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Abstract

Background Previous studies investigated the association between gestational anemia and neonatal outcomes. However,
few studies explored whether the effects of gestational anemia could be eliminated by subsequent correction of anemia in
the later stages of pregnancy. This study aimed to investigate the relationship between anemia in different trimesters and
neonatal outcomes.

Methods The study was conducted in Shanghai, China, with a sample of 46,578 pregnant women who delivered between
January 1, 2016 and July 1, 2019. A multivariable logistic regression model was adopted to analyse the associations between
maternal anemia and neonatal outcomes.

Results The incidence of gestational anemia was 30.2%, including 4.4% in the first trimester, 9.6% in the second trimester, and
16.2% in the third trimester. Only 24.5% (507/2066) of anemia that occurred in the first trimester and 29.6% (1320/4457) that
occurred in the second trimester could be corrected in the later stages of pregnancy. Anemia occurring in the first trimester was
associated with small for gestational age [odds ratio (OR) 1.46; 95% confidence interval (CI) 1.20-1.78] and with fetal distress (OR
1.23; 95% CI 1.08-1.40). Anemia corrected in the first trimester also was associated with a higher risk of small for gestational age.
Conclusions Gestational anemia is a public health problem in China impacting neonatal health. Anemia in pregnancy could
be corrected in only about a quarter of the women. Anemia in the first trimester, whether corrected or not, still led to lower
birth weight; therefore, the prevention of anemia prior to pregnancy is important.
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Introduction [2]. Generally, 500-800 mg of maternal iron are required

for a normal singleton pregnancy [3]. Compared with non-

Pregnant women are more likely to suffer from anemia
owing to increased blood volume during pregnancy [1]
and to a greater demand for nutrients during fetal growth
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pregnant women of childbearing age, the folate requirement
increases from 400 to 600 pg/day [4]. A multicenter study
reported that the incidence of gestational anemia ranged
from 22 to 56% [5] and was about 23.5% in China, accord-
ing to a global survey in 2011 [6]. Another study in China
showed that the prevalence of gestational anemia and iron
deficiency anemia was 19.8% and 13.9%, respectively [7].
Moreover, the incidence of thalassemia was high in certain
provinces of China, such as Guangdong [8].

Some clinical studies showed that anemia during preg-
nancy was associated with stillbirth [9], preterm birth
(PTB) [10], and low birth weight (LBW) [11]. Anemia
during pregnancy also was reported to be associated with
placental development [12—14]. The duration of preg-
nancy is divided into three trimesters: the first trimester
(< 14 weeks), the second trimester (14—27%° weeks), and
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the third trimester (> 28 weeks). Organogenesis takes
place in the first trimester of pregnancy, during which the
preliminary structure of most organs develop, such as the
heart, lung, liver, and so forth. However, in later trimes-
ters these organs need to experience further growth and
maturation [15]. In the early stage of development, the
embryo and the fetus are subjected to intensely epigenetic
reprogramming [16—18]. Previous studies showed that epi-
genetic changes might play an important role in offspring
diseases caused by gestational complications, intrauterine
environment [19], and abnormal nutritional status [20].
These adverse outcomes can even be inherited across
generations [21]. As one of the most common gestational
complications, the environment of nutritional deficiency
and hypoxia caused by anemia during pregnancy also may
lead to the occurrence of various chronic diseases in adult-
hood [22].

Previous studies reported associations between ges-
tational anemia and neonatal outcomes, most of which
focused on only one trimester of pregnancy [10, 11,
23-28]. However, the findings are conflicting. The role of
anemia in the three trimesters of pregnancy and its asso-
ciation with adverse neonatal outcomes remains unclear.
Previous studies reported that anemia in the first trimes-
ter was more harmful [28]. This study aimed to establish
whether anemia-induced adverse outcomes in the early
stage of pregnancy could be avoided by correcting anemia
during the later stages of pregnancy.

Methods
Study setting

This retrospective cohort study was conducted at the
International Peace Maternal and Child Health Hospi-
tal, School of Medicine, Shanghai Jiao Tong University,
Shanghai, China.

Ethics

The ethical approval for this study was granted by the Ethics
Committee of the International Peace Maternity and Child
Health Hospital.

Inclusion criteria

Pregnant women who delivered between January 1, 2016
and July 1, 2019 with complete records of hemoglobin levels
in each of the three trimesters and who underwent a single
live birth no earlier than 28 weeks of gestation were included
in this study.
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Data collection

Data on maternal age, pre-pregnancy body mass index, edu-
cation level, parity, residence, fetal sex, birth weight, and
gestational age of the participants were extracted from the
electronic medical information system. Data collection was
conducted from December 15, 2019 to January 10, 2020.

