 80 (39.2) 171 (41.5)

Abortions 0610
0 101 (495) 195 (47.3)

21 103 (50.5) 217 (52.7)
Second-hand smoking 0.930

Yes 25(12.1)  49(119)

No 181 (87.9) 363 (88.1)
Maternal reproductive tract infection 0935

Yes 29 (14.1) 59 (14.3)

No 178 (85.9) 353 (85.7)

@ P values were determined by using the chi-square test
® BMI body mass index;

The relationship between maternal ferritin, CRP, C3
and C4 levels and the risk of PTB in the first trimester
are shown in Table 3. Compared with the median of
CRP, in the unadjusted analyses, the OR of PTB in the
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Table 2 The comparison of serum CRP, C3, C4 and ferritin
concentrations between preterm and term

Preterm(n =206) Term(n=412) P @ value
Serum CRP (mg/L) 1838 £ 13.72 16.05 + 924 0.029
Serum C3 (mg/L) 133403 £ 21876  1314.22 + 21650  0.287
Serum C4 (mg/L) 271.25 £ 9215 265.57 + 86.12 0451
Serum ferritin (ng/ml)  80.99 + 85.14 7137 £67.22 0.159

2 P values were determined by using the Student’s T test;

highest CRP quartile was 2.13 (95% CI: 1.01-4.50, p =
0.048). Furthermore, after adjusted age, the OR of PTB
in the highest CRP quartile was 2.16 (95% CI: 1.02—4.56,
p =0.044). For C3, the unadjusted OR was 2.28 (95% CI:
1.06-4.91, p =0.034), while the adjusted OR was 2.53
(95% CI: 1.14-5.64, p = 0.023).

Discussion

In our study, the levels of inflammation biomarkers,
namely, CRP, C3, C4 and ferritin in the peripheral
blood serum were investigated during pregnancy. Ele-
vations in the average levels of CRP and C3 in the
first trimester were associated with increasing occur-
rence of PTB.

CRP, an acute phase reactant in the innate immune re-
sponse, is a nonspecific biomarker of inflammation that
is usually used as a marker for diagnosis of many inflam-
matory, infective, and malignant conditions [11]. Ele-
vated concentrations of CRP in peripheral circulation
were related to the existence of intrauterine infection
[12]. Although many studies have shown that increasing
levels of CRP are linked to PTB [13], it is the first survey
of pregnant women in Southwest China.

In this study, we found that highly expressed CRP and
PTB were remarkably association in the first trimester
but no relationship was found in the second trimester
(Table 4) and the third trimester (Table 5) according to
the conditional logistic regression analysis. Our results
are consistent with some [14], but not all [15, 16] previ-
ous reports. The absence of association between mater-
nal CRP concentrations with subsequent preterm birth
also suggested that our positive findings may have an
origin other than a generalized inflammatory response.
Although no obvious correlation was found between
CRP levels between PTB in the second and third trimes-
ter, changes in CRP concentrations throughout preg-
nancy were consistent with the results of Ferguson et al.
[15] and de Oliveira et al. [14].

The pro-inflammatory function of CRP includes the
induction of cytokines and tissue factor in the mono-
cytes [17]. The monocyte plays a pivotal role in maternal
immunological adaptation in which maternal immunity
facilitates the maintenance of gestation and protects ma-
ternity against infection [18]. This phenomenon may
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Fig. 2 The comparison of Serum CRP, C3, C4 and ferritin among three different trimesters. Distribution of inflammatory factors including C-
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trimesters). The first trimester defined as gestational age less than 14 weeks, of which PTB group (n=68), TB group (n = 136). In the first trimester,
serum concentrations of CRP and C3 in PTB group were significantly higher than the TB group (group effect, p < 0.05). For C4 and ferritin, there
was no significant difference between preterm and term group (group effect, p > 0.05). The second trimester gestational age ranged from 14 to
27 weeks, with the PTB group (n=116) and the TB group (n = 232). The third trimester defined as the gestational age of 28 weeks or more, the
PTB group (n=22), the TB group (n=44). In any stage of the second and third trimester, the inflammation indicators (i.e. ferritin, CRP, C3 and C4)

were not significantly difference with PTB

explain the elevated gain of CRP concentrations with
wGA in the term group.

