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Abstract

Importance Neonatal anemia has a long-term effect on children’s growth and development. Anemia during preg-
nancy is also the most widespread nutritional deficiency among pregnant women in the world; If it leads to anemia
in newborns, it will affect a wide range of people and be a public health problem worthy of attention.

Objective To study the relationship between maternal anemia during pregnancy and neonatal hemoglobin levels.

Data sources PubMed, Web of science, Scopus, MEDLINE, Embase, ProQuest, Dissertations & Theses Global, The
Cochrane Library, China Biology Medicine Database, Chinese CNKI Database, and Chinese Wanfang Database were
systematically searched from inception to August 31, 2022.

Study selection The meta-analysis included all original studies which pertain to cohort studies, case-control studies
or cross-sectional studies that investigated the relationship between maternal anemia during pregnancy and neona-
tal hemoglobin levels.

Data extraction and synthesis Hemoglobin level of both anemic and non-anemic pregnant mothers and their
paired newborns were pooled from the selected studies. The random-effects model was used to assess the risk of get-
ting a lower neonatal hemoglobin level between mothers with and without pregnant anemia. Data analyses were
performed from September 5, 2022, to March 10, 2023.

Main outcomes and measures Maternal anemia during pregnancy is a risk factor of lower neonatal hemoglobin
levels.

Results The initial search yielded 4267 records of which 116 articles underwent full-text evaluation, which identified
18 articles and a total of 1873 patients that were included. The findings of the meta-analysis showed a significant dif-
ference between the two groups(MD=-1.38; 95%Cl:[-1.96,-0.80]. p<0.01), while the co-effect showed that the neonatal
hemoglobin value of anemic mothers was 1.38g/dL lower than that of non-anemic mothers(-1.96,-0.80), suggesting

a correlation between maternal anemia lower neonatal hemoglobin levels.
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Conclusions and relevance This systematic review and meta-analysis demonstrated that maternal anemia dur-
ing pregnancy were associated with a lower level of newborn hemoglobin levels. This may enable a better under-
standing of neonatal anemia and provide guidance towards future development of nutritional supplementation
during pregnancy and the prediction of postpartum outcomes.

Trial registration PROSPERO Identifier: CRD42022352759.
Keywords Maternal anemia, Infants, Nutrition, lron deficiency

Background

Anemia is a serious condition for newborns. Despite
very limited data, several studies reported neonatal ane-
mia prevalence of more than 20% [1] . A growing body of
research shows that long-term anemia in neonatal period
was associated with children’s stunting and developmen-
tal delay, and even affected health, development, and
social achievement of all one’s life [2].

All nutrition of the fetus comes from the mother. How-
ever, Anemia is also the most widespread nutritional
deficiency among pregnant women in the world. A total
of 40.05% of pregnant women globally and about 20% of
pregnant women in China suffered from anemia, which
has reached the severe and moderate public health sig-
nificance defined by WHO respectively [3—5]. Because of
the alarmingly high prevalence, any adverse effects that
maternal anemia during pregnancy may have on neonatal
anemia would have a great public health impact. There-
fore, a full understanding of the relationship between the
maternal and neonatal anemia is of great significance for
identifying public health policy priorities and developing
nutritional interventions.

There are few studies on the relationship between
maternal anemia during pregnancy and neonatal ane-
mia, although the earliest studies can be traced back to
the 1950s. Some studies suggest that the placental mech-
anism of unidirectional maternal-fetal iron transport
ensures adequate iron supply for the fetus even when
maternal iron is deficient [6]. The conclusion was sup-
ported by several epidemiological findings [7—14]. For
example, Wedderburn et al’s cohort study in Spain found
that there was no association identified between mater-
nal anemia in pregnancy and child anemia (x2=0.004,
P=0.95) [15]. However, the opposite conclusion also
exists. In a case-control study conducted in Vietnam
involving 1274 paired newborns and mothers, newborns
with anemia at 3 months were exposed to maternal ane-
mia compared to the those non-anemic newborns, with
an odds ratio (OR) of 1.30 (95%CI1:0.97,1.74) after con-
trolling for confounding factors [16]. In conclusion,
there remains a paucity of evidence on the association
between maternal and neonatal anemia and their conclu-
sions were inconsistent. To address this research gap, we
did a systematic review and meta-analysis to assess the

association between maternal anemia during pregnancy
and neonatal anemia.

