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Abstract
Objective: The objectives were to determine whether cooking food with an iron ingot increases the hemoglobin
and serum ferritin of women and whether women would use an iron ingot shaped like a fish considered lucky in
Cambodian culture.
Methods: A randomized controlled trial was conducted in three villages in rural Kandal Province, Cambodia.
Participants were randomly assigned to the iron ingot, the iron ingot plus nutrition education, or untreated control
group. Participants were instructed to use the iron ingot daily by adding it to the cooking pot when preparing soup or
boiling drinking water and boiling for at least 10 minutes. Blood samples were taken at baseline and every three
months thereafter, over a 12-month trial period.
Results: Overall, a 46% reduction in the prevalence of anemia within the intervention group was noted at the end
of the study. Hemoglobin concentrations were greater by 11.8 g/L (95% CI: 9.1, 14.6; P<0.0001) in women in the
iron ingot group when compared to controls. Serum ferritin concentrations were 31.0 ng/mL (95% CI: 17.1, 45.0;
P<0.0001) greater after 12 months of using the iron ingot when compared to controls. Over 94% of women used the
iron ingot at least 3 times per week.
Conclusion: The iron ingot shaped as a lucky fish is a very effective, innovative form of homestead food
fortification in a country lacking affordable and accessible means of improving iron intake.

Keywords: Iron deficiency anemia; Cambodia; Iron; Fish; Ingot;
Anaemia

Abbreviations:
ANOVA: Analysis of Variance; CRP: C-reactive protein; Fe: Iron;
g/L: Grams per liter; Hb: Hemoglobin; LFU: lost to follow up; mg/L:
Milligrams per liter; ng/mL: Nanograms per milliliter; Preak Khmeng
Village 1 (PK1); Preak Khmeng Village 2 (PK2); SF: Serum ferritin;
TT: Tuol Trea Village; μg/g: Micrograms per gram; WHO: World
Health Organization

Introduction
Despite a concerted effort by government and civil society in recent
years, malnutrition, hunger and food insecurity continue to plague the
developing world. Anemia, largely resulting from iron deficiency, is a
public health problem with serious consequences for human health
and socio-economic development. The World Health Organization
(WHO) estimates that nearly 2 billion people suffer from iron
deficiency anemia, with the largest burden of disease in women,
children and infants [1].
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The long-term consequences of anemia are severe and often
irreversible [1]. Mild to moderate anemia leads to weakened
immunity, reduced work capacity, reduced cognitive ability and an
overall decreased quality of life [2]. Severe anemia (hemoglobin <70
g/L) reduces a woman’s ability to survive bleeding during and after
childbirth, and is considered a major cause of maternal morbidity and
mortality [2]. In Cambodia, anemia affects 55% of children, 43% of
women of reproductive age, and 50% of pregnant women [3].
Previously, we reported on a pilot study of a uniquely shaped iron
ingot that can be used when cooking to provide additional iron to an
otherwise deficient diet [4]. The cast iron ingot was designed to
resemble a species of fish that is commonly found throughout
Cambodia, and is considered lucky in traditional village folklore. The
results of the pilot study were promising but not definitive, warranting
further investigation [4]. Therefore, the objectives were to determine
whether cooking food with an iron ingot increases the hemoglobin
and serum ferritin of women. A secondary objective was to determine
whether women would use the fish-shaped ingot.
The findings of a randomized controlled trial of an ‘iron fish’
conducted in rural Cambodia are presented here. The effect of the
ingot on hemoglobin and iron status was measured, and data were
collected on compliance with the supplementation regime.
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Materials and Methods

acidifier like citrus juice in order to enhance both iron leaching and
absorption.

Study area, population and recruitment

Participants in the iron ingot groups were instructed to use the
ingot every day. Soup was chosen as one vehicle for supplementation
because it is typically eaten daily, and is also often soured with fruits
containing ascorbic acid. For those women who did not consume soup
on a daily basis we encouraged use of the ingot when boiling drinking
water, to which the addition of a small amount (approximately 1
teaspoon) of citrus juice (high concentration of ascorbic acid) was
encouraged, both prior to boiling and again just before consumption.
Participants in the control group were also asked to boil their water
with 1mL of citrus juice to ensure that the only difference between the
groups was the presence of the fish. After use, participants were
instructed to remove the ingot from the pot, rinse with clean water,
towel dry and store in open air until the next use.

