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ABSTRACT

Non-anemic iron deficiency (NA-1D)—a condition in which hemoglobin (Hgb)
and hematocrit (Hct) levels are normal, but the iron stores reflected by serum ferritin
(sFer), are depleted—is a stage of iron deficiency that is currently not widely accepted.
The objectives of this study were to explore variables that might assist with predicting
NA-ID. Participants (n = 100; 65 females, 35 males) were recruited via posted flyers and
were asked to complete a series of questionnaires, and a 24-hour food record. Blood
pressure (BP), heart rate (HR), ear temperature, height, weight, body mass index (BMlI),
percent body fat, waist-to-hip ratio, Hct, Hgb, and sFer were measured. There were 45
anemic (31 females, 14 males) and 55 non-anemic (34 females, 21 males) participants.
Low sFer was observed in 17 (26%) of female participants, of which 10 were anemic,
and one male participant. sFer was not correlated with Hgb and Hct. The presence of two
or more out of seven signs and symptoms (constipation, can’t lose weight with exercise,
cold when others are not, restless legs syndrome (RLS), systolic BP < 105 mmHg,
depressed/sad, and sweet tooth) predicted iron deficiency (sFer < 20 ng/mL) with a
sensitivity of 76% and specificity of 53%. Based on this evaluation, the group of
symptoms can be used as a screening tool for blood tests beyond the basic Hgb and Hct

test to assess iron status.
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CHAPTER 1: LITERATURE REVIEW

IRON DEFICIENCY
Epidemiology

Iron deficiency is the most common nutritional deficiency in both developing and
developed countries (Muller and Krawinkel 2005; Scrimshaw 1991), although it is more
common in poorer, less educated, and minority populations (Scholl 2005; Zimmermann
and Hurrell 2007). The deficiency is also more common among women, particularly
premenopausal women and female endurance athletes, than men. According to the World
Health Organization (WHO), 42% of all women, and 52% of pregnant women in
developing countries are anemic, and approximately half of these cases of anemia are
caused by iron deficiency (ID-A) (Zimmermann and Hurrell 2007).

Iron deficiency has also been a continuous issue in developed countries and this
deficiency is the primary cause of anemia in the United States (Kretsch et al. 1998). In
the United States, approximately 3-5% of premenopausal women and about 1% of adult
men are affected by ID-A. Conversely, the prevalence of non-anemic iron deficiency
(NA-1D) is 12-16% among premenopausal women and 2% among adult men (Looker et
al. 1997). Adult female athletes have a higher NA-ID rate of 25-35% (Dubnov and
Constantini 2004; Malczewska et al. 2001; Sinclair and Hinton 2005). Stages of iron

deficiency are defined in Table 1.1.



Table 1.1 Stages of iron deficiency

Iron status

Iron overload
Excess iron stores
Normal
Sufficient RBCs and iron stores
Non-Anemic Iron Deficiency (NA-ID)
Sufficient RBCs, but low iron stores
Anemic
Sufficient iron stores, but low healthy RBCs
Iron Deficiency Anemia (ID-A)
Low healthy RBCs and iron stores

Causes

The causes of iron deficiency are often multifactorial (Pasricha et al. 2010). Some
common contributing factors include: low dietary iron (Johnson-Wimbley and Graham
2011; Zhu et al. 2010), low iron absorption (Hunt 2003; Johnson-Wimbley and Graham
2011; Killip et al. 2007), and increased iron loss (Gropper et al. 2006; Johnson-Wimbley
and Graham 2011). Frequently, iron deficiency develops secondary to gastrointestinal
(GI) diseases that subsequently inhibit iron absorption or increase iron loss (Bermejo and
Garcia-Lopez 2009). Typically, iron deficiency in adults develops gradually as
hemoglobin is lost and iron stores are depleted, but it can also develop quickly, for
example in the case of trauma or surgery related blood loss (World Health Organization

2007).

Manifestations
There are numerous manifestations associated with iron deficiency. Some visible

physical symptoms include: alopecia (Kantor et al. 2003; Olsen 2006; Rushton et al.



2002), dysphagia (Osaki et al. 1999), glossitis (Osaki et al. 1999), koilonychias (Fawcett
et al. 2004), psoriasis (Marks and Shuster 1970), stomatitis (Osaki et al. 1999), and
weight gain (Fanou-Fogny et al. 2011; Yanoff et al. 2007). Energy-related symptoms
may include: fatigue (Stewart et al. 1998) and decreased work capacity (Gardner et al.
1977). Other miscellaneous symptoms include impaired immune function (Denic and
Agarwal 2007) and impaired thermoregulation (Beard et al. 1990; Dallman 1986).
Behavioral and cognitive changes such as pica (Reynolds et al. 1968), restless leg
syndrome (RLS) (Earley 2003; Natarajan 2010), and irritability (Dallman 1986) have also
been reported. Although these symptoms may not be life-threatening, without diagnosis

and treatment, iron deficiency may affect quality of life.

IMPORTANCE OF IRON

Functions

Iron is an essential nutrient for survival as it is involved in many vital biochemical
processes. Iron is found in virtually every cell in many different forms, and these iron
containing molecules are used in a wide variety of metabolic processes (Beard and Tobin

2000; Conrad et al. 1999) as shown in Table 1.2.



Table 1.2 Key biochemical processes that involve iron-containing molecules

Biochemical processes

Oxygen transport

Electron transport chain

DNA/RNA synthesis

Protein synthesis

Cell respiration/proliferation/differentiation
Regulation of gene expression
Neurotransmitter synthesis

Utilization

Iron Transport

Circulating plasma iron is bound to a glycoprotein called transferrin. The binding
of insoluble Fe** iron to transferrin allows the iron to pass through the cell membrane.
Transferrin also prevents formation of iron-mediated free radicals. Transferrin-bound iron
turnover in a healthy individual is approximately 25 mg per day to provide the iron
needed for essential functions such as the synthesis of iron-containing proteins,
particularly Hgb (Lieu et al. 2001). Most of this iron is recycled within the body.

Iron-containing non-enzymatic proteins

Iron-containing non-enzymatic proteins such as hemoglobin and myoglobin are
critical for oxygen transport. They function as ligands to bind dioxygen molecules (Beard
2001). Approximately 73% of iron in the body is found in hemoglobin in circulating
erythrocytes and another 15% is in myoglobin in muscle tissue (Scrimshaw 1991). The
role of hemoglobin as a component of red blood cells (RBCs) is to deliver oxygen from
the lungs to oxygen-dependent tissues, such as muscle. Hemoglobin contains heme
molecules that bind loosely with oxygen molecules and quickly transfer them to

peripheral tissues.



Myoglobin, on the other hand, is a single hemoprotein chain that is found in the
cytosol of the muscle cells (Elliott 2008). Myoglobin facilitates dioxygen diffusion from
capillary RBCs into the mitochondria of muscle cells to meet the muscle’s oxygen
demands (Wittenberg and Wittenberg 2003).

Ferritin is a protein that binds and stores iron in the body. Almost every cell in the
body contains ferritin, although the majority of iron stores are found in the liver and
spleen (Andrews 2000). The body relies on ferritin to release iron to supply the body
when dietary iron is limited. Consequently, early stages of iron deficiency can be
detected by depleted serum ferritin (sFer) concentration (Pasricha et al. 2010).
Conversely, ferritin also plays a role in sequestering free iron to prevent oxidative
damage (McCord 2004).

Cytochrome b and c are iron-containing nonenzymatic proteins that play a key
role in the electron transport system. When the iron within the cytochromes is oxidized, it
allows the transport of electrons along the chain so that hydrogen ions are channeled into
the interspace of the mitochondria to ultimately produce ATP and oxidize hydrogen to
water.

Iron-containing enzymatic proteins

Iron is found in enzymes in the body. There are many different types of iron-
containing enzymes, some of which contain iron bound to sulfur molecules (iron-sulfur
enzymes). NADH dehydrogenase and succinate dehydrogenase are iron-sulfur enzymes
involved in the electron transport chain. These iron-sulfur enzymes participate in energy
metabolism by binding NADH to oxygen and enabling transport of electrons across the

inner membrane of the mitochondria (Beard 2001).



Iron also binds to various porphyrin ring structures to form heme-containing
enzymes (Beard 2001). These enzymes participate in electron transfer reactions in
association with cofactors such as cytochrome P450. They are responsible for moving
oxygen to the terminal oxidases that transfer oxygen to its final destination.

There are many other iron-containing enzymes that have vital functions in the
body. For example, an iron-containing enzyme called ribonucleotide reductase initiates
DNA synthesis, and this is the rate-limiting factor in the process of cell replication (Beard
2001). Iron is a component of enzymes that are required for proper functioning of the
immune cell enzymes (Hershko et al. 1988). Iron is also very heavily involved in
neurotransmitter systems. Iron containing enzymes synthesize and package as well as
assist in the uptake and degradation of neurotransmitters such as serotonin,

norepinephrine, and dopamine (Beard 2001; Lieu et al. 2001).

Iron Balance

Iron homeostasis is extremely important for iron-related vital biochemical
processes. In order to efficiently recycle iron, yet minimize toxicity, the body has a
sophisticated system to control the body’s iron homeostasis (Lieu et al. 2001). As
mentioned previously, the majority of the iron utilized in the body is recycled within the
body, and conserved iron is stored primarily as ferritin to meet changing nutritional or
environmental demands (Wessling-Resnick 2010). The fine-tuning of iron balance is
primarily controlled by the duodenal enterocytes by sloughing off excess iron into the
intestinal lumen; however diseases such as hemochromatosis disrupt homeostasis causing

additional iron to enter the system and upset the balance (Wessling-Resnick 2010).



Excessive free iron can be highly toxic to the body by increasing production of reactive
oxygen species (ROS) that are associated with cell damage/death, impaired synthesis of
proteins, lipids and carbohydrates, and altered cell proliferation (Lieu et al. 2001;
McCord 2004).

Conversely, a deficiency of iron can result from low dietary iron, as well as
anemia of inflammation and chronic diseases that limit iron absorption (Wessling-
Resnick 2010), and deficiencies can result in impaired biochemical functions. Iron is
often the limiting nutrient in many biochemical processes, therefore minimizing iron loss

is extremely important for efficient body functioning (Handelman and Levin 2008).

Figure 1.1 Ferritin’s role in iron homeostasis

Dietary intake of iron
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Iron homeostasis




IRON REQUIREMENTS
According to the Dietary Reference Intakes report in 2001 by the Institute of
Medicine of the National Academy of Sciences, the Recommended Dietary Allowance
(RDA) of iron for a healthy individual varies depending on gender, age, and whether or
not the individual is pregnant or lactating. The RDA for healthy adult men is 8 mg/day,
whereas the RDA for healthy premenopausal adult women is 18 mg/day (Table 1.3).
Certain populations such as athletes and pre-menopausal women—especially pregnant

and lactating women—utilize greater amounts of iron (Sargent et al. 2005).

Table 1.3 Recommended Dietary Allowances for iron (Food and Nutrition Board 2001)

Males Females

Age (mg/day) (mg/day) Vegetarians Athletes
19 to 50 1.8 times greater than Mayv be 30-70%
8 18 consuming a non-vegetarian Y 0

years diet greater than normal.

(Source: Food and Nutrition Board, Institute of Medicine, 2001)

A typical Western diet contains on average 12 mg of iron per 2000 kilocalories of
energy intake (Beard and Tobin 2000), of which only 0.5-2.0 mg is absorbed (Andrews
2000). Although only a minute amount of iron is absorbed, the body has an economical
iron recycling system that helps to meet a healthy individual’s daily iron demands
(Sargent et al. 2005). A healthy adult man loses about 1 mg of iron each day from
obligatory loss of cells from the skin and gut, and secretions such as bile and sweat,
whereas premenopausal women lose almost double the amount due to menstrual bleeding
(Conrad et al. 1999). Vegetarians also have a higher RDA because they do not consume
heme iron, a form of iron found only in some animal flesh that is absorbed more readily

8



than non-heme iron (Sargent et al. 2005). The bioavailability of non-heme iron in plant
foods is reduced by inhibitors such as phytates, polyphenols, and calcium (Garcia-Casal
et al. 1998).

Female endurance athletes also may require extra iron due to impaired absorption
and increased excretion caused by various factors (Pasricha et al. 2010; Sinclair and
Hinton 2005). The demands may increase by up to 30-70% of the RDA for normal

premenopausal females (Food and Nutrition Board 2001).

ETIOLOGY OF IRON DEFICIENCY

Iron deficiency can be defined as “occurring when the body’s iron stores become
depleted and a restricted supply of iron to various tissues becomes apparent” (Beard and
Tobin 2000). Iron homeostasis is normally mediated by iron absorption rather than
excretion. Among healthy individuals, the daily iron loss via blood loss and loss of cells
as they are sloughed off is relatively consistent regardless of the amount of iron absorbed
(Killip et al. 2007). Absorption of iron is exclusively from dietary iron; hence, low
dietary iron intake or low bioavailability can contribute to the development of iron
deficiency. Lack of iron absorption or excess iron excretion that cannot be compensated
for in time appear to be the main factors leading to the development of iron deficiency
(Bermejo and Garcia-Lopez 2009). These conditions frequently develop from
multifactorial etiologies (Pasricha et al. 2010). The depletion process can occur rapidly or

gradually depending on the etiology of iron loss (Beard and Tobin 2000).



Etiologies

Diet

One etiology of iron deficiency is the lack of dietary iron. The body cannot make
iron, leaving oral consumption as the only normal source of iron for the body to meet its
requirement. Iron in food can be categorized into two types: heme and non-heme iron.
Heme iron is only found in animal products, and it is absorbed more readily than non-
heme iron, therefore making vegetarians more prone to iron deficiency (Hunt 2003;
Pasricha et al. 2010). A vegetarian diet increases the risk of developing iron deficiency
anemia threefold (Nelson et al. 1993). The bioavailability of iron is affected by one’s iron
status; the absorption of iron increases as body iron decreases. Non-heme iron absorption
can also be enhanced or inhibited by various physiological and dietary components (see
Table 1.4). Depending on the presence of these inhibitors and enhancers, the
absorbability of iron can vary from 1-15% (Hunt 2003). While many studies indicate low
dietary iron as a significant contributing factor to iron deficiency, one study found that a
deficit of dietary iron that is not associated with other pathologies is rarely the cause of

iron deficiency (Bermejo and Garcia-Lopez 2009).
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Table 1.4 Dietary enhancers and inhibitors of non-heme iron absorption

Enhancers Ascorbic acid
Alcohol
Meat/poultry/fish
Retinol and carotenes
Inhibitors Tannin/polyphenols
Phytates
Soy protein
Egg
Zinc
Calcium and phosphate salts
Antacids

Source: (Garcia-Casal et al. 1998; Hallberg and Hulthen 2000)

GI Diseases

Another factor contributing to the development of iron deficiency is Gl diseases
and conditions that either increase iron loss or reduce iron absorption (Bermejo and
Garcia-Lopez 2009). Increased iron loss can be visible or hidden, and examples of
diseases and conditions include: benign or malignant GI tumors in the colon, stomach,
esophagus, and small intestine; peptic ulcers and esophageal reflux disease; use of non-
steroidal anti-inflammatory drugs (NSAIDs); and inflammatory bowel disease (Bermejo
and Garcia-Lopez 2009). Conversely, iron malabsorption can be caused by celiac disease,
bacterial overgrowth, atrophic gastritis, and postsurgical status to name a few (Bermejo
and Garcia-Lopez 2009; Zhu et al. 2010).

Blood losses unrelated to GI diseases

There are many other pathways for iron loss besides GI diseases such as trauma,
surgery (Zhu et al. 2010), menstrual blood loss (Harvey et al. 2005), and blood donations
(Finch et al. 1977). Each milliliter of blood loss equates to approximately 0.5 mg of iron

loss (Pasricha et al. 2010). Menstrual blood loss varies considerably among women, but

11



years of monthly menstrual blood loss contribute significantly to iron depletion. A 60 kg
women may lose an average of 10 mg of iron per menstrual cycle, but heavier
menstruation can result in more than 42 mg of iron loss per cycle (Killip et al. 2007). A
study by Cade et al. (2005) found that postmenopausal women were associated with 68%
higher ferritin concentrations than premenopausal women (Cade et al. 2005).

