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Abstract

Background Iron deficiency anemia is a common public health issue among women of reproductive age (WRA)
because it can result in adverse maternal and birth outcomes. Although studies are undertaken to assess iron efficacy,
some gaps and limitations in the existing literature need to be addressed. To fill the gaps, we conducted a systematic
review and meta-analysis of randomized controlled trials (RCTs) assessing the role of iron in reducing anemia among
WRA in low-middle-income countries (LMICs).

Methods A comprehensive search strategy was used to search Medline through PubMed, Embase, and Science
Direct for RCTs published between 2000 and 2020. The primary outcome was the mean change in hemoglobin level.
We used standardized mean differences and their respective 95% Cl to estimate the pooled effect. We used I statistics
and Egger’s test to assess heterogeneity and publication bias, respectively. This review was carried out in accordance
with revised guidelines based on the Preferred Reporting Items for Systematic Review and Meta-analysis.

Results The findings showed that iron therapy improved hemoglobin and ferritin levels, though the results varied
across studies. An overall pooled effect estimate for the role of iron therapy in improving the hemoglobin levels
among WRA was -0.71 (95% Cl:-1.27 to -0.14) (p = 0.008). Likewise, the overall pooled effect estimate for the role of
iron therapy in improving the ferritin levels among WRA was -0.76 (95% Cl: -1.56 to 0.04) (p=0.04). The heterogene-
ity (1) across included studies was found to be statistically significant for studies assessing hemoglobin (Q = 746.93,
12 =97.59%, p=0.000) and ferritin level (Q=659.95, 1> = 97.88%, p = 0.000).

Conclusion [ron therapy in any form may reduce anemia’s burden and improve hemoglobin and ferritin levels,
indicating improvement in iron-deficiency anemia. More evidence is required, however, to assess the morbidity
associated with iron consumption, such as side effects, work performance, economic outcomes, mental health, and
adherence to the intervention, with a particular focus on married but non-pregnant women planning a pregnancy in
the near future.
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Background

Iron deficiency anemia is a significant concern for
women of reproductive age (WRA) because it can have
adverse maternal and fetal outcomes [1]. Because of the
severe consequences of anemia for both WRA and their
offspring, the World Health Organization (WHO) has
prioritized iron deficiency anemia on the global health
agenda [2]. The existing literature reveals that anemic
pregnant women are more likely to have miscarriages,
intrauterine growth retardation, preterm births, still-
births, babies born with low birth weight (LBW), and
neonatal mortality [3—6]. Previous studies, for example,
show that a 10 gm increase in hemoglobin levels results
in a 30% decrease in maternal deaths, indicating a lin-
ear relationship between anemia and maternal mortality
[7]. Similarly, anemia during pregnancy contributes to
25% of LBW, 44% of preterm births, and roughly a quar-
ter of stillbirths and neonatal deaths in resource-limited
settings [8]. A meta-analysis found that anemia during
pregnancy increased the risk of premature birth [9]. Fur-
thermore, according to a WHO multi-country survey,
severe anemia doubles the risk of maternal death [10].

While anemia is prevalent among WRA in both high
and low and middle-income countries (LMICs), the latter
experience a higher burden of anemia [11, 12]. Anemia
affects approximately 66.7% of WRA in LMICs, possibly
due to a poor diet caused by food insecurity, parasitic
infections, and decreased iron absorption [13, 14]. Ane-
mia affects roughly half a billion women worldwide, with
South-East Asia accounting for 42% of those affected, fol-
lowed by Africa and the Eastern Mediterranean [15]. In
South Asian and African countries, approximately 50% of
the burden of anemia among WRA is due to iron defi-
ciency [16, 17]. For example, the burden of anemia ranges
between 50 to 90% across diverse states of India [18-20].
Similarly, anemia affects 34.5% to 56.8%, 63.1%, and more
than a third of the WRA in Ethiopia, Uganda, and Bang-
ladesh, respectively [21-24].

While the etiology of anemia is multifactorial, inad-
equate iron store as a result of poor nutrition has been
identified as an important risk factor for anemia among
WRA [25, 26]. Women of reproductive age are more
likely to suffer from iron deficiency due to menstruation,
and this risk increases during pregnancy due to increased
metabolic demands of pregnancy and fetal growth [25,
26]. To address the high prevalence of anemia, the WHO
proposes to distribute iron supplements to all WRA in
regions with an anemia burden of more than 20% [27].

Even though several interventions have been shown
to reduce the global burden of anemia by 12% between
1992 and 2011, such interventions did not benefit WRA
living in LMICs [28]. In addition, numerous epidemio-
logical studies, including randomized controlled tri-
als (RCTs), are being conducted to evaluate the role of
iron in reducing the burden of anemia among WRA in
LMICs. The findings of these RCTs have been synthe-
sized in a few systematic reviews and meta-analyses;
however, these meta-analyses from the last ten years
are not without gaps and limitations. For instance, a
Cochrane review by Low Yuan et al. (2016) assessed
the effect of iron therapy in reducing anemia among
menstruating women [29]. This review only included
non-pregnant women and excluded pregnant women
with a higher burden of anemia during pregnancy and
requiring special care to avoid the negative feto-mater-
nal outcomes associated with iron deficiency anemia
[29]. In contrast, another systematic review that was
undertaken in 2015 only focused on pregnant women
and excluded non-pregnant women [30]. Haider et al.
(2013) conducted a meta-analysis to evaluate the effect
of iron therapy, but the study results were largely based
on observational cohort and quasi-experimental stud-
ies, which are not free of residual and unmeasured
confounding [31]. Finally, rather than studying iron
deficiency markers as an outcome, Pasricha et al. (2014)
conducted a meta-analysis on iron therapy’s effect on
women’s physical exercise [32].

