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A systematic review published in 2000 studied the association between maternal anemia and birth weight; however,
some results were inconclusive. A review of randomized control trials and cohort studies published in 2013 concluded that
daily prenatal iron use substantially improves birth weight in a linear dose-response manner. Thus, a systematic review
and meta-analysis of observational epidemiological studies was conducted to contemporarily estimate the relationship
between prenatal maternal hemoglobin and birth weight. We searched four electronic databases for observational epi-
demiological studies, which reported birth weight as an outcome measure and ascertained prenatal maternal anemia by
hemoglobin measurement. Thirty-three studies met inclusion criteria. Meta-analysis of five studies showed that neonates
born to women with anemia were, on average, 303 g lighter in birth weight than those born to women without anemia
(95% Cl: 19.20-588.26; I? = 91%; five studies; p = 0.04). On the basis of 17 studies, anemia was found to be significantly
associated with doubling the risk of low birth weight (OR: 2.37; 95% CI: 1.66—3.38; I> = 81%; 17 studies; p < 0.00001),
and when restricting the analysis to high study score, a higher magnitude of risk was seen (OR: 3.30; 95% Cl: 2.24—4.87;
12 = 48%; 7 studies; p < 0.00001). From a subgroup analysis, it was found (p = 0.02) that anemia in the first and third
trimesters was associated with the increased risk of low birth weight. High hemoglobin levels significantly doubled the risk
of low birth weight (OR: 1.84; 95% CI: 1.09-3.12; /2 = 62%; seven studies, p = 0.02). Hemoglobin needs to be routinely
investigated during pregnancy, and women with low levels of hemoglobin should be treated and those with significantly

high levels should be monitored to minimize harmful impact on neonatal health.
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Introduction

Anemiais a major health issue affecting both developing and
developed countries worldwide." A report of 2005 suggested
that globally about 1.62 billion people (95% CI: 1.50-1.74)
are affected by anemia, which is about 24.8% of world’s
population.l" Pregnant women and preschool children are
more prevalent to anemia, and the majority of population with
anemia is from developing countries of southeast Asia and
sub-Saharan Africa.l? Iron deficiency is the most widespread
nutritional disorder and is the major cause of anemia during
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pregnancy.l'! Published research showed that maternal iron
deficiency affects the health of both mother and child, and
further it is likely to be responsible for intrauterine growth
reduction, preterm births, cognitive impairments, and nutri-
tional deficiencies.!'*4 Hemoglobin (Hb) concentration has
been widely used in diagnosing anemial; however, there
have been modern advances such as pregnancy ferritin value
or erythrocyte indices being introduced in the last decade for
detailed diagnosis.

A systematic review published in 2000 studied the asso-
ciation between maternal anemia and birth weight; however,
some results were inconclusive.! A recent review of rand-
omized controlled trials (RCTs) and cohort studies published
in 2013 concluded that daily prenatal iron use substantially
improves birth weight in a linear dose—response manner.
This review showed that iron intake increases mean Hb
concentration, reduces the risk of maternal anemia, and
importantly also increases the birth weight. Similarly, another
systematic review of RCT of iron supplementation published
in 2012 outlined that women with iron supplementations were
less likely to have low-birth-weight (LBW) babies (weighing

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4 E


http://www.ijmsph.com
10.5455/ijmsph
mailto:dr.anandahankari@gmail.com

Ahankari and Leonardi-Bee: Prenatal maternal hemoglobin and birth weight

less than 2500 g) compared to non-iron or placebo group.®
Subsequently, the study suggested that preventive iron supple-
mentation during pregnancy reduced 70% maternal anemia.
Findings proposed that prenatal supplementations are of
greater benefits to reduce LBW cases and maternal anemia.’!

Arecent review by Sukrat et al.®! assessed the effect of Hb
concentration on variety of outcomes such as preterm birth,
small gestation age, and LBW. It obtained about 10 studies
published specifically after the year 2000 (with only 9 studies
from developing countries), which were included in the LBW
analysis. The research was limited to English language, and
only two databases namely MEDLINE and Scopus were
searched.

Objectives

Apparently, maternal anemia and neonatal health have
been one of the important areas of research. Observational
studies published over the past decade™™ suggested
the association between maternal Hb concentration and
birth weight: however, findings from some studies are
uncertain.2203531 However, a recent study has suggested
a U-shaped relationship between maternal Hb and birth
weight,!'® with contemporary research supporting a potential
association between high Hb levels and reduced birth weight.
Published reviews of observational studies have certain
limitations as mentioned earlier, and no detailed review is
published about maternal Hb levels and birth weight. There-
fore, we conducted a comprehensive systematic review and
meta-analysis focusing mainly on observational epidemiolog-
ical studies to assess the relationship between maternal Hb
levels during pregnancy and birth weight.