Similarly, blood loss via donations, especially among women, can drastically
affect iron status. One blood donation of 500 cc contains 250 mg of iron (Killip et al.
2007). Donating blood once a year is equivalent to an increased iron requirement of
approximately 0.65 mg and 0.58 mg per day for males and females, respectively (Finch et
al. 1977). Blood donors have been strongly linked with lower ferritin concentration; one
study found that donors had 33% lower concentration than nondonors (Cade et al. 2005).
Finch et al. (1977) reported that male and female donors are able to donate two to three
times a year and one to two times a year respectively, without an appreciable incidence of
ID-A, although iron stores were being depleted (Finch et al. 1977).

Exercise

Exercise, particularly endurance running activities, has been associated with an
increased susceptibility to iron deficiency due to increased exercise-induced iron losses.
This includes factors such as hematuria, Gl tract blood loss, foot-strike hemolysis, and
sweating (Gropper et al. 2006). Although the Food and Nutrition Board (FNB) may not
consider these factors significant sources of iron loss as indicated earlier, studies have
shown an increase in iron requirement among female athletes as great as 30-70% (Food

and Nutrition Board 2001).
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STAGES OF IRON DEFICIENCY

The progression from adequate iron to ID-A can be separated into three
overlapping stages. Storage iron is depleted in the first stage of deficiency, and this is
characterized by the decrease in sFer (Dallman 1986). At this stage, the concentrations of
iron stores in the liver, spleen, and bone marrow are decreasing. In the second stage, iron
stores continue to deplete, and a decrease in transport iron becomes apparent. During
these first two stages, individuals are in a state of NA-ID. Multiple studies have found
individuals in the first and second stages of iron deficiency to have symptoms despite the
absence of anemia (Fawcett et al. 2004; Hinton et al. 2000; Marks and Shuster 1970;
Natarajan 2010; Osaki et al. 1999; Rushton 2002). In the third stage, insufficiency of iron
transport continues, and the hemoglobin availability also decreases, hence the
development of ID-A. At this stage, many physiological functions that require sufficient
iron transport are affected throughout the body, resulting in the development of various
symptoms (Dallman 1986). Figure 1.2 depicts a classic view of the stages of iron

deficiency.
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Figure 1.2 Stages of iron deficiency

Iron
Early negative Iron Iron deficient deficiency
Normal iron balance depletion erythropoiesis anemia

Storage iron
Transportiron

Erythron iron

Erythrocytes Normal Normal Normal Normal Microcytic/
Hypochromic
sFer (ng/mL) 100 + 60 25 20 10 <10

(Modified from Bothwell et al. 1979)

ASSESSMENT OF IRON STATUS

The measure of iron status historically considered the “golden standard” is a
bone-marrow aspirate, but the procedure is rarely done because it is invasive, expensive,
time-consuming, and painful (Hughes et al. 2004). This method may also be inaccurate in
30% of cases, and even when it is accurate, it may not necessarily signify iron deficiency
(Barron et al. 2001). Non-invasive methods, such as assessment of various biomarkers,
are routinely used. Iron status biomarkers include: Hgb, Hct, sFer, c-reactive protein
(CRP), erythrocyte protoporphyrin, serum iron (SI), serum transferrin receptor (sTfR),
sTfR:sFer, total iron binding capacity (TIBC), and transferrin saturation (World Health
Organization 2001). It has been reported that signs and symptoms of iron deficiency are
nonspecific and subtle, and these may be indicators of many other conditions. Individuals
frequently do not notice the existence of the symptoms until iron deficiency is diagnosed

and treated. A physical examination may reveal some signs of iron deficiency such as
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koilonychia, glossitis, and stomatitis (Zhu et al. 2010). Iron deficiency specifically caused
by Gl issues may show symptoms such as changes in stool diameter and bowel habits,
epigastric pain, weight loss, and poor appetite (Zhu et al. 2010). While symptoms can

help suggest iron deficiency, biomarkers are typically used to assess iron status.

Biomarkers

Hemoglobin (Hgb)

Hemoglobin is an iron-rich protein in RBCs that transports oxygen to various
parts of the body. Hgb is the most basic indicator of anemia; however, hemoglobin alone
is not an accurate indicator of iron status. Low hemoglobin levels can be a result of
anemia caused by factors other than iron deficiency (Bermejo and Garcia-Lopez 2009).
Another issue with using hemoglobin as the only assessment tool of iron deficiency is
that the biomarker will not indicate iron deficiency despite diminishing iron stores until
anemia develops. An individual with NA-1D would be left undiagnosed if hemoglobin is

the only indicator used (Zhu and Haas 1997) (Figure 1.3).
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Figure 1.3 Concept of NA-ID, ID-A, and anemia in hypothetical population

( Total Population \

Non-anemic Iron deficiency anemia

. . Anemia
iron deficiency

\_ /

(Source: Adapted from Trumbo et al. 2001)

Hematocrit (Hct)

Hct is a quick and easy basic test that has been used widely in conjunction with
Hgb. This biomarker gives the volume percentage of RBCs in the blood, reflecting the
body’s oxygen-carrying capacity (Keen 1998). This value is affected by the total blood
volume: Hct decreases with hemodilution and increases with dehydration. Similarly to
Hgb, Hct may be associated with other types of anemia besides ID-A; hence, this
biomarker may not be a reliable reflection of iron status unless it is used with other
biomarkers (Zhu and Haas 1997).

Blood volume and Hgb and Hct measures

Hgb and Hct can be affected by blood volume (Billett 1990). Hgb and Hct will
appear higher with severe dehydration compared to a normovolemic state. Conversely,

fluid overload will lower Hgb and Hct measures.
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Serum Ferritin (sFer)

SFer is a measurement that primarily reflects iron stored in the liver and bone
marrow (Cook and Skikne 1982; Dellavalle and Haas 2011). It is considered the single
best laboratory test because it is the most readily available and useful index of iron
deficiency (Pasricha et al. 2010; Zhu et al. 2010). This protein is found in the
reticuloendothelial system, a major storage site for body iron. SFer is reflective of the
amount of iron stored within the body; as the amount of iron in the body increases, sFer
increases (Handelman and Levin 2008). According to the National Institute of Health
(NIH), normal sFer level ranges from 12-300 ng/mL and 12-150 ng/mL in men and

women respectively (National Institutes of Health 2008).
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Factors affecting sFer concentration

High sFer can occur from iron overload disorders such as hemochromatosis, a
genetic condition causing excess iron absorption from the digestive tract, and thalassemia
(Fleming and Ponka 2012). Iron overload can also occur due to high levels of iron
supplementation. Without proper treatment, iron overload due to hemochromatosis or
excess iron intake can lead to multiple organ damage such as liver cirrhosis,
cardiomyopathy, diabetes, arthritis, hypogonadism, and skin pigmentation (Santos et al.
2012).

Elevated sFer levels also can occur due to inflammatory factors. This occurs
because sFer is an acute-phase protein. Various factors can elevate this biomarker
independently of an individual’s true iron status (Table 1.5) (Nikolaidis et al. 2003). This
means an individual with sFer value within “normal range” may actually not have
sufficient iron (Bermejo and Garcia-Lopez 2009). One study that compared sFer
concentration with bone marrow aspirates found a 50% chance of iron deficiency among
participants with sFer of 50 ng/mL (Guyatt et al. 1992). Inflamed individuals with sFer
below 100 ng/mL may be iron deficient despite having sFer concentration above the cut-
off value (Bermejo and Garcia-Lopez 2009). SFer is therefore a specific, but not sensitive,

indicator of iron deficiency (Grondin et al. 2008).
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Table 1.5 Factors that increase sFer concentration

Factors Sources
Infection/Inflammation Hinton et al. 2000
Nikolaidis et al. 2003
Obesity Greenberg and Obin 2006; Yanoff et al. 2007
Alcohol consumption Lee and Jacobs 2004
Alatalo et al. 2009
Caloric restriction Cade et al. 2005
Strenuous exercise Gropper et al. 2006
Smoking Tamura et al. 1995

Studies have found sFer to increase with alcohol consumption (Lee and Jacobs
2004). The increase has been hypothesized as a defense mechanism in response to
ethanol-induced oxidative stress (Alatalo et al. 2009; Lee and Jacobs 2004).

Caloric restriction prior to the blood test is another factor that has been associated
with elevated ferritin levels. According to Cade et al. (2005), a 4-day food diary prior to
blood tests indicated an inverse correlation between total energy (kcal) intake and ferritin
levels (Cade et al. 2005). For every 100-kcal decrease in energy intake, ferritin
concentrations increased by 1%.

Obesity can lead to a chronic state of inflammation that has been associated with
an increase in sFer (Greenberg and Obin 2006). Consequently, inflammatory-mediated
sequestration of iron occurs, and this can result in iron deficiency despite having adequate
iron stores (Yanoff et al. 2007).

Exercise-induced inflammation also increases sFer (Gropper et al. 2006).
Inflammation due to intravascular microtrauma caused by strenuous exercise or

endurance running (foot-strike hemolysis) elevates sFer (Peeling et al. 2009).
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Previous and current smoking has been associated with elevated sFer
concentration although the association is not as significant as other inflammatory factors
(Tamura et al. 1995).

Despite such imperfections, sFer continues to be one of the most frequently used
biomarkers for the assessment of iron status. The use of this biomarker along with Hgb
and Hct allows clinicians to assess iron status with increased accuracy.

Other Biomarkers

When the origin of anemia is multifactorial, such as in the case of Gl diseases or
cancer, iron deficiency can be difficult to diagnose using only the basic biomarkers
(Bermejo and Garcia-Lopez 2009). There are many other biomarkers that have been
found useful in the assessment iron status.

Other conventional laboratory tests widely used in clinical practice include Sl and
TIBC, however these biomarkers, like sFer, are considerably influenced by acute-phase
responses (Punnonen et al. 1997).

Transferrin saturation is another indicator used in iron status assessment.
Transferrin is a plasma protein with high affinity for ferric iron (Fe**) that transports iron
in the blood (Handelman and Levin 2008; Lieu et al. 2001).

Serum transferrin receptors (STfR) can also be used to estimate iron stores. sSTfR
is a key receptor on the surface of erythroblasts of the bone marrow that mediates iron
uptake by transferrin (Handelman and Levin 2008). This receptor inversely reflects the
amount of iron available for erythropoiesis (Clark 2009). When iron availability at bone
marrow drops, the amount of sTfR on the surface increases in order to maintain normal

erythropoiesis (Punnonen et al. 1997). This biomarker is sensitive and unaffected by
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inflammation, but the test is not widely available and the assay is not currently
standardized, limiting clinical application and validity (Dellavalle and Haas 2011; Zhu et
al. 2010).

More recently, sTR to sFer ratio has been found to provide an outstanding
parameter for the identification of NA-1D (Sinclair and Hinton 2005). In one study, sTfR
measurements were found useful in the diagnosis of iron deficiency and other types of
anemia, but the combination of sSTfR and ferritin measurements provided the highest
sensitivity and specificity when differentiating between ID-A and anemia of chronic
diseases (Chang et al. 2007; Clark 2009; Punnonen et al. 1997). This diagnostic method
may be the most accurate non-invasive way to assess iron status, but it is rarely used in
clinical settings due to the lack of availability, and the variability in interassay cut-offs
(Pasricha et al. 2010).

There are many other biomarkers that reflect iron status, such as hepcidin and
erythrocyte zinc protoporphyrin, but they are seldom used in clinical settings (Punnonen
et al. 1997). Intuitively, a combination of several biomarkers provides the best

assessment for iron status (Table 1.6).
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Table 1.6 Biomarkers related to sequential changes in iron status

Biomarker

Normal

NA-ID

Iron deficient
erythropeisis

ID-A

Hgb (g/dL)

Hct (%)

SFer (ng/mL)

TIBC? (ug/dL)

Iron absorption
(%)

Transferrin
saturation (%)

SI° (%)
STfR®

Erythrocytes

12-16 (female)
14-18 (male)

37-47 (female)
40-54 (male)

100 + 60

330 + 30

5-10

35 + 15

Normal
Normal

Normal

12-16 (female)
14-18 (male)

37-47 (female)
40-54 (male)

20

360

10-15

30

Low
Normal-high

Normal

12-16 (female)
14-18 (male)

37-47 (female)
40-54 (male)

10

390

10-20

<15

Low
Very high

Normal

<12 (female)
< 14 (male)

<37 (female)
<40 (male)

<10

410

10-20

<15

Low
Very high

Microcytic
hypochromic

*Transferrin iron-binding capacity

®Serum iron

‘Serum transferrin receptor
(Adapted from Clark 2009; Fink et al. 2006; Lee and Nieman 1996; Pasricha et al. 2010)

Variability in biomarker cut-off values

The normal ranges for biomarkers differ slightly between various health

organizations (Table 1.7) therefore the cut-off value for normal iron levels varies

depending on the selected assessment standard. This, too, adds to the complexity of

accurately assessing iron status using biomarkers.
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Table 1.7 Cut-off values for Hgb, Hct, and sFer from various health organizations.

Organization Hgb Hct SFer
WHO, 2001 Female <12.0 g/dL < 36.0% <15 ng/mL
Male <13.0 g/dL < 39.0% <15 ng/mL
Center of Disease and Control Female <12.0 g/dL <35.7% <15 ng/mL
(CDC), 1998 Male <13.5g/dL <39.9% <15 ng/mL
NIH, 2008 Female <12.1 g/dL <36.1% <12 ng/mL
Male <13.8 g/dL < 40.7% <12 ng/mL

(Source: Centers for Disease Control and Prevention 1998; National Institutes of Health 2008;

World Health Organization 2001)

CLINICAL SYMPTOMS

There is a wide array of nonspecific symptoms associated with iron deficiency

(Table 1.8); symptoms appear to vary from patient to patient. The speed of onset of

anemia, as well as severity, also seems to affect the symptoms that are experienced

(Bermejo and Garcia-Lopez 2009). Most of the symptoms are associated with other

conditions and deficiencies, therefore making iron deficiency difficult to isolate via

observation of signs and symptoms.
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Table 1.8 Symptoms associated with iron deficiency.

Visible symptoms sFer cut-off (ng/mL) Sources
e Alopecia <70 (Rushton 2002; Trost et al. 2006)
<37.2 (Kantor et al. 2003)
¢ Dermatological (Marks and Shuster 1968)
disorders
o Eczema
o Psoriasis
e Koilonychias (Fawcett et al. 2004)
e Oral disorders (Koybasi et al. 2006; Osaki et al.
o Glossitis 1999)
o Dysphagia
o Stomatitis
e Pallor <100 (Zhu et al. 2010)
e Weight gain <12 (Fanou-Fogny et al. 2011; Karl et al.
2009; Nead et al. 2004)
Physical energy related symptoms
e Decreased work <20 (Dellavalle and Haas 2011)
capacity <16 (Hinton et al. 2000; Zhu and Haas
1998)
(Gardner et al. 1977; Tufts et al.
1985)
e Fatigue <50 (Verdon et al. 2003)
<15 (Krayenbuehl et al. 2011; Patterson
et al. 2001)
<20 (Brutsaert et al. 2003)
Behavioral Symptoms
e ADD/ADHD type <30 (Konofal et al. 2008)
symptoms
e Pica 61 + 49 (Barton et al. 2010; Brown and
Dyment 1972; Kettaneh et al. 2005;
Reynolds et al. 1968)
e RLS <45 (Allen and Earley 2001)
<50 (Chahine and Chemali 2006; Earley

2003)
(Natarajan 2010)

Cognitive changes

e Depressive 30+21 (Bartalena et al. 1990)
symptoms <20 (Mansson et al. 2005)

e Inability to <20 (Mansson et al. 2005)
concentrate

o Irritability <20 (Mansson et al. 2005)

e Memory loss <10 (children) (Umamaheswari et al. 2011)

Other Symptoms
¢ Headache <30 (Bermejo and Garcia-Lopez 2009)
<20 (Mansson et al. 2005)
e Impaired <12 (Beard et al. 1990)

thermoregulation
e Impaired immune

function
e Dizziness/Vertigo <20
e Sleep <20

disturbances

(Dallman 1986)

(Chandra 1973; Denic and Agarwal
2007; Ponka and Lok 1999)
(Mansson et al. 2005)

(Mansson et al. 2005)
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Visible Physical Symptoms

Alopecia

Alopecia or hair loss in humans has been primarily associated with protein-energy
malnutrition, such as kwashiorkor and marasmus (Rushton 2002). However, iron
deficiency, while not all studies agree, also has been recognized as a contributing factor
in the development of this condition. This association was first observed in
Cunningham’s study (1932) with iron deficient rats (Rushton 2002).

