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pregnancy.[1] 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.[1,3,4] Hemoglobin (Hb) concentration has 
been widely used in diagnosing anemia[1]; 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.[3] 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.[4]  
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 
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Abstract

Introduction

Anemia is a major health issue affecting both developing and 
developed countries worldwide.[1] 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.[1] 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.[1,2] Iron deficiency is the most widespread 
nutritional disorder and is the major cause of anemia during 
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less than 2500 g) compared to non-iron or placebo group.[5] 
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.[5]

A recent review by Sukrat et al.[6] 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[7–9] suggested  
the association between maternal Hb concentration and 
birth weight: however, findings from some studies are  
uncertain.[21,29,35,36] However, a recent study has suggested  
a U-shaped relationship between maternal Hb and birth 
weight,[10] 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,[11,12] 
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 

combination with maternal anemia were not considered, as 
these general conditions could alter the association.[1,2]

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,[11] 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).[12] 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,[1] Hb levels less 
than 11 g/dl as maternal anemia,[1] 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 I 

2-test.[11] More than 
75% was considered as high heterogeneity, above 50% as 
moderate, and less than 25% as low.[11] 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.[12] The  
review was conducted while adhering to the Meta-analysis of  
Observational Studies in Epidemiology guidelines.[12]

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 studies[42–50] were excluded after full-text 
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in Asia,[7,8,10,13–28] nine in Africa,[9,29–36], one in Europe,[37] two 
in North America,[38,39] and two in South America.[40,41] 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.[15,21,39,40] Majority of studies (about 25) used the 
cutoff level ranged between 10 and 11 g/dl.[7–10,13,14,16,18,20, 

22–28,30,31,33–38,41] Further, eight studies[8–10,18,27,31,35,37] 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.[17,29,32]

The methodological quality of the included studies ranged 
from 3 to 9, with a median score of 6. Scores below 7 tended  

assessment as the required exposure measurement and  
outcome was not reported in eight papers, and unavail-
ability of one study[46] 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 

Figure 1: Flow diagram of included and excluded studies.



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

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4438

Ta
bl

e 
1:

 In
cl

ud
ed

 s
tu

di
es

N
o.

Au
th

or
St

ud
y 

de
si

gn
 

Sa
m

pl
e 

si
ze

St
ud

y 
 

lo
ca

tio
n 

C
on

fo
un

de
r  

ad
ju

st
m

en
ts

 
In

cl
ud

ed
 in

  
m

et
a-

an
al

ys
is

 
R

an
ge

 o
f h

em
og

lo
bi

n 
 

cu
to

ff 
fo

r a
ne

m
ia

1
M

ba
zo

r a
nd

 U
m

eo
ra

[3
2]

C
ro

ss
 s

ec
tio

na
l

48
3

N
ig

er
ia

 
N

o 
ad

ju
st

m
en

t 
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
N

ot
 c

le
ar

ly
 d

efi
ne

d

2
M

ak
ki

[1
7]

C
ro

ss
 s

ec
tio

na
l

22
56

  
An

em
ic

 6
48

N
on

-a
ne

m
ic

 1
59

4

Ye
m

en
N

o 
ad

ju
st

m
en

t
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
N

ot
 c

le
ar

ly
 d

efi
ne

d 

3
H

as
sa

n 
et

 a
l.[2

9]
C

ro
ss

 s
ec

tio
na

l
24

6
Eg

yp
t 

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d
N

ot
 a

pp
lic

ab
le

N
ot

 c
le

ar
ly

 d
efi

ne
d

4
G

an
es

h 
Ku

m
ar

 e
t a

l.[8
]

C
as

e–
co

nt
ro

l 
C

as
es

 1
50

;  
C

on
tro

ls
 3

00
In

di
a

Fa
ct

or
s 

ad
ju

st
ed

 fo
r n

ot
 

  r
ep

or
te

d
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
Le

ss
 th

an
 1

0–
11

 g
/d

l
Ad

di
tio

na
l c

at
eg

or
ie

s 
of

  
  m

ild
, m

od
er

at
e,

 a
nd

  
  s

ev
er

e 
an

em
ia

5
M

um
ba

re
 e

t a
l.[7

]
C

as
e–

co
nt

ro
l

C
as

es
 2

74
  

C
on

tro
ls

 2
74

In
di

a 
Ad

ju
st

ed
 fo

r  
  s

oc
io

ec
on

om
ic

 s
ta

tu
s 

An
em

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

6
R

iz
vi

 e
t a

l.[2
8]

