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Introduction

Iron deficiency is among the most common nutritional deficiencies 
globally,[1,2] and it affects more than 20% of  the world’s population, 

as iron imparts an important role in the formation of  blood.[3,4] 
Iron deficiency often leads to anemia which is defined as having a 
blood hemoglobin (Hb) level below standard which usually results 
due to insufficient dietary intake of  iron, poor utilization of  iron 
from ingested food, or combination of  both.[5] The incidence of  
iron deficiency anemia (IDA) is higher among infants, teenagers, 
and women in the childbearing age, in both developed countries 
and in low‑ and middle‑income countries (LMICs).[6]
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Abstract

Micronutrients’ deficiency is a common phenomenon among a majority of the population residing in the low‑ and middle‑income 
countries (LMICs) especially among women and children. Given the widespread prevalence of micronutrients’ deficiency in LMICs, 
iron‑fortified foods could be of potential benefits for both the mother and the development of fetus. Present study aims to provide 
the evidence on the impact of iron fortification on hemoglobin (Hb) concentration during pregnancy and evaluates the specific 
maternal and pregnancy outcomes. We conducted systematic review by using search engines such as PubMed, Cochrane Library, 
Medline, EMbase, and secondary references. Meta‑analyses were performed to calculate summary estimates on Hb during pregnancy, 
low birth weight  (LBW), and preterm births. The weighted mean difference  (WMD) and relative risk  (RR) were calculated using 
random‑effects models. Sources of heterogeneity were explored through meta‑regression. Eight studies were included for the final 
analysis. The overall pooled estimate of Hb showed a significant increase in the fortification group compared with the control 
group [WMD = 4.45 g/L; 95% confidence interval (CI) = 2.73, 6.17 g/L; I2 = 83%, τ2 = 6.80, ρ <0.00001]. There has been a notable 
reduction in iron deficiency anemia (IDA) among pregnant women with substantial heterogeneity. Meta‑regression suggests that the 
duration of feeding was positively associated with the effect size. Present review provides an evidence for the substantial benefits 
of iron fortification during pregnancy for reducing preterm births and risk of LBW. The safety, efficacy, and effective delivery of 
iron fortification need further research. Systematic review registration: PROSPERO International prospective register of systematic 
reviews – CRD42018116931.
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Nutrition status in infancy, before conception, or during 
pregnancy has a significant influence on the health status 
among pregnant women and also for fetus/newborn. Iron 
deficiency contributes to one of  the highest prevalence of  
micronutrient deficiencies among pregnant women. Anemia 
affects approximately 41.8% of  all pregnancies globally, with 
iron deficiency accounting for half  of  the cases.[7]

As per the World Health Organization (WHO) estimates, about 
35%–75% (56% on average) of  pregnant women in LMICs and 
around 20% of  women from developed countries are anemic.[8] A 
large proportion of  women in the reproductive age especially in 
the developing countries are exposed to the possibility of  anemia 
during pregnancy[9,10] and projected to be at the risk of  multiple 
micronutrients deficiencies.[11] They are prone to deficiencies such 
as iron, folic acid, iodine, zinc, vitamins A and D, riboflavin, B6, 
and B12, with the likelihood of  adverse effects on childbearing 
mothers.[12-14]

Maternal IDA has adverse effects on birth outcomes including 
a greater risk of  low birth weight  (LBW) and preterm 
delivery.[15] Every year, more than 20 million infants are born 
with LBW worldwide.[16] About 3.6 million infants die during 
the neonatal period and two‑thirds of  these deaths occur in 
South Asia and sub‑Saharan Africa.[17] More than one‑third 
of  child deaths are attributable to maternal and child under 
nutrition.[18] LBW (birth weight <2500 g), small‑for‑gestational 
age (SGA; whose birth weight lies below the 10th percentile 
for a particular gestational age), preterm birth (birth before 
the 37th week of  gestation), stillbirth, perinatal (death from the 
28th week of  gestation through the first week after delivery), 
and neonatal mortality  (death within 28  days of  delivery) 
are notable adverse outcomes of  nutritional deficiencies in 
pregnancy.[15,19,20]