Case definitions

Gestational anemia was defined as hemoglobin <110 g/L in
the first and third trimesters and < 105 g/L in the second tri-
mester, according to the latest guideline of the World Health
Organization (WHO) [29]. In the present study, recovered
anemia was defined as anemic in the first trimester and non-
anemic in the second and third trimesters. If anemia in the
first trimester was combined with anemia in the second or
third trimester, it was considered as persistent anemia. Ges-
tational age was based on the last menstrual period and was
confirmed with the first-trimester ultrasound examination.
The residence of the participants was classified into Shang-
hai’s local and migrant residence according to the mater-
nal domicile. Maternal education was classified using the
following two levels: college education or higher and high
school education or lower. The Apgar score was evaluated
one min after birth, based on the following five categories:
breathing effort, heart rate, muscle tone, reflexes, and skin
color. Fetal distress was diagnosed at the International Peace
Maternity and Child Health Hospital based on the Interna-
tional Classification of Diseases, 10th Revision codes. Small
for gestational age (SGA) was defined as birth weight below
the tenth percentile for gestational age—specific birth weight
distribution [30]. LBW was defined as birth weight <2500 g,
and macrosomia was defined as birth weight>4000 g.
PTB was defined as a gestational age between 28 and
36% weeks at delivery.

Statistical analysis

Statistical analyses were performed using SPSS version 25
software (IBM, SPSS Statistics, NY, USA). The categori-
cal variables were presented as number and percentage, and
continuous variables were reported as median and inter-
quartile range. The associations between gestational ane-
mia, SGA, LBW, Apgar score < 8, and PTB were analyzed
using a multivariable logistic regression model. Statistical
significance was set at P <0.05. Potential confounding vari-
ables (P <0.05) including maternal age at the register, pre-
pregnancy body mass index, categories of education level,
parity, residence, and neonatal sex were included in the
regression model.
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Results

The details of 56,729 women who delivered between
January 1, 2016 and July 1, 2019 were recorded in the
electronic system of the International Peace Maternal and
Child Health Hospital (Fig. 1). Of these, 1,719 women
with multiple births, 103 with stillbirth, 21 who delivered
before 28 weeks of gestational age, and 8,308 with missing
hemoglobin records were excluded. Of the 46,578 pregnant
women included in our study, 69.8% (32,500/46,578) had
a normal hemoglobin and 30.2% (14,078/46,578) had ane-
mia during their pregnancy, including 4.4% (2066/46,578),
9.6% (4457/46,578), and 16.2% (7555/46,578) who suf-
fered in the first, second, and third trimester, respectively.
In the first trimester of pregnancy, 2066 (4.4%) women
experienced anemia. Of these, anemia of 507 (24.5%)
women was absolutely corrected in both the second and
third trimesters; 15.9% (329/2066) of women were anemic
in the first and third trimesters, 8.3% (171/2066) in the
first and second trimesters, and 51.3% (1059/2066) in all
three trimesters. Moreover, anemia of 29.6% (1320/4457)
of women in the second trimester could be corrected in
the third trimester. In the anemic groups, maternal age,
proportion of parous women, and ferritin level <30 pg/L

were higher. Maternal pre-pregnancy body mass index,
proportion of Shanghai locals, male newborns, and col-
lege education or higher were lower among women with
anemia (Table 1).

Gestational anemia in the first trimester was associated
with higher risks of SGA and fetal distress (Table 2). Ane-
mia in the second trimester was associated with lower risks
of SGA, LBW, and PTB, and a higher risk of macrosomia.
Anemia in the third trimester was associated with higher
risks of Apgar score < 8 and macrosomia, and lower risks
of SGA, LBW, and PTB.

Gestational anemia in the first trimester was associated
with lower birth weight and with a higher risk of fetal dis-
tress (Table 2). Therefore, a further analysis was conducted
to explore whether maternal anemia was also associated with
lower birth weight and fetal distress and whether anemia in the
first trimester could be corrected in both the second and third
trimesters. A higher risk of SGA was associated with both cor-
rected and persistent anemia, and a higher risk of fetal distress
was associated with only persistent anemia but not corrected
anemia. No significant association was found between persis-
tent anemia, corrected anemia, and LBW (Table 3).

