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To evaluate the effect of iron intervention on physical growth in fetuses, infants,
children, and adolescents up to 18 years of age, a systematic review with
meta-analysis of randomized controlled trials (RCTs) was conducted. Structured
electronic searches were conducted to February 2010 using MEDLINE, Embase, and
the Cochrane Library databases. RCTs that included iron-fortified foods,
iron-fortified formula, or iron supplements and in which height, weight, mid-arm
circumference (MAC), head circumference, birth weight, or length of gestation was
evaluated were analyzed for inclusion. In total, 21 RCTs in infants, children, and
adolescents and 7 studies in pregnant women met the inclusion criteria. The overall
pooled result (random-effects model) showed no significant effects of iron
intervention on any of the parameters measured. To accommodate wide
heterogeneity, studies were stratified according to dose of iron, duration of
intervention, age, and baseline iron status. However, only doses of 40–66 mg of
supplemental iron and intervention in children �6 years of age showed a slight but
significant association with weight and MAC.
© 2013 International Life Sciences Institute

INTRODUCTION

Iron deficiency (ID) is one of the most prevalent nutri-
tional deficiencies worldwide and often leads to iron defi-
ciency anemia (IDA). Although the etiology of anemia is
multifactorial, ID is considered the most important causal
factor.1 According to the World Health Organization
(WHO) estimates, anemia affects nearly 30% of the
world’s population (i.e., about 2 billion people), and
approximately half of these cases result from ID.2

An inadequate dietary intake is the leading cause of
IDA development, although other physiological and
pathologic conditions, including impaired absorption or
transport of iron, physiological losses, or chronic blood
loss secondary to disease, could contribute as well.3,4

Periods of rapid growth make infants and toddlers aged
6–24 months, as well as adolescents during puberty, a
particular risk group for IDA.5,6 Pregnant women are also
at risk for IDA because of their increased nutritional
needs. During pregnancy, IDA seems to exert adverse
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effects such as intrauterine growth restriction, preterm
delivery, low birth weight (LBW), etc. on fetal growth and
development.7,8 Although iron status is strongly depen-
dent on adequate iron intake,9 it is still unclear whether
prophylactic iron supplementation can reduce the rates of
preterm delivery or LBW. Potentially harmful effects of
routine iron supplementation during pregnancy in iron-
sufficient women are still a matter of discussion because
results related to clinical endpoints are conflicting.10

Some authors reported that supplementation (30 mg/
day) significantly increased birth weight and lowered the
incidence of preterm delivery11,12; others found no effect
of iron supplementation (20 mg/day) on clinical end-
points,13 while Ziaei et al.14 found that iron supplementa-
tion (50 mg/day) may have been associated with adverse
effects in nonanemic women, since the incidence of
small-for-gestational-age (SGA) newborns was signifi-
cantly higher among iron-supplied pregnant women than
among women who took no iron. Finally, the meta-
analysis by Peña-Rosas and Viteri9 suggested daily iron
supplementation during pregnancy had no effect on the
birth weight of newborns when compared with placebo
or no treatment at all.

Several observational studies have also documented
a relationship between IDA and impaired physical
growth in infants and children.15,16 The presence of
several confounders, however, such as socioeconomic
factors, concomitant deficiencies of other micronutrients,
and coexistent parasitic infections, precludes convincing
conclusions on a causal relationship.17 Many intervention
trials have addressed the effects of iron supplementation
on growth, but the results have been contradictory. Iron
supplementation in anemic18 or malnourished chil-
dren19,20 improved growth in some studies. Other studies
found no benefit of iron intake on growth,21 although a
higher intake affected iron status,22–24 indicating that ID
was not a growth-limiting factor in infants and young
children. Moreover, two studies showed an adverse effect
of iron supplementation on physical growth in iron-
replete young children.25,26 Therefore, to clarify the vari-
able results obtained thus far, a systematic review with
meta-analysis was conducted using pooled data from all
available randomized control trials (RCTs) to ascertain if
there is a significant effect of oral iron intervention on
physical growth in infants, children, and adolescents and
during pregnancy and to quantify the possible dose-
response relationship.