The incidence of  LBW in developing countries varies 
from 6% to 30%, and at least one‑third of  these are SGA, 
especially in settings with high rates of  maternal under 
nutrition. Also, there are evidences of  preterm births among 
them.[21‑24]

The role of  iron fortification in early nutrition programming 
for pregnant women needs to be emphasized for addressing 
the challenges faced due to inadequate awareness regarding the 
long‑term probable health consequences of  suboptimal iron 
intake during pregnancy. To overcome IDA, adequate disease 
control measures, dietary diversification, supplementation, and 
fortification in food have been adopted. Iron‑fortified food is 
considered to be a long‑term and sustainable strategy in the 
present scenario.[25] A systematic review and meta‑analysis is 
essential for exploring the impact of  iron‑fortified foods during 
pregnancy and its effect on growth of  fetus, to provide a basis 
for future research. We conducted a systematic review of  trials 
on iron fortification by comparing with placebo‑controlled trials. 
We also conducted a meta‑regression analysis to explore sources 
of  heterogeneity.

Methods

Search strategy and inclusion criteria
The steps in this process were conducted according to 
PRISMA  (Preferred Reporting Items for Systematic Reviews 
and Meta‑Analysis) guidelines for meta‑analysis.[24,26] We 
evaluated all the available literature and identified potentially 
relevant published trails on iron fortification during pregnancy 
and its effects on pregnancy outcomes, from January 1990 to 
December 2017. The databases searched included PubMed, 
Cochrane Systematic Reviews, World Health Organization 
Regional Databases, EMbase, Medline, ProQuest, selected 
databases (i.e. www.mdm.ca, www.eguidelines.co.uk, www.g‑i‑n.
org, www.ncchta.org, www.evidance.nhs.uk, www.nice.org.uk, 
www.omni.ac.uk, www.shef.ac.uk, www.sign.ac.uk, and www.
tripdatabase.com), and secondary references of  relevant literature. 
We used mesh terms such as iron fortification during pregnancy 
and outcome, micronutrient fortification during pregnancy, food 
fortification on pregnancy, multiple micronutrient fortification 
during pregnancy, dual and triple fortification on pregnancy, and 
prevalence of  iron fortification during pregnancy outcomes.

We applied the following inclusion criteria:  (i) all prospective 
randomized, controlled trials (RCTs) evaluating iron alone and 
iron with multiple micronutrient fortification in women during 
pregnancy; (ii) only trials that compared an intervention group 
receiving iron fortification with a placebo control group; (iii) only 
trials that examined any of  the following outcome: birth weight, 
LBW, preterm birth, SGA, perinatal deaths, and neonatal death; 
and (iv) RCTs evaluating change in Hb levels with intervention 
that included iron and multiple micronutrient fortification in 
comparison to control alone or iron alone were analyzed. We did 
not conduct subgroup analyses with respect to different dosages 
of  iron fortification.

Data extraction and quality assessment
We have identified and read the title and abstracts of  the studies 
in the web search and excluded the studies which were irrelevant. 
Furthermore, full text was retrieved for the included studies. Only 
the peer‑reviewed published studies were included to avoid any 
publication bias. The extraction of  data consisted of  obtaining 
sample size, age, duration of  intervention, levels of  fortification, 
and measures of  outcome in the intervention and control 
groups. The search, data extraction, and quality assessment were 
completed independently by two content experts according 
to the inclusion criteria and confirmed using recommended 
criteria for RCT.[27‑29] Concealment of  allocation was classified 
as “adequate,” “unclear,” “inadequate,” or “not used,” based 
on randomization, blinding, and reporting of  withdrawals. 
Blinding was classified as “double blinding,” “single blinding,” 
“no blinding,” or “unclear.” In designs using two or more 
different intervention groups (different levels of  fortification or 
administration regimens) and a single control group, the sample 
size of  the control group was equally allotted to the number of  
intervention groups while retaining the same mean value for the 
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change and its outcome measures. In reporting such designs, 
each intervention subgroup was analyzed separately. Thus, some 
studies contributed more than one intervention component with 
a single control group for the statistical analysis and resulted in a 
greater number of  trials than the number of  studies included.[27]