Methods

We planned our review in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [17-19]. Prior to
commencing the review, we preregistered a protocol
with PROSPERO (Reference CRD42022352759).

Search strategy

The search strategy was developed by two principal
investigators, and then reviewed by the research group
consisting of one professor of obstetrics and gynecol-
ogy, two doctors of obstetrics and gynecology, and two
doctors of public health. Eleven online databases were
searched for papers published from database inception
to August 31, 2022: PubMed, Web of science, Scopus,
MEDLINE, Embase, ProQuest, Dissertations & Theses
Global, The Cochrane Library, China Biology Medicine
Database, Chinese CNKI Database, and Chinese Wan-
fang Database. No language restrictions were used.

We searched for observational studies reporting the
association between maternal anemia during pregnancy
and neonatal anemia, including cohort studies, case-
control studies, and cross-sectional studies. Search
terms were a combination of the following vocabularies
in title or abstract fields: (1) pregnant woman: Maternal
OR pregnancy OR pregnant OR gravid OR antenatal
OR prenatal OR antepartum OR gestation OR mother;
AND (2) newborn: neonatal OR perinatal OR infant
OR newborn OR newborns OR neon OR neonate OR
neonates OR neonat OR “umbilical cord” OR Placenta
OR “fetal blood”; AND (3) anemia: anemia OR anae-
mia OR haemoglobin OR hematocrit OR haematocrit
OR iron; AND (4) study design: cohort OR follow-up
OR prospective OR longitudinal OR retrospective OR
“incidence study” OR “follow up” OR “case control” OR
“cross sectional” NOT review|Title].

Two researchers independently used the above strat-
egy to search the literature in the target database and
checked the consistency of the results. Inconsistencies
in results were resolved through discussions between
the two reviewers, or with the help of a third reviewer.
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All the retrieved literature was managed by Endnote
20.0 software (Clarivate, PA, USA), and the duplicates
were removed.

Literature screening and selection criteria

Two reviewers independently screened the litera-
ture in two stages: (1) screened each title and abstract
and excluded irrelevant literature, and (2) then inde-
pendently screened the full text of remaining studies
using eligibility criteria. When the two reviewers had
different opinions on the selection of the literature,
a third reviewer was invited to participate in the dis-
cussion and decision-making. The studies were finally
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confirmed to be relevant by consensus were included.
Additional literature was further identified by checking
the reference lists of included relevant studies.
Inclusion criteria were as follows: original studies,
including cohort studies, case-control studies or cross-
sectional studies; the participants included neonates
with anemia-related index. Subjects were divided into
two groups, anemic and control, according to maternal
hemoglobin level, mothers with Hb <11 g/dL were cat-
egorized in the anemic group and those with Hb>11 g/
dL were served as control group; the outcomes
included neonatal anemia or hemoglobin/iron/ferritin
level which were measured through vein or peripheral

Identification of studies via databases and registers
Records removed before
S Records identified from*: screening:
§ Databases (n = 4267 ) Duplicate records removed
"E Manually Included (n=1) > (n=1)
ﬁ Records marked as ineligible
by automation tools (n=0)
Records screened Records excluded**
—>

(n=4267) (n=3)

Reports sought for retrieval Reports not retrieved
) (n=4264) | (n=4148)
'S
o
: }
o
(72}

Reports assessed for eligibility Reports excluded:

(n=116) " Not grouped based on the
anemic stage of mother or
not using metabolic figure as
outcome (n=98)

b Studies included in review
E (n=18)
E Reports of included studies

Fig. 1 Flow diagram of studies included in the systematic review and meta-analysis
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blood during the first 6 months of life; primary expo-
sure included maternal anemia or hemoglobin/iron/
ferritin levels during all stages of pregnancy; results
was reported as mean scores with SDs, raw propor-
tions, unadjusted odds ratios (ORs), relative risks (RR),
correlation coefficient, or regression coefficient; full-
text was access in the electronic library databases, and
written in English or Chinese. We excluded studies with
types of editorials, commentaries, abstracts only, brief
communications, and reviews. If the articles used the
same database, the one that provides the most data was
included. Maternal anemia is defined as a hemoglobin
concentration less than 11.0 g/dL. When the concentra-
tion ranges from 7.0 to 11.0 g/dL, it is classified as mild
to moderate anemia; whereas a concentration below
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7.0 g/dL is indicative of severe anemia. Neonates with
hemoglobin values lower than 13.5 g/dL were consid-
ered anemic. And ID is defined as maternal serum or
plasma ferritin levels <15 ug/L and less than 12 ug/L in
neonates.