The effects of iron deficiency on hair loss appear to vary depending on the type of
alopecia, standards of assessment, and standards of iron status biomarkers (Olsen 2006).
There are various types of alopecia, and only certain types show an association with iron
status. In Kantor’s study (2003), patients with androgenetic alopecia and alopecia areata
had sFer levels significantly lower than participants without any hair loss (Kantor et al.
2003).

Assessment standards and the cut-off value for various biomarkers also affect
study outcomes. Rushton’s study (2002) involving 200 women presenting with
unexplained persistent hair shedding found that hemoglobin and sFer were among the
variables lower than the reference cut-off of 12.0 g/dL and 40 ng/mL respectively. Sixty-
five percent of participants had sFer below the reference range of 40 ng/mL sFer, and the
percentage increased to 96.0% when using 70 ng/mL as the reference cut-off value.

Many studies have found that iron supplementation can correct nutritionally
induced hair loss, especially chronic telogen effluvium (Rushton et al. 2002). The exact

mechanism is unknown, but it is speculated that ribonucleotide reductase, the iron-

25



containing rate-limiting enzyme for DNA synthesis, is inhibiting proliferation of follicle
matrix cells (Kantor et al. 2003), hence the hair loss.

Dermatological disorders

Dermatological disorders such as eczema and psoriasis have been associated with
NA-ID and ID-A (Marks and Shuster 1970). These disorders appear to contribute to the
development of iron deficiency. Several studies have found that skin diseases may
increase iron loss via the skin resulting in the development of iron deficiency (Marks and
Shuster 1970). For example, one patient with psoriasis was losing 7.3 mg of iron per day
from her skin, which represents a huge amount in comparison to the normal average daily
iron loss from the skin of 1.0 mg (Marks and Shuster 1968).

Koilonychia

Koilonychia is a fingernail disorder characterized by raised ridges and thin,
concave nails associated with NA-ID and ID-A (Fawcett et al. 2004). Iron deficient
keratinocytes produce soft nail substances that results in the “spoon-shaped” curvature.
This symptom is seen commonly in the thumb and index fingernails, but it can also occur
in other nails in severe cases. The mechanism of this symptom is thought to be similar to
that of glossitis, a condition in which the tongue swells and changes color.

Oral disorders

Glossitis, dysphagia, the medical term for difficulty swallowing, and stomatitis,
an inflammation of the oral mucous lining, such as the cheek, gums, tongue, lip, throat,
and roof or floor of the mouth, are all common symptoms of iron deficiency with and
without anemia, although the pain, atrophy, and dysphagia appear to worsen as NA-ID

advances to ID-A, (Osaki et al. 1999). There have been many previous studies
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investigating the link between these disorders and iron deficiency; however results show
very little association between the variables. Instead, study outcomes show vitamin B;, to
be the significant predisposing factor of stomatitis (Koybasi et al. 2006). Vitamin B,
deficiency often coexists with iron deficiency, as both deficiencies can result from low
animal protein diets (Kwok et al. 2002; Stabler and Allen 2004). In Kwok’s study (2002)
of By deficient elderly Chinese, 12.4% also had a significant decrease in Hgb
concentration. According to Greenberg et al. (2003), vitamin B, deficiency and ID-A are
the underlying causes in up to 15% of cases of stomatitis (Greenberg and Pinto 2003).
The impaired cellular replication of epithelial cells in iron-deficient individuals is one
plausible explanation for the inflammation associated with stomatitis (Robbins and
Pederson 1970).

Weight gain

Weight gain is another frequently seen physical change among iron-deficient
individuals. A recent study found significant correlations between sFer, sTfR, fat mass,
and BMI which suggests that excess adiposity may lower iron status (Fanou-Fogny et al.
2011). The NHANES 111 data show that overweight and obese children and adolescents
are over two times more likely than normal weight peers to be iron deficient (Nead et al.
2004). In adults, obese individuals appear to have a higher prevalence of iron deficiency
than the non-obese (Yanoff et al. 2007). The exact mechanism explaining low iron status
among obese individuals has not been determined. The etiology, however, is suspected to
be physiological rather than diet-related. Some theories include the requirement of larger
blood volume and a decrease in iron absorption caused by increased hepcidin, one of the

main regulators of iron homeostasis (Amato et al. 2010; Karl et al. 2009).
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Another plausible mechanism involves the high prevalence of non-alcoholic fatty
liver disease (NAFLD) among the obese population. This disease is associated with
chronic inflammation, that triggers an increase in the level of sFer concentration
independent of an individual’s true iron status (Dongiovanni et al. 2011). The body’s
homeostatic processes respond by sequestering “excess” iron, causing iron loss that can

contribute to iron deficiency (Karl et al. 2009).

Physical Energy Related Symptoms

Decreased work capacity

ID-A resulting in decreased work capacity has been well documented. The
mechanism of this symptom has been attributed to the lack of oxygen transport to
peripheral tissues by Hgb (Gardner et al. 1977; Tufts et al. 1985). However, an increasing
number of studies are showing that NA-1D also has an effect on proper functioning of
iron-dependent enzymes and cytochromes that are required for oxidative metabolism
(Celsing et al. 1988), reduced work capacity and endurance exercise performance as low
as 65-85% of maximal capacity among NA-ID individuals (Hinton et al. 2000). A recent
study observing iron-deficient female collegiate rowers and exercise performance found
impaired endurance performance among NA-1D rowers with sFer levels below 25.0
ng/mL (Dellavalle and Haas 2011). The mechanism for impaired work capacity and
exercise performance among NA-ID individuals may be explained by the limited
capability for oxidative metabolism (Dallman 1986). Several studies found improved iron
status after iron repletion in NA-ID individuals was associated with increased energy

efficiency and oxygen-transport capacity (Hinton et al. 2000; Zhu and Haas 1998).
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Fatigue

Chronic tiredness or fatigue is a common symptom seen in general practice,
especially among women. One study conducted in general practice found that women
were three times more likely than men to report fatigue (Ridsdale et al. 1993). In clinical
settings, fatigue is often associated with emotional causes and more rarely with
biomedical causes (Stewart et al. 1998).

The mechanism of development of fatigue in ID-A can be explained by the
hemoglobin-mediated decrease in oxygen-carrying capacity, but the effects of NA-ID
remain obscure (Brutsaert et al. 2003). One hypothesis is that the decrease in iron-
dependent enzyme activity affects the metabolism of neurotransmitters (Scrimshaw 1984).
Several studies have seen improvement in tiredness when sFer concentration increases
among NA-ID patients after iron supplementation. This implies that the fatigue-reducing
effects of iron repletion are nonhematological (Krayenbuehl et al. 2011; Patterson et al.
2001; Verdon et al. 2003). Despite such findings, iron therapy is currently seldom used in

the treatment of fatigue in the absence of anemia (Verdon et al. 2003).

Behavioral and Cognitive changes

Iron is involved in the synthesis of many neurotransmitters, some of which
include serotonin, norepinephrine, epinephrine, and dopamine (Dallman 1986). These
neurotransmitters are responsible for many functions in the body such as: regulation of
intestinal movement, mood, appetite, sleep, heart rate, blood pressure, cognition,

voluntary movement, motivation, attention, memory, and learning. Hence, iron
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deficiency has the potential to disrupt the regulation of a variety of physical and cognitive
behaviors.

Attention Deficit/Hyperactivity Disorder (ADD/ADHD) type symptoms

ADD/ADHD is a disorder characterized by inappropriate impulsivity, overactivity,
inattention, and altered executive functions that affects 3-5% of school-aged children and
may continue into adulthood (American Psychiatric Association and DSM-IV. 2000).
One study found a correlation between sFer values and ADD/ADHD symptoms in his
study despite normal Hgb and Hct values, therefore implying that low iron stores
contribute to the development of ADD/ADHD (Konofal et al. 2004).

While the exact mechanism of ADD/ADHD development is unknown, it has been
suggested that this disorder may be caused by dopamine dysfunction. The production of
dopamine requires iron coenzymes; therefore, iron deficiency can slow the production
and activity of dopamine, resulting in cognitive changes characterized by ADD/ADHD
(Konofal et al. 2004).

Pica

Pica, an eating disorder typically defined as a craving for substances with little or
no nutritional value, is another behavioral symptom that has been associated with NA-ID
and ID-A. Examples of such substances include: clay, dirt, and ice (pagophagia). A study
by Reynolds confirmed the elimination of pagophagia in ID-A individuals via iron
supplementation (Reynolds et al. 1968). More recent iron repletion studies found that
pica was eliminated prior to full recovery from ID-A. This implies that the symptom is a
result of depleted functional iron such as that found in cytochrome oxidase, rather than

depleted hemoblogin as found in anemia (Brown and Dyment 1972; Kettaneh et al. 2005).
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Restless Leg Syndrom (RLS)

RLS is a clinical diagnosis of an irresistible urge to move the limbs that has been
associated with both NA-ID and ID-A (Natarajan 2010). Several studies have observed
RLS among iron-deficient individuals in the absence of anemia (Earley 2003). There
appears to be a strong negative correlation between sFer levels and the severity of RLS
(Earley et al. 2000a). Earley et al. (2000) also observed a 65% decrease in cerebrospinal
fluid ferritin, an indication of low brain iron, despite normal sFer status in participants
that have reported RLS (Earley et al. 2000b). Special MRI techniques further confirmed
RLS patients to have lower iron concentrations in sections of the brain called the
substantia nigra and the putamen (Allen et al. 2001). The data suggest that the inability of
the brain to transport or store iron is linked to the pathophysiology of RLS (Earley et al.
2000a). The exact mechanism of RLS has not been clearly understood, although several
studies have established the involvement of the dopaminergic system (Chahine and
Chemali 2006). It has been hypothesized that tyrosine hydroxylase, an iron dependent
enzyme involved in the production of dopamine, is inhibited when there is insufficient
iron in the brain (Cooper et al. 1991). It has also been hypothesized that insufficient iron
in the brain impairs the expression of dopamine transporters and receptors (Sowers and
Vlachakis 1984).

Depressive symptoms

Cognitive changes, such as depression, are difficult to assess because individuals
often become aware of improvement only after the symptoms disappear (Bermejo and
Garcia-Lopez 2009). However, there have been several studies that have found non-
anemic individuals with lower levels of sFer concentrations to have a higher prevalence

of depressive symptoms (Bartalena et al. 1990; Yi et al. 2011).
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Conversely, there are studies that have found an association between depression
and increased levels of sFer concentration (Maes et al. 1996). These studies have
attributed their findings to inflammatory responses elevating sFer levels.

Memory Impairment

Many studies have been conducted on the association between memory
impairment and iron deficiency, especially with infants and adolescents. Poorer
performance on tests of specific cognitive processes such as short-term memory has been
found among ID-A children (Pollitt 1993).

Delay of memory-related cognitive development, such as slower visual
recognition memory, has also been reported among infants with ID-A, and to a lesser

extent, with NA-ID (Carter et al. 2010; Halterman et al. 2001).

Other Miscellaneous Symptoms

Impaired thermoregulation

Iron-deficiency anemia has been found to impair thermoregulation (Dallman
1986). Typically, the thyroid is activated promptly in response to cold exposure (Hefco et
al. 1975; O'Malley et al. 1984). Iron-deficient individuals are suspected to have poor
thyroid activity. A study by Beard et al. (1990) found poor thyroid status among anemic
women, therefore suggesting impaired thyroid-hormone-dependent energy metabolism as
the cause of poor thermoregulation (Beard et al. 1990).

Impaired immune function

Impaired immune function is another common symptom of iron deficiency with

and without anemia, although it has also been associated with iron overload (Walter et al.
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2002). Disturbance in the various iron-requiring enzymatic pathways of the immune
system is a possible trigger of decreased immune function. Reduced levels of iron-
containing enzymes and enzymes that require iron as a cofactor, such as catalase and
myeloperoxidase, respectively, have been found to decrease immune function (Krantman
et al. 1982; Takahara 1952). Suppression of these enzymes and cofactors can lead to
mitochondrial damage and increased oxidative stress, both of which contribute to

impairing the immune function (Walter et al. 2002).

PROBLEMS WITH DIAGNOSIS OF IRON DEFICIENCY

Despite the frequent occurrence of iron deficiency worldwide, practice guidelines
for diagnosis have not been universally standardized due to the complicated etiology of
iron deficiency, and disagreements among practitioners (Clark 2009). Iron-involving vital
functions such erythropoiesis are unaffected in early stages of iron deficiency (Bothwell
et al. 1979). Instead, iron availability in other iron-involving systems appears to be
reduced (and result in symptoms) in order to maintain the availability of iron in the most
critical systems.

Many iron-deficient individuals do not realize they have symptoms, such as
fatigue and decreased work capacity, until the symptoms are reversed post-treatment
(Bermejo and Garcia-Lopez 2009). This means a large percentage of iron-deficient
individuals are not seeking help, and the ones that do seek help are not diagnosed
immediately due to the subtlety and diversity of signs and symptoms, and lack of more

extensive blood tests beyond a basic Hgb and Hct test run by clinicians.
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Although the bone-marrow-aspirate method is considered by some to be the “gold
standard” for assessing iron status (World Health Organization 2007), it is rarely
performed due to the invasiveness of the procedure. The non-invasive alternative is to use
a combination of biomarkers, which provides the most accurate diagnosis of iron
deficiency. Many clinicians are reluctant to conduct multiple tests without convincing
evidence of iron deficiency because the tests can become costly and time-consuming.
Most clinicians perform a cheap and simple hemoglobin test for anemia; however the test
will not identify individuals in the early stages of iron deficiency in which anemia has not
yet developed. NA-ID may be detected by conducting a sFer test, but it may be masked
by a falsely high value caused by sFer elevating factors such as inflammation and disease.
Iron deficiency can exist with ferritin levels as high as 100 ng/mL if inflammation is
present (Bermejo and Garcia-Lopez 2009). In such cases, iron deficiency remains
undiagnosed unless further testing is provided by the clinician.

Moreover, there appears to be a lack of awareness of NA-ID and the diminished
quality of life experienced by affected individuals. Although NA-ID may not be a life-
threatening disorder, it is associated with many physiological and behavioral signs and
symptoms that have been associated with decreased quality of life (Grondin et al. 2008).
It is imperative that iron deficiency is diagnosed and treated early in its development for

the health and life quality of the population.
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CHAPTER 2: ASSESSMENT OF THE USE OF SIGNS AND SYMPTOMS AS A
SCREENING TOOL FOR IRON DEFICIENCY

INTRODUCTION

Iron deficiency is categorized based on its severity. The most severe stage is ID-A,
which refers to a condition in which iron is depleted enough to diminish erythropoiesis.
Consequently, hemoglobin (Hgb) and hematocrit (Hct) levels drop below the normal
range for healthy individuals. These biomarkers are within their normal ranges at a less
severe stage of iron deficiency known as NA-ID or functional iron deficiency; however,
sFer, a biomarker for iron stores, is depleted. While many clinicians argue that NA-ID is
not problematic, studies have found this level of iron deficiency can cause impairments to
iron-dependent body functions (Celsing et al. 1988; Fawcett et al. 2004; Scrimshaw
1984).

