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for blanket (untargeted) iron supplementation among women
and adolescents in areas of high anemia prevalence (Figure
1).5,6 However, there are many other potential causes of anemia,
including infection/inflammation (e.g., environmental enteric
dysfunction, EED), micronutrient deficiencies other than iron
(e.g., vitamin B12 and folate), and genetic factors (e.g., hemoglobinopathies) (Figure 2).

“It is often assumed that
50% of anemia is due to iron
deficiency, which has been
the impetus for global WHO
recommendations for blanket
iron supplementation”

Children outside of a health centre in Dili, Timor-Leste

The global burden and potential causes of anemia
In 2011, it was estimated that, globally, 496 million nonpregnant women of reproductive age (WRA) were anemic.1 Defined as a hemoglobin concentration < 120 g/L in non-pregnant
WRA,2 anemia can increase the risk of adverse pregnancy outcomes,3 impair work capacity and productivity of women,4 and
ultimately hinder social and economic development. There is
a tacit assumption that approximately 50% of anemia is due
to iron deficiency in low- and middle-income countries (LMIC),
which has been the impetus for global WHO recommendations

Recent surveys have shown a surprisingly low prevalence
of iron deficiency among non-pregnant WRA
Recent surveys in Bangladesh,7 Cambodia,8–10 the Democratic
Republic of the Congo,11 Nepal,12 Rwanda,13 Sierra Leone,14
and Vietnam15 have shown a surprisingly low prevalence of iron
deficiency (≤ 8% based on inflammation-adjusted ferritin < 12–
15  μg/L) among non-pregnant WRA (Table 1). This is important
because if iron deficiency is not a major cause of anemia, then
untargeted iron supplementation is at best a waste of resources,
and at worst, a potential source of harm.
Potential reasons for the low prevalence
of iron deficiency among women of reproductive age
Probably many factors are contributing to high ferritin concentrations in women, although the exact cause is often difficult to
ascertain. Complicating this further is the fact that many of these
factors coexist and impact iron metabolism in varying ways.16
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figure 1: Global WHO recommendations for iron supplementation in non-pregnant women of reproductive age
in areas of high anemia prevalence (2011 and 2016)

Left: Since 2009, the WHO has recommended intermittent IFA supplementation (60 mg elemental iron weekly for three consecutive months (followed
by three months of no supplementation, after which the provision of supplements should restart) for menstruating women and adolescent girls in areas
of anemia prevalence ≥ 20%. The guidelines were updated in 2011. Right: In 2016, WHO released complementary guidelines recommending daily
IFA supplementation (30–60 mg elemental iron daily) for three consecutive months of the year for menstruating women and adolescent girls in areas
of anemia prevalence ≥ 40%.

Infection, inflammation, and EED are all potential contributors
to high ferritin concentrations. Infectious pathogens, metabolic stress and tissue damage all activate the inflammatory cascade.17 Cytokines are released, stimulating the production of
hepcidin, which functions as the main regulator of iron metabolism.18 Hepcidin binds to and degrades ferroportin, a transport
protein on the surface of the macrophage, sequestering the iron
from recycled red blood cells in the macrophage and making it
unavailable for erythropoiesis (thus leading to high ferritin concentrations).19,20 Hepcidin also acts on the gut in a regulatory
manner to inhibit iron absorption when hepcidin production
is stimulated (as in the presence of inflammation). These are
thought to be protective mechanisms to prevent pathogenic organisms from using iron in circulation.21

Genetic hemoglobinopathies are common in many regions
of the world and can result in a decreased or defective hemoglobin production, leading to an increased risk of anemia and
other serious health problems.18,22 Sickle hemoglobin (Hb S) is
a variant found in high frequencies across most of sub-Saharan
Africa, the Middle East, and India.23 These hemoglobinopathies
tend to have high frequencies in tropical regions because of their
conferred resistance against malaria.23 Some hemoglobinopathies have also been shown to be associated with high ferritin
concentrations.8,24 In Cambodia, we observed that women with
the hemoglobin E homozygous genotype (7%, n=31/450), which
is a disorder caused by a mutation in the β-globin gene from
both parents, was associated with 50% (95% CI: 14, 96%) higher mean ferritin concentration, as compared to women with a
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figure 2: Potential causes of anemia
Infection | Inflammation
> Environmental enteric dysfunction (EED)
> Malaria
> Helminth (parasites)
Iron Deficiency
> Caused by inadequate dietary iron intake,
impaired absorption of iron, or increased loss
of iron from the body
Micronutrient Deficiencies
> Vitamins A, B6, B12, C, riboflavin, folate, copper