As previously stated, the limitations of existing
reviews limit the capacity of health professionals and
decision-makers in LMICs to address the problem of
iron deficiency in both pregnant and non-pregnant
women. Given the existing gaps in the literature, a sys-
tematic review of randomized controlled trials (RCTs)
was required to assess the effect of only iron therapy in
reducing anemia, primarily among pregnant and non-
pregnant women living in LMICs. Hence, we conducted
a systematic review and meta-analysis of RCTs to assess
the existing evidence on the efficacy of iron therapy in
lowering the burden of anemia and improving iron defi-
ciency markers among WRA in LMICs. This review will
help health professionals, researchers, and decision-
makers in LMICs make evidence-based decisions when
prescribing iron therapy to WRA. As a result, the high
prevalence of iron deficiency anemia among WRAs liv-
ing in resource-limited settings will be addressed.
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Material and methods

Searching strategy

The updated Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were
employed to undertake this review and meta-analysis
for the qualitative and quantitative synthesis of litera-
ture [33]. We focused on reviewing the evidence for the
efficacy of iron as a therapy or intervention to reduce the
burden of anemia among WRA in LMICs. Using key-
words and specific search terms such as Medical Sub-
ject Headings (PubMed) and Emtree, a systematic search
of three major electronic databases, including Med-
line through PubMed, Embase, and Science Direct, was
undertaken.

Eligibility criteria

Before conducting a systematic review of the literature
and meta-analysis of the studies, we defined eligibility
criteria to include the relevant studies undertaken pre-
dominantly in LMICs. World Bank’s 2018 guidelines of
country classification were used to define a country as
an ‘LMIC’ The eligibility of a study was contingent on
being primarily an RCT assessing the efficacy of iron in
decreasing anemia among women aged 15-49 years in
LMICs and being published in the English language in
a peer-reviewed scientific journal from January 2000 to
December 2020. A form to screen the studies based on
eligibility criteria is given in Table 1.

Eligibility criteria were categorized into four major
headings using PICO (population, intervention, compari-
son, and outcome) algorithm (Table 2) [34]. The popula-
tion for the current review was women of reproductive
age (pregnant and non-pregnant women). The interven-
tion was considered an iron supplement alone or in com-
bination with folic acid or other micronutrients, taken
orally or intravenously in a dosage of 60 to 100 mg daily
for at least one month. To have the potential benefits of
60 to 100 mg of iron in reducing anemia and improving
hemoglobin levels, WRA should have consumed iron for
at least one month [35]. Since the evidence suggests that
iron should be taken by WRA for at least 3 to 4 weeks
to show its benefits, we decided to include RCTs where
women were given iron for at least one month [35, 36].
Women in the control or comparison group received no
iron supplement, a placebo, or any other mineral such as
zinc, vitamin A, or B12 without iron or a different dose
of iron than the defined intervention (details below). The
primary outcome of the review is the improvement in
the mean hemoglobin levels of women at the end of the
intervention (details below). Lastly, the study design was
either individual or cluster randomized controlled trials

Page 3 of 22

conducted in hospitals or communities. To include the
most appropriate research articles that meet the eligi-
bility criteria, we used filters on the year of publication
(2000-2020), gender (females), age of study participants
(15-49 years), language (English), and study designs
(RCTs).

Intervention and primary outcome

Iron therapy in the form of tablets/ syrup/ injectables
administered daily, weekly, or monthly in the case of
injectables was proposed as an intervention. In addition,
we considered interventions that evaluated the effect
of iron and folic acid supplementation in addition to
the usual iron-rich diet. The main outcome is a change
in the mean hemoglobin level. We included RCTs that
used hemoglobin levels (grams per deciliter (g/dL)) to
label a WRA as anemic using the WHO proposed cut-
offs of hemoglobin level of<12.0 g/dL or Hct<36%
and<11.0 g/dL or Hct<33.0% for non-pregnant and
pregnant women respectively (52). The secondary out-
comes were the prevalence of anemia, mean serum fer-
ritin, serum transferrin, and serum iron at the end of the
intervention.

Sources of information and search strategy

A systematic literature search was performed electroni-
cally to assess the efficacy of iron as a therapy to reduce
anemia among WRA in LMICs. Two authors searched
the databases independently for studies using a com-
bination of search terms developed in response to the
proposed research question. As a first step, four princi-
pal concepts, including (anemia, WRA, iron therapy, and
LMICs) were identified. This was followed by using the
synonyms of these major concepts, such as low hemo-
globin/hematocrit level (anemia), married women/mar-
ried pregnant women/ married non-pregnant women,
iron/iron supplements/iron therapy/iron regimen (Inter-
vention), and developing countries/poor-resource coun-
tries/ resource-constrained countries/less developed
countries (LMICs). Besides, we used different spellings of
these concepts, such as “anemia vs. anemia” and “hemo-
globin vs. hemoglobin” to obtain appropriate studies.
Then, to find more research studies with the same root
word, we combined the major concepts using combina-
tions (AND, OR) and truncation (*). Further, indexed
keywords in the Medical Subject Headings (MeSH)
were used to ensure uniform search terms. Initially, the
search strategy (shown in Table 3) was developed using
the PICO framework. The search strategy was further
refined, and finally, the below search strategy was used to
search three databases.
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Table 1 Screening form to assess the eligibility of the potential research articles

Study Characteristics Page/
Para/
Figure #

Type of Study
(Interventional studies)

Study Participants
(Studies involving women of reproductive
age 15-49 years

Study setting: Developing countries

Follow the list of all developing countries of
Asia and Africa based on World bank defini-
tion of 2018

Intervention
(Studies will be included that have measured
the efficacy and effectiveness of iron)

Types of outcome measures

(anemia or hemoglobin levels): defined as
Hb < 12.0 g/dl or Hct < 36% among non-
pregnant women, and Hb < 11.0 g/dl or
Hct < 33.0% among pregnant women

Year of Publication
2000 to 2020

Language of the published article
English language

Type of journal
Peer reviewed journal (Check from the list of all
relevant journals or run a google search)

Summary of Assessment for Inclusion
Include in review ]

Independently assessed by two authors, and
then compared?
Yes[] No[J

Notes:

[ Observational study
- [ Case-control

- Cross-sectional

- Cohort

[ Qualitative study
- Exploratory

« Descriptive

- Ethnography

- other

[ Interventional study

«[J Randomized controlled trial
[ Quasi-experimental study
[ Pre-post design

[ Other design (specify):

Does the study design meet the criteria for inclusion?

Yes []No [] — Exclude Unclear ]
Describe the participants included:

Are participants defined as women of repro-
ductive age from 15-49 years?

How is the age or gender defined?

Do the participants meet the criteria for inclu-
sion?

Is the study conducted in developing
countries?

Intervention

Does the study measure the efficacy and effec-
tiveness of iron in reducing anemia ?

Does the study measure the effects of iron (in
any form) in reducing anemia ?

List outcomes:

Do the outcome measures meet the criteria for
inclusion?

Is the identified article published between 2000
and 20207

Is the identified article published in English
language?

