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About the Sponsor

The purpose of NetCE is to provide challenging cur-
ricula to assist healthcare professionals to raise their
levels of expertise while fulfilling their continuing edu-
cation requirements, thereby improving the quality of
healthcare.

Our contributing faculty members have taken care to
ensure that the information and recommendations are
accurate and compatible with the standards generally
accepted at the time of publication. The publisher dis-
claims any liability, loss or damage incurred as a conse-
quence, directly or indirectly, of the use and application
of any of the contents. Participants are cautioned about
the potential risk of using limited knowledge when inte-
grating new techniques into practice.

Disclosure Statement

[t is the policy of NetCE not to accept commercial sup-
port. Furthermore, commercial interests are prohibited
from distributing or providing access to this activity to
learners.

Course Objective

The purpose of this course is to provide nurses with
information about the importance of iron for human
health so they can identify patients at risk of iron defi-
ciency and provide nutrition counseling and education
about recommended iron intake.

Learning Objectives
Upon completion of this course, you should be able to:

1. Identify the functions of iron in the human

body.

2. Discuss the underlying processes involved
in maintaining iron homeostasis.

3. List the daily recommended intakes of iron
by age, gender, and life stage.

4. Classify levels of iron deficiency and identify
groups at risk for iron deficiency.

5. Describe iron toxicity and conditions that
lead to iron toxicity.

Sections marked with this symbol include
evidence-based practice recommen-
dations. The level of evidence and/or

EVIDENCE-BASED strength of recommendation, as provided

PRACTICE

recomvenparion by the evidence-based source, are also

included so you may determine the validity or relevance
of the information. These sections may be used in con-
junction with the course material for better application
to your daily practice.
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INTRODUCTION

The role of iron in human health and disease has
long been recognized. Iron had early medicinal
uses for Egyptians, Hindus, Greeks, and Romans
[1]. During the 17th century, iron was used to treat
chlorosis (the “green disease”), a condition that often
resulted from iron deficiency [2]. In 1932, the impor-
tance of iron was settled when it was established that
it was needed for hemoglobin synthesis [3].

This course will provide nurses and other healthcare
professionals with information about the impact of
iron on health and wellness, including its role in a
variety of metabolic processes; how iron equilibrium
is regulated; sources of dietary iron and recommen-
dations for daily iron intake; the causes, signs, and
symptoms of iron deficiency and identification of
populations at risk for this condition; treatment rec-
ommendations for iron deficiency; and the dangers
of iron toxicity.

FUNCTIONS OF IRON IN THE BODY

[ron participates in a variety of metabolic processes,
including oxygen and electron transport and DNA
synthesis. [ron is also necessary for proper function
of the heart [4]. Studies have reported an increased
incidence of heart failure in patients with iron defi-

ciency [5; 6; 7].

The body requires iron for the synthesis of hemoglo-
bin and myoglobin and for the formation of heme
and other enzymes involved in electron transfer.
[ron is also a cofactor for enzymes in the brain [8;
9]. Approximately 60% of the body’s iron is found
in hemoglobin in circulating erythrocytes; 25%
is contained in a mobilizable iron store; and the
remaining 15% is bound to myoglobin in muscle

tissue [10; 11; 12].

Iron also plays a role in dopamine signaling. Iron
deficiency is associated with a disturbance in dopa-
mine metabolism, reduced activity of the dopamine
transporter, and abnormal activity of dopamine D1
and D2 receptors in the basal ganglia of the brain
[12; 13]. Dopamine regulates cognition and emotion
and the reward and pleasure centers in the brain,
and it controls the release of hormones. Dopamine
is active in the prefrontal cortex to promote cognitive
control of executive functions, such as planning,
working, memory, and sustained attention [14].

IRON HOMEOSTASIS

The average adult’s total body iron is 3-4 grams.
The body absorbs 1 mg iron daily, but the internal
requirement is 20-25 mg (20 mg for hemoglobin
synthesis and degradation and 5 mg for other
requirements). While most of this iron passes
through the plasma for reutilization, iron in excess
of these requirements is deposited in body stores
as ferritin or hemosiderin [4; 15; 16]. The constant
interaction between iron uptake, transport, stor-
age, and utilization is required to maintain iron
homeostasis [17].