C
as

e–
co

nt
ro

l
C

as
es

 2
62

  
C

on
tro

ls
 2

62
Pa

ki
st

an
Fa

ct
or

s 
ad

ju
st

ed
 fo

r n
ot

 
  r

ep
or

te
d

N
ot

 a
pp

lic
ab

le
Le

ss
 th

an
 1

0–
11

 g
/d

l

7
Ak

ht
er

 e
t a

l.[1
4]

C
oh

or
t

50
Ba

ng
la

de
sh

N
o 

ad
ju

st
m

en
t

1.
 A

ne
m

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

2.
 �H

ig
h 

he
m

og
lo

bi
n 

an
d 

bi
rth

 w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

8
Le

va
rio

-C
ar

ril
lo

 e
t a

l.[4
1]

C
oh

or
t

15
3

M
ex

ic
o

N
o 

ad
ju

st
m

en
t

An
em

ia
 a

nd
 m

ea
n 

bi
rth

 w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

9
Se

kh
av

at
 e

t a
l.[2

0]
C

ro
ss

 s
ec

tio
na

l
18

42
 A

ne
m

ic
 3

28
N

on
-a

ne
m

ic
 1

51
4 

Ira
n

N
o 

ad
ju

st
m

en
t

1.
 A

ne
m

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

2.
 H

ig
h 

he
m

og
lo

bi
n 

an
d 

bi
rth

 w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

10
N

ah
um

 a
nd

  
  S

ta
ni

sl
aw

[3
9]

C
ro

ss
 s

ec
tio

na
l

23
5

U
SA

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e
  d

at
a 

re
po

rte
d

N
ot

 a
pp

lic
ab

le
12

 g
/d

l

11
Le

e 
et

 a
l.[1

5]
C

oh
or

t
24

8 
Ko

re
a

Ad
ju

st
ed

 fo
r g

es
ta

tio
na

l 
  a

ge
   

 
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
12

 g
/d

l

12
Ak

in
ol

a 
et

 a
l.[3

6]
C

ro
ss

 s
ec

tio
na

l
50

0
N

ig
er

ia
 

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d
N

ot
 a

pp
lic

ab
le

Le
ss

 th
an

 1
0–

11
 g

/d
l

13
M

a 
et

 a
l.[2

4]
C

ro
ss

 s
ec

tio
na

l
6,

41
3

C
hi

na
In

su
ffi

ci
en

t q
ua

nt
ita

tiv
e 

 
  d

at
a 

re
po

rte
d

N
ot

 a
pp

lic
ab

le
Le

ss
 th

an
 1

0–
11

 g
/d

l

14
Sh

ob
ei

ri 
et

 a
l.[2

2]
C

oh
or

t 
50

0
In

di
a

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d
N

ot
 a

pp
lic

ab
le

Le
ss

 th
an

 1
0–

11
 g

/d
l

15
Lo

ne
 e

t a
l.[1

6]
C

oh
or

t
61

9 
Pa

ki
st

an
 

Fa
ct

or
s 

ad
ju

st
ed

 fo
r n

ot
  

  r
ep

or
te

d
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
Le

ss
 th

an
 1

0–
11

 g
/d

l

16
D

em
m

ou
ch

e 
et

 a
l.[3

4]
C

oh
or

t
20

7
Al

ge
ria

N
o 

ad
ju

st
m

en
t

An
em

ia
 a

nd
 m

ea
n 

bi
rth

 w
ei

gh
t

17
Te

la
ta

r e
t a

l.[2
7]

C
ro

ss
 s

ec
tio

na
l

3,
68

8
Tu

rk
ey

N
o 

ad
ju

st
m

en
t

An
em

ia
 a

nd
 m

ea
n 

bi
rth

 w
ei

gh
t

18
Kh

an
[2

6]
C

oh
or

t  
73

Pa
ki

st
an

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d
An

em
ia

 a
nd

 m
ea

n 
bi

rth
 w

ei
gh

t



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

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

439

N
o.