In the United States, approximately 3-5% of women have ID-A, and the
prevalence of NA-ID is estimated to be 12-16% (Eichner 2010). Despite the high
prevlence of iron deficiency in the United States, clinicians seldom test beyond a basic
Hgb test, therefore leaving many people undiagnosed and untreated despite the relatively
easy reversibility of the condition (Pasricha et al. 2010). Moreover, many clinicians reject
the concept of NA-ID, and that individuals at this stage of iron deficiency can have
symptoms affecting their quality of life (Grondin et al. 2008).

Although many previous studies have found NA-ID individuals to have various
symptoms, the data have not been used to improve the universal testing standards for iron
deficiency. ldentifying a set of commonly occurring signs and symptoms of iron

deficiency could lead to the development of a screening tool for prescribing blood tests
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beyond the basic Hgb test in the absence of anemia. If Hgb and Hct values are within
normal ranges but the screening questionnaire shows a possibility of iron deficiency, the
provision of more extensive blood tests for a proper assessment of iron status would be
justified.

In order to identify the most frequently observed signs and symptoms in iron-
deficient individuals, we collected anthropometric measurements, blood values, and
questionnaire data about symptoms and eating habits from college-aged individuals at the
University of Hawai'i. We analyzed the data to look for statistically significant

correlations among iron status, eating habits, and signs and symptoms.

Thesis Objective

The objectives of this study were to: 1) determine the prevalence of NA-ID in a
convenience sample of college-aged individuals, 2) evaluate the effects of dietary habits
on iron status and the development of signs and symptoms, 3) find similarities and
differences in signs and symptoms among NA-ID, ID-A, and “healthy” individuals, and
finally 4) determine the best group of frequently-occurring symptoms to identify

individuals with NA-ID and ID-A.

36



METHODS

Subjects

This study was conducted at the University of Hawai i at Manoa (UHM). Men
and women between the ages of 18 and 50 were recruited via flyers (see Appendix A)
posted in campus halls and presentations at UHM dormitories to take part in a voluntary
nutrition and health assessment that included screening for iron deficiency. Exclusion
criteria were: not being within the age range (18-50 years old), pregnancy, and any
current diseases or disorders. VVolunteers signed an informed consent form (see Appendix
B) in order to enroll in the study. The experimental protocol was approved by the
University of Hawai i’s Committee on Human Studies.

Participants completed three questionnaires before blood collection, including: 1)
general questionnaire, 2) food frequency questionnaire (FFQ), and 3) symptoms
questionnaire. They also completed a 24-hour diet record for the 24 hours prior to their

blood-sampling appointment.

Questionnaires

General questionnaire

The general questionnaire consisted of three sections: 1) general, 2) health, and 3)
diet and lifestyle. The general section consisted of questions about age, gender, ethnicity,
and living conditions. The health section included questions about medication use,
allergies, and body image. The diet and lifestyle section contained questions about eating
habits, hours of sleep and physical activity (PA) level (see Appendix C).

Ethnicity was simplified into the following categories: Asian, Caucasian, Pacific

Islander, Hispanic, Black, and Mixed. The participants’ majors were also grouped as:
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nutrition, health professions (medicine/pre-medicine/nursing/public
health/kinesiology/psychology), other (all other majors) and N/S (non-students).

Food Frequency Questionnaire (FFQ)

Dietary habits were assessed with a 33-item FFQ that was developed specifically
to estimate the amount of heme and non-heme iron consumed as well as the amount of
iron absorption enhancers and inhibitors that the participants consumed. The FFQ
contained a list of foods, beverages, and supplements and two columns next to the foods
for how frequently the food is consumed and reasons the food is consumed at that
frequency. The frequency column was broken down into daily, weekly, monthly, rarely,
and never, which was then converted to 365, 52, 12, three, and one respectively to
represent the approximate number of days in a year the food was consumed. The reasons
section listed a series of reasons: cost of food, allergies, animal rights, convenience,
health, religion, sustainability, taste, lose weight, gain weight, and build muscle. The
participants checked off the reason(s) each food was consumed at the particular
frequency (see Appendix D).

Symptoms questionnaire

The participants also completed a symptoms questionnaire containing a list of
physical, physiological, behavioral, cognitive, and medically-related variables that may
or may not be associated with iron deficiency. The descriptions were broken down into
the following categories: fatigue/exhaustion, headaches/insomnia, skin, food
cravings/aversions, females only, memory, learning ability, nails, hair, weight and body
fat, emotion, temperature regulation, eyes, immune system, medications, dietary and

herbal supplements, and a miscellaneous section. Participants were asked to check off
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any of the variables that they may have experienced in the past three months (see
Appendix E).

24-hour diet record

The participants also filled out a 24-hour diet record for the 24 hours prior to their
appointment time. The 24-hour diet record was used specifically for estimating the total
calories consumed prior to taking the blood sample. The participants were told to be as
detailed as possible on the diet record. Individual ingredients were written out if the dish
was prepared by them, and beverages, condiments, and supplements were also included
on the diet record.

The participant’s gender, age, self-assessed physical activity level, height, weight,
and 24-hour diet record was entered into Food Processor SQL 10.7 (ESHA Research,
Salem, ORG) to analyze: 1) total calories consumed in the 24 hours prior to the blood
test; 2) estimated energy requirement (EER), and 3) energy balance prior to the blood test.
Participants with energy balance deficits greater than 100 kcal were categorized in the
“negative energy balance” group, and the remaining participants were grouped as
“positive energy balance.” Individuals with a negative energy balance were considered to

have the potential for false-high sFer concentration.

Laboratory Tests

Participants attended a single appointment that took place in a room-temperature
(22 to 24 C or 72 to 75 F) environment. Participants were asked to complete the
questionnaires and 24-hour diet record prior to their visit. They also were asked to avoid
consuming large amounts of alcohol and exercising vigorously within 24 hours of their
appointment, or coming to the appointment fasted. Anthropometric measurements,
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clinical indices, and blood samples were taken from the participants after the
questionnaires and 24-diet records were reviewed for proper completion.

Anthropometric

Anthropometric measurements included: height, weight, neck, waist, and hip
circumferences, estimated % body fat, and body mass index (BMI). Height without shoes
was measured to the nearest 0.5 inch with a tape measure carefully taped on the wall of
the room. Weight was measured using the Tanita BF-522W scale to the nearest 0.1 Ibs
(0.45 kg). The same scale also provided % body fat (using bioelectric impedance) after
inputting the participant’s gender, age, and height. The BMI equation ((weight (Ibs)/
height? (in)) x 703) was used to calculate the participant’s BMI. A tape measure was used
to measure the participant’s neck, waist, and hip circumference to the nearest 0.1 cm
(0.04 in). The neck measurement was taken at the thickest part of the neck over the
thyroid cartilage. Waist measurement was taken at the smallest part of the abdomen, and
the hip circumference was measured at the anterior superior iliac spine (ASIS). The
circumference measurements were used to calculate the waist-to-hip ratio, waist-to-neck
ratio, and waist-to-height ratio.

Biochemical

Small amounts of blood were required to measure Hgb, Hct, and sFer. Samples
were collected from the middle or ring finger using a standard spring-loaded needle

device.
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Hemoblogin (Hgb)

To measure Hgb, 12-15 microliters of blood (about one drop) was applied to the
Stat Site M Hgb Meter (Stanbio Laboratory). A capillary tube was used to prevent the
blood from smearing and to assure a consistent volume of blood.

Hematocrit (Hct)

Blood was collected into two modified 30-microliter heparinized capillary tubes
and centrifuged in a bench top Hct centrifuge (Adams Autocrit Centrifuge; Clay-Adams,
Inc., NY) for five minutes. Hct values are typically unaffected by the use of heparinized
or unheparinized capillary tubes (Hughes et al. 2005). The volume was modified by
adjusting the plug in the capillary with a plunger. Hct was measured using a Damon/IEC
Division Microcapillary Reader.

Ferritin (sFer)

Once centrifuged, plasma was extracted. The plasma was stored at -20 C until
enough samples were collected to run a full tray of sFer samples. SFer levels were
determined with an ELISA kit. The procedure manual (see Appendix F) indicates that
the use of plasma instead of serum is unlikely to influence test results unless the
anticoagulants dilute the plasma.

The WHO reference values for the Hgb and Hct, and the reference value for sFer
from Clinical Hematology and Fundamentals of Hemostasis (Harmening and Sacher
1997) were used to assess the participants’ iron status (Figure 2.1a and 2.1b).
Participants were divided into anemic or non-anemic groups based on their Hgb and Hct
concentration. Female participants, whose Hgb or Hct were < 12.0 g/dL and < 36.1%,

respectively, were considered anemic. Similarly, male participants, whose Hgb or Hct
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were < 13.0 g/dL and < 40.7%, respectively, were placed in the anemic category. The
participants were further categorized based on sFer concentration. Anemic individuals
with sFer < 20 ng/mL were categorized as ID-A and those with sFer above the cut-off
value (20 ng/mL) were categorized as A. Non-anemic individuals whose sFer < 20 ng/mL
were categorized as NA-1D, and those with sFer within normal range were categorized as
Normal. Individuals with sFer concentration above normal range (12-150 or 12-300

ng/mL for women and men respectively) were considered Overload.

Figure 2.1a Iron deficiency assessment using Hgb, Hct, and sFer levels (female)

Hgb <12.0 g/dL and/orHet < 36.1% Hgb >12.0 g/dL and/or Het 36.1-44.3%
Anemic Non-anemic
sFer < 20 ng/mL sFer20-150 ng/mL sFer < 20 ng/mL sFer20-150 ngfmL
ID-A Anemic NA-ID Normal
v v
sFer > 150 ng/mL
Overload

(Source: Adapted from Pasricha et al. 2010)
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Figure 2.1b Iron deficiency assessment using Hgb, Hct, and sFer levels (male)

Hgb <13.0 g/dL and/or Het < 40.7% Hgb >13.0 g/dL and/or Het 40.7-50.3%
Anemic Non-anemic
sFer < 20 ng/mL sFer20-300 ng/mL sFer < 20 ng/mL sFer20-300 ngfmL
ID-A Anemic NA.ID Normal
v v
sFer > 300 ng/mL
Overload

(Source: Adapted from Pasricha et al. 2010)

Clinical

Clinical measurements made at participant appointments included the following:
blood pressure (BP), heart rate (HR), ear temperature, palm color, last physical activity
(PA) prior to the appointment (when and what type of activity), and overall PA level.

Systolic BP and ear temperature were categorized into two groups: < and > 105
mmHg, and < and > 37.2 C or 99.0 F respectively. One-hundred five mmHg was chosen
as the cut-off value based on an association that was observed with sFer concentration.

Beta-carotene (B-carotene) levels of the participants were gauged by estimating
the orange-ness of the participants’ palm color. B-carotene cannot be broken down
efficiently in the absence of cytochrome P450, an iron-dependent enzyme; hence palm
color may be a useful screening tool for iron deficiency. Paint samples from Pittsburgh
Paint Glass (PPG) Architectural finishes, Inc. and Benjamin Moore Color Preview were
used as a color assessment tool for palm colors. Participants were assigned a shade from a
total of 10 nude, pink, and orange paint samples (Table 2.1) that best matched their palm

color.
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The participants self-determined their physical activity (PA) level by choosing
one of the following columns: 1) sedentary; 2) low active; 3) active; and 4) very active. A
description of each level was provided to the participants (see Appendix G). Each
category has an assigned numerical value, which was used to calculate the participants’
estimated energy requirement (EER).

Blood pressure and heart rate were measured using the Omron R7 wrist blood
pressure monitor (Omron Healthcare Inc., Lake Forest, IL). Both measurements were
taken after the participant had been sitting for at least five minutes. Body temperature
was measured using a digital ear thermometer (Braun Thermoscan, The Proctor &

Gamble Co, Cincinnati, OH).

Table 2.1 Categorization of paint color samples (listed in order of color intensity)

Paint Sample Colors Color Tone
1. Peach cloud Non-orange
2. Light salmon Non-orange
3. Pale oats Orange
4. Creamy orange Orange
5. Malibu peach Non-orange
6. Peach blossom Orange
7. Peach cobbler Orange
8. Adobe dust Orange
9. Soft salmon Non-orange
10. Cranapple Non-orange

Data Analysis

Statistical analyses were carried out by using JMP 9 Pro for WINDOWS. Chi-
square and Fisher’s Exact test were used to test for associations between iron status
categories (Normal/NA-1D/ID-A/A) and categorical variables such as palm color and

ethnicity. An ANOVA was used to compare values of continuous variables, such as
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systolic BP and total number of symptoms, across iron status categories. If the results of
the ANOVA tests were significant, a Tukey-Kramer test was used to for multiple
comparisons between all pairs of means. Pearson’s correlation was used to determine the
relationship between biomarkers (Hgb/Hct/sFer) and continuous variables such as ear
temperature, BP, and HR. The results were combined to determine the prevalence of
signs and symptoms at particular sFer concentrations. The associations were considered
significant at the level of p < 0.05.

Questionnaire variables

Variables from the general questionnaire were analyzed on JMP 9 Pro to observe
the overall characteristics of our sample population. Simple statistics (mean, standard
error, range, %) were calculated, and a chi-square test was performed on the variables to
find statistically significant associations with iron status. Lifestyle and dietary-habit
related variables from the questionnaire were also analyzed with respect to iron status
using the chi-square test.

Anthropometric and clinical variables

Anthropometric and clinical indices of the participants that were collected at the
appointment were tested using JMP 9 Pro for correlations with iron status and sFer
concentration.

Signs and symptoms

Signs and symptoms data from the questionnaire were analyzed with JMP 9 Pro
to find any associations between the variables and iron status. The variables on the

Symptoms Questionnaire also were analyzed by groups, according to the physiological
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system to which the symptom is related. The symptoms were grouped as shown in Table

2.2.

Table 2.2 Symptoms grouped by physiological systems and/or function

Group

Symptoms

Fatigue/Exhaustion

Sleep

Sleep + Obsessive
compulsive disorder

Headaches/Migraines
Skin

Food Cravings by energy
Thirst

Emotions
Depression

Obsessive Compulsive

Disorder (OCD)
Gl issues

Memory

Weight gain

Hair

Fatigue, exhaustion, dizziness, shortness of breath,
weakness, decreased work ability, sensation of heart
palpitations

Wake up often, increased fatigue with more sleep, more tired
after eating, trouble falling asleep

Wake up often, increased fatigue with more sleep, more tired
after eating, trouble falling asleep, mind races keeping you
awake, obsessive/compulsive tendencies

Headaches, migraines

Pale complexion, acne or skin changed, moles/freckles are
lighter in color, psoriasis, rashes/hives, bruise easily, heal
slowly, cracks at lip corners, other skin problems

Frequent starving sensation, sweet tooth (craves sugar/fruit),
craves carbohydrates

Craves salt, frequently or always thirsty, dark pink nails,
drylitchy eyes

Cry easily, easy to anger, stressed and/or moody

Lost interest in doing things, depressed and/or sad, anti-
anxiety medication, antidepressant medication

Mind races keeping you awake, obsessive/compulsive
tendencies

Heartburn symptoms or GERD, hemorrhoids, frequent or
urgent urination, diarrhea, lactose intolerance, gluten
intolerance

Decreased short-term memory, decreased long-term
memory, decreased alertness/concentration, ADHD/ADD
tendencies, poor or decreased math ability

Gaining weight, gaining fat, increased waistline fat, can’t lose
weight (even with exercise)

Hair thinning, hair graying, lots of hair in the brush or shower

Grouping Signs and Symptoms

JMP 9 Pro’s partition platform was used to find relationships between the signs

and symptoms on the symptoms questionnaire and sFer concentration. Among the group

of variables that best predict sFer based on the partition platform, variables with

etiological association with iron were selected. One female participant with iron overload
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(sFer =180 ng/mL) (World Health Organization 2001) was excluded from the data
analysis to prevent a skewed analysis (n = 64). The predictability of sFer concentration
by the group of variables was assessed using a Pearson’s correlation. Sensitivity and
specificity of the group of variables were determined.