Hepcidin, a hormone secreted by the liver, functions
as master regulator of systemic iron homeostasis by
coordinating iron use and storage with acquisition
[18]. Ferroportin is an iron transporter expressed
in macrophages, duodenal enterocytes, and hepato-
cytes [19]. Hepcidin acts by binding to ferroportin,
causing its internalization and degradation [20; 21].
Loss of ferroportin from the cell surface prevents
iron entry into plasma, resulting in low transferrin
saturation and less iron delivered to developing
erythroblasts. Conversely, decreased expression of
hepcidin leads to increased cell surface ferroportin
and increased iron absorption [18; 20]. Disturbances
in this process are the basis for many iron-associated
disorders, including anemia and iron-overload-

related disorders [22; 23].

NetCE * Sacramento, California

Phone: 800 / 2324238 * FAX: 916/ 783-6067 3



#34161 Iron: Impact on Health and Wellness

SELECT SOURCES OF DIETARY IRON (HEME AND NONHEME)
Food Amount Per Serving Percent Daily Value (DV)?
Breakfast cereals, fortified with 100% of DV for iron 18 mg 100%
Oysters, 3 oz 8 mg 44%
White beans, canned, 1 cup 8 mg 44%
Beef liver, 3 oz 5 mg 28%
Spinach, boiled, ¥ cup 3 mg 17%
Tofu, firm, ¥2 cup 3 mg 17%
Sardines, oil-packed, 3 oz 2 mg 11%
Beef, bottom round, 3 oz 2 mg 11%
Green peas, boiled, ¥2 cup 1 mg 6%
Chicken, roasted with skin, 3 oz 1 mg 6%
Cheese, cottage, 2% milk fat, 2 cup 0 mg 0%
Milk, 1 cup 0 mg 0%
2According to the U.S. Food and Drug Administration.
Source: [26] Table 1

IRON ABSORPTION AND LOSS

Iron in the diet is either heme or nonheme iron
[15; 16; 24]. Heme iron, derived from hemoglobin
and myoglobin of animal food sources (i.e., meat,
fish, poultry), is the most easily absorbable form
and contributes 10% or more of total absorbed
iron. Nonheme iron is derived from plants and

iron-fortified foods and is less well absorbed [24].

Approximately 2 mg of iron is absorbed daily in the
duodenum and jejunum. This is balanced by losses
resulting from desquamation of skin, sloughing of
intestinal epithelial cells, and blood loss [16]. Losses
also occur due to hemorrhage, problems absorbing
iron, and other medical conditions (e.g., end-stage

renal disease) [25].

Diminished absorption is commonly due to insuf-
ficient intake of absorbable dietary iron [15]. Most
dietary iron absorption depends on the physical state
of the iron atom. At physiologic pH, iron exists in
the oxidized ferric (Fe3+) state. To be absorbed, it

must be in the ferrous (Fe2+) state or bound by a
protein such as heme. The low pH of gastric acid in
the duodenum allows the ferric reductase enzyme,
duodenal cytochrome B reductase (Dcytb), to con-
vert dietary ferric iron to the more soluble ferrous
state. The protein divalent metal cation transporter
1 (DMT1) (on the membrane of enterocytes) then
transports iron across the membrane and into the
cell. Ferrous iron then enters the iron pool, where
it can be used for heme synthesis, sequestered into
ferritin, or transported into the body [24].