The complement, a central part of non-specific and
specific immune system, has three renowned physio-
logic activities, including host defence against infec-
tion, bridging interface between non-specific and
specific immunity, and phagocytosis cleaning action
[19, 20]. About 30 serum complement proteins have
been identified and can be activated by classical, al-
ternative and lectin pathways [21]. Of these comple-
ment members, C3 and C4 play a pivotal role in
activation pathways, which play strongly role as host
defence proteins [22]. This phenomenon is particu-
larly obvious in the first trimester, with intense tissue
turnover and complement activation which reflects
and aggravates the state of inflammation during nor-
mal pregnancy [23]. Complement system was acti-
vated and involved in inflammation during pregnancy.
The relationship between complement activation and
PTB has been paid remarkable attention due to the
important relationship of the complement system with
inflammation [9, 24]. Therefore, our study examined
the overall C3 and C4 to verify their association with
PTB in the cohort.

In early pregnancy, the elevated serum levels of C3 in
pregnant women were positively correlated with PTB.
This observation is interesting because infection and in-
flammation are strongly causal risk factors of PTB [25].
We examined the quartile levels of C3 in women with
PTB according to the categories of wGA. The results
showed a strong relationship between the highest quar-
tile concentrations of C3 and women who had PTB
below 14 wGA. The relationship of C3 concentrations
with the development of PTB during early pregnancy
was significantly relevant, which was consistent with
published findings [22, 26]. Serum levels of C3 and C4
as well as total complement activity in normal pregnancy
were gradually increased [27] and these parameters were
even further elevated in participants with preterm birth
which may due to the activation of the inflammatory re-
sponse in the maternal peripheral circulation. However,
this upward trend appeared only in the first and second
trimesters. The decrease in complement levels in the
third trimester may indicate that increased utilization
because of antigen-antibody reactions, whereas de-
creased complement activity would be compatible with
either decreased production or increased utilization. As
for C3, which decreased during pregnancy, and the most
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PTB Term Unadjusted Adjusted
(n) @) 4 OR (95%Cl) PP OR (95%Cl) P
CRP 0.043
P50 < 1140 24 68 1 - 1 -
P50 - P75 (11.40-16.60) 20 34 1.67 (0.80-3.51) 0.175 1.73 (0.81-3.67) 0.154
P75>16.60 24 34 2.13 (1.01-4.50) 0.048 2.16 (1.02-4.56) 0.044
a3 0.045
P50 < 1222.00 26 68 1 -
P50 - P75 (1222.00-1369.00) 16 34 1.32 (0.60-2.90) 0493 145 (0.64-3.30) 0370
P75>1369.00 26 33 2.28 (1.06-4.91) 0.034 253 (1.14-5.64) 0.023
Cc4 0.178
P50 < 258.50 30 68 1 - 1 -
P50 - P75 (258.50-309.00) 13 35 0.85 (0.38-1.87) 0679 0.85 (0.38-1.88) 0.689
P75>309.00 25 33 1.77 (0.88-3.57) 0.111 1.89 (0.93-3.85) 0.079
ferritin 0.107
P50 < 84.07 27 68 1.00 - 1 -
P50 - P75 (84.07-138.85) 17 34 1.27 (0.62-2.63) 0.512 1.29 (0.62-2.67) 0492
P75>13885 24 34 1.92 (0.92-4.04) 0.084 2.03 (0.95-4.34) 0.067
P? Kruskal Wallis test
PP unadjusted conditional logistic regression analysis
P° adjusted age conditional logistic regression analysis
Table 4 Association of maternal CRP, C3, C4 and ferritin levels and the risk of PTB in the second trimester
PTB Term Unadjusted Adjusted
(n) (n) P OR (95%Cl) PP OR (95%Cl) Pe
CRP 0211
P50 < 14.9700 48 115 1.00 - 1.00 -
P50 - P75 (14.9700-20.8375) 35 59 148 (0.83-2.64) 0.179 1.50 (0.84-2.66) 0.173
P75>20.8375 32 57 1.39 (0.77-2.50) 0.275 1.35 (0.75-2.44) 0321
a3 0.259
P50 < 1313.00 51 115 1.00 - 1.00
P50 - P75 (1313.00-1457.00) 30 59 1.18 (0.65-2.12) 0.592 1.15 (0.63-2.08) 0.650
P75>1457.00 34 56 1.37 (0.76-2.46) 0.296 1.33 (0.74-241) 0.342
c4 0336
P50 < 252.50 51 115 1.00 - 1.00 -
P50 - P75 (252.50-305.25) 31 58 1.20 (0.69-2.08) 0514 1.18 (0.68-2.05) 0.558
P75>305.25 33 58 1.33 (0.74-2.39) 0.349 1.25 (0.69-2.29) 0463
ferritin 0.943
P50 < 39.3550 59 115 1.00 - 1.00 -
P50 - P75 (39.3550-82.7550) 26 59 0.83 (045-1.54) 0.558 0.81 (044-1.53) 0.522
P75>82.7550 30 57 1.02 (0.56-1.86) 0.949 1.03 (0.56-1.88) 0922