Materials and Methods

A comprehensive literature search was conducted
through electronic databases using standard guidelines,!''2
involving CINAHL, Embase, MEDLINE, and Web of Science
databases, to identify all observational epidemiological
studies published after year 2000, assessing the association
between maternal Hb during pregnancy and birth weight
(August 2012). We imposed no language limitations dur-
ing our electronic search. Subsequently, we scanned the
reference lists of eligible full-text studies to identify further
potentially relevant articles.

Eligibility Criteria
Studies were included based on the following criteria:

1. Cross-sectional survey, case—control design, or cohort
design

2. Birth weight listed as an outcome measure

3. Maternal anemia measured using Hb measurements
during pregnancy

We excluded RCTs assessing the effect of iron supple-
mentation or iron dosage during pregnancy. Further, studies
with thalassemia conditions during pregnancy or malaria in
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combination with maternal anemia were not considered, as
these general conditions could alter the association.['-

Data Extraction and Quality Assessment

We assessed the eligibility of articles by reviewing search
independently through title and abstract screening. The full
text of the potentially eligible studies were obtained and
reviewed independently by us, with discrepancies resolved
through consensus. Data extraction was sought individually
using a previously piloted form. The Newcastle—Ottawa Scale
was used to assess study quality,""! with a score of 7 or more
considered to reflect high-quality scores with case—control
and cohort design, and a score less than 7 was considered
as low-quality scores (maximum score could be 9 consider-
ing these two study designs). Particularly for cross-sectional
survey, score of 5 or more was considered for high-quality
scores and less than 5 for low-quality scores (maximum score
could be 7 awarded in cross-sectional design).l'? Ethical
approval was not required for this research.

Statistical Analysis

Data were extracted using either adjusted or unadjusted
estimates of the association, with 95% confidence inter-
vals 95% CI). Adjusted estimates were preferred where
both unadjusted and adjusted estimates were reported. We
defined LBW as less than 2500 g at birth,['l Hb levels less
than 11 g/dl as maternal anemia,™ and high Hb level was
defined empirically as implied in the included study. Odds
ratios (ORs) were used to describe the risk of LBW and
mean differences for continuous measures of birth weight.
Meta-analysis was performed using a random effect model
because we anticipated a high level of heterogeneity between
the estimates of the studies due to inherent biases in study
design.

Heterogeneity was quantified using />-test.'"! More than
75% was considered as high heterogeneity, above 50% as
moderate, and less than 25% as low.I"! Statistical signifi-
cance was considered at the 0.05 level. Subgroup analysis
was performed to explore heterogeneity between the studies
by relating analysis to confounders, trimester of pregnancy,
and study geographical location. Subgroup analyses were
conducted to assess the impact of methodological quality.
Publication bias was assessed visually using funnel plot
method for meta-analyses. Statistical analyses were con-
ducted using Review Manager software, version 5.1.1'4 The
review was conducted while adhering to the Meta-analysis of
Observational Studies in Epidemiology guidelines.['?

Results

Overview of Included Studies

The electronic searches produced a total of 7846 hits. On
the basis of the title analysis, 7597 articles were excluded,
thus leaving 249 articles for abstract screening. Forty-two
abstracts were deemed eligible for full-text assessment
[Figure 1]. Nine studiest*?® were excluded after full-text



Ahankari and Leonardi-Bee: Prenatal maternal hemoglobin and birth weight

Studies identified from online
electronic databases namely EMBASE,
MEDLINE, CINAHL and Web of Science
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Excluded after abstract analysis
N=207

Studies with potentially full text

N=42
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Excluded studies after full text
assessment N=9

Total number of studies included in
review N= 33 (Included only in
narrative synthesis N= 11, Included in
at least one meta-analysis N = 22)
Studies included in meta-analysis of

(i) Anemiaand LBW N=17

(i) Anemia and Mean Birth Weight N=5
(iii)  High Hemoglobin and Birth Weight

N=7

e Eight studies were excluded due to
absence of required exposure
(maternal hemoglobin) or required
outcome (birth weight) in the
paper.

e One study excluded due
unavailability in English language
with timeframe.

Figure 1: Flow diagram of included and excluded studies.

assessment as the required exposure measurement and
outcome was not reported in eight papers, and unavail-
ability of one study® in English language was the primary
reason of exclusion. Thus, 33 studies were considered in the
review [Table 1]. Studies that clearly assessed iron-
deficiency anemia during pregnancy based on Hb concentra-
tion and assessed birth weight were included with the strict
follow-up of study inclusion criteria. Of 33 studies included,
22 provided sufficient information to be considered in the
meta-analysis [Table 1]. The remaining 11 studies were
included in the narrative synthesis, as not sufficient infor-
mation was reported in the publications to be included in
meta-analysis.

Description of Included Studies

Of the 33 studies included [Table 1], 12 used cohort
designs, 4 applied case—control approach, and 17 were
cross-sectional studies. Nineteen studies were conducted

in Asia 78101328 nine in Africa,®2°2¢ one in Europe,®” two
in North America,’®29 and two in South America.**41 Sam-
ple size ranged from 50 to 88,149. The majority of studies
assessed Hb level based on laboratory findings, and birth
weight measurements were considered from hospital records.