Anemia

Genetic Factors
> Hemoglobinopathies (Hb E, sickle cell,
thalassemia)
> Glucose-6-phosphate dehydrogenase deficiency
> Mutations in the transmembrane serine
protease serine 6 (TMPRSS6) gene (causing
overproduction of hepcidin and leading
to iron-refractory iron deficiency anemia)

normal hemoglobin structure.25 As such, the diagnostic accuracy of ferritin to estimate iron deficiency in individuals with this
genotype is in question. Assessment of genetic hemoglobinopathies is a crucial factor in understanding the potential causes
of anemia in a population and in designing and implementing
effective anemia reduction strategies and programs.

“Assessment of genetic
hemoglobinopathies is a crucial
factor in understanding
the potential causes of anemia
in a population”
Naturally existing iron in groundwater may be a contributing factor to high iron stores. Elevated groundwater iron levels have been reported in Bangladesh and Cambodia.7,26 However, the potential contribution to body iron stores largely depends on the bioavailability of the iron. Measurement of the
iron bioavailability in groundwater is complicated, as both diet
composition and an individual’s iron status can influence bioavailability.27 Another factor related to iron in groundwater is
the utilization of point-of-use water filters, which are commonly

Screening women for anemia using the HemoCue® 301+
in rural Cambodia

used in households in some countries including Cambodia.28
For example, the BioSand filter – a slow sand filter designed
to remove arsenic and microbiological contamination28 – has
been shown to remove up to 98% of the iron from groundwater.26,29 As such, the availability and use of these filter systems at the household level is an important consideration in assessing potential iron intake from groundwater. More rigorous
examination of groundwater iron content, chemical form and
bioavailability is warranted.
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table 1: Low prevalence of iron deficiency (based on inflammation-adjusted ferritin) among non-pregnant women
of reproductive age in recent surveys
Country, year of publication
Bangladesh, 2012

Surveyed population

Definition

Prevalence of iron deficiency Reference

n=209 women in

Plasma ferritin <12 μg/L

0%

Merrill et al7

Serum ferritin <15 μg/L

2.1%

Karakochuk et al8

Serum ferritin <15 μg/L

8.1%

Wieringa et al9

Serum ferritin <15 μg/L

2.6%

2014 Cambodia

Gaibandha district
Cambodia, 2015

n=420 women 18–45 years
in Prey Veng province

Cambodia, 2015

n=2,112 women 15–39
years in a national survey

Cambodia, 2015

n=738 mothers 15–49 years
with at least one child

Demographic and

less than five years of age

Health Survey10

in a national survey
DR Congo, 2016

n=741 women 18–45 years

Serum ferritin <15 μg/L

5.4%

Harvey-Leeson

(3.9, 7.3%)

et al11

Plasma ferritin <15 μg/L

5%

Chandyo et al12

Serum ferritin <15 μg/L

4.8%

Angel et al13

in South Kivu and Kongo
Centrale provinces
Nepal, 2016

n=500 mothers 15–44 years
in Bhaktapur municipality

Rwanda, data not yet published

n=595 women 18–44 years
in Northern and

(3.2, 7.2%)

Southern provinces
Sierra Leone, 2016

n=871 women 15–49 years

Plasma ferritin <15 μg/L

8.3%

Serum ferritin <15 μg/L

3.5%

in a national survey
Vietnam, 2015

n=4,986 women planning

Wirth et al14

(6.2, 11.1%)
Nguyen et al15

to become pregnant in next
year in Thai Nguyen province
Values are proportion of women with iron deficiency (%) or iron deficiency prevalence estimates [mean (95% CI)]. Ferritin concentrations were assessed
using a combined s-ELISA (with the exception of Chandyo et al (who used an electrochemiluminescence immunoassay), and were adjusted for inflammation
using AGP and CRP concentrations based on Thurnham et al methods.30

