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ABSTRACT 

Non-anemic iron deficiency (NA-ID)—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 (BMI), 

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. 



 

iv 

 

iv
 

TABLE OF CONTENTS 

ACKNOWLEDGEMENT  ................................................................................................. ii 
ABSTRACT  ...................................................................................................................... iii 
LIST OF TABLES  ............................................................................................................ vi 
LIST OF FIGURES  ........................................................................................................ viii 
LIST OF ABBREVIATIONS  ........................................................................................... ix 
CHAPTER 1: LITERATURE REVIEW  ........................................................................... 1 
   Iron Deficiency  ............................................................................................................... 1 
   Importance of Iron  .......................................................................................................... 3 
   Iron Requirements  ........................................................................................................... 8  

   Etiology of Iron Deficiency  ............................................................................................ 9 

   Stages of Iron Deficiency  .............................................................................................. 13 

   Assessment of Iron Status  ............................................................................................. 14 

   Clinical Symptoms  ........................................................................................................ 23 

   Problems with Diagnosis of Iron Deficiency  ................................................................ 33 

CHAPTER 2: ASSESSMENT OF THE USE OF SIGNS AND SYMPTOMS AS A 

SCREENING TOOL FOR IRON DEFICIENCY  ....................................................... 35 

INTRODUCTION  ....................................................................................................... 35 

   Thesis Objective ........................................................................................................ 36 
    METHODS ................................................................................................................... 37 

      Subjects  ...................................................................................................................... 37 
      Questionnaires ............................................................................................................ 37 
      Laboratory Tests  ........................................................................................................ 39 

      Data Analysis  ............................................................................................................. 44 
    RESULTS  .................................................................................................................... 48 
      Description of the Participants  ................................................................................... 48  

      Anthropometric Assessment  ...................................................................................... 48 
      Iron Status ................................................................................................................... 49  

      Clinical Assessment  ................................................................................................... 50 
      Questionnaire Outcomes  ............................................................................................ 57  

      Dietary Habits  ............................................................................................................ 61 
      Signs and Symptoms  .................................................................................................. 65 

      Grouping Signs and Symptoms  ................................................................................. 68 
      Sensitivity and Specificity .......................................................................................... 72 
    DISCUSSION  .............................................................................................................. 74 

      Anthropometric Differences ....................................................................................... 74 

      Prevalence of Iron Deficiency .................................................................................... 75 

      Clinical Assessment .................................................................................................... 76 

      Physical Activity ......................................................................................................... 77  

      Unhealthy .................................................................................................................... 78 

      Diet .............................................................................................................................. 78 

      Signs and Symptoms ................................................................................................... 80 

      Grouping Signs and Symptoms .................................................................................. 80 

      False-high sFer concentration ..................................................................................... 81 

      Cut-off Values for sFer ............................................................................................... 81 



 

v 

 

v
 

      Biomarkers .................................................................................................................. 83 
    CONCLUSION  ............................................................................................................ 85 

    FUTURE STUDIES...................................................................................................... 86 

REFERENCES  ................................................................................................................ 88 
APPENDICES  ................................................................................................................. 96 

   Appendix A. Recruitment flyer ..................................................................................... 97 

   Appendix B. Consent form  ........................................................................................... 98 

   Appendix C. General Questionnaire  ........................................................................... 102 

   Appendix D. Food Frequency Questionnaire  ............................................................. 103 

   Appendix E. Symptoms Questioinnaire  ...................................................................... 104 

   Appendix F. Spectro Ferritin: An enzyme immunoassay procedure manual  ............. 105 

   Appendix G. Description of PA levels provided to participants  ................................ 107 



 

vi 

 

v
i 

LIST OF TABLES 

1.1 Stages of iron deficiency  .............................................................................................. 2 

 

1.2 Key biochemical processes that involve iron-containing molecules  ........................... 4 

 

1.3 Recommended Dietary Allowances for iron  ................................................................ 8 

 
1.4 Dietary enhancers and inhibitors of non-heme iron absorption .................................. 11 

 
1.5 Factors that increase sFer concentration  .................................................................... 19 

 
1.6 Biomarkers related to sequential changes in iron status ............................................. 22 

 
1.7 Cut-off values for Hgb, Hct, and sFer from various health organizations  ................. 23 

 
1.8 Symptoms associated with iron deficiency  ................................................................ 24 

 
2.1 Categorization of pain color samples  ......................................................................... 44 

 
2.2 Symptoms grouped by physiological systems and/or functions  ................................ 46 

  

2.3 Anthropometric characteristics  .................................................................................. 49 

 

2.4 Iron status assessment results ..................................................................................... 50 

 

2.5 Clinical characteristics  ............................................................................................... 50 

