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Abstract

Background & objective

There is limited evidence regarding the efficacy of iron-containing pots and ingots in reduc-
ing iron deficiency (ID) and iron deficiency anemia (IDA) in low- and middle-income coun-
tries (LMICs). The objective of this systematic review is to summarize the evidence
regarding the effect of iron-containing cookware on ID and IDA among children and females
of reproductive age (FRA) in LMICs.

Methods

Searches were last conducted in May 2019 in PubMed, Embase, Cochrane Library, Web of
Science, Scopus, CAB Abstracts, POPLINE, LILACS, ProQuest Dissertations & Theses
Global, WHO ICTRP and ClinicalTrials.gov. Hand searching was also conducted. Selection
criteria included randomized-controlled trials (RCTs), quasi-experimental studies and obser-
vational studies with control groups that studied the effect of iron-containing cookware in
children (4 months-11 years) and females of reproductive age (12—51 years).

Results

Eleven studies were eligible for inclusion in the review. Statistically significant increases

in hemoglobin and/or iron indices (p < 0.05) were observed in 50% (4/8) of studies on pots
(relative change/mean difference in Hb: -0.4—1.20 g/dL), and 33.3% (1/3) of studies on
ingots (relative change/mean difference in Hb: 0.32—1.18 g/dL). Positive outcomes (p <
0.05) were observed among children in 50% (4/8) of studies and among FRA in 28.6% (2/7)
of studies. Compliance ranged from 26.7—71.4% daily use of pots to 90-93.9% daily use of
ingots.
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Conclusions

There are indications that, with reasonable compliance, iron-containing cookware could
serve as a means of reducing IDA, especially among children. The potential advantages of
iron-containing cookware include relative cost-effectiveness and complementary combina-
tion with other interventions. However, further research is needed regarding both the effi-
cacy and safety of this intervention.

Introduction

The reduction of iron deficiency (ID) and iron deficiency anemia (IDA) remains a challenge
worldwide, particularly in low- and middle-income countries (LMICs). One billion people
worldwide suffer from IDA and a further billion from ID without anemia, with a high propor-
tion of these conditions among children and females of childbearing age [1, 2]. Without die-
tary fortification, ID is estimated to affect 40% of preschool children, 30% of women of
reproductive age and 38% of pregnant women globally [1]. IDA results in poorer educational
achievement, impaired cognition, increased mortality and overall morbidity in children,
reduced work capacity in adults and poor pregnancy outcomes [1, 3, 4]. In LMICs, the etiology
of anemia is multifactorial. Although the main cause is thought to be low dietary iron content
and bioavailability, anemia can also result from infections, such as malaria [2], helminthiasis
or schistosomiasis [5], chronic inflammatory disorders [1, 3] and nutritional deficiencies of
folate, vitamin B12 and vitamin A [1, 2, 6].

Proposed strategies for combating ID and IDA include iron supplementation, artificial iron
fortification, biofortification, dietary modification, nutrition education and antiparasitic treat-
ment. Iron supplementation is the most widely implemented approach; however, it has failed
as a sole intervention due to challenges regarding cost, distribution, acceptability, political will
and sustainability [4, 7, 8]. In addition, iron supplementation can produce undesirable side
effects such as abdominal pain, nausea, vomiting and constipation [2]. Artificial iron fortifica-
tion of staple foods is considered to be the most cost-effective intervention; however, fortifica-
tion has suffered from the same disadvantages as iron supplementation [4]. Strategic plant
breeding and modification of agricultural practices (i.e. biofortification) have emerged as
another promising approach to improving iron status among male and female adolescents and
adults. However, the ultimate effect on functional outcomes (e.g. hemoglobin levels) remains
to be determined, particularly in other vulnerable populations such as children [9].

Dietary modification, which can help alleviate other nutritional deficiencies simultaneously,
has never been considered a stand-alone approach due to the higher anticipated costs and lim-
ited availability [2, 4, 10]. Indeed, heme iron-rich foods, such as meat, and fruits containing
ascorbic acid (which enhances iron absorption) are not always accessible or affordable to
many families in LMICs, while cereals, coffee and tea containing phytates, polyphenols and
tannins (which all inhibit iron absorption) are often dietary staples [2, 8]. Treatment of
malaria, intestinal helminthiasis and/or schistosomiasis is also an effective strategy for reduc-
ing IDA [4]. However, since the etiology of IDA is multifactorial, anti-parasitic treatment
must be combined with other interventions in most settings [3].

Near the turn of the 21% century, researchers developed an interest in using iron cooking
pots as a low-cost, sustainable intervention to reduce IDA by delivering bioavailable iron to
food during preparation [11-14]. However, in a systematic review of three eligible random-
ized-controlled trials (RCTs), Geerligs et al. [15] found that both efficacy and acceptability
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depended on the size of the pot, age of the intended beneficiaries, whether the pot was used as
a replacement or supplemental pot, socio-cultural familiarity with iron pots, and the preva-
lence of malaria and hookworm infection. In addition, iron pots have been criticized for being
difficult to clean, expensive, heavy and unwieldy, exhibiting limited durability with a tendency
to rust, and producing iron that is not highly bioavailable [16-19]. In light of the limitations of
iron pots, Charles et al. [19] studied an intervention in which food was prepared with an iron
fish-shaped figurine (i.e. an ingot). In this RCT, blood iron levels improved among partici-
pants, suggesting that the fish-shaped iron ingot had potential for reducing ID. However, fur-
ther research was required to assess the quantity and bioavailability of iron leached from the
ingot. Multiple improvements were later made to the fish-shaped ingot, which led Armstrong
et al. to found a for-profit social enterprise in 2012, Lucky Iron Fish Inc., to bring the iron
ingot to scale in LMICs [8, 20].

Since the review by Geerligs et al. [15] no updated systematic review has been conducted on
the efficacy and acceptability of iron pots. This is despite the fact that several studies have been
conducted using pots made of iron alloys, such as blue steel and stainless steel, which are ligh-
ter than iron pots and less likely to rust [18]. In addition, no systematic review has been con-
ducted on the efficacy and acceptability of iron ingots in reducing IDA. Therefore, the primary
objective of this review is to examine the efficacy of iron-containing cookware (pots and
ingots) in reducing ID and IDA among children and females of reproductive age in LMICs.
The secondary objectives of this review include examination of iron content and bioavailability
in food prepared with iron-containing cookware, as well as assessment of the acceptability,
adverse effects and relative cost-effectiveness of iron-containing cookware in reducing IDA.
Despite the availability of multiple approaches for addressing IDA, the condition still affects
one-fifth of the world’s population, resulting in detrimental effects on health and economic
development [2]. Therefore, the public health implications of using iron-containing cookware
as a potential tool for reducing IDA cannot be overstated.

Methods
Protocol

An a priori protocol was developed, which outlined the objectives and methods of the review.
The original protocol was not pre-registered in an official registry, but was provided to PLOS
One at the time of submission of this article. The 2009 PRISMA checklist was also completed
and included with the submission [21]

Inclusion criteria

o Types of studies: Randomized-controlled trials, quasi-experimental studies and observa-
tional studies with a control group.

« Types of interventions: Interventions that utilized iron-containing pots, pans and utensils
(e.g. iron, blue steel and stainless steel) or ingots (e.g. the Lucky Iron Fish) to reduce iron
deficiency (ID) and iron deficiency anemia (IDA) [22-24].

o Type of comparison: No intervention or another type of intervention.

o Target population: Children four months to 11 years and females of childbearing age (12-
51 years). Four months of age was used as a cut-off, since this is the minimum age below
which infants are usually exclusively breastfed and thus do not consume significant quanti-
ties of complementary foods that would be cooked with iron-containing cookware [25]. The
age range of 12-51 years-old was chosen for FRA, since menarche has been noted to begin as
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early as 11.7 years and menopause as late as 50.7 years in low and middle-income countries
[26,27].

« Outcomes: Primary outcomes of interest were hemoglobin concentration (Hb) and iron sta-
tus. Selected measures of iron status included serum ferritin (SF), serum iron (SFe), total
iron binding capacity (TIBC), soluble transferrin receptor concentration (sTFR), serum
transferrin (ST) and transferrin saturation (TS). Secondary outcomes of interest included
iron content and bioavailability of food, compliance (percentage of participants using iron-
containing cookware daily), adverse effects and cost-effectiveness.

Setting: Studies conducted in low and middle-income countries (LMICs). A country’s desig-
nation as low- or middle-income was guided by the World Bank’s 2016 Classification of the
World Economy criteria [28].

Exclusion criteria

Studies were excluded if: (1) they were conducted solely on children < 4 months, women > 51
years or males > 11 years, (2) multiple interventions made it impossible to identify the specific
effects of iron-containing cookware on the reduction of ID and IDA, (3) they did not include a
control group, (4) they did not report on outcomes related to ID or IDA or (5) they were con-
ducted in a high-income country.

Search strategy

The following resources were searched from inception to May 17, 2019: PubMed (1946-May,
2019), Embase (1947-May, 2019), Wiley Cochrane Library (CDSR, DARE, CENTRAL), Clari-
vate Analytics Web of Science [Science Citation Index Expanded (1900-May, 2019)] and Con-
ference Proceedings Citation Index-Science (1990-May, 2019), Elsevier Scopus, Ovid CAB
Abstracts (1910-May, 2019), POPLINE (1970- May 2019), LILACS, ProQuest Dissertations &
Theses Global, WHO ICTRP and ClinicalTrials.gov. The websites of WHO, UNICEF, the
United Nations High Commissioner for Refugees (UNHCR) and Lucky Iron Fish, Inc. were
also hand-searched. The search strategy was formulated in PubMed and adapted for other
databases. The following PubMed search includes the terms and concepts used: ("Anemia"[-
mesh] OR "Iron, Dietary"[mesh] OR "Iron"[mesh] OR anemia [tiab] OR anemic [tiab] OR
anaemia[tiab] OR anaemic [tiab] OR iron* [tiab] OR IDA [tiab]) AND ("Cooking and Eating
Utensils"[mesh] OR "Cooking/methods"[mesh] OR "Cooking/instrumentation"[mesh] OR
ingot [tiab] OR ingots [tiab] OR "cooking pot" [tiab] OR "cooking pots" [tiab] OR cookware
[tiab] OR "cooking pan" [tiab] OR “cooking pans” [tiab] OR "iron pan" [tiab] OR utensil*
[tiab] OR "iron pot" [tiab] OR "iron pots" [tiab] OR "iron fish"). The search was not restricted
by language or publication date.