The normal, corrected anemia, and persistent anemia
groups comprised 14.3%, 47.7%, and 30.3% of women,

N ] — 56,729
orma Excluded:
Anemia ——— 1719 multiple births
103 stillbirths
21 delivered before 28 wk
8308 missing hemoglobin records
in the first/second/third trimester
46,578
1*Trim | 2066 Hb<110 | | 44,512 Hb>110 |
2Trim | 836Hb>105 | | 1230Hb<105 | | 40,055Hb>105 | | 4457 Hb<105 |
34 Trim 507 329 171 1059 32,500 7,555 1320 3137
Hb>110 Hb<110 Hb>110 Hb<110 Hb>110 Hb<110 Hb>110 Hb<110

Fig.1 Occurrence and recovery of gestational anemia in different trimesters. Hb hemoglobin (g/L), Trim Trimester
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Table 1 Maternal and neonatal characteristics

Variables Normal (n=32,500) Anemia® (n=14,078) P value
None (n=32,500) First trimester (n=2066) Second trimes- Third trimes-
ter (n=4457) ter (n="7555)
Age, y, mean (SD) 30.99 (3.91) 31.42 (4.16) 31.15 (3.94) 31.10 (3.94) <0.001
Pre-BMIP, kg/m?, mean (SD) 21.22 (2.84) 21.11 (2.80) 21.14 (2.82) 21.07 (2.76) <0.001
College education or higher®, n (%) 29,410 (90.5) 1795 (86.9) 4008 (89.9) 6730 (89.1) <0.001
Parous women®, (%) 8839 (27.2) 743 (36.0) 1394 (31.3) 2734 (36.2) <0.001
Shanghai local, n (%) 14,380 (44.2) 720 (34.8) 1624 (36.4) 2670 (35.3) <0.001
Ferritin® < 30, ng/mL 4639 (14.3) 713 (34.5) 1073 (24.1) 1698 (22.5) <0.001
Folic acidf < 6.8, nmol/L 29 (0.1) 4(0.2) 2(0.0) 11 (0.1) ns
Fetal sex (male), n (%) 17,074 (52.5) 985 (47.7) 2152 (48.3) 3715 (49.2) <0.001

Pre-BMI pre-pregnancy body mass index, ns no significant difference, *the trimester when anemia occurred, *Pre-BMI missing, 0.3%, “Educa-
tion level missing, 2.8%, dParity missing, 0.9%, °Ferritin missing, 0.2%, fFolic acid missing, 6.4%

Table 2 Association between anemia in different trimesters of pregnancy and neonatal outcomes

Variables Normal Anemia
None (n=32,500) First trimester (n=2066) Second trimester (n=4457) Third trimester (n="7555)

SGA

n (%) 1375 (4.2) 118 (5.7) 145 (3.3)" 200 (2.6)"

AOR 1 (reference) 1.46 (1.20-1.78)} 0.79 (0.66-0.94) 0.65 (0.56-0.76)"
LBW

n (%) 997 (3.1) 71 (3.4) 95 (2.1)" 169 (2.2)8

AOR 1 (reference) 1.12 (0.87-1.43) 0.69 (0.56-0.86)" 0.74 (0.63-0.88)"
Preterm birth

n (%) 1802 (5.5) 104 (5.0) 188 (4.2)% 353 (4.7)7

AOR 1 (reference) 0.91 (0.74-1.11) 0.76 (0.65-0.89)" 0.85 (0.75-0.96)"
Macrosomia

n (%) 1694 (5.2) 89 (4.3) 272 (6.1)* 494 (6.5)

AOR 1 (reference) 0.81 (0.65-1.01) 1.18 (1.03-1.35)* 1.24 (1.12-1.38)}
Fetal distress

n (%) 4432 (13.6) 314 (15.2)* 601 (13.5) 963 (12.7)*

AOR 1 (reference) 1.23 (1.08-1.40)" 1.01 (0.92-1.11) 0.99 (0.92-1.07)
Apgar 1 min<8

n (%) 369 (1.1) 28 (1.4) 48 (1.1) 103 (1.4)

AOR 1 (reference) 1.25 (0.85-1.85) 1.00 (0.74-1.36) 1.29 (1.03-1.62)*

Data are shown as AOR (95% CI), adjusted for maternal age, pre-pregnancy body mass index, parity (nulliparous, parous), education (college
education or not), mother’s residential status (residents or immigrants), and neonatal sex. AOR adjusted odds ratio, LBW low birth weight, SGA

small for gestational age, *P <0.05, P<0.01, $P<0.001

respectively, with a ferritin level of <30 pg/L. Anemia in
the first trimester with ferritin < 30 pg/L was associated
with a higher risk of SGA, but not in subgroups of ferritin
level > 30 pg/L. Moreover, persistent anemia with a fer-
ritin level < 30 pg/L was associated with a higher risk of
LBW. Persistent anemia with both ferritin levels <30 pg/L
and > 30 pg/L was associated with a higher risk of fetal dis-
tress (Table 4).
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Discussion