 

2.6 Female participants with low systolic BP by BMI and % body fat  ........................... 51 

 

2.7a Palm color for females  ............................................................................................. 53 

 

2.7b Palm color for males  ................................................................................................ 53 

 

2.8a Subject characteristics by iron status (female)  ......................................................... 55 

 

2.8b Subject characteristics by iron status (male)  ............................................................ 56 

 

2.9a Questionnaire data for females  ................................................................................. 59 

 

2.9b Questionnaire data for males  ................................................................................... 60 

 

2.10 Non-heme diet data on General Questionnaire and FFQ  ......................................... 62 

 

2.11a Dietary data from the General Questionnaire for females  ..................................... 63 

 



 

vii 

 

v
ii

 

2.11b Dietary data from the General Questionnaire for males  ........................................ 64 

 

2.12 Iron status based on energy balance  ......................................................................... 65 

 

2.13a Total number of signs and symptoms (female)  ...................................................... 67 

 

2.13b Total number of signs and symptoms (male)  ......................................................... 67 

 

2.14 Sensitivity/specificity of seven-variable group and sFer concentration for all  

       female particiapnts ..................................................................................................... 72 

 

2.15 Sensitivity/specificity of seven-variable group and sFer concentration for  

       non-anemic female participants  ................................................................................ 73 

 

2.16 Comparison of anthropometric measurement means between the sample group 

       and NHSR  ................................................................................................................. 74 

 

2.17 Diagnostic indicators of iron deficiency  .................................................................. 84 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 

 

v
ii

i 

LIST OF FIGURES 

1.1 Ferritin’s role in iron homeostasis  ............................................................................... 7 

 

1.2 Stages of iron deficiency  ............................................................................................ 14 

 

1.3 Concept of NA-ID, ID-A, and anemia in hypothetical population  ............................ 16 

 

2.1a Iron deficiency assessment using Hgb, Hct, and sFer levels (female)  ..................... 42 

 
2.1b Iron deficiency assessment using Hgb, Hct, and sFer levels (male) ......................... 43 

 
2.2 Individual variables in relation to sFer concentration  ................................................ 69 

 
2.3 Iron status determined by various sFer concentration cut-off values  ........................ 83 



 

ix 

 

ix
 

 LIST OF ABBREVIATIONS 

 

A Anemia 

ADD/ADHD Attention deficit/Hyperactivity disorder 

ASIS Anterior superior iliac spine 

ATP Adenosine triphosphate 

bpm beats per minute 

BP Blood pressure 

CDC Center of Disease and Control 

CRP c-reactive protein 

DNA Deoxyribonucleic acid 

EER Estimated energy requirement 

Fe
3+

 Ferric iron 

FFQ Food frequency questionnaire 

GI Gastrointestinal 

Hct Hematocrit 

Hgb Hemoglobin 

HR Heart rate 

ID-A Iron deficiency anemia 

kcals kilocalories 

MRI Magnetic resonance imaging 

NADH Nicotinamide adenine dinucleotide 

NAFLD Non-alcoholic fatty liver disease 

NA-ID Non-anemic iron deficiency 

NIH National Institute of Health 

NHSR National Health Statistics Report 

NSAIDs Non-steroidal anti-inflammatory drugs 

PA Physical activity 

RBC Red blood cell 

RDA Recommended Dietary Allowances 

RLS Restless leg syndrome 

ROS Reactive oxygen species 

sFer Serum ferritin 

SI Serum iron 

sTfR Serum transferrin receptor 

sTfR:sFer Serum transferrin receptor to serum ferritin ratio 

TIBC Total iron binding capacity 

UHM University of Hawai`i at Mānoa 

WHO World Health Organization 

 

 



 

1 

 

1
 

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-ID) 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. 
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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. 
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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. 
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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
3+

 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. 
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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). 
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 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). 
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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 
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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) 

Age 
Males 

(mg/day) 
Females 
(mg/day) 

Vegetarians Athletes 

19 to 50 
years 

8 18 
1.8 times greater than 
consuming a non-vegetarian 
diet. 