P? Kruskal Wallis test

PP unadjusted conditional logistic regression analysis
P¢ adjusted age conditional logistic regression analysis
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Table 5 Association of maternal CRP, C3, C4 and ferritin levels and the risk of PTB in the third trimester
PTB Term Unadjusted Adjusted
@) ) [ OR (95%Cl) PP OR (95%Cl) P

CRP 0.964

P50<17.77 12 22 1.00 - 1.00 -

P50 - P75 (17.77-24.08) 4 11 0.68 (0.20-2.34) 0.537 0.77 (0.21-2.85) 0.700

P75>24.08 6 10 1.19 (0.35-4.00) 0.779 1.22 (0.36-4.18) 0.748
a3 0.228

P50 < 1443.00 14 22 1.00 - 1.00

P50 - P75 (1443.00-1640.00) 6 11 0.69 (0.19-2.57) 0.583 0.64 (0.17-2.38) 0.507

P75>1640.00 2 10 0.17 (0.02-1.77) 0.140 0.16 (0.02-1.65) 0.124
C4 0433

P50 < 255.00 8 22 1.00 - 1.00 -

P50 - P75 (255.00-349.00) 9 1 3.11(0.76-12.7) 0.115 2.80 (0.66-11.78) 0.162

P75 >349.00 5 10 1.68 (044-6.41) 0449 1.61 (041-6.26) 0493
ferritin 0.702

P50<10.34 9 22 1.00 - 1.00 -

P50 - P75 (10.34-18.81) 9 11 1.91 (0.62-5.86) 0.258 1.66 (0.54-5.15) 0.378

P75>1881 4 10 0.94 (0.24-3.78) 0.935 0.58 (0.12-2.82) 0.500

P? Kruskal Wallis test
PP unadjusted conditional logistic regression analysis
P° adjusted age conditional logistic regression analysis

probable mechanism underlying this phenomenon may
be due to the decreased production of C3 by the liver.
No evidence that demonstrate why these diverse changes
are observed in women who had PTB has been reported.

Although the complement system was activated and
involved in inflammation during pregnancy, no signifi-
cant association was found between C4 and PTB. In
addition, the trends of C4 concentrations varied in our
study varied, probably because our study was focused on
asymptomatic pregnant women, whereas previous stud-
ies focused on pregnant women with preeclampsia or
systemic lupus erythematosus [28]. In addition, other
studies on C4 were performed by using neonatal umbil-
ical cord blood and/or newborn’s blood [29] while we
performed on the blood of pregnant women.