In addition, relevant studies cited by identified articles were reviewed. Drs. Stanley Zlotkin
and Peter Berti, of the former Appropriate Solutions for Anemia Control project, as well as Dr.
Gavin Armstrong, founder and CEO of the Lucky Iron Fish, Inc., were contacted via email to
inquire about published studies that may have been overlooked. Drs. Anuradha Khadilkar and
Veena Ekbote were contacted for more information and potentially missing data regarding a
study published by Kulkarni et al. [29].

Study selection

Two reviewers (CA and HA) independently screened titles and abstracts of identified studies
to include studies based on general relevance to the topic of interest. Second, both reviewers
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screened the titles and abstracts of studies included in step one to include studies based on
reporting of the primary outcomes of interest (i.e. hemoglobin and/or iron status). In this sec-
ond step, full texts were also screened when reporting on hemoglobin and iron status was
unclear. Finally, both reviewers reviewed the full-texts of studies included in step two to assess
eligibility based on all population, intervention, comparison and setting (PICOS) criteria. When
there was disagreement regarding eligibility, a third team member (AS) was asked to arbitrate.

Data extraction

Two reviewers (CA and HA) independently extracted data from each eligible study using a
Cochrane Collaboration standard data extraction form [30]. Differences were resolved by dis-
cussion between reviewers. The following information was extracted from each study: (1) study
features (including objective, setting, study design and length of follow-up), (2) number of study
participants, (3) type of intervention (including the type of metal from which pots were manu-
factured), (4) characteristics of the target population (including age and gender), (5) exclusion
criteria employed by the study, (6) outcomes of interest and (7) general approach to statistical
analysis (i.e. intention-to-treat vs. per-protocol analysis). Studies were also assessed for their con-
sideration of potential effect modifiers for the effect of iron cookware on iron status and anemia:
malaria, helminthiasis, schistosomiasis, blood transfusion, iron supplementation and inflamma-
tion. The volume (i.e. size) of intervention and control pots was also assessed as a potential effect
modifier, as it was found to be related to compliance by Geerligs et al. [15]. In addition, studies
were assessed for reporting on the quality of water used for food preparation and the prevalence
of genetic hemoglobinopathies. As noted by Charles et al. 2011 [19], water contamination with
arsenic and manganese may decrease the bioavailability of iron leached from iron cookware. As
noted by Rappaport et al. 2017, individuals with genetic hemoglobinopathies are known to suffer
from iron deficiency and anemia, despite adequate iron intake and bioavailability [24, 31]. Since
this review involved study-level data only, it was not submitted for IRB review.

Methodological quality assessment

Two reviewers (CA and HA) independently performed the methodological quality assessment
of included studies using the risk of bias criteria for randomized-controlled trials, non-ran-
domized controlled trials and controlled before-and-after studies developed by the Cochrane
Effective Practice and Organization of Care group [32]. These nine criteria include random
sequence generation, allocation concealment, similarity of baseline outcome measurements,
similarity of other baseline characteristics, complete outcome data, adequate blinding, protec-
tion against contamination, non-selective outcome reporting and no other risk of bias. In
addition, this approach was combined with that employed by Verhagen et al. [33]. That is,
each criterion was scored, receiving 1 point if the criterion was fully met, 0.5 points if the crite-
rion was partially met and 0 points if the criterion was poorly met.

‘Other bias’ was defined as bias that could result from factors not captured by the other
eight criteria. A score of 1 was assigned if there was little to no perceived risk of other bias, a
score of 0.5 was assigned if there was only one potential source of other bias (i.e. moderate risk
of other bias) and 0 was assigned if there were at least two additional sources of potential bias
(i.e. high risk of other bias). Utilizing per-protocol analysis (instead of intention to treat) was
considered to represent moderate risk of other bias. As described by Ranganathan et al. (2016),
intention-to-treat analysis is important for intervention-based RCTs, since it minimizes the
risk of potential confounding variables achieved with randomization, ensures adequate simple
size and reduces risk of other bias [34]. The criterion was scored as ‘NS’ if the information was
unclear or not specified. The total score for each study was calculated by adding these
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Equivalent daily use

subscores. Also in accordance with Verhagen et al. [33], methodological quality was consid-
ered ‘high’ from 8 to 9, ‘moderate’ from 4 to 7 and ‘low’ from 1 to 3. Loss to follow-up < 20%
was considered acceptable, since loss-to-follow-up greater than 20% poses serious risks to
validity [33, 35]. Adequate follow-up was captured by the criterion ‘complete outcome data.’

Data analysis

Due to high heterogeneity among studies, the decision was made to not conduct a meta-analy-
sis. For example, some studies reported p-values for relative changes in Hb concentration in
the intervention and control groups, while others reported p-values for the mean difference
between the groups at endline. When p-values were reported for relative changes in the inter-
vention vs. control groups, the following equation was used calculate a standardized relative
change to better quantify these changes and facilitate comparisons between studies:

Relative change = change in intervention group — change in control group

For example, if Hb increased by 0.5 g/dL in the iron pot group, while decreasing by 0.7 g/dL in
the aluminum pot group, the standardized relative change would be 0.5-(-0.7) = 1.2 g/dL.
When p-values were reported only for mean differences in Hb at endline, this equation was
not used to calculate a standardized relative change. Relative changes were reported preferen-
tially in Table 1, as relative changes account for differences in baseline Hb, whereas mean dif-
ferences at endline do not. A similar equation was used to calculate standardized relative
changes in iron indices when p-values were reported for relative change.

When studies reported compliance as the percentage of participants using cookware at a
frequency less than daily, this percentage was converted to correspond to daily use (i.e. equiva-
lent daily use).

= (days of use per week/7 days per week) x percentage of participants achieving minimum reported days of use

For example, if cookware was used at least three times per week by 60% of participants, the
equivalent percentage of daily use would be (3 days/7 days) x 60% = 25.7%. This also allowed
for more direct comparison between studies. Overall, analysis of the 11 eligible studies was
conducted by summarizing, comparing and contrasting the extracted data.

Results

Initially, 1870 records were identified. Following review of titles and abstracts for relevance to
the topic of interest, 155 records were considered potentially eligible for inclusion. Further
review of the titles and abstracts of these records for reporting of Hb concentration and/or
iron status resulted in 34 potentially eligible studies. Sixteen studies lacked a control group,
three studies had a more recent full-text version available, two studies were conducted in a
high-income country and two studies were ongoing clinical trials. Of the resulting 27 studies,
16 were excluded for not meeting the PICOS inclusion criteria. The resulting 11 studies were
included in this review (Fig 1). The main findings are divided into five subsections: (1) sample
characteristics, (2) intervention characteristics, (3) intervention efficacy, (4) potential effect
modifiers and (5) quality assessment.

Sample characteristics

As shown in Table 1, the included studies were conducted in Asia (Cambodia, India and Viet-
nam), Africa (Benin, Ethiopia, Malawi and Tanzania) and Latin America (Brazil). They were
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Table 1. General characteristics and outcomes of included studies (Green: High quality, Yellow: Moderate quality, Red: Low quality).

Author Country |Duration |Study design Participants Exclusion Criteria Intervention Main Findings
(year)
Devadas India 7 months | Quasi- 140 children in a Not participating in school | Consumption of Relative change® in Hb in
etal. (1973) experimental school lunch program | lunch program food prepared in iron vs. aluminum pot
iron vs. aluminum groups: +0.64 g/dL, p < 0.01;
pots and other relative increase of 95 mg of
controls Fe/100 g of food when
amaranth prepared in iron
vs. aluminum pot (p < 0.01)
Borigato and | Brazil 8 months | RCT 63 preterm infants (4 | Severe illness, blood Consumption of Relative change in Hb in iron
Martinez mos. postnatal age) transfusion food prepared in pig | vs. aluminum pot groups:
(1998) iron vs. aluminum +1.2 g/dL, p = 0.01; relative
pots change in SFe in iron vs.
aluminum pot groups:
+14.4 umol/L, p = 0.04
Adishetal. | Ethiopia |12 RCT 407 children aged 2-5 | Severe illness, chronic Consumption of Adjusted mean difference in
(1999) months y disorder, physical disability, | food prepared in Hb in iron vs. aluminum pot
Hct < 20 or > 34% iron vs. aluminium | groups® +1.2 g/dL
pots (p < 0.001); mean difference
in SF in iron vs. aluminum
groups: +12.7 ug/L
(p < 0.001); available Fe 5
times greater after
preparation in iron vs.
aluminum pot (0.24 vs. 0.05
mg/100 g of food);
Pequivalent daily use 42%
Geerligs Malawi 5 months | RCT 322 participants > 1 | Hb < 7.0 g/dL, pregnant w/ | Consumption of < 12 years: no significant

et al. (2003)

y, 128 < 12y and
194> 12y

Hb < 8.0 g/dL, iron
supplements, blood
transfusion

food prepared in cast
iron vs. aluminum
pots

change or difference in Hb;
> 12 years: relative change in
Hb in iron vs. aluminum pot
groups +0.75 g/dL, p = 0.01;
< 12 years: relative change in
ZP in iron vs aluminum
groups -2.8 pg ZP/g Hb

(p < 0.05); > 12 years: no
significant change or
difference in ZP, daily use:
31.1%

(Continued)
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Table 1. (Continued)

Author
(year)

Country |Duration |Study design Participants Exclusion Criteria

Intervention

Main Findings

Talley et al.
(2010)

110 children 6 mos to
5y and their mothers
(18-58 y)