The cutoff level for Hb varied considerably in the included
studies. The cutoff level of 12 g/dl was used in four
studies.'521:3%401 Majority of studies (about 25) used the
cutoff level ranged between 10 and 11 g/dl.-10.13.14.16.18.20,
22-283031.83-38411  Fyrther, eight studiesl®-101827313587 categorized
anemia, such as severe anemia (Hb < 7.0 g/dl), moderate
anemia (Hb between 8.0 and 9.0 g/dl) and mild anemia
(Hb = 9.0-10.0 g/dl). A study[19] from north India used
8.5 g/dl as cutoff level for anemic and non-anemic divisions.
Cutoff levels for Hb were not clearly defined in the remaining
three studies.l'7:29:32

The methodological quality of the included studies ranged
from 3 to 9, with a median score of 6. Scores below 7 tended
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Figure 2: Funnel plot of anemia and low birth weight.

to arise from failure to define LBW criteria and lack of
adjustment of confounders in the statistical analysis. Of the
included studies, 10 presented their adjusted results for
confounders suchasmaternal age, parity, body massindex, and
smoking.[-101315161830.31.381  Qnly one study adjusted its
measure of effect for socioeconomic status.™”

Meta-analysis
Anemia and Low Birth Weight

Of 33 studies, 17 were considered in this meta-analysis of
anemia and LBWU-10.13-20.30-82.37.38] wjith 13 studies presenting
Hb levels of third trimester. A pooled analysis of 17 hetero-
geneous studies (P = 81%) showed that women with anemia
during pregnancy were twice as likely to deliver an LBW
baby compared to those without anemia during pregnancy
(OR: 2.37; 95% CI: 1.66-3.38; > =81%; p < 0.00001). No
evidence of publication bias was observed [Figure 2].

Figure 3: Anemia and the risk of low birth weight- subgroup analysis based on confounder adjustments.
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Further, seven studies (mentioned later) assessed the
association between low Hb levels and the risk LBW, but
could not be included in the meta-analysis due to how studies
were reported, thus OR calculations were not possible. Find-
ing from a cross-sectional study in Chinal® reported higher
number of cases with LBW when Hb was <8 g/dl, and similar
results were obtained from a research in Iran.?” A research
in Pakistan['® suggested that the risk of LBW and preterm
delivery is 1.9 and 4 times higher in women with anemia,
respectively, compared to those without anemia. However,
research in Russia,?" Egypt,® South Africa,’®! and Nigerial®®
found no significant association with Hb levels and the risk
of LBW. These studies mainly used qualitative analysis and
no OR or sufficient data were presented, hence could not be
included in the meta-analysis.

The 17 heterogeneous studies presented in the meta-
analysis were further used in four-subgroup analysis outlined
in the following sections depending on availability of data.

Subgroup analysis based on adjustment for
confounders: In a subgroup analysis assessing the impact
of adjustment for confounders on the association between
anemia and the risk of LBW, slightly larger estimates of effect
were seen for studies that allowed for confounders in their
statistical analysis (unadjusted OR 1.98, 95% CI 1.35-2.90,
> =63%, 6 studies, 14,17,19,20,32,37) adjusted for demo-
graphics (OR 2.76, 95% CIl 1.49-5.14, I? =85%, 10 studies
8,9,10,13,15,16,18,30,31,38) and for socioeconomic status
(OR 3.27, 95% CI 1.81-5.91, 1 study!™). However, the test of
subgroup analysis found no significant difference between the
subgroups (p = 0.33) [Figure 3].

Subgroup analysis based on timing of measurement for Hb:
In a subgroup analysis relating to the Hb measurement across
three trimesters showed significant difference (p=0.02). In par-
ticular, the largestrisk of an LBW was found if anemia was record-
ed in the first trimester (OR: 3.20; 95% Cl: 1.68—6.10; P = 2%);
however, this estimate was based on only two studies.['%%7
A nonsignificant association was seen between the risk of

Figure 4: Mean birth weight among anemic and non-anemic participants.

LBW and anemia when identified in the second trimester
(OR: 0.91; 95% CI: 0.47-1.75; P = 42%; two studies®”®),
When anemia was recorded in the third trimester (14 studies),
the risk of having an LBW baby was approximately doubled
(OR:1.97; 95% Cl: 1.71-2.28; P = 84%).[7-9.13.15-20.30-52.38]

Subgroup analysis based on the study geographical
location: A test for subgroup differences found to be signifi-
cant in the association of LBW and anemia during pregnancy
(p = 0.02), where the largest magnitude of effect was seen in
a pooled analysis of African-based studies (OR: 3.96; 95% Cl:
2.65-5.92; P = 28%, 4 studies!®'°%-32) compared to studies
conducted in Asia (OR: 2.04; 95% CI: 1.29-3.21; P? = 83%;
11 studiesl”#10.13-20) and individual studies conducted in North
America (OR: 1.28; 95% Cl: 0.63-2.62; 1 study®®) and in
Europe (OR: 1.91; 95% CI: 0.83-4.39; 1 study®®7).