DIETARY IRON

As stated, dietary iron may be heme or nonheme.
The richest sources of dietary heme iron include lean
meats and seafood. Dietary sources of nonheme iron
include nuts, beans, vegetables, and fortified grain
products. Dairy products, while recommended as
part of a healthy eating pattern, are poor sources of

iron (Table 1) [26].
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RECOMMENDED DAILY ALLOWANCES FOR IRON
Age Male Female Pregnancy Lactation
Birth to 6 months 0.27 mg* 0.27 mg? - -
7 to 12 months 11 mg 11 mg — —
1 to 3 years 7 mg 7 mg — —
4 to 8 years 10 mg 10 mg - -
9 to 13 years 8 mg 8 mg — —
14 to 18 years 11 mg 15 mg 27 mg 10 mg
19 to 50 years 8 mg 18 mg 27 mg 9 mg
51+ years 8 mg 8 mg - -
aFor this age group, adequate intake (a level assumed to ensure nutritional adequacy) is used because evidence is insufficient
to develop an RDA.
Source: [29] Table 2

FACTORS THAT PROMOTE/
INHIBIT IRON ABSORPTION

Nutritional adequacy depends on both intake and
bioavailability, and the bioavailability of iron is
higher when it comes from animal- versus plant-
based foods [26]. The bioavailability of iron is
approximately 14% to 18% from mixed diets that
include substantial amounts of meat, seafood, and
vitamin C (which enhances the bioavailability of
nonheme iron), and 5% to 12% from vegetarian
diets [27; 28]. Phytates (in grains and beans) and
certain polyphenols (in cereals and legumes) have
the opposite effect [28]. It is believed that calcium
might reduce the bioavailability of both heme and
nonheme iron. However, because the effects of
iron absorption enhancers and inhibitors are often
reduced by the mixed western diet, they have little
effect on the iron status of most individuals [29].

A variety of medical conditions can decrease iron
absorption, including celiac disease, inflammatory
bowel disease, gastrointestinal (GI) surgery (e.g.,
bariatric/weight-loss surgery), and rare genetic
conditions (e.g., TMRPSS6 gene mutation, which
causes overproduction of hepcidin) [25]. While
both men and women can inherit hemochromatosis
(an autosomal recessive disorder associated with
iron overload), women are typically diagnosed after

menopause, as blood loss from menstruation yields
a significant loss of iron [84; 85]. Infections and
inflammation (e.g., from congestive heart failure)
also may inhibit nonheme iron absorption [11].

RECOMMENDED DAILY
ALLOWANCES FOR IRON

The recommended daily allowance (RDA) is the
average daily level of intake sufficient to meet the
nutrient requirements of nearly all (97% to 98%)
healthy individuals [29]. The RDA for iron varies
by age, sex, and life stage. Table 2 lists current iron
RDAs for nonvegetarians. The RDAs for vegetarians
are 1.8 times higher than for people who eat meat

(29].

Total iron (heme and nonheme) bioavailability from
the U.S. diet has been estimated to be 18% [30].
However, the results of at least one investigation
found this figure to be much lower [30]. Using data
from the National Health and Nutrition Exami-
nation Survey (NHANES) MyPyramid database,
researchers found that the average unadjusted non-
heme iron absorption for all participants (6,631)
was only 3.7%. It was higher in females (5.6%) than
in males (2.6%) and lower in non-Hispanic whites
(3.5%) than in Mexican Americans (4.5%) and non-
Hispanic blacks (4.4%) [30].
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IRON DEFICIENCY

[ron deficiency affects the health of more than 1 bil-
lion people worldwide, with an estimated 10 million
affected in the United States [31]. The greatest bur-
den of disease occurs in lesser-developed countries
among children and women of reproductive age and
is the result of both nutritional and infectious causes
[31]. Iron deficiency diminishes the capability of
affected individuals to perform physical labor, and
it diminishes growth and learning in children [15].
Iron deficiency is the main cause of anemia, which
has an estimated global prevalence of 24.8% [32].

In developing countries, iron deficiency is caused
by a combination of poor iron intake and parasitic
infections, specifically malaria and hookworm [31].
Malaria causes intravascular hemolysis and the loss
of iron from hemoglobin in the urine. Once in the
GI tract, hookworms can stay for several years and
release eggs into the stool. In the small intestine,
adult hookworms ingest blood, rupture erythrocytes,
and degrade hemoglobin, leading to anemia. Anti-
parasitic drugs can reverse iron-deficiency anemia
caused by hookworm [11].