Is the identified journalpeer reviewed?

Exclude from review []
Differences resolved Yes [] No [

Yes []No [J Unclear ]
Details:

Details:
Specific age group and gender (e.g. men /
women):

Yes []No [J — Exclude Unclear ]

Yes (] No [ — Exclude Unclear ]
Specify the region: ————- -
Specify the country:———————

Yes []No [ — Exclude Unclear
Yes []No ] — Exclude Unclear

Give definition of anemia used by author:
Yes []No [J — Exclude Unclear]

Yes []No [J — Exclude Unclear ]
Specify the year———

Yes []No ] — ExcludeUnclear [
Specify the language———-

Yes []No ] — ExcludeUnclear ]
Specify the journal ————

“«

dle-income countries)’.

ron therapy OR iron intervention OR oral iron
[MeSH Terms]) AND (anemia* OR iron deficiency
anemia*) AND (women OR married women* OR
pregnant or non-pregnant women*) AND (poor
countries OR developing countries OR low-mid-

Study selection

We used endnote software to handle research articles
exported from the databases [37]. During the study selec-
tion process, title and abstract screening were conducted
by two review authors independently. All research arti-

cles were screened by study title using Endnote software,
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Attribute

Inclusion Criteria

Exclusion Criteria

Population

Intervention

All studies included women of reproductive age from 15 to

49 years of age

Studies involving pregnant or non-pregnant women and married
or non-married women of reproductive age from 15 to 49 years
of age

All interventional (experimental) studies have measured the
effect of iron therapy on the reduction of anemia

Comparison The comparison group is the women who are given interven-
tions other than iron or assigned to a placebo

Outcome Anemia is measured objectively and defined as Hb < 12.0 g/dl or
Hct < 36% among non-pregnant women, and Hb < 11.0 g/dl or
Hct <33.0% among pregnant women

Study Designs  Intervention Studies include both randomized and non-rand-
omized controlled trials

Language Studies available in the English Language

Period Studies were published between January 2000 to December

Type of journal

2020 to capture a wide range of recently published literature
Studies published in peer-reviewed local and international

Studies involving children or elderly under the age of 15 or over
the age of 49 years
Studies focused on men of any age

Studies have measured the impact of any other intervention (other
than iron) on anemia

Not applicable

Studies that have measured outcomes other than anemia such as
nutritional deficiencies, food insecurity, etc. as a proxy indicator of
anemia

Non-experiment observational quantitative studies (cross-sec-
tional, case—control, cohort), pre-and post-test designs, com-
mentaries, editorials, symposium proceedings, systematic reviews,
secondary articles, and qualitative studies

Studies that are not available in English translation

Studies published before January 2000

Studies published in non-peer-reviewed journals

journals

Table 3 Search strategy according to PICO criteria

Population

‘women* [Mesh] OR ‘women*reproductive age* OR pregnant* OR married* OR non-pregnant* OR‘married woman*' OR 'married

pregnant woman' OR 'married non-pregnant woman' OR ‘pregnant women'reproductive age’ OR 'non-pregnant women'reproductive

age'[Mesh]) AND
Intervention

Iron supplements OR Iron therapy OR Iron tablets [MeSH Terms]) OR Iron fish [MeSH Terms]) OR Iron fortification [MeSH Terms]) OR iron

medication [MeSH Terms]) OR iron in any form [MeSH Terms]) OR iron syrup [MeSH Terms]) OR iron rich diet[MeSH Terms]) OR iron rich

fruits, vegetables, meat [MeSH Terms]) AND
Comparison
Outcome

The comparison group is women who are given interventions other than iron or assigned to a placebo
Anemia OR Hemoglobin levels OR Hemoglobin concentrations OR Hemoglobin status OR low Hemoglobin levels OR low Hemoglobin

concentrations OR ‘low hematocrit levels'OR Anemia symptoms OR paleness AND

followed by screening the study abstracts of the short-
listed articles. This was followed by full-text screening
conducted by two review authors independently. The full
texts of the shortlisted articles were then retrieved and
screened against the inclusion and exclusion criteria. A
third reviewer, an expert in the field, resolved disagree-
ments between the two. Before ruling any study ineligi-
ble, both reviewers independently reviewed the full texts
of the articles, and each reviewer provided strong justifi-
cation. The third reviewer made the final decision to con-
sider an article relevant. The flow diagram generated to
illustrate the study selection process is shown in Fig. 1.

Data collection process

Two independent reviewers completed a customized
data extraction sheet for each eligible research article. To
ensure that all important results and conclusions were
considered in the review, the data extraction tables of
the two independent reviewers were tallied. We enlisted

the help of a third evaluator to resolve any conflicts or
discordant information between the data extraction
processes of two independent reviewers. Furthermore,
existing research studies on the identified topic were
reviewed to identify key items for the data extraction
form. The data extraction form includes the follow-
ing items: study name and author with publication year,
study location, sample source, the sample size of both
intervention and control groups, characteristics of study
participants: baseline hemoglobin (g/dl), type of par-
ticipants, age category, length of follow-up, intervention
type and mode of administration, blinding procedure,
randomization method, and key findings for the primary
and secondary outcomes.

Assessment of risk of bias

Overall quality was assessed using a revised Cochrane
risk-of-bias tool for RCTs (RoB 2.0), which assesses
“selection, performance, attrition, detection, and
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Identification of studies via databases

)
s
E=} RCTs identified from: Records removed before
§ Pubmed (n =114 ) > screening:
b3 Embase (n =218) Duplicate records removed
§ Science Direct (n =219) (n=39)
:
'S
Records screened Records excluded
—>
(n=512) (n = 386)
v
Studies sought for retrieval Reports not retrieved
—>
= (n=126) (n=87)
e
@
o
] \4
Studies assessed for eligibility Reports excluded:
(n=39) Reason 1: Reviews (n =9 )
Reason 2: Not focused on
WRA (n=7)
Reason 3: Animal studies (n
=4)
—J
v
B Studies included in review and
= meta-analysis
] (n=19)
=

Fig. 1 PRISMA 2020 flow diagram summarizing the identification and selection of relevant Randomized Controlled Trials

reporting bias by evaluating reported sequence gen-
eration, allocation concealment, blinding of participants
and personnel, incomplete outcome data, selective out-
come reporting, and other possible sources” [38]. Two
independent review authors assessed the risk of bias.
The conflict or disagreement between two independent
review authors regarding the risk of bias assessment was
resolved by a thorough discussion between two review-
ers, and a third reviewer was invited if the two inde-
pendent reviewers did not resolve the conflict. A high
risk of bias was recognized if randomization or alloca-
tion concealment was either absent or judged at a higher
risk, participants were not blinded, or there was high or
imbalanced attrition across the groups. All RCTs that
did not fulfill this criterion were categorized as studies
with a low risk of bias. We synthesized the findings of the
risk of bias, and the degree of bias was rated as low, high,
or unclear. A final graph was generated to visualize the
extent of bias in all eligible studies. Further, we assessed
publication bias by constructing and assessing the asym-
metry of funnel plots.