Subgroup analysis based on overall methodological
quality: A significant difference was found between low
and high study scores, where larger magnitudes of effect
were seen for the higher score studies (OR: 3.30; 95%
Cl: 2.24-487; I? = 48%) compared to the low scores
(OR: 1.55; 95% CI: 1.07-2.25; I? = 72%) with significant
subgroup difference (p = 0.006).

Anemia and Mean Birth Weight

Of 33 studies, 5 studies®27:3334411 gssessed the associa-
tion between anemia and mean birth weight, thus including
individually in this meta-analysis (B). Result showed that
neonates born to women with anemia during pregnancy
had significantly reduced birth weights with an average of
303.73 g than those born to women without anemia (95% CI:
19.20-588.26; p = 0.04) [Figure 4]. However, extreme levels
of heterogeneity (7 = 97%) were detected in the meta-
analysis, thus these findings should be interpreted with caution.
Heterogeneity observed higher specifically related with two
studies,®34 which found large reduction in birth weight
between women with anemia and those without anemia.
Further, with these two studies study scores were low because

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4 X3
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of unadjusted confounders. We understand that the samples
among these studies had higher prevalence of anemia, which
could be the reason; however, there is no possibility to confirm
the findings or further explore root causes of heterogeneity for
studies being from different countries. Considering limitations
due to study numbers and lack of adjusted measures in these
studies, further subgroup analysis could not be performed.

High Hemoglobin Levels and Low Birth Weight

Of 33 studies, 7 papers!®101314182038 \were jdentified,
assessing the association between high levels of Hb and
the risk of LBW. A pooled analysis of seven studies found
that women with high Hb levels recorded during pregnancy
were 84% significantly more likely to deliver an LBW neonate
(OR: 1.84; 95% CI: 1.09-3.12; P> = 62%) [Figure 5]. In addi-
tion, two studies?*%! assessed the relation of high Hb levels
and the risk of LBW, but could not be considered in meta-
analysis due to how results were reported. Findings from
cross-sectional survey in China?¥ outlined higher incidences
of LBW cases when Hb level was more than 14 g/dl.
A research about effect of altitude on levels of Hb® showed
the decrease in birth weight by 89 g with increase in Hb
level by 1.0 g/dl. Limited information was published particu-
larly in these two studies, thus could not be included in the
meta-analysis. Further subgroup analysis could not be
performed due to how data were reported.

Discussion

Strengths and Limitations of This Review

The review has several strengths. The findings from this
review are generalizable, because we conducted compre-
hensive search strategies to obtain maximum number of pub-
lished studies through electronic databases with no language
restrictions. A Spanish study was translated into English to
assess the eligibility and then considered in the review as well

Figure 5: High hemoglobin levels and the risk of low birth weight.
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as in the meta-analysis.*'! We calculated ORs wherever data
were available and included them in the meta-analysis.[''9
Furthermore, we checked bias visually using funnel plot for
both low and high levels of Hb analysis, and found no evi-
dence of possible publication biases. Finally, we attempted
to explore reasons for heterogeneity by performing subgroup
analyses such as confounder adjustment, study locations,
study scores, and timing of measurement of anemia. Sub-
group analysis identified that higher quality studies showed
larger magnitude of effect than the lower quality studies,
which was unusual given that lower quality studies tend to
produce larger effect sizes due to biases involved in study
designs.l'? Issues related to multiple pregnancies or births,
likely to affect the association between anemia and neonates,
and they could underestimate the true association.!"s! How-
ever, we did not find any issues related to unit analysis, as
studies generally excluded multiple births and pregnancies.
Compared to previously published reviews,®¢ we understand
that this review is comprehensive in terms of methodology
and database included. Importantly, this review provided a
detailed understanding of low and high Hb concentration and
its effect on birth weight.