Between June 2010 and June 2011, the parallel longitudinal
community, randomised control trial was conducted in Lvea Aem
District, Kandal Province, Cambodia. Three geographically distinct
study sites, Tuol Trea (TT), Preak Khmeng 1 (PK1), and Preak
Khmeng 2 (PK2) were selected for the trial. These three sites comprise
Preak Khmeng Commune, Lvea Aem District and are separated by a
complex of roadways and rivers.
All women living within the study area and who met the criteria
listed below formed the sampling frame. Inclusion criteria included
residence in the study area, and age greater than 16 years at the time of
enrolment. Exclusion criteria included severe anemia (hemoglobin
<70 g/L), intention to migrate before the end of the trial, pregnancy,
and use of iron supplements in the previous three months before the
trial. Women who started to use iron supplements during the trial
were removed from the analysis at the end of the trial period.
Households were selected using systematic random sampling by
randomly selecting the first household, and then approaching every
fourth household until the pre-determined sample size was met during
a two-week period in June 2010. All women in the selected household,
who met the inclusion criteria, were eligible to be included in the
study. The project was explained and those women who consented to
participate were then enrolled and a blood sample was collected for
biomarker measurement. A baseline survey that collected data on
demographic factors was completed at this time.

Randomization
Participants within each village were randomized to one of three
treatment groups: (i) an intervention group receiving an iron ingot
(A), (ii) a second intervention group receiving an iron ingot plus six
follow-up sessions where nutritional education was provided (B) and
(iii) a control group (C) which did not receive any intervention but
was followed throughout the study. Random allocation to the
intervention involved the use of a random digit generator (Microsoft
Excel 2007, Redmond, USA) that assigned a unique ID to each
participant and then assigned each participant into one of three
groups, stratified by village. The randomization was done by the
primary author and given the nature of the intervention; treatment
allocation was not blinded.

Intervention
The iron ingots were designed and produced in Kandal Province,
Cambodia. Methods and process were published previously [5]. Briefly,
readily available scrap iron was sourced from a small metalworking
factory, processed and subjected to quality control procedures to
ensure the absence of heavy metals (lead, arsenic, cadmium, mercury,
manganese, magnesium and aluminum) and other contaminants.
The ability of the ingot to leach iron into food and water samples
has been reported elsewhere [5]. Briefly, under realistic cooking
conditions approximately 76 μg/g more iron was released in slightly
acidified water when compared to a control, correlating to nearly 75%
of iron requirements for women 10-49 years of age with daily
requirements of 15 mg iron and with an estimated 10% bioavailability
[5-7]. When the iron ingot was used in non-acidified water, the iron
content was negligible (<0.40 μg/g), highlighting the need for an
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Data collection and processing
A 3 mL venous blood sample was collected from each participant,
one drop of which was used to measure hemoglobin (Hb)
concentration using a HemoCue portable hemoglobin analyzer
(HemoCue AB, Angelholm, Sweden). The remaining blood sample
was placed into a tube (Greiner Bio-One, Shanghai, China) containing
a clot-activator and then immediately placed into a cooler with a
freezer pack to maintain sample integrity. Samples were transported
within four hours to Paramed Laboratories (Paramed Laboratoire
D’Analyses Medicales, Phnom Penh, Cambodia) for serum ferritin
(SF) and C-reactive protein (CRP) analysis. Serum ferritin (SF) was
measured using an Abbott AxSYM system (Abbott Laboratories,
North Chicago, USA) and serum C-reactive protein (CRP) was
assessed by an ELISA (AssyMax Human CRP ELISA Kit, St. Charles,
USA). Appropriate controls and reference standards were used on
each day of testing.
Following enrolment and baseline sampling, participants were
visited at their homes by trained fieldworkers every three months for
one year. At each visit, a blood sample was taken as above and precoded structured questionnaires regarding usage, compliance, and
exclusion criteria were completed. Participants in the iron ingot
groups were asked when they had last used the ingot for cooking and
the typical frequency of use. Field enumerators were not blinded to the
intervention allocation.
At each sampling round, all participants were asked to complete a
short questionnaire about any changes in their diet or eating habits
and, for the women in the iron ingot groups, to ask questions about
use of the fish. In addition, participants in the group B met for
approximately five to ten minutes with a member of the research team
and received a short lesson about nutrition. The lessons were given in
order to enhance compliance to the treatment regime by repeatedly
encouraging use of the ingot with suggestions for incorporation into
the daily cooking routines. In addition, basic nutrition education was
provided, including a discussion of food groups, the availability of
iron-rich foods, and the negative health outcomes associated with
inadequate nutrition.
Data were initially recorded by hand onto coded spreadsheets and
later transcribed into Microsoft Excel 2007 (Redmond, USA). Doubledata entry was used to ensure accuracy.
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Outcomes
The primary outcomes included iron deficiency and anemia.
Anemia was defined as hemoglobin concentration <120 g/L and iron
deficiency as a serum ferritin level <15 ng/mL, according to WHO
recommendations for non-pregnant women >15 years of age [2]. Iron
deficiency anemia was indicated when both anemia and iron
deficiency were present. These outcomes were assessed at baseline,
every three months thereafter, and at the end of the study (12 months
post-intervention).
Serum ferritin was the biomarker chosen to assess iron stores
because it is the most specific biochemical test that correlates with
relative total body iron stores [8]. Serum ferritin is an acute-phase
reactant, which is elevated in response to any infectious or
inflammatory process. Following WHO recommendations, a