METHODS

This systematic review is a part of the European Micro-
nutrient Recommendations Aligned (EURRECA)
network of excellence that aims to identify micronutrient
requirements for optimal health in European populations

(http://www.eurreca.org). The data reported in this
review are a part of a wider review process to identify
studies assessing the effect of iron intake on different
status markers and health outcomes.

Search methods

Structured electronic searches were carried out over all
years until February 2010 on MEDLINE®, Embase®, (both
on Ovid), and the Cochrane Library CENTRAL database.
The general search strategy included terms for [study
designs in humans] AND [intake or status] AND [iron]
AND [growth]. Both indexing and text terms were used,
and each search strategy was further adapted for the indi-
vidual databases searched. In addition, reference lists of
collected papers and of published reviews were also
screened for relevant studies. Four reviewers indepen-
dently scanned identified titles and abstracts with 10%
duplication (VV, CV, CB, and KF). The duplicate checks
were performed first, and any discrepancies were dis-
cussed before screening the remainder of the references.
Any potentially relevant references were collected as full-
text papers.

Inclusion criteria

Studies included in the review met the following criteria:
1) the study investigated the effect of iron intervention
from supplements, fortified foods, or natural dietary
sources; 2) the study evaluated any parameters of physical
growth, including height, weight, mid-upper-arm cir-
cumference (MAC), head circumference, or any markers
of fetal growth, e.g., weight at birth or gestational age, as
outcome measures; 3) the study comprised RCTs with an
adequate control group that received placebo; 4) the
study reported baseline data for the outcomes measured;
and 5) the study participants were apparently healthy
human infants, children, adolescents (from birth to 18
years of age at the time of the intervention), or pregnant
women. Subjects with ID or anemia but who were other-
wise healthy were also included. Further specific inclu-
sion criteria were defined for trials in pregnant women:
the intervention had to last at least 12 weeks, and the daily
dose of iron from supplements and/or fortified foods was
�100 mg/d elemental iron.

Selection of studies and data extraction

Full-text articles were assessed for inclusion by four inde-
pendent reviewers (VV, CV, KF, and CB), with duplicate
assessment of a random sample of 10% in order to har-
monize the process. Only those papers meeting the inclu-
sion criteria were included and extracted onto an Access
(Microsoft, Redmond, Wash.) database. Information
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pertaining to bibliographic and methodological details,
population characteristics, intervention details (including
duration, type. and dose of iron supplements), outcome
data, and parameters for growth and standard deviations
were collated. If standard deviations were not reported,
they were calculated or estimated using methods
described in the Cochrane Handbook.27

Assessment of internal validity of included studies

Assessment of validity specific to RCTs was carried out
using the main data extraction form, as previously
described.28 This included assessment of the following
indicators: 1) method of sequence generation and alloca-
tion, 2) blinding, 3) potential funding bias, 4) number of
participants at start, 5) dropouts and dropout reasons, 6)
dose check, 7) reporting of dietary intake data, 8) compa-
rability and reproducibility of outcomes, and 9) similarity
of most- and least-exposed groups at baseline. Based on
these indicators, two reviewers (VV and CB) assessed the
overall risk of bias. The criteria for evaluation of these
indicators were adapted from the Cochrane Handbook.27

Data analysis

The effect of total iron intake (iron supplied plus dietary
iron) on parameters of physical growth was investigated
through meta-analyses of the intervention group versus
the placebo group for all included studies. When dietary
intake was not reported, the mean dietary iron intake
from other comparable studies was used for calculation.
For each individual study, a regression coefficient (b) and
its standard error (SE[b]) were calculated for the effect
measure of intake on parameters (weight, height, etc.),
based on the assumption of a linear relation on the loge-
loge scale (natural logarithm of intake versus natural loga-
rithm of parameters measured). The overall pooled b and
SE(b) were calculated by meta-analysis using a random-
effects model, which estimates the between-study vari-
ance using the methods of DerSimonian and Laird.29

Residual heterogeneity among studies was evaluated
using the I2 statistic. Meta-analysis with regressions coef-
ficients was carried out with RevMan 4.3 software (The
Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen).