May be 30-70% 
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 
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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). 
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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 GI 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 
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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, GI 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 

 

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 GI 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-ID 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 

 

(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 GI 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 SI 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
3+

) 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. sTfR 

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, sTfR to sFer ratio has been found to provide an outstanding 

parameter for the identification of NA-ID (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 sTfR 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) 12-16 (female) 
14-18 (male) 

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

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

< 12 (female) 
< 14 (male) 

 
Hct (%) 37-47 (female) 

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

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

<37 (female) 
< 40 (male) 

 
SFer (ng/mL) 100 + 60 20 10 < 10 

 
 

TIBC
a
 (µg/dL) 330 + 30 360 390 410 

 
Iron absorption 
(%) 

5-10 10-15 10-20 10-20 
 
 

Transferrin 
saturation (%) 

35 + 15 30 < 15 < 15 
 
 

SI
b
 (%) Normal Low Low Low 

 
sTfR

c
  Normal Normal-high Very high Very high 

 
Erythrocytes Normal Normal Normal Microcytic 

hypochromic 
a
Transferrin iron-binding capacity 

b
Serum iron 

c
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 
Male 

< 12.0 g/dL 
< 13.0 g/dL 

< 36.0% 
< 39.0% 

< 15 ng/mL 
< 15 ng/mL 

 
Center of Disease and Control 
(CDC), 1998 

Female 
Male 

< 12.0 g/dL 
< 13.5 g/dL 

< 35.7% 
< 39.9% 

< 15 ng/mL 
< 15 ng/mL 

 
NIH, 2008 Female 

Male 
< 12.1 g/dL 
< 13.8 g/dL 

< 36.1% 
< 40.7% 

< 12 ng/mL 
< 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 

 Alopecia < 70 
< 37.2 

(Rushton 2002; Trost et al. 2006) 
(Kantor et al. 2003) 

 Dermatological 
disorders 

o Eczema 
o Psoriasis 

 (Marks and Shuster 1968) 

 Koilonychias  (Fawcett et al. 2004) 

 Oral disorders 
o Glossitis 
o Dysphagia 
o Stomatitis 

 (Koybasi et al. 2006; Osaki et al. 
1999) 
 

 Pallor < 100 (Zhu et al. 2010) 

 Weight gain < 12 (Fanou-Fogny et al. 2011; Karl et al. 
2009; Nead et al. 2004) 

Physical energy related symptoms 

 Decreased work 
capacity 

< 20 
<16 

 
 

(Dellavalle and Haas 2011) 
(Hinton et al. 2000; Zhu and Haas 
1998) 
(Gardner et al. 1977; Tufts et al. 
1985) 

 Fatigue < 50 
< 15 

 
< 20 

(Verdon et al. 2003) 
(Krayenbuehl et al. 2011; Patterson 
et al. 2001) 
(Brutsaert et al. 2003) 

Behavioral Symptoms   

 ADD/ADHD type 
symptoms 

< 30 (Konofal et al. 2008) 

 Pica 61 + 49 (Barton et al. 2010; Brown and 
Dyment 1972; Kettaneh et al. 2005; 
Reynolds et al. 1968) 

 RLS < 45 
< 50 

(Allen and Earley 2001) 
(Chahine and Chemali 2006; Earley 
2003) 
(Natarajan 2010) 

Cognitive changes   

 Depressive 
symptoms 

30 + 2.1 
< 20 

(Bartalena et al. 1990) 
(Mansson et al. 2005) 

 Inability to 
concentrate 

< 20 (Mansson et al. 2005) 

 Irritability < 20 (Mansson et al. 2005) 

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

Other Symptoms   

 Headache < 30 
< 20 

(Bermejo and Garcia-Lopez 2009) 
(Mansson et al. 2005) 

 Impaired 
thermoregulation 

< 12 (Beard et al. 1990) 
(Dallman 1986) 

 Impaired immune 
function 

 (Chandra 1973; Denic and Agarwal 
2007; Ponka and Lok 1999) 

 Dizziness/Vertigo < 20 (Mansson et al. 2005) 

 Sleep 
disturbances 

< 20 (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-
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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 B12 to 

be the significant predisposing factor of stomatitis (Koybasi et al. 2006). Vitamin B12 

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 B12 deficient elderly Chinese, 12.4% also had a significant decrease in Hgb 

concentration. According to Greenberg et al. (2003), vitamin B12 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 III 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-ID 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-ID 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. Identifying 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. 
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METHODS 

Subjects 

 This study was conducted at the University of Hawai`i at Mānoa (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. Volunteers 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 lbs 

(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 (lbs)/ 

height
2
 (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-ID, 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) 

 

 

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

 

(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 (β-carotene) levels of the participants were gauged by estimating 

the orange-ness of the participants’ palm color.  β-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 
2. Light salmon 
3. Pale oats 
4. Creamy orange 
5. Malibu peach 
6. Peach blossom 
7. Peach cobbler 
8. Adobe dust 
9. Soft salmon 
10. Cranapple 

Non-orange 
Non-orange 
Orange 
Orange 
Non-orange 
Orange 
Orange 
Orange 
Non-orange 
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-ID/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 Fatigue, exhaustion, dizziness, shortness of breath, 
weakness, decreased work ability, sensation of heart 
palpitations 

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

Sleep + Obsessive 
compulsive disorder 

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 Headaches, migraines 
Skin 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 

