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Book Review O, AAAAEA OO
l[ n “ B n B I [ s by Joanna Cerazy and SandraCottingham, published by Kunati
Inc, (USA and Canada), May 20092 Available online at
www.nomoreleadbabies.comand Amazonetc.

Review by Anne Roberts, The LEAD G roup

| am not a lead sceptic, but before reading this book was inclined to
\&,‘) think of lead campaigners as seeirg slightly misquote the Duke in

Shakes psYaulLk@dlsi Books in the running
in stonesand lead in everything 0

Well, apparently leads in everything, just about.

s In Chapter 2 and Appendix 2, the authors list possible sources df lead
such extensive lists as to make exposure to lead seem virtually
- e unavoidable.

~

However, the message of the book is that dmmage $ preventable

ANowadays, no one needs to be exp
harmful effects. Our children can be protected from the cycle of
damage caused by lead. What you have learned in this book will
empower you to take action. o (pl35)

Sourcehttp://www.redroom.com/

Cerazy and ot i ngham wuse various fAscenar
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effects of | ead on the var i ousnatadto tegnager, bedinnirag withhihe staybo§ d e
iSandy and Craig Mill er, obuilvtivose, aral are nodxegeeting theiefisochild. Almesty a 1
everything the couple does unwittingly exposes them, and the unborn child, to lead.

There follows an outline of the first, second and third trimesters of foetal development; and, in more detail, conception,
and weeks ttee, four, five and twelve, outlining the critical changes that are taking place.

AWe know that toxic exposure during the first trimeste
brain cells, and that any insult at this stage of dgwekent affects future brain development stages. Where it was
previously supposed that with so little of a human formed, little damage could be done, the reverse has been discovered
to be true. A foundation with damage will not support what is builtomtép i t . 6 ( p20)

Under the heading APresent Versus Past Exposure, o0 the
needs to build bone structure from the motherds bones
placentato the fetus. Later, additional lead exposure may occur during Hesabhg. A critical factor in how much

|l ead reaches the unborn baby is the amount of | ead tha

Chapter 3 continues theosst y of early chil dhood | ead exposur e, t his
Richardgendbsdl d@ daughter AMol |l yd has changed from a ¢
difficult to manage. One pair of dotty grandparents é&en brought along an heirloom leaded pewter cup as a birthday
present for Molly, and gives her a drink out of it.

There follow classroom scenari os, with children who at
aut i st i c,herictildrdn|wbo have léarning difficulties.

Finally, there is the story of WAScott o, who has a ver)
also continuing to be exposed to lead in the one thing he is good at and enjoys: daslsda the US are called
fi s h ©ip this case, learning how to maintain and repair motor vehicles.

The scenarios may strike Australian readers as a little, umm, smaltzy, but they do give a human context to the
medical/scientific facts of the very serioasd potentially lifetime consequences of prenatal and early childhood
exposure to lead. The stories indicate how easy it is for a child to become exposed to lead, even imtéstioestd

or materially weHloff families.

I'n the section |logm)t ovkedlaeares r(efimMil nded t hat AChildren are
magnifies the effect of what may seem to be very slight exposure to lead.

Not only do children have a larger skin surface in proportion to their body volume, theynalsmparison with adults,

Aidrink more fluids, eat more food, breathe more air re
gastrointestinal tract more efficiently than ddgl ts (
(p66) The diagram on page 59 illustrates that fichil dr
Children are impacted earlier and more severely than a

Wi th older children and t eenag eamassedaved rcent detcades framMie fietds | n g
of behaviour, neuropsychology and biology that confirms that the brain dysfunction caused by ededyel@xposure

to lead results in the specific brain dysfunction that is associated with the behaviomdwetlfi ADHD [Attention

Deficit Hyperactivity Disorder], delinquency and violence. The change in understanding between what was previously
accepted and what is now known is in the area of exposure threshold for damage. It was previously assumed that only
high levels of exposure caused damage, and regulations were set accordingly. The more recent realization that
neurotoxic effects occur at even the lowest levels of exposure, and that they can occur before a baby is born, has offered
new, if not shocking iright into a long list of trends related to behaviour, including school-dubpdelinquency, drug

use and violent crime.o0o (p76)

Use of Magnetic Resonance I maging ( MRI ) {renwl [lobejgrayal e d t
matteri a loss of brain neurons observable in the brains of-éegubsed children is the same as in adults with
antisoci al personality disorder such as is common in g

than politics, that is].

ATheenhewdto be fAdeceitful, reckl ess, i mpul si ve, irresp
of a toxic brain injury, despite the fact that many are heavily invested in the theory that poverty, poor parenting, or
negative social influencesr e t o bl ame. 0 (p77)

The authors challenge standard preconceptions about th
result of bad parenting, alowso@oc onomi ¢ status or bad traits geinsetihaall
disproportionate representation of high school ébop t s , prisoners and the poor amo!
Could there be a connection with the lactose intolerance which is very common in African Americans and is the main
cause forthemavdii ng mi | k products. 0
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Ailn the US, Afri can Amer recommendedanbuntloecaldumt aleium défieidndy istah e
Acritical factor in |l ead susceptibility. o (p78)

A possible connection between lead and addiction to drugs and alcobeinig uncovered which warrants further,
long-term research.

AEarly and in utero |l ead exposure, even at very |l ow do
confirms that frontal lobe dysfunction is a risk factor and impotaadictor for alcohol abuse. Even slight impairment

to cognitive ability and | anguage skills has been shov
reported Afirst start inmegdiucsaitnign gc oscyam pBed nass oaf wAaDyH Do.fo s(e |
The effects of |l ead on the brain donot end with chil
unfortunate effect of diminishing onef6s intelligence. o
Chapter 6 suggests the possibiliéepgtitdaaitngatwistmh magr ber

is when the synergistic action of two drugs is greater than the sum of the effects of each when taken on its own.) The
authors ask fAWould it be outrageous t o sstgmmpbaschild,thbat wt
effect is autism?d (p96)

(Which is not to say that without mercury there would be no autism.) The authors suggest the increasing levels of

mercury fAmaking its way into the devel olmniparglelstheasdagaoc o f
|l ead, 0 may explain the increase in autism in every con
Chapter 6 traces the history of use of mercury in some vaccines and in dental fillings.

The symptoms of mercyr poi soning are virtually the same as the
potentiation makes it at | east plausible that mercury,
response to being hit not with a single toxic ahebut with the additional cumulative insult of a second and possibly
others in a window of wvulnerability and susceptibility
Chapter 7 discusses the effect of lead on fertility, Chapter 8, Lead asdtotinsi A par t ner s i n har mo

gives detailed information on how to reduce or prevent exposure to lead: what foods are protective, how to prepare food
to avoid lead contamination, what sort of eating utensils to avoid, foods to avoid, foodsta nrmi s e é what t o
products designed for use by childrenépersonal hygiene
or hobbies, how to make outdoor areas around the house safe from lead, and what is the most dangerous thing about
renovations, from the point of view of lead.