RESULTS

Selection of eligible papers

The literature search related to anthropometric param-
eters in infants, children, and adolescents yielded 434 ref-
erences and, in pregnant women, an additional 265

references. Figure 1 shows a flowchart of studies assessed
and excluded at various stages of the review. Of 434
studies in infants, children, and adolescents (right side of
the Figure 1), 372 were excluded on the basis of titles and
abstracts, while 60 were identified as potentially eligible
and were collected as full-text articles. After detailed
evaluation, 21 studies in infants, children, or adolescents
met the inclusion criteria. The main reasons for exclusion
were multiple supplementations where the effect could
not be attributed solely to iron; the lack of an adequate
control group; improper randomization or no RCT; and
incomplete data.

Regarding studies in pregnant women, after exclud-
ing titles and abstracts very unlikely to be relevant, 160
studies were assessed for inclusion (Figure 1, left side). Of
these, only 7 studies met the inclusion criteria and were
included in the meta-analysis. Most of the excluded
papers reported the effect of iron on other outcomes,
supplied elemental iron in doses �100 mg/day, or were
not RCTs (no or inadequate control groups, observational
or metabolic studies).

Baseline characteristics and results of included trials

The key characteristics of the included RCTs assessing
parameters of growth – height, weight, and mid-arm cir-
cumference in the infants, children, and adolescents
group, head circumference in infants, and outcomes of
interest in pregnant women (length of gestation and birth
weight) – are presented in Tables 1 and 2.11–14,19,21,25,26,30–50

In 13 papers on infants, children, and adolescents,
there were two or more substudies: the intervention
group was divided according to baseline iron status,31,32

according to two intervention groups,33,35,36,38–42,45 or
according to gender and doses of supplemented iron.47

Furthermore, Dewey et al.25 conducted two substudies in
Sweden and Honduras. Thus, from 21 studies in infants,
children, and adolescents, a total of 36 estimates were
obtained from different population groups. For details,
see Table 1.

Nine studies assessed physical growth in infants until
12 months of age, six studies were conducted in preschool
children 1–5 years of age, and six studies were performed
in children (�6 years of age) and/or adolescents. All
studies were performed in both sexes. Weight (kg) and
height (cm) were measured in 19 studies, MAC (cm) in 8
studies, and head circumference (cm) in 2 studies on
infants. Five of seven studies in pregnant women investi-
gated the effects of iron supplementation of the length of
gestation (weeks), a parameter related to both preterm
delivery and SGA. Six trials examined the effects of iron
supplementation on newborns’ weight (g) at birth, a
parameter linked to LBW and SGA (Table 2). A fortified
food product was used in one study only,35 while all other
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RCTs provided oral iron supplements: ferrous sulfate
alone; ferrous sulfate combined with zinc, vitamin C,
retinyl acetate, or multivitamins; iron aminoates; or
ferrous fumarate. Some authors reported doses of supple-
mented iron, but not the form of the supplement.

The doses of iron used for supplementation varied
among studies and ranged from 7 mg to 66 mg of
elemental iron daily. Additionally, Sungthong et al.38 pro-
vided 60 mg of elemental iron 5 days per week to one
study group and the same amount of iron once per week
to the other group of participants. In several studies, the
dose of iron provided to study participants differed,
depending on body weight, with doses ranging from
1 mg/kg daily in infants25,46 to 3 mg/kg daily26,30 or weekly
in children.30 The duration of the interventions ranged
from 6 weeks to 12 months in infants, children, and ado-
lescents, and from 14 weeks to 26 weeks in pregnant
women. Five studies were carried out in anemic children,
seven studies in both anemic and nonanemic children or
infants, and nine studies in nonanemic infants and chil-
dren. At recruitment, all pregnant women were iron
replete and were comparable for age. In the majority of
the RCTs included, supplementation started in the first
half of gestation (11–19 weeks). Only Makrides et al.13

recruited pregnant women at week 20 of gestation
(Table 2).