There are a few important caveats to highlight among the
studies outlined in Table 1. First, the Chandyo et al12 study and
the Cambodia Demographic and Health Survey10 were conducted among mothers who had received iron and folic acid (IFA)
supplementation during their pregnancy, which may have been
a confounding factor. The findings of low iron deficiency among
mothers may not be generalizable to nulliparous women, who
had neither been pregnant nor received IFA. Second, all studies reported used Thurnham et al correction factors to adjust
ferritin for levels of inflammation, which are based on the stages of inflammation (incubation, early and late convalescence)
as assessed by the biomarkers α1-acid glycoprotein (AGP) and
C-reactive protein (CRP).30 Recently at the Micronutrient Forum
in Cancun, the Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA) Project proposed a
new linear regression method for the correction of ferritin in
the presence of inflammation.31 Some preliminary unpublished

data have shown that linear regression is a more rigorous method to comprehensively account for inflammation, as compared
to the Thurnham method. This is because linear regression relies
on AGP and CRP biomarkers as continuous variables, whereas
the Thurnham method relies on AGP and CRP as binary variables based on arbitrary cut-offs. It has been reported that using the linear regression method (BRINDA) may result in lower
corrected ferritin concentrations and thus a higher prevalence
of iron deficiency. This may be of particular importance among
populations with a high prevalence of inflammation. As such,
the prevalence rates estimated with different inflammationcorrection methods should be interpreted with some degree of
caution until more evidence is established.
In many countries, numerous iron interventions are often
implemented at the same time, with the shared aim of reducing,
preventing, and/or treating anemia. For example, according to
the National Nutrition Policy in Cambodia,32 daily IFA (60 mg
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of bloody diarrhea and respiratory illness among children six to
18 months of age. A recent Cochrane review did not find an increased risk of non-malaria infectious diseases associated with
iron supplementation among children < 18 years of age, although
the authors concluded with the caveat that iron supplementation was safe “when malaria prevention or management services
are provided efficiently.”39 This poses a challenge to interpretation of the findings in this review, as there is currently a lack of
well-established criteria and/or indicators used to measure the
efficiency of malaria surveillance and treatment programs.

“There have been some concerns
Collecting groundwater from a well in rural Cambodia
to measure iron levels

iron/day) is recommended for pregnant women for 90 days, for
postpartum women for 42 days, and for women who have had a
miscarriage or abortion for 42 days. Further, daily IFA (60 mg
iron/twice daily [total: 120 mg/day]) is recommended for anemic
women for 90 days, after which, if the anemia is not corrected, a
second round of the same treatment is advised. The policy also
recommends weekly IFA (60 mg iron/week) for all non-pregnant
women until they become pregnant (although this program has
not yet reached national scale). In addition, the policy also outlines several other strategies to increase iron intake, such as
increasing dietary diversity to include more iron-rich sources of
food and decreasing the consumption of iron absorption inhibitors (e.g., tea).32 Recently, the Ministries of Planning and Health
in Cambodia mandated the fortification of all fish and soy sauce
with iron.33 Another intervention in Cambodia is the Lucky Iron
Fish®, an iron ingot that is placed into the household’s cooking
pot and slowly releases iron into cooked food.34 In conclusion,
the total iron content consumed by women in these contexts is
largely unknown but expected to be high.
Emerging concerns regarding
iron supplementation in children
Although there is strong evidence that iron supplementation
and/or at-home fortification reduces the risk of anemia and/or
iron deficiency in young children,35–37 there have been some
emerging concerns of risk of adverse outcomes with the provision of iron, specifically among children with infections such as
malaria, pneumonia, tuberculosis, or diarrhea.
A trial by Soofi et al38 in Pakistan showed that iron-containing
micronutrient powders were effective at reducing iron deficiency anemia but increased the incidence of diarrhea and the risk

of risk of adverse outcomes with the
provision of iron, specifically among
children with infections such as
malaria, pneumonia, tuberculosis,
or diarrhea”
A study by Zimmermann et al40 in Cote d’Ivoire examined the
effect of iron-fortified biscuit consumption on the gut microbiota
profile in Ivorian children six to 14 years of age. After six months
of intervention, there was a significant increase in the number
of pathogenic enterobacteria, a decrease in beneficial lactobacilli bacteria, and an increase in mean fecal calprotectin concentration (a marker of intestinal inflammation) in the children
receiving iron-fortified biscuits, as compared to non-fortified
biscuits.40 Iron is a growth-limiting nutrient for many pathogen-