Food Cravings by energy Frequent starving sensation, sweet tooth (craves sugar/fruit), 
craves carbohydrates 

Thirst Craves salt, frequently or always thirsty, dark pink nails, 
dry/itchy eyes 

Emotions Cry easily, easy to anger, stressed and/or moody 
Depression Lost interest in doing things, depressed and/or sad, anti-

anxiety medication, antidepressant medication 
Obsessive Compulsive 
Disorder (OCD) 

Mind races keeping you awake, obsessive/compulsive 
tendencies 

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

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

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

Hair 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 (lbs) 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 
(cm) 

74.2 0.95 53.9-96.5 82.0 1.28 70-103.5 

Waist circumference 
(in) 

29.2 0.37 21.2-38.0 32.3 0.50 27.6-40.7 

Hip circumference 
(cm) 

89.2 0.90 71.5-113 90.7 0.96 81-108.5 

Hip circumference 
(in) 

35.1 0.35 28.1-44.5 35.7 0.38 31.9-42.7 

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, but not between 

sFer and Hgb or sFer and Hct. 

 

 
Table 2.4 Iron status assessment results 
 

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

Iron overload 

High sFer (> 150 ng/mL, females; > 300 ng/mL, males) 

1 (2%) 2 (6%) 

Normal 

Normal Hgb/Hct/sFer 

26 (40%) 20 (57%) 

Non-Anemic Iron Deficiency (NA-ID) 

Normal Hgb/Hct & low sFer 

7 (11%) 0 (0%) 

Anemic 

Low Hgb and/or Hct & normal sFer 

21 (32%) 12 (34%) 

Iron Deficiency Anemia (ID-A) 

Low Hgb and/or Hct & low sFer 

10 (15%) 1 (3%) 

 

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 (mmHg) 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 (97.2 to 99.7 F) 

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



 

51 

 

5
1
 

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 20.1 + 1.1 16.1-23.4 
% Body Fat 17.9 + 2.3 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. 
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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 
Non-orange 

 
10 
15 

 
40 
60 

 
4 
3 

 
57 
43 

 
2 
8 

 
20 
80 

 
9 
11 

 
45 
55 

 
1 
0 

 
100 

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 
Non-orange 

 
12 
8 

 
60 
40 

 
0 
0 

 
0 
0 

 
1 
0 

 
100 

0 

 
8 
4 

 
67 
33 

 
1 
1 

 
50 
50 
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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) 

 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 

Age 25 0.7 18-35 24 1.4 20-31 29 3.4 18-47 27 1.8 19-47 27 - - 

Height (cm) 161.8 0.4 149.9-171.5 163.1 0.8 158.2-172.7 162.6 0.7 152.4-171.5 164.8 0.7 146.1-175.3 152.4 - - 

Height (in) 63.7 0.2 59.0-67.5 64.2 0.3 62.3-70.0 64.0 0.3 60.0-67.5 64.9 0.3 57.5-69.0 60.0 - - 

Weight (kg) 59.2 4.2 43.9-79.0 64.5 10.6 48.3-85.9 60.1 6.3 52.0-74.6 60.7 3.8 47.4-77.0 45.6 - - 

Weight (lbs) 130.5 9.3 96.8-174.2 142.2 23.4 106.5-189.4 132.5 13.9 114.6-164.5 133.8 8.4 104.5-169.8 100.5 - - 

BMI 22.6 0.6 16.1-29.3 24.4 2.0 18-34.1 22.7 0.9 19.6-27.8 22.3 0.5 19.2-27.8 19.6 - - 

Body fat (%) 25.3 1.6 8.6-39.1 29.4 2.8 19.8-41.3 25.0 2.1 17.8-36.5 24.3 1.2 13.5-35.8 7.6 - - 

Waist circumference (cm) 74.6 1.8 53.9-96.5 78.4 3.8 65-93.5 73.3 1.9 64.5-83.5 73.5 1.0 64.0-82.0 64.0 - - 

Waist circumference (in) 29.4 0.7 21.2-38.0 30.9 1.5 25.6-36.8 28.9 0.7 25.4-32.9 28.9 0.4 25.2-32.3 25.2 - - 

Hip circumference (cm) 88.4 1.5 71.5-102.0 91.7 4.4 79.0-113.0 90.2 1.9 80.0-100.0 89.2 1.1 80-99.0 79.0 - - 

Hip circumference (in) 34.8 0.6 28.1-40.2 36.1 1.7 31.1-44.5 35.5 0.7 31.5-39.4 35.1 0.4 31.5-39.0 31.1 - - 