measurement of CRP concentration was included, and a CRP
concentration >10 mg/L was selected to represent a state of
inflammation. Participants who had both abnormal hemoglobin levels
(Hb<120 g/L) and abnormal CRP concentration (CRP>10 mg/L) were
excluded from analysis [8,9].

Sample size
Sample size was calculated in order to detect a difference in
hemoglobin of 5 g/L at the end of the study with a 95% confidence
level (α=0.05) and a power of 80% [10]. Thus, at least 76 participants
per group were needed. Approximately 25% loss-to-follow-up was
anticipated over the 12-month study and sufficient participants were
included to account for this anticipated loss. For details on precise
numbers in each group (Figure 1).

Figure 1: CONSORT flow diagram for a 12-month study (baseline to 12 months) for an intervention to ameliorate iron deficiency and anemia
in women in rural Cambodia.
LFU = Lost to Follow-up
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Statistical analysis

Recruitment and baseline characteristics

The trial used households as the unit of randomization and
intervention. The individual women were the unit of data collection
and analysis. Data were transcribed from the spreadsheet into IBM
SPSS V19.0 (SPPS Inc., Chicago, USA) for analysis. Statistical
significance was set at P<0.05.

The trial profile is shown in Figure 1. A total of 304 women from
299 households were recruited into the study at baseline. The unit of
analysis was participating women despite the unit of randomization
being household. Loss-to-follow-up was observed in all trial groups,
however overall loss was less than the 25% accounted for in the sample
size calculation.

One-way analysis of variance (ANOVA) followed by a least
significant difference analysis was used to compare Hb, SF, participant
age and number of pregnancies per participant in each group; the
proportion of post-menopausal women was tested with a chi-square
test. Because loss-to-follow-up (LFU) occurred over the 12-month
study, a Student’s t-test was used to determine whether LFU was
associated with baseline iron status or not; no significant difference
was detected (data not shown).
Statistical analyses involved examining descriptive statistics,
frequency tables and histograms. Analysis of the data was blinded and
repeated by two independent assessors. To compare outcomes, chisquare tests were conducted to compare the proportion of women by
anemia, iron deficiency, and iron deficiency anemia status among the
treatment groups. One-way ANOVA was also used to compare
changes in Hb and SF over time between the control and intervention
groups.

