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Background and overall summary 
The original work on Lucky Iron Fish (LIF) was part of PhD studies of Dr. Christopher Charles at the 
University of Guelph, (ON, Canada) working in Cambodia. He focused on the initial design of the ingot 
(that he originally called the Happy Fish), social and cultural references, dietary issues and the impact of 
using the fish on iron status.  The work was continued by Dr. Gavin Armstrong, also as part of PhD studies, 
and included further development of the shape, creation of the brand (the Lucky Iron Fish), the dynamics of 
iron release, and the options for commercialization of the ingot. Armstrong also worked with other 
researchers to explore some of the challenges in working with populations in Cambodia where, although the 
levels of anemia are high, the prevalence of iron deficiency anemia is lower than previously documented. 
This is particularly clear in some of the rural populations.   
Once the company Lucky Iron Fish Enterprise (LIFE) was established and sales of the fish started, the 
company withdraw from direct participation in clinical trials in avoid any potential conflict of interest. 
Therefore, LIFE developed arm’s-length relationships with organizations and researchers at credible 
institutions to carry out clinical trials. 
To date, seven peer-reviewed publications on the efficacy and action of LIF have been published.(1-7) In 
addition, there have been three abstracts published or accepted for publication,(8-10) and a further three papers 
submitted for publication. (11-13)  To date, two other trials have been completed and the results of these trials 
are being prepared for publication. Permission has been granted from the principal investors of each of these 
trials to share data on that understanding that these data will not be shared widely.  

 

 

Clinical Trials in Cambodia 
Three randomized, controlled, clinical trials on the efficacy of LIF have been completed on groups of 
women in different villages in Cambodia. The results of these trials are published in peer-reviewed journals. 
(3-5) In two of these studies, the effect of using LIF were compared with no oral intervention and, in the third, 
LIF was compared with oral ferrous sulphate (18mg daily). In all three trials, hemoglobin (Hb) was used as 
the primary indicator of impact. The parameters of significance and group size were pre-set based on 
accepted norm that a 10g/L increase in Hb is significant based on the expected variance in Hb within the 
study population. In Trial 1,(3) regular use of LIF caused significant improvement in Hb at six months but 
this improvement had waned by nine months. It transpired that during the last three months of the trial, the 
change in season meant that the families were accessing tube-well water instead of river/rain water. This 
source is contaminated with high-levels of arsenic in the region where the trial took place. Arsenic chelate 
irons from the diet and from adventitious sources and it cannot be absorbed. In Trial 2,(4) statistically 
significant increases in Hb were seen at six, nine and twelve months of the trial and in serum ferritin by 
endline: the prevalence of anemia was reduced by 46% among users. Trial 3,(5) was conducted in a 
completely different region in the north of Cambodia. In this case, the effects of using LIF were compared 
with iron supplements but the results were disappointing. Neither the pills nor LIF improved Hb status nor 
serum ferritin levels at any time point in the trial. Preliminary data from this work was also published in 
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abstract. (8)  Although participants in this trial were only admitted to the project if they were anemic (Hb 
range 80-110 g/L), it was not until the midpoint (6 months) that an assessment of the burden of the presence 
of hemoglobinopathies was assessed. It transpired that less than 10% of the participants were suffering from 
iron deficiency anemia – the only type of anemia against which the fish is effective. In all three trials, 
compliance using the fish was >90% although there were some challenges working with the participants in 
Trial 3. At the beginning of Trial 3, users were uncertain about how to cook with the fish and needed 
additional support and training.  In addition, there were no side-effects reported in the groups using the fish 
(including among women in trial 3 – a region where there is a heavy burden of malaria and HIV). In 
contrast, in Trial 3 participants in the control group (iron supplement group) complained of significant side 
effects. 
Outcomes learned: There were three principal learnings from these trials: (1) that it is important to control 
water source to avoid the possibility of heavy-metal contamination; (2) that it is important to work with 
populations on designing material for correct use of the fish to encourage higher compliance; and (3) it is 
important to determine the overall level of iron deficiency anemia in the population. However, the data 
accumulated in these trials showed that there were no adverse health effects for people using the fish (even 
for those suffering from anemia due to hemoglobin variants) nor in people concomitantly exposed to chronic 
infective conditions, such as HIV and malaria.  
Overall the data from these three trials confirmed that, with correct use, LIF caused significant and sustained 
increase in Hb and an overall reduction in anemia but only in patients suffering from iron deficiency anemia. 