GRADE assessment for overall certainty of the evidence
Using the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation), we assessed
the certainty of evidence [39]. The GRADE provides a
reproducible and transparent framework to grade the
certainty of evidence. Two independent review authors
assessed GRADE. The GRADE assessment helped to rate
the certainty of the evidence of iron therapy in improv-
ing anemia. The two authors independently assessed the
certainty of the evidence for different outcomes such as
serum hemoglobin, ferritin, iron, transferrin, and anemia.
Since we included all RCTs in the review, the evidence
was initially set as highly uncertain due to a lack of resid-
ual confounding. However, to increase our confidence
for high certainty of the evidence, we used five additional
criteria (risk of bias in individual RCTs), inconsistency of
findings between RCTs, indirectness of evidence, impre-
cision of the estimate, and publication bias to make a
conclusion about the overall certainty of evidence [39].
We ultimately developed a summary of findings (SoF)
table using GRADE.
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A narrative synthesis of eligible studies

Before conducting a quantitative analysis of the same
studies, we conducted a narrative synthesis of the eligi-
ble studies. To begin, we conducted a descriptive analy-
sis on all of the final shortlisted full-text RCTs to collect
information on the authors, publication year, study loca-
tion, sample source, the sample size of both intervention
and control groups, characteristics of study participants:
baseline hemoglobin (g/dl), type of participants, age cat-
egory, length of follow-up, intervention type and mode
of administration, blinding procedure, and method of
randomization. To begin, two reviewers thoroughly read
the full text of the articles to extract data and summarize
the key findings. The same reviewers then recorded ana-
lytical interpretations of the findings to identify impor-
tant emerging themes. Finally, they highlighted the role
of iron in decreasing anemia among WRA in LMICs by
summarizing the relevant findings for the primary and
secondary outcomes.

Statistical analysis for quantitative results

Open Meta[analyst] software was employed to analyze
the data retrieved from all eligible studies [40]. We used
the standardized mean difference (SMD) and its respec-
tive 95% confidence interval (CI) to identify differences
in hemoglobin mean across intervention and comparison
groups. We used fixed effects (Mantel-Haenszel method)
and random effects (DerSimonian and Laird method)
meta-analysis models to compute summary estimates
for the overall effect of iron. The primary analysis used
a random effects model to generate a pooled effect esti-
mate for the primary and secondary outcomes. Because
of true differences in the prevalences of causal partners,
it is reasonable to expect that effects will vary across
populations. Since the eligible RCTs were from different
international populations, using a random effects model
was considered the most conservative analysis. Although
we used a commonly used fixed effect model at first, the
fixed effect model may understate the uncertainty of our
findings [41]. Furthermore, the fixed effects model gen-
erated narrow confidence intervals that failed to account
for actual variance between studies [41]. Also, the fixed
model assumes that studies are drawn from popula-
tions with the same effect size, which may not be true
for real-world data [42]. On the other hand, the random
effect model assumes that studies are drawn from popu-
lations with varying effect sizes, which seems reasonable
[42]. As a result, we kept the results from random-effects
models rather than the fixed-effects model. Forest plots
were created to visually inspect the degree of hetero-
geneity and demonstrate individual and pooled effects
across eligible RCTs. Q-statistics and I* were employed
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to quantify heterogeneity. Significant heterogeneity was
found to exist when I? was more than 50%, and a p-value
of <0.05 was used as a criterion for statistically significant
results. Moreover, funnel plots were examined for asym-
metry to identify publication bias. Because not all studies
measured all iron deficiency markers, such as transferrin
receptor or serum iron levels, we did not include these
outcomes in the quantitative synthesis; instead, the find-
ings were summarized using a narrative.

Results

Findings for the study selection process

Five hundred fifty-one RCTs were extracted from various
databases, with 39 duplicates removed and 512 unique
RCTs identified for further screening. Based on the eli-
gibility criteria, 386 irrelevant titles and abstracts were
removed after screening. After reviewing 126 identified
abstracts, 87 studies were removed, including review
articles, animal studies, secondary analysis, and in vitro
studies. We read the full texts of 39 records and excluded
20 RCTs based on the inclusion and exclusion criteria.
Finally, 19 studies were included in our review and meta-
analysis (Fig. 1).

Study characteristics of the eligible studies

A sample size of 19 studies ranged between 50 to 988
participants. However, the total sample size in the inter-
vention (n=2230) and control (#=2281) groups was
comparable. Most studies were conducted in India
(n=10), followed by Pakistan (n=2) and Bangladesh
(n=2). One study was conducted in Nigeria (n=1), Viet-
nam (n=1), Tanzania (n=1), Peru (n=1), and Indone-
sia (m=1). The majority of the studies were conducted
in hospitals, including antenatal clinics and tertiary care
OBGYN clinics (n=14), followed by community-based
sampling (n=4) and participants from factory settings
(n=1). Baseline average hemoglobin (g/dl) for the inter-
vention group ranged between 8.38+1.41 to 12.5+1.14,
and for the control group, it ranged between 8.27 +1.20
to 11.8£1.14. Most participants were aged 16—40 years,
except for three studies, which had participants aged
15-49 years. Two studies included non-pregnant women,
and nine included pregnant women ranging in gesta-
tion from 13-26 weeks (2nd trimester). Four studies
included women with gestation periods ranging from
12-36 weeks, and two included pregnant women who
were less than 24 weeks gestation at the time of enroll-
ment. The intervention’s effect was observed over a mini-
mum of four weeks of gestation and a maximum of four
weeks of the post-partum period in pregnant women
(n=17) and 13-26 weeks in non-pregnant women
(n=2) (Table 4).
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Interventions included