However, the review has certain limitations, which are
mainly related to the methodological quality and data avail-
ability in included papers. The majority of included studies
were scored low, primarily due to lack of adjustments of con-
founders in their statistical analyses; 11 studies could not be
included in at least one meta-analysis because of how data
were reported. Second, considering limitation of case—con-
trol design or cross-sectional approach, a temporal associ-
ation cannot be evaluated being the main reason for higher
risk of biases.! However, we conducted possible subgroup
analyses, which were not presented in earlier reviews.?®
Majority of the studies assessed Hb levels in the third tri-
mester of pregnancy; therefore a full investigation across
three trimesters was limited. Within the included studies,
we observed marked variations in levels used to define
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anemia, which might be tailored based on study locations
and populations. We understand that the varying Hb cutoff
levels applied in different studies as well as different refer-
ence points is likely to be the primary reason of high levels
of heterogeneity.®® The analysis is based on summary data;
however, there is limitation in the systematic review de-
sign that individual data cannot be obtained to calibrate Hb
cutoff level to evaluate heterogeneity. On another aspect,
we did not find much of heterogeneity with high Hb analy-
sis, which may be due to the narrow cutoff range (observed
between 11.5 and 12.0 g/dl) in all five studies. However, this
could be an alternative explanation, but no confirmed valida-
tion was found for this variation, thus limiting the observations
to explain heterogeneity between the studies. Included stud-
ies assessed Hb level during pregnancy; however, we found
two studies!*+“! during electronic search measured body iron
content based on packed cell volume and HYPO %; with their
results presented through erythrocyte indices such as mean
corpuscular volume (MCV), mean corpuscular Hb concentra-
tion (MCHC), and mean corpuscular Hb (MCH); thus, these
studies were not included in the review. Finally, a Persian lan-
guage study®® could not be translated within available time
frame. Author and publisher of the Persian study were con-
tacted for English version, but informed about unavailability in
English version, thus excluded.

Synthesis

This systematic review and meta-analysis based on
observational epidemiological studies found that anemia
during pregnancy (typically defined as Hb less than 10-11 g/dI
in included studies) doubled the risk of having an LBW baby,
and on an average reduces birth weight by 303 g. Further-
more, we found an unfavorable effect of high levels Hb during
pregnancy (typically defined as more than 11.5 or 12 g/dl)
related to a doubling in the risk of LBW. However, these find-
ings need to be applied cautiously. Anemia is very common
health issue in southeast Asia and sub-Saharan Africa among
pregnant women, and therefore the apparent effect of ane-
mia on birth weight is an important public health concern. The
result of the meta-analysis is relevant to developing world, as
in developed region more advanced systems are available
for Hb measurement, iron deficiency evaluation, and general
antenatal investigations.

Our findings showed that anemia in the first trimester
had significantly larger effect compared to that in the second
trimester; however, this subgroup analysis was based on
small number of studies, therefore further research is required
to confirm this finding. Pregnancy, Hb levels, and changes
across trimesters are emphatically complex issues. During the
first trimester of pregnancy, body iron requirement is doubled
as iron is required for placenta formation.®. If Hb is lower in
the first trimester then it is likely to reduce further, due to rapid
iron use.® Previous research showed that poor placental for-
mation and poor growth is a result of maternal anemia during
pregnancy.®¢57 In case of third trimester, fetus grows rapidly
and requires a high level of nutrition, thus majority of plasma
expansion is observed in the third trimester.®® Inadequate

expansion shows a high level of Hb, and this may mask the
true Hb level.’>%" [ron deficiency is a systematic condition in
which immune response is likely to be altered due to prolifera-
tion of T and B lymphocytes.*”! Lymphocyte indices were not-
ed lower during anemia, and hence women with anemia were
found prone to infections, which could cause preterm delivery
and thus LBW.I'® This could be supported with findings from
a recent meta-analysis by Haider et al.” The meta-analysis
of 26 cohort studies showed significant association of pre-
term deliveries in anemic group (crude OR: 1.28; 95% ClI:
1.12-1.47; | 2 = 89%; 26 studies) and further the association
remained significant with adjusted estimates (crude OR: 1.28;
95% Cl: 1.11-1.48; | 2 = 83%; 13 studies).

Our results also showed significant effect on birth weight
due to high Hb level. The exact mechanism is not confirmed,
however based on published evidences, it appears that
plasma expansion, blood viscosity, preeclampsia, or mater-
nal smoking could be one of the etiological factors.5-* The
alteration in blood viscosity reduces oxygen delivery to fetus
andblood pressure changes.®® Subsequently, the association
between high Hb level and LBW could be due to preeclam-
psia as hypertension contributes to this phenomenon.[55:5¢!
Importantly, with this review, meta-analyses of high and low
Hb levels also suggested that there could be “U-shaped”
relationship between maternal Hb and LBW. A recent study
showed that birth weight decreases when maternal Hb is
on lower or on higher side compared to normal range.!"
A very well-structured narrative review by Rasmussen!®”
explained the association in animperative way based on large
databases such as National Collaborative Perinatal Project
or Cardiff Births Survey. High Hb level (typically more than
12-14 g/dl) was found to be associated with small gesta-
tional age, thus causing LBW cases. Similarly, low levels
of Hb are responsible for reduced fetal growth. It was
observed that Hb levels, gestational age, and pregnancy-
related changes are very crucial, which influence birth out-
come at varying levels. Therefore, low and high Hb levels
need to be closely monitored during pregnancy. We under-
stand that birth outcomes changed with various Hb levels
during pregnancy and this varied with the study populations.
However, it is noteworthy that optimum level of Hb need
to be defined and validated considering specific popula-
tion characteristics, therefore a generalized cutoff level of
Hb (11 g/dl during pregnancy) may not be relevant world-
wide to diagnose anemia.