Statistical analysis
The major focus of  the study was to look into the mean change 
in Hb concentration due to the consumption of  iron‑fortified 
foods. The effect size, which is the difference in means between 
the iron‑fortified and the control groups, is referred to as the 
weighted mean difference (WMD) and was calculated for each 
included trials.[30] Similarly, the relative risk (RR) was calculated 
for selected trials.[31] Once an effect size was estimated for each 
trial, the overall effect of  these results was assessed by Cochrane’s 
Q statistic, which measures consistency among studies.[32,33] The 
Q test was computed under the assumption of  homogeneity 
among the effect sizes and the statistic follows the Chi‑square 
distribution with k‑1 degrees of  freedom  (dfs), where k is 
the number of  studies. Another method for quantifying the 
heterogeneity among the studies in a meta‑analysis consists of  
estimating the variance (τ2) between studies. The parameter I2 
quantifies the percentage of  total variation in study estimates 
due to heterogeneity rather than sampling error.[33] The overall 
WMD and the RR of  these results were measured for sampling 
error (homogeneous; τ2 = 0). A fixed‑effects model was applied to 
obtain the pooled effect size with 95% confidence interval (CI). 
If  heterogeneity exists (τ2 > 0) than in that case, a random‑effects 
model is performed. The heterogeneity of  results was depicted in 
the form of  a forest plot.[27,32] Forest plot typically for each study 
represents a blob in the middle of  the 95% CI that characterizes 
the RR estimates. The pooled or combined result of  the WMD 
and RR in effect size is denoted by a diamond, with the width 
of  95% CIs for the combined data  (Noble, Stephanie 2019). 
A vertical line indicates no effect and to differentiate between 
the trails which favor the intervention or the control group.

The forest plot also shows Cochrane’s Q statistic, τ2, df, I2, Z, 
and ρ value. An I2 > 50% indicates a significant heterogeneity 
between the trials.[34] Publication bias was assessed with the 
funnel plot and Egger regression test. This is equivalent to a 
weighted, linear, ordinary least squares (OLS) regression model 
with standard error (SE) as a covariate.[35,36] If  there are evidences 
of  heterogeneity, a meta‑regression approach is used to test 
the heterogeneity by relating study characteristics. The major 
confounders were identified, followed by a meta‑analysis to 
estimate the net pooled effect size, after standardizing the effect 
of  confounding variables. Statistical analyses were performed with 
Review Manager (RevMan) software version 5.3 and STATA 14.

Results

Trail flow
A total of  963 studies were identified, of  which 880 were 
excluded initially as they were not fitting into our selection 

criteria. These excluded studies were not relevant to the purpose 
of  the present analysis, as they were not RCTs. Further with 
the screening of  the titles, 83 potentially relevant studies were 
included. Finally, 13 studies were selected for inclusion in 
meta‑analysis. Out of  the total included studies, two of  each were 
eligible for LBW and preterm birth outcomes. Furthermore, we 
have evaluated the impact of  intervention on major outcomes 
such as Hb concentrations during pregnancy, LBW, and preterm 
births [Figure 1].

Study characteristics and data synthesis
The baseline characteristics of  all included studies[36‑43] such 
as the location, initial sample size, type of  intervention, 
participants, duration of  the study, age of  the participants, levels 
of  fortification, intervention composition, and limitations are 
taken into consideration for the analysis.