Controlled
before-after with
cross-sectional
surveys

Tanzania | 12 Pregnant, permanent
emigration from camp, no

residence in camp at baseline

Consumption of
food prepared in
stainless steel vs.
aluminum/ clay pots

Children: no significant
differences or changes in Hb;
Mothers: mean difference in
Hb in stainless steel vs.
aluminum/clay pot groups
-0.3 g/dL (p = 0.485);
Children: mean difference in
sTFR in stainless steel vs.
aluminum/clay pots groups
-0.9 ug/L (p < 0.001);
Mothers: mean difference in
sTFR in stainless steel vs.
aluminum pot groups

-1.1 pg/L (p = 0.003);
equivalent daily use 26.7%

Arcanjo Brazil 4 months | Cluster RCT

etal. (2018)

175 children 4-5y Refusal to participate, taking

iron supplements

Consumption of
food prepared in
iron vs. aluminum
pots

Relative change in Hb in iron
vs. aluminum pot groups:
+0.26 g/dL (p = 0.16); Hb
change in anemic children
iron pot group: +1.69 g/dL

(p < 0.0001); Hb change in
anemic children aluminum
pot group: +1.10 g/dL

(p = 0.02); equivalent daily
use 71.4%

Charles et al.
(2011)

Cambodia RCT Hct < 30% at baseline,

CRP > 6.0 mg/L at endline

6 months 189 pre- and post-
menopausal

women > 16 years

Iron ingot vs. iron
ingot + educational
follow-up vs. no
intervention

B for changes/differences in
Hb in ingot w/ follow-up vs.
control groups: +0.18

(p = 0.51); B for changes/
differences in SFe in ingot w/
follow-up vs. control groups:
-4.5 (p=0.23)

Cambodia | 12
months

Charles et al.
(2015)

RCT 310 pre- and post-
menopausal

women > 16 years

Hb < 7.0 g/dL, plan to
migrate before end of trial,
pregnant, iron supplements
in past 3 mos, Hb < 12 g/dL
w/ CRP > 10 mg/L

Iron ingot vs. iron
ingot + educational
follow-up vs. no
intervention

Mean difference in Hb in
combined iron ingot groups
vs. control: +1.18 g/dL

(p < 0.0001); mean
difference in SF in combined
ingot groups vs. control:
+31.0 ng/mL (p < 0.001);
daily use 93.9%

(Continued)
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Table 1. (Continued)

Author Country | Duration |Study design Participants Exclusion Criteria Intervention Main Findings

(year)

Rappaport | Cambodia | 12 RCT 327 FRA 18-49 years | Hb < 8.0 or > 12.0 g/dL, not | Lucky Iron Fish vs. | Mean difference in imputed
etal. (2017) months female head of household, ill | iron supplement vs. | Hb in ingot vs. no

health, pregnant,
medications or iron
supplements, participating in
another nutrition
intervention, plan to migrate

no intervention

intervention groups: +0.32 g/
dL (p = 0.850); imputed
mean difference in SF in
ingot vs. no intervention
groups: +0.96 ug/L

(p = 0.781); mean difference
in imputed sTFR in ingot vs.
no intervention groups:
+1.00 mg/L (p = 0.997); daily
use 90%

FRA, females of reproductive age; TS, transferrin saturation; SFe, serum iron; FEP, free erythrocyte protoporphyrin concentration; SF, serum ferritin concentration; ZP,

zinc protoporphyrin level; sSTFR, serum transferrin receptor concentration; B, coefficient of effect after adjustment with multiple linear regression; IDA, iron deficiency

anemia

“Relative change in Hb = change in intervention group-change in control group

Equivalent daily use = (days per week of use/7 days per week) x % of participants achieving reported minimum days of use

“All mean differences correspond to differences at study endline

9WRA, women of reproductive age 15-43 yo, adolescent girls in this study were 11-14 yo, infants were 6-24 mos

https://doi.org/10.1371/journal.pone.0221094.t001

)

Identification

Screening

[ Included J [ Eligibili1ty J [

1767 potentially relevant studies identified via systematic
scarching of PubMed, Embase, Cochranc Library, Web of
Science, Scopus, POPLINE, LILACS, ProQuest Dissertations &
Theses Global, WHO ICTRP and ClinicalTrials.gov

I

103 potentially relevant studies identified via hand searching
of bibliographies and websites of Luck Iron Fish'™, WHO,

UNICEF and UNHCR

]

1

870 articles: titles and abstracts screened
for duplication

1238 articles: titles and abstracts screened
for relevance to topic of interest

155 records: titles and abstracts
screened for reporting of Hb level
and/or iron status

34 records: full-texts
reviewed for PICOS
inclusion criteria

11 studies: included in
qualitative synthesis

l

» 513 articles excluded
(duplicates)

1202 records
excluded (insufficient
relevance to topic)

l

l

121 records excluded
(failure to report on Hb level
and/or iron status)

23 records excluded
Cross-scctional studics
without a control group: 11
Pre-post studies without a
control group: 5

More recent full-text version
available: 3

Conducted in a high-income
country: 2

Ongoing clinical trials: 2

Children 4 months-
11 years: 4 studics

FRA 12-49 years: 3
studics

Children and FRA:
4 studics

Fig 1. Flow chart of study selection process. FRA: females of reproductive age.

https://doi.org/10.1371/journal.pone.0221094.9001
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published between 1973 and 2018 and consisted of nine randomized-controlled trials, one
controlled before-and-after study with cross-sectional surveys and one quasi-experimental
trial. All studies were published in English. Interventions in the studies took place in rural,
semi-urban and urban settings. Participants were identified in multiple venues, including
schools, hospitals, refugee camps and communities, and through a variety of methods, includ-
ing random selection as well as follow-up of cross-sectional surveys and other studies of ane-
mia prevalence and etiology. In Table 1, high quality studies are coded in green, moderate
quality studies in yellow and low quality studies in red.

Across the 11 included studies, there was significant heterogeneity in sample characteristics,
including size, age and exclusion criteria. In addition, there was marked variation in follow-up
length and the format for outcome reporting. Samples sizes ranged from 63-407 for children,
64-327 for FRA, ages from 4 months-12 years for children, 12-49 years for FRA and follow-up
length from 4-12 months. Four studies involved post-menopausal women up to the age of at
least 58 years. Also, two studies were conducted in an urban area [11, 17], eight studies were
conduct in a semi-urban or rural area [12, 13, 19, 22, 24, 36-38] and one study was conducted
in an area of unknown urban/rural status [39]. Four studies reported mean difference in Hb at
endline as the main outcome of interest [12, 17, 22, 24], three studies reported relative change
in Hb only [36, 38, 39], two studies reported both mean difference at endline and relative
change [11, 13], one study reported a -coefficient from multiple regression [19] and one
study reported both the mean difference at endline and a B-coefficient [37].

Intervention characteristics

Identified studies could be classified across two different axes: (a) those involving iron-con-
taining pots vs. iron ingots and (b) those involving primarily children vs. FRA. Specifically,
five studies focused on consumption of food prepared in iron pots, two studies focused on
consumption of food prepared in iron and blue steel pots and one study employed stainless
steel pots only. Control groups employed in these studies included groups using aluminum
pots, iron supplementation tablets or Micronutrient Sprinkles, as well as groups receiving no
intervention. In Devadas et al. [39], utensils were understood to refer to receptacles used for
cooking food (i.e. pots), rather than to forks, spoons or knives. None of the included studies
used iron pans. Capacity of the iron-containing pots ranged from 2 to 20 liters. Three studies
focused on use of an iron ingot, later trademarked as the Lucky Iron Fish, with and without
follow-up education to reinforce compliance. Control groups employed in these studies
included iron supplementation tablets and no intervention. Four of the eleven included studies
targeted only children, three studies targeted only FRA and four studies targeted both children
and FRA (Table 1).

Intervention efficacy

Iron-containing pots for reduction of IDA. There was marked variation in the effect of
iron-containing pots on anemia and iron status. Qualitatively, much of this variation appeared
to be explained by differences in the target population studied and intervention compliance.
For example, Devadas et al., Borigato and Martinez, Adish et al. and Arcanjo et al. included
only children in their studies (Table 1). In Devadas et al., Hb increased 1.86 g/dL when iron-
rich amaranth was prepared in iron pots vs. an increase of 1.22 g/dL when amaranth was pre-
pared in aluminum pots (relative change: +0.64 g/dL, p < 0.01) [39]. In Borigato and Martinez,
Hb increased 0.5 g/dL when consumed food was prepared in iron pots, but decreased 0.7 g/dL
when food was prepared in aluminum pots (relative change: +1.2 g/dL, p = 0.02) [11]. In
Adish et al., Hb increased 1.7 g/dL in the iron pot group, but only 0.4 g/dL in the aluminum
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pot group (adjusted mean difference: +1.2 g/dL, p < 0.001) [12]. In Arcanjo et al., the overall
improvement in Hb in the iron pot group was not statistically significant (+0.04 g/dL,

p = 0.78). There was an overall net decrease in Hb in the aluminum pot group that was also
not statically significant (-0.22 g/dL, p = 0.07). However, among children who were anemic at
baseline, there was a statistically significant increase in Hb in both groups, although the
increase was greater in the iron pot group (+1.69 g/dL, p < 0.0001) compared to the aluminum
pot group (+1.10 g/dL, p = 0.02). The overall relative change in Hb, regardless of anemic status,
was +0.26 g/dL in the iron vs. aluminum pot groups (p = 0.16) [38]. Of these three studies,
Adish et al. and Arcanjo et al. assessed daily compliance, found to be 42% and 71.4%, respec-
tively [12, 38].