Ferritin is an acute phase reactant, and elevated
level of this molecule has been associated with acute/
chronic infection, inflammation, neurodevelopmental
disability and malignant diseases [30]. Previous re-
ports [7] have shown that changes in maternal ferritin
levels were associated with PTB, and increased odds
of PTB were associated with ferritin levels >75th per-
centile. Although no significant association was found
between serum ferritin and PTB, trends in ferritin
throughout pregnancy were consistent with other
studies. The conflicts may be attributed to the diver-
sities in the populations studied, study design, timing
of blood collection and incomplete or no control for
confounding.

To sum up the appeal, in Fig. 2, we found that the
concentrations of CRP, C3, C4 and ferritin were higher
in the early and middle trimester than control group and
the phenomenon was reversed in the third trimester. As
we know, pregnancy is an autoimmune process, the
presence of immune defense response occurs maternal
self-protection mechanism, and in the third trimester of
pregnancy, the immune defenses decline in the case
group compared with the control group, thus preterm
birth.

In a systematic review, similar results were found in
populations in the United States, Iran, and Denmark
[31]. Specifically, our study found that elevated CRP and
C3 levels in early pregnancy increased the risk of PTB,
while ferritin and C4 levels were not associated with
PTB throughout pregnancy. One report found no associ-
ation between CRP and PTB in Caucasian and African-
American populations [15]. This may be the result of a
combination of race, genes, dietary habits, environmental
factors and inflammatory factors, which needs further
research to confirm.

We chose the primary outcome of pregnancy-
associated PTB with evidence of maternal factors, rather
than the diagnosis of PTB, to assess whether therapy
would prevent serious complications rather than merely
modify diagnostic findings.

Our study had several strengths. The NCC study de-
sign provided an opportunity to include all PTB infants
in the study. Importantly, the NCC study design can be
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clearly illustrated the causal link between serum inflam-
matory factors and prematurity during the first trimester
of pregnancy. To our knowledge, following a MEDLINE
search, the current study is the first study to investigate
whether inflammatory indicators are associated with
Southwest Chinese normal pregnant women. In
addition, all participants also adjusted for other potential
risk factors, such as maternal age and pre-pregnancy
BML It is known that the concentration of CRP in the
peripheral circulation is associated with high BMI and
other obesity markers [32, 33]. Thus, pre-pregnancy
BMI was not considered in the logistic regression model.
Maternal reproductive tract infections are closely related
to inflammation. We detect indicators are inflammatory
markers and therefore do not correct it.

The current study also has some limitations. Firstly,
maternal serum samples were collected at one time only
and might not accurately reflect the change of CRP and
C3 during the whole pregnancy in our study. Secondly,
the study was limited by the wide range of wGA of blood
drawn (between 6 and 32 wGA). A narrower range of
wGA within the data points will help to assess the asso-
ciation of complement markers with more predictive
biomarkers.

Further predictive analysis requires a large-scale, mul-
ticenter, prospective cohort study to investigate the pre-
dictive value of these inflammatory markers in maternal
blood for preterm delivery in asymptomatic pregnant
women and to develop a valuable multivariate predictive
model.

Conclusion

In summary, a NCC study of 206 cases and 412 controls
subjects was performed higher levels of CRP and C3
early in pregnancy were associated with an increased risk
of PTB in the first trimester. Our results indicated that a
close relationship between early pregnancy inflammatory
indicators and PTB in Southwest Chinese women. Fur-
ther studies are needed to characterize the relationship
between inflammatory indicators and long-term out-
come using well-defined diagnostic PTB. Additional
evaluations are warranted to increase the sample size to
target the relationship between high levels of inflamma-
tory indicators and long-term outcome.