Seven of the 19 RCTs were based on oral iron tablets to be
administered daily [42—-44, 48, 51, 52, 57, 60]. Two studies
included oral iron tablets as a weekly dose [45, 49]. Two
studies compared the efficacy of parenteral administration
of iron supplementation [50, 59]. In one trial, ferric carbox-
ymaltose was given intravenously (IV) and compared with
IV iron sucrose complex [59]. Another trial provided an
intervention based on three intramuscular doses of 250 mg
elemental iron at intervals of 1 month along with the oral
doses of 5 mg folic acid twice weekly and compared with a
daily oral dose of 100 mg iron and 500 pg folic acid [50]. Of
the total, three studies included micronutrient supplements
comprised of zinc, minerals (copper, selenium), retinol,
iodine, Vitamins: D, E, C, B1, B3, B2, B6, and B12 in differ-
ent doses, along with iron and folic acid as an intervention
and two out of three studies compared with iron (60 mg)
and folic acid (400 pg) supplementation tablets and one
study provided non-fortified beverage as a placebo [47, 53,
55]. Four studies out of 19 included an optimized prepara-
tion based on food and snacks in the form of bars, sauce,
fortified ready-to-eat snacks in dried powdered form, and
one study included meat, fresh fruits, and vegetable along
with iron tablets (60 mg), and folic acid (250 mg) as shown
in Table 4 [46, 54, 56, 58].

Pooled effect for outcomes measurement

Pooled effect for the primary outcome, serum hemoglobin
Since the complete data were only available for the
hemoglobin, we performed quantitative analysis for the

Study Name

Page 14 of 22

primary outcome (hemoglobin) and one secondary out-
come (Serum ferritin). A total of 19 studies (n=4421
participants) were included in the meta-analysis to
estimate the effect size. Meta-analysis indicated over-
all pooled effect estimate for the role of iron therapy in
lowering the burden of anemia among the WRA group
was -0.71 (95% CIL: -1.27 to -0.14) (»=0.008). The het-
erogeneity (I2) across included studies was found to be
statistically significant, as indicated by the parameters
of heterogeneity (Q=746.93, 12=97.59%, p=0.000)
(Fig. 2).

Figure 2 depicts the overall findings showing that iron
therapy positively affects hemoglobin levels. More spe-
cifically, iron therapy in any form increased mean hemo-
globin levels by 0.40 gms. The intervention arm’s mean
and standard deviation for hemoglobin was 11.14+1.11
gm/dl, while the comparison group’s mean and stand-
ard deviation for hemoglobin was 10.7441.019 gm/dlL
However, there were variations in the results of individ-
ual studies. For instance, nine studies found that mean
hemoglobin levels improved in the intervention group
significantly [43, 46, 47, 52, 56—60]. Eight RCTs found
that the mean hemoglobin level was not significantly dif-
ferent between the two groups post-intervention [44, 45,
48-51, 53, 55]. One study showed that the mean hemo-
globin level decreased significantly in both groups [54].
Another study documented that the hemoglobin level
was decreased in the intervention group after comparing
once-daily (intervention group) vs. twice-daily (control
group) oral supplementation [42].

Weight Point estimate 95% CI
Mumtaz et al 2000 Effect Size
Zavaleta et al 2000 -5.00 -4.00 -3.00 200 -1.00 0.00 1.00 5.939% 077 1.06 047
Ekstrom et al 2002 o 5'430; 0.08 -0.09 0.25
Thuy 212005 ! —— Soge 001 032 035
r—— ° -3 S1% 3% 5k o1
Sharma et al 2004 5 —@— 5.16% -0.25 -0.69 0.19
Mukhopadhyay et 2l 2004 | 6 —_— g -0.12 -0.40 0.16
5.24%

Kumar et 212005 7 —@— c1go, 026 -0.19 0.69

! 8 e oo -0.37 0.69 0.05
Saha et 2l 2007 5.30% -~ - e
Bhutta et al 2009 0 c 5209 008 032 047
Wijaya-Erhardt et al 2011 |11 ‘ 5.45% 3%% -0.12 0.12
Choudhury etal 2012 |12 +——h—— 5.12% 021 ‘é'g 15 'g'fg
Magen et al. 2014 13 - 5.41% ' ' '

2 -0.89 -1.33 -0.47
Kamadi et al 2015 1 —@ 5.18% 070 199 014
Metha et 21 2017 16 — e ® Sore 460 200 A2
Abmed et al. 2018 17 —@— 223% 91 284 201
Adaji et 2l 2019 18 —@— 5.36% U9 O4s 0.80

5.31% : : :
Jose et al 2019 19 —@— 5.20% 079 -1.20 -0.38
Total effect o — T 070 27 014
Favors intervention Favors Control
Test for Heterogeneity
Q 746.93
p-value 0.000
P 97.59%

Fig. 2 Forest plot summarizing the overall pooled effect of iron supplementation on the primary outcome, hemoglobin (n=19)
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Findings for the secondary outcomes

The included studies assessed secondary outcomes,
including changes in mean serum ferritin level, serum
transferrin receptor, serum iron, and improvement in
iron deficiency anemia.

Pooled effect for the secondary outcome, serum ferritin levels
For the secondary outcomes, complete data were only
available for serum ferritin; therefore, we performed
a quantitative analysis for serum ferritin. A total of 15
studies (n=3648 participants) were included in the
meta-analysis to estimate the effect size. Meta-analysis
indicated overall pooled effect estimate for the role of
iron therapy in improving the ferritin levels among WRA
was -0.76 (95% CI: -1.56 to 0.04) (p=0.04). The hetero-
geneity (I?) across included studies was found to be sta-
tistically significant, as indicated by the parameters of
heterogeneity (Q=659.95, I* =97.88%, p = 0.000) (Fig. 3).

Overall, the results revealed a favorable effect of iron
therapy in improving serum ferritin levels, as shown in
Fig. 3. More precisely, in simple terms, iron therapy in
any form improved the mean ferritin levels by 5.90ug/L.
The mean and standard deviation for ferritin levels of the
intervention arm was 37.61 20.0, whereas the mean and
standard deviation for ferritin levels of the comparison
group was 31.71£20.13. However, there were variations
in the results of individual studies.