We observed that the studies with high-quality score
showed threefold increase in the risk LBW with anemia
whereas in studies with low-quality scores maternal ane-
mia was associated with only 55% of increased risk of LBW.
Normally low-quality studies produce larger effect sizes due to
biases involved in the study designs[12]; however, we found
it unusual, as low-quality studies showed smaller effect. We
understand that this could be due to large number of studies
involved in the low-score group.

We also explored recent published systematic reviews of
clinical trials of iron supplementation, maternal anemia, and
birth weight.*% Recent review with meta-analysis of RCTs
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by Haider et al.*! showed that the use of iron with or without
folic acid supplements reduces the iron deficiency and
risks of LBW. Evidence from cohort studies in this review
showed that prenatal anemia significantly increases the risk
of LBW compared with no anemia (crude OR 1.25; 95% CI:
1.08-1.45; 7 =90%; 25 studies), however association was
nonsignificant with adjusted study estimates.! Results from
our review are supporting findings obtained from recent two
systematic reviews.

Conclusion and Scope for Future Research

We understand that only Hb level does not provide
detailed information about iron content, and thus additional
investigations appears useful.l The in-depth analysis based
on MCV, MCHC, and MCH is required to analyze body iron
content in detail.“4** Subsequently, erythrocyte protopor-
phyrin or transferrin receptor may contribute in general iron
assessment.l’”! However, these tests may not be affordable
for large sample size particularly for research in low resource
settings.*®! Maternal iron deficiency is a marker of nutri-
tional status and could coexist with other risk factors, thus
it could be challenging to treat anemia only with iron sup-
plements without considering other essential micronutrient
requirements. The accurate Hb analysis and pattern across
trimesters is critical to understand, which has established
challenges to isolate factors such as plasma expansion and
Hb concentration to study the association and variation,
across trimestral pattern.

We perceive that the future research in maternal anemia
across three trimesters with advance technology, particularly
in developing countries, with a suitable design would be valua-
ble. There is also an urgent need to conduct research focusing
on Hb cutoff levels considering individual population groups. This
attempt to define Hb cutoff levels for individual population could
reduce possible bias in the upcoming studies and would simul-
taneously help to specifically target public health interventions.
Our results provide confirmatory evidence of a detrimental effect
between maternal anemia (low Hb levels) and high Hb level, on
birth weight based on observational studies. Results suggest
that further studies are required to be continued specifically in
southeast Asia and sub-Saharan Africa where iron-deficiency
anemia is highly prevalent among pregnant women. This could be
valuable to prevent adverse effects on neonatal health
outcomes.

References

1.  World Health Organization. Worldwide Prevalence of Anemia
1993-2005: A Global Database on Anemia. Available at: http://
whglibdoc.who.int/publications/2008/9789241596657_eng.pdf
(last accessed on September 8, 2013).

2. World Health Organization. Feto-maternal Nutrition and Low
Birth Weight. Available at: http://www.who.int/nutrition/topics/
feto_maternal/en/index.html (last accessed on September 8,
2013).

m International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Xiong X, Buekens P, Alxander S, Demianczuk N, Wollast E.
Anemia during pregnancy and birth outcome: a meta-analysis.
Am J Perinatol 2000;17:137-46.

Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M,
Fawzi WW. Anaemia, prenatal iron use, and risk of adverse
pregnancy outcomes: systematic review and meta-analysis.
BMJ 2013;346:f3443.

Pena-Rosas JP, De-Regil LM, Dowswell T, Viteri FE. Daily oral
iron supplementation during pregnancy. Cochrane Database
Syst Rev 2012;12:CD004736.

Sukrat B, Wilasrusmee C, Siribumrungwong B, McEvoy M,
Okascharoen C, Attia J, et al. Hemoglobin concentration and
pregnancy outcomes: a systematic review and meta-analysis.
Biomed Res Int 2013;2013. DOI: 10.1155/2013/769057.
Mumbare SS, Maindarker G, Darade R, Yenge S, Tolani MK,
Patole K. Maternal risk factors associated with term low birth
weight neonates: A matched-pair case control study. Indian
Pediatr 2012;49:25-8.

Ganesh Kumar S, Harsha Kumar HN, Jayaram S, Kotian MS.
Determinants of low birth weight: a case control study in a district
hospital in Karnataka. Indian J Pediatr 2010;77:87-9.

Geelhoed D, Agadzi F, Visser L, Ablordeppey E, Asare K,
O’Rourke P, et al. Maternal and fetal outcome after severe
anemia in pregnancy in rural Ghana. Acta Obstet Gynecol
Scand 2006;85:49-55.

Ren A, Wang J, Ye RW, Li S, Liu JM, Li Z. Low first-
trimester hemoglobin and low birth weight, preterm birth and
small for gestational age newborns. Int J Gynaecol Obstet
2007;98:124-8.