Fish sauce and soy sauce are now fortified
with iron in Cambodia
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ic gut bacteria, thus it is plausible that increasing the colonic
iron content of the gut could cause adverse changes to the gut
microbiota profile.
At a recent symposium on “Iron Screening and Supplementation of Iron-Replete Pregnant Women and Children” at the National Institutes of Health (Bethesda, Maryland, USA), Zimmermann
proposed potential solutions to minimize these risks associated
with iron supplementation and/or at-home fortification, such as
decreasing the dose of iron, the use of a more absorbable form
of iron (e.g., chelated iron), or the addition of ascorbic acid or
endogenous phytase (to increase iron absorption and decrease
the load of colonic iron that reaches the gut), or adding a prebiotic non-digestible source of fiber (e.g., galacto-oligosaccharides,
GOS) to enhance the proliferation of beneficial gut bacteria.
These promising approaches require further evaluation.
The dilemma of iron supplementation in predominantly
iron-replete non-pregnant women of reproductive age
There is evidence that iron supplementation reduces the risk of
anemia and/or iron deficiency among menstruating women. A
recent systematic review by Low et al concluded that there is
evidence from ten trials (including 3,273 non-pregnant menstruating women 12–50 years) that suggests daily oral iron supplementation reduces the prevalence of anemia (relative risk [RR]:
0.39 [95% CI: 0.25, 0.60]).41 These ten trials included all women of menstruating age (irrespective of anemia or iron status)
and at varying doses and durations of iron therapy (between
4 and 12 weeks).41 However, the authors of this review did not
examine the potential risks of iron supplementation (e.g., oxidative stress, lipid peroxidation, or iron overload), as no studies included in the review measured risk-related outcomes other than
the adverse gastrointestinal side effects of iron supplementation
(e.g., constipation) and the studies were not of sufficient duration to investigate chronic morbidities.41
There are potential risks of iron supplementation in ironreplete populations (linked to iron overload), such as increased
oxidative stress and reactive oxygen species,42 which in turn
have been associated with the pathogenesis of chronic conditions such as diabetes and its resulting complications (e.g., diabetic nephropathy and cardiovascular disease),43,44 DNA damage leading to cancer,45 and neurodegenerative diseases (e.g.,
Parkinson’s disease).46 It is suspected that an even higher risk
from iron supplementation may exist among iron-replete individuals with inflammation and certain genetic hemoglobinopathies,
as these individuals are already at risk of high iron stores.47
Further to the aforementioned risks described for children,
the impact of adverse changes to the gut microbiota in women
(especially pregnant women) are not known but could potentially impact future offspring through epigenetic mechanisms.48
More research in this field of work is urgently needed to ascer-

Nutrition education session outside of a health centre
in Southern Ethiopia

tain if risks of iron supplementation in iron-replete populations
(especially among those individuals with hemoglobinopathies
and inflammation) translate to adverse outcomes of biological
or clinical significance.