Sharieff et al. studied both children and females of reproductive age. In this study, Hb
increased only 0.3 g/dL in the iron pot group vs. 0.5 g/dL in the iron supplement group (mean
difference: 0.0 g/dL at 6 mos., p = 0.73), with similar findings for blue steel pots. However,
daily compliance was only 25.7%. [17]. Similarly, Talley et al. studied children and their moth-
ers. Among children in this study, there were no significant changes or differences in Hb.
Among mothers, Hb decreased 0.6 g/dL in the stainless steel group, while increasing 0.5 g/dL
in the aluminum and clay pot group (mean difference at 12 mos: -0.3 g/dL, p = 0.485). Daily
compliance was similar to that found in the study by Sharieff et al. (26.7%) [22]. Variation in
the effect of iron-containing pots on iron status showed similar patterns among these five
studies.

Geerligs et al. conducted an intervention that lies midway on the spectrum of compliance.
This study involved both children and adolescents/adults, and reported a daily compliance of
31.1%. Among adolescents and adults, Hb increased 0.53 g/dL in the iron pot group, while
decreasing 0.22 g/dL in the aluminum pot group (relative change: +0.75 g/dL, p = 0.01).
Among children < 12 years, there were no significant changes or differences in Hb. However,
among children < 12 years, zinc protoporphyrin (as an inverse measure of iron status) exhib-
ited a relative decrease of -2.8 pug ZP/g Hb in the iron pot group compared to the aluminum
pot group (p < 0.05). Among adolescents and adults, there were no significant differences in
zinc protoporphyin at endline [13]. The intervention by Berti et al. involved infants and
females of reproductive age, compliance was similar to that reported by Geerligs et al. (34-
38%) and findings were similar to those reported by Sharieff et al. and Talley et al. [36]. How-
ever, this study may represent an outlier, since it was the only study in this review considered
to be low quality.

Iron content and availability of food increased with the use of iron-containing pots in both
studies in which these outcomes were assessed [12, 39]. Overall, statistically significant
increases in Hb were observed among children in 37.5% (3/8) of studies (relative change/mean
difference in Hb at endline: 0.64-1.2 g/dL) (Table 2). In one additional study, a statistically sig-
nificant increase in iron status was observed among children [13]. Statistically significant
changes in Hb were observed among females of reproductive age in only 25% (1/4) of relevant
studies (relative change/mean difference in Hb at endline: 0.75 g/dL) (Table 2). Surprisingly,
in this study, there was no statistically significant increase in iron status among FRA [13]. The
overall range of relative change/mean difference in Hb at endline for all studies was -0.4-1.2 g/
dL (Table 1).

Iron ingots for reduction of IDA. There was also significant variation in the effect of iron
ingots on Hb and iron status. However, this variation did not appear to be explained by differ-
ences in intervention compliance. In addition, comparisons between children and FRA could
not be made, as only the latter population group was studied. In 2011, Charles et al. studied
pre- and post-menopausal women. At midline, mean Hb and serum iron were higher in the
intervention group utilizing an iron ingot and receiving educational follow-up, as compared to
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Table 2. Number and percentage of studies demonstrating statistically significant increases/differences in Hb and
Fe status among children vs. FRA.

Iron Pots Children # (%) FRA # (%) Total # (%)
Increase in Hb 3 (37.5%) 1(25%) 4 (50%
Increase in Fe Status 4 (50%) 0 (0%) 4 (50%)
Total 8 4 8

Iron Ingots Children # (%) FRA # (%) Total # (%)
Increase in Hb NA 1(33.3%) 1(33.3%)
Increase in Fe Status NA 1(33.3%) 1(33.3%)
Total NA 3 3

#: Number of studies

%: Percentage of studies

https://doi.org/10.1371/journal.pone.0221094.t002

the control group. However, at endline, there were no significant differences in Hb or serum
iron between the intervention and control groups [19]. In 2015, Charles et al. conducted a sim-
ilar study of pre- and post-menopausal women. Mean Hb in the combined intervention
groups increased 1.3 g/dL compared to an increase of only 0.1 g/dL in the control group
(mean difference at 12 mos: 1.18 g/dL, p < 0.0001). A similar difference was observed for
serum ferritin at endline. Compared to iron-containing pots, daily compliance with use of iron
ingots was remarkably high at 93.9% in this study [37]. In 2017, Rappaport et al. studied only
females of reproductive age. Significant loss to follow-up necessitated imputation. However,
after both imputation and complete-case analysis, there were no significant changes or differ-
ences in Hb or serum ferritin. Compliance was again high at 90.0%. Overall, 1 of 3 studies
(33.3%) involving iron ingots demonstrated positive changes in Hb and iron status at endline
(Table 2). The overall range of relative change/mean difference in Hb at endline was 0.32-1.18
g/dL (Table 1).

Effect modifiers

As evident in Table 3, there was variable reporting of effect modifiers, including the prevalence
of malaria, intestinal helminthiasis and schistosomiasis, blood transfusion, iron supplementa-
tion, pot volume, inflammatory state, water contamination and the prevalence of genetic
hemoglobinopathies. Eight (of eleven) studies did not report on malaria endemicity and nine
studies did not report on helminthiasis or schistosomiasis prevalence. Although two studies
employed receipt of blood transfusion as an exclusion criterion at baseline, only one (of
eleven) clearly monitored blood transfusions during follow-up. Similarly, although four stud-
ies specified iron supplementation as an exclusion criterion at baseline, only three studies
clearly monitored iron supplementation during follow-up. Six (of eight) studies reported on
pot volume, yet only three of these studies reported on the volume of both intervention and
control pots. Only four studies adjusted outcome data for inflammation and/or excluded par-
ticipants presumed to be suffering from inflammatory anemia. Only Charles et al. 2011 [19]
mentioned the role of water quality in influencing the bioavailability of iron in drinking water.
However, the authors did not compare the quality of water used to prepare food in the various
arms of the study. Similarly, only Rappaport et al. [24] reported on the prevalence of genetic
hemoglobinopathies, with 69% of study participants testing positive for a structural hemoglo-
bin variant, and 59.8% of the remaining participants demonstrating evidence for carriage of
traits for alpha and/or beta-thalassemia (low mean corpuscular volume despite adequate stores
of iron).
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Table 3. Description of potential effect modifiers.

Author Malaria prevalence Helminthiasis and Hemoglobinopathy Blood Use of iron supplements Pot volume | Adjustment for
(year) schistosomiasis prevalence transfusion inflammation
prevalence given
Devadas Not reported Not reported Not reported Not reported Not reported Not reported | No
etal. (1973)
Borigato Not reported Not reported Not reported Exclusion Iron supplementation was | Iron: 2L No
and criterion at recommended for all Aluminum:
Martinez baseline participants from 15 days to | Not reported
(1998) 12 months of age.
Otherwise, iron-fortified
cereals/formulas were not
used during the study.
Adishetal. | Verylow Very low Not reported Not reported Not reported, but mothers | Iron: 2L No
(1999) in the aluminum pot group | Aluminum: 2
received iron
supplementation for first 3
months
Geerligs 45.3% in Not reported Not reported Participants Participants excluded if Iron: 10 L No
etal. (2003) | children < 12 years excluded if blood | iron supplements taken Aluminum:
vs. 17.5% in transfusion given | during follow-up 6L
children > 12 years during follow-up
at endline
(p < 0.001)
Bertietal. | Not reported, but Not reported Not reported Not reported Not reported, but no Not reported | Unclear
(2004) no seasonal increased self treatment
environmental during study
changes during
study
Sharieff Not reported Not reported Not reported Exclusion Exclusion criterion at Iron: 2L Yes
et al. (2008) criterion at baseline, also an Blue steel:
baseline, but intervention arm, unclear if | Not reported
unclear if iron supplementation in
transfusion other arms assessed during
during study was | study
assessed
Talley etal. | No significant No significant Not reported Not reported Iron-fortified corn-soya Stainless No
(2010) difference in difference in infectious blend was introduced into | steel: 5L
infectious illness illness between groups the general ration before Aluminum
between groups over time (including study initiation. Among and clay: not
over time (including | hookworm and mothers, iron reported
malaria) schistosomiasis) supplementation decreased
in the intervention camp
between baseline and 12
months, but no such trend
was seen in the control
camp. Among children,
iron supplementation
decreased equally in both
groups during the study.
Arcanjo Not reported Not reported Not reported Not reported Exclusion criterion at Iron: 20 L No
etal. (2018) baseline Aluminum:
20L
Charles Not reported Not reported Not reported Not reported 88.4% of participants may | NA Yes
etal. (2011) have received 1 month of
iron supplementation
therapy 2 months before
recruitment
(Continued)
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Table 3. (Continued)

Author Malaria prevalence
(year)
Charles Not reported

etal. (2015)

Rappaport | Not reported
etal. (2017)

https://doi.org/10.1371/journal.pone.0221094.t003

Helminthiasis and Hemoglobinopathy Blood Use of iron supplements Pot volume | Adjustment for
schistosomiasis prevalence transfusion inflammation
prevalence given

Not reported Not reported Exclusion criterion at NA Yes
baseline, women who used
iron supplements during
the trial were removed at
endline (n = 0)

93-94% across all 3 | Not reported Exclusion criterion at NA Yes
groups baseline, intervention arm,

unclear if iron

supplementation in other

arms assessed during study

Quality assessment

The methodological quality of the included studies was sufficient, but not optimal. As shown in
Table 4, seven (of nine) RCTs reported random sequence generation. Two (of ten) studies
reported concealment of allocation. Eight (of ten) studies reported similar baseline outcome
measurements. One additional study [22] met this criterion partially, as the baseline Hb of
mothers in the intervention camp (Nduta) was 14.5 g/dL, while the baseline Hb in the control
camp (Mtendeli) was 13.7 (p < 0.001). In eight studies, other baseline characteristics were simi-
lar. Five studies reported complete outcome data. Two studies did not fulfill this criterion due
to loss-to-follow-up greater than 20% across all groups. Four studies fulfilled this criterion par-
tially, as they experienced greater than 20% loss-to-follow-up in only one group, or were able to
employ compensatory data analysis. In five studies, unintentional crossover between interven-
tion and control groups was minimized or prevented (i.e. protection against contamination).
Two studies had no risk of other bias, three studies had moderate risk of other bias and six stud-
ies had high risk of other bias. Overall, one study was determined to be of high quality (score
8-9), nine studies of moderate quality (score 4-7) and one study of low quality (1-3) (Table 4).