At baseline six participants were identified as pregnant. Given their
unique iron requirements these women were not included in the study
and were referred to their local Health Centre for antenatal care. Thus,
104 participated in the study as the control group, and 200 participated
in the two intervention groups (100 participants for each A and B). No
new pregnancies were reported following commencement of the trial.
The baseline demographic characteristics of the participants are
shown in Table 1. These data did not differ significantly between
control and intervention groups (P>0.05). The mean household size
was 5.8 (range: 1-12), and did not differ by treatment group.
Treatment Group
Control (n=84)

Intervention (n=164)

Age

43.5 (40.2, 46.9)

41.2 (39.0, 43.4)

Post-menopausal

31 (36.9%)

58 (35.4%)

Total number of
pregnancies

5.5 (4.70, 6.38)

4.7 (4.18, 5.26)

Height, cm

153.3 (152.0, 154.5)

153.0 (152.05, 153.9)

Multivariable analyses were conducted by regressing the outcomes
on the treatment and covariates using multiple linear regressions. The
outcomes Hb and SF at 12 months, and the difference from baseline
for both biomarkers were included in separate analyses. Models were
built using a manual backward elimination selection process whereby
covariates were dropped one at a time based on the highest value and
retained only if P<0.20. Confounding was determined by identifying
variables whose coefficients changed by 20% and/or changed in
significance as another covariate left the model.

Weight, kg

51.0 (49.0, 53.0)

52.8 (46.8, 58.7)

Baseline Hemoglobin,
g/L

118.9 (116.3, 121.6)

116.5 (114.3, 118.6)

Ethics approval

Baseline Serum Ferritin,
ng/mL

53.8 (46.4, 61.2)

59.3 (51.2, 67.5)

Baseline C-Reactive
Protein, mg/L

4.0 (2.82, 5.1)

3.9 (3.25, 4.65)

Ethics approval was obtained from the Research Ethics Board at the
University of Guelph, Canada (REB #10FE022), and the Ministry of
Rural Development, Kingdom of Cambodia. The International
Research Development Centre, Canada also reviewed study
procedures. Prior to the intervention, informed consent was obtained
from all participants. Obtaining oral rather than written consent is
common practice in Cambodia and was approved by the Research
Ethics Board due to the limited literacy in some rural areas. Consent
was obtained from each participant and recorded in the trial database.

Results
The initial analyses revealed that the levels of Hb and SF by
sampling round did not differ between the two groups receiving the
ingot (A and B); therefore, the data from the two groups receiving the
iron ingot were combined into a single intervention group for some
components of the statistical analysis.
The detailed statistical analysis provides a comparison of women in
the control group with those receiving an iron ingot (including A and
B). The preliminary analysis also showed that the three study sites had
different baseline Hb and CRP values (data not shown); therefore
‘Village’ (i.e. study site) was included as a fixed effect dummy variable
in the regression analysis. Serum ferritin was right-skewed and was
therefore log-transformed for analysis.
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Table 1: Baseline demographic characteristics of women in a
randomized controlled trial of a novel iron supplementation technique
for one year (n=248).
Values are Mean (95% Confidence Interval) or n (% of total)

Outcomes
At the end of the trial, participants in the control group were 4.1
times more likely to be anemic than those in the intervention groups
(Table 2). Similarly, participants in the control group were more than
2.8 times more likely to be iron deficient and more than 4.6 times
more likely to have iron deficiency anemia, when compared to the
treatment group (Table 2).
The change in Hb and SF values over time is shown in Table 3.
Hemoglobin concentrations differed significantly between the
intervention and control groups at 9 (P=0.002) and 12 months
(P<0.0001), while SF concentrations differed at 12 months only
(P=0.001).
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Anemia

Control
(n=84)

Iron Deficiency

Intervention Control
(n=164)

Iron Deficiency
Anemia

Intervention Control

(n=84)

(n=164)

(n=84)

Intervention
(n=164)

Baseline 38
(45.2%)

93 (56.7%)

7 (8.3%)

26 (15.9%)

6 (7.1%) 22 (13.4%)