SIGNS AND SYMPTOMS
OF IRON DEFICIENCY

Signs of iron-deficiency anemia include koilonychia,
cheilosis, pale/sallow skin, and atrophic glossitis
[25]. With koilonychia, the nails (usually fingernails)
are abnormally thin and may be spoon-shaped or
concave [33]. Cheilosis is an abnormal condition of
the lips characterized by surface scaling and fissures
in the corners of the mouth [34; 35]. Pale, sallow skin
may be a result of low levels of hemoglobin. With
atrophic glossitis, the tongue appears to be smooth
and glossy with a red or pink background [36]. Each
of these conditions is reversible with correction of
the iron deficiency.

Symptoms of iron-deficiency anemia include [5; 14;

25; 32; 37; 38; 39|

e Chest pain, irregular heartbeat
(sign of a more serious deficiency)

e Fatigue

* Cognitive deficits

* Headache

* Dizziness

*  Dyspnea

* Pica

e Restless legs syndrome

As noted, anemia is a common, serious comorbidity
in heart failure, with a prevalence ranging from 10%
to 79%. While the cause of anemia in heart disease
is not fully understood, it is believed to be associ-
ated with iron deficiency, comorbid chronic kidney
disease, and blunted erythropoietin production
[37; 40; 41]. Fatigue and cognitive deficits are also
common [14; 42; 43; 44]. As stated, iron deficiency
impairs the metabolism of dopamine, leading to
poor inhibitory control, poor executive functioning,
and altered social-emotional behavior [14].

Pica, the compulsive consumption of non-nutritive
food items (e.g., dirt, paper), is often associated with
iron deficiency [45]. Pica is observed most frequently
in children and is the most common eating disorder
in individuals with developmental disabilities. It
also has been observed in women during pregnancy;
among high-risk pregnancies, 5.7% reported pica
[46]. Physical signs and symptoms include nausea,
vomiting, tearing of the stomach, and bowel obstruc-
tion. Dental manifestations (e.g., severe tooth
abrasion) also may be present [45]. Approximately
one-half of patients with moderate iron-deficiency
anemia develop pagophagia, a particular form of pica
characterized by the ingestion of ice, freezer frost, or

iced drinks [15; 47; 48; 49].

Central hypoxia may lead to symptoms of headache,
tinnitus, and vertigo in some patients with iron defi-
ciency. Other patients may experience restless legs
syndrome [32; 47; 50]. Patients with iron deficiency
have been found to have a 30% higher frequency of
restless legs syndrome than those without, and the
severity of iron deficiency correlates with the severity
of restless legs syndrome symptoms [50].
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Anemia is a common manifestation and compli-
cation of inflammatory bowel diseases, such as
Crohn disease and ulcerative colitis. Patients with
inflammatory bowel disease are commonly found
to have impaired iron absorption due to tissue
inflammation and iron-deficiency anemia second-
ary to chronic blood loss. Not all patients with iron
deficiency manifest signs and symptoms; therefore, it
is important to regularly monitor hemoglobin levels
in patients with inflammatory bowel disease [34].

DIAGNOSING IRON DEFICIENCY

Iron deficiency develops in stages. Stage 1 is charac-
terized by decreased iron stores in bone marrow and
serum ferritin levels <20 ng/mL. Iron absorption
increases, causing an increase in transferrin level.
Erythropoiesis is impaired in stage 2. Although
transferrin level is increased, the serum iron level
decreases and the transferrin saturation decreases.
Anemia develops during stage 3 (with indices that
appear normal). Microcytosis and then hypochromia
develop in stage 4. In stage 5, iron deficiency affects
tissues, with resulting signs and symptoms [51].

Laboratory studies are used to confirm iron defi-
ciency. The World Health Organization (WHO)
defines anemia as a hemoglobin level <13.0 g/dL
in adult men, <12.0 g¢/dL in nonpregnant adult
women, and <11.0 g/dL in pregnant women. Mild
anemia is defined as a hemoglobin level of 11.0-11.9
g/dL in nonpregnant women and 11.0-12.9 g/dL

in men [52].