Waist-to-hip ratio 0.84 0.01 0.75-0.98 0.86 0.02 0.8-0.91 0.81 0.01 0.76-0.87 0.83 0.01 0.75-0.89 0.81 - - 

Ear Temp (C) 37.2 0.1 36.9-37.8 37.3 0.1 36.9-37.6 36.9 0.2 36.2-37.4 37.0 0.1 36.4-37.4 37.2 - - 

Ear Temp (F) 99 32.2 98.4-100.1 99.1 32.2 98.4-99.6 98.4 32.4 97.2-99.3 98.6 32.2 97.5-99.4 99 - - 

BP (systolic) 112 2.5 91-155 104 3.0 89-114 110 2.7 100-129 111 2.0 96-131 140 - - 

BP (diastolic) 69 2.0 55-101 66 2.4 58-77 69 2.2 57-81 69 1.5 57-83 95 - - 

Resting HR (bpm) 73 2.6 51-102 72 5.1 53-93 68 4.2 52-90 73 3.8 45-120 73 - - 

Hrs of sleep (hrs/d) 7.3 0.2 4.5-10 7.4 0.4 5.5-9 7.4 0.3 6-8.5 7.6 0.3 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 27.0 1.4 20-49 - - - 27.0 - - 26.0 1.3 22-38 30.5 1.5 29-32 

Height (cm) 174.8 0.5 165.9-185.4 - - - 179.1 - - 177.0 0.7 166.4-186.7 176.5 2.5 170.2-182.9 

Height (in) 68.8 0.2 65.3-73.0 - - - 70.5 - - 69.7 0.3 65.5-73.5 69.5 1.0 67.0-72.0 

Weight (kg) 75.7 7.0 57.5-109.7 - - - 80.8 - - 76.7 6.5 61.3-94.9 81.7 13.0 75.8-87.6 

Weight (lbs) 166.9 15.4 126.8-241.8 - - - 178.1 - - 169.1 14.3 135.1-209.2 180.2 28.7 167.1-193.1 

BMI 24.7 0.9 19-34.2 - - - 26.2 - - 24.5 0.8 20.6-28.6 26.2 0.01 26.2 

Body fat (%) 11.4 1.0 5.9-22.7 - - - 34.8 - - 12.8 2.2 3.3-31.7 16.4 0.8 15.6-17.1 

Waist circumference (cm) 82.6 1.8 70.0-103.5 - - - 80.0 - - 80.7 2.2 71.0-101.0 86.5 0.5 86.0-87.0 

Waist circumference (in) 32.5 0.7 27.6-40.7 - - - 31.5 - - 31.8 0.9 28.0-39.8 34.0 0.2 33.9-34.3 

Hip circumference (cm) 91.0 1.4 81.0-108.5 - - - 89.5 - - 90.7 1.7 81.5-101.0 91.0 2.5 88.5-93.5 

Hip circumference (in) 35.8 0.6 31.9-42.7 - - - 35.2 - - 35.7 0.7 32.1-39.8 35.8 1.0 34.8-36.8 

Waist-to-hip ratio 0.91 0.01 0.80-0.99 - - - 0.89 - - 0.89 0.02 0.83-1.02 0.95 0.03 0.92-0.98 

Ear Temp (C) 36.8 0.1 36.2-37.7 - - - 37.6 - - 37.1 0.1 36.6-37.7 36.8 0.6 36.4-37.1 

Ear Temp (F) 98.2 32.2 97.2-99.9 - - - 98.7 - - 98.7 32.2 97.9-99.8 98.2 33.1 97.5-98.8 

BP systolic (mmHg) 116 2.9 95-144 - - - 117 - - 119 3.9 101-152 113 7.0 106-120 

BP diastolic (mmHg) 73 2.0 52-91 - - - 71 - - 73 1.9 65-84 77.5 5.5 72-83 

Resting HR (bpm) 69 2.5 53-93 - - - 69 - - 65 3.4 49-86 60.5 5.5 55-66 

Hrs of sleep (hrs/d) 7.5 0.2 6-9.5 - - - 7 - - 7.4 0.2 5.5-9 5.8 0.3 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. 