The quality of included trials was assessed using rec-
ommended criteria and is presented in the last column in
Tables 1 and 2. Of the 28 studies included, 12 had a high
risk of bias, 10 a moderate risk, and 6 a low risk. The most
common reasons for a high risk of bias were lack of an
adequate sequence generation and/or allocation, and
inadequate information on study funders. In many cases,
information provided on those criteria was insufficient.

Weight

Thirty-two data sets from 19 studies included in this
review provided data on weight in infants, children, and
adolescents related to iron supplementation. These
studies evaluated data on 4,830 participants, 2,419 of
whom received iron and 2,411 of whom constituted the
control group. Duration of interventions varied from 6
weeks to 12 months. For further details on the character-
istics of included studies, see Table 1.

The forest plot of weight response to iron interven-
tion is shown in Figure 2. According to the results of the
meta-analysis, the overall pooled estimate was 0.00 (95%

Full papers included: 
7 (PW)      and          21 (I,C,A)

Papers excluded (PW): 153
No RCT, no controlled, cluster-RCT: 75
Combined intervention: 14
Unhealthy subjects or anemic women:10 
Dose of elemental iron ≥100 mg/day: 20
Review papers: 4
No minimum duration: 1
No outcomes of interest: 29

Titles and abstracts retrieved from 
electronic and bibliographic 
searches:
265 (PW) (I, C, A)  434

Titles and abstracts that appeared
potentially relevant, ordered as full
text papers: 
161 62

Titles and abstracts very 
unlikely to be relevant: 372

Titles and abstracts not located: 
2

Full papers assessed for inclusion: 
160 60

Papers excluded (I, C, A): 39
Combined intervention: 12
No adequate control group: 7
Review papers: 4
Unhealthy subjects: 2
No usable results: 5
No baseline: 3
No RCT, cluster-RCT: 6

Titles and abstracts very unlikely to
be relevant: 104

Titles and abstracts not located: 1

Figure 1 Flowchart of the articles screened, assessed, and excluded at various stages for this review.
Abbreviations: I,C,A, infants, children, adolescents; PW, pregnant women; RCT, randomized control trial.
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Table 1 Summary of main characteristics and main results of included randomized control trials assessing
anthropometric parameters in infants, children, and adolescents.
Reference Country Population characteristics (no.

of subjects, description, age
group)

Intervention treatmenta Control treatment Duration of
intervention

Outcomes Risk of bias
(no. of subjects at start/end of
study)

(no. of subjects at
start/end of study)

Aguayo (2000)30 Bolivia Nonanemic children
6–11.9 yrs of age
(n = 73)

Ferrous sulfate 3 mg/kg/bw
(n = 37/33)

Placebo
(n = 36/31)

18 wks Height, weight,
MAC

Moderate

Angeles et al. (1993)19 Jakarta Anemic children
2–5 yrs of age
(n = 80)

Ferrous sulfate 30 mg/
d + 20 mg vitamin C

(n = 40/39)

20 mg vitamin C
(n = 40/37)

2 mos Height, weight Moderate

Bhatia & Seshadri (1993)31 India Anemic & nonanemic children
3–5 yrs of age
(n = 156)

Elemental iron 40 mg/d
(n = 84/84)

Placebo
(n = 72/72)

6 mos Height, weight,
MAC

High

Chwang et al. (1988)32 Indonesia Anemic & nonanemic children
8.2–13.5 yrs of age
(n = 119)

Ferrous sulfate 2 mg/kg/d
(n = 59/59)

Placebo
(n = 60/60)

12 wks Height, weight,
MAC

Moderate

Dossa et al. (2001)33 Benin Stunted, anemic children
1.5–2.5 yrs of age
(n = 154)

1st group: ferrous fumarate
66 mg/d

(n = 37/35)
2nd group: ferrous

fumarate + multivitamins
66 mg/d

(n = 40/39)

1st group: placebo
(n = 39/39
2nd group: multivitamins
(n = 38/37)