Au
th

or
St

ud
y 

de
si

gn
 

Sa
m

pl
e 

si
ze

St
ud

y 
 

lo
ca

tio
n 

C
on

fo
un

de
r  

ad
ju

st
m

en
ts

 
In

cl
ud

ed
 in

  
m

et
a-

an
al

ys
is

 
R

an
ge

 o
f h

em
og

lo
bi

n 
 

cu
to

ff 
fo

r a
ne

m
ia

19
U

gw
uj

a 
et

 a
l.[3

3]
C

oh
or

t
34

9 
N

ig
er

ia
N

o 
ad

ju
st

m
en

t 
An

em
ia

 a
nd

 m
ea

n 
bi

rth
 w

ei
gh

t

20
M

al
ho

tra
 e

t a
l.[1

8]
C

oh
or

t
44

7
In

di
a

Ad
ju

st
ed

 fo
r a

ge
,  

  p
ar

ity
, a

nd
 in

du
ct

io
n 

of
  

  l
ab

or

1.
 A

ne
m

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

2.
 H

ig
h 

he
m

og
lo

bi
n 

an
d 

bi
rth

 w
ei

gh
t 

21
G

ee
lh

oe
d 

et
 a

l.[9
]

C
oh

or
t

30
9 

15
7 

an
em

ic
 

15
3 

no
n-

an
em

ic

G
ha

na
Ad

ju
st

ed
 fo

r m
at

er
na

l a
ge

1.
 A

ne
m

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

2.
 H

ig
h 

he
m

og
lo

bi
n 

an
d 

bi
rth

 w
ei

gh
t 

Le
ss

 th
an

 1
0–

11
 g

/d
l

C
at

eg
or

ie
s 

of
 m

ild
, m

od
er

at
e,

  
  a

nd
 s

ev
er

e 
an

em
ia

22
Ku

m
ar

 e
t a

l.[2
3]

C
oh

or
t

20
27

In
di

a
In

su
ffi

ci
en

t q
ua

nt
ita

tiv
e 

 
  d

at
a 

re
po

rte
d

N
ot

 a
pp

lic
ab

le
Le

ss
 th

an
 1

0–
11

 g
/d

l

23
Va

n 
Bo

ga
er

t[3
5]

C
ro

ss
 s

ec
tio

na
l

27
07

So
ut

h 
Af

ric
a

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d
N

ot
 a

pp
lic

ab
le

Le
ss

 th
an

 1
0–

11
 g

/d
l

C
at

eg
or

ie
s 

of
 m

ild
, m

od
er

at
e,

  
  a

nd
 s

ev
er

e 
an

em
ia

24
R

en
 e

t a
l.[1

0]
C

ro
ss

 s
ec

tio
na

l
88

,1
49

C
hi

na
Ad

ju
st

ed
 fo

r m
at

er
na

l  
  a

ge
, s

m
ok

in
g,

 a
nd

 w
ei

gh
t

1.
 A

ne
m

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

2.
 H

ig
h 

he
m

og
lo

bi
n 

an
d 

bi
rth

 w
ei

gh
t 

Le
ss

 th
an

 1
0–

11
 g

/d
l

C
at

eg
or

ie
s 

of
 m

ild
, m

od
er

at
e,

  
  a

nd
 s

ev
er

e 
an

em
ia

25
C

ha
ng

 e
t a

l.[3
8]

C
ro

ss
 s

ec
tio

na
l

91
8

U
SA

Ad
ju

st
ed

 fo
r m

at
er

na
l a

ge
,  

  B
M

I, 
an

d 
sm

ok
in

g 
1.

 A
ne

m
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
2.

 H
ig

h 
he

m
og

lo
bi

n 
an

d 
bi

rth
 w

ei
gh

t
Le

ss
 th

an
 1

0–
11

 g
/d

l

26
Ki

da
nt

o 
et

 a
l.[3

1]
C

ro
ss

 s
ec

tio
na

l
17

21
So

ut
h 

Af
ric

a
Fa

ct
or

s 
ad

ju
st

ed
 fo

r n
ot

  
  r

ep
or

te
d

An
em

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

Ad
di

tio
na

l c
at

eg
or

ie
s 

of
 m

ild
, 

  m
od

er
at

e,
 a

nd
 s

ev
er

e 
an

em
ia

27
Sa

ch
de

va
 e

t a
l.[1

9]
 

C
ro

ss
 s

ec
tio

na
l

25
4

In
di

a
N

o 
ad

ju
st

m
en

t 
An

em
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
8.