Additionally, non-sign/non-symptomatic variables (such as variables from the
General Questionnaire) were graphed against sFer concentration. Variables that produced
positively skewed graphs were added to the group of variables produced by JMP 9 Pro to
see whether this group of variables improved sensitivity and specificity. Lastly, the
sensitivity and specificity of the group of variables was measured excluding the anemic

participants (ID-A and A).
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RESULTS
Description of the Participants
One hundred and two college-age participants enrolled in the study, of which 67
were female and 35 were male. Two female participants were eliminated during the
analysis process due to failure to follow questionnaire and diet record instructions,

leaving 65 female participants.

Anthropometric Assessment

Anthropometric characteristics of the sample in this study are presented in Table
2.3. There were no unusual observations in the anthropometric measurements The mean
BMI for male participants was not proportional to the mean % body fat, indicating that
some male participants with high BMI may have had high muscle mass and low % body
fat.

There were no statistically significant correlations between anthropometric

measurements and sFer concentration.
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Table 2.3 Anthropometric characteristics

Female (n=65) Male (n=35)
Characteristics Mean SE Range Mean SE Range
Age 26 0.86 18-47 27 0.91 20-49
Height (cm) 162.8 0.31 146.1-175.3 175.5 0.41  165.9-186.7
Height (in) 64.1 0.12 57.5-69.0 69.1 0.16 65.3-73.5
Weight (kg) 60.1 2.56 43.9-85.9 76.2 4.56 57.5-109.7
Weight (Ibs) 132.5 5.64 96.8-189.4 168.0 10.05 126.8-241.8
BMI 22.6 0.39 16.1-34.1 24.7 0.57 19.0-34.2
Body fat (%) 25.1 0.91 7.6-41.3 12.8 1.16 3.3-34.8
Waist circumference 74.2 0.95 53.9-96.5 82.0 1.28 70-103.5
(cm)
Waist circumference 29.2 0.37 21.2-38.0 32.3 0.50 27.6-40.7
(in)
Hip circumference 89.2 0.90 71.5-113 90.7 0.96 81-108.5
(cm)
Hip circumference 35.1 0.35 28.1-44.5 35.7 0.38 31.9-42.7
(in)
Waist-to-hip ratio 0.83 0.01 0.75-0.98 0.90 0.01 0.8-1.02

Iron Status

Thirty female participants and 13 male participants had Hgb below normal range

(<12 g/dL and < 13 g/dL for female and male respectively). Only four females and three

males had below normal Hct values (< 36.1% and < 40.7% for female and male

respectively), of these two female and three male participants also had Hgb below normal

ranges. Seventeen female participants and one male participant had sFer concentration

less than or equal to the sFer cut-off value (20 ng/mL). Iron status of the participants

categorized based on the three biomarkers (Hgb, Hct, and sFer) is shown in Table 2.4.

Overall, more than half of the female participants were either iron-deficient,

anemic, or both. A very large percentage (37%) of male participants was anemic, and of

these, 38% were blood donors. Seven female participants and no male participants were

NA-ID (sFer <20 ng/mL).
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Significant positive correlations were observed between Hgb and Hct for both

male (r = 0.50, p < 0.01) and female (r = 0.44, p < 0.001) participants,

sFer and Hgb or sFer and Hct.

Table 2.4 Iron status assessment results

but not between

Iron status Female (n=65) Male (n=35)

Iron overload 1 (2%) 2 (6%)
High sFer (> 150 ng/mL, females; > 300 ng/mL, males)

Normal 26 (40%) 20 (57%)
Normal Hgb/Hct/sFer

Non-Anemic Iron Deficiency (NA-ID) 7 (11%) 0 (0%)
Normal Hgb/Hct & low sFer

Anemic 21 (32%) 12 (34%)
Low Hgb and/or Hct & normal sFer

Iron Deficiency Anemia (ID-A) 10 (15%) 1 (3%)

Low Hgb and/or Hct & low sFer

Clinical Assessment

Clinical assessments are summarized in Table 2.5.

Table 2.5 Clinical Characteristics

Female (n=65) Male (n=35)
Characteristics Mean SE Range Mean SE Range
Ear temperature (C) 37.1 0.08 36.2-37.8 36.9 0.10 36.2-37.7
Ear temperature (F) 98.8 97.2-100.1 98.4 97.2-99.8
BP systolic (mmHg) 110.9 1.38 89-155 117.1 2.16 95-152
BP diastolic (mmHQ) 69.3 1.11 55-101 73.3 1.32 52-91
Resting HR (bpm) 72.5 1.80 45-120 67.4 1.83 49-93
Hrs of sleep (hrs/d) 7.4 0.15 4.5-12 7.4 0.15 5.5-9.5

Ear Temperature

Normal body temperature ranges from 36.2 C to 37.6 C (97.2t0 99.7 F)

(Memmler and Wood 1977). There were two female participants with slightly above

50



normal ear temperature (37.8 C or 100.0 F). These female participants had blood values
within the normal range and no other apparent abnormalities.

Blood Pressure

The average systolic BP is around 120 mmHg (Memmler and Wood 1977).
Systolic BP equal to or greater than 130 mmHg was observed in five participants (two
females, three males). Conversely, there were nine participants (six females, three males)
with systolic BP less than 100 mmHg. All six female participants with low systolic BP
were underweight or borderline underweight based on % body fat and BMI (Table 2.6).
However, the correlations between systolic BP and % body fat or BMI of the overall
female participants were not significant. Systolic BP also was not significantly associated
with other anthropometric and clinical measurements, sFer concentration, or iron status.

No associations were observed among systolic BP and iron status for male

participants.

Table 2.6 Female participants with low systolic BP (< 100 mmHg) by BMI and % body fat

Mean Range
Systolic BP (mmHg) 94+1.4 89-97
BMI 201 +1.1 16.1-23.4
% Body Fat 17.9+23 8.6-23.2

Heart Rate (HR)

Normal resting HR is between 60 and 100 bpm (Memmler and Wood 1977),
however, well-trained athletes can have a HR as low as 40 bpm. One non-athlete female
participant had a resting HR of 46 bpm. The participant had sFer concentration within

normal ranges, however, her Hgb value presented at an anemic level (< 12.0 g/dL,
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female). The total number of signs and symptoms from the questionnaire was fewer than
10, and all anthropometric and clinical measurements appeared normal.

Conversely, there was one anemic female participant (Hgb < 12.0 g/dL or Hct <
36.1%) that had an extremely high resting HR of 120 bpm, which may be a result of
hemoconcentration caused by dehydration. The participant checked off thirst and other
thirst-related symptoms (eg. dizziness, sensation of heart palpitations, and more tired
after eating) in the Symptoms Questionnaire, indicating a possibility of dehydration that
contributed to elevating the HR.

No abnormalities were observed among male participants.

Hours of Sleep

The average hours of sleep for female and male participants were not different.
One female participant slept for 12 hours daily. This participant was anemic (Hgb < 12.0
g/dL or Hct < 36%), and she also had the highest number of signs and symptoms, some
of which included fatigue, and decreased ability to work.

Conversely, there were seven participants (five females, two males) that slept less
than six hours per day. All of these participants had normal iron status except for two
female participants (one anemic and one NA-ID), and one anemic male participant.

Overall, no significant association was found between hours of sleep and iron
status for both female and male participants.

Palm Color

A large number of both female and male participants had orange-colored palms
(Table 2.7a and 2.7b). The mean sFer concentration of the orange-palmed participants

did not differ from that of non-orange palmed participants.

52



Table 2.7a Palm color for females (n = 63)

Normal (n =26) NA-ID (n =7) ID-A (n = 10) A(n=21) Overload (n =1)
N % N % N % N % N %
Palm Color*
Orange 10 40 4 57 2 20 9 45 1 100
Non-orange 15 60 3 43 8 80 11 55 0 0
*One normal and one anemic participant data missing (n=63)
Table 2.7b Palm Color for males (n = 35)
Normal (n =20) NA-ID (n =0) ID-A (n=1) A(n=12) Overload (n = 2)
N % N % N % N % N %
Palm Color
Orange 12 60 0 0 1 100 8 67 1 50
Non-orange 8 40 0 0 0 0 4 33 1 50

53



Clinical Assessment by Iron Status

Table 2.8a (female) and 2.8b (male) present the anthropometric and clinical
assessments according to iron status. The mean value of every characteristic was
relatively consistent across the different iron status groups in the female category with the
exception of BMI and % body fat, both of which were the highest in the NA-ID group
compared to the other iron status groups. However, none of the anthropometric and
clinical variables were significantly associated with iron status. Correlations between the
variables and sFer concentration were also not significant.

Associations were not tested for male participants due to the absence of NA-ID

participants and a lack of ID-A participants (n = 1).
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Table 2.8a Subject characteristics by iron status (female)

Female (n = 65)

Age

Height (cm)

Height (in)

Weight (kg)

Weight (Ibs)

BMI

Body fat (%)

Waist circumference (cm)
Waist circumference (in)
Hip circumference (cm)
Hip circumference (in)
Waist-to-hip ratio

Ear Temp (C)

Ear Temp (F)

BP (systolic)

BP (diastolic)

Resting HR (bpm)

Hrs of sleep (hrs/d)

Normal (n = 26) NA-ID (n=7) ID-A (n=10) A(n=21) Overload (n=1)
Mean SE Range Mean SE Range Mean SE Range Mean SE Range Mean SE Range
25 0.7 18-35 24 14 20-31 29 34 18-47 27 1.8 19-47 27
1618 04 14991715 1631 08 158.2-172.7 1626 0.7 1524-1715 1648 0.7 146.1-175.3 1524
637 02 59.0675 642 03 623700 640 03 600675 649 03 57569.0 600
502 42 4397190 645 106 48389 601 63 520746 607 38 474770 456
1305 9.3 96.8-1742 1422 234 106.5-189.4 1325 139 114.6-1645 1338 84 104.5-169.8 100.5
26 06 161293 244 20 18-34.1 227 09 196278 223 05 192278 196
253 1.6 8.6-39.1 294 28 198413 250 21 17.8-365 243 12  135-358 7.6
746 18 539965 784 38 65-93.5 733 19 645835 735 10 64.0-820 640
294 07 212380 309 15 256368 289 07 254-329 289 04 252-323 252
84 15 7151020 917 44 7901130 902 19 80.0-1000 892 1.1 80-99.0 79.0
348 06 281402 361 1.7 311445 35 07 315394 351 04 315390 311
084 001 075098 086 002 0.8-0.91 081 001 076087 083 0.01 075089 0.1
372 01 369378 373 0.1 36.9-376 369 02 362374 370 01 364374 372
99 322 984-1001 991 322 984-996 984 324 972993 986 322 97.5-994 99
112 25 91-155 104 3.0 89-114 110 27 100-129 11 20 96-131 140
69 2.0 55-101 66 24 58-77 69 2.2 57-81 69 15 57-83 95
73 2.6 51-102 72 5.1 53-93 68 4.2 52-90 73 3.8 45-120 73
73 02 4.5-10 74 04 5.5-9 74 03 6-8.5 76 03 4.5-12 6.5
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Table 2.8b Subject characteristics by iron status (male)

Male (n = 35)
Normal (n = 20) NA-ID (n=0) ID-A(n=1) A(n=12) Overload (n=2)

Mean SE Range Mean SE Range Mean SE Range Mean SE Range Mean SE Range
Age 210 14 20-49 - - - 210 - - 260 13 22-38 305 15 29-32
Height (cm) 1748 05 165.9-1854 - - - 1791 - - 1770 07 166.4-186.7 1765 25 170.2-182.9
Height (in) 688 02 65.3-73.0 - - - 705 - - 697 03 655735 695 1.0 67.0-720
Weight (kg) 757 7.0 57.5-109.7 - - - 808 - - 767 65 613949 817 130 758876
Weight (Ibs) 166.9 154 126.8-241.8 - - - 1781 - - 169.1 143 135.1-209.2 180.2 28.7 167.1-193.1
BMI 247 09 19-34.2 - - - 262 - - 245 08 206-286 262 0.01 26.2
Body fat (%) 114 10 5.9-22.7 - - - 348 - - 128 22 3.3-31.7 164 08  15.6-17.1
Waist circumference (cm) 826 1.8  70.0-103.5 - - - 800 - - 807 22 7101010 865 05 86.0-87.0
Waist circumference (in) 325 0.7  27.6-40.7 - - - 315 - - 318 09 28.0-398 340 02 339-343
Hip circumference (cm) 91.0 14 81.0-108.5 - - - 895 - - 90.7 17 8151010 910 25 885935
Hip circumference (in) 358 06 319427 - - - 352 - - 357 07 321-398 358 10 34.8-36.8
Waist-to-hip ratio 091 001 0.80-0.99 - - - 089 - - 089 002 083102 095 003 0.92-0.98
Ear Temp (C) 36.8 0.1 362377 - - - 376 - - 371 01 366-37.7 368 06 364-371
Ear Temp (F) 982 322 97.2-99.9 - - - 9.7 - - 987 322 979998 982 331 975-98.8
BP systolic (mmHg) 116 29 95-144 - - - "r - - 119 39 101-152 113 7.0 106-120
BP diastolic (mmHg) 73 20 52-91 - - - 7 - - 73 1.9 65-84 775 55 72-83
Resting HR (bpm) 69 25 53-93 - - - 69 - - 65 34 49-86 605 55 55-66
Hrs of sleep (hrs/d) 75 02 6-9.5 - - - 7 - - 74 02 5.5-9 58 03 5.5-6
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Questionnaire Outcomes

A summary of the questionnaire data is presented in Table 2.9a (female) and 2.9b
(male).

Body/Self-image

All six female participants that perceived themselves as “unhealthy” had sFer
concentrations lower than 35 ng/mL. Low sFer (< 20 ng/mL) participants were more
likely to perceive themselves as being “unhealthy” (n = 64; overload participant omitted:;
p < 0.05). “Healthy” and “healthy part-time” did not present any particular trend in
relation to sFer concentration.

Physical Activity Level

According to the description for the levels of PA provided to the participants (see
Appendix G), the average level of PA for female and male participants was between low
active and active.

Using the Fisher’s Exact test, the PA level categories (see Appendix G) of the
participants did not differ across the iron status categories for both females (n = 64;
omitted overload participant; p = 0.3) and males (n = 33; omitted two overload
participants; p = 0.2).

Ethnicity

The participants in this study were mainly Caucasian, Asian, and mixed race with
a small number of Pacific Islanders, Blacks, and Hispanics. No significant associations

were observed between ethnicity and iron status for both female and male participants.
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Major

There were 15 female and eight male nutrition major participants. Among the
female participants, nutrition majors had the lowest mean sFer concentration (31 ng/mL)
in comparison to health professionals (40 ng/mL), others (36 ng/mL) and the non-
students (47 ng/mL,; overload participant omitted). However, there were no significant
associations across majors in sFer concentration.