6 wks Height, weight,
MAC

High

Idjradinata et al. (1994)26 Indonesia Iron-sufficient children
12–18 mos of age
(n = 47)

Ferrous sulfate 3 mg/kg/d
(n = 24/22)

Placebo
(n = 23/22)

4 mos Height, weight,
MAC

Moderate

Lawless et al. (1994)34 Kenya Anemic children
6–11 yrs of age
(n = 86)

Ferrous sulfate 30 mg/d
(n = 44/44)

Placebo
(n = 42/42)

14 wks Height, weight Moderate

Longfils et al. (2008)35 Cambodia Anemic subjects
9–21 yrs of age
(n = 140)

1st group: ferrous
sulfate + citrate

10 mg elemental iron
(n = 47/48)
2nd group: NaFeEDTA
10 mg elemental iron
(n = 47/48)

Placebo
(n = 45/46)

21 wks Height, weight High

Mwanri et al. (2000)36 Tanzania Anemic children
9–12 yrs of age
(n = 36)

1st group: ferrous sulfate
40 mg 3¥/wk + retinyl
acetate

(n = 34/34)
2nd group: ferrous sulfate

40 mg/d
(n = 34/374)

1st group: retinyl acetate
(n = 34/34
2nd group: placebo
(n = 34/34)

12 wks Height, weight Low

Palupi et al. (1997)37 Indonesia Anemic & nonanemic children
2–5 yrs of age
(n = 299)

Ferrous sulfate 30 mg/d
(n = 96/96)

Placebo
(n = 98/98)

9 wks Height, weight High

Rosado et al. (1997)21 Mexico Anemic & nonanemic children
18–36 mos of age
(n = 108)

Ferrous sulfate 20 mg/d
(n = 53/53)

Placebo
(n = 55/55)

12 mos Height, weight,
MAC

Moderate

Sungthong et al. (2002)38 Thailand Anemic & nonanemic children
6–13 yrs of age
(n = 397)

1st group: ferrous sulfate
60 mg 5¥/wk

(n = 140/139)
2nd group: ferrous sulfate

60 mg/wk
(n = 134/130)

Placebo
(n = 123/122)

16 wks Height, weight Low

Berger et al. (2006)39 Vietnam Nonanemic, breastfed infants
4–7 mos of age
(n = 915)

1st group: ferrous sulfate
10 mg/d

2nd group: iron 10 mg/d + zinc
10 mg/d

1st group: placebo
2nd group: zinc 10 mg/d

6 mos Height, weight Low

Dewey et al. (2002)25 Honduras,
Sweden

Nonanemic, breastfed infants
4 mos of age
(n = 148)

1st group: elemental iron
1 mg/kg/d Honduras,
4–9 mos

2nd group: Fe 1 mg/kg/d
Sweden, 4–9 mos

1st group: placebo, Honduras
2nd group: placebo, Sweden

5 mos HC High

Dijkhuizen et al. (2001)40 Indonesia Nonanemic infants
4 mos of age
(n = 478)

1st group: iron 10 mg/d
2nd group: iron 10 mg/d + zinc

10 mg/d

1st group: placebo
2nd group: zinc 10 mg/d

6 mos Height, weight Low

Fischer Walker et al. (2009)41 Bangladesh Nonanemic, breastfed infants
6 mos of age
(n = 645)

1st group: elemental iron
20 mg/wk

2nd group: iron 20 mg/
wk + zinc 20 mg/wk

1st group: placebo
2nd group: zinc 20 mg/wk

6 mos MAC High

Lind et al. (2004)42 Indonesia Healthy infants, 40% anemic
(Hb < 110 g/L), 8% anemic
(Hb < 110 g/
L + ferritin <12 mg/L)

6 mos of age
(n = 680)

1st group: iron (ferrous sulfate)
10 mg/d

2nd group: iron 10 mg/d + zinc
10 mg/d

1st group: placebo
2nd group: zinc 10 mg/d

6 mos MAC Low

Smuts et al. (2005)43

Corresponding study:
de Romana et al. (2005)44

Indonesia, Peru,
South Africa,
Vietnam

Healthy infants, majority of
whom were anemic

6–12 mos of age
(n = 571)