Chapter 10 givesathreet ep i nventory of making oneds personal envi
discusses tests for the presence of lead. Most of the tests mentioned are only available, foutsaptaeUSA, by
online purchase al t hosamgphingKitlcan bd uset @ seBd anyutypd of sampleYo a lab for lead
analysis and includes an interpretation sheet. See

www.lead.org.au/clp/products/Do_1t_Yourself Lead Safe Test Kit.pdf

Chapter 11 is about getting the |l ead out ofve,butthi®8s bod
seems to apply only to removal that i s fAtoo invasive o
body, there are risks with removing it. These are conc
tdoes appear, on my reading, that the herbal, as oppos .

other health benefits. (However, take a look at Appendix 3, which lists the lead content of traditional remedies and
cosmetics reported to cain lead!)

AHer bal 6 versus fAmainstreamd treatment is a subject wh
here.

Appendix 1 gives a chronology of the use of lead in the world.

Appendix 2 lists possible sources of lead (in additmthe discussion in Chapter 2). Another comprehensive list can be
found atwww.lead.org.au/lasn/lasn006.htimiit the two lists are complementary and a useful comparison can be made
between them.

Summirg up: an interesting, easy-read, informative book, with 146 references to research papers, and a good,
straightforward index. The covér an alert infant making eyeontact with the potential readds, considering the
subject, perhaps misleading. Qmetother hand, depicting anything else would be distasteful anlibfifig. The cover
doesaccord with the optimism of the authors that lead poisocémdpe prevented.
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Editorial

By Professor Brian Gulson, CSIRO, Macquarie University Graduate School of # Environment, and
Head of The LEAD Groupo6s Tech

The major article in thigdition of LEAD Action Newshas been nine months inthe making it 6s mor e or |
Taylordés first fAchildo. When he first came to do volun
interest in nutrition and thus thisswsletter was conceived. | believe he has created the longest reféseinéeahy
document yet written by The LEAD Group. Y o (belawpimthef i nd t
Factsheets section of our websiéé¢.the end ofhis incredible job of collatingRobert paraphrasing a line from The

West Wingre mar ked fnoting that | ack of iron reduces |1 Q and
endemic in poor countries, God must have decided that poor people can be intelligent or alive, but not both at the same
ti me. O

Thanks to Catherine Swegenvho provided us with all the excellent photos of food in this newslatidrto David
Ratcliffe who has the humungous job of wetliblishing it

Sadly, this edition of LEAD Action Newalsocontains an obituary, that of Kathryn R. Mahaffey who died onJ2me

2009, just one week after she kindly offered to review Rébaréwsletter article and factsheet. Kate Mahaftey
world-renowned for her decades of work in nutrition specifically relating to lead and mercury poisordrtge world

of lead has suéfred a great losErom a personal point of view, | and my former team at CSIRO owe a tremendous debt
to Kate. She was our project officer for the Biokinetics of Lead in Human Pregnancy study run through the US National
Institute of Environmental Health Bnices. Our collaboration both scientifically and personally is something 1 will
forever value.

Please use the Contact Us form on our wehsitevw.lead.org.au/cu.htmlto send youguestionsand thoughts on this
or any earlier editions of LEAD Action News.

- ~

| AEOODAOUq +AOEOQOUT 28 j O+A0OA6Q
Reprintedby kind permission oDave Jacobs

Kathryn R. Mahaffey passed away peacefully in her sleep June 2, 2009 after decades of work that ddvaatied's

health and environment. She is remembered as a beloved wife, mother, scientist and community member who served as
a source of inspiration with her principled and tireless intellect. She was the rare scientist who knew how to apply the
lessons fom academic research to protect the public heath. Her work changed the face of epidemic heavy metal
poisoning, endocrine disruptors and many other environmental pollutants that afflict children, pregnant women and at
risk populations. Literally millions fochildren have avoided the tragedy of lead and mercury poisoning as a
consequence of her work. Dr. Mahaffey was the first to ensure that the number of lead poisoned children in the US was
determined accurately through the National Health and Nutritiormibedion Survey in the 1970s, an action that
enabled the nation to track a more than 90% reduction in children's blood lead levels.

Dr. Mahaffey conducted patbreaking scholarship on mercury poisoning, helping to disentangle the web of
bioaccumulation thtahad stymied previous efforts to seriously address the problem. She was a principal author of the
eightvolume Mercury Study Report to Congress that broke new scientific ground while focusing national attention on
mercury exposure in the U.S. Most recgnhe helped organize an international conference in Japan on reducing
exposure to mercury from eating contaminated fish, while balancing key nutrients such as3datggacids. As a

public health activist, her work won cheers from children's healtimtists and attacks from those who considered the
facts to be injurious to their interests.

Dr. Mahaffey joined the public service in 1972, working first at the Food and Drug Administration, followed by the
National Institute for Occupational Safety aHealth, the National Institute of Environmental Health Sciences and
numerous positions at the Environmental Protection Agemdgst recently she was a distinguished professorial
lecturer at George Washington University, where she taught toxicology. Shalseaengaged in helping to design new
studies, such as the National Children's Study.

The recipient of numerous awards from government and academe, she received the prestigious Arthur Lehman Award
for regulatory toxicology from the Society of Toxicolognd the Bronze Medal for Commendable Service from EPA

for her work on mercury. She was also appointed to many panels by the National Academy of Sciences. She most
recently filed a scientific critique of a government report on risks and benefits of fishraption; in her comments she
demonstrated that an attempt to abandon fish advisories, which have helped reduce mercury exposure, was without
scientific foundation.
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A prolific writer, Dr. Mahaffey published over a hundred manuscripts in theneegswed sientific literature, eight
reports to Congress, fifteen book chapters, and seven books.

Her personal life was brimming with the same intensity she brought to science, with achievements in music, sewing,
knitting, furniture and interior design. A love adaking and people made her parties special and memorable. She was a
loving friend and family member who endeared people with her unique blend of intellect and tenderness.

She founded and led the Green Group at the Westmoreland Congregational United @h@tuist, Bethesda,
Maryland where she also served as a trustee. As a gifted volunteer math tutor and leader of the math club at the Marie
Reed Elementary School (one of the poorest elementary schools in Washington DC) she invested many hours with
underabieving students.

A native of Mahaffey, Pennsylvania, she graduated from Penn State University and held a doctorate in nutrition,
physiology and biochemistry from Rutgers Universityer upbringing in rural Pennsylvania significantly shaped her
beliefs that people and the earth are part of an interconnected system requiring essential protection.

Kate Mahaffey is survived by her husband, David Jacobs, her daughter, Harriet Meehan, her son, Bert Kramer, her
mother, Harriet Mahaffey, her two sisters, Rebelcaimer and Deborah Westover, her two stegdren, Paul and
Robin Jacobs, and her two grandchildren, Lillian Meehan and Evalyn Meehan.

A memorial service was held on Tuesday evening, June 9, 2009, 7:00 PM at Westmoreland Congregational United
Church of Q@rrist, 1 Westmoreland Circle, Bethesda, Maryland. In lieu of flowers, contributions can be made to the
Kathryn R. Mahaffey Memorial Scholarship Fund, which will enable students to pursue careers in science and public
service. Checks can be made out toWestmoreland Congregational United Church of Christ, with a notation on the
check stating "Kathryn Mahaffey Foundation Fund."

Iron Nutrition and Lead Toxicity: Interactions and Impacts

Please note citations are listed below, and also contain a brief guide to the better articles.
Glossary of technical terms

ID i Iron deficiency: low stores of iron in the body

IDA Tlron Deficiency Anaemia: Deficiency and malformation of red blood cells caused by the lack of iron

to produce haemoglobin. Not the only cause of anemia. Anemia may be hypochromic (pale blood cells due

to lack of iron) or microcytic (small blood cells with fragile membranes and shorter life spans).