3 months 45
(53.6%)

64 (39.0%)

6 (7.1%)

21 (12.8%)

4 (4.8%) 14 (8.5%)

6 months 41
(48.8%)

70 (42.7%)

6 (7.1%)

18 (11.0%)

5 (6.0%) 13 (7.9%)

9 months 40
(47.6%)

38 (23.2%)* 11 (13.1%) 12 (7.3%)

9 (10.7%) 7 (4.3%)*

12 months 38
(45.2%)

18 (11.0%)* 7 (8.3%)** 5 (3.0%)

7 (8.3%) 3 (1.8%)*

Table 2: Anemia, iron deficiency and iron deficiency anemia in women
participating in a randomized controlled trial of an iron ingot
intervention over a 12-month period.

Variable

12 months
Hemoglobin,
g/L

12 months
Hemoglobin
Difference,
g/L

Coefficient (β)

Standard Error
of β

Intervention

9.5* (95% CI: 6.2, 12.8)

1.8

PK11

0.5 (95% CI: -0.3, 4.3)

1.9

PK2 2

3.3 (95% CI: -0.6, 7.2)

2.0

Intervention

11.8* (95% CI: 9.1, 14.6)

1.4

PK1

-1.4 (95% CI: -4.5, 1.8)

1.6

PK2 2

3.7* (95% CI: 0.5, 7.0)

1.6

1.5* (95% CI: 1.2, 1.9)

0.05

-0.03 (95% CI: -0.1, 0.07)

0.05

-0.088 (95% CI: -0.2, 0.02)

0.05

31.0* (95% CI: 17.1, 45.0)

7.1

-13.0 (95% CI: -28.9, 2.9)

8.1

-22.6* (95% CI:-39.0, -6.2)

8.4

1

Intervention
12 months
Serum Ferritin,
ng/mL
PK11

Values are number of women (Percent)
*Different from Control, P<0.05

PK2 2

**Tend to differ from Control, P=0.06
Hemoglobin, g/L

Serum Ferritin, ng/mL

Control

Intervention

Control

Intervention

(n =84)

(n = 164)

(n =84)

(n = 164)

Baseline

119 (116, 122) 117 (114, 119)

54 (46, 61)

59 (51, 68)

3 Months

118 (116, 121) 120 (118, 122)

59 (50, 61)

67 (58, 76)

6 Months

119 (116, 122) 121(119, 123)

62 (54, 71)

72 (60, 83)

9 Months

118 (116, 121) 123* (122, 125) 61 (51, 71)

75 (63, 87)

12 Months

120 (117, 123) 130* (128, 132) 66 (57, 76)

102* (89, 116)

Intervention
12 months
Serum Ferritin
Difference,
ng/mL
1
PK1

PK2 2

Table 3: Association between iron ingot use and hemoglobin and
serum ferritin values over one year for 248 women from Lvea Aem
District, Kandal Province, Cambodia who participated in a
community trial using an iron ingot in the cooking pot.
Values are Mean (Confidence Interval) using the control group as
the referent
*Different from Control, P<0.05.
The results of the multivariable regression analysis are displayed in
Table 4. After adjusting for the covariate ‘village’, the mean Hb
concentrations differed by 11.8 g/L between control and treatment
group at 12 months (P<0.0001). Differences of 31.0 ng/mL were also
observed for SF values at 12 months (P <0.0001).
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Table 4: The association between the use of an iron ingot and
hemoglobin (Hb) and serum ferritin (SF) values at 12 months, after
controlling for village, in a community trial of an iron ingot, where
women randomized to the control group were the referent category.
Values are Coefficient (Confidence Interval) using the control
group as reference and Village 3 (TT) as reference village.
1PK1 = Preak Khmeng Village 1
2