Iron (elemental iron) 10 mg/d Placebo 6 mos Height, weight Moderate

Wasantwisut et al. (2006)45 Thailand Nonanemic infants
4–6 mos of age
(n = 675)

1st group: iron (ferrous sulfate)
10 mg/d

2nd group: iron 10 mg/d + zinc
10 mg/d

1st group: placebo
2nd group: zinc 10 mg/d

6 mos Height, weight High

Yalçin et al. (2000)46 Turkey Nonanemic infants
6 mos of age
(n = 24)

Iron (ferrous sulfate) 1 mg/
kg/d

Placebo 3 mos Height, weight,
HC

High

Ziegler et al. (2009)47 United States Nonanemic, breastfed infants
4 mos of age
(n = 152)

1st group: ferrous sulfate
7.5 mg/d

2nd group: ferrous sulfate
7 mg/d

Placebo 5 mos Height, weight High

a All dosages represent amount of elemental iron, regardless of the form of the iron supplement.
Abbreviations: bw, body weight; HC, head circumference; MAC, mid-arm circumference.
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CI -0.01, 0.01), demonstrating no significant effect of
iron supplementation on weight in infants, children, and
adolescents (P = 0.47). Test for heterogeneity among
studies, describing the percentage of variation across the
RCTs included, showed a large heterogeneity among the
study groups, as shown by the I-squared statistic
(I2 = 82.9%). Thus, studies were stratified according to
dose of supplemental iron, age of participants, duration of
intervention, and baseline characteristics of participants
(anemic or nonanemic) to perform a sensitivity analysis.
The results are summarized in Table 3.

Grouping estimates revealed that a small but signifi-
cant effect of iron supplementation on weight was found
in studies that used 40–66 mg/d elemental iron for
supplementation (overall pooled b 0.02, 95% CI 0.00–
0.03, P = 0.02, I2 = 71.3%), in studies with a duration of up
to 12 weeks (overall b 0.01, 95% CI 0.00–0.03, P = 0.01,
I2 = 0%), and in studies conducted in children �6 years of
age (overall b 0.01, 95% CI 0.00–0.02, P = 0.05, I2 = 0%). It
was difficult to stratify the studies according to baseline
iron status, since most of the studies were carried out in
both anemic and nonanemic children. Nevertheless, it
was possible to extract 10 studies conducted in anemic
children only (Table 3).

Height

The same 32 data sets that were included in the meta-
analysis on the effect of iron supplementation on weight
were also available for analysis of height in infants, chil-
dren, and adolescents. The obtained results are displayed
in Figure 3. They also indicate no influence of iron
supplementation on height. The total pooled b was 0.00
(95% CI -0.00, 0.00) and test for heterogeneity revealed
low heterogeneity among studies (I2 = 24.2%); thus, strati-
fied analysis did not need to be performed.

Mid-arm circumference

A total of eight studies (with 13 data sets) were available
for this analysis, including 1,830 children, of whom 925
received an oral iron supplement and 905 received a
placebo. The duration of intervention ranged between 6
weeks and 6 months. The results of the meta-analysis of
the effect of iron supplementation on MAC showed no
significant relationship (Figure 4). Namely, the total
pooled b was 0.00, with the 95% CI interval ranging from
0.00 to 0.01. A wide heterogeneity (I2 = 80.2%) was found
across studies. Similar to the findings on weight, stratifi-
cation of studies did not significantly change the results
presented, and only doses of 40–66 mg of elemental iron
per day, studies in children >6 years of age, and studies in
anemic children showed a small but significant effect on
MAC (Table 3).

Head circumference

Head circumference was measured only in infants, and
only two studies with three intervention groups measur-
ing this parameter were included in this analysis. These
studies included 164 infants, 77 of whom were given iron
and 87 of whom received placebo, and the duration of
supplementation was 3–5 months. As shown in Figure 5,
there was no significant difference in the change of the
head circumference between the intervention and the
control groups (overall b 0.00, 95% CI -0.01–0.01), with
heterogeneity of I2 = 34.8%.