Haemoglobini The iron compound that carries oxygen in red blosits.

Serum i Material within the blood or bloodstream.

Myoglobin i lIron compound that stores oxygen in the muscles for rapid exertion

Ferritin - Standard iron storage molecule. Can store 4500 iron atoms in tight bonds that are dissolved when
the atoms are passed to tranferrin.

Transferrin - Standard iron transporter within the blood. Loosely binds two iron atoms for transport and
transfer.

DMT1 (divalent metal transporter 1) i Transports 8 different metals (Fe, Zn, Mn, Co, Cd, Cu, Ni and Pb)

at acellular level. It isthe primary iron transporter.

Reticulo-Endothelial Cellsi Cells associated with the immune system scattered in relatively fixed positions
(such as the spleen or connective tissue)

Macrophagesi White blood cellscontained within tissue. They engulf aging blood cell, dissolve them and
allow the recycling of their contents (specifically iron).

Erythropoiesisi The creation of new red blood cells.

Apoptosisi Cellular suicide (programmed cell death) carried outaatttb o dy 6 s di recti on.
Ellastin and collegini Connective tissues that provide form and flexibility to a number of body structures
including the skin.

Zinc protoporphyrin 7 A zinc compound which replaces haemoglobin preventing normal oxygen
transportation. Itan be caused by iron deficiency or the presence of lead during the formation of red blood
cells (erythrocytes).

Sickle cell diseasé When a specific form of haemoglobin causes the blood cells to deform into a sickle
shape. Must be distinguished from #iekle cell trait where a mixture of normal and sickle cellexiat.
Helobactor Pylori (H Pylori) i Bacteria that inhabits the stomach and are the primary cause of stomach
ulcers. It most easily establishes itself in low acidic stomachs and onceségtdlilirther reduces acidity.
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ADD/ADHD [Attention Deposit Hyperactivity Disorder] i A neurobehavioral condition involving
inattention, impulsiveness and sometimes hyperactivity

Hypertensioni Consistently high blood

Gestational Diabetes(or gestational diabetes mellitus GDM) i a temporary diabetic state that can be
produced by pregnancy.

Hepcidini The hor mone t hat regul ates the bodyés iron
function see citation$23and124.

Haem iron [Haeme or Heme (US)]i Iron that is found in a porphyrin ring that allows it to more easily
engage in certain organic interactions.

Phytatesi Phosphorus based compounds that bind with calcium, magnesium, iron and zinc in the stomach
and gut to produce insoluble (and indigags) compounds. They have antrcinogenic impacts on the gut.
Polyphenolsi A large family of organic compounds with antioxidant properties. Major subgroups include
tannins, lignins and flavanoids. Like phytates they can bind with other nutrientsstothach and gut but
many appear to have significant health benefits.

Carotenoidsi Plant compounds that provide pigments that both absorb and protect plant cells from light.
They provide most bright colours in vegetables other than light green.

Siderobladic anemia’i A form of anemia where iron stores are available but cannot be incorporated in
blood cells. Lead toxicity, excessive zinc consumption and copper or pyridoxine (B6) deficiency can be
contributing causes. It can also be hereditary.

Ischemic strcke T Stroke caused by blockage of a blood vessel

VLDL cholesterol 7 A form of cholesterol high in triglyceridest is usually estimated as a percentage of
your triglyceride value.

Iron Nutrition and Lead Toxicity: Interactions and Impacts
Iron and lead levels

Low levels of serum (blood) iron are associated with higher blood lead levels ifilr@&mregnant womei3,4) and
particularly in children(5,6,7,8,9) though the evidence for women in general is curiously inconcls¥é.1) The
relationship etween serum iron and blood lead has genetic elerfishts3)

Iron metabolism: Overview

Iron is an essential micronutriefit4,15,16) The total amounts involved are small; an adult female will had/gams

of iron (around 38mg per kilo) in her body, adult male up to six (around 50mg per ki{@)y). Males tend to have

more due to being larger, not suffering blood loss due to menstruation and some innate differences that begin at puberty
(18 p249251,19) Adult males normally have three times the gddren of premenopausal females (1000 mg to 300mg
seems a widely quoted figure but present author have not sighted the original source), a fact true for vegetarians as well
as omnivores (480 mg to 160 mg; the same source problem agplgs)

The majorityof iron in the body is bound in haemoglobin [or hemoglobin (US spelling)] (found in red blood cells
[erythrocytes] where it is used in transportation and processing of oxygen within the(Bbd2,23) Up to 10% is

used in myoglobin that stores oxygen in the musdeés?5,24,23)Over 4% is used in lung metaboliggb) playing a

vital role in respiration27). Most of the remainder is stored in the compound ferritin, over two thirds of which is
deposied in the liver, the bulk of the remainder being split between bone marrow and reticidthelial cells
(17,23,25) Transport of iron within the body is handled by the serum molecule transferrin and at a cellular level by
DMT1 [Divalent Metal Transportel] (16,17,25) The entire complex system is designed to ensure there is minimal
free iron since free iron damages body organs through oxidation due to its highly reactivéliGatite

Smaller trace amounts fulfill key roles within the body with fimes such as immune defen@s3,28) neural function
(29,30,23) DNA synthesis(14,16) cellular energy productiori31), liver function (32), apoptosis(33), elastin
production(34) and collagen productiofB35). Iron levels are associated with bone strengihd density(36); iron
deficiency is linked to stress fractures in female athlgiés

Iron cannot be systematically excreted from the body and is recycled within th€2&yg3,38)predominantly by
macrophages of the reticutmdothelial system. Maophages of the spleen and liver generally recycle red blood cells
before they reach the end of their natural life (120 days) eliminating 1% pédd @&y The total iron absorbed from
food each day is about 0.06% of total adult body {fof) although f@ infants this figure can be multiplied by up to six
(25). The main cause of iron loss from the body is blood loss (including significant losses inside {38)gut
particularly for athlete$40 p113,41). This is the primary determinant of iron stafdg,43)though some iron is lost
through sweat (peaking within half an hour of heavy sweating) and skif4logsl12114,22) Losses from urine are
minimal (about 0.1 mgj17). For most women menstruation will double to triple iron loss, with losses biangys
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higher for adolescents, but it can be even high@mp249251). Diet cannot outweigh heavy blood Iqg®,43) Women
with heavy menstrual flow should see their doctors as some medication (including the contraceptive pill) can reduce
menstrual bleging.