Data extraction

Two reviewers extracted and cross-checked data of
each included literature using data extraction sheets
designed by the authors, including: the author infor-
mation; published year; study settings; study design;
inclusion criteria, and exclusion criteria; sample size; par-
ticipant characteristics; exposures; outcomes; adjusted

Table 1 Assessment of the risk of bias for the cross-sectional studies [21-28]

Terefe et al. 2015
Timilsina et al. 2018
Augusta et al. 2015
Akhter et al. 2014
Agrawal et al. 1983
Norimah et al. 2010
Rusia et al. 1995
Jose et al. 2005

Table 2 Assessment of the risk of bias for the case-control studies [29-33]

Basu et al. 2017
Sisson et al. 1958
Singla et al. 1978

Adediran et al. 2013

Ali et al. 2009

Table 3 Assessment of the risk of bias for the prospective-observational studies [34-38]

Basu et al. 2015
Kumar et al. 2008
Basu et al. 2016
Awadallah et al. 2004
Shukla et al. 2019
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confounding factors, and the subgroups. After comple-
tion, the accuracy of extraction was reviewed by another
reviewer.

Risk of bias assessment

Risk of bias was assessed using the Newcastle—Ottawa
Scale, a quality assessment scale recommended by the
Cochrane Collaboration, for case—control and cohort
studies [20]. Risk of bias of cross-sectional studies were
assessed using the adapted Newcastle-Ottawa Scale.
The NOS consists of eight items categorized into three
dimensions: selection, comparability, and outcomes or
exposures. The assessment was conducted by the three
reviewers in parallel. An overall score was calculated
for each study as the mean score of the reviewers, rang-
ing from 0 to 9, with a score of less than 5 indicating a
high risk of risk. Inter-rater reliability was evaluated by

Table 4 Study characteristics [21-38]
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the kappa coefficient for each item, and the Spearman’s
rank correlation coefficient for the overall score of each
study. No studies were excluded based on its quality
assessment.

Data analysis
We estimated pooled odds ratios (ORs) with 95% Cls for
binary outcomes (anemia) and standardized mean dif-
ferences (SMDs) with 95% CI for continuous outcomes
(hemoglobin/iron/ferritin level). Unadjusted study out-
comes were used because only few studies reported
adjusted effect estimates which varied considerably with
regard to the covariates included. The results of the meta-
analysis will be presented as forest plots.