Change in mean serum ferritin levels: qualitative synthesis
Fourteen studies measured mean serum ferritin lev-
els after the intervention as a secondary outcome. Six
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of the fourteen studies found statistically significant
improvements in mean serum ferritin levels in the
intervention group versus the control group [43, 46,
47, 50, 53, 57]. One RCT found significant improve-
ment in the mean serum ferritin levels across both
groups [52]. In contrast, one study documented a
significant increase in the mean serum ferritin levels
in the control group [51]. One RCT found a signifi-
cant reduction in the mean serum ferritin levels in
both groups [54], whereas one RCT noticed a sub-
stantial reduction in the mean serum levels in the
intervention group than the control group [49]. 4
RCTs identified no significant difference in the mean
serum ferritin levels between the two groups [42, 44,
59, 60].

Reduction in the anemia prevalence

Six randomized controlled trials investigated the
reduction in the prevalence of anemia as an outcome
of interest. Two out of six RCTs reported a significant
decrease in the prevalence of anemia in the interven-
tion group compared to the control group [46, 58].
While two other RCTs showed an improvement in
anemia in the intervention than the control group, the
findings were statistically non-significant [55, 60]. Two
RCTs did not find a significant difference in the preva-
lence of anemia across both groups [44, 45]. And one
RCT showed negative findings, meaning a significant
decline in the prevalence of anemia was observed in the
control group than in the intervention group, as shown
in Table 4 [51].

Study name Effect Size
-6.00 5.00 400 300 1200 -100 000 100 200 | Weight Point estimate 95% Cl
Adaji et al. 2019 00 fa) 0 6.75% 0.03 -0.27 0.34
Jose etal 2019 1 6.63%  -0.47 -0.87 -0.07
Ahmed et al. 2018 2 —— 6.84%  -0.10 .0.30 0.10
Kamadi et al.2015 3 @ 6.35% -0.75 -1.34 -0.18
Kumar et al.2005 4 —— 6.72% 0.62 0.29 0.95
Mukhopadhyay et al.2004 : ’_._‘ 6.56% -0.58 -1.03 -0.13
Thuy et al.2003 ; . 6.54% -2.56 -3.03 -2.12
Mumtaz et al.2000 ] G Q- 6.77%  -0.42 0.71 -0.13
Makola et al. 2003 9 @~ 6.74% -2.25 ;E" -1.34
Bhutta et al 2009 1 . 6.89% 0.23 5 " 0.36
Sharma et al.2004 1 ._._. 6.36% -4.96 e 1 442
Zavaleta et al.2000 12 Y 6.87% 003 ol 0.1
- 6.79% -0.57 -0.84 -0.30
Wijaya-Erhard et al. 2011 B - e 058 0.13 o3
l:ukhopadhyay et al. 2004 i; —@— 6.63%  -0.50 091 011
aha et al.2007 % . 0.76 -1.56 0.04
Total effect - .
Favors intervention Favors Control
Test for Heterogeneity
Q 659.95
p-value 0.000
12 97.88%

Fig. 3 Forest plot summarizing the overall pooled effect of iron supplementation on the secondary outcome, Serum Ferritin (n=15)
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Change in mean serum iron

Four out of 19 RCTs assessed change in serum iron levels
post-intervention, and two trials reported no significant
difference in the mean serum iron between both groups
[51, 59]. One RCT reported significant improvement in
the mean serum iron levels in both groups [50]. In con-
trast, another RCT identified a statistically significant
reduction in the mean serum iron in both groups [54].

Change in serum transferrin receptor

Two of the 19 RCTs examined the change in serum trans-
ferrin receptor after an intervention, with one finding
that serum transferrin receptor was significantly lower
in the intervention group than in the control group [46].
However, another RCT reported increased serum trans-
ferrin receptors in both groups [54].

Overall Quality assessment for RCTs

Table 5 depicts the overall quality assessment of the eli-
gible RCTs. Overall, 6 of 19 studies were deemed to have
a low risk of bias based on criteria such as the low risk of
randomization, allocation concealment, or blinding [42—
44, 53, 54, 57]. Of the total, seven studies were found to
have a high risk of bias since the randomization method
was unclear [45, 46, 51, 52, 54, 55, 58]. A high risk of bias
was found in 2 studies where no allocation concealment
was done [58, 59], and in 8 studies, concealment was
unclear [45-51, 55]. The absence of blinding was found in
4 studies [56, 58—60]. An unclear description of blinding
study participants or outcome assessors was found in 5
studies [45, 48-51, 54, 55] and, subsequently, labeled as
having a high overall risk of bias.
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Publication bias

A graphical representation, a funnel plot, was employed
to assess publication bias, indicating potential bias
because the shape of the graph is not symmetrical,
as shown in Fig. 4a and b for studies that assessed pri-
mary (hemoglobin) and secondary outcomes (ferri-
tin), respectively. Since the funnel plot is subjective, we
used a confirmatory objective statistical test (i.e., Egger’s
test) to evaluate the publication bias. The objective test
results for the primary outcome revealed no publication
bias as the t-test was not statistically significant (Egger
t-test=-1.7, p=0.107), as shown in Fig. 4a. However,
the same objective test was statistically significant for the
serum ferritin (Egger t-test=-2.41, p=0.032), suggesting
a publication bias (Fig. 4b).

Summary of findings using GRADE assessment

Since the meta-analysis was conducted on RCTs, the
overall certainty of the evidence was considered rea-
sonable. However, using the additional five criteria of
GRADE, the certainty of the evidence was assessed for
five outcomes, and SoF is provided in Table 6. The find-
ings reveal overall certainty of the evidence for outcomes
such as serum hemoglobin, serum ferritin, and anemia
prevalence was moderate. This implies that the two inde-
pendent authors believe that the truth or true effect size
is probably close to the estimated effect size, and future
research for similar outcomes may change the estimate
for the effect size. However, the certainty of the evidence
for outcomes such as serum iron and transferrin receptor
was low, suggesting that further research for these two
outcomes will likely change the estimate of the effect.