 

Safety assurance and quality control trials 
Two trials carried out on the safety of LIF have been published.(1,2,9) These provide data on the fish made of 
cast-iron. Similar safety assurance data on fish made from electrolytic iron area available. Publication on the 
data on Lucky Iron Fish/Lucky Shakti(Iron) Leaf Electrolytic was delayed to complete a successful design 
patent application but these data have now been submitted for publication.(11)  In all three cases, the data 
confirm: that ferrous but not ferric iron is consistently released when the fish is cooked in boiling water; that 
the acidity of the cooking solution and the cooking time affect the amount of iron released (a Latin-square 
design of treatments with at least 7 trials in each square has been completed independently by researchers at 
the University of Guelph [Canada], Washington State University [USA], and Unilever Research Operations 
[Amsterdam, Netherlands]); and no other potentially harmful ions or contaminants are released into solution. 
The list of elements tested includes: aluminum; antimony; arsenic; barium; bismuth; boron; cadmium; 
calcium; chromium; copper; lead; lithium; manganese; magnesium; mercury; molybdenum; nickel; 
phosphorus; selenium; silver; strontium; thallium; tin; titanium; vanadium; and zinc. Although some work 
has been published showing that cooking LIF in a number of soups regularly used in South-East Asia,(1,2) 
researchers at Washington State University (USA) and the University of Göttingen (Germany) are currently 
completing extensive studies on the impacts of different dietary components on iron release from LIF. They 
have data to show that cooking LIF in different types of dahl or legumes does not negatively impact iron 
release if the solution if pH <5.5 and that lemon, lime, orange, pineapple, tamarind and tomato, and ascorbic 
and citric acid are suitable acidifying agents. In contrast, inorganic acids do not facilitate iron release from 
LIF. The results of these studies will be submitted for publication shortly. It is interesting to note that, 
contrary to expectation from previous literature, legumes do not hinder the release of iron. These are results 
are similar to those obtained independently by the researchers the University of East Anglia (UK) (6) [see 
below]. 
A quality assurance processes and a batch-lot sampling process has been implemented, in accordance with 
HACPP, to ensure consistency and safety of fish that are commercially available. The product is approved 
for sale (see Appendix I: Regulatory Approvals). 
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Clinical Trial in Guatemala 
The fourth published clinical trial was completed by faculty at Washington State University (USA) in remote 
communities in Guatemala.(7) This was not a randomized trial because ethics approval from authorities in 
Guatemala only approved one-arm in the trial. The prevalence of iron deficiency anemia was >60% among 
this population at the start of the trial. The effect of using LIF was studied over a twelve-month period and 
Hb levels compared from baseline to endline. After the first session, explaining how to use the fish, there 
was no further intervention or follow-up during the study. In practice, changes in Hb were compared not 
only with baseline but also with data obtained from a nearby village where participants did not use the fish 
because the village elder believed that the fish possessed espíritus malignos (evil spirits). There a 
statistically significant increase in Hb and 80% reduction in anemia over the period of the trial. At the same 
time, Hb fell significantly and the prevalence of anemia increased in the nearby village. Compliance, 
determined by survey among users, was 87%. 
Outcomes learned: Experimental design in field trials is compounded by local customs and regulations but 
even providing the fish and one initial training period was sufficient to foster high levels of compliance, 
have a positive impact on iron levels and reduce the prevalence of iron deficiency anemia.  

 