No associations were observed among male participants.
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Table 2.9a Questionnaire data for females (n = 65)

59

Normal (n =26) NA-ID (n =7) ID-A (n = 10) A(n=21) Overload (n =1)
N % N % N % N % N %
Body/self-image
Healthy 10 38 3 43 7 70 11 52 0 0
Unhealthy 2 8 3 43 1 10 0 0 0 0
Healthy part-time 15 58 3 43 3 30 11 52 1 100
Underweight 1 4 1 14 0 0 1 5 0 0
Overweight 5 19 4 57 3 30 2 10 0 0
Normal weight 16 62 3 43 6 60 18 86 1 100
Confident 6 23 1 14 3 30 5 24 1 100
Low self-esteem 4 15 2 29 1 10 6 29 0 0
Comfortable with body 13 50 4 57 7 70 14 67 1 100
Hrs/wk of PA
0 hrs/wk 1 4 1 14 1 10 0 0 0 0
1-5 hrs/wk 12 46 3 43 2 20 6 29 1 100
6-10 hrs/wk 12 46 1 14 2 20 10 48 0 0
11-15 hrs/wk 1 4 1 14 1 10 4 19 0 0
16-20 hrs/wk 0 0 0 0 3 30 1 5 0 0
> 20 hrs/wk 0 0 0 0 1 10 0 0 0 0
Ethnicity*
Caucasian 7 28 3 43 4 40 12 57 0 0
Asian 9 36 1 14 5 50 5 24 1 100
Mixed 5 20 3 43 1 10 3 14 0 0
Pacific Islander 2 8 0 0 0 0 0 0 0 0
Black 1 4 0 0 0 0 1 5 0 0
Hispanic 1 4 0 0 0 0 0 0 0 0
Major
Nutrition 5 19 2 29 2 20 6 29 0 0
Health professional** 4 15 0 0 2 20 3 14 0 0
Others*** 11 42 4 57 5 50 9 43 0 0
Non-students 6 23 1 14 1 10 3 14 1 100

*One normal participant data missing (n = 64)
**Includes: pre-medicine, medicine, nursing, public health, kinesiology, and psychology
***All other majors and unclassified



Table 2.9b Questionnaire data for males (n = 35)
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Normal (n =20) NA-ID (n = 0) ID-A(n=1) A(n=12) Overload (n = 2)
N % N % N % N % N %
Body/self-image
Healthy 18 90 0 0 1 100 9 75 2 100
Unhealthy 1 5 0 0 0 0 0 0 0 0
Healthy part-time 1 5 0 0 0 0 5 42 0 0
Underweight 1 5 0 0 0 0 1 8 0 0
Overweight 3 15 0 0 0 0 2 17 1 50
Normal weight 11 55 0 0 1 100 9 75 1 50
Confident 6 30 0 0 0 0 7 58 2 100
Low self-esteem 2 10 0 0 0 0 1 8 0 0
Comfortable with body 10 50 0 0 1 100 9 75 1 50
Hrs/wk of PA*
0 hrs/wk 1 5 0 0 0 0 0 0 0 0
1-5 hrs/wk 9 45 0 0 0 0 1 8 1 50
6-10 hrs/wk 5 25 0 0 1 100 6 50 0 0
11-15 hrs/wk 4 20 0 0 0 0 4 33 0 0
16-20 hrs/wk 0 0 0 0 0 0 1 8 0 0
> 20 hrs/wk 1 5 0 0 0 0 0 0 0 0
Ethnicity
Caucasian 6 30 0 0 0 0 4 33 0 0
Asian 6 30 0 0 1 100 4 33 0 0
Mixed 4 20 0 0 0 0 3 25 0 0
Pacific Islander 3 15 0 0 0 0 1 8 1 50
Black 0 0 0 0 0 0 0 0 1 50
Hispanic 1 5 0 0 0 0 0 0 0 0
Major
Nutrition 5 25 0 0 1 100 2 17 0 0
Health professional** 2 10 0 0 0 0 2 17 0 0
Others*** 8 40 0 0 0 0 4 33 1 50
Non-students 5 25 0 0 0 0 4 33 1 50

*One overload participant data missing (n = 34)
**|ncludes: pre-med, med, nursing, public health, kinesiology, and psychology
***All other majors and unclassified students



Dietary Habits

Dietary data obtained from the questionnaires are presented in Table 2.11a
(female) and 2.11b (male).

Eating habits

A chi-square test was used to determine whether there were significant
differences in questionnaire responses between the iron deficient (sFer < 20 ng/mL) and
non-iron deficient participants. A significant difference among female participants was
found for the following variables: “eat a wide variety of foods,” “count kcals,” and
“consume low-fat” (p < 0.05); iron deficient participants were less likely to eat a wide
variety of foods and more likely to count kcals and consume low fat than non-iron-
deficient participants. The remaining variables concerning eating habits did not have any
significant association with sFer concentration.

There were no statistically significant associations between any of the variables
and iron status among male participants.

Non-heme diet

Based on General Questionnaire responses, there were 17 and three “primarily
vegetarian,” three and two “vegetarian,” and two and one “vegan” female and male
participants, respectively. There was no association between heme-consumption and sFer
concentration for females (n = 64; overload participant omitted; p = 0.2). Non-heme
eaters had a significantly lower sFer concentration among male participants (n = 33; two
overload participants omitted; p = 0.03).

Data from the FFQ was not consistent with that of the general questionnaire

“dietary habits” section (Table 2.10). Based on the FFQ analysis, 30 females and eight
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males were vegetarian or functionally vegetarian (equivalent to ‘primarily vegetarian’;
very rarely consuming animal flesh or animal products in general). The association
between iron status categories and dietary heme intake was not significant regardless of
whether data from the General Questionnaire or the FFQ (p = 0.5 for females, p = 0.2 for

males) were used.

Table 2.10 Non-heme diet data on General Questionnaire and FFQ

General Questionnaire FFQ

Non-heme diet 28 (22 females, 6 males) 38 (30 females, 8 males)

Iron supplementation
There were participants from all iron status categories that took iron-containing
supplements. No significant associations were found between iron-containing

supplementation and iron status for either female or male participants.
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Table 2.11a Dietary data from the General Questionnaire for females (n = 65)

Normal (n =26) NA-ID (n=7) ID-A (n =10) A(n=21) Overload (n =1)
N % N % N % N % N %
Eating habits
Eat breakfast 20 77 6 86 10 100 17 81 1 100
Eat lunch 24 92 7 100 10 100 18 86 1 100
Eat dinner 24 92 7 100 10 100 20 95 1 100
Snack in place of meals 8 31 2 29 3 30 5 24 0 0
Eat >3 meals/day 7 27 5 71 5 50 9 43 0 0
Eat wide variety of foods 21 81 3 43 6 60 17 81 1 100
Avoid vegetables 0 0 0 0 1 10 0 0 0 0
Count kcals 2 8 3 43 3 30 4 19 0 0
Restrict kcals frequently 3 12 0 0 1 10 2 10 0 0
Consume low-fat foods 3 12 3 43 5 50 5 24 1 100
Vegetarianism
Primarily vegetarian 12 46 2 29 2 20 1 5 0 0
Vegetarian 2 8 0 0 0 0 1 5 0 0
Vegan 1 4 1 14 0 0 0 0 0
Takes iron-containing
supplements
No 15 58 2 29 5 50 16 76 1 100
Rarely or low dosage 1 4 1 14 0 0 0 0 0 0
Yes 5 19 3 43 5 50 4 19 0 0
Unknown 5 19 1 14 0 0 1 5 0 0
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Table 2.11b Dietary data from the General Questionnaire for males (n = 35)
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Normal (n = 20) NA-ID (n = 0) ID-A(n=1) A(n=12) Overload (n = 2)
N % N % N % N % N %
Eating habits
Eat breakfast 14 70 0 0 1 100 11 92 2 100
Eat lunch 18 90 0 0 1 100 11 92 2 100
Eat dinner 19 95 0 0 1 100 11 92 2 100
Snack in place of meals 4 20 0 0 0 0 1 8 0 0
Eat >3 meals/day 6 30 0 0 0 0 8 62 0 0
Eat wide variety of foods 14 70 0 0 1 100 12 100 2 100
Avoid vegetables 3 15 0 0 0 0 0 0 0 0
Count kcals 2 10 0 0 0 0 1 8 0 0
Restrict kcals frequently 2 10 0 0 0 0 1 8 0 0
Consume low-fat foods 2 10 0 0 0 0 4 33 0 0
Vegetarianism
Primarily vegetarian 1 5 0 0 0 0 2 17 0 0
Vegetarian 2 10 0 0 0 0 0 0 0 0
Vegan 1 5 0 0 0 0 0 0 0 0
Takes iron-containing
supplements
No 15 75 0 0 0 0 7 58 2 100
Rarely or low dosage 0 0 0 0 0 0 0 0 0 0
Yes 3 15 0 0 1 100 3 25 0 0
Unknown 2 10 0 0 0 0 2 17 0 0




24-Hour Diet Record

Table 2.12 presents the estimated energy balance for the 24 hours prior to the
blood test for each iron status group. Based on the EER and 24-hour diet record, almost
half (48%) of the female participants and 34% of male participants had a negative energy
balance (> -100 kcal/day deficit). Negative energy balance can result in a false-high sFer

concentration (Cade et al. 2005), and this can lead to iron status category misplacement.

Table 2.12 Iron status based on energy balance

Energy Balance Normal NA-ID A ID-A Overload
(26 F,20M) (7F,0M) (21F,12M) (10F,1M) (1F,2M)
Even/positive F 11 (42%) 4 (57%) 12 (57%) 6 (60%) 1 (100%)
M 12 (60%) 0 (0%) 8 (67%) 1 (100%) 2 (100%)
Negative F 15 (58%) 3 (43%) 9 (43%) 4 (40%) 0 (0%)
M 8 (40%) 0 (0%) 4 (33%) 0 (0%) 0 (0%)

Alcohol consumption within 24 hours of the blood test was observed in 11 female
and seven male participants, of which two females and two males drank three or more
drinks. Excluding the four participants that consumed three or more drinks prior to the
blood test did not affect the results. Two of these participants had sFer concentrations
above normal ranges. Alcohol consumption may have contributed to elevated sFer

concentrations.

Signs and Symptoms
Number of Signs and Symptoms
There were a total of 101 variables that were considered a potential sign or

symptom of iron deficiency for male participants. Female participants had a total of 106
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variables due to additional variables in the “female only” section of the Symptoms
Questionnaire (see Appendix E). The total number of signs and symptoms was not
normally distributed.

Signs and symptoms were observed among participants in all iron status
categories in both gender groups (Table 2.13a and 2.13b). The total number of symptoms
were categorized into: 0-5 symptoms, 6-10 symptoms, 11-15 symptoms, 16-20 symptoms,
20-25 symptoms, and > 26 symptoms for female participants, and 0-5 symptoms, 6-10
symptoms, > 11 symptoms for male participants. Fisher’s Exact test was used to test the
association between the total number of symptoms and iron status categories. There were
no differences in the total number of signs and symptoms among iron status categories
for both female (n = 64; omitted overload participant; p = 0.4) and male (n = 33; omitted
two overload participants; p = 0.5) participants.

The correlation between sFer concentration, Hgb, and Hct, and the total number

of signs and symptoms was not significant for either female or male participants.
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Table 2.13a Total number of signs and symptoms (female)

Female (n = 65)

Normal (n = 26) NA-ID (n=7) ID-A (n =10) A(n=21) Overload (n =1)
Mean SE Range @ Mean SE Range Mean SE Range Mean SE Range Mean SE Range
(Tn°t=a'1§é?“s &Symptoms 4, 15 128 2 44 10-39 16 17 8-24 17 271 1-43 3 -
Table 2.13b Total number of signs and symptoms (male)
Male (n = 35)
Normal (n = 20) NA-ID (n=0) ID-A (n=1) A(n=12) Overload (n =2)
Mean SE Range Mean SE Range Mean SE Range Mean SE Range Mean SE Range
Total Signs & Symptoms ;45 g9 -0 - 10 29 040 705 67

(n=101)
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Grouping Signs and Symptoms

Females

Grouping signs and symptoms variables

The partition platform on JMP 9 Pro was used to identify a group of sign and
symptom variables that best predicted low sFer concentration based on the collected data.
From the list of predictive variables, seven signs and symptoms that have been associated
with iron deficiency in previous studies were selected. The variables included:
constipation, can’t lose weight with exercise, cold when others are not, RLS, low systolic
BP (< 105 mmHg), depressed/sad, sweet tooth, and depressed. The total number of
symptoms per participant from this seven-variable group was negatively correlated with
sFer (n = 64; iron overload participant omitted; r = -0.34; p = 0.006).

Combining non-signs/non-symptoms variables with signs and symptoms variables

Each of the non-signs/non-symptoms variables that were collected from the
participants via questionnaires were graphed against sFer concentration. The two
variables that produced positively skewed graphs included “unhealthy” self-image, and
non-heme eaters (vegetarian/partially vegetarian/vegan). Adding “unhealthy” self-image
and non-heme eaters to the seven variables group improved the correlation (r = -0.40; p <
0.0008). Figure 2.2 shows the nine variables in relation to sFer concentration.

Males

A group was not produced for male participants due to a lack of participants with

low sFer concentration.
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Figure 2.2 Individual variables in relation to sFer concentration
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Sensitivity and Specificity

All female participants (n = 64; overload participant omitted)

The number of signs and symptoms per participant from the group of variables
needed to produce the highest sensitivity and specificity was identified via trial and error.
This cut-off was determined to be two or more signs and symptoms checked off from the
group of variables (Table 2.14). The sensitivity and specificity for two or more signs and
symptoms from the seven-variable group were 76% and 62%, respectively. A chi-square
test determined that the association between having two or more signs and symptoms
from the group of seven variables and iron status was significant (n = 64; overload
participant omitted; p < 0.05). The addition of two signs and symptom variables resulted
in a sensitivity and specificity for determining iron deficiency (sFer < 20 ng/mL) of 76%

and 45%, respectively.

Table 2.14 Sensitivity and specificity of variable groups and sFer concentration for all
female participants (n = 64)

< 2variable > 2 variables Total

Seven-variable group:
Constipation, can’t lose weight with exercise, cold when others are not, RLS, low systolic BP
(< 105 mmHg), depressed/sad, and sweet tooth.

Iron deficient (sFer < 20 ng/mL) 4 13 17
Normal (sFer > 20 ng/mL) 29 19 47

Nine-variable group:
Constipation, can’t lose weight with exercise, cold when others are not, RLS, low systolic BP
(< 105 mmHgq), depressed/sad, sweet tooth, “unhealthy,” and non-heme eaters.

Iron deficient (sFer < 20 ng/mL) 4 13 17
Normal (sFer > 20 ng/mL) 21 26 27

72



Non-anemic female participants (n = 33)
The sensitivity and specificity using two or more signs and symptoms from the
seven-variable group improved to 86% and 62% respectively, when the anemic

participants were excluded from the calculation (Table 2.15).

Table 2.15 Sensitivity and specificity of the seven-variable group and sFer
concentration for non-anemic female participants (n = 33)

< 2variable > 2 variables Total

Seven-variable group:
Constipation, can’t lose weight with exercise, cold when others are not, RLS, low systolic BP
(< 105 mmHg), depressed/sad, and sweet tooth.

Iron deficient (sFer < 20 ng/mL) 1 6 7
Normal (sFer > 20 ng/mL) 16 10 26
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DISCUSSION

Anthropometric Differences

According to the National Health Statistics Report (Center of Disease Control and
Prevention 2008), the participants in this group were slimmer on average than the general
population. The average heights of the male and female participants were within 0.3
inches of that in the report, but the average weight, BMI, and waist circumference were
significantly lower (Table 2.16). This may be due to the larger percentage of participants
of Asian ethnicity in the study compared to the population assessed in the National
Health Statistics Report. Asians tend to have smaller bone size compared to other
ethnicities, therefore this may have resulted in lowering the average weight, BMI, and
waist circumference. The age range of the sample group from the NHSR was 20 years
and older, and the age range for this study was 18-49 years old. This difference in age

may also have contributed to the differences in measurements.

Table 2.16 Comparison of anthropometric measurement means between the sample group
and National Health Statistics Report (NHSR)

Female Male
Sample group  Report population Sample group Report population

Height (cm) 162.8 + 0.31 162.2 + 0.16 1755+ 041 176.3 + 0.17
Height (in) 64.1 +0.12 63.9 + 0.06 69.1 +0.16 69.4 + 0.07
Weight (kg) 60.1 + 2.56 74.7 + 0.53 76.2 + 4.56 88.3 +0.46
Weight (Ibs) 132.5+5.64 164.7 +1.17 168.0 + 10.05 194.7 + 1.01
BMI 22.6 +0.39 28.4 +0.19 24.7 + 0.57 28.4+0.14
Waist 74.2 + 0.95 94.1 +0.44 82.0+1.28 100.8 + 0.43
circumference (cm)

Waist 29.2 + 0.37 37.0+0.17 32.3+0.50 39.7 + 0.17

circumference (in)

Source: (Center of Disease Control and Prevention 2008)
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Prevalence of Iron Deficiency

The findings in this study show that iron deficiency (sFer < 20 ng/mL) can occur
in the absence of anemia. While a correlation was observed between Hgb and Hct, there
was no correlation between Hgb and sFer or Hct and sFer. This indicates that Hgb and
Hct cannot be used to estimate sFer concentration.