Serum ferritin is an early and highly specific indi-
cator of iron deficiency. The WHO defines low
serum ferritin as 12 mcg/L for children younger
than 5 years of age and 15 mcg/L for children older
than 5 years of age [52]. Limited data suggest that a
serum ferritin level of <15 mcg/L is a specific, but
not sensitive, cutoff; however, there is considerable
variation in serum ferritin cutoff recommendations
[53]. Additionally, the concentration of serum
ferritin increases with age and in the presence of
inflammatory disease [54].

As noted, functional iron deficiency may be observed
in infectious, inflammatory, and malignant diseases
[55]. Serum ferritin is a commonly used diagnostic
marker of functional iron deficiency [56]. A serum
ferritin level <100 mcg/L in nondialyzed patients is
associated with a high likelihood of iron deficiency
and potentially good response to repletion with
supplemental iron. A serum ferritin level <12 mcg/L
indicates absent iron stores [55]. Mean cell hemoglo-
bin and mean cell volume are useful at diagnosing
functional iron deficiency over weeks or months
but are of no use in assessing acute changes in iron
availability secondary to therapy with erythropoiesis-
stimulating agents. The percentage of hypochromic
red cells is the best-established variable for the iden-
tification of functional iron deficiency [55].

Laboratory values differ in patients with kidney dis-
ease. A serum ferritin level <200 mcg/L in patients
undergoing chronic hemodialysis is associated with
a high likelihood of iron deficiency and a potentially
good response to iron therapy. However, due to
extensive biologic variability, serum ferritin should
be used with caution when guiding iron supplemen-
tation in patients with chronic kidney disease [56).

IRON DEFICIENCY IN WOMEN

More than 20% of women experience iron defi-
ciency at some point in their reproductive lives, and
blood lost during menstruation places women at risk
for iron deficiency [57; 58]. Women with normal
menses lose an average of 1 mg of iron per cycle.
However, women with menorrhagia menstruate for
an average of six days and lose an average of 5.2 mg
of iron per cycle [58].

[ron-deficiency anemia has been found to influ-
ence cognitive function in women. In one cross-
sectional study of healthy women 18 to 35 years of
age, those with iron-deficiency anemia scored lower
on measures of attention than those with no iron

deficiency [42].
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Iron Deficiency in Pregnancy

The estimated prevalence of iron deficiency in preg-
nant women is 18.6%; of these, 16.2% also have ane-
mia [59]. One study of 1,311 pregnant women found
that approximately 21% of women in their third
trimester and 4% of women in their first trimester
had anemia [60]. Factors that increase a pregnant
woman’s risk for iron-deficiency anemia include a
diet lacking in iron-rich foods, GI disease, medica-
tions (e.g., antacids) that can decrease iron absorp-
tion, and a short interval between pregnancies.
Non-Hispanic black and Mexican American women
have higher prevalence rates of iron deficiency than
white women [59]. Iron-deficiency anemia also is
associated with adverse neonatal outcomes.

A hemoglobin level <11 g/dL in the first or third
trimester or a hemoglobin level <10.5 g/dL in the
second trimester indicates iron-deficiency anemia in
the pregnant woman [61]. A maternal hemoglobin
level <6 g/dL has been associated with abnormal
fetal oxygenation resulting in non-reassuring heart
tracings, low amniotic fluid volumes, fetal cerebral

vasodilation, and fetal death [62; 63].

As noted, pregnant women require 27 mg of iron
per day. However, one cross-sectional study found
little difference between the food consumption of
pregnant and nonpregnant women; inadequate
intake of iron, folate, and calcium was observed in
both groups [64]. Nonpregnant women consumed
an average of 12.4 mg of iron per day, while pregnant
women consumed an average of 13.6 mg of iron per
day [64]. Another study performed among women
in South Korea also found that iron intake from
food was inadequate during pregnancy [65]. These
results suggest that pregnant women are unlikely to
meet their elevated iron needs from diet alone. The
addition of daily prenatal vitamins is necessary, as
these vitamins often include a low dose (30 mg) of
elemental iron [59].