Losses
Hemaoglobin o 1-2 mg
2500 mg P .
Salvage
20mg
Erythropoies:s
20 mg Plasma . _9%mg 1000 mg
4 mg
Smg Ferritin and
Myoglobin, Heme, | 150 mg Hemosiderin
and Nonheme > Absorbed
Iron-Containing Proteins 0.5-2mg
Inoested ” - Unabsorbed
ges P B-135
10-14 mg ma

Figure 1 Diagram of iron movement in adult humans with estimates of iron
trafficking derived from Bothwell et al. (1979). The above chart represents iron
transfers within the body on a typical day. Note the chart reads from the bottor
Theplasma figure represents the extremely small amount of iron not bound in of
molecules. Hemosiderin is a less useful iron storage molecule than ferritin wh
primary purpose seems to be to protect the body from the presence of unboun

and which acumulates in body organs.
FromBeard, John L. Iron Requirements in Adolescent Females J. Nutr. 2000

Iron lead interactions

Iron and lead occupy similar niches within the human body and so compete for likely binding sites particularly during
absorption(44,45) While the primary toxicity of lead in the body is due to its ability to mimic calcium it also interferes
with the iron metabolism in ways that are fairly well understodé®,46) The displacement of iron by zinc in the
haemoglobin, producing zingrotoporphyrin (also a result of iron deficien3),45) is one of the primary
consequences of lead toxiciy6 p6) This leals to reduced oxygen supply as iron is the element responsible for most
of haemogl obi nds oY) predacing hgpochrpmia ameméiead also iretiuges the production of

red blood cells (erythropoiesi§}5,46 p6) their size (microcytic ameia) (47) and their longevity47). It prevents the
normal increase of erythopoiesis in response to angtaja

These are far from the only effects. Leadds effect
cardiovascular response, neurositter behavior, nerve transmissions, liver detoxification and bone develoftfent
p7). Lead is neurotoxigilling brain calls directly through apoptosis and interfering with brain function in a variety of
ways (45,48,49) Individuals with sickle cell disease may be particularly vulnerét#e Iron deficiency increases the
rate of lead transfer to therain, at least in rats, since these mestiarea common transporter (DMT1p0). Rat
studiesalso indicate iron may ke able to reduce lead induced apoptosis in the Wedin and reduce lead related
disruption during brain developme(it2).

Iron status: iron deficiency and iron deficiency anemia

Diet, digestion and blood log$3) are the main factors that reduce iron levels but other factors such as H. Pylori
infections(54,38)and genetic$38) also have impacts. Serum ferritin is the traditional way of measuring iron status but
more recent tests for such things as total iron ibgndcapacity, serum tranferrin saturation, free erythrocyte
protoporphyrin, and serum tranferrin receptors in conjunction with haemoglobin measurements can more accurately
establish the status of iron within the bgdy p106104,26 p1618).

Low iron levels (iron deficiency[ID]) affect over 20% of OECD populati@Bs). If iron levels become low enough
iron deficiency anemia [IDA] occurs as the body lacks the iron to form enough new bloo. ¢glls,56) While IDA
affects less than 3% of tlgeneral populatioi57) it is much higher among some subgroups:mpenopausal women
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(55,57,58,59,6Q)adolescent womef®1,62) women who exercisg3,64,65,66) pregnant womef60,67,68) children
(55,58,69,70) obese childreri71,72)and some ethnic gups(57,59,67,68,69,70,72Vegetarians (or vegans) in first

world countries tend to have lower iron stores but not significantly higher rates of 1BA&4,75,20) Vegetarian

women should note this may be of particular concern during pregnancy (seé. belovany third world populations

the iron deficiency/anaemia figures can rise much highéy77,78,79,80,183)it would be difficult to measure the

typical iron level differences between vegetarians and non vegetarians in third world conditions givgghth
proportion of individuals in these populations with IDA (effectively having no iron stores). It should also be noted that
the World Heath Organization has questioned the use of the term iron deficiency anemia in at least one of its
publications, sih epriesence of anaemia in a subject is a statist
i ndividual fifhas no i mme(d8i pa38250) frdnydsficiemdy canibe aasily med@agnosaedg O
because the early symptoms resemble tmepsyms of ADD/ADHD (55), a disorder it may be linked t@®1,82) In
addition high lead |l evels in and of itself interferes
deficiency(45,46 p6,83)

Iron deficiency and pregnancy

Among pegnant women iron deficiency can occur even whefppggnancy iron levels were adequgig,84)since

iron requirements increase as the pregnancy pro¢8égsrhird trimester iron requirements of/55mg/day(84)

cannotbe met even from high bioavailability diets (from which under 5mg may be abg@h&&) and must be met

from the bodybés iron stores or supplementation. The av
stored; the estimated net requiremeftpregnancy are 580m§4). Danish studies indicate less than 20% of women

enter pregnancy with the minimal iron stores requifs) and this figure can only be higher in the third world.

However supplementation levels should be set with an awaremggothabsorption increases during pregnancy
(84,87,88)and that high iron levels may have detrimental health effects (explained later in this article).

7 =
6 —
5
4

458 DO

Menstruation
Lactation

¥

Menstruation

B L

Iron reguirement (mg/d)

Nongravidl First Second Thirdg Postpartum

I
Trimester

Figure 2. Estimated daily iron requirements during pregnancy in a55-kg woman.The above
chartgraphically illustrates the strain of pregnancy on the iron metabolism. It does not take into acq
possible blood loss during birth which Bothwell estimates as costing 150mg dfrioon. Bothwell,

Thomas H Iron requirements in pregnancy and strategie s to meet them Am J Clin
Nutr 2000 72: 257S  -264

Borderline to moderate maternal IDA has limited impact on fetal iron 1€88l89,90)since the foetus receives most

iron via the placenta rather than from maternal iron st®&s However maternal iron levels may impact on the risk of

ID or IDA developing in infancy92,93,94,95for reasons that are not clear given that breast mitkisaot directly

related to maternal iron leve{86,97,98) except though significant IDA97,99) Some studies do show a link between

ID and iron stores (as opposed to other iron paramgtEds)101,102,95vhich may explain this (as iron depletes as

the infant growg103,104) but the reasons why these results are not universal is not(8®&80) The f et usos
status is significantly impacted by maternal hypertengioB3), gestational diabete§103), smoking (103,102)
consuming alcoho{105), severe IDA(103) and premature deliver§l03) and low birth weight103,84) Provided a
neonate (newborn) is neither underweight, premature or otherwise iron deficient it should have sufficient iron stores
(around 75 mg per kilo) to maintain iron levelsilstx months of age with breastfeeding but after that point iron
depletes rapidly103,104,18 p247Note that with infants early introduction of complementary foods (before 6 months)

or prolonging heavy breast feeding (>6 times per day beyond 6 moméhsiegatively associated with iron status
(106,107,104)

Females planning pregnancy should seek to maintain robust iron levels since supplementation after pregnancy is
discovered largely misses the first trimester when ID has significant ingffaectjng fetal weight and risk of problems
in later trimester$94,108,59) possibly due to the impact on the development of pladaftd). Iron stores should be
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increased prior to pregnancy as iron absorption may fall in the first trinj8ddeand significant tores reduce
dependence on supplementation (which some find difficult to maintain due to side @ffécisl1). Significant iron
depletion can occur during birfd9 Fig3)though the actual depletion from breast feeding is less than from
menstruatior{84). Mothers are frequently iron depleted after giving hifth3,95)

Iron deficiency and lead levels

There seems little doubt that rectifyingevere iron deficiency significantly impacts blood lead levels
(7,45,112,113,114,3)n pregnant women dietary iron intake has more of an impact on newborn blood lead than that of
any other micronutrient; the impact is double that of calcf@mnIt also worth noting that research indicates that low
maternal iron levels increase the rigkschizophrenia in offspring by up to four timgsl.5) while high lead levels can
roughly double the same rigk16). How these two risk factors interact with each other is not yet known. With children
correcting iron (or zinc) deficiency may, though macessarily will, lead to the cessation of pica (the compulsive
consumption of no#food items such as paint and clay) which can be a source of lead contanibafipn

On the other hand the evidence for supplementation where iron intake is adequate(isLpd 19) for example, a
recent large double blind study indicates no impact on blood lead levels from imndjosupplementatiofiL20). The
same may be true of low lead levels with or without iron deficidt@y,122) There might still be advardas to iron
supplementation for individuals whose environments remain lead contaminated and whose primary exposure is through

ingestion(45,119 . A recent study of ratsoé brains found that I
damage than gh dose iron supplementatiosilj.