How to manage these patients to prevent PTB, how-
ever, presents several great challenges. Our research
merely found that elevated serum CRP and C3 levels in-
crease the risk of preterm birth, and is not a diagnosis in
itself. There are many pathways leading to preterm birth
and the prevention of each requires different types of
scientific inquiry and clinical strategies, which together
encompass a wide array of measurement systems and
clinical interventions across many health-care disciplines
[34].We need to conduct further studies to confirm
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whether relevant biomarkers can be used as indicators
to diagnose preterm birth.

Quantification of the reference range is difficult to pre-
dict which will depend on other clinical, cultural, social
and economic factors that operate in each environment.
Further success is expected in the coming years as other
research findings translate into clinical practice, includ-
ing new ways to treat intrauterine infections, improved
maternal nutrition and lifestyle improvements to reduce
maternal stress.

Abbreviations

95%Cls: 95% confidence intervals; CRP: C-reactive protein; NCC: Nested case-
control; ORs: Odds ratios; PTB: Preterm birth; TB: Term birth; wGA: Weeks of
gestational age

Acknowledgments

We are extremely grateful to all the participants in our study and sincerely
thanks to the local research teams from the First Affiliated Hospital of
Guangxi Medical University and seven maternity and child healthcare
hospitals (Guigang, Liuzhou, Nanning, Qinzhou, Wuzhou, Yulin and Yuzhou),
China, for their contribution to the survey.

Authors’ contributions

ZM, SH, JT contributed to the design of the study, SH and JT drafted the
initial manuscript. SH completed the statistical analysis under the help of ZM,
XY, CL and YL. SH, JT and DC collected data and completed the data input
under the supervision of ZM. LW, XZ and RT provided scientific advice on
the process of data acquisition and made data interpretation. WL, DZ, ML, XY
and ZM completed the design of cohort study. ZM, XY, SH, JT contributed in
reviewing the final manuscript. The author(s) read and approved the final
manuscript.

Funding

This work was supported by Science and Technology Development Plan of
Guangxi (GKG1598011-3), Guangxi Natural Science Fund for Innovation
Research Team (2013GXNSFFA019002), and National Natural Science
Foundation of China [grant numbers 81460388, 81501284, 81770759].

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The Medical Ethics and Human Subject Committee of First Affiliated Hospital
of Guangxi Medical University approved the study protocol data collection,
and written informed consent was signed by each patient.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Author details

!Center for Genomic and Personalized Medicine, Guangxi Medical University,
Nanning 530021, Guangxi, China. “Guangxi key Laboratory for Genomic and
Personalized Medicine, Nanning 530021, Guangxi, China. 3Guangxi
Collaborative Innovation Center for Genomic and Personalized Medicine,
Nanning 530021, Guangxi, China. *School of Public Health, Guangxi Medical
University, 22 Shuangyong Road, Nanning 530021, Guangxi, China.
°Department of Occupational Health and Environmental Health, School of
Public Health of Guangxi Medical University, Nanning 530021, Guangxi,
China. ®Department of Gynecology and Obstetrics, First Affiliated Hospital of
Guangxi Medical University, Nanning 530021, Guangxi, China. ’Department
of Obstetrics, Maternal & Child Health Hospital of Yulin, Yulin, Guangxi, China.
®Department of Reproductive Center, First Affiliated Hospital of Guangxi
Medical University, Nanning 530021, Guangxi, China. *Department of



Huang et al. BMC Pregnancy and Childbirth

(2020) 20:131

Gynecology and Obstetrics, Maternal & Child Health Hospital of Liuzhou,
Liuzhou, Guangxi, China. "Institute of Urology and Nephrology, First
Affiliated Hospital of Guangxi Medical University, Nanning 530021, Guangxi,
China.

Received: 10 December 2018 Accepted: 10 February 2020
Published online: 27 February 2020

References

1.

Valappil SA, Varkey M, Areeckal B, Thankan K, Siva MD. Serum ferritin as a
marker for preterm premature rupture of membranes -a study from a
tertiary Centre in Central Kerala. J Clin Diagn Res. 2015;9(7):BC09-12.