 
Bioavailability trials for iron released from Lucky Iron Fish 
Researchers at the University of East Anglia (UK)(6) reported on release of iron and bioavailability of iron 
from LIF.  They used an in vitro model for bioavailability of the iron and showed that iron released from the 
fish is absorbed at least as effectively as elemental iron (ferrous fumarate – one of the common forms of iron 
in iron pills). They also explored the impact of citric acid or various components of diet on the 
bioavailability of the iron released from the fish. Contrary to expectation, based on previous work, they 
found that garden peas promoted the absorption of iron. (Peas are high in phytates and these are thought to 
inhibit iron absorption). Following recent concerns that long-term use of adventitious iron (iron supplements 
and powders) may cause the generation of free radicals in the intestines which could be detrimental to gut 
health, the researchers also explored the possibility that iron from the fish might release such radicals. 
Although they confirmed that iron induces these radicals, they also showed that addition of organic acids 
neutralized this potentially negative impact of the adventitious iron.  
In a series of separate tests, a team of hospital clinicians from South-West Ontario (Canada) tested the 
bioavailability of iron released from LIF in vivo in a randomized, controlled test. Young women (aged 19-
35) were randomly allocated one of three groups. They were asked to drink a litre of water that was either: 
(1) salted with iron from LIF; (2) contained 10mg ferrous sulphate; or (3) no treatment control. Blood 
samples were taken every 30 minutes for the next 4 hours to track changes in serum iron. In both iron-
enriched test groups, there was a significant increase in serum iron, compared with baseline, reaching a peak 
after ~90 minutes before waning to baseline levels. These levels of serum iron were significantly than levels 
in the no-treatment controls which did not vary during the trial. Results of these trials were suppressed until 
patent application is approved. They are now being prepared for publication.   
Outcomes learned: Both in vitro and in vivo trials, iron released from the fish is bioavailable and the 
similarity of the serum iron curves in the in vivo tests suggests that the iron released from the fish is 
absorbed at the same levels of ~10mg of ferrous sulphate in solution.  
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Clinical Trials in Dominican Republic 
Researchers from the Children’s Hospital of Pennsylvania are conducting two randomized controlled trials 
in the Dominican Republic among (a) anemic infants (1-5 years) and (b) anemic pregnant women and their 
neonates.  
In the first trial, only infants with confirmed iron deficiency anemia were admitted to the study and 
randomly allocated to either a Lucky Iron Fish group or to standard of care (15mg ferrous sulphate iron 
pills).  Sample size and parameters of statistical relevance were calculated on the prevalence and variance in 
Hb levels in that specific population. Hb levels were tested every three months during the twelve-month 
period.  Mid-line data will be presented at the American Society for Tropical Medicine and Hygiene fall 
2018, (10) and full data from the trial has been submitted for publication.(13)  The impact of using the Fish was 
compared with the impact of enhanced standard of care (eSOC) in the region (defined as iron 
supplementation and frequent monitoring according to the health authorities in the Dominican Republic). 
Hemoglobin values improved in both study arms. Median baseline Hb was 10.3g/dL (10.0-10.6) and 
10.0g/dL (9.55- 10.5) in the Fish and eSOC arm, respectively. At 12 months, median Hb in the Fish arm 
increased to 11.4g/dL (10.9-11.7) and in the eSOC arm to 11.6g/dL (11.2-12.0). Daily use of the 
recommended supplement was higher in the Fish group (80.0%) compared with the eSOC group (31.0%). 
Participants in the eSOC arm also experienced higher rates of vomiting, constipation, dark stool, stomach 
ache, and fatigue, and 69.0% disclosed missing >2 doses per week. The researchers conclude that fewer 
barriers to Fish use due to the incorporation of the iron ingot use in daily cooking practices and fewer side 
effects. Thus, improvements in iron status may be more sustainable in the Fish arm over time. 
Outcomes learned: Regular use of the Lucky Iron Fish improves iron status in infants and is not associated 
with negative side-effects. The efficacy of the fish was no different from using iron supplements but there 
was considerable dissatisfaction from caregivers of the children in the iron-pill group that the pills were 
unpleasant.  
Recruitment into the second clinical trial (pregnant women) was significantly affected by hurricane Maria 
and the onset of the trial was delayed by almost nine months. 
On the basis of the outcomes of the first study, researchers at the Children’s Hospital of Pennsylvania are 
currently working with officials in the Dominican Republic to include the Lucky Iron Fish in their routine 
iron deficiency anemia alleviation strategies and also conducting more work on the barriers to use, most 
effective regimes for use and some of the long-term implications for use of the Lucky Iron Fish. 
 