Iron regulation within the body

The body regulates the intake of iron, so iron absorption falls as iron level§l¥isedue to the influence of the
hormone hepcidin(25,123,124) The more hepcidin is produced by liver cells the less iron will be absorbed
(25,123,124,38)

An individual who is suffering IDA may absorb up to fifteen times more iron than an individual with high iron levels
(149) partially due to increases in DMT1 ide the duodenum (large intestir{@p). Unfortunately if iron is not present

in sufficient quantities the DMT 1 molecules will instead transport other metals such as lead, increasing lead absorption
up to 7 fold(45).

Hepcidin production may be stimulatdxy disease related inflammatiqfi23) or exercise that impacts the joints
(125,126)though research in the field is in its early stages (the hormone was only discovered {320 d it 6 s
regulation of iron metabolism was widely recognized in 2004).

The inability to regulate iron intake (Hemochromatosis) is a generally heritable defect that is found in European and
particularly Slavic populations which tends to lead to iron toxicity (and consequent organ failure) in later life
(127,128,129,38)Similar defects can be present in people of African (AlO or siderdsi¥)) or Solomon Islander
descent53), and there may be others yet to be discovErad).

Impacts of iron deficiency

Low iron levels by themselves produce cognitive declib@0) especiallyamong young childrerf131,132,133)
exacerbating | eadbés i mpact. For example ironl3thenfli ci en
interferes with the ability of the mother to interact with the cfilld5,136) At the same time ID in #hchild impairs

walking which weakens the maternal bond and reduces cognitive stimulus at a key stage of development
(137,138,139 he fact that a child with IDA has a muted fadia0) and auditory recognitioiLl41) (including the

mot her 6s f)aconwined with pooreriolgjeet recéll42) and a more uneven temperaméti?3,139,142js

unlikely to be helpful to this crucial bond. All this may have significance since it has been suggested that an enriched
environment may mitigate the impact of leadamgnitive developmeriiL43). In rectifying iron deficiency in children,

verbal and motor skills are likely to improve independently of any lead impht85140,144hough correction in

latter childhood cannot totally repair early iron deficiefity5,133,30)

Iron and diet

Iron levels can be modified by di€t46,147,148hough the role of individual nutrients should not be overstéitéd)

and removal of iron inhibitors may be more important than supplementation aimed at increasing iron absorption. Fo
example phosphorus and phytates may have twice the inhibitory effect than Vitamin C has at enhancing iron absorption
(150). It would not be wise to begin vitamin C enhancement without first looking at phosphorus and phytate levels in
the diet if your aimis to increase iron levels.

It is worth noting phosphorus is a micronutrient that is as important as iron, though one that is oversupplied in most
western diet§151). It is important to remember that many of the compounds that inhibit iron absorptithesiselves

either essential or helpful nutrients, so the emphasis should be on balancing and offsetting impacts or separating
consumption by at least two hours rather than on eliminating items.
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Also keep in mind that since only a minute fraction of thd po6 s t ot al iron is absorbed
(212) -5 mg (84,85) of 2-5g in the normal adult body counterbalanced by losses e3rAd3(18 p249251) rapid

changes in iron status should not be expettéd,148,75) Individuals who are iron defient should be aware that as
iron |l evels rise measurable storage levels (serum ferr
priority (152).

Iron absorption enhancers: Meat consumption & vegetarian diets

In terms of iron enharement one of the easiest methods is increasing meat in the diet. A significant quantity of the iron
in meat is haeme [or heme (US spelling)]. Betweed1% of haeme iron in the diet is absorbed compared with%

of nonhaeme iron(75). Haeme iron is absorbed in a completely different manner thashaeme iron and is not
susceptible to most factors that inhibit or enhance-hme iron absorptioil53). The mechanism of haeme iron
absorption is still poorly understodd53). Not only 5 haeme more easily absorbed than-ma@me iron but meat
proteins (more accurately the amino acids that make thef©54p155,156) enhance iron (and zinc) absorption even if

the iron is norhaeme(157,158) While of secondary significance to adu(fs9) this can be especially useful for
weaning infantg160) given the tight balance between iron absorption and (lb34,18 p247) Meat 6 s i mpor t
best demonstrated by the fact that premenopausal female omnivores can absorb six times as much ifan as sim
vegetariang75). Cooked beef contains more haeme iron (65% of iron content) than cooked pork (39%) and poultry or
fish (26%)(161). Haeme iron absorption seems little influenced by rising or falling iron stbé&s153)though there
appears to be Bmit on how much can be absorbed at a given t{@f8) and overall dietary haeme absorption still
seems linked to iron stat(s63).

For vegetarians or vegans a good supplementation technique is through cooking acidic vegetables (such as tomatoes or
cabbae) in non enameled cast iron pots which has been consistently shown to significantly increase di€i&?y iron
p60,166,167)a technique that works equally well for reagetarians and which may be preferable to iron

supplementation in pill form. For thpurpose it should be noted that materials do not have to be naturally high in iron

to improve iron statugl68). Shouldthere belifficulty in finding nonenameled cast iron cookware Lodge Cast Iron
Cookware of Tennessee proves a range that is widehbdigd. Note that the iron in many vegetables is more

bioavailable (capable of being absorbed) wbaoked rather than ray@41).

Iron cooking vesseld hefollowing items have their iron content more than doubled when
cooked in iron container without a protective surf&ear Rowred cabbage, tomato, rice, corn
mealFront Row:tomatoes, capsicum (bell or banana peppers in USA), pureed vegetables,
rice, apple sauce, scrambled egg, corn nkeakground scrambled egdlot pictured milk
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Vegetarians should note non haeme iron absorption can be compromised if stomach acidity is (fopaistdnce by

the use of antacids), since absorption of-haame iron in the gut requires the transformation and maintenance of iron
in ferrous Fe’*) form (169 p154,17Q)If the stomach is insufficiently acidic the iron will not convert from ferfie’{)

to ferrous form E€*") inside the duodenum (large intestine) and is unlikely to be abs@tidd Furthermore the
primary molecular iron transporter, DMT1, which is critical to this process operates effectively only at low (acidic) pH
(172 p524,38)It is worth noting stomach acidity reduces with d&3) and that reduced stomach acidity can be a
consequence dfelicobacter Pylori infectiofil 74).