Discussion

The studies included in this review suggest that, with reasonable compliance, iron-containing
pots and ingots could be used to reduce iron deficiency anemia, especially among children.
However, the ultimate effect of iron-containing cookware on iron deficiency anemia varied
significantly. Of the 8 studies involving iron-containing pots, 3 (37.5%) demonstrated statisti-
cally significant increases and/or differences in hemoglobin levels when compared to non-
iron-containing cookware. In 4 out of 8 studies (50%), there were also statistically significant
increases and/or differences in iron status. Of the 3 studies involving iron ingots,1 (33.3%)
demonstrated statistically significant increases and/or differences in hemoglobin and iron sta-
tus vs. no intervention at endline (Charles et al. 2015). Overall, children experienced statisti-
cally significant increases and/or differences in Hb and/or iron status in 4 of 8 studies (50%),
while FRA exhibited these outcomes in only 2 of 7 studies (28.6%). Further research is needed
before more firm conclusions can be made regarding the efficacy of iron cookware for reduc-
tion of IDA in LMICs.

Limitations

Careful analysis of the studies included in this review reveals a number of limitations. First,
there was variable presence and reporting of potential effect modifiers, including the
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Table 4. Quality assessment of included studies.

Study Random Allocation Baseline outcome | Baseline Complete |Adequate | Protection Nonselective | No risk | Total
sequence concealment |measurements characteristics | outcome Blinding | against outcome of Score
generation similar similar data contamination | reporting other

bias

Devadas 0 NS 1 1 1 1 0.5 1 0.5 6.0

etal. (1973)

Borigato NS NS 1 1 1 1 0.5 0.5 0.5 5.5

and

Martinez

(1998)

Adish et al. 1 1 1 1 1 1 0.5 1 0 7.5

(1999)

Geerligs 1 NS 0 1 0 1 1 1 1 6.0

et al. (2003)

Berti et al. 1 0 0 NS 0 1 1 0.5 0 35

(2004)

Sharieff 1 1 1 1 1 1 1 1 1 9.0

et al. (2008)

Talley et al. 0 0 0.5 0 0.5 1 1 1 0 4.0

(2010)

Arcanjo 1 NS 1 1 1 1 0.5 1 0 6.5

etal. (2018)

Charles et al. 1 0 1 1 0.5 1 NS 1 0 5.5

(2011)

Charles et al. 1 0 1 1 0.5 1 NS 1 0 5.5

(2015)

Rappaport 1 NS 1 0.5 0.5 1 NS 0.5 0.5 5.0

etal. (2017)

High quality: total score 8-9
Medium quality: total score 4-7
Low quality: total score 1-3

NS = criteria not reported or unclear

https://doi.org/10.1371/journal.pone.0221094.t004

prevalence of malaria, intestinal helminthiasis and schistosomiasis, blood transfusion, iron
supplementation, pot volume and inflammatory state. However, based on the available data,
these potential effect modifiers did not appear to explain the variation in study outcomes. In
contrast, as noted by Charles et al. (2011) and Rappaport et al. (2017), respectively, water con-
tamination and the prevalence of genetic hemoglobinopathies may have been more influential
[19, 24]. Since contamination of water with arsenic and manganese is common in LMICs [40,
41], water quality may have been an unmeasured effect modifier in many studies in this review.
In addition, as the prevalence of genetic hemoglobinopathies varies significantly by geographic
region [42], this may have been another important effect modifier.

A second limitation of the studies presented here was limited discussion of factors affecting
compliance. In a study of the same population recruited by Geerligs et al. 2003 [13], Geerligs
etal. 2002 [16] investigated the factors affecting the acceptability of iron pots. The authors
noted that iron pots were not used traditionally in the intervention community, which may
have accounted for the greater loss to follow-up in the intervention group in Geerligs et al.
2003 [13]. Besides low cultural acceptability, another disagreeable aspect of the iron pots was
their greater weight. A similar study by Tripp et al. [18] preceded and accompanied the study
by Talley et al. [22]. In this study, authors investigated the acceptability of cast iron, blue steel
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and stainless steel pots compared to aluminum pots. Limitations of all pot types, except stain-
less steel, included heavier weight and rust formation. In addition, even though cast iron and
blue steel pots were less expensive and leached greater quantities of iron, stainless steel pots
were lighter, less likely to rust and presumably less likely to cause iron overload [18]. As a
result, stainless steel pots were selected for use in the study by Talley et al. [22]. However,
Tripp et al. [18] also reported on the limitations of the stainless steel pots used in Talley et al.
[22], which included difficulty with using and cleaning, as well as the tendency for households
subsisting on minimal income to sell the stainless steel pots, while continuing to use existing
aluminum and clay pots. As a result, Tripp et al. [18] advised against the use of stainless steel
pots in a setting where poverty and the presence of other pots of less market value may lead to
selling of supplemental stainless steel pots.

Interestingly, although the study involving iron and blue steel pots by Berti et al. [36] was
abandoned at midline due to logistical challenges, the investigators had developed a promising
prototype pot with an inner layer of steel and an outer layer of aluminum, which made the pot
light and attractive, while still facilitating iron leaching. However, the pot also had a layer of air
between the aluminum and steel layers, which delayed heating and decreased the overall popu-
larity of the pot (P. Berti, 2018, personal communication). Most importantly, the metal from
which pots were made did not appear to explain the variation in outcomes observed in the
studies included in this review.

A third limitation of the studies included in this review was the reporting of incomplete
outcome data. For example, in Talley et al. [22], a sample size of 100 for each cross-sectional
survey conducted during the study was predicted to yield sufficient power to detect a signifi-
cant change and/or difference in relevant outcomes. Among children, sample sizes were ade-
quate. However, among mothers, the number of participants for whom data was available with
each survey ranged from 64 to 85. In Charles et al. [19], loss-to-follow-up was 36.5% across all
groups; however, as the authors note, there were no significant differences in baseline Hb or
SFe between participants who did and did not complete the study. In Charles et al. [37], some
data was not reported: including baseline Hb and CRP by village (claimed to be significantly
different), as well as the p-values for associations between loss-to-follow-up and baseline iron
status, and between Hb, SFe and menstrual status (claimed to be non-significant). In Rappa-
port et al. [24], based on a predicted final sample size of 270 participants, a mean hemoglobin
difference of 0.5 g/dL could be detected with 90% power and o = 0.05. Although 327 women
entered the study, 240 remained after 12 months (26.6% loss to follow-up). However, imputa-
tion was employed, and authors reported that results achieved with imputation did not differ
from those acquired with complete-case analysis (although complete-case data were reported
in supplemental tables that were not readily apparent in the publication).

A fourth limitation of the studies in this review was the presence of moderate to high risk of
other bias. For example, in the studies by Charles et al. 2011 and 2015 [19, 37], the authors do
not mention a potential conflict of interest, as the ingot used in these studies was refined and
marketed by the for-profit social enterprise Lucky Iron Fish, Inc. While it is unclear if the
authors of these studies intended to ultimately market the ingot worldwide, and the founder
and CEO of Lucky Iron Fish, Inc. (Gavin Armstrong) was not listed as one of the authors in
these studies, the company was established in 2012, before publication of the second study by
Charles et al. in 2015 [20, 43]. In addition, in Adish et al. [12], rates of diarrhea, acute respira-
tory illness and fever decreased more in the iron pot group than in the aluminum pot group
during the study. This may have led to decreased rates of inflammatory anemia and therefore
greater perceived improvement of anemia in the iron pot group. However, this decrease in
infectious illness could have also been due to improved immune function due to improved
iron status [44]. Serum ferritin was assessed in this study but was not correlated with Hb
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concentration to distinguish IDA from other forms of anemia. In addition, SF was collected in
a sample of 170 children early in the study and later in a different sample of 84 children,
thereby introducing potential biases due to utilizing a different sample of participants.

In Berti et al. [36], the authors suggested that because they sought out anemic individuals
for their study, the global improvement in Hb may have been due to regression-to-the-mean
effect. In addition, although CRP was measured at baseline and midline in this study, it was
not apparent if this data was factored into the ultimate analysis of data. In Talley et al. [22],
data was gathered through multiple random samples of the study population, each of which
would have captured a slightly different set of participants. Additionally, in a departure from
previous studies, cutoffs for anemia were adjusted for altitude. In Arcanjo et al. [38], the para-
doxical improvement in Hb among anemic children in both the iron and aluminum pot
groups, despite a statistically non-significant increase in overall Hb in the iron pot group and a
decrease in overall Hb in the aluminum pot group, was likely due to the regression-to-the-
mean effect noted by Berti et al. This phenomenon may have been observed in both these stud-
ies due to selection and/or analysis of only anemic participants. Both anemic and non-anemic
participants likely experienced daily fluctuations in Hb concentrations. However, due to
extremely low Hb levels at baseline, fluctuations in Hb were likely more drastic in anemic par-
ticipants and therefore more likely to be re-measured at a higher level at study endline. As
briefly discussed by Berti et al., this regression to the mean effect is often overlooked in
research on anemia [36, 45]. An alternative explanation is that statistically significant increases
in Hb were only observed among anemic individuals in Arcanjo et al. because these partici-
pants had the greatest potential for gain with increased access to bioavailable iron.

More concerning than this regression-to-the-mean effect are the apparent errors in statisti-
cal analysis committed in the study by Arcanjo et al. For example, the authors initially state
that anemia prevalence decreased from 12.0% (10/93) to 8.4% (7/93) in the iron pot group vs.
a reduction from 13.2% (9/68) to 11.8% (8/68) in the aluminum pot group. However, later in
the manuscript, they report that anemia prevalence decreased from 12.0% (10/93) to 0.0% (0/
93) in the iron pot group vs. a reduction from 13.2% (9/68) to 8.8% (6/68) in the aluminum
pot group. In addition, the manuscript reported exclusion of four individuals for refusal to
participate and one individual for use of iron supplementation from the iron pot group, but
stated that a total of only four participants were excluded from this group (4 +1 = 5) [38].
These errors in statistical analysis call into question the overall integrity of this study.