We used the Pstatistic and Q test to indicate the pro-
portion of total variation between study estimates due
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Anemia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
Terefe et al.2015 21 15.60 0.4000 68 16.70 0.5200 : -1.10 [-1.31; -0.89]
Timilsina et al.2018 54 15.38 1.7000 60 17.21 1.8700 - -1.83 [-2.49; -1.17]
Basu et al.2015 86 15.80 1.8000 142 16.30 1.5000 -0.50 [-0.95; -0.05]
Basu et al.2015 56 12.40 1.0000 142 16.30 1.5000 -3.90 [-4.26; -3.54]
Adediran et al.2013 65 12.54 2.5400 77 13.44 2.2300 - -0.90 [-1.69; -0.11]
Ali et al.2009 68 14.62 1.7700 57 14.49 2.0200 P 0.13 [-0.54; 0.80]
Basu et al.2016 30 12.20 1.0000 15 16.30 1.6000 = -4.10 [-4.99; -3.21]
Augusta et al.2015 26 13.80 1.4000 24 14.40 1.7000 = -0.60 [-1.47; 0.27]
Akhter et al.2014 6 16.33 1.1700 22 17.27 1.6100 - -0.94 [-2.09; 0.21]
Akhter et al.2014 12 17.42 1.2300 10 17.65 1.3700 —_— -0.23 [-1.33; 0.87]
Basu et al.2017 70 14.21 1.8400 20 16.66 1.1600 B -2.45 [-3.12; -1.78]
Sisson et al.1958 21 16.50 1.7000 20 16.80 1.8000 = -0.30 [-1.37; 0.77]
Sisson et al.1958 25 15.70 1.5000 20 16.80 1.8000 — -1.10 [-2.08; -0.12]
Singla et al. 1978 14 12.70 1.9000 16 18.70 1.8000 -6.00 [-7.33; -4.67]
Singla et al.1978 35 14.70 2.3000 16 18.70 1.8000 - -4.00 [-5.17; -2.83]
Singla et al.1978 20 16.60 2.1000 16 18.70 1.8000 T -2.10 [-3.37; -0.83]
Kumar et al.2008 21 15.60 0.6000 20 17.20 0.7000 . -1.60 [-2.00; -1.20]
Kumar et al.2008 16 15.80 1.1000 20 17.20 0.7000 L) -1.40 [-2.02; -0.78]
Kumar et al.2008 18 16.60 0.8000 20 17.20 0.7000 § -0.60 [-1.08; -0.12]
Agrawal et al.1983 13 15.56 1.8100 21 15.65 1.9900 e -0.09 [-1.39; 1.21]
Agrawal et al.1983 17 16.33 1.9060 21 15.65 1.9900 s 0.68 [-0.56; 1.92]
Norimah et al.2010 36 15.00 1.1000 34 16.40 1.2000 - -1.40 [-1.94; -0.86]
Rusia et al.1995 39 16.10 1.8000 42 15.70 1.3600 - 0.40 [-0.30; 1.10]
Jose et al.2005 92 15.70 1.7000 109 15.90 1.4000 -0.20 [-0.64; 0.24]
Awadallah et al.2004 36 15.10 2.0000 56 15.80 2.3000 T -0.70 [-1.59; 0.19]
Shukla et al.2019 85 16.33 1.1900 78 17.62 1.3500 -1.29 [-1.68; -0.90]
Random effects model 982 1146 — I<> — -1.38 [-1.96; —-0.80]

Heterogeneity: 12 = 94%, 1% = 2.0967, p < 0.01

-6 -4 -2 0 2 4 6

Fig. 2 Forest plot of hazard ratios of affects of anemia during pregnancy on anemia incidence of newborns

to heterogeneity. An Pvalue of >50% or a Q value with
p value of <0.05 indicated significant heterogeneity. The
random effect model was used if heterogeneity was sig-
nificant, otherwise the fixed effect model was used. To
identify and assess the sources of heterogeneity, subgroup
analyses were conducted according to study design, study
setting, the assessment time of neonatal anemia, and the
onset time of anemia during pregnancy. Egger’s test and
funnel plots were used to assess potential publication
bias, and p<0-1 was regarded as significant. Sensitivity
analysis was performed by omitting each article when
calculating the pooled results to assess the robustness of
the conclusions of our meta-analysis.

All statistical analyses were performed with the R 3.6.3
software and “Meta” package 4.11. P value of <0.05 indi-
cated statistically significant.

Results

Inclusion of the study

The initial search yielded 4267 records. After removal of
duplicates and removal of records marked as ineligible

by automation, 4267 were screened at title and abstract
level, and 116 articles underwent full-text evaluation.
Of those, 18 articles with a total of 1873 patients were
included in review. The process of identification of stud-
ies via databases and registers were shown in Fig. 1.

Risk of bias

As shown in Tables 1, 2 and 3, NOS scale was used for
the assessment of risk of bias, and most studies were con-
sidered having low bias. Four publications were deemed
to be of low quality (NOS<7) and were consequently
excled. Subsequent stratified analysis were conducted,
and the results were sound to be relatively robust, as pre-
sented in Supplementary Table 1.