2PK = Preak Khmeng Village 2
*Different from Control, P < 0.05

Compliance to the treatment regimen
Women reported that they had not used iron supplements at any
time in the trial. Further, other nutritional interventions implemented
by Non-governmental Organizations, the Ministry of Health or the
Ministry of Rural Development were not reported in the study area
during this time. No changes in the overall diet of the women during
the trial period were noted.
Compliance to the iron ingot throughout the study was high in the
intervention group (Table 5). Approximately 94% of participants used
the ingot daily by the end of the study. Participants who reported
never using the ingot were lost-to-follow-up, so that by the end of the
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trial only participants who used the ingot regularly were remaining.
There was no difference in iron ingot usage between groups A and B.
Regularity of Use
Daily

3-4 days

Rarely

Never

3 months (n=182)

146 (80.2%)

23 (12.6%)

6 (3.3%)

7 (3.8)

6 months (n=164)

145 (88.4%)

10 (6.1%)

4 (2.4%)

5 (3.0%)

9 months (n=164)

150 (91.5%)

10 (6.1%)

4 (2.4%)

0

12 months (n=164)

154 (93.9%)

7 (4.3%)

3 (1.8%)

0

Table 5: Reported usage of an iron ingot over the previous three
months as assessed at each sampling round in a randomized controlled
trial of a novel iron supplement conducted in Kandal Province,
Cambodia.
Values are Number (Percent)

Discussion
Currently, we present the findings of a novel and effective
supplementation technique used to enhance dietary iron content in
poor, rural areas of Cambodia. Women who were assigned an iron
ingot to use while cooking had higher hemoglobin and serum ferritin
values over a 12-month longitudinal trial than the women in the
control group. The amelioration of serum ferritin concentrations
would suggest that more iron was absorbed than was needed for
immediate erythropoiesis. These data imply that regular use of a
simple, fish-shaped ingot not only supplies iron, but also that this iron
is bioavailable and effective in reducing the prevalence of iron
deficiency. Given that it is very difficult to improve iron status during
pregnancy, the ability to improve and maintain both circulating and
stored iron within normal levels is critical for women of reproductive
age.
Women using the fish showed improved iron status with or without
follow-up education sessions. We had expected that education would
make a difference to the impact of using the intervention however,
recent evidence from a six-country study suggests that education does
not necessarily provide benefits beyond providing users with an
intervention that they find useful [11].
One of the limitations of the current study is that it did not exclude
post-menopausal women (approximately 1/3 of all participants). In
many rural areas of Cambodia, mass migration of women of
reproductive age to pursue employment opportunities in peri-urban
and urban centers is common, and this may have impacted our
sampling frame. Approximately 2/3 of the participants in the current
study were pre-menopausal and the findings would suggest that using
the iron fish is advantageous for women in this group as well. In fact,
no association between outcomes and menstrual status was found
(data not shown).
One of the principal challenges with dietary intervention studies is
compliance; therefore several design considerations were included at
the outset: i) the ingot was designed to resemble a species of fish,
which is both widely consumed and considered to be lucky in Khmer
folklore; ii) a cartoon-like smile was displayed by the fish of the iron
ingot [12], which proved to be attractive to the study participants; iii)
the ingot was designed to be lightweight, with maximal surface area to
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enhance iron leaching; iv) the ingot was designed to be easy-to-clean,
an important consideration to avoid the build-up of rust which could
discolor or alter the taste of food/water and possibly deter women
from using the ingot; and finally, v) the ingot was designed to release
iron at a slow but consistent rate, fortifying the diet gradually, and
therefore not causing many of the side effects that commonly deter
people from taking oral iron tablets. Women were provided with
advice during recruitment on how to dry and clean the fish carefully
after use in order to prevent rust formation.
Compliance was found to be high in both groups A and B. Over
90% of women allocated an iron ingot used the ingot at least 3 times
per week throughout the study. It was used daily by 94% of the 164
women in the study at the end of the trial. In discussion with these
women over the 12-month trial period, the research team observed
that initially there was some reluctance to use the ingot, but that
eventually the fish was incorporated into the daily cooking routine.
Initially a number of women kept the iron fish in a plastic bag in the
sleeping area of their homes, which is the customary place to keep
medicine and valuable objects. This practice resulted in decreased use
in the first few weeks of the study. After suggesting that the women
should think of the iron fish as a cooking implement and keep the
ingot in the cooking area of the home, many participants volunteered
that they remembered to use the iron fish every time they boiled
drinking water and/or prepared soup. Taken together, these findings
would suggest that after habituating to use, women were comfortable
with using the ingot regularly.
The possibility of sharing of the iron fish among households,
resulting in contamination of control participants, is unlikely and was
investigated in discussions with intervention participants. Typically, it
is not the custom of Cambodian people to share medicine, meals or
other similar items with members outside of their direct family
(defined as those eating from the same cooking pot). No evidence was
recorded on changes in diet or eating habits among the participants
throughout the study.
Initially, we expected that women in group B would have a greater
improvement in iron status and compliance compared with those in
the ingot without nutrition counseling group (group A), but this was
not observed. Most likely, women understood the nutrition lessons,
but did not have the financial means to purchase nutrient-dense foods
such as animal-source foods, although this was not specifically
investigated.
There is a history of using iron from extraneous sources as a dietary
supplement. Beginning in the 1980s, formative research was
conducted suggesting that iron cookware not only increased the iron
content of food, but that this iron was bioavailable [13-15]. Since then,
several randomized community trials have been conducted in Brazil
and Africa, with varying results [10,16-18]. The results of a systematic
review of these early studies reveal that although the use of iron
cooking vessels should theoretically be effective, cost, weight, lack of
familiarity, alteration of food colour and taste, and/or some other
culturally-specific concerns limit the value of this supplementation
technique in practice [18]. The iron ingot appears to overcome such
concerns: it is inexpensive, (approximately $1.50 USD and probably
has a life-span of more than five years, compared to monthly iron
supplements that cost $2-4 USD per person); light-weight; can be used
in any cooking pots regardless of construction material; the ingot does
not alter the colour and taste of food as the ingot can be removed once
the food is cooked; and the appearance of the fish appeared to
encourage women to use it regularly. The development of the ingot
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followed careful field-testing of various prototype designs, and
overwhelmingly focus groups preferred the current design (data not
shown). This iron ingot therefore represents a more sustainable and
feasible option for iron supplementation compared with conventional
approaches.