“If iron deficiency is not a major cause
of anemia, then national policies
and programs for anemia reduction
may need to be re-evaluated”
Possible solutions and future directions
> It is crucial to comprehensively assess and understand
the multifactorial causes of anemia in each country-specific
setting or population, and when possible, this should include
a genetic (e.g., hemoglobinopathies) and biochemical assessment of indicators related to hemoglobin and iron status.
This is fundamental to designing and implementing effective
anemia reduction strategies and programs.
> 
It may be warranted to reduce the iron content in IFA
supplements from 60 mg to 30 mg in regions where women
of reproductive age have shown to have a low prevalence
of iron deficiency and/or where anemia is probably caused
by reasons other than iron deficiency. The recent 2016 WHO
guidelines that recommend daily IFA supplementation for
three consecutive months of the year among menstruating
women and adolescent girls in areas of anemia prevalence
≥ 40%, suggest a dose between 30 mg and 60 mg elemental
iron daily.6 These guidelines were based upon the evidence
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generated in a recent systematic review by Low et al.41
Further, the UNICEF/WHO/UNU multiple micronutrient
formulation for pregnant and lactating women (UNIMMAP)
contains only 30 mg iron (rather than 60 mg). This dose was
chosen based on the rationale that adherence would probably be improved with lower dose (due to increased adverse
side effects with a higher dose), and that a lower dose of iron
would have less adverse impact on zinc absorption.49 In the
recently published WHO Antenatal Care Guidelines, daily
IFA (30-60 mg iron) is recommended for pregnant women,
however, the guideline also provides an alternative contextspecific recommendation for intermittent IFA (120 mg iron
weekly) in populations with an anemia prevalence among
pregnant women <20%, or when the daily IFA is not
accepted due to adverse side effects. 50
> Future studies should include outcomes that measure
both the risks and benefits of iron supplementation in order
to better inform policy. The potential risk-related outcomes could include indicators of oxidative stress, lipid
peroxidation, DNA or cell damage, gut microbiome or metabolites related to iron overload, in addition to the adverse
gastrointestinal side effects of iron supplementation (e.g.,
consti-pation, diarrhea, and abdominal pain).

References
01.	World Health Organization. The global prevalence of anaemia in 2011.
Geneva: World Health Organization, 2015.

02.	World Health Organization. Assessing the iron status of populations.
2nd ed. Geneva: World Health Organization, 2007.

03.	Rahman M, Abe S, Rahman S et al. Maternal anemia and risk
of adverse birth and health outcomes in low- and middle-income
countries: systematic review and meta-analysis. Am J Clin Nutr
2016;103:495–504.

04.	Haas JD, Brownlie TI. Iron deficiency and reduced work capacity:
a critical review of the research to determine a causal relationship.
J Nutr 2001;131:676–90.

05.	World Health Organization. Guideline: intermittent iron and folic
acid supplementation in menstruating women. Geneva: World Health
Organization, 2011.

06.	Guideline: Daily iron supplementation in adult women and
adolescent girls. Geneva: World Health Organization, 2016.

07.	Merrill RD, Shamim AA, Ali H et al. High prevalence of anemia
with lack of iron deficiency among women in rural Bangladesh:
a role for thalassemia and iron in groundwater. Asia Pac J Clin Nutr
2012;21(3):416–24.

08.	Karakochuk CD, Whitfield KC, Barr SI et al. Genetic hemoglobin
disorders rather than iron deficiency are a major predictor of
hemoglobin concentration in women of reproductive age in rural

Conclusion
The efficacy and safety of iron supplementation probably varies
by population and context, and also depending on the proportion of anemia that is due to iron deficiency rather than other
causes. Recent surveys showing a low prevalence of iron deficiency among non-pregnant WRA warrants further attention to
the potential risks of iron supplementation in predominantly
iron-replete populations.

Prey Veng, Cambodia. J Nutr 2015;145(1):134–42.

09.	Wieringa F, Sophonneary P, Whitney S et al. Low prevalence of iron
and vitamin A deficiency among Cambodian women of reproductive
age. Nutrients 2016;8(4):197.

10.	Cambodia demographic and health survey 2014. Phnom Penh,
Cambodia, and Rockville, MD, USA; 2015.

11.	Harvey-Leeson S, Karakochuk CD, Hawes M et al. Anemia and
micronutrient status of women of childbearing age and children
6–59 months in the Democratic Republic of the Congo. Nutrients

“Further attention to the potential
risks of iron supplementation
in predominantly iron-replete
populations is warranted”

2016;8(2):98.

12.	Chandyo RK, Henjum S, Ulak M et al. The prevalence of anemia
and iron deficiency is more common in breastfed infants than their
mothers in Bhaktapur, Nepal. Eur J Clin Nutr 2016;70:456–62.