Iron absorption enhancers: Vitamin C and other food acids

Vitamin C (ascorbic acid) clearly enhances¥haeme iron absorptiaii65 pl11,175,176though its impact should not
be overstate@49). The extreme increases shown in single meal experiments (some higher than 200%)
(177,178,179,165 plHre far more modest in whole diet studi£s0,159,175,180and not supported by studies of the
iron stores of individuals who consume vitamin C supplem@rii8,176,18Q0)As with most other enhancers and
inhibitors it will only impact if consumed with food it can mix with in the stomach; Vitamin C taken fous before a
meal has no impa¢iL.77). There is no increase in effect once 100mg of ascorbic acid has been iit)@Stpd2) The
primary impact of vitamin C is to accentuate the creation and maintenance of soluble, absorbable iron compounds in the
gut(171); the primary determinant of whether this available iron is absorbed is still iron status and hepcidin levels
(149,179,38) The increased iron availability created by vitamin C is still dependant, to a lessel(£xigrin stomach
acidity (181). VitaminCmayal s o enhanc e displazenléad duiing foca ahsdrpyii8R).cAscorbic acid

is found in a wide range of vegetables as well as fruit but cooking destroys up {AF5%2) While oranges are a
good source of vitamin C many fruits dee richer including guava, kiwi and black curr&dt2,343)

Vitamin C: 240 g of the foods (pictured above) should provide sufficient Vitamin C to opti
iron absorption (up to 960 g if cooked, for juice equivalent check labels). Topveagrcres
kohlrabi [kohl rabi, german turnip] (leaves), silver beet (spinach in Austrpbigrorn.Middle Row:
kohlrabi (bulbs), grapefrujtorange, lemon, cauliflowddottom row:papaya [paw paw in Australia],

strawberries, lime, dill, kaffilime [K-lime, makrud lime].Not pictured:Lychee
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The fact that noitric fruit (184)or vitamin C supplementation alo(iE50,180)does not necessarily enhance iron

status indicates that vitamin C does not operate in isolation. It is worth noting citric acid can enhance iron absorption

and may have a complementary r(il&5). However apple juice is almost as effective at enhanocamgabsorption as

orange juice possi bl y(188)ueod aculs that have shoven liran eabsaptidn énhancemente n t

includecitric (found in oranges, grapefruit, lemon and limesdlic (apples ,grapes and wine&rtaric(grapes,

bananastamarinds and wines) amaktic (yoghurt, sauerkraut and fermented pickled] vegetables), but studies contain

inconsistencies that make predictions on their overall effects unrefiatiiel 86)

Vitamin C: 120 g of the foods (pictured above) should provide sufficient Vitamin C to optin
iron absorption (up to 480g if cooked, for juiequivalent check labels). Top roparsley, guava
(juice pictured), blackcurrant (juice pictured), kddaldle Row:radish, capsicum (bell pepper in US),
kiwi fruits, broccoliBottom row:feijoa, baby capsicums, brussel sprouts, guava, horse fddish
pictured: Mustard greens, red peppers, thyme

Iron absorption enhancers: Vitamin A, carotenoids and oily fish

Food Acids:These come in a variety of forraad many foods
contain more than one typeactic acid One of the more
consistatiron enhancers. Yogurt (far left) and pickled
vegetables (including sauerkraut with pictured can) are the m
common sourced. artaric Acid: Grapes, bananas, wine
pictured Malic acid: Grapes, apples, wine picturegitric

acid: Pictured in our Vitamin C photos on the previous page
oranges, grapefruit, lemon and lime all of which are rich in cit
acid

Until recently it was believed thatitamin A enhanced iron absorptigh65 p28)but new research indicates that
vitamin A enhances the bodyds ability to transfer
(187,188) It may limitthe impact of iron inhibitors by preventing them binding to if689)though more recent
research implicates the relatearotenoidsincluding betacaratonewhich provide the colour compounds in most
vegetables that are not light greé®0,191,192)Fishoil (and/or carbohydrates) enhances iron absorption where
certain significant inhibitors are pres€n93,194) whether it does so when such inhibitors are not présengnificant
guantitiesis another issugl95).
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Alcohol: the ultimate speciabse

Alcohol reverses the effect of genes governing the hormone hepcidin (decreasing hepcidin production even as iron
consumption and stores rise) leading to much higher absaif#i®n97,323put loss of the ability to regulate iron is a

high price to pay for reasons outlined later. Two standard drinks a day (the current Australian recommendation for safe
alcohol) is sufficient to impact iron levels reducing the risk of iron deficiency; rharethis increases the risk of high

iron levels(198). The polyphenols in red wine may have a slight negative impact ofi #8$ In Africa significant

consumption of low alcohol, high iron beer has been a major factor in the prevalence of high IspitHeugh it has

also protected some groups of women from iron defici€éd69,201) It is important to note that in spite of high iron

levels individuals who consume significant amounts of alcohol are up to five times more likely to have severely

elevatel blood lead11,10,1,202and, in the case of pregnant women, are more likely to transfer lead to th@ @t)s
Significant alcohol consumption during pregh&ncy incre

General iron absorptionhibitors: Calcium

Calciumcan reduce iron absorption by-60% (204,165 p15put the experimental data contains inconsistencies and its
impact on a whole diet is difficult to ass€885,159,164)lt is the only inhibitor that affects both haem and naarh

iron (206,164) Its impact is dose dependafit8 p254) a single slice of cheese (128 mg) has no impact on iron
bioavailability in a hamburge206). Maximal impact requires 36800mg with higher amounts having no significant
additional impact{18 p254. One of the highest iron absorption rates is from human milk though the often quoted 49%
being absorbed by the child is optimisticis more likely to be under half that (compared to under 10% for cows milk)

(207). Cowds mil k can mosHus inmpartsby aceentuatimg ihtesinal bléedi@B) and by
reducing iron consumptiofi07). Si gni fi cant quantities of cowbds mil k sh
of age(208,107)

Iron absorption inhibitors: Nehaem iron

The following comments on inhibitors apply only to Aegem iron

e Calcium& soy. The pictured
3 quantity of milk or cheesq
would minimize iron absorption
half that would have little
impact. For milk products (like
yogurt) check label (impacts g
>300ml with impact rapidly
accelerating). Unfermented sqg
products (beans, milk anaheat
substitutes) inhibit iron
absorption but are high in iron.

Soy proteins inhibit iron absorptiol58,209,210%put it should be noted that this may be counterbalanced by the fact
thatsoy is very high in irorf211). Fermented soy products can actually enhance iron absofpfiar?13)but may not

do so in all casefl95). Products containing calcium or soy also tend to be high in phosptigrisor its compounds

(as are chicken, nutegumes [beans, lentils etc], soft drinks, meat and ish).) which may inhibit absorptiofiL50).

Of these phosphorus compourmtsytic acid[phytatein salt form] (found abundantly in whole grains, bran, nuts and
seeds(165 p61,214 p4))is the most sigficant reducing iron absorption by as much as 9@%®6,216)due to the
formation of insoluble (and therefore indigestible) iron compounds in the(Zj4t p4l) Even small quantities
significantly inhibit iron absorptiori217). However this inhibitory effet is significantly reduced by the presence of
ascorbic acid, with vitamin Cbés i nipgamll) Bakiegiinvalvingpyeastp or t i
(most bread making) greatly reduces the presence of phy2dfe218)
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PhytatesThe mos powerful iron inhibitors (pictured above). Least inhibitory when baked wi
yeast fight rear. wholegrainbread and should always be consumed with vitamined (ear:
apple & blackcurrant juige Middle row: baked beans, bea(isack turtle, blacleye, lima, white,
barlotti), bran, peanutBront row: sunflower& sesame seeds, peas, beans, (@ltsond,brazil, cashew)
muesli

Tannins (polyphenols found in tea) can reduce absorption byta®0% (219,186) (generally closer to two
thirdg(220,219) but dissipate rapidly while other polyphenols found in coffee have roughly half the effect but are
longer lasting220).The impact of polyphenols (including tannin) can be considefaBle,222,176put should not be
overstated223,224) They do not seem to have significant effects on individuals not otherwise iron dgfdarit24)
possibly due to the presence of carotenoids and vitamin C in most diets which can negate the thpacdiygfhenols
(189,190,191,225%hough rat studies also suggest the composition of saliva may be modified by regular tannin
consumption226). Some nuts, sorghum, chocolate, red wine and legumes contain significant polyghgnpl$he

author has yetot see clear evidence that caffeine has any significant effect on iron status in humans in spite of this
rumour having wide currency on the web.