Weight at birth

Information on birth weight was available for 1,941 new-
borns born to 992 women who received iron during preg-
nancy and to 949 women in the control group (Table 2).
The forest plot of the birth weight of newborns born to
mothers who received daily iron intervention during
pregnancy is shown in Figure 6. Pooling data from the six
RCTs into one meta-analysis yielded a b random effect of
0.01 (95% CI -0.03–0.04). No significant effect was found.
Due to the large heterogeneity (I2 = 83%), a subgroup
analysis was performed according to the dose of supple-
mented iron and the duration of intervention; the result-
ing heterogeneity was relatively small and was found only
for the highest doses of iron (Table 3).

Length of gestation

The forest plot for the overall effect of iron on length of
gestation is shown in Figure 7. The primary analysis of
the five trials suggested that routine daily iron supple-
mentation during pregnancy (n = 1,295) did not exert
any control on the length of gestation when compared
with placebo (n = 1,282), an overall b effect of 0.00 (95%
CI -0.00–0.00). The test for heterogeneity revealed no
significant heterogeneity among the studies (I2 = 18%).

DISCUSSION

This systematic review with meta-analysis has docu-
mented no convincing evidence of beneficial effects of
iron supplementation on the physical growth of fetuses,
infants, children, or adolescents. RCTs on subjects from
birth to 18 years of age were conducted on 7,574 subjects,
4,208 of whom received supplemental iron. The results
showed a large heterogeneity across the included studies,
for weight and MAC in particular. Thus, studies were
stratified on a priori defined, potentially modifying
factors. In some cases, this led to decreased heterogeneity
in some of the subgroups, but considerable heterogeneity
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remained. Moreover, the effect estimates were unaffected
and, after stratification, remained around 0 as well. Strati-
fication of studies on height across age, baseline iron
status, dose of supplemental iron, or duration of studies
showed no effect of iron on height (data not shown). A
small but significant effect of iron on weight and MAC in
children 0–18 years of age was found only for doses of
40–66 mg of elemental iron per day. Since a base e loga-
rithmic transformation on the iron intake and parameters
of growth was applied, the overall b value represents the
difference in the ln-transformed predicted value of
weight for each one-unit difference in the ln-transformed
value in iron intake. An overall b of 0.02 from pooling of
trials on children supplemented with 40–66 mg iron daily
means that for every one-unit difference in iron intake (a
multiplication of the constant e), the difference in weight
is eb (= e0.02 = 1.02), which is 2%. This means, for example,
that a child with an iron intake of approximately 40 mg/
day has a weight that is 2% higher than one who has an
iron intake of approximately 14.7 mg/day.

Furthermore, the pooled estimate was significant for
a study duration of �12 weeks and for children �6 years
of age, but here it should be noted that these studies are
mostly the same as those that used doses 40–66 mg of
iron for intervention, so it is possible that it was the
effect of the dose, rather than the age of participants. The
results of the meta-analysis on anemic children showed a
slight impact of iron supplementation on MAC only.
Since only three studies used supplements other than
ferrous sulfate, it was not possible to assess the impact of
the other types of supplement, and exclusion of these
studies from the meta-analysis (i.e., inclusion of only
studies using ferrous sulfate) did not change the results.
These data suggest that duration of supplementation,
baseline iron status, and the type of supplement do not
influence the effect of iron on physical growth. Dose of
supplemental iron is probably an important factor,
judging by the results.

As for infants, children, and adolescents, no signifi-
cant increase of either the weight at birth or the length of
gestation in response to iron supplementation was
detected through the meta-analysis. These results are in
line with the results provided by the original RCTs. The
majority of the studies could at most show a positive
trend for both birth weight and gestational length after
iron supplementation, with percentages of the adverse
outcomes lower among pregnant women supplied with
iron than among those belonging to the control groups.
Only two RCTs found a significant difference in the out-
comes of interest between iron-supplemented pregnant
women and the control group: Cogswell et al.11 found that
both the birth weight of newborns (P = 0.01) and the
length of gestation (P = 0.049) were significantly higher
in iron-supplemented women than in women takingCo
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placebo; Siega-Riz et al.12 measured a significantly higher
(P = 0.03) birth weight after iron supplementation.