IRON DEFICIENCY IN THE
PEDIATRIC POPULATION

Neonates

An essential goal of neonatal care is to deliver ade-
quate oxygen to meet tissue demand. Increasing fetal
hemoglobin by placental transfusion is an effective
method of enhancing arterial oxygen content and
improving oxygen delivery. Placental transfusion
can increase the neonate’s iron stores at birth, and
it can be accomplished in one of three ways: delayed
cord clamping; intact umbilical cord milking; and

cutumbilical cord milking [11; 62; 65; 66; 67].

Depending on the time of clamping and the infant’s
position relative to the mother’s, the neonate can
receive a placental transfusion of 20-30 mL/kg of
blood (15-25 mg/kg of additional iron). In one
study, a 30- to 120-second delay in clamping was
found to improve iron status during the first two to
three months of life in both full-term and preterm

infants [62; 68].

With intact umbilical cord milking, the cord is
grasped and blood is pushed, or stripped, toward
the infant two to four times prior to clamping.
Cord milking before clamping improves pulmonary
blood flow immediately at birth and assists with lung
expansion at the onset of respirations. If performed,
it is recommended that the cord be milked five times
for infants born at term and four times for preterm

infants [65].

Cut-umbilical cord milking involves clamping and
cutting a long segment of the cord immediately at
birth and passing it and the baby to the pediatric
provider who then untwists the cord and milks the
entire contents into the neonate [65]. This practice
is more commonly done in Asia. At least one study
found that cord milking in preterm (born at less
than 32 weeks’ gestation) infants was associated with
severe intraventricular hemorrhage [86].
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One study was conducted to assess the effect of
placental transfusion on serum ferritin levels in
preterm neonates of 30 to 33 weeks’ gestation.
Interventions included delayed (by 60 seconds)
cord clamping or cord milking compared with early
(within 10 seconds) cord clamping [66]. The authors
found that the median serum ferritin at discharge
was significantly higher in the placental transfusion
group than in the early cord clamping group, and
that the incidence of anemia by 3 months of age was
less in the placental transfusion group than in the
early cord clamping group [66].

Infants and Children

Among infants, risk factors for iron deficiency
include a mother with mild-to-moderate iron-
deficiency anemia, low birth weight, premature
birth, lead exposure, exclusive breastfeeding beyond
4 months of life, and weaning to whole milk and
complementary foods without iron-fortified foods
[62]. Low food security and low maternal education
also may be associated with an increased risk of
anemia in low-income family infants [69].

The American Academy of Pediatrics recommends
universal screening for iron-deficiency anemia in
all children at 1 year of age [70]. The Centers for
Disease Control and Prevention also recommends
screening children from low-income or newly immi-
grated families at 9 to 12 months of age. Preterm
and low-birth-weight infants should be considered
for screening before 6 months of age if they are not
given iron-fortified formula [71].

The U.S. Preventive Services Task Force
concludes that the current evidence is
insufficient to assess the balance of
benefits and harms of screening for

EVIDENCE-BASED . . . . .
PRACTICE iron deficiency anemia in children ages

RECOMMENDATION
6 to 24 months.

(https://www.uspreventiveservicestaskforce.org/Page/
Document/RecommendationStatementFinal/iron-
deficiency-anemia-in-young-children-screening.

Last accessed November 28, 2022.)

Strength of Recommendation: I (Evidence is lacking,
of poor quality, or conflicting, and the balance of
benefits and harms cannot be determined.)

Adolescents

Adolescents have an increased iron requirement due
to increased demand resulting from expanded blood
volume, myoglobin for higher muscular mass, and
enzymes needed for growth [72; 73]. Iron require-
ments in girls begin to increase after menarche, with
typical 30-40 mL blood loss and 15-30 mg iron
loss during each menstruation. In boys, testosterone
secretion and increased muscular mass development
increase iron requirements [72; 73].