Characteristics of the studies

The characteristics of the studies included in the systematic
review and meta-analysis are shown in Table 4. 8 cross-sec-
tional studies, 5 case-control studies and 5 prospective-obser-
vational studies were included in the study, including 1873.
The publication year of the studies varied from 1958 to 2019.
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Excluded article T MD 95%lower 95%upper
/ 94% -1.38 -1.96 -0.80
Terefe et al. 2015 94% -1. 39 -1.99 -0.78
Timilsina et al.2018 95% -1.36 -1.96 -0.75
Basu et al.2015 94% -1.41 -2.01 -0.81
Basu et al. 2015 89% -1.26 -1.82 -0.70
Adediran et al.2013 95% -1.40 -2.00 -0.79
Ali et al. 2009 94% -1.44 -2.03 -0.85
Basu et al.2016 94% -1.27 -1.83 -0.71
Augusta et al. 2015 94% -1.41 -2.01 -0.81
Akhter et al. 2014 95% -1.39 -1.99 -0.79
Akhter et al.2014 94% -1.42 -2.02 -0. 82
Basu et al.2017 94% -1.33 -1.93 -0.73
Sisson et al. 1958 94% -1.42 -2.01 -0. 82
Sisson et al. 1958 95% -1.39 -1.99 -0.78
Singla et al. 1978 94% -1.21 -1.71 -0.72
Singla et al. 1978 94% -1.28 -1.84 -0.71
Singla et al. 1978 95% -1.35 -1.95 -0.75
Kumar et al. 2008 95% -1.37 -1.97 -0.76
Kumar et al. 2008 95% -1.38 -1.98 -0.77
Kumar et al. 2008 95% -1.40 -2.02 -0.79
Agrawal et al. 1983 94% -1.42 -2.02 -0. 83
Agrawal et al. 1983 94% -1.45 -2.03 —-0. 87
Norimah et al. 2010 95% -1.38 -1.98 -0.77
Rusia et al. 1995 94% -1.45 -2.03 -0. 86
Jose et al. 2005 94% -1.43 -2.02 -0.83
Awadallah et al. 2004 95% -1.40 -2.01 -0. 80
Shukla et al.2019 95% -1.38 -1.99 -0.77

Fig. 3 Assessment of the influence on the co-effect on each study

Analysis of the overall cohort

As shown in Fig. 2, eighteen studies were included
in this study [21-38]. Significant heterogeneity were
observed(p<0.01,12=94%). Therefore, a random effects
model was adopted.

The result showed a significant difference between the
two groups(MD=-1.38; 95%CI: [-1.96,—0.80]. p<0.01). As
can be seen from the forest plot, the conclusion that
maternal anemia had an impact on neonatal hemoglobin
levels can be safely accepted. The co-effect showed that the
neonatal hemoglobin value of anemic mothers was 1.38 g/dL
lower than that of non-anemic mothers(—1.96,—0.80),
suggesting a correlation between maternal anemia with
lower neonatal hemoglobin levels.

Sensitivity analyses

As shown in Fig. 3, studies involved have a low sen-
sitivity. Each study was excluded separately to see the
influence on the co-effect. The result above shows that
the effect of each individual data set on the sensitivity,

heterogeneity and I? of the overall figures was not sta-
tistically significant.

Subgroup analyses

As shown in Fig. 4, there was a correlation between mater-
nal and infant hemoglobin whenever maternal blood
samples were taken. However, maternal blood that were
collected after delivery showed the most significant correla-
tion with neonatal blood which were all taken during labor
from umbilical, which indicates that collecting maternal
blood after delivery may best reflect the level of neonatal
hemoglobin level.