Also captured by the criterion ‘moderate to high risk of other bias’ was the inappropriate
use of per-protocol data analysis. Per-protocol analysis was utilized by Borigato and Martinez
[11], Talley et al. [22], Charles et al. 2011 [19], Charles et al. 2015 [37] and Rappaport et al.
[24]. Only Adish et al. [12], Sharieff et al. [17] and Geerligs et al. [13] employed intention-to-
treat analysis. Devadas et al. [39] and Berti et al. [36] did not specify their approach to data
analysis. Intention-to-treat analysis is especially important in studies with high rates of non-
compliance and loss-to-follow-up, as the underlying reasons for not adhering to the assigned
intervention or control arm may reflect important determinants of intervention success or fail-
ure [34].

A final limitation of studies included in this review was limited reporting on iron content
and bioavailability of food prepared with iron-containing cookware, ideal cooking conditions,
adverse effects and cost-effectiveness. It is possible that most investigators chose to forgo mea-
surement of iron content and bioavailability, because the effect of iron-containing cookware
on these parameters has already been relatively well established [14, 18, 29, 46-48]. However,
other studies have shown that the iron content and availability of food prepared with iron
cookware depends on cooking conditions, including the type of food prepared. Kroger-Ohlsen
et al. [49] demonstrated that the amount of iron released by iron cooking pots increases with
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acidic pH and/or the presence of organic acids (citrate more than lactate). Similarly, Rodri-
guez-Ramiro et al. [50] found that intestinal absorption of iron released by the Lucky Iron Fish
was enhanced 10-fold by ascorbic acid (vitamin C) and inhibited 7.5-fold by tannic acid.
Although nine studies in this review reported on the type of food typically prepared with cook-
ware, only the three studies on ingots referenced the addition of citric and/or ascorbic acid.

Regarding adverse effects, Rodriguez-Ramiro et al. [50] found that ascorbic acid reduced
the production of harmful reactive oxygen species (ROS) in the intestinal lumen by the Lucky
Iron Fish, which were found to be produced at levels similar to standard oral iron supplemen-
tation. Besides the generation of ROS by iron cookware, iron overload has long been known as
a potential safety concern associated with traditional iron cookware use among the peoples of
Sub-Saharan Africa [51-54]. This would be especially important in the setting of a high preva-
lence of genetic hemoglobinopathies, which can lead to iron overload through increased intes-
tinal iron absorption, inefficient erythropoiesis and recurrent blood transfusion [55].
Individuals with undiagnosed hemochromatosis may also be at increased risk of iron overload
with use of iron cookware [56]. Iron overload is of particular concern, as it can cause cirrhosis,
liver cancer, heart failure, diabetes mellitus and cancers of other visceral organs [51-55].

In an attempt to capture these potential adverse effects, Geerligs et al. [13] inquired about
adverse events with every follow-up survey, but none were reported by study participants.
Adish et al. [12] referred all children who became ill to a physician to be evaluated for signs of
iron overload. Presumably, no participants suffered from iron overload in this study; however,
outcomes regarding adverse effects were not explicitly reported. In Charles et al. [19], three
women were deemed outliers and excluded from analyses due to SFe > 130 pg/L. However, all
three participants had been randomized to the control group. Therefore, they were not likely
suffering from iron overload secondary to ingot use. In Charles et al. [37], assessment of
adverse effects was not described as a method employed in the study; however, authors men-
tioned that no side effects from ingot use were reported by participants nor observed by out-
come assessors. These findings are consistent with those of a study by Armstrong et al. [57], in
which harmful levels of iron were approached only with simultaneous use of five ingots in
water boiled for 60 minutes. However, as noted above, potential conflicts of interest may be
associated with studies conducted by Armstrong et al. and the second study conducted by
Charles et al. [19, 37, 57]. In addition, only Rappaport et al. measured the prevalence of genetic
hemoglobinopathies in study participants; yet, in this study, adverse effects were not assessed
[24].

Regarding cost-effectiveness, Adish et al. [12] estimated the cost of distributing one iron
pot per household to a population of 10,000 people to be $0.50 per person, given a mean
household size of six. Sharieff et al. [17] estimated the cost of iron pots to be $0.6-1.5 per bene-
ficiary per pot, given two to five individuals at risk of IDA per household [18], compared to
$1.2 per beneficiary for 12.5 mg of ferrous fumarate per day in a sachet of Sprinkles for two
months ([58] in [18]), and $0.27-0.46 per beneficiary for 1.5 iron-folic acid tablets per day for
six months ([59] in [17]). Charles et al. [19] and [37] estimated the cost of iron supplementa-
tion in Cambodia to be $2-4 per person per month. Based on these data, iron-containing
cookware has the potential to be considerably more cost-effective than iron supplementation,
especially considering that the lifetime of iron-containing cookware may be several years [12,
19, 37]. However, as Sharieff et al. [17] note, this cost-effectiveness depends on the amount
and availability of leached iron, the presence of a sufficient number of individuals at risk of
IDA in the household and compliance.
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Implications for research and practice

Future research on the efficacy of iron-containing cookware for the reduction of iron defi-
ciency anemia should focus on minimizing the limitations of research already conducted to
date. In particular, more data is needed regarding the effects of age, water quality and genetic
hemoglobinopathies. A better description of the factors influencing compliance with use of
iron-containing pots is also needed. Indeed, improvements in overall design may improve
compliance [16, 18]. Future research should seek to minimize loss-to-follow-up and employ
intention-to-treat analysis, in addition to per-protocol analysis, to allow for more valid conclu-
sions. Selection or analysis of only anemic individuals should be performed with caution given
the possibility of regression-to-the mean effect in this sub-population. Studies on the adverse
effects of food preparation in iron cookware and the relative cost-effectiveness of this interven-
tion would be informative. In addition, greater uniformity of future studies would facilitate
more reliable comparisons, such as meta-analysis, especially with regards to the reporting of
outcomes. Indeed, the relative change in Hb in the intervention vs. control groups may be a
more valuable outcome measure than the mean difference at endline, as the former measure
accounts for differences in Hb at baseline, while the latter does not. The study by Sharieff et al.
(2008) would be a useful template, as it was the only study in this review found to be of high
quality [17].

However, until this research becomes available, public health practitioners should consider
the use of iron-containing cookware within the proposed cultural, epidemiological and envi-
ronmental context. In addition, the benefits must also be carefully weighed against the
unknown risks of adverse effects, such as iron overload. Given the potentially significant influ-
ence of these contextual factors, the ultimate effect of iron-containing cookware may be mod-
est. Therefore, use of iron-containing cookware may be most effective when combined with
other interventions. Perhaps the most notable of these complementary interventions would be
food-based strategies to increase the bioavailability of non-heme iron, as addition of ascorbic
acid and minimization of tannic acid has obvious benefits for the iron content and bioavail-
ability, and safety, of food prepared with iron-containing cookware.

Supporting information

S1 Checklist. 2009 PRISMA checklist. PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.
(DOC)

Acknowledgments

We acknowledge support from Dr. Melissa Moore (editing) of the Office of Global and Border
Health, University of Arizona College of Medicine-Tucson, as well as Dr. John Ehiri (data
analysis) of the Department of Health Promotion Sciences, University of Arizona Mel and
Enid Zuckerman College of Public Health.

Author Contributions

Conceptualization: Clark Alves, Ahlam Saleh, Halimatou Alaofe.
Data curation: Clark Alves, Ahlam Saleh, Halimatou Alaofe.
Formal analysis: Clark Alves, Halimatou Alaofe.

Methodology: Clark Alves, Ahlam Saleh, Halimatou Alaofe.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221094  September 3, 2019 19/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221094.s001
https://doi.org/10.1371/journal.pone.0221094

@ PLOS|ONE

Iron-containing cookware for the reduction of iron deficiency anemia

Software: Ahlam Saleh.

Supervision: Halimatou Alaofe.

Writing - original draft: Clark Alves, Halimatou Alaofe.

Writing - review & editing: Clark Alves, Ahlam Saleh, Halimatou Alaofe.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Camaschella C. Iron-deficiency anemia. New England journal of medicine. 2015; 372(19):1832—43.
https://doi.org/10.1056/NEJMra1401038 PMID: 25946282

Lopez A, Cacoub P, Macdougall IC, Peyrin-Biroulet L. Iron deficiency anaemia. The Lancet. 2016; 387
(10021):907-16.

Kassebaum NJ, Collaborators GBDA. The Global Burden of Anemia. Hematol Oncol Clin North Am.
2016; 30(2):247-308. Epub 2016/04/05. https://doi.org/10.1016/j.hoc.2015.11.002 PMID: 27040955.

Pasricha S-R, Drakesmith H, Black J, Hipgrave D, Biggs B-A. Control of iron deficiency anemia in low-
and middle-income countries. Blood. 2013; 121(14):2607—-17. https://doi.org/10.1182/blood-2012-09-
453522 PMID: 23355536

Friedman JF, Kanzaria HK, McGarvey ST. Human schistosomiasis and anemia: the relationship and
potential mechanisms. Trends in parasitology. 2005; 21(8):386-92. https://doi.org/10.1016/j.pt.2005.
06.006 PMID: 15967725

Moll R, Davis B. Iron, vitamin B12 and folate. Medicine. 2017; 45(4):198—203.

Koskenkorva-Frank TS, Weiss G, Koppenol WH, Burckhardt S. The complex interplay of iron metabo-
lism, reactive oxygen species, and reactive nitrogen species: insights into the potential of various iron
therapies to induce oxidative and nitrosative stress. Free Radical Biology and Medicine. 2013;
65:1174-94. https://doi.org/10.1016/j.freeradbiomed.2013.09.001 PMID: 24036104

Armstrong GR. The Lucky Iron Fish: a simple solution for iron deficiency. Blood advances. 2017; 1
(5):330-. https://doi.org/10.1182/bloodadvances.2016000521 PMID: 29296948

Finkelstein JL, Haas JD, Mehta S. Iron-biofortified staple food crops for improving iron status: a review
of the current evidence. Curr Opin Biotechnol. 2017; 44:138-45. Epub 2017/01/29. https://doi.org/10.
1016/j.copbio.2017.01.003 PMID: 28131049; PubMed Central PMCID: PMC5418367.