The results from the meta‑analysis indicate that the mean change 
in Hb concentration was significantly higher in the group of  
mothers with iron fortification when compared with the control 
group (n = 3872; WMD = 4.45 g/L, 95% CI = 2.73, 6.17 g/L; 
I2 = 83%, τ2 = 6.80, ρ < 0.00001), as depicted in the forest 
plot [Figure 2].

Significant heterogeneity was observed for the mean Hb 
concentration among the included trials. All statistical tests of  
heterogeneity such as Q statistic (χ2 = 63.14, df  = 11), which 
was more than df; τ2 greater than zero (τ2 = 6.80); and I2 greater 
than 50%  (I2  =  83%), which were higher than the expected 
value, indicate toward heterogeneity in the included studies. 
We have used meta‑regression analysis to detect the source 
of  heterogeneity and indicated that the duration of  the intake 
of  fortified food was positively related to the effect size. The 
significant differences in the extent of  improvement in Hb levels 
are shown in the forest plot  [Figure 2] which may be due to 
the differences in the feeding regimens of  iron‑fortified foods 
during pregnancy. The funnel plot [Figure 3] was symmetrical, 
indicating that there was absence of  any publication bias 
which was confirmed using Egger’s weighted regression 
method (Egger test, ρ = 0.69).

There have been evidences of  marginal reduction in the LWB 
and preterm births, as shown in Figure 4. There were instances 
of  reductions in iron deficiency during pregnancy and in the 
fetus growth due to iron fortification. Although there was lack 
of  heterogeneity among the groups in terms of  LBW and 
preterm births, there has been a slight reduction in LBW by 
18% (n = 2688; RR = 0.82; 95% CI = 0.65, 1.05; I2 0%) and in 
preterm births by 26% (n = 2811; RR = 0.74, 95% CI = 0.43, 
1.27; I2 = 79%).

Discussion

The significance of  maternal nutrition both before conception 
and during pregnancy is increasingly recognized among the 
scientific and medical community and among women not only 
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for her own health but also for the growth of  fetus and her 
child. Early nutritional programs during pregnancy and during 
lactation should be influenced by maternal nutrition requirements 
which are of  critical concern. Increased requirement for iron, 
folic acid, and iodine before and during pregnancy is generally 
not available in well‑balanced diet; rather, they can be provided 
by food fortification to address their requirements.

The current meta‑analysis of  eight studies consists of  12 trials 
which indicates that iron fortification was positively correlated 
with increased Hb concentration in intervention group when 
compared with the controls. However, there were evidences 
of  heterogeneity in the study results across the trials. The 
intervention in terms of  iron fortification varies among the trials; 
hence, the results should be interpreted cautiously.

We  have  used  sequent i a l  s t a t i s t i c a l  methods  to 
verify the implementation of  iron‑fortified foods which improve 
the Hb concentration in the beneficiaries. While performing the 

meta‑analysis, presence of  any notable heterogeneity influences 
the results. We have used Q statistic, τ2, and I2, to test the 
heterogeneity and the results are shown in the form of  a forest 
plot.[44] The results of  included trials in the analysis show the 
mean difference in Hb concentration  (4.45  g/L). It indicates 
that iron fortification improves the mean Hb level among the 
pregnant women.

Furthermore, the results indicate toward higher value of  Q 
than the dfs. It shows the presence of  heterogeneity and 
significant variations in the mean Hb concentration between the 
intervention and control groups due to the systematic underlying 
differences.[45,46] The value of  τ2 also indicates that the variance of  
WMD and RR was more than zero, which confirms the presence 
of  heterogeneity among the trials.[47,48]