The prevalence of gestational anemia was 30.2% in the present
cohort, and the incidence was higher in the third trimester.
Once anemia occurred in the first trimester, only 24.5% could
be corrected. Gestational anemia in various trimesters was
associated with different neonatal outcomes. Maternal anemia
in the first trimester of pregnancy was associated with higher
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Table 3 Associations between recovered anemia and persistent anemia in the first trimester, and neonatal outcomes

Variables Normal (n=32,500) Anemia occurring from the first trimester (n =2066)
Recovered (n=507) Persistent (n=1559)

SGA

n (%) 1375 (4.2) 31 (6.1)* 87 (5.6)*

AOR (95%CI) 1 (reference) 1.57 (1.09-2.28)* 1.42 (1.13-1.78)"
LBW

n (%) 997 (3.1) 19 (3.7) 52(3.3)

AOR (95%CI) 1 (reference) 1.27 (0.79-2.02) 1.07 (0.80-1.43)
Fetal distress

n (%) 4432 (13.6) 75 (14.8) 239 (15.3)

AOR (95% CI) 1 (reference) 1.19 (0.92-1.53) 1.24 (1.07-1.43)"

Data are shown as AOR (95% CI), adjusted for maternal age, pre-pregnancy body mass index, parity (nulliparous, parous), education (college
education or not), mother’s residential status (residents or immigrants), and neonatal sex. AOR adjusted odds ratio, LBW low birth weight, SGA
small for gestational age, *P <0.05, 7P <0.01

Table 4 Associations between ferritin level and anemia in the first trimester, and neonatal outcomes

Variables Normal Recovered anemia Persistent anemia
Ferritin > 30 Ferritin < 30 Ferritin > 30 Ferritin <30 Ferritin > 30 Ferritin < 30

Total, n (%) 27,791 (85.7) 4,639 (14.3) 265 (52.3) 242 (47.7) 1,082 (69.7) 471 (30.3)
SGA

n (%) 1190 (4.3) 183 (3.9) 15(5.7) 16 (6.6) 56 (5.1) 31 (6.6)*

AOR (95% CI) 1 (reference) 0.98 (0.84-1.15) 1.39 (0.82-2.35) 1.80 (1.08-3.01)* 1.23 (0.93-1.63) 1.91 (1.32-2.77)*
LBW

n (%) 848 (3.1) 147 (3.2) 72.7) 12 (5.0) 29 (2.7) 23 (4.9)*

AOR (95% CI) 1 (reference) 1.06 (0.88-1.26) 0.89 (0.41-1.89) 1.73 (0.96-3.11) 0.83 (0.57-1.23) 1.70 (1.10-2.61)*
Fetal distress

n (%) 3785 (13.6) 643 (13.9) 42 (15.9) 33 (13.6) 174 (16.0)* 65 (13.8)

AOR (95% CI) 1 (reference) 1.11 (1.01-1.22)* 1.22 (0.87-1.71) 1.20 (0.82-1.76) 1.23 (1.04-1.46)* 1.33 (1.01-1.76)*

Ferritin missing, 0.2%. Data are shown as AOR (95% CI), adjusted for maternal age, pre-pregnancy body mass index, parity (nulliparous,
parous), education (college education or not), mother’s residential status (residents or immigrants), and neonatal sex. AOR adjusted odds ratio,

LBW low birth weight, SGA small for gestational age, *P <0.05

risks of SGA and fetal distress. Anemia in the second tri-
mester was negatively associated with the risk of PTB, SGA,
and LBW, but was positively associated with macrosomia.
Anemia in the third trimester was associated with lower risks
of SGA, PTB, and LBW, but also included a higher risk of
Apgar score < 8 and macrosomia. Anemia in the first trimester
played more important roles in a higher risk of SGA and fetal
distress. Whether these impacts could be eliminated in the lat-
ter two trimesters needed to be determined. This study found
that even if anemia in the first trimester of pregnancy was
completely corrected, it still led to an increased risk of SGA.
If not recovered, anemia in the first trimester further led to
fetal distress in addition to SGA. With more detailed analysis
by the level of maternal ferritin, we found that persistent ane-
mia also was associated with a higher risk of LBW under the
condition of ferritin <30 pg/L, but not in the recovered group.