Alaofe H, Zee J, Dossa R, O’Brien HT. Effect of a nutrition education program and diet modification in
Beninese adolescent girls suffering from mild iron deficiency anemia. Ecol Food Nutr. 2009; 48(1):21—
38. Epub 2009/01/01. https://doi.org/10.1080/03670240802293675 PMID: 21883056.

Borigato EV, Martinez FE. Iron nutritional status is improved in Brazilian preterm infants fed food cooked
in iron pots. The Journal of nutrition. 1998; 128(5):855-9. Epub 1998/06/13. https://doi.org/10.1093/jn/
128.5.855 PMID: 9566993.

Adish AA, Esrey SA, Gyorkos TW, Jean-Baptiste J, Rojhani A. Effect of consumption of food cooked in
iron pots on iron status and growth of young children: a randomised trial. The Lancet. 1999; 353
(9154):712-6.

Geerligs PP, Brabin B, Mkumbwa A, Broadhead R, Cuevas LE. The effect on haemoglobin of the use of
iron cooking pots in rural Malawian households in an area with high malaria prevalence: a randomized
trial. Tropical medicine & international health: TM & IH. 2003; 8(4):310-5. Epub 2003/04/02. PMID:
12667149.

Prinsen Geerligs PD, Brabin BJ, Hart DJ, Fairweather-Tait SJ. Iron contents of Malawian foods when
prepared in iron cooking pots. International journal for vitamin and nutrition research Internationale Zeit-
schrift fur Vitamin- und Ernahrungsforschung Journal international de vitaminologie et de nutrition.
2004; 74(1):21-6. Epub 2004/04/06. https://doi.org/10.1024/0300-9831.74.1.21 PMID: 15060897;
PubMed Central PMCID: PMCYes.

Geerligs PD, Brabin BJ, Omari AA. Food prepared in iron cooking pots as an intervention for reducing
iron deficiency anaemia in developing countries: a systematic review. Journal of human nutrition and
dietetics: the official journal of the British Dietetic Association. 2003; 16(4):275-81. Epub 2003/07/16.
PMID: 12859709.

Prinsen Geerligs P, Brabin B, Mkumbwa A, Broadhead R, Cuevas LE. Acceptability of the use of iron cook-
ing pots to reduce anaemia in developing countries. Public health nutrition. 2002; 5(5):619-24. Epub 2002/
10/10. https://doi.org/10.1079/PHN2002341 PMID: 12372154; PubMed Central PMCID: PMCYes.

Sharieff W, Dofonsou J, Zlotkin S. Is cooking food in iron pots an appropriate solution for the control of
anaemia in developing countries? A randomised clinical trial in Benin. Public health nutrition. 2008; 11
(9):971-7. Epub 2007/10/16. https://doi.org/10.1017/S1368980007001139 PMID: 17935647.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221094  September 3, 2019 20/22


https://doi.org/10.1056/NEJMra1401038
http://www.ncbi.nlm.nih.gov/pubmed/25946282
https://doi.org/10.1016/j.hoc.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27040955
https://doi.org/10.1182/blood-2012-09-453522
https://doi.org/10.1182/blood-2012-09-453522
http://www.ncbi.nlm.nih.gov/pubmed/23355536
https://doi.org/10.1016/j.pt.2005.06.006
https://doi.org/10.1016/j.pt.2005.06.006
http://www.ncbi.nlm.nih.gov/pubmed/15967725
https://doi.org/10.1016/j.freeradbiomed.2013.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24036104
https://doi.org/10.1182/bloodadvances.2016000521
http://www.ncbi.nlm.nih.gov/pubmed/29296948
https://doi.org/10.1016/j.copbio.2017.01.003
https://doi.org/10.1016/j.copbio.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28131049
https://doi.org/10.1080/03670240802293675
http://www.ncbi.nlm.nih.gov/pubmed/21883056
https://doi.org/10.1093/jn/128.5.855
https://doi.org/10.1093/jn/128.5.855
http://www.ncbi.nlm.nih.gov/pubmed/9566993
http://www.ncbi.nlm.nih.gov/pubmed/12667149
https://doi.org/10.1024/0300-9831.74.1.21
http://www.ncbi.nlm.nih.gov/pubmed/15060897
http://www.ncbi.nlm.nih.gov/pubmed/12859709
https://doi.org/10.1079/PHN2002341
http://www.ncbi.nlm.nih.gov/pubmed/12372154
https://doi.org/10.1017/S1368980007001139
http://www.ncbi.nlm.nih.gov/pubmed/17935647
https://doi.org/10.1371/journal.pone.0221094

@ PLOS|ONE

Iron-containing cookware for the reduction of iron deficiency anemia

18.

19.

20.

21.
22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

Tripp K, Mackeith N, Woodruff BA, Talley L, Mselle L, Mirghani Z, et al. Acceptability and use of iron and
iron-alloy cooking pots: implications for anaemia control programmes. Public health nutrition. 2010; 13
(1):123-30. Epub 2009/05/30. https://doi.org/10.1017/S1368980009005928 PMID: 19476680; PubMed
Central PMCID: PMCYes.

Charles CV, Dewey CE, Daniell WE, Summerlee AJ. Iron-deficiency anaemia in rural Cambodia: com-
munity trial of a novel iron supplementation technique. European journal of public health. 2011; 21
(1):43-8. Epub 2010/01/30. https://doi.org/10.1093/eurpub/ckp237 PMID: 20110274,

Armstrong GR. Commerecializing the Luck Iron FishTM Using Social Enterprise: A Novel Health Innova-
tion for Iron Deficiency and Anemia in Cambodia and Beyond [Doctoral Dissertation]. Faculty of Gradu-
ate Studies, University of Guelph. 2016.

[Internet] P. PRISMA Checklist. doi: 10.1371/journal.pmed1000097.

Talley L, Woodruff BA, Seal A, Tripp K, Mselle LS, Abdalla F, et al. Evaluation of the effectiveness of
stainless steel cooking pots in reducing iron-deficiency anaemia in food aid-dependent populations.
Public health nutrition. 2010; 13(1):107—15. Epub 2009/04/02. https://doi.org/10.1017/
S$1368980009005254 PMID: 19335940.

Diego Quintaes K, Haj-Isa NM, Trezza Netto J, Amaya-Farfan J. Soapstone utensils may improve iron
status in adult women. A preliminary study. Archivos latinoamericanos de nutricion. 2011; 61(4):429—
32. Epub 2012/10/26. PMID: 23094527.

Rappaport Al, Whitfield KC, Chapman GE, Yada RY, Kheang KM, Louise J, et al. Randomized con-
trolled trial assessing the efficacy of a reusable fish-shaped iron ingot to increase hemoglobin concen-
tration in anemic, rural Cambodian women. The American journal of clinical nutrition. 2017; 106(2):667—
74. Epub 2017/06/16. https://doi.org/10.3945/ajcn.117.152785 PMID: 28615257.

Jonsdottir OH, Kleinman RE, Wells JC, Fewtrell MS, Hibberd PL, Gunnlaugsson G, et al. Exclusive
breastfeeding for 4 versus 6 months and growth in early childhood. Acta Paediatr. 2014; 103(1):105—
11. Epub 2013/10/15. https://doi.org/10.1111/apa.12433 PMID: 24117808.

Thomas F, Renaud F, Benefice E, De Meels T, Guegan J-F. International variability of ages at menar-
che and menopause: patterns and main determinants. Human Biology. 2001:271-90. PMID: 11446429

Sommer M. Menarche: a missing indicator in population health from low-income countries. Public
Health Reports. 2013; 128(5):399-401. https://doi.org/10.1177/003335491312800511 PMID:
23997288

[Internet] WB. World Bank Country and Lending Groups. 2016. doi: https://datahelpdesk.worldbank.
org/knowledgebase/articles/906519-world-bank-country-and-lending-groups.

Kulkarni SA, Ekbote VH, Sonawane A, Jeyakumar A, Chiplonkar SA, Khadilkar AV. Beneficial effect of
iron pot cooking on iron status. Indian journal of pediatrics. 2013; 80(12):985-9. Epub 2013/07/23.
https://doi.org/10.1007/s12098-013-1066-z PMID: 23868537.

[Internet] CC. Data collection for intervention reviews. 2014. doi: http://training.cochrane.org/resource/
data-collection-forms-intervention-reviews.

. K. Lanzkowsky’s JL Manual of Pediatric Hematology and Oncology ( Sixth Edition). Elsevier.
2016:166-96.

[Internet] CEPaOoC. Suggested risk of bias criteria for EPOC reviews. 2017. doi: http://epoc.cochrane.
org/resources/epoc-resources-review-authors.

Verhagen |, Steunenberg B, de Wit NJ, Ros WJ. Community health worker interventions to improve
access to health care services for older adults from ethnic minorities: a systematic review. BMC health
services research. 2014; 14(1):497.

Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in statistical analysis: Intention-to-treat ver-
sus per-protocol analysis. Perspectives in Clinical Research 2016; 7(3):144—6. Epub 2016. https://doi.
org/10.4103/2229-3485.184823 PMID: 27453832

DL S. Evidence-based Medicine How to practice and teach EBM. WB Saunders Company. 1997.

Berti P, Zlotkin S, Hoang M, FitzGerald S, Tuan T, Sharieff W, et al., editors. The efficacy of iron and
steel pots in reducing prevalence of anaemia in Vietnam: report of midline findings. Report of the 2004
International Nutritional Anaemia Consultative Group Symposium on Iron Deficiency in Early Life: Chal-
lenges and Progress, Lima, Peru, 18 November 2004; 2005.