Effect Size Effect Size
5 -4 3 -2 -1 o 1 z 3 a 5 -6 4 2 0 2 4 6
o T O
h Egger test to assess
o.0s Egger test to assess the 005 the publication bias
b publication bias ot ‘ S
l, ttest [-1.70 tes! ‘ ;“')32
0.1 - p-value | 0.107 01 L p-value .
- - - L]
- [
015 - 015 . s
5 - ¢
S o
]
°
E o= L] le. 5 02 Y
o - £
E - . . H . ol
-} g ]
w - O
o.25 0.25
. .
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——t —
0.55 035
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® studies Combined effect size O Imputed dats points ® CEs Adjusted o Studies Combined effect size Olmputed data points © CES Adjusted

Fig.4 A Funnel plot to evaluate the publication bias among included studies in the meta-analysis for the primary outcome, hemoglobin (n=19).
B Funnel plot to evaluate the publication bias among included studies in the meta-analysis for the secondary outcome, Serum Ferritin (n=15)
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Table 5 Risk of bias assessment of the studies included in the meta-analysis (n=19)

Jose et al. 2019 [59]

Randomization Allocation Blinding of Blinding of Incomplete  Selective Other bias
Method Concealment participants and outcome outcome outcome
personnel assessors data reporting

Mumtaz et al. 2000 [43] " " + + + + +
Zavaleta et al. 2000 [44] B = " A . N e
Ekstrdm et al. 2002 [45] 2 2 2 ? . I .
Thuy et al. 2003 [46] ? ? + i + £ £
Makola et al. 2003 [47] - ? o o ‘ o +
I[\Q;’krgo]padhyay et al. 2004 M ? ? o + + +
I[\Z/igrkrg%padhyay et al. 2004 M ? ? 1 + + +
Sharma et al. 2004 [50] . ? ? ? o + +
Kumar et al. 2005 [51] 2 2 ? ? ‘ - N
Saha et al. 2007 [52] ? + + + T + +
Bhutta et al. 2009 [53] a = B + . A +
Wijaya-Erhardt [54] ? i ? ? + + T
Choudhury et al. 2012 [55] ? ? ? ? o o +
Magon et al. 2014 [56] B o ‘ ‘ + + +
Kamdi et al. 2015 [57] + + + + + + +
Mehta et al. 2017 [58] 2 . . ‘ + + +

+ + ‘ ‘ + ‘ +

+ + + + + + +

®© o .

Discussion

We conducted this systematic review and meta-analysis
to assess the role of iron therapy in reducing anemia in
pregnant and non-pregnant women. The review’s find-
ings showed that iron supplementation helps to improve
markers of iron deficiency anemia, such as serum ferri-
tin and hemoglobin levels. The current systematic review
and meta-analysis findings are consistent with previ-
ous reviews. Low Yuan et al., for example, conducted a
review in 2016 to assess the effectiveness of iron therapy
in reducing anemia in menstruating women [29]. The
authors demonstrated that daily iron supplementation

reduces the burden of anemia and iron deficiency, raises
hemoglobin levels, increases iron stores, improves exer-
cise ability, and decreases fatigue. [29]. Likewise, another
review conducted five years ago also revealed similar
findings, where authors found positive effects of iron on
hematological and pregnancy outcomes [30]. However,
this review relied on studies with very low-quality evi-
dence [30]. A review by Haider et al., carried out in 2013,
showed consistent findings. Haider et al. emphasized the
role of iron in improving birth weight rather than inter-
mediate outcomes such as improving anemia or markers
of iron deficiency [31]. Regardless of these differences,
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the analogous findings across these reviews indicate the
role of iron in improving hemoglobin and other markers
of iron-deficiency anemia among WRA.

The current review and meta-analysis findings are bio-
logically plausible, and several mechanisms regulating
iron absorption have been explored in different studies
[61-63]. More precisely, the findings suggest that daily
iron supplementation appears to be an effective inter-
vention to reduce the burden of anemia among WRA.
This review’s findings complement those of other studies
examining the role of iron supplements in reducing ane-
mia in pregnant and non-pregnant women. Based on the
results of this review and reasonably comparable find-
ings from other reviews, iron, in any form, for pregnant
or non-pregnant women may be beneficial in reducing
the burden of maternal anemia. The question arises of
how such intervention improves hemoglobin levels. Iron
absorption in intestinal cells, followed by iron transfer to
bone marrow, muscles, and other tissues, could be one
possible answer to the proposed question. Iron is taken
up by receptors in these tissues and used for various bio-
logical functions or stored [64]. Both animal and human
studies reveal an inverse relationship between iron status
or stores and the ability to absorb iron from intestinal
cells [65]. This implies that an iron-deficient woman has
the potential to absorb iron two times more than an iron-
non-deficient woman because iron deficiency induces
changes in the transport of iron across the intestine [65].

Furthermore, the evidence suggests that an iron-
deficient individual should aim to increase hemoglobin
concentrations by 1 g/dl every week and be aware of the
dietary sources that inhibit iron absorption [29]. Iron
absorption from supplements follows the same princi-
ples as iron absorption from dietary sources, and con-
suming vitamin C, meat, and acidic foods increases iron
absorption [66]. Tannins, calcium, and phytates reduce
the absorption and should not be consumed alongside
iron [66]. In addition to the dietary resources, one needs
to be aware of the geographical regions before provid-
ing iron. For example, health professionals may need to
treat malaria in areas with endemic malaria while provid-
ing iron therapy to women [67]. Similarly, iron may also
be affected by worm infestation. Therefore, healthcare
professionals should consider deworming women before
prescribing iron therapy to WRA [68]. This suggests that
iron therapy may be beneficial when healthcare profes-
sionals become cognizant of the facts mentioned above
while prescribing iron therapy to a woman.

Evidence from epidemiological studies shows that
women from LMICs enter pregnancy with limited iron
stores and lower hemoglobin levels than those from
high-income countries [69]. Therefore, the demand for
iron absorption is higher in women from resource-poor
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settings with a greater hematological response [70]. In
addition, improving iron stores during pregnancy may
also decrease the risk of mortality resulting from hem-
orrhage and may lead to improved hemoglobin and iron
levels after pregnancy [9].

Strengths and limitations

This review’s main strength is that it provides insights
into the effect of iron on a wide range of outcomes,
including hemoglobin, serum ferritin, iron, transferrin
receptor, and anemia prevalence. In addition, unlike other
reviews, we included all studies from LMICs that looked
at the role of iron therapy in any form among pregnant
and non-pregnant women. In addition, by including only
RCTs, the problem of the unknown and unmeasured
confounding could be addressed, thereby improving the
confidence in the validity of the findings. Additionally, no
significant publication bias was found in our meta-analy-
sis, indicating that most trials with positive, negative, or
null findings were published in the literature.