In this study, the count of NA-ID individuals shows that this state exists. The
prevalence of NA-ID among female participants in this study (11%) is consistent with the
literature, but the percentage of ID-A female participants (15%) is higher than the
previously suggested prevalence of 3-5% (Looker et al. 1997). This study may have had a
higher prevalence of iron deficiency than previous findings because the participant
recruitment information may have attracted participants concerned with their iron status.

There were no NA-ID male participants in this study. However, the percentage of
anemia among male participants (37%) was much higher than the estimated prevalence in
the United States (< 1%). The high percentage of anemia among male participants may
be a reflection of the high number participants that had donated blood in the past. Nine
male participants had donated blood, of which five were anemic. An annual donation
increases the iron requirement by 0.65 mg/day (Finch et al. 1977). Previous studies have
shown Hgb and sFer to decrease with blood donation. Low sFer concentration was not

observed among male participants, but this may have resulted from sFer elevating factors.
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Clinical Assessment

Ear Temperature

High ear temperature (> 37.8 C or > 100.0 F) was observed in two participants.
The participants’ ear temperature may have been elevated for several reasons: 1) there
wasn’t enough time to allow the participants to cool off before their temperatures were
taken; 2) the room temperature was too high; 3) anxiety of the participants may have
elevated their body temperature; and 4) participants may have been dehydrated, which
can also lead to increase in body temperature (Murray 1996).

Dehydration

Hydration level was not carefully monitored for this study, but the 24-hour diet
record indicates that many participants may not have been well-hydrated. Dehydration
can not only elevate body temperature, but it can also affect moods (Armstrong et al.
2012), and decrease BP and blood values such as Hgb and Hct as a result of
hemoconcentration (Patterson et al. 1995; Veldhuijzen Van Zanten et al. 2005).

Blood Pressure

Both low and high systolic BP was observed in our study. Some causes of low
systolic BP include medications (eg. for high BP, for depression), and hypoglycemia
(Andersson et al. 1988). High systolic BP can be caused by smoking (Godin et al. 2012),
obesity (Group 1997), stress (Rainforth et al. 2007), high sodium intake (Group 1997),
alcohol (Godin et al. 2012), and genetics (Doris 2011). Although statistically significant
associations were not found in this study, additional research with more controlled
conditions and a larger number of participants may provide a more complete

understanding of this relationship.
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Low systolic BP (< 105 mmHg) was observed in Asian nationals, particularly the
Japanese participants. There were 12 participants (seven females, four males) from
Japan), and almost two-thirds (five females, two males) had low systolic BP. This
outcome is not consistent with previous studies that claim the Japanese have the highest
prevalence of hypertension (Miura et al. 2010). Many of the Japanese participants had
low BMI and % body fat, which may have contributed to their low BP. The FFQ data
also indicated that many of the participants consumed a low protein diet, had low fluid
intake, and/or had a negative energy balance. All of these factors can potentially cause
low systolic BP. Despite the observed trend, there were not enough Japanese participants
in the study to make statistically significant associations.

Palm Color

The assessment of palm color did not result in any significant findings. However,
the method that was used to assess palm color was not the most fitting for our purpose. A
better assessment method of palm color is necessary for an accurate measure of the
association between sFer and orange-colored palms. One method is to use the Pharmanex
BioPhotonic Scanner (Nu Skin Enterprise, Inc., Provo, UT), a scanner that can

approximate total body antioxidant status by producing a skin carotenoid score.

Physical Activity

Unlike findings from previous studies (Beard and Tobin 2000), the prevalence of
iron deficiency among athletes and extremely active individuals was not higher than the
other participants in our study. PA level and hours of PA/week were self-claimed by the

participants; therefore the values are highly dependent on the participants’ interpretation.
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Participants that claim to be extremely active when their true PA level is not as high, or
extremely active participants that claim to only be mildly active can skew the data.
Another possible explanation is that hemolysis from previous exercise activities affected
the blood test results of the athlete participants. Although participants were asked not to
exercise vigorously for 24 hours prior to the blood test, inflammation and hemolysis can
continue for longer than 24 hours, especially if the intensity and duration of the exercise

is high (Peeling et al. 2009).

Unhealthy

According to the questionnaire, female participants with low sFer were more
likely to perceive themselves as being “unhealthy.” However, there were only six out of
65 female participants that checked off this variable on the questionnaire. A larger sample
size is required to see any association between this variable and iron status.

Interpretation of this variable is another factor that makes this variable difficult to
analyze. This variable was under the “body/self image” section of the questionnaire. The
ambiguity of the term “unhealthy” (ie. mental health, dietary health, self-esteem, etc.)

made the significance of our findings questionable.

Diet

Dietary habits

This study found that low sFer (< 20 ng/mL) female participants were less likely
to “eat a wide variety of foods,” and more likely to “count kcals” and “consume low fat

foods.” However, these variables were self-assessed by the participants, and we did not
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directly monitor their eating habits. To confirm the participants’ questionnaire answers, a
more extensive record of the participants’ eating habits would be needed. This could be
achieved by expanding the 24-hour diet record to a 3-day diet record, or expanding the
FFQ.

FFQ

We were unable to make accurate measurements of food frequency due to the
vague scale that we used on the questionnaire. Instead of using the terms daily, weekly,
monthly, rarely, and never, using a number scale may have allowed participants to report
their diet more precisely.

Non-heme diet

Unlike previous studies (Hunt 2003; Nelson et al. 1993), our data indicated that
meat consumption was not associated with iron status. This outcome may have been a
result of participant interpretations of the term “vegetarianism.” In our study, the General
Questionnaire and FFQ indicated different numbers of non-heme eaters. There were a
total of 28 non-heme eaters according to the General Questionnaire, but data from the
FFQ indicates that there were a total of 38 non-heme eaters. Stating a definition of
vegetarianism within the questionnaires may have clarified the participants’
understanding of vegetarianism and resulted in more consistent data.

Iron supplementation

Past studies have found improvement in Hgb and sFer concentration with iron
supplementation (Vaucher et al. 2012); however, our study did not find any statistically
significant association between iron supplements and iron status. In our study, the

frequency at which the supplements were taken, the form of iron in the supplement, or
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the time of day the supplement was taken were not identified. Iron supplements not taken
consistently, or with low absorbability (due to the form of iron consumed or inhibition by
other foods) may not improve iron status. Monitoring iron supplementation more

carefully may have resulted in significant findings.

Signs and Symptoms

Signs and symptoms were observed among all iron-status categories. Many of the
signs and symptoms can result from other conditions, as they are not specific to iron
deficiency (Eichner 2010). Although the difference in the total number of signs and
symptoms observed among iron status categories was not statistically significant, the
mean total number of signs and symptoms among female participants tended to be higher
in the NA-ID category (22 signs and symptoms) compared to other iron status categories

(3-17 signs and symptoms).

Grouping Signs and Symptoms

In our study, we found a seven-variable group and nine-variable group that can
predict iron deficiency (sFer < 20 ng/mL). This sensitivity and specificity increased to
86% and 62% respectively, when anemic participants were excluded from the calculation.
Using these groups of variables in the screening process for iron deficiency can help
identify individuals that may require blood testing beyond the basic Hgb and Hct test.
This may help minimize the cost of further testing, yet identify NA-ID individuals. The
sensitivity and specificity of these groups show that they are not perfect screening tools,

but they may improve the likelihood of a NA-ID individual being identified and treated.
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False-high sFer Concentration

Twenty-six percent of female participants and 3% of male participants had sFer
concentration lower than or equal to 20 ng/mL. However, some participants may have
had false-high sFer concentrations, and thus not been identified as iron deficient (sFer <
20 ng/mL). Because ferritin is an acute-phase protein, sFer concentrations can be
temporarily elevated above the individual’s baseline by numerous factors. Negative
energy balance (Cade et al. 2005), alcohol consumption (Alatalo et al. 2009) 24 hours
prior to the blood test, foot-strike hemolysis (Peeling et al. 2009), hemoconcentration
(Patterson et al. 2001), and infection and diseases (Kalantar-Zadeh et al. 2004) are some
of the factors that can elevate sFer concentrations. Consequently, some participants may
have been wrongly categorized as being not iron deficient (sFer > 20 ng/mL) in a simple
blood test.

Excluding all participants with potentially false-high sFer concentrations would
reduce the chances of inaccurate sFer values affecting our results; however, the sample
size would be too small to make any conclusions if we eliminated these participants.

Alternatively, measurements of CRP, a secondary marker of inflammation, can
help to identify individuals with sFer levels increased by inflammation. This, however,

was beyond the scope of this study.

Cut-off VValues for sFer

According to Figure 1.2, the normal range for sFer concentration is 100 + 60

ng/mL. However, various health organizations indicate iron deficiency at a cut-off value
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under 15 ng/mL. The effect of sFer concentration between 15 and 40 ng/mL must be
studied more extensively to determine at which stage iron deficiency becomes an issue.

Previous studies suggest potential effects of iron deficiency at 50 ng/mL (Allen
and Earley 2001; Vaucher et al. 2012), and some studies even suggest a possibility of
iron deficiency among individuals with sFer < 100 ng/mL if inflammation is present
(Bermejo and Garcia-Lopez 2009) (Figure 2.3).

Many of the variables that were analyzed in this study were not significantly
associated with iron status when the sFer cut-off value was set at 20 ng/mL; however,
statistical significance was observed when the sFer cut-off value was increased. The chi-
square test for the variable groups was calculated for sFer concentration cut-off values of
35 and 50 ng/mL. These cut-offs were chosen based on research indicating that iron
supplementation can improve iron-deficiency symptoms in groups of females with sFer
of < 35 ng/mL (Bermejo and Garcia-Lopez 2009) and < 50 ng/mL (Vaucher et al. 2012;
Verdon et al. 2003). The seven-variable group was the most significant at 50 ng/mL (p <
0.005). The nine-variable group also was most significant at the 50 ng/mL cut-off value

(p <0.01).

82



Figure 2.3 Iron
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For our study, we used Hgb, Hct, and sFer as biomarkers to assess iron status;

however, there are many other biomarkers that can be used in the assessment of iron

status as shown in Table 2.17.
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Table 2.17 Diagnostic indicators of iron deficiency.

Indicators

Sources

Hemoglobin (Hgb)

Hematocrit (Hct)
Serum ferritin (sFer)

Serum iron
Transferrin saturation

Soluble transferrin receptor (STfR)

Mean cell volume (MCV)
sTfR-ferritin index

Zinc protoporphyrin

Total Iron Binding Capacity (TIBC)
Iron absorption

Erythrocyte protoporphyrin
Erythrocytes

Total body iron stores

Clark 2009; Dellavalle and Haas 2011; Gropper et
al. 2002

Dellavalle and Haas 2011; Gropper et al. 2002
Clark 2009; Cogswell et al. 2009; Dellavalle and
Haas 2011

Bermejo and Garcia-Lopez 2009; Hinton et al. 2000
Clark 2009; Cogswell et al. 2009; Handelman and
Levin 2008

Clark 2009; Cogswell et al. 2009; Dellavalle and
Haas 2011

Bruner et al. 1996; Dellavalle and Haas 2011
Gropper et al. 2002

Clark 2009; Handelman and Levin 2008

Clark 2009; Hinton et al. 2000

Clark 2009

Clark 2009; Cogswell et al. 2009

Clark 2009

Cogswell et al. 2009; Dellavalle and Haas 2011

A group of several iron-status indicators may provide the best assessment of iron

status. Although sFer is considered one of the best indicators of iron status, it lacks

consistency, because it is an acute-phase protein. More recent studies indicate sTfR-

ferritin index as a more sensitive index of NA-ID than sFer (Dellavalle and Haas 2011;

Punnonen et al. 1997). The use of this index can help to control for the possibility of

false-high sFer concentration, however, this was not possible in the present study.
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CONCLUSION

Based on this study, iron deficiency occurs very commonly among college-aged
students. This study also shows that a low sFer concentration can occur without anemia
(NA-ID).

Low Hgb (ID-A and anemia) was very common in both male and female
participants, but low sFer (NA-1D) was observed more commonly among female
participants.

This study lacked detailed observations about diet. Diet and its association with
iron status must be studied more extensively in order to make any conclusions.

Among the list of signs and symptoms, a group of seven signs and symptoms was
the best predictor of iron deficiency (sFer < 20 ng/mL). These signs and symptoms
include: constipation, can’t lose weight with exercise, cold when others are not, RLS, low
systolic BP (< 105 mmHg), depressed/sad, and sweet tooth. This study has demonstrated
that this group of signs and symptoms can be used as a screening tool in clinical settings,
especially with non-anemic patients. This screening process can identify potential NA-ID
patients for more extensive blood tests, which means it can increase the diagnosis of iron

deficient patients in a cost-effective manner.
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FUTURE STUDIES

This is a preliminary study on iron deficiency on college-aged individuals. While
this study presents many significant findings, a larger sample size would increase the
validity of the results.

Because there were no male participants in the NA-ID category, data comparisons
could not be made between iron status categories. Conversely, the iron status of female
participants varied. Based on the iron status distribution of our male and female
participants, future studies should exclude male volunteers and concentrate the
recruitment process on female volunteers.

One limitation of this study is that the possibility of false-high sFer concentration
was not controlled for. Although some inflammatory factors, such as exercising prior to
the blood test, were monitored, other factors, such as energy balance, were not monitored
with enough accuracy. In order to place the participants in the appropriate iron status
category the possibility of false-high sFer concentration: 1) must be eliminated by
incorporating a more stringent control of the conditions; or 2) must be measured using
inflammatory biomarkers, such as CRP.

Diet-related variables in this study were not measured with the accuracy we
desired, therefore making it difficult to identify significant associations between dietary
variables and iron status. Obtaining more extensive observations of the participant’s diet
and dietary habits, such as by using a three-day diet record instead of the 24-hour diet
record, or using a more detailed FFQ, may allow a more accurate measure of the

association between diet and iron status.
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The validity of the results in this study can be assessed by combining the data
with data from larger studies, such as from NHANES. If the results are consistent with a
large sample size, this data may be utilized in clinical settings for the assessment of iron

status.
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Appendix A. Recruitment flyer

Be A Better You (BABY) Study

Yuri Koshibe

BE A BETTER YOU!!

University of Hawaii at Manoa
Department of Human Nutrition, Food & Animal Sciences

Look Better. Think Better. Live Better.
The key to a better you may include knowing more about
your personal health.

Iron deficiency is the number one nutritional disorder in the world and can be a
contributing cause of hair loss, fatigue, ADHD., briftle nails, Restless Leg
Syndrome. and depression to name a few. By participating in this study. you will
find out what your iron status is.

Through this study. you will learn. ..
¢ Your iron status
e Basic height. weight. and circumference measurements
¢ Body fat percentage
¢ Blood pressure

Join this study and get to know your body better!!

For more information, contact Yuri Koshibe
Phone: (808)230-7972
E-mail: koshibe@hawaii.edu

FOR MORE INFORMATION:
CALL (808)230-7972 or
E-MAIL koshibe@hawaii.edu
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Appendix B. Consent form

Consent to Participate in a Research Study

TITLE OF STUDY: “Be A Better You” Nutrition Assessment of University of Hawaii Students

PRINCIPAL INVESTIGATORS: C. Alan Titchenal, Ph.D
Human Nutrition, Food and Animal Sciences
College of Tropical Agriculture and Human Resources
1955 East-West Rd., Honolulu, HI 96822
(808) 956-7411 (office) (808) 341-2252 (cell)

CO-INVESTIGATORS: Yuri Koshibe, B.S. (808) 230-7972
Joannie Dobbs, Ph.D., C.N.S. (808) 956-3845

INTRODUCTION:

Before you decide whether or not to participate in this study. vou must understand the purpose. how it may
help you. any risks to you. and yvour rights as a research participant. This process is called informed consent.
The consent form gives you information about the study and describes the purpose. procedures. benefits, risks.
discomforts and precautions of the study. Once you understand the study, and if you agree to take part. you
will be asked to sign this consent form. If you sign this form you are agreeing to take part in this study and to
allow the research team to use and disclose your health information. A signed copy will be given to you to
keep for your reference.