Charles CV. A Randomized Control Trial Using a Fish-Shaped Iron Ingot for the Amelioration of Iron
Deficiency Anemia in Rural Cambodian Women. Tropical Medicine & Surgery. 2015; 03(03). https://doi.
0rg/10.4172/2329-9088.1000195

Arcanjo FPN, Macedo DRR, Santos PR, Arcanjo CPC. Iron Pots for the Prevention and Treatment of
Anemia in Preschoolers. Indian journal of pediatrics. 2018; 85(8):625-31. Epub 2018/01/13. https://doi.
org/10.1007/s12098-017-2604-x PMID: 29322365.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221094  September 3, 2019 21/22


https://doi.org/10.1017/S1368980009005928
http://www.ncbi.nlm.nih.gov/pubmed/19476680
https://doi.org/10.1093/eurpub/ckp237
http://www.ncbi.nlm.nih.gov/pubmed/20110274
https://doi.org/10.1017/S1368980009005254
https://doi.org/10.1017/S1368980009005254
http://www.ncbi.nlm.nih.gov/pubmed/19335940
http://www.ncbi.nlm.nih.gov/pubmed/23094527
https://doi.org/10.3945/ajcn.117.152785
http://www.ncbi.nlm.nih.gov/pubmed/28615257
https://doi.org/10.1111/apa.12433
http://www.ncbi.nlm.nih.gov/pubmed/24117808
http://www.ncbi.nlm.nih.gov/pubmed/11446429
https://doi.org/10.1177/003335491312800511
http://www.ncbi.nlm.nih.gov/pubmed/23997288
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.1007/s12098-013-1066-z
http://www.ncbi.nlm.nih.gov/pubmed/23868537
http://training.cochrane.org/resource/data-collection-forms-intervention-reviews
http://training.cochrane.org/resource/data-collection-forms-intervention-reviews
http://epoc.cochrane.org/resources/epoc-resources-review-authors
http://epoc.cochrane.org/resources/epoc-resources-review-authors
https://doi.org/10.4103/2229-3485.184823
https://doi.org/10.4103/2229-3485.184823
http://www.ncbi.nlm.nih.gov/pubmed/27453832
https://doi.org/10.4172/2329-9088.1000195
https://doi.org/10.4172/2329-9088.1000195
https://doi.org/10.1007/s12098-017-2604-x
https://doi.org/10.1007/s12098-017-2604-x
http://www.ncbi.nlm.nih.gov/pubmed/29322365
https://doi.org/10.1371/journal.pone.0221094

@ PLOS|ONE

Iron-containing cookware for the reduction of iron deficiency anemia

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Devadas RP, Chandrasekhar U, Kumari KS. Availability to school children of iron from amaranthus
cooked in two different utensils. INDIAN JNUTRDIET. 1973; 10(5):223-9.

Buschmann J, Berg M, Stengel C, Sampson ML. Arsenic and manganese contamination of drinking
water resources in Cambodia: coincidence of risk areas with low relief topography. Environmental sci-
ence & technology. 2007; 41(7):2146-52.

Malik AH, Khan ZM, Mahmood Q, Nasreen S, Bhatti ZA. Perspectives of low cost arsenic remediation
of drinking water in Pakistan and other countries. Journal of hazardous materials. 2009; 168(1):1-12.
https://doi.org/10.1016/j.jhazmat.2009.02.031 PMID: 19278777

Williams TN, Weatherall DJ. World distribution, population genetics, and health burden of the hemoglo-
binopathies. Cold Spring Harbor perspectives in medicine. 2012; 2(9):a011692. https://doi.org/10.1101/
cshperspect.a011692 PMID: 22951448

[Internet] LIF. About Lucky Iron Fish: Who Are We? 2019. doi: https://luckyironfish.com/pages/Iucky-
iron-fish.

Das |, Saha K, Mukhopadhyay D, Roy S, Raychaudhuri G, Chatterjee M, et al. Impact of iron deficiency
anemia on cell-mediated and humoral immunity in children: A case control study. Journal of natural sci-
ence, biology, and medicine. 2014; 5(1):158. https://doi.org/10.4103/0976-9668.127317 PMID:
24678217

Fayers PM, Hays RD. Don’t middle your MIDs: regression to the mean shrinks estimates of minimally
important differences. Qual Life Res. 2014; 23(1):1—4. Epub 2013/06/01. https://doi.org/10.1007/
511136-013-0443-4 PMID: 23722635; PubMed Central PMCID: PMC3961825.

Kumari M, Gupta S, Lakshmi AJ, Prakash J. Iron bioavailability in green leafy vegetables cooked in dif-
ferent utensils. Food Chemistry. 2004; 86(2):217-22. https://doi.org/10.1016/j.foodchem.2003.08.017
PubMed Central PMCID: PMCYes.

Quintaes KD, Amaya-Farfan J, Tomazini FM, Morgano MA, Hajisa NMdA, Trezza Neto J. Mineral
migration and influence of meal preparation in iron cookware on the iron nutritional status of vegetarian
students. Ecology of Food and Nutrition. 2007; 46(2):125—-41. PMID: 20073154160.

Charles CV, Summerlee AJ, Dewey CE. Iron content of Cambodian foods when prepared in cooking
pots containing an iron ingot. Tropical Medicine & International Health. 2011; 16(12):1518-24.

Kréger-Ohlsen M, Trugvason T, Skibsted LH, Michaelsen KF. Release of iron into foods cooked in an
iron pot: effect of pH, salt, and organic acids. Journal of food science. 2002; 67(9):3301-3.

Rodriguez-Ramiro |, Perfecto A, Fairweather-Tait SJ. Dietary Factors Modulate Iron Uptake in Caco-2
Cells from an Iron Ingot Used as a Home Fortificant to Prevent Iron Deficiency. Nutrients. 2017; 9
(9):1005.

Walker ARP, Arvidsson UB. Iron ’overload’ in the South African Bantu. Transactions of the Royal Soci-
ety of Tropical Medicine and Hygiene. 1953; 47(6):536—48. https://doi.org/10.1016/s0035-9203(53)
80006-4 PubMed Central PMCID: PMCYes. PMID: 13113663

Gordeuk VR, Boyd DR, Brittenham GM. Dietary Iron Overload Persists in Rural Sub-Saharan Africa.
The Lancet. 1986; 327(8493):1310-3.

Walker AR, Segal |. Iron overload in Sub-Saharan Africa: to what extent is it a public health problem?
The British journal of nutrition. 1999; 81(6):427-34. Epub 2000/01/01. PMID: 10615217.

Kew MC, Asare GA. Dietary iron overload in the African and hepatocellular carcinoma. Liver interna-
tional: official journal of the International Association for the Study of the Liver. 2007; 27(6):735—41.
Epub 2007/07/10. https://doi.org/10.1111/j.1478-3231.2007.01515.x PMID: 17617115.

Coates TD, Carson S, Wood JC, Berdoukas V. Management of iron overload in hemoglobinopathies:
what is the appropriate target iron level? Annals of the New York Academy of Sciences. 2016; 1368
(1):95-106. Epub 2016/05/18. https://doi.org/10.1111/nyas.13060 PMID: 27186942.

Kew MC. Hepatic iron overload and hepatocellular carcinoma. Liver Cancer. 2014; 3(1):31-40. Epub
2014/05/08. https://doi.org/10.1159/000343856 PMID: 24804 175; PubMed Central PMCID:
PMC3995380.

Armstrong GR, Dewey CE, Summerlee AJ. Iron release from the Lucky Iron fish: Safety considerations.
Asia Pacific journal of clinical nutrition. 2017; 26(1):148. https://doi.org/10.6133/apjcn.102015.14 PMID:
28049274

Sharieff W, Horton SE, Stanley Zlotkin. Economic Gains of a Home Fortification Program: Evaluation of
“Sprinkles” from the Provider’s Perspective. Canadian Journal of Public Health. 2006; 97(1):20-3.
https://doi.org/10.1.1.837.8583&rep=rep1&type=pdf PMID: 16512321

Ladipo O. Nutrition in pregnancy: mineral and vitamin supplements. American Journal of Clinical Nutri-
tion. 2000; 72(Supplemental):280s—90s.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221094  September 3, 2019 22/22


https://doi.org/10.1016/j.jhazmat.2009.02.031
http://www.ncbi.nlm.nih.gov/pubmed/19278777
https://doi.org/10.1101/cshperspect.a011692
https://doi.org/10.1101/cshperspect.a011692
http://www.ncbi.nlm.nih.gov/pubmed/22951448
https://luckyironfish.com/pages/lucky-iron-fish
https://luckyironfish.com/pages/lucky-iron-fish
https://doi.org/10.4103/0976-9668.127317
http://www.ncbi.nlm.nih.gov/pubmed/24678217
https://doi.org/10.1007/s11136-013-0443-4
https://doi.org/10.1007/s11136-013-0443-4
http://www.ncbi.nlm.nih.gov/pubmed/23722635
https://doi.org/10.1016/j.foodchem.2003.08.017
http://www.ncbi.nlm.nih.gov/pubmed/20073154160
https://doi.org/10.1016/s0035-9203(53)80006-4
https://doi.org/10.1016/s0035-9203(53)80006-4
http://www.ncbi.nlm.nih.gov/pubmed/13113663
http://www.ncbi.nlm.nih.gov/pubmed/10615217
https://doi.org/10.1111/j.1478-3231.2007.01515.x
http://www.ncbi.nlm.nih.gov/pubmed/17617115
https://doi.org/10.1111/nyas.13060
http://www.ncbi.nlm.nih.gov/pubmed/27186942
https://doi.org/10.1159/000343856
http://www.ncbi.nlm.nih.gov/pubmed/24804175
https://doi.org/10.6133/apjcn.102015.14
http://www.ncbi.nlm.nih.gov/pubmed/28049274
https://doi.org/10.1.1.837.8583&rep=rep1&type=pdf
http://www.ncbi.nlm.nih.gov/pubmed/16512321
https://doi.org/10.1371/journal.pone.0221094