However, some inherent limitations of the individual
eligible studies need to be considered while interpreting
the findings of this review. For example, high-quality stud-
ies included in this review and meta-analysis were rela-
tively less (n=5) because of methodological issues in the
randomization methods, no or unclear allocation conceal-
ment, and lack of blinding. Moreover, the heterogeneity
was found to be very high, which could be explained by
factors such as variation in sample size, differences in the
follow-up time, differences in the populations (pregnant
and non-pregnant women), and substantial variations
in the interventions designed (difference in dosages and
composition, and duration of interventions). There was a
significant variation in the given interventions, for exam-
ple, daily iron supplementation vs. weekly, once-daily vs.
twice daily, oral iron vs. parenteral iron, micronutrient
powder and/or iron vs. only iron, fortified snacks in addi-
tion to iron vs. placebo, resulting in heterogeneous expo-
sure. In addition, we included studies from 2000 to 2020,
which is a relatively long period with a greater degree of
variation in the methods of different RCTs. The purpose
of including the more extended period was to capture
multiple RCTs on the role of iron in improving anemia
among WRA. However, considering a longer period may
lead to a more significant heterogeneity due to a wide
variation in the methods. While it may be challenging to
avoid heterogeneity entirely, RCTs can be designed effi-
ciently to assess the role of uniform dose and form of iron
and to follow women for the same time in different set-
tings. This will aid in determining the effect of only iron
supplements versus a placebo in the control group to iso-
late the effect of a fixed dose of iron in reducing anemia.
Furthermore, although we identified potential secondary
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Table 6 Summary of findings (SoF) table illustrating the summary on certainty of overall evidence for five outcomes using GRADE

Number of
participants
(RCTs)

Outcomes

Effect size and 95% Cl

Certainty of the evidence Comments
(GRADE)?

Mean Serum hemoglobin 4421 (19)

Mean Serum Ferritin 3648 (15)

Anemia Prevalence 1910 (6)

Mean serum iron levels 677 (4)

Mean serum transferrin receptor
levels

363(2)

-0.71 (-1.27 t0-0.14)

-0.76 (-1.56 t0 0.04)

Could not be estimated . . . O

Could not be estimated . . O O

Could not be estimated . . O O

The assessment of certainty by two
authors concludes that effect size for
the serum hemoglobin is precise and
consistent with low risk of bias at out-
come level, suggesting that the true
effect size for serum hemoglobin is
probably close to the estimated effect

0000

The authors believe that effect size for
the serum ferritin is precise and con-
sistent with low risk of bias at outcome
level, suggesting that the true effect
size for serum ferritin is probably close
to the estimated effect

0000

While the effect size for anemia could
not be calculated, the authors believe
that narrative regarding anemia preva-
lence suggested that anemia declined
in the intervention group. Since the
evidence was direct, consistent with
no risk of bias at the outcome level,
the authors believe that certainty of
evidence is moderate for the anemia
outcome

Since the authors could not estimate
the effect size and the findings for iron
are from very few studies with incon-
sistent results, the authors believe that
certainty of evidence for iron is low
and needs to be explored more in the
future

Since the authors could not estimate
the effect size for the serum transferrin
and the findings for serum transferrin
are from very few studies with incon-
sistent results, the authors believe that
certainty of evidence for serum trans-
ferrin is low and needs to be explored
more in the future

Very low: The truth or true effect size is totally different from the estimated effect size

Low: The true effect may be markedly different from the estimated effect size

Moderate: The authors believe that the truth or true effect size is probably close to the estimated effect size

High: The authors’ confidence is high, and they believe that the truth or true effect size is very similar to the estimated effect size

2 GRADE certainty ratings

outcomes such as iron and transferrin receptors, most
RCTs did not measure the secondary outcomes we chose.
Hence, the effect size for outcomes sucn as iron and trans-
ferrin receptors could not be estimated. Finally, we only
included RCTs published in English, limiting our ability to
have inferences from studies published in other languages.

Conclusions

This review aimed to determine the effect of iron on
hemoglobin levels and anemia in women of reproductive
age. Overall, the review found that iron therapy, in any

form, increases hemoglobin levels in pregnant and non-
pregnant women and reduces iron deficiency anemia, as
evidenced by increases in hemoglobin, serum ferritin,
and decreased soluble transferrin receptors. The review
also revealed that WRA in resource-constrained settings
could be given iron in any form. The findings of this sys-
tematic review and meta-analysis may help physicians,
researchers, and policymakers make informed decisions
about providing iron therapy to pregnant and non-preg-
nant women and prepare them with enough iron stores
for adequate fetal growth.
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Clinical and research implications

The current review and meta-analysis findings can be
used to treat anemia among WRA in LMICs using sim-
ple iron therapy in oral or injectable forms, depending
on the severity of anemia and a woman’s needs. Simple,
cost-effective, and culturally appropriate iron and folic
acid therapies can be given to women before or during
pregnancy to reduce the anemia burden. This improves
hemoglobin and iron stores, as evidenced by an increase
in ferritin levels, a marker of iron stores.

Although current evidence suggests that iron is impor-
tant for WRA in LMICs, more research is needed to fill
important gaps. For example, none of the eligible RCTs
examined the underlying mechanisms by which iron can
improve outcomes. There is a need to evaluate the ben-
efits and side effects of iron and adherence to iron intake
because there is a dearth of evidence on these outcomes.
Further, almost all of the RCTs focused on improving
iron status during pregnancy rather than during a criti-
cal preconception window when a woman can lay a good
foundation for an upcoming baby by eating iron-rich
foods or taking iron supplements. Thus, more research is
needed in public health settings to assess the role of iron
before and during pregnancy on iron markers as well
as distal birth outcomes such as birth length and birth
weight.

In LMICs, iron supplementation is usually combined
with folic acid and/or other micronutrients. As a result,
it is unclear how much improvement in anemia can
be attributed to iron alone. Thus, more well-designed
RCTs are needed to fully understand the efficacy and
safety of iron alone in reducing anemia among WRA
in LMICs. Finally, secondary outcomes such as serum
ferritin, serum transferrin receptor, and transferrin sat-
uration indicate a long-standing and sustained param-
eter of storage iron, and their depletion can result in
iron deficiency. Hence, RCTs should measure these
outcomes rigorously after interventions are given for a
reasonable time to identify long-term iron stores [71].
Furthermore, serum ferritin, serum transferrin recep-
tor, and transferrin saturation have been shown to be
more accurate indicators of iron deficiency anemia. As
a result, estimating these parameters will reveal long-
term benefits [72].
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