13.	Angel MD, Berti P, Siekmans K et al. Prevalence of iron deficiency
and iron deficiency anemia in the Northern and Southern provinces
of Rwanda. Micronutrient Forum poster presentation.

Presentations from the recent symposium on
“Iron Screening and Supplementation of Iron-Replete Pregnant
Women and Children” at the National Institutes of Health
(Bethesda, MD, USA) are available online via:
ods.od.nih.gov/Research/Iron.aspx#workshop

Cancun, Mexico, 2016.

14.	Wirth JP, Rohner F, Woodruff BA et al. Anemia, micronutrient
deficiencies, and malaria in children and women in Sierra Leone
prior to the Ebola outbreak – findings of a cross-sectional study.
PLOS ONE 2016;11(5):e0155031.

15.	Nguyen P, Nguyen H, Pham H et al. Multicausal etiology of anemia
Correspondence: Crystal Karakochuk,
2205 East Mall, Food, Nutrition, and Health, The University of
British Columbia, Vancouver, British Columbia, V6T 1Z4, Canada.
Email: crystal.karakochuk@alumni.ubc.ca

among women of reproductive age in Vietnam. Eur J Clin Nutr
2015;69(1):107–13.

16.	Northrop-Clewes CA, Thurnham DI. Biomarkers for the differentiation
of anemia and their clinical usefulness. J Blood Med 2013;4:11–22.

SIGHT AND L IFE | VOL. 30(2) | 2016

IRON SUPPLEMENTATION IN PREDOMINANTLY IRON-REPLETE POPULATIONS

17.	Baumann H, Gauldie J. The acute phase response. Immunol Today
1994;15(2):74–80.

18.	Greer JP, Foerster J, Rodgers GM et al. Wintrobe’s clinical hematology.
12th ed. Baltimore: Lippincott Williams & Wilkins, 2009.

19.	Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med
2005;352:1011–23.

20.	Nemeth E, Tuttle MS, Powelson J et al. Hepcidin regulates cellular

rural Cambodia: community trial of a novel iron supplementation
technique. Eur J Public Health 2011;21(1):43–8.

35.	De-Regil LM, Suchdev PS, Vist GE et al. Home fortification of foods
with multiple micronutrient powders for health and nutrition in
children under two years of age (Review). Cochrane Database Syst
Rev 2011;(9):CD008959.

36.	Low M, Farrell A, Biggs BA et al. Effects of daily iron supplementation

iron efflux by binding to ferroportin and inducing its internalization.

in primary school-aged children: systematic review and meta-analy-

Science 2004;306(5704):2090–3.

sis of randomized controlled trials. CMAJ 2013;185(17):E791-802.

21.	Gangat N, Wolanskyj AP. Anemia of chronic disease. Semin Hematol
2013;50(3):232–8.

22.	Bain BJ. Haemoglobinopathy diagnosis. 2nd ed. Oxford: Blackwell
Publishing Ltd, 2006.

23.	Piel FB, Patil AP, Howes RE et al. Global epidemiology of Sickle
haemoglobin in neonates: A contemporary geostatistical model-based
map and population estimates. Lancet 2013;381(9861):142–51.

24.	George J, Yiannakis M, Main B et al. Genetic hemoglobin disorders,
infection, and deficiencies of iron and vitamin A determine anemia
in young Cambodian children. J Nutr 2012;142:781–7.

25.	Karakochuk CD, Whitfield KC, Rappaport AI et al. The homozygous
hemoglobin EE genotype and chronic inflammation are associated
with high serum ferritin and soluble transferrin receptor concentrations among women in rural Cambodia. J Nutr 2015;145:2765–73.

26.	Karakochuk CD, Murphy HM, Whitfield KC et al. Elevated levels of
iron in groundwater in Prey Veng province in Cambodia: a possible

37.	Pasricha SR, Hayes E, Kalumba K et al. Effect of daily iron
supplementation on health in children aged 4–23 months:
A systematic review and meta-analysis of randomised controlled
trials. Lancet Glob Heal. Pasricha et al. Open Access article
distributed under the terms CC BY-NC-SA 2013;1(2):e77–86.