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et
al. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality
of Nonrandomised Studies in Meta-analysis. Available at: http://
www.ohri.ca/programs/clinical_epidemiology/oxford.htm  (last
accessed on March 10, 2012).

Higgins T, Green S (Eds.). Cochrane Handbook for System-
atic Reviews of Interventions, Version 5.1.0 (updated March
2011). The Cochrane Collaboration, 2011. Available at: www.
cochrane-handbook.org.

Abeysena C, Jayawardhana P, de A Seneviratne R. Maternal
haemoglobin level at booking visit and its effect on adverse
pregnancy outcome. Aust N Z J Obstet Gynaecol 2010;50:423-7.
Akhter S, Momen MA, Rahman MM, Parveen T, Karim RK.
Effect of maternal anemia on fetal outcome. Mymensingh Med
J 2010;19:391-8.

Lee HS, Kim MS, Kim MH, Kim YJ, Kim WY. Iron status and
its association with pregnancy outcome in Korean pregnant
women. Eur J Clin Nutr 2006;60:1130-5.

Lone FW, Qureshi RN, Emmanuel F. Maternal anemia and its
impact on perinatal outcome in a tertiary care hospital in
Pakistan. East Mediterr Health J 2004;10:486—90.

Makki AM. Risk factors for low birth weight in Sana’a city, Yemen.
Ann Saudi Med 2002;22:333-5.

Malhotra M, Sharma JB, Batra S, Sharma S, Murthy NS, Arora
R. Maternal and perinatal outcome in varying degrees of anemia.
Int J Gynaecol Obstet 2002;79:93-100.

Sachdeva P, Patel BG, Patel B, Bhatt M. A study of factors
affecting birth weight. J Global Pharma Tech 2009;2:118-23.
Sekhavat L, Davar R, Hosseinidezoki S. Relationship between
maternal hemoglobin concentration and neonatal birth weight.
Hematology 2011;16:373-6.

Chumak EL, Grjibovski AM. Anemia in pregnancy and its
association with pregnancy outcomes in the Arctic Russian


http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
http://www.who.int/nutrition/topics/feto_maternal/en/index.html
http://www.who.int/nutrition/topics/feto_maternal/en/index.html
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
www.cochrane-handbook.org
www.cochrane-handbook.org

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ahankari and Leonardi-Bee: Prenatal maternal hemoglobin and birth weight

town of Monchegorsk, 1973-2002. Int J Circumpolar Health
2010;69:265-77.

Shobeiri F, Begum K, Nazari M. A prospective study of maternal
hemoglobin status of Indian women during pregnancy and
pregnancy outcome. Nutr Res 2006;26:209—13.

Kumar A, Chaudhary K, Prasad S. Maternal indicators and
obstetric outcome in the north Indian population: a hospital-
based study. J Postgrad Med 2010;56:192-5.

Ma AG, Schouten E, Wang Y, Xu RX, Zheng MC, Li Y, et al.
Anemia prevalence among pregnant women and birth weight
in five areas in China. Med Princ Pract 2009;18:368-72.

Ahmad MO, Kalsoom U, Sughra U, Hadi U, Imran M. Effect of
maternal anemia on birth weight. J Ayub Med Coll Abbottabad
2011;23:77-9.

Khan MM. Effect of maternal anemia on fetal parameters. J Ayub
Med Coll Abbottabad 2001;13:38—41.

Telatar B, Comert S, Vitrinel A, Erginoz E, Akin Y. The
effect of maternal anemia on anthropometric measurements of
newborns. Saudi Med J 2009;30:409-12.

Rizvi SA, Hatcher J, Jehan I, Qureshi R. Maternal risk factors
associated with low birth weight in Karachi: a case-control study.
East Mediterr Health J 2007;13:1343-52.

Hassan NE, Shalaan AH, El-Marsy SA. Relationship between
maternal characteristics and neonatal birth size in Egypt. East
Mediterr Health J 2011;17:281-9.

Elhassan ME, Abbaker AO, Haggaz AD, Abubaker MS, Adam I.
Anemia and low birth weight in Medani Hospital Sudan. BMC
Res Notes 2010;3:181.

Kidanto HL, Mogren |, Lindmark G, Massawe S, Nystrom L.
Risks for preterm delivery and low birth weight are independently
increased by severity of maternal anemia. S Afr Med J
2009;99:98—-102.

Mbazor OJ, Umeora OU. Incidence and risk factors for low birth
weight among term singletons at the university of Benin teach-
ing hospital (UBTH), Benin City, Nigeria. Niger J Clin Pract
2007;10:95-99.

Ugwuja El, Akubugwo EI, Ibiam UA, Onyechi O. Impact of
maternal iron deficiency and anemia on pregnancy and its
outcomes in a Nigerian population. Internet J Nutr Wellness
2010;10:1-4.