 
Pilot clinical trial in HIV-positive patients in India 
Data exist to suggest that people with chronic infective conditions (malaria or HV) do not tolerate iron 
supplements or, worse, their clinical condition is exacerbated by iron supplements. However, particularly 
HIV-positive patients suffer from severe anemia and those on anti-retroviral (ARVs) treatment tend to have 
even lower levels of Hb. Based on the observations from Trial 3 in Cambodia, that were carried out in areas 
of high prevalence of malaria and HIV, no deleterious or health impacts were reported. Therefore, a pilot 
study was completed by clinicians in Pune (India) working with HIV-positive patients to explore the 
possibility that the low-level of iron available from regular use of Fish might benefit HIV-patients on ARVs. 
The results of this trial have been submitted for publication.(12)  Participants with anemia were recruited (Hb 
30-70 g/L) and randomly assigned using an automated random generator to one of two groups: regular iron 
supplements (15mg ferrous sulphate) or Lucky Iron Leaf plus regular iron supplements.  Roughly, one third 
of the participants were men and two-thirds were women. The primary outcome was Hb concentration. 
Sample size for each arm of the trial was determined on the basis of having 90% power to detect a difference 
at a significance level of a 2-sided α = 0.05 if the true difference in Hb concentrations between groups was 5 
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g/L. This was based on the assumption that the SD of the response variable (Hb) is 30 g/L which is common 
for data among these patients. The patients were observed daily by clinicians to monitor the progress of their 
disease and any adverse health impacts over six months. This included any changes in viral load and CD4+ 
counts. In addition, participants in the Leaf group were followed closely to determined barriers or challenges 
to regular use of the Leaf. At the end of the pilot trial, the iron status in the Leaf group improved over the 
control group. Hb levels were significantly elevated by three months. Median baseline Hb was 8.7g/dL (5.5-
10.9) and 8.6g/dL (5.4-10.9) in the Fish and control arm, respectively. At 6 months, median Hb in the Leaf 
arm increased to 11.9g/dL (7.0-11.0) but were not significant different from baseline in the control group 
8.6g/dL (5.5-10.8).  There were no significant average changes in viral load or CD4+ counts for the two 
groups. 
Outcomes learned: The data tentatively suggest that providing iron from the Lucky Iron Leaf to HIV-positive 
patients on ARV therapy may be advantageous for improving Hb levels and reducing the negative impacts 
of profound iron deficiency anemia. On the basis of this pilot study, a full clinical trial has been approved.   
 
 
Interim data on Clinical Trials in Patna (Bihar, India) 
Researchers from the University of Göttingen (Germany) and Harvard (USA) are working jointly on a large, 
randomized, controlled trial in Patna (Bihar, India). They are looking at the effects of regular use of Lucky 
Iron Leaf (LIL) compared with no treatment on ~1,000 children in each arm of the trial. The trial concerns 
the effects of using the leaf regularly or not on cognitive skill development of school-aged children (5-7 
years) The trial reached endpoint in July 218, the data have been analyzed and are being prepared for 
publication. Using a series of cognitive function tests including: development of motor and coordination 
skills; interaction with peers; completion of designated tasks; word use; and play/interaction skills, and the 
observations of parents/caregivers, children in the leaf group demonstrated superior cognitive skills 
development over controls.  
Outcomes learned: These data suggest that regular use of the Lucky Iron Leaf can improve cognitive skill 
development in school-aged children.  
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APPENDIX I: REGULATORY ISSUES 
Health Canada reviewed Lucky Iron Fish/Leaf and confirmed that the product should be regulated as a consumer 
product under the Canada Consumer Product Safety Act (CCPSA) and must follow Consumer Packaging and 
Labelling Regulations (C.R.C., c. 417) and the Competition Act (R.S.C., 1985, c. C-34).  

Health Canada confirmed that the Lucky Iron Fish/Leaf does not meet classifications for a natural health product, food, 
medicine, or medical device.   

This type of classification has been extended to the USA. The Lucky Iron Fish/Leaf has not been required to register 
with the FDA as a health product or medical device.   

The Lucky Iron Fish has completed a regulatory review in Mexico (COFEPRIS). The Mexican authorities confirm that 
their findings are the same as Health Canada. The Lucky Iron Fish is therefore regulated as a consumer product. 
However, the labeling requirements in Mexico differ from Canadian laws and have been adjusted accordingly.   

All current packaging, labeling and export practices have been reviewed by a lawyer specializing in regulatory issues 
in health and medical products. By not proceeding as a natural health product, food, medicine, or medical device the 
company cannot make claims about its health-giving impacts, but it is able to market and sell the product effectively. 

  

 
 