 



 

 

5
9
 

Table 2.9a Questionnaire data 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 % 

Body/self-image 

Healthy 
Unhealthy 
Healthy part-time 

 
10 
2 

15 

 
38 
8 

58 

 
3 
3 
3 

 
43 
43 
43 

 
7 
1 
3 

 
70 
10 
30 

 
11 
0 
11 

 
52 
0 

52 

 
0 
0 
1 

 
0 
0 

100 

Underweight 
Overweight 
Normal weight 

1 
5 

16 

4 
19 
62 

1 
4 
3 

14 
57 
43 

0 
3 
6 

0 
30 
60 

1 
2 
18 

5 
10 
86 

0 
0 
1 

0 
0 

100 

Confident 
Low self-esteem 
Comfortable with body 

6 
4 

13 

23 
15 
50 

1 
2 
4 

14 
29 
57 

3 
1 
7 

30 
10 
70 

5 
6 
14 

24 
29 
67 

1 
0 
1 

100 
0 

100 

Hrs/wk of PA 

0 hrs/wk 
1-5 hrs/wk 
6-10 hrs/wk 
11-15 hrs/wk 
16-20 hrs/wk 
> 20 hrs/wk 

 
1 

12 
12 
1 
0 
0 

 
4 

46 
46 
4 
0 
0 

 
1 
3 
1 
1 
0 
0 

 
14 
43 
14 
14 
0 
0 

 
1 
2 
2 
1 
3 
1 

 
10 
20 
20 
10 
30 
10 

 
0 
6 
10 
4 
1 
0 

 
0 

29 
48 
19 
5 
0 

 
0 
1 
0 
0 
0 
0 

 
0 

100 
0 
0 
0 
0 

Ethnicity* 

Caucasian 
Asian 
Mixed 
Pacific Islander 
Black 
Hispanic 

 
7 
9 
5 
2 
1 
1 

 
28 
36 
20 
8 
4 
4 

 
3 
1 
3 
0 
0 
0 

 
43 
14 
43 
0 
0 
0 

 
4 
5 
1 
0 
0 
0 

 
40 
50 
10 
0 
0 
0 

 
12 
5 
3 
0 
1 
0 

 
57 
24 
14 
0 
5 
0 

 
0 
1 
0 
0 
0 
0 

 
0 

100 
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
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Table 2.9b Questionnaire data 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 % 

Body/self-image 

Healthy 
Unhealthy 
Healthy part-time 

 
18 
1 
1 

 
90 
5 
5 

 
0 
0 
0 

 
0 
0 
0 

 
1 
0 
0 

 
100 

0 
0 

 
9 
0 
5 

 
75 
0 

42 

 
2 
0 
0 

 
100 

0 
0 

Underweight 
Overweight 
Normal weight 

1 
3 

11 

5 
15 
55 

0 
0 
0 

0 
0 
0 

0 
0 
1 

0 
0 

100 

1 
2 
9 

8 
17 
75 

0 
1 
1 

0 
50 
50 

Confident 
Low self-esteem 
Comfortable with body 

6 
2 

10 

30 
10 
50 

0 
0 
0 

0 
0 
0 

0 
0 
1 

0 
0 

100 

7 
1 
9 

58 
8 

75 

2 
0 
1 

100 
0 

50 

Hrs/wk of PA* 

0 hrs/wk 
1-5 hrs/wk 
6-10 hrs/wk 
11-15 hrs/wk 
16-20 hrs/wk 
> 20 hrs/wk 

 
1 
9 
5 
4 
0 
1 

 
5 

45 
25 
20 
0 
5 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
1 
0 
0 
0 

 
0 
0 

100 
0 
0 
0 

 
0 
1 
6 
4 
1 
0 

 
0 
8 

50 
33 
8 
0 

 
0 
1 
0 
0 
0 
0 

 
0 

50 
0 
0 
0 
0 

Ethnicity 

Caucasian 
Asian 
Mixed 
Pacific Islander 
Black 
Hispanic 

 
6 
6 
4 
3 
0 
1 

 
30 
30 
20 
15 
0 
5 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
1 
0 
0 
0 
0 

 
0 

100 
0 
0 
0 
0 

 
4 
4 
3 
1 
0 
0 

 
33 
33 
25 
8 
0 
0 

 
0 
0 
0 
1 
1 
0 

 
0 
0 
0 

50 
50 
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)  
**Includes: pre-med, med, nursing, public health, kinesiology, and psychology 
***All other majors and unclassified students 
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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 
   Eat lunch 
   Eat dinner 
   Snack in place of meals 
   Eat >3 meals/day 
   Eat wide variety of foods 
   Avoid vegetables 
   Count kcals 
   Restrict kcals frequently 
   Consume low-fat foods 