The incidence of anemia in the present cohort was com-
parable with results previously reported in China [6, 7].
In accordance with a previous investigation of PTB, our
study found a negative association between anemia in the
last two trimesters and PTB [10]. One study showed that
anemia in the first, but not in the second or third trimes-
ters, led to LBW [28]. Another study in India showed that
the mean birth weight was lower in the group with anemia
in the third trimester [31]. However, in both of these stud-
ies, the sample size was not large enough. In the present
study, anemia in the second and third trimesters was found
to be associated with a higher risk of macrosomia, and
a similar result was reported in another study [32]. The
author explained that maternal anemia might cause pla-
cental hyperplasia and better nutritional support. In this
study, the higher speed of fetal development in the later
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stage of pregnancy also might be a risk factor for mater-
nal anemia owing to the concurrence of a higher ratio of
macrosomia. The persistent anemia group did not exhibit
a much higher risk of SGA, and its pathogenesis was
thought to be more complicated but not iron deficiency.
The serum ferritin test was thought to be the most effective
method to diagnose iron deficiency [33]. Iron deficiency is
defined as serum ferritin level less than 10, 15, or 30 pg/L
according to different guidelines; a threshold of 30 pg/L
is 98% specific and 92% sensitive for the diagnosis of iron
deficiency [34] according to the UK guideline [35]. Con-
tinued iron deficiency can lead to iron deficiency anemia.
Folate deficiency is defined as serum folate level less than
6.8 nmol/L. However, a single test of serum folic acid
can only stand for a transient status of folate concentra-
tion [36]. In our study few women with folate deficiency
were found, which might also benefit from the policy of
folic acid supplementation before pregnancy to prevent
neural tube defects [37]. Hence, a more detailed analysis
by stratification was conducted based on the ferritin level.
The pregnant women with low ferritin levels accounted for
most of the remediable group. However, the pathogenesis
in the intractable group starting from the first trimester
seemed to be more complicated, which might be due to
an imbalanced nutritional intake because the level of folic
acid was slightly lower, but iron deficiency was not obvi-
ous. If ferritin was less than 30 pg/L, a higher risk of SGA
was found, and the persistent anemic group was associated
with a higher risk of LBW. Iron deficiency anemia was
associated with lower birth weight reported formerly [38].

This study was novel in exploring whether newborns of
pregnant women who recovered from anemia were associ-
ated with adverse neonatal outcomes. Complete records on
hemoglobin levels in all three pregnancy stages allowed us
to conduct a more detailed analysis of the effect of exposure
window of anemia. Also, the serum ferritin and folic acid
levels were tested in most of the included cases. Anemic
women with low ferritin levels had no folic acid deficiency.
Based on the characteristics of the present cohort, the results
of serum ferritin levels and trimesters in which anemia
occurred were combined for further stratification. Our find-
ings showed that even corrected anemia led to SGA, which is
the core content of the developmental origins of health and
disease [39] and is associated with a higher risk of mortal-
ity in newborns [40] and children [41]. These findings sug-
gested that the prevention of anemia before pregnancy was
important. In contrast to the suggestion of the WHO [29],
the UK guideline [35] suggested that pregnant women took
elemental iron only if the serum ferritin level was less than
30 pg/L. Moreover, based on the results of our study, it was
presumed that ferritin detection in the last two trimesters, not
only in the first trimester, should be emphasized.
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However, the present study also had some limitations.
First, as a single-center retrospective cohort, the biases
caused by geography, medical processes, or the environment
could not be completely excluded. Whether the patients took
supplemental pills at home, as prescribed by the doctors, was
not certain. Second, the nutritional condition in the other two
trimesters of pregnancy is uncertain, and the influence of
inflammation on serum ferritin cannot be excluded. Further
studies are needed also to resolve the remaining shortcom-
ings of the present study. In particular, multicenter surveys
with pregnant women from other provinces and hospitals
in China can help in knowing the global status of anemia
control. In addition, prospective and randomized controlled
trials should be conducted to know which guidelines and
dosages of iron supplementation would provide greatest ben-
efit to anemic pregnant women.

In conclusion, the incidence of gestational anemia is
high. Maternal anemia is associated with an increased risk
of SGA, LBW, fetal distress, and lower Apgar score. It
is difficult to recover from anemia occurring in the first
trimester of gestation. Even if corrected, it can still lead
to a higher risk of SGA. The results of the present study
indicated that more attention should be paid to the preven-
tion of anemia before pregnancy; otherwise, it may result
in irreversible adverse pregnancy outcomes.
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