Even if prophylactic prenatal iron supplementation
is recommended in many countries and effectiveness on
iron status is recognized, some concerns exist about a lack
of adequate benefit of this approach in iron-sufficient
women.7,51,52 There was an overall lack of studies that were
specifically designed to determine the real benefits of
routine iron supplementation in iron-replete pregnant
women. In this context, RCTs that included anemic
women or that supplied elemental iron �100 mg/day
were excluded. In addition, the number of available trials
supplying low doses of iron was insufficient to run a
meta-analysis by different doses in order to quantify their
effect. Moreover, there were no relevant RCTs found that
evaluated the effects on pregnancy outcomes of iron
supplementation started in the second half of gestation,
even though the timing of maternal nutritional intake
and status may impact embryonal/fetal organ develop-
ment specifically and differently.53 Thus, the time of ini-
tiation and the dose of prenatal supplementation are
important issues to be considered. In addition, only
limited information related to clinical maternal and
infant outcomes was found. The lack of this information
does not allow critical evaluation of the clinical effective-
ness of routine iron supplementation.

The results presented here are in line with those of
two other systematic reviews, which also concluded that
iron intervention had no significant effect on growth in
children, even after stratification across age, duration of
supplementation, dosage of supplemental iron, and base-
line iron or anthropometric status.17,54 Although several
studies were included in this review as well as in the other
two reviews, the present review considers updated refer-
ences as well, while some studies included in the other
two reviews were excluded from the search in this review
due to the presence of malaria or the other severe diseases
in the study population. Unlike the present review, the
review of Sachdev et al.17 focused on weight-for-age,
weight-for-height, and height-for-age parameters, and
none of the other systematic reviews included pregnant
women, e.g., fetal growth. Furthermore, in this review,
estimation of the slope of the dose-response relationship
was attempted for the first time by calculating an overall
pooled estimate.

The influence of iron on the physical growth of
fetuses, infants, and children can be modified by many
other factors, e.g., low socioeconomic status, energy and
micronutrient inadequacy, iron bioavailability, and the
presence of infections. These factors were often present in
the studies included in this review. Studies varied with
respect to the dietary data available: in several studies,
dietary intake was not reported or the assessment method
was not validated in low-income populations.55 It is

worthwhile to note that diet composition could markedly
influence iron bioavailability, and therefore the potential
effect of differences in bioavailability can also be a con-
founding factor. Because of the adverse effects of disease
on iron status, all studies in subjects with malaria or other
severe diseases were excluded; however, hookworm infec-
tions were the rule rather than the exception in the
included trials. In all studies that reported parasitic infec-
tions in participants, a deworming treatment was applied
before intervention to eliminate the possible effects of
hookworm infections on the results obtained.

The strengths of this review include the selection of
data from double-blind RCTs and from different vulner-
able population groups as well as the comprehensive
evaluation of the methodological quality of the studies
included. All RCTs included in this review had a placebo
group, ensuring that all effects can be attributed to iron.
An important limitation of this review is the quality of the
RCTs included, since only 6 of 28 studies were of a high
quality, as assessed using the recommended criteria. The
exclusion of studies with a high or moderate risk of bias
made it impossible to perform a meta-analysis of MAC or
head circumference or in pregnant women; nevertheless,
even after the exclusion of all such studies, the results of
meta-analysis of height and weight in infants and chil-
dren remained unchanged.

CONCLUSION

In summary, the meta-analyses presented here demon-
strate that iron supplementation did not exert a signifi-
cant beneficial effect on the overall physical growth of
fetuses, infants, children, or adolescents. A slight effect
was found only on weight and MAC in children supple-
mented with 40–66 mg of iron. No effect in fetuses or
infants was detected, even after stratification across base-
line iron status, dose, and duration of supplementation.
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