 
20 
24 
24 
8 
7 

21 
0 
2 
3 
3 

 
77 
92 
92 
31 
27 
81 
0 
8 

12 
12 

 
6 
7 
7 
2 
5 
3 
0 
3 
0 
3 

 
86 
100 
100 
29 
71 
43 
0 

43 
0 

43 

 
10 
10 
10 
3 
5 
6 
1 
3 
1 
5 

 
100 
100 
100 
30 
50 
60 
10 
30 
10 
50 

 
17 
18 
20 
5 
9 
17 
0 
4 
2 
5 

 
81 
86 
95 
24 
43 
81 
0 

19 
10 
24 

 
1 
1 
1 
0 
0 
1 
0 
0 
0 
1 

 
100 
100 
100 

0 
0 

100 
0 
0 
0 

100 

Vegetarianism 
   Primarily vegetarian 
   Vegetarian 
   Vegan 

 
12 
2 
1 

 
46 
8 
4 

 
2 
0 
1 

 
29 
0 

14 

 
2 
0 
0 

 
20 
0 
0 

 
1 
1 
0 

 
5 
5 
0 

 
0 
0 
0 

 
0 
0 
0 

Takes iron-containing 
supplements 
   No 
   Rarely or low dosage 
   Yes 
   Unknown 

 
 

15 
1 
5 
5 

 
 

58 
4 

19 
19 

 
 
2 
1 
3 
1 

 
 

29 
14 
43 
14 

 
 
5 
0 
5 
0 

 
 

50 
0 

50 
0 

 
 

16 
0 
4 
1 

 
 

76 
0 

19 
5 

 
 
1 
0 
0 
0 

 
 

100 
0 
0 
0 
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Table 2.11b Dietary data from the General Questionnaire 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 % 

Eating habits 
   Eat breakfast 
   Eat lunch 
   Eat dinner 
   Snack in place of meals 
   Eat >3 meals/day 
   Eat wide variety of foods 
   Avoid vegetables 
   Count kcals 
   Restrict kcals frequently 
   Consume low-fat foods 

 
14 
18 
19 
4 
6 

14 
3 
2 
2 
2 

 
70 
90 
95 
20 
30 
70 
15 
10 
10 
10 

 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 

 
100 
100 
100 

0 
0 

100 
0 
0 
0 
0 

 
11 
11 
11 
1 
8 
12 
0 
1 
1 
4 

 
92 
92 
92 
8 

62 
100 

0 
8 
8 

33 

 
2 
2 
2 
0 
0 
2 
0 
0 
0 
0 

 
100 
100 
100 

0 
0 

100 
0 
0 
0 
0 

Vegetarianism 
   Primarily vegetarian 
   Vegetarian 
   Vegan 

 
1 
2 
1 

 
5 

10 
5 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
2 
0 
0 

 
17 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

Takes iron-containing 
supplements 
   No 
   Rarely or low dosage 
   Yes 
   Unknown 

 
 

15 
0 
3 
2 

 
 

75 
0 

15 
10 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
0 
0 
1 
0 

 
 
0 
0 

100 
0 

 
 
7 
0 
3 
2 

 
 

58 
0 

25 
17 

 
 
2 
0 
0 
0 

 
 

100 
0 
0 
0 
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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 

(26 F, 20 M) 
NA-ID 

(7 F, 0 M) 
A 

(21 F, 12 M) 
ID-A 

(10 F, 1 M) 
Overload 
(1 F, 2 M) 

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 

Total Signs & Symptoms 
(n = 106) 

14 1.5 1-28 22 4.4 10-39 16 1.7 8-24 17 2.7 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 
(n = 101) 

7 1.2 0-19 - - - 0 - - 10 2.9 0-40 7 0.5 6-7 

 



 

68 

 

6
8
 

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) 

 < 2 variable > 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 mmHg), 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 
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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) 

 
 < 2 variable > 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 + 0.16 175.5 + 0.41 176.3 + 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 (lbs) 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 
circumference (cm) 

74.2 + 0.95 94.1 + 0.44 82.0 + 1.28 100.8 + 0.43 

Waist 
circumference (in) 

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

 

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 Values 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).  
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Figure 2.3 Iron status determined by various sFer concentration cut-off values 

 

 

 

 

Biomarkers 

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

Hematocrit (Hct) Dellavalle and Haas 2011; Gropper et al. 2002 
Serum ferritin (sFer) Clark 2009; Cogswell et al. 2009; Dellavalle and 

Haas 2011 
Serum iron Bermejo and Garcia-Lopez 2009; Hinton et al. 2000 
Transferrin saturation Clark 2009; Cogswell et al. 2009; Handelman and 

Levin 2008 
Soluble transferrin receptor (sTfR) Clark 2009; Cogswell et al. 2009; Dellavalle and 

Haas 2011 
Mean cell volume (MCV) Bruner et al. 1996; Dellavalle and Haas 2011 
sTfR-ferritin index Gropper et al. 2002 
Zinc protoporphyrin Clark 2009; Handelman and Levin 2008 
Total Iron Binding Capacity (TIBC) Clark 2009; Hinton et al. 2000 
Iron absorption Clark 2009 
Erythrocyte protoporphyrin Clark 2009; Cogswell et al. 2009 
Erythrocytes Clark 2009 
Total body iron stores 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-ID) 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. 