Demmouche A, Lazrag A, Moulessehoul S. Prevalence of
anemiain pregnantwomen during the last trimester: consequence
for birth weight. Eur Rev Med Pharmacol Sci 2011;15:436-45.
Van Bogaert LJ. Anemia and pregnancy outcomes in a South
African rural population. J Obstet Gynaecol 2006;26:617-9.
Akinola O, Fabamwo A, Tayo A, Oshodi Y. Maternal hemoglobin
and any relationship? The experience in Lagos, South Western
Nigeria. Niger Med Pract 2008;54:50-2.

Hamaéldinen H, Hakkarainen K, Heinonen S. Anemia in the first
but not in the second or third trimester is a risk factor for low birth
weight. Clin Nutr 2003;22:271-5.

Chang SC, O’Brien KO, Nathanson MS, Mancini J, Witter FR.
Hemaoglobin concentrations influence birth outcomes in pregnant
African-American adolescents. J Nutr 2003;133:2348-55.
Nahum GG, Stanislaw H. Hemoglobin, altitude and birth weight:
does maternal anemia during pregnancy influence fetal growth?
J Reprod Med 2004;49:297-305.

Laflamme EM. Maternal hemoglobin concentration and
pregnancy outcome: a study of effects of elevation in El Alto,
Bolivia. Mcgill J Med 2011;13:47.

Levario-Carrillo M, Hernardez M, Vasquez E, Chavez D,
Sanchez C, Corral M. Effect of maternal iron deficiency

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

anemia on placenta and birthweight. Gynecol Obstet Mexico
2003;71:75-80.

Zhang Q, Ananth CV, Li Z, Smulian JC. Maternal anemia
and preterm birth: a prospective cohort study. Int J Epidemiol
2009;38:1380-9.

Ronnenberg AG, Wood RJ, Wang X, Xing H, Chen C, Chen D,
et al. Preconception hemoglobin and ferritin concentration are
associated with pregnancy outcome in a prospective cohort of
Chinese women. J Nutr 2004;134:2586-91.

Ervasti M, Sankilampi U, Heinonen S, Punnonen K. Early signs
of maternal iron deficiency do not influence the iron status of the
newborn, but are associated with higher infant birthweight. Acta
Obstet Gynecol Scand 2009;88:83—90.

Bondevik GT, Lie RT, Ulstein M, Kvale G. Maternal hematolog-
ical status and risk of low birth weight and preterm delivery in
Nepal. Acta Obstet Gynecol Scand 2001;80:402-8.

Davaritanha F, Kaveh M, Salehi B. Incidence of anemia in preg-
nancy and its relationship with maternal characteristics and
pregnancy outcome. Hayat 2005;11:23-31.

Litle MP, Brocard P, Elliott P, Steer PJ. Hemoglobin
concentration in pregnancy and perinatal mortality: a Lon-
don-based cohort study. Am J Obstet Gynaecol 2005;193:220-6.
Hindmarsh PC, Geary MP, Rodeck CH, Jackson MR,
Kingdom JC. Effect of early maternal iron stores on placental
weight and structure. Lancet 2000;356:719-23.

Bodeau-Livinec F, Briand V, Berger J, Xiong X, Massougbodiji A,
Day KP, et al. Maternal anemia in Benin: prevalence, risk fac-
tors, and association with low birth weight. Am J Trop Med Hyg
2011;85:414-20.

Rizwan F, Qamarunisa, Habibullah, Memon A. Prevalence of
anemia in pregnant women and its effects on maternal and fetal
morbidity and mortality. Pak J Med Sci 2010;26:92-5.

Preziosi P, Prual A, Galan P, Daouda H, Boureima H, Herc-
berg S. Effect of iron supplementation on the iron status of
pregnant women: consequences for newborns. Am J Clin Nutr
1997;66:1178-82.

Heilmann L, Siekmann U, Schmid-Schénbein H, Ludwig
H. Hemoconcentration and pre-eclampsia. Arch Gynaecol
1981;231:7-21.

Sagen N, Koller O, Haram K. Haemoconcentration in severe
preeclampsia. Br J Obstet Gynaecol 1982;89:802-5.

Yip R. Significance of an abnormally low or high hemoglobin
concentration during pregnancy: special consideration of iron
nutrition. Am J Nutr 2000;72:272s-9s.

Goodlin RC, Dobry CA, Anderson JC, Woods RE, Quaif M.
Clinical signs of normal plasma volume expansion during
pregnancy. Am J Obstet Gynaecol 1983;145:1001-9.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson D, Rennie
D, et al. Meta-analysis of observational studies in epidemiology —
a proposal for reporting. J Am Med Assoc 2000;283:2008-12.
Rasmussen K. Is there a causal relationship between iron
deficiency or iron-deficiency anemia and weight at
birth, length of gestation and perinatal mortality? J Nutr
2001;131(25-2);590S-601S;discussion 601S—-3S.

How to cite this article: Ahankari A, Leonardi-Bee J. Maternal
hemoglobin and birth weight: systematic review and meta-
analysis. Int J Med Sci Public Health 2015;4:435-445

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4 m