[ron deficiency is the most common cause of ane-
mia in children and adolescents with inflammatory
bowel disease, although the exact prevalence is
unknown [74]. One small study sought to estimate
the prevalence by following patients with inflamma-
tory bowel disease for 15 years. The study included
children 1 to 17 years of age; the average patient
age at diagnosis of inflammatory bowel disease was
13.3 years. At diagnosis, 76.8% of patients had iron
deficiency and 43.5% had iron-deficiency anemia.
At one-year follow-up, 68.1% of the participants
had iron deficiency and 21.7% had iron-deficiency
anemia [74].

Persistent Effects of Early Iron Deficiency

[ron deficiency experienced early in life has persis-
tent effects. Children who were iron-depleted at 12
months of age have lower developmental scores in
self-help at 6 years of age [75]. Iron deficiency in
infancy has been linked to deficits in attentional
control at 10 years of age and heightened risk taking
in adolescence [38]. Iron deficiency assessed in chil-
dren soon after adoption predicts low intelligence
quotient (IQ) scores and poor executive function
performance [43].

In one study, participants with chronic iron defi-
ciency in infancy were compared to those who were
iron-sufficient before and/or after iron therapy [39].
Of those who were iron deficient in infancy, 58.1%
did not complete secondary school, 76.1% were not
pursuing further education, and 83.9% were single.
In contrast, of those who were iron-sufficient, 24.4%
did not complete secondary school, 33.8% were not
pursuing further education, and 23.7% were single
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[39]. Those with untreated iron deficiency early in
life reported poorer emotional health, more negative
emotions, feelings of dissociation and detachment,
and physical symptoms of depression.

IRON DEFICIENCY IN
OTHER POPULATIONS

Iron deficiency is also prevalent among athletes.
Among male triathletes and runners, the incidence
of a hemoglobin <14 g/L occurred at least once
in 87.5% of triathletes and 31.3% of runners. A
hemoglobin <12 g/L in women occurred at least
once in 20% of triathletes, but 0% of runners
[76]. Researchers also observed iron deficiency
in 2,749 athletes from 25 different teams at one
National Collegiate Athletic Association Division
[ institution [77]. Among girls/women, 30.9%
had iron deficiency without anemia and 2.2% had
iron-deficiency anemia. Among boys/men, 2.9%
had iron deficiency without anemia and 1.2% had
iron-deficiency anemia [77].

[ron deficiency also does not occur evenly through-
out the world. In underdeveloped areas, there is
an estimated fivefold increase in prevalence [11].
In some regions, the prevalence of anemia among
young children is between 50% and 100% [78]. In
these same regions, an estimated 40% to 50% of
the entire population is anemic at all ages, with the
exception of nonelderly men [79].

TREATMENT OF
IRON DEFICIENCY

Treatment of iron-deficiency anemia depends on
its cause and severity. Because the major cause of
iron deficiency is overt or occult blood loss, the
first step should be to identify and treat the source
of the iron or blood loss, which should improve
hemoglobin levels and symptoms of anemia. Any
medications that may be blocking iron absorption
should be discontinued. In cases of malnutrition or
non-drug-induced impaired GI absorption of iron,
supplementation may be indicated. Treatment may
include oral supplementation or parenteral iron

therapy [25]. Oral iron is the most common treat-
ment, but it has a few adverse effects, including
vomiting, constipation, darkening of the urine and
stool, and staining of teeth and gums [59]. An oral
therapy regimen of three to six months is typically
required to replenish iron stores [25]. If oral therapy
alone does not replenish body stores, or if the patient
does not tolerate oral iron, parenteral therapy may
be recommended [25; 59; 80]. Parenteral iron causes
a more rapid therapeutic response and often takes
only one or two sessions to replenish body iron
stores; however, it can cause adverse effects, such
as allergic or infusion reactions [54; 80]. Both oral
and parenteral iron therapy should be continued
for at least three months after the hemoglobin has
normalized to replenish iron stores [87].