Polyphenols:The items pictured
at left contain polyphenols tha
may inhibit iron absorption. Notg
the considerable overlap wit
phytates. Left to Right Nuts
(almond, brazil, cashew) beang
(black turtle, black eye, lima]
white, barlotti), coffee, tea, wing
beans, peas, hocolate nuts
(peanuts) lentils, peanut butte
baked beans.
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Carotenoids & Vitamin CThe
items (pictured at left)are high
in both of thesenutrients and
should optimize iron absorptio
when polyphenols are preset
Left to right: kale (in pot)thyme,
banana capsicum (banana pep
in USA), capsicum (bell peppers i
USA), red pepper, guava, brocco
feijoa, kiwi fruit.

General Note: Not all polyphenol
inhibit iron absorption and ther
insufficient evidence to know
exactly how effectively indidual

food items that contain carotenoig
can offset those that do.

Carotenoids Some of the carotenoids found in the items pictured above may be able to counteract the inh
impact of polyphenols in coffee & te@op rowSilver beet (spinach in Australia), yellow Indian corn, endives,
lettuce, ruby red grapefruit juice, badfiddle rowSquash, red cabbage, broccoli, watermelon, pink grapefrui
cabbage, pumpkir.ower rowbananas, asparagus, carrots, tomatoes, redsymaxhpeppers, feijoa, guavas,
apples, red peppers, beans, peas, banana capsicum (banana peppers in USA) NotquatioedPimentos,
pepper grass, parsley, kiwi fruit.

Oxalic acidis one of the more widely mentioned inhibitors, though available reséanrary limited It is found in

variable quantities in dark green leafy vegetables (notably spinach), cocoa, chocolate, nuts, berries @rBlH)S

It can be found in large quantities in some ugestern diet$230). While several studies have shown a variable degree

of inhibition (186,231)a recent study showed no(#&32). From what little research on humans is readily available the
overall impacton a western diet is unlikely to be significant. However, spinach, while containing significant iron (and
vitamin C), remains a poor source of bioavailable iron as not only does it contain oxalates but also calcium, polyphenols
and phytic acid186,231) Some studies have placed iron absorption from spinach as low ag186%
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Eggs Products that contaif
egg whites (suclas pavlova

AT A Chef centre rear) severely inhib
€ | e e s ey . .
= iron absorption and shoul

be replaced with product
such as papaya and egg ya
pudding (asvitamin C will
enhance iron absorptio
from the egg). Simplg
ceramic egg separators a
readily available. Traditiona
Italian gelato (not all gelato
may use egg Yyolks (righ
bowl) or less frequently eg
whites (left bowl).

Egg whites(egg albumin) ca inhibit iron absorption by almost 800433 table 2) The overall effect is abou27% per

egg (234) and has been used as a standard experimental control due to to the predictable consistency of the result
(209,210) Regular consumption can have a noticeable effect on iron Ig\38%s Egg yokes do not significantly inhibit

iron absorption in humans and are a good complementary food for infants provided potential egg allergies are taken into
account(231,232)

Metalic micronutrients: complex interactions

The issue of metallic micronutrients is complé&opperis a classical example. Copper deficiency inhibits iron
absorption in rat§237)and may prevent iron supplementation from being effective since copper daysdae in iron
absorption and transfer within the bo@88,239,38,14)The problem is iron itself can interfere with copper absorption
(240,165 p6) Indeed significant copper deficiency is extremely rare with healthy individuals on western diets except
through zinc and, to a lesser extent, iron and/or vitamin C supplemeniafie241,242,243and simply increasing
copper intake may not counteract the effect of supplementétieéh243) High iron intake can even have different
effects on copper levela the foetus and mothé244). Copper levels (and selenium levels) also fall if an individual is
iron deficient(245).

Zinc can inhibit iron absorption (and, to a lesser extent,-vésaa)(240,246,247,248,249,159 pbut appears to be

dose and ratio geendant(249). With rats and humans there is little effect if the iron/zinc ratio is arour{@2a250)

and significant doses are required for there to be imf@adt). Iron supplementation should have minimal impact on

zinc levels(252,246,253)though animpact is possiblg254,274) Zinc and iron have an even more complicated
relationship where their effects on physiological outcomes (e.g. anaemia) are corigéfade6,247,280)lron and

zinc compete primarily for absorption in the @at7,255) sepaating the consumption of iron or zinc supplements by
several hourg256,257,252)or consuming iron supplements on other than a daily b@sig) should minimize
problems. Zincds consistently demonst r at(39240240n2dx165 on ¢
p7). Manganesaseverely impacts iron absorpti@pb8) and its absorption is hindered by high iron stg&).

Iron absorption and the dominant role of inhibitors

It is worth noting that the total impact of inhibitors may negate resffat reasonable iron supplementation or
fortification (260); several countries have populations whose iron absorption rates are bet##gR15,261) High

iron bioavailability diets that minimize iron inhibitors and maximize iron enhancers significantly increase iron
absorption (by a factor of 6 or more, see chart opposite) in individuals with low iron stores, though it should be noted
that studies whre individuals select their own food consistently return poorer outcomes than those where meals were
selected by experimentef85). Note from the accompanying chart that male omnivores (normally having three times
the iron stores of women omnivores) afisdalf as much as females in spite of having higher iron intakes and
probably do not consistently meet their daily iron requirements even on a high bioavailability diets. For individuals on
high bioavailability diets absorption decreases over time winillow bioavailability diets (which provide under 40%

of daily requirements) absorption increases. The body
so is the massive impact of inhibitors.
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Bioavailability at weeks 0 and 10

From: Hunt, Janet R High-, but not low-bioavailability diets enable substantial control of women's iron
absorption in relation to body iron stores, with minimal adaptation within several weekgsm J Clin Nutr 2003
78: 11681177

Women [left 4 columns] in the present study who were treatddtivét same maintenance (12 wk) and test (2 d) dig
tended to have adaptations in a similar but much less pronounced pattern as was seen in the men [right 4 coly
companion study (11). The men, with their higher iron stores, absorbed considesaliignheme iron (clear column
than did the women, and similar amounts of heme i
requirements resulted in proportionately greater iron intake (13 mg total iron for woriég, g for men). The
figures above each bar designate total iron absorbed (mg/d). For these data, 9 women and 14 men were teste
high-bioavailability diet and 7 women and 17 men were tested with themavailability diet

Iron supplementation: cautions and limitations

Iron supplementation either directly by pill or mulitamin, or the taking of iron enhances (such as Vitamin C) should

be handled with xdreme care; particularly with childre(il9,262) Infants are unable to down regulate their iron
absorption in the same manner as adals}). Supplementation of infants (with iron drops or fortified formula; normal
adult supplements must never be usdajutd only be undertaken where iron deficiency has been clearly established
since supplementing iron sufficient infants can have severe short term and long term consequences
(262,264,265,266,106For infants gains may be fleeti@67)though this must bset against the crucial nature of this
period for brain developme(i29,30,142)

When individuals are not iron deficient higher iron intake may not translate into higher iron8&&£59)Where iron

stores do rise the range of iron indicators affectegly not be as wide with iron supplements as with food
supplementation(270). Where supplements are taken low dosages may be almost as effective as high doses
(51,88,133,271,272,273,2749nd may even produce superior long term results with less (#Skp529S,264,
265,266,273) Nor should it be assumed that providing a wider range of vitamin supplements will automatically
improve outcomeg275,94) Some individuals find daily iron supplements produce significant side effects (mostly
gastrointestinal§110,111,276,277,282)While iron supplements can offer a more rapid improvement in immediate iron
levels their effect may not be as long lastifig7) and continuing use has significant negative risks.