Sign up for WHO updates, Preterm birth. http://www.who.int/mediacentre/
factsheets/fs363/en/, 2017 (Accessed Nov 2017).

Burdet J, Rubio AP, Salazar Al, Ribeiro ML, Ibarra C, Franchi AM.
Inflammation, infection and preterm birth. Curr Pharm Des. 2014;20(29):
4741-8.

Farr A, Kiss H, Hagmann M, Marschalek J, Husslein P, Petricevic L. Routine
use of an antenatal infection screen-and-treat program to prevent
preterm birth: long-term experience at a tertiary referral center. Birth.
2015;42(2):173-80.

Eden RD, Penka A, Britt DW, Landsberger EJ, Evans MI. Re-evaluating the
role of the MFM specialist: lead, follow, or get out of the way. J Matern fetal
Neonatal Med. 2005;18(4):253-8.

Gravett MG, Rubens CE, Nunes TM, Group GR. Global report on preterm
birth and stillbirth (2 of 7): discovery science. BMC Pregnancy Childbirth.
2010;10(Suppl 1):S2.

Khambalia AZ, Collins CE, Roberts CL, Morris JM, Powell KL, Tasevski V,
Nassar N. High maternal serum ferritin in early pregnancy and risk of
spontaneous preterm birth. Br J Nutr. 2015;114(3):455-61.

Moghaddam Banaem L, Mohamadi B, Asghari Jaafarabadi M, Aliyan MN.
Maternal serum C-reactive protein in early pregnancy and occurrence of
preterm premature rupture of membranes and preterm birth. J Obstet
Gynaecol Res. 2012;38(5):780-6.

Lynch AM, Gibbs RS, Murphy JR, Giclas PC, Salmon JE, Holers VM. Early
elevations of the complement activation fragment C3a and adverse
pregnancy outcomes. Obstet Gynecol. 2011;117(1):75-83.

Lee J, Romero R, Xu'Y, Kim JS, Topping V, Yoo W, Kusanovic JP,
Chaiworapongsa T, Hassan SS, Yoon BH, et al. A signature of maternal anti-
fetal rejection in spontaneous preterm birth: chronic chorioamnionitis, anti-
human leukocyte antigen antibodies, and C4d. PLoS One. 2011;6(2):e16806.
Ansar W, Ghosh S. C-reactive protein and the biology of disease. Immunol
Res. 2013;56(1):131-42.

Potkul RK, Moawad AH, Ponto KL. The association of subclinical infection
with preterm labor: the role of C-reactive protein. Am J Obstet Gynecol.
1985;153(6):642-5.

Cetinkaya S, Ozaksit G, Biberoglu EH, Oskovi A, Kirbas A. The value of acute
phase reactants in predicting preterm delivery. J Matern fetal Neonatal Med.
2017;30(24):3004-8.

de Oliveira LC, Franco-Sena AB, Rebelo F, Farias DR, Lepsch J, Lima Nda S,
Kac G. Factors associated with maternal serum C-reactive protein
throughout pregnancy: a longitudinal study in women of Rio de Janeiro,
Brazil. Nutrition. 2015;31(9):1103-8.

Ferguson KK, McElrath TF, Chen YH, Mukherjee B, Meeker JD. Longitudinal
profiling of inflammatory cytokines and C-reactive protein during
uncomplicated and preterm pregnancy. Am J Reprod Immunol. 2014;72(3):
326-36.

Kramer MS, Kahn SR, Platt RW, Genest J, Chen MF, Goulet L, Seguin L, Lydon
J, McNamara H, Libman M, et al. Mid-trimester maternal plasma cytokines
and CRP as predictors of spontaneous preterm birth. Cytokine. 2010;49(1):
10-4.

Cermak J, Key NS, Bach RR, Balla J, Jacob HS, Vercellotti GM. C-reactive
protein induces human peripheral blood monocytes to synthesize tissue
factor. Blood. 1993;82(2):513-20.