IRON TOXICITY

The tolerable upper intake level is the highest
amount of a nutrient that healthy people can con-
sume daily without adverse effects [29]. Beginning at
14 years of age and continuing through adulthood,
the upper intake level for iron is 45 mg per day. In
children from birth through 13 years of age, the
limit for iron is 40 mg per day [81]. Iron may reach
a toxic level in the body when ingested above the
upper limit.

[ron poisoning is a significant cause of death among
children, especially those younger than 6 years of
age. In 2019, the American Association of Poison
Control Centers (AAPCC) reported 4,858 single
exposures to iron and iron salts and 8,898 single
exposures to multiple vitamins with iron, with 82%
in children younger than 6 years of age [82]. Iron
supplements are routinely administered to postpar-
tum women, and the presence of iron supplements
in the home may place young children at risk for
accidental iron toxicity via ingestion [83]. The toxic
effects of iron may occur at doses of 10-20 mg/kg
of elemental iron [83]. In children, diagnosis of iron
toxicity is based on symptoms, imaging studies, and
laboratory analysis. An abdominal x-ray will show if
iron tablets were consumed [83].
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Normal serum iron levels are 50-120 mcg/dL. Mild-
to-moderate systemic iron toxicity is possible when
serum iron levels are 350 -500 mcg/dL. Hepatotoxic-
ity is usually observed at levels higher than 500 mcg/
dL, and levels higher than 800 mcg/dL are associ-
ated with severe toxicity. Patients with serum iron
levels exceeding 500 mcg/dL require age-appropriate
intensive care, including chelation therapy with def-
eroxamine, but patients with symptoms of toxicity
should be treated regardless of serum iron level [82].
Excessive iron has a corrosive effect on the GI tract
leading to nausea, vomiting, diarrhea, melena, and
hematemesis. Iron overload can damage organs, such
as the liver, heart, and pancreas, as well as endocrine
glands and joints.

CONCLUSION

[ron plays an essential role in human health by
participating in a variety of metabolic processes.
Constant interaction between iron uptake, trans-
port, storage, and utilization is required to maintain
iron homeostasis. Disruption of homeostasis is the
basis for many iron-associated disorders and can
lead to decreased absorption of dietary iron. Certain
medical conditions can also inhibit iron absorption
and lead to iron-deficiency anemia. The greatest bur-
den of iron-deficiency anemia occurs in women of
reproductive age and children and is usually caused
by a combination of poor iron intake and parasitic
infections, particularly in underdeveloped parts of
the world. Persistent effects of early iron deficiency
include lower than average developmental scores
and poor executive functioning in children, and
poorer emotional health in adults. Treatment of iron
deficiency, either orally or parenterally, can replen-
ish body iron stores and prevent the consequences
of iron deficiency.

Implicit Bias in Health Care

The role of implicit biases on healthcare outcomes
has become a concern, as there is some evidence that
implicit biases contribute to health disparities, profes-
sionals’ attitudes toward and interactions with patients,
quality of care, diagnoses, and treatment decisions. This
may produce differences in help-seeking, diagnoses, and
ultimately treatments and interventions. Implicit biases
may also unwittingly produce professional behaviors,
attitudes, and interactions that reduce patients’ trust and
comfort with their provider, leading to eatlier termina-
tion of visits and/or reduced adherence and follow-up.
Disadvantaged groups are marginalized in the healthcare
system and vulnerable on multiple levels; health profes-
sionals’ implicit biases can further exacerbate these
existing disadvantages.

Interventions or strategies designed to reduce implicit
bias may be categorized as change-based or control-
based. Change-based interventions focus on reducing
or changing cognitive associations underlying implicit
biases. These interventions might include challenging
stereotypes. Conversely, control-based interventions
involve reducing the effects of the implicit bias on the
individual’s behaviors. These strategies include increas-
ing awareness of biased thoughts and responses. The
two types of interventions are not mutually exclusive
and may be used synergistically.
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