Iron supplementation: dangers

As the body does not excreaten the cumulative build up from supplementation can be dangerous; a continuous load
exceeding 22 mg/day can results in iron overlo&?i78). In addition the interactions between micronutrients can be
complex; iron supplementation can interfere with zifxsorption impacting on the immune systéih4). This is of
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concern given that mild iron deficiency may reduce the risk of acute illness in areas where certain infectious diseases
are prevalenf279,280,281)Even a noftoxic iron enhancer such as Vitarmh(for which a UK expert panel declined

to set a recommended maximum intgk82) can havaleleterioudmpacts once other micronutrient impacts are taken

into account: at least one case of serious copper deficiency has been reported in associatitamivits (483). With
Vitamin C it is instruct i 283)(whiohincladenpossible indRexttetiebts) with theseé o f
from the fact sheets of the Pauling instit(@84) and the Feinberg School of Medic{@&5) (which do not). To quote

from a review of USingmh Lt t eyt obepplvameonatiion €& shoul
nutritional counsel(76)g and diet modification. o

Iron supplementation: daily or weekly/inieekly

Studies of pregnantvomen indicate that weekly iron supplementation is preferable to daily supplementation
(286,287,288)supporting studies that show the ability to absorb-ima@m iron from food may decline after daily
supplementatior{289,290) Supplementation should wotkest with individuals who consume significant haem iron
since it is unaffected by this declifi289). Daily supplementation may still be preferable for children or individuals
who are severely iron depleted since most studies show daily supplementaticesrethaemia at a faster rate
(291,292,293,344,84)Many studies show minimally different results between daily and weekly supplementation
(294,295)s0, unless significant anaemia is an issue, the choice between them is generally determined by aher criter
For instance intermittent provision of iron supplements may address the problem of infectious and parasitic diseases
noted above296) and promote better absorption of elements that compete with{di@). Equally important to the
individual is the adical reduction in the risk of side effects (whose extent, prevalence and threshold dose is widely
disputed but do occul297,294) For pregnant women who are not anaemic daily supplementation at other than low
dosages can increase the risks of premdtintie or low weight birth(298).

High iron levels: risk and damage

It is worth remembering that iron is in itself a neurotoxin and that in the USA is the largest cause of fatal accidental
poisonings in children under @4). High levels of iron can resuftom genetic factors, dietary overload, increased
dietary absorption, sideroblastic anemia and even iron absorption through the lungs in the case of metgb@jorkers
High iron levels are not limited to individuals with genetic abnormalities and vatg gidely between ethnic and

racial groupg299,129)

High iron levels provide ideal conditions for certain infecti@®30,301,302hotably malarig303,280,281and
tuberculosig300,301) High levels of iron doubles the risk of diabetg84,305,306as well as increasing the risk of
complications from this disea$806).High iron may increase the risk of cardiovascular problgi@ig) though current
evidence indicates a marginal influeri{@8,309)except when associated with other factors such aball¢310).
There is an increased risk of ischemic stroke in postmenopausal Waiign

Having both high iron and high Very Low Density Lipoprotein (VLDtholesterol levels appears to double your risk

of cancern(312) (excluding breast cancés13,312)and tri pl es your r (384kFoonfalestHereh e i me
appears little cancer risk from high iron alone but there may be some for fe@&aigsOther cefactors that may

increase the cancer risks of high iron levels include vitamin C (luncecédil6)) and alcohol (colori317)and breast
cancer(318)) though it must be emphasized research into links between cancer and iron are @igdirtdgaem and

nonthaem iron can also have differing impacts but current research contains significardicoomis; two significant

lung cancer studies showed conflicting res(#0,321,316)Zinc ameliorates some of these impd&&0,317,316put

bear in mind its impact both on iron and copper levels. Haem iron is associated with colon cancer but 8hfooophy

green leafy vegetables) seems to ameliorate the(ti€k) Mormons who eat meat do not have higher rates of
colorectal cancer than vegetaridhday Adventistg322).

High iron levels impact on the liver and, in conjunction with other factens,l€ad to liver failur¢323). Haem iron is
also associated with gallstone diseg&®4). Vitamin C could potentially enhance oxidative damage caused by high iron
levels(325).

Iron overload may be more of a problem with older individuals than iron defic{@aéy327)and its overall prevalence

may be increasing in some western count{38). Even during pregnancy it is possible to absorb too much(&2m).

High levels of ion during pregnancy are associated with gestational diabetes mellitus particularly if combined with
obesity (the combination may triple the risld30). When considering iron supplementation during pregnancy one
should be aware the birth weight of infactn be adversely affected by high maternal iron le{a4,332,298,126)

and the effect of iron on other micronutrie(@83). It must be emphasized however that for most individuals the risks
of high iron during pregnancy are considerably less than thibkav iron (59,84,108) the argument for considering
supplementation is stror{§6,94,288,334,335)

High iron: risk or possibility
LEAD Action News Volume 9 Number 3 June 2009 Page18of 36




Also remember that the body is fairly efficient at preventing high iron levels: the Lexington medical center in North
Cardina finds that there are five individuals with low iron for every one with high (&&). The average male stores

the equivalent of over one and a half years food intake so significant intakes over prolonged periods are required for
problems to occur. EBn with haemochromatosis significant organ damage does not normally occur until an individual

is intheirf o r {2¥%)d without supplementation over forty years food intake is required. In fact only a minority of
individuals (28% of men and just 1.2% obmen under the age of eighty) with the most common haemochromatosis
genetic defect will actually experience significant overload related dig§easg

filron deficiency is not a diagnosi®

Seek medical or qualified nutritional advice before treating yourself for abnormal iron levels and remember iron levels
may be the result of other medical conditi¢h§2) such as H. Pylori infectiofiL74), hookworm infestatiori336,337)

drug intake (mosfrequently aspirin(338,339) or genetic abnormalitie€8). The fact that the gut is both the site of
absorption and of predominant loss makes its health a primary factor. In the UK 41% of IDA is attributable to six
medical conditions rather than dietrmn-disease related blood 106339). For males in particular IDA may be an early
signofcancef340). To quote from a slide presentidtriomn dferfnotm i Saicn
a di ag(@39MAinadegiately balanced diet may be

Iron Nutrition and Lead Toxicity - Citations

By Robert Taylor, The LEAD Group Incorporated, June 2009
Notes on Sources (For a guide to source content see end of document):

For reasons of both availability and reader access this article drawsredominantly on free to view
articles or the better abstracts of pay for view articles. It must be emphasized that the author is a
layman. With no medical a biochemical background this article is limited by my lack of familiarity
with some of the more tehnical aspects.
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