Another measure of  heterogeneity, the I2 statistic, which is 
a derivative of  Q, was more than 50%, also suggests toward 
heterogeneity among the trials.[49,50] Due to the presence of  
heterogeneity among the included trials, random‑effects 
meta‑analysis was performed rather than fixed‑effects 
meta‑analysis.[51] The random‑effects meta‑analysis indicates a 
significant impact of  iron fortification on Hb concentration,[27] 
LWB, and preterm births among the beneficiaries. It provides 
an evidence‑based result, which suggests that iron‑fortified 
food significantly reduces iron deficiency and anemia among 
pregnant women.[27,52] Furthermore, meta‑analysis regression was 
performed to understand the net effect of  iron‑fortified food on 
Hb concentration and to explore the effect of  confounders such 
as levels of  fortification, age, and duration of  intervention.[27,53] 
It was observed that feeding of  fortification is an effective 
confounder.

Figure  1: Flow diagram for inclusion in this study of randomized, 
controlled trials assessing the effect of iron‑fortified foods

Figure  2: Effect of iron fortification on mean Hb concentration in 
comparison to no treatment or placebo control during pregnancy

Figure 3: Funnel plot of the included trials that evaluated the effect of 
iron fortification on Hb concentration during pregnancy

Figure 4: Impact of iron fortification on (a) LBW and (b) preterm birth 
in comparison to no intervention or placebo control

b

a
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Another important step in meta‑analysis is the publication bias, 
which results in inflated estimates. There were evidences of  
heterogeneity among the trials, as few of  the trials were not fit 
to the funnel.[54‑57] Egger’s regression test  (Lindsay 1997) also 
suggests that there was absence of  any publication bias in the 
study (ρ = 0.69). However, concerns have been raised in terms of  
benefits of  iron supplementation and its probable side effects. Few 
studies have reported that there have been some adverse outcomes 
of  the use of  iron supplementation during pregnancy.[58-60]

Though studies have indicated that consumption of  iron 
supplementation during pregnancy has a positive impact on 
maternal iron status at birth, they have not indicated toward 
reductions in characteristics that are correlated with maternal 
anemia, increased risk of  preterm birth, and LBW.[15,20] In general, 
it is assumed that the iron status of  the fetus during pregnancy 
is quite independent of  maternal iron status, except if  possibly 
when the infants are delivered by severely anemic women.[61‑63]

This study emphasizes the need for primary care and nutritional 
awareness among the reproductive age group women regarding 
the short‑ and long‑term benefits of  an iron‑fortified food. Low 
intake of  iron is of  significant clinical relevance among pregnant 
women as it results in adverse health outcomes for both the 
mother and the growth of  the fetus. Healthcare professionals 
should become more proactive in supporting women during 
pregnancy to follow iron‑balanced diet or selection of  good 
sources of  iron‑fortified food. Availability of  evidence‑based 
information and target education of  healthcare professionals 
need to be enhanced as there is lack of  awareness regarding 
the potential benefits of  iron‑fortified food for women during 
pregnancy. Healthcare professionals also require adequate 
information and awareness regarding the role of  iron‑fortified 
food during pregnancy. The intake of  iron‑fortified food varies 
globally as each region has its own unique challenges and 
necessities. Therefore, the most appropriate feeding regimen 
needs to be designed according to the requirements of  primary 
care among the reproductive age women. Similar principle 
is applied for public awareness programs due to cultural 
dissimilarities and varying levels of  education.

Conclusion

Iron deficiency and IDA are prevalent among pregnant women. 
The extent to which iron deficiency affects maternal and neonatal 
health is uncertain. This study suggests that maternal IDA may 
be associated with adverse outcomes, including preterm birth, 
LBW, higher maternal mortality, and inferior neonatal health. 
A sizeable proportion of  pregnant women are affected so as 
the development of  fetus, due to these deficiencies especially 
among the LMICs such as India. There is a crucial need for 
formulating appropriate interventions and policies which are 
designed to prevent micronutrient deficiencies and in turn loss 
of  human potential. Further research is required to explore the 
benefits of  iron fortification on maternal and neonatal health 
outcomes during pregnancy.
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