5 
g/

dl

28
H

äm
äl

äi
ne

n 
et

 a
l.[3

7]
C

ro
ss

 s
ec

tio
na

l  
22

,7
99

Fi
nl

an
d

N
o 

ad
ju

st
m

en
t 

An
em

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

Le
ss

 th
an

 1
0–

11
 g

/d
l

Ad
di

tio
na

l c
at

eg
or

ie
s 

of
 m

ild
, 

  m
od

er
at

e,
 a

nd
 s

ev
er

e 
an

em
ia

 

29
C

hu
m

ak
 a

nd
  

  G
rji

bo
vs

ki
[2

1]
C

ro
ss

 s
ec

tio
na

l
24

,5
25

R
us

si
a

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d 
N

ot
 a

pp
lic

ab
le

12
 g

/d
l

30
La

fla
m

m
e[4

0]
C

ro
ss

 s
ec

tio
na

l
79

 
Bo

liv
ia

In
su

ffi
ci

en
t q

ua
nt

ita
tiv

e 
 

  d
at

a 
re

po
rte

d 
N

ot
 a

pp
lic

ab
le

12
 g

/d
l

31
Ab

ey
se

na
 e

t a
l.[1

3]
C

oh
or

t 
76

6
Sr

i L
an

ka
 

Ad
ju

st
ed

 fo
r m

at
er

na
l a

nd
  

  p
ar

ity
1.

 A
ne

m
ia

 a
nd

 lo
w

 b
irt

h 
w

ei
gh

t
2.

 H
ig

h 
he

m
og

lo
bi

n 
an

d 
bi

rth
 w

ei
gh

t 
Le

ss
 th

an
 1

0–
11

 g
/d

l

32
El

ha
ss

an
 e

t a
l.[3

0]
C

as
e–

co
nt

ro
l

12
24

Su
da

n 
Fa

ct
or

s 
ad

ju
st

ed
 fo

r n
ot

  
  r

ep
or

te
d 

An
em

ia
 a

nd
 lo

w
 b

irt
h 

w
ei

gh
t

Le
ss

 th
an

 1
1 

g/
dl

33
Ah

m
ad

 e
t a

l.[2
5]

C
ro

ss
 s

ec
tio

na
l

10
0

Pa
ki

st
an

 
In

su
ffi

ci
en

t q
ua

nt
ita

tiv
e 

 
  d

at
a 

re
po

rte
d 

N
ot

 a
pp

lic
ab

le
Le

ss
 th

an
 1

0–
11

 g
/d

l



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

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4440

Figure 3: Anemia and the risk of low birth weight- subgroup analysis based on confounder adjustments.
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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 such as maternal age, parity, body mass index, and  
smoking.[8–10,13,15,16,18,30,31,38] Only one study adjusted its  
measure of effect for socioeconomic status.[7]

Meta-analysis
Anemia and Low Birth Weight

Of 33 studies, 17 were considered in this meta-analysis  of 
anemia and LBW[7–10,13–20,30–32,37,38] with 13 studies presenting 
Hb levels of third trimester. A pooled analysis of 17 hetero-
geneous studies (I 

2 = 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; I 

2 =81%; p < 0.00001). No  
evidence of publication bias was observed [Figure 2]. 
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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 China[24] reported higher 
number of cases with LBW when Hb was <8 g/dl, and similar 
results were obtained from a research in Iran.[27] A research 
in Pakistan[16] 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,[21] Egypt,[29] South Africa,[35] and Nigeria[36] 
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,  
I 

2 =63%, 6 studies, 14,17,19,20,32,37) adjusted for demo-
graphics (OR 2.76, 95% CI 1.49-5.14, I 

2 =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[7]). 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 largest risk of an LBW was found if anemia was record-
ed in the first trimester (OR: 3.20; 95% CI: 1.68–6.10; I 