38.	Soofi S, Cousens S, Iqbal SP et al. Effect of provision of daily zinc and
iron with several micronutrients on growth and morbidity among
young children in Pakistan: A cluster-randomised trial. Lancet
2013;382(9886):29–40.

39.	Neuberger A, Okebe J, Yahav D et al. Oral iron supplements for
children in malaria-endemic areas (Review). Cochrane database
Syst Rev 2016;(2):CD006589.

40.	Zimmermann MB, Chassard C, Rohner F et al. The effects of iron
fortification on the gut microbiota in African children: a randomized
controlled trial in Cote d’Ivoire. Am J Clin Nutr 2010;92:1406–15.

41.	Low MSY, Speedy J, Styles CE et al. Daily iron supplementation for

factor contributing to high iron stores in women. J Water Health

improving anaemia, iron status and health in menstruating women

2015;13(2):575–86.

(Review). Cochrane Database Syst Rev 2016;(4):CD009747.

27.	Hurrell RF. Bioavailability of iron. Eur J Clin Nutr 1997;51(1):S4–8.
28.	Liang K, Sobsey M, Stauber C. Use of BioSand filters in Cambodia.
Water and Sanitation Program Field Notes. Phnom Penh,
Cambodia, 2010.

29.	Murphy H, McBean E, Farahbakhsh K. A critical evaluation of
two point-of-use water treatment technologies: can they provide
water that meets WHO drinking water guidelines? J Water Health
2010;8(4):611–30.

30.	Thurnham DI, McCabe LD, Haldar S et al. Adjusting plasma ferritin
concentrations to remove the effects of subclinical inflammation in
the assessment of iron deficiency: a meta-analysis. Am J Clin Nutr
2010;92:546–55.

31.	Suchdev PS, Namaste SML, Aaron GJ et al. Overview of the

42.	Fraga CG, Oteiza PI. Iron toxicity and antioxidant nutrients.
Toxicology 2002;180(1):23–32.

43.	Hansen JB, Moen IW, Mandrup-Poulsen T. Iron: the hard player in
diabetes pathophysiology. Acta Physiol 2014;210(4):717–32.

44.	Swaminathan S, Fonseca VA, Alam MG et al. The role of iron in
diabetes and its complications. Diabetes Care 2007;30(7):1926–33.

45.	Dizdaroglu M, Jaruga P, Birincioglu M et al. Free radical-induced
damage to DNA: mechanisms and measurement. Free Radic Biol Med
2002;33(11):1102–15.

46.	Li K, Reichmann H. Role of iron in neurodegenerative diseases.
J Neural Transm Springer Vienna, 2016;123(4):389–99.

47.	Zimmermann MB, Fucharoen S, Winichagoon P et al. Iron
metabolism in heterozygotes for hemoglobin E (HbE), alpha-

Biomarkers Reflecting Inflammation and Nutritional Determinants of

thalassemia 1, or beta-thalassemia and in compound heterozygotes

Anemia (BRINDA) project. Adv Nutr 2016;7:349–56.

for HbE/beta-thalassemia. Am J Clin Nutr 2008;88:1026–31.

32.	Cambodia Ministry of Health. National policy and guidelines for
micronutrient supplementation to prevent and control deficiencies in
Cambodia. Phnom Penh, 2011.

33.	Laillou A, Pfanner S, Chan T et al. Beyond effectiveness—the

48.	Majnik A V, Lane RH. The relationship between early-life environment, the epigenome and the microbiota. Epigenomics
2015;7(7):1173–84.

49.	UNICEF, WHO, UNU. Composition of a multi-micronutrient

adversities of implementing a fortification program. A case study on

supplement to be used in pilot programmes among pregnant women

the quality of iron fortification of fish and soy sauce in Cambodia.

in developing countries. New York: UNICEF, 1999.

Nutrients 2016;8(94):nu8020094.

34.	Charles CV, Dewey CE, Daniell WE et al. Iron-deficiency anaemia in

50.	WHO recommendations on antenatal care for a positive pregnancy
experience. Geneva: World Health Organization, 2016.

54