Conflict of interest:

Safety concerns related to the iron ingot are negligible when
compared to oral iron supplements. If a high quality source of iron can
be established and appropriate quality control procedures developed,
the iron ingot provides a safe, sustainable means of supplying iron.
Importantly, children are not able to ingest the ingot itself because of
its size relative to the mouth of a child, therefore concerns with iron
toxicity seen in children who may accidentally consume large
quantities of conventional oral iron supplements are not present.
While it is possible that some children may suck on the iron ingot, it is
unlikely that this may result in accidental overexposure, as previous
research has shown that conditions such as an acidic state, prolonged
cooking time (10 minutes), high temperature and appropriate medium
(water or soup) is essential for the release of meaningful quantities of
iron [5]. Adverse effects of using the ingot were neither reported by
the participants, nor observed by the research team. The current study
highlights both the acceptability and effectiveness of iron fish for the
amelioration of iron deficiency and anemia. Expanding the iron fish
project, including widespread distribution of the ingot would likely
have, beneficial impacts on the lives of women, and by proxy, their
families, in rural Cambodia and perhaps elsewhere in South-East Asia.
Fundamentally, this research provides evidence that cooking with a
specially designed iron ingot is useful in the prevention and control of
iron deficiency and anemia, and the design of the ingot itself is
important for the acceptability at the household level [19].

1.

Conclusion
Regular use of a small iron ingot shaped like a fish during cooking
resulted in a 46% reduction in the prevalence of anemia in women in
rural Cambodia. By the end of the 12-month trial, hemoglobin levels
(a measure of circulating iron) and serum ferritin levels (a measure of
stored iron) were significantly (P<0.0001) elevated compared with
controls. The compliance rate was high: by the end of trial 94% of the
women reported using the fish at least three times a week. Taken
together and contrasted with the effectiveness and compliance of
taking iron supplements, these data suggest that the iron fish may
provide an alternative and effective preventive for iron deficiency
anemia.
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