Before you learn about the study. it is important that you know the following:
¢ Taking part in this study is of your own free will.
e  You may decide not to take part in the study or stop being in the study at any time.

You will be one of approximately 150 subjects to participate in this study.
PURPOSE:

The purpose of this research study is to learn about students’ attitudes about food and nutrition. what students
commonly eat. and to assess their nutritional status. This information will be used in the future to develop
evidence-based public health nutrition recommendations for the university student population.

To learn about how and why students’ eat the foods they eat and about their current health status. this study
will use questionnaires and take basic measurements of body weight. height. and composition (estimated
percent body fat), as well as blood pressure and ear temperature. In addition, iron status will be assessed by
collecting blood with a finger-stick technique. Tron status is being assessed in this study because iron
deficiency often is observed in students at the University Health Services clinic and it appears that iron
deficiency symptoms can commonly occur without anemia. This can lead to a possible missed diagnosis of
iron deficiency as the source of specific health problems.

DURATION:

Your participation in this study will consist of one study visit to complete questionnaires and provide a finger-
stick blood sample for iron status assessment. This complete process will require about one hour of your time.

PROCEDURES:

Screening procedures:

You must be a student at the University of Hawaii at Manoa between the ages of 18 and 50 years, not currently
pregnant, and not currently experiencing any serious health problems. You will be asked to provide
information about your current use of medications, dietary supplements. and usual food consumption, be
measured for body weight, height. blood pressure and ear temperature. In addition. you will be asked to
provide a finger-stick blood sample that will be analyzed for hematocrit, hemoglobin. and ferritin.
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Appendix B. (continued) Consent form

Preparation for study visit

There is no need to fast prior to having your blood sample collected for these blood tests. However. we
recommend that you eat normally and not take any dietary supplements (nutritional or herbal) within 24 hours
prior to the collection of your blood sample. Also, we recommend that you do not engage in heavy or long
duration exercise within 24 hours prior to your blood sample collection time.

Visit procedures

The study visit will take place at the Agricultural Sciences Building on the University of Hawaii at Manoa
campus and it should take less than one hour.

You will be asked to complete questionnaires about your basic health status and eating habits, including a
record of one day of your food intake.

Height and weight will be measured and percent body fat will be estimated from a bioelectric impedance type
of floor scale. Your body mass index (BMI) will be calculated from height and weight.

Ear temperature will be measured with a standard ear thermometer and blood pressure will be measured using
a wrist monitor technique.

A capillary blood sample will be obtained by a finger stick technique using a standard spring-loaded needle
device such as the type commonly used by diabetics for monitoring blood glucose. We are asking you to give
about 60 microliters of blood (less than a fourth of a teaspoon).

The blood sample will be analyzed for hematocrit (proportion of blood that is composed of red blood cells).
hemoglobin (amount of this oxygen-carrying protein). and ferritin (an iron storage protein that provides an
index of iron stores in the body). Each of these blood values provides part of the information that helps to
evaluate iron status.

FORESEEABLE RISKS OR DISCOMFORTS:

The study may involve the following risks and/or discomfort:

e The risks are minimal and are only those of having blood collected from a drop of blood on your fingertip.
Blood sampling by finger stick can cause mild pain at the point where the needle briefly penetrates the
skin. Occasionally, a person may faint or feel faint when blood is drawn. The risk of infection is slight
since only sterile. one-time equipment will be used.

e If in the unlikely event during the study visit, you should experience an adverse event (a bad eftect). you
may be referred to the University Health Services medical clinic or other nearby emergency clinic (such as
Kapiolani Medical Center for Women and Children. Straub Medical Center. or The Queen’s Medical
Center).

e There also may be risks and discomforts that are not yet known.

BENEFITS:

There may be no direct benefit from participating in this study. You will receive the results of your height.
weight. percent body fat. blood pressure. and ear temperature measurements during your visit. The blood test
results will be sent to you via email as described below. These measurement values may provide you with
helpful baseline information about your personal health status. If your blood pressure. ear temperature, or
blood test results are out of the normal range. you will be notified and referred to your private physician for
follow up.

Your participation will contribute to an increased knowledge of University of Hawaii student health problems
and the potential need for student health education programs.
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Appendix B. (continued) Consent form

COMMUNICATION OF YOUR RESULTS

To receive the results of your blood tests, you must provide an email address where the blood values can be
sent. The results will be sent to this address without personal identifying information and only with a
participant number you will be given during your study visit. Please provide an email address at which you are
the only person who reads the email messages.

Email address:

I verify that I am the only person who reads the messages at the above email address. (please
initial)

ALTERNATIVES: You do not have to participate in this study.

CONFIDENTIALITY:

Every effort will be made to maintain the confidentiality of your study records which will be stored in a locked
file cabinet. All information about you will remain strictly confidential to the extent required by law. Your
mformation will be assigned a study number. This number and associated data will be stored separately from
yvour name: both will be kept in locked file drawers. Results from this study may be published or shared with
other interested parties such as other physicians. research institutions and/or federal authorities. but you will
not be personally identified. In the process of evaluating the study, your records may be examined by agents
of the Department of Health and Human Services and affiliated agencies. National Institutes of Health. and the
University of Hawaii Committee on Human Subjects. Your identity will remain confidential unless disclosure
is required by law.

USE AND DISCLOSURE OF YOUR HEALTH INFORMATION:

By signing this form you are authorizing the use and disclosure of individually identifiable information. Your
information will only be used/disclosed as described in this consent form and as permitted by state and federal
laws.

This consent covers all information about you that is used or collected for this study. It includes your name,
demographic information. study ID number. health questionnaire, diet records. body measurements. ear
temperature. blood pressure. and blood test results.

Your authorization to use your identity coded health information will not expire even if you stop participating
in this study or you are removed from this study by the principal investigator. However. you may revoke or
withdraw your authorization to use your identifiable information at any time by submitting a written
notification to the Principal Investigator [C. Alan Titchenal. Ph.D. University of Hawaii. College of Tropical
Agriculture and Human Resources. 1955 East-West Rd.. Honolulu. HI 96822]. If you decide to revoke your
authorization, your identifiable health information collected or created for this study shall not be used or
disclosed after the principal investigator receives written revocation except to the extent that the law allows us
to continue using vour information. The investigators in this study are not required to destroy or retrieve any
of your health information that was created used or disclosed for this study before receiving your written
revocation. Some of the persons or groups that receive your study information may not be required to comply
with federal privacy regulations. and your information may lose its federal privacy protection if those persons
or groups disclose it.

Who may use or disclose your identifiable information?
¢ Principal Investigator: C. Alan Titchenal, Ph.D., for the purposes of conducting this research study.
¢ Co-investigators: Yuri Koshibe, B.S. and Joan C. Dobbs. Ph.D.

Who may receive your identifiable information?
¢ Federal. state and local agencies having oversight over this research. such as the Office for Human
Research Protections in the U.S. Department of Health and Human Services, the National Institutes of
Health, etc.
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Appendix B. (continued) Consent form

¢  University of Hawaii Committee on Human Studies

FINANCIAL COSTS TO THE SUBJECT:
There are no anticipated costs to participants in this study: however. if you are injured or need medical
treatment in the course of the study. you alone may be responsible for the costs of treatment.

RIGHT TO REFUSE OR WITHDRAW:

Your participation is voluntary and you may refuse to participate, or may discontinue your participation AT
ANY TIME, without penalty or loss of benefits to which you are otherwise entitled. If you withdraw from the
study. we will continue to use information that has already been collected but no new information about you
will be collected unless the information concerns an adverse event (a bad effect) related to the study. If such
an adverse event occurs, your entire medical record may need to be reviewed.

The mvestigator has the right to withdraw you from the study AT ANY TIME. Your withdrawal from the
study may be for reasons related solely to you (e.g. not following study-related directions from the
Investigator; a serious adverse reaction) or because the entire study has been terminated.

You have the right to refuse to sign this consent. Refusal to sign this consent means that you cannot
participate in this study.

OFFER TO ANSWER QUESTIONS:
This study has been explained to your satisfaction by study personnel and your questions were answered. If
you have any other questions about this study, you may call Dr. C. Alan Titchenal at 808-956-7411.

If you have any questions about your rights as a research subject. you may contact the Committee on Human
Studies. 1960 East-West Road. Biomedical Building. Rm. B-104. Honolulu. HI 96822. phone 808-956-5007.
email: uhirb@hawaii.edu.

VOLUNTARY CONSENT:

I HAVE READ THE INFORMATION PROVIDED ABOVE. I VOLUNTARILY AGREE TO
PARTICIPATE IN THIS STUDY AND MAY WITHDRAW MY CONSENT TO
PARTICIPATE OR FOR THE USE OF MY IDENTIFABLE INFORMATION AT ANY
TIME. MY DECISION TO WITHDRAW WILL NOT AFFECT THE MEDICAL
CARE THATI RECEIVE. I UNDERSTAND THAT MY CONSENT DOES NOT
TAKE AWAY ANY OF MY LEGAL RIGHTS IN CASE OF NEGLIGENCE ON THE
PART OF ANYONE WHO IS WORKING ON THIS PROJECT.

A SIGNED COPY OF THIS CONSENT FORM WILL BE GIVEN TO ME.

Research Participant’s Name (Prinf)

Research Participant’s Signature Date

Legally Authorized Representative (If applicable) Date

If signed by someone other than the subject, describe your legal authority to act on behalf of the Research
Participant:

Signature and Title of Person Obtaining Consent and Date
Identification of Role 1n the Study

Your Participant Code:
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Appendix C. General Questionnaire

“Be A Better You™ Questionnaire
University of Hawaii at Manoa
Department of Human Nutrition, Food & Animal Sciences
General
Participant Code: Gender: Birth date: /|
e-mail address:
Year (circle one): Freshman Sophomore Jumior Senior Graduate Unclassified
Major: Stats (circle one): Full-time  Part-time
Are yvou a student-athlete?  Yes (Sport: } ___ HNo
Ethnicity: Nationality:
Hometown/State/Country:
Check all living circumstances that apply to vou:

_ Dorms _ Alone

__ Apartment __ Foommate(s)

____ House ____ Parents, Grandparents, Spouse

__ Other: (Specify: )]
Health

List all prescribed and over-the-counter medications vou are presently taking:

List any known allergies:

Body/Self~-image: Check all that apply to you:

____ Healthy ___ Underweight ___ Confident
____ Unhealthy __ Owerweight __ Low self-esteem
____ Healthy part of the time __ Normal weight ___ Comfortable with body

Diiet & Lifestvle Questonnaire

Please answer the following questions about Diet and Tifestyle to help us make the most
appropriate recommendations

TYPICAL SLEEPING HABITS Types of physical activities you regularh do

Time you go to sleep

Tume you get up
Hours of sleep per day HOURS PER WEEK OF PHYSICAL ACTIVITY

How many mimnutes of your sleep 0 brs per week 11-15 brs per week
come from napping? 1-5 hrs per week 16-20 hrs per week
& -10 hys per week =20 hrs per week
Indicate how vou eat MOST of the time by placing an X for ALL answers
Eat Breakfast Eat a wide vanety of foods Fast Food
Eat Lunch Avoid vegetables Plate Lunch
Eat Dinner Eat primanly vegetarian Frozen Foods
Snack mn place of meals Vegetanan Cup Noodles
Eat multiple (=3} meals per day Vegan Consumes low sodinm
Count calories High Protem
Fix vour own food Try to lomit calones to High Carbohvdrate
Have someone fix your food Eestrict calories frequently
Consume food in dorm Consume low-fat
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Appendix D. Food Frequency Quest
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Appendix E. Symptoms Questionnaire

Over the last 3 months, please

check off ALL that you have experienced.

FATIGUE / EXHAUSTION

MEMORY

EMOTION

| |Fatigue
Exhaustion

Dizziness

Shortness of Breath
Weakness

Decreased Work Ability
Sensation of Heart Palpitations
More Tired after Eating

Restless Legs Syndrome

Decreased Short-term Memory
Decreased Long-term Memory
Decreased Alertness/Concentration
ADHD / ADD tendencies

Lostinterest in Doing Things
Depressed and/ or Sad

Cry Easily - (may be new behavior)
Easy to Anger

LEARNING ABILITY

Stressed and / or Moody

Poor or Decreased Math Ability
Can't remember Names of Friends
Decreased Spatial Intelligence
Slow Eye Hand Coordination

Obsessive [ Compulsive tendencies

Feel Flat

Bi-Polar
Other

HEADACHES / INSOMNIA NAILS TEMPERATURE REGULATION
Headaches - weekly Spooned Ridged Cold When Others Are Not
Migraine Soft'weak Hard Hot When Others Are Not
| |Can'tGetto Sleep | |White lines Hangnails EYES
| |Can'tStay Asleep | |White nails Pink | |Dry/ltchy Eyes
Increased Fatigue with More Sleep White tips only Dark Pink | |l Wear Contacts
Mind Races Keeping You Awake Poor Night Time Vison
SKIN HAIR IMMUNE SYSTEM

Pale Complexion
Acne or Skin Changes
Moles/freckles are Lighter in Calor

| |Psoriasis
Rashes/Hives

Bruise Easily

Heal Slowly

Cracks at Lip Corners

Other Skin Problems

=

Hair Thinning Hair Greying
Lots of hair in brush or shower

Increased Bacterial Infections
Urinary Tract Infections
Increased # of colds

WEIGHT & BODY FAT

Frequent sore throats

Losing Weight

Gaining Weight

Gaining Fat

Increased Waistline Fat

Can't lose weight-even with exercise

Mouth or Cold Sores

Herpes Outbreaks
Arthritis-type Symptoms
Asthma Like Symptoms

Allergies

FOOD CRAVINGS / AVERSIONS

MISCELLANEOUS PROBLEMS

Frequent Starving Sensation
| [Sweet Tooth (Craves Sugar/Fruit)
Craves Carbehydrates

Craves Salt

Frequently or Always Thirsty

Ice Chewing

| |Decreased Ability to Taste

| |Sensitivity to Bad Odors

Sensitivity to Drugs

Sore Tongue

Difficulty in swallowing
Heartburn symptoms or GERD
H-pylori

Gall Bladder Problems

Kidney Problems
Hemorrhoids

Number times blood donated over lifetime
Last time you donated blood _ months ago
Have you been turned away from denating blood

Have you been told that you were/ or you had...

anemia or marginally anemic
Iron deficient
Sickle cell or thalassemic

High cholesterol

Picky Eater Frequent or urgent urination High triglycerides
Aversion High Blood Pressure Impaired liver or Hepatitis
Lactese Intolerance Nausea YVomiting
| |Gluten Intelerance Constipation Diarrhea DIETARY and HERBAL SUPPLEMENTS
| |Food Allergy | |Hypoglycemic |  |Hyperglycemia daily weekly monthly
Food Allergy Hypothyroid Hyperthyroid Multi-vitamin/mineral
Brand/Name
FEMALES ONLY MEDICATIONS Iron Supplement
Regular Period ADHD / ADD Calcium
IregulariMissed Period Allergy Vitamin D
No periods Anti-Anxiety Vitamin C
Blood flow - light Antidepressants Vitamin B12
| |Blood flow - heavy | |Blood Pressure | [FishQil
| |Length of period (days) | |Thyroid | |Laxative/Fiber
| |PMS | |Menoamine inhibitor Weight Loss
Polycysfic ovaries | |Other | |Other
1st day of last period was | |Other | |Herbal
Form of Birth Control | |Other | |Herbal
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Appendix F. Spectro Ferritin: An enzyme immunoassay procedure manual
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Appendix F. (continued) Spectro Ferritin: An enzyme immunoassay procedure

manual
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Appendix G. Description of PA levels provided to participants (Health Canada)
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