Messerli M, May K, Hansson SR, Schneider H, Holzgreve W, Hahn S,
Rusterholz C. Feto-maternal interactions in pregnancies: placental
microparticles activate peripheral blood monocytes. Placenta. 2010;31(2):
106-12.

Walport MJ. Complement. First of two parts. N Engl J Med. 2001;344(14):
1058-66.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 9 of 9

Walport MJ. Complement. Second of two parts. N Engl J Med. 2001;344(15):
1140-4.

Gadjeva M, Thiel S, Jensenius JC. The mannan-binding-lectin pathway of the
innate immune response. Curr Opin Immunol. 2001;13(1):74-8.

Regal JF, Gilbert JS, Burwick RM. The complement system and adverse
pregnancy outcomes. Mol Immunol. 2015,67(1):56-70.

Holmes CH, Simpson KL. Complement and pregnancy. New insights into
the immunobiology of the fetomaternal relationship. Baillieres Clin Obstet
Gynaecol. 1992;6(3):439-60.

Lillegard KE, Loeks-Johnson AC, Opacich JW, Peterson JM, Bauer AJ,
Elmquist BJ, Regal RR, Gilbert JS, Regal JF. Differential effects of complement
activation products c3a and c5a on cardiovascular function in hypertensive
pregnant rats. J Pharmacol Exp Ther. 2014;351(2):344-51.

Romero R, Espinoza J, Goncalves LF, Kusanovic JP, Friel LA, Nien JK.
Inflammation in preterm and term labour and delivery. Semin fetal
Neonatal Med. 2006;11(5):317-26.

Denny KJ, Woodruff TM, Taylor SM, Callaway LK. Complement in pregnancy:
a delicate balance. Am J Reprod Immunol. 2013;69(1):3-11.

Tedder RS, Nelson M, Eisen V. Effects on serum complement of normal and
pre-eclamptic pregnancy and of oral contraceptives. Br J Exp Pathol. 1975;
56(5):389-95.

Minamiguchi S, Mikami Y, Nakajima N, Salah A, Kondoh E, Tatsumi K, Konishi
|, Haga H. Complement split product C4d deposition in placenta in systemic
lupus erythematosus and pregnancy-induced hypertension. Pathol Int. 2013;
63(3):150-7.

Drossou V, Kanakoudi F, Diamanti E, Tzimouli V, Konstantinidis T, Germenis A,
Kremenopoulos G, Katsougiannopoulos V. Concentrations of main serum
opsonins in early infancy. Arch Dis Child Fetal Neonatal Ed. 1995;72(3):F172-5.
Wang W, Knovich MA, Coffman LG, Torti FM, Torti SV. Serum ferritin: past,
present and future. Biochim Biophys Acta. 2010;1800(8):760-9.

Gomes J, Au F, Basak A, Cakmak S, Vincent R, Kumarathasan P. Maternal
blood biomarkers and adverse pregnancy outcomes: a systematic review
and meta-analysis. Crit Rev Toxicol. 2019,49(6):461-78.

Ford ES. Body mass index, diabetes, and C-reactive protein among U.S.
adults. Diabetes Care. 1999;22(12):1971-7.

Pannacciulli N, Cantatore FP, Minenna A, Bellacicco M, Giorgino R, De
Pergola G. C-reactive protein is independently associated with total body
fat, central fat, and insulin resistance in adult women. Int J Obes Relat
Metab Disord. 2001;25(10):1416-20.

Simmons LE, Rubens CE, Darmstadt GL, Gravett MG. Preventing preterm
birth and neonatal mortality: exploring the epidemiology, causes, and
interventions. Semin Perinatol. 2010 Dec;34(6):408-15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.who.int/mediacentre/factsheets/fs363/en/
http://www.who.int/mediacentre/factsheets/fs363/en/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and subjects
	Biochemical analysis
	Data sources
	Statistical analyses

	Results
	Study population
	Study outcomes

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interest
	Author details
	References
	Publisher’s Note