2 = 2%);  
however, this estimate was based on only two studies.[10,37]  
A nonsignificant association was seen between the risk of 

LBW and anemia when identified in the second trimester 
(OR: 0.91; 95% CI: 0.47–1.75; I 

2 = 42%; two studies[37,38]). 
When anemia was recorded in the third trimester (14 studies), 
the risk of having an LBW baby was approximately doubled  
(OR: 1.97; 95% CI: 1.71–2.28; I 

2 = 84%).[7–9,13,15–20,30–32,38] 

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% CI: 
2.65–5.92; I 

2 = 28%, 4 studies[9,10,30–32]) compared to studies 
conducted in Asia (OR: 2.04; 95% CI: 1.29–3.21; I 

2 = 83%; 
11 studies[7,8,10,13–20]) and individual studies conducted in North 
America (OR: 1.28; 95% CI: 0.63–2.62; 1 study[38]) and in  
Europe (OR: 1.91; 95% CI: 0.83–4.39; 1 study[37]).

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%  
CI: 2.24–4.87; I 

2 = 48%) compared to the low scores  
(OR: 1.55; 95% CI: 1.07–2.25; I 

2 = 72%) with significant  
subgroup difference (p = 0.006).

Anemia and Mean Birth Weight
Of 33 studies, 5 studies[26,27,33,34,41] assessed 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 (I 

2 = 97%) were detected in the meta- 
analysis, thus these findings should be interpreted with caution. 
Heterogeneity observed higher specifically related with two  
studies,[26,34] 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 

Figure 4: Mean birth weight among anemic and non-anemic participants.
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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[9,10,13,14,18,20,38] were identified,  

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; I 

2 = 62%) [Figure 5]. In addi-
tion, two studies[24,39] 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[24] 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[39] 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 

as in the meta-analysis.[41] We calculated ORs wherever data 
were available and included them in the meta-analysis.[14,19] 
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.[12] Issues related to multiple pregnancies or births, 
likely to affect the association between anemia and neonates, 
and they could underestimate the true association.[1,3] 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,[3,6] 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.[4] However, we conducted possible subgroup 
analyses, which were not presented in earlier reviews.[3,6] 
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  

Figure 5: High hemoglobin levels and the risk of low birth weight.
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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.[6] 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[44,45] 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[46] 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/dl 
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.[37]. If Hb is lower in 
the first trimester then it is likely to reduce further, due to rapid 
iron use.[55] Previous research showed that poor placental for-
mation and poor growth is a result of maternal anemia during 
pregnancy.[56,57] 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.[55]  Inadequate  

expansion shows a high level of Hb, and this may mask the 
true Hb level.[55,57] Iron deficiency is a systematic condition in 
which immune response is likely to be altered due to prolifera-
tion of T and B lymphocytes.[47] 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.[16] This could be supported with findings from 
a recent meta-analysis by Haider et al.[4] The meta-analysis 
of 26 cohort studies showed significant association of pre-
term deliveries in anemic group (crude OR: 1.28; 95% CI: 
1.12–1.47; I 2 = 89%; 26 studies) and further the association 
remained significant with adjusted estimates (crude OR: 1.28; 
95% CI: 1.11–1.48; I 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.[51-55] The 
alteration in blood viscosity reduces oxygen delivery to fetus 
and blood pressure changes.[55] Subsequently, the association  
between high Hb level and LBW could be due to preeclam
psia as hypertension contributes to this phenomenon.[55,56] 

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.[10] 

A very well-structured narrative review by Rasmussen[57]  

explained the association in an imperative 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.[4,5] Recent review with meta-analysis of RCTs 



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

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 4444

by Haider et al.[4] 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; I 

2 =90%; 25 studies), however association was 
nonsignificant with adjusted study estimates.[4] 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.[1] The in-depth analysis based 
on MCV, MCHC, and MCH is required to analyze body iron 
content in detail.[44,45] Subsequently, erythrocyte protopor-
phyrin or transferrin receptor may contribute in general iron 
assessment.[57] However, these tests may not be affordable 
for large sample size particularly for research in low resource 
settings.[45] 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.
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