As shown in Fig. 5, there was a correlation between
maternal and infant hemoglobin in both types. However,
IDA mothers have a stronger correlation with neona-
tal hemoglobin comparing to those including all anemia
types, which stressed the significance of screening for not
only blood routine examination(hemoglobin concentra-
tion) but also iron index.
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Anemia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%—Cl
Terefe et al.2015 21 15.60 0.4000 68 16.70 0.5200 -1.10 [-1.31; -0.89]
Akhter et al.2014 6 16.33 1.1700 22 17.27 1.6100 -0.94 [-2.09; 0.21]
Akhter et al.2014 12 17.42 1.2300 10 17.65 1.3700 - -0.23 [-1.33; 0.87]
Singla et al.1978 14 12.70 1.9000 16 18.70 1.8000 —+— -6.00 [-7.33; -4.67]
Singla et al.1978 35 14.70 2.3000 16 18.70 1.8000 - -4.00 [-5.17; -2.83]
Singla et al.1978 20 16.60 2.1000 16 18.70 1.8000 — -2.10 [-3.37; -0.83]
Kumar et al.2008 21 15.60 0.6000 20 17.20 0.7000 : -1.60 [-2.00; -1.20]
Kumar et al.2008 16 15.80 1.1000 20 17.20 0.7000 - -1.40 [-2.02; -0.78]
Kumar et al.2008 18 16.60 0.8000 20 17.20 0.7000 -0.60 [-1.08; -0.12]
Agrawal et al.1983 13 15.56 1.8100 21 15.65 1.9900 —_ -0.09 [-1.39; 1.21]
Agrawal et al.1983 17 16.33 1.9060 21 15.65 1.9900 —|—'— 0.68 [-0.56; 1.92]
Rusia et al.1995 39 16.10 1.8000 42 15.70 1.3600 Do 0.40 [-0.30; 1.10]
Jose et al.2005 92 15.70 1.7000 109 15.90 1.4000 -0.20 [-0.64; 0.24]
Shukla et al.2019 85 16.33 1.1900 78 17.62 1.3500 . -1.29 [-1.68; -0.90]
<
Timilsina et al.2018 54 15.38 1.7000 60 17.21 1.8700 = -1.83 [-2.49; -1.17]
Adediran et al.2013 65 12.54 2.5400 77 13.44 2.2300 - -0.90 [-1.69; -0.11]
Augusta et al.2015 26 13.80 1.4000 24 14.40 1.7000 = -0.60 [-1.47; 0.27]
Norimah et al.2010 36 15.00 1.1000 34 16.40 1.2000 - -1.40 [-1.94; -0.86]
Awadallah et al.2004 36 15.10 2.0000 56 15.80 2.3000 = -0.70 [-1.59; 0.19]
<&
Basu et al.2015 86 15.80 1.8000 142 16.30 1.5000 -0.50 [-0.95; -0.05]
Basu et al.2015 56 12.40 1.0000 142 16.30 1.5000 -3.90 [-4.26; -3.54]
Basu et al.2016 30 12.20 1.0000 15 16.30 1.6000 - -4.10 [-4.99; -3.21]
Basu et al.2017 70 14.21 1.8400 20 16.66 1.1600 = -2.45 [-3.12; -1.78]
Ali et al.2009 68 14.62 1.7700 57 14.49 2.0200 L 0.13 [-0.54; 0.80]
Sisson et al.1958 21 16.50 1.7000 20 16.80 1.8000 e -0.30 [-1.37; 0.77]
Sisson et al.1958 25 15.70 1.5000 20 16.80 1.8000 - -1.10 [-2.08; -0.12]
Random effects model 982 1146 -1.38 [-1.96; -0.80]

<
1 1 1T T T 1

Test for subgroup differences: X§=7.81,df=3(p =0.05) -6 -4 -2 0 2 4 6
Fig. 4 Subgroup analyses of the time of maternal blood sample collection
As shown in Fig. 6, maternal anemia severity display = Discussion

a correlation with neonatal hemoglobin level. However,
number of the studies that are suitable for this subgroup
analysis was small, and further research necessitates
larger sample sizes and more standardized grouping cri-
teria to provide corroborative evidence.

In this systematic review and meta-analysis, we con-
ducted a systematic review and meta-analysis of the lit-
erature on the association between maternal anemia and
neonatal hemoglobin levels and explored the associa-
tion between maternal anemia and neonatal hemoglobin
levels, which was lacking in previous studies. Through
this meta-analysis, we confirmed that maternal anemia
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Anemia Control
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Singla et al.1978 14 12.70 1.9000 16 18.70 1.8000 —+— -6.00 [-7.33;-4.67]
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Agrawal et al.1983 17 16.33 1.9060 21 15.65 1.9900 e 0.68 [-0.56; 1.92]
Rusia et al.1995 39 16.10 1.8000 42 15.70 1.3600 = 0.40 [-0.30; 1.10]
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Fig. 5 Subgroup analyses of anemia type
Anemia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%—ClI
Singla et al.1978 14 12.70 1.9000 16 18.70 1.8000 —— -6.00 [-7.33; —-4.67]
Kumar et al.2008 21 15.60 0.6000 20 17.20 0.7000 : -1.60 [-2.00; -1.20]
_
Singla et al.1978 35 14.70 2.3000 16 18.70 1.8000 = -4.00 [-5.17; -2.83]
Kumar et al.2008 16 15.80 1.1000 20 17.20 0.7000 L= -1.40 [-2.02; -0.78]
<>
Singla et al.1978 20 16.60 2.1000 16 18.70 1.8000 —. -2.10 [-3.37;-0.83]
Kumar et al.2008 18 16.60 0.8000 20 17.20 0.7000 -0.60 [-1.08; -0.12]
Random effects model 124 108 = —-2.55 [-4.13; —0.98]
Heterogeneity: 17 = 93%, t° = 3.6403, p < 0.01 ' '
Test for subgroup differences: y2 = 1.81, df = 2 (p = 0.41) -5 0 5

Fig. 6 Subgroup analyses of maternal anemia severity
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during pregnancy increases the risk of low neonatal
hemoglobin levels.

Physiologically, the fetus receives iron from the mother
in the form of transferrin across the placenta-transferrin-
bound iron, which is transferred directly from the mater-
nal blood to the syncytiotrophoblast in the placental
villi via transferrin receptor 1(TFR1). Upon binding to
iron(Fe®") at the apex of the syncytiotrophoblast, holo-
transferrin and its bound iron are internalized and iron
is released into the cytoplasm [39]. However, studies have
shown that maternal iron stores gradually decrease dur-
ing pregnancy, with serum ferritin levels usually reach-
ing a nadir concentration at 35-38 weeks [40], and that
may explain the reason why a high incidence of anemia
in early life in infants and young children was found, due
to WHO statistical projections published in the May of
2023, claiming that 40% of all children aged 659 months
are affected with anemia [41].

However, the number of studies on neonatal anemia
is relatively small, and the research on the relationship
between anemia during pregnancy and anemia in neo-
nates is even more scarce, especially the research on the
association between different severity of anemia dur-
ing pregnancy and anemia in neonates. It is also unclear
whether anemia in infants and young children is due to
maternal baseline conditions, of is caused by potential
postpartum feeding problems and other issues. This may
be due to the fact that the current methods of neonatal
blood monitoring are subject to many ethical restrictions,
and hence limited the development of these researches.
According to the literature retrieval results of this study,
after searching and screening for articles on PubMed
and other 10 databases from the earliest time to August
31, 2022, only 18 studies were found to meet the inclu-
sion and exclusion criteria, with 1873 subjects involved,
which was a small number and again confirmed the rela-
tively scarcity of research status. Due to the limited num-
ber, the articles included had great heterogeneity at both
time and space level, and the results may have great bias,
which, while inevitable, is consisten with our findings
and hypotheses. In future studies, we believe that using
more consistent subgroup definition criteria and sample
collection methods is an optional optimization method,
and further studies with large samples should be carried
out to verify the relationship. In addition, we believe that
the future surveillance of neonatal anemia is a matter of
concern.

Our study indicates a possible association between
maternal anemia and neonatal anemia, which suggests
that to control maternal anemia during pregnancy can
be a potential strategy to reduce the risk of neonatal ane-
mia. However, evidence is still lack for the effectiveness
of treatment towards anemia during pregnancy [42—45],
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and the starting time of treatment for anemia during
pregnancy has not been ascertained, which needs to be
verified by further experiments. In general, we should
pay more attention to the management of anemia during
pregnancy and the nutritional monitoring of newborns of
pregnant women with anemia, and establish more sound
guidelines for iron supplementation in combination with
different cultural backgrounds and other factors.

In conclusion, we call for future studies with larger
population sample sizes, as far as possible uniform sam-
pling time, and as far as possible more comprehensive
analysis and control of confounding factors. Despite the
limitations mentioned above, our data do support the
conclusion that there is an association between mater-
nal and fetal anemia. However, this conclusion needs to
be verified through more large-sample cohort studies
in the future, or through innovation on the monitoring
methods for neonatal anemia. And still, most impor-
tantly, management of anemia during pregnancy should
be strengthened.
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