 



 

88 

 

8
8
 

REFERENCES 

Alatalo, P., et al. (2009). "Biomarkers of liver status in heavy drinkers, moderate drinkers 

and abstainers." Alcohol Alcohol 44(2): 199-203. 

Allen, R. P., et al. (2001). "MRI measurement of brain iron in patients with restless legs 

syndrome." Neurology 56(2): 263-265. 

Allen, R. P. and C. J. Earley (2001). "Restless legs syndrome: a review of clinical and 

pathophysiologic features." J Clin Neurophysiol 18(2): 128-147. 

Amato, A., et al. (2010). "Effect of body mass index reduction on serum hepcidin levels 

and iron status in obese children." International Journal of Obesity 34(12): 1772-

1774. 

American Psychiatric Association and A. P. A. T. F. o. DSM-IV. (2000). Diagnostic and 

statistical manual of mental disorders: DSM-IV-TR, American Psychiatric 

Publishing, Inc. 

Andersson, B., et al. (1988). "Acute Effects of Short‐term Fasting on Blood Pressure, 

Circulating Noradrenaline and Efferent Sympathetic Nerve Activity." Acta Med 

Scand 223(6): 485-490. 

Andrews, N. C. (2000). "Iron homeostasis: insights from genetics and animal models." 

Nat Rev Genet 1(3): 208-217. 

Armstrong, L. E., et al. (2012). "Mild Dehydration Affects Mood in Healthy Young 

Women." The Journal of nutrition 142(2): 382-388. 

Barron, B. A., et al. (2001). "A bone marrow report of absent stainable iron is not 

diagnostic of iron deficiency." Annals of hematology 80(3): 166-169. 

Bartalena, L., et al. (1990). "Nocturnal serum thyrotropin (TSH) surge and the TSH 

response to TSH-releasing hormone: dissociated behavior in untreated 

depressives." J Clin Endocrinol Metab 71(3): 650-655. 

Barton, J., et al. (2010). "Pica associated with iron deficiency or depletion: clinical and 

laboratory correlates in 262 non-pregnant adult outpatients." BMC blood 

disorders 10(1): 9. 

Beard, J. and B. Tobin (2000). "Iron status and exercise." Am J Clin Nutr 72(2 Suppl): 

594S-597S. 

Beard, J. L. (2001). "Iron biology in immune function, muscle metabolism and neuronal 

functioning." J Nutr 131(2S-2): 568S-579S; discussion 580S. 

Beard, J. L., et al. (1990). "Impaired thermoregulation and thyroid function in iron-

deficiency anemia." Am J Clin Nutr 52(5): 813-819. 

Bermejo, F. and S. Garcia-Lopez (2009). "A guide to diagnosis of iron deficiency and 

iron deficiency anemia in digestive diseases." World J Gastroenterol 15(37): 

4638-4643. 

Billett, H. H. (1990). Hemoglobin and Hematocrit. Clinical Methods: The History, 

Physical, and Laboratory Examinations. H. K. Walker, W. D. Hall and J. W. 

Hurst. Boston, Butterworth Publishers, a division of Reed Publishing. 

Bothwell, T. H., et al. (1979). Iron metabolism in man. Oxford, Blackwell. 

Brown, W. D. and P. G. Dyment (1972). "Pagophagia and iron deficiency anemia in 

adolescent girls." Pediatrics 49(5): 766-767. 



 

89 

 

8
9
 

Bruner, A. B., et al. (1996). "Randomised study of cognitive effects of iron 

supplementation in non-anaemic iron-deficient adolescent girls." Lancet 

348(9033): 992-996. 

Brutsaert, T. D., et al. (2003). "Iron supplementation improves progressive fatigue 

resistance during dynamic knee extensor exercise in iron-depleted, nonanemic 

women." Am J Clin Nutr 77(2): 441-448. 

Cade, J. E., et al. (2005). "Diet and genetic factors associated with iron status in middle-

aged women." Am J Clin Nutr 82(4): 813-820. 

Carter, R. C., et al. (2010). "Iron deficiency anemia and cognitive function in infancy." 

Pediatrics 126(2): e427-e434. 

Celsing, F., et al. (1988). "Effects of chronic iron deficiency anaemia on myoglobin 

content, enzyme activity, and capillary density in the human skeletal muscle." 

Acta Med Scand 223(5): 451-457. 

Center of Disease Control and Prevention, N. C. f. H. S. (2008). Anthropometric 

reference data for children and adults: United States, 2003-2006, US Department 

of Health and Human Services, Centers for Disease Control and Prevention, 

National Center for Health Statistics. 

Centers for Disease Control and Prevention (1998). Recommendations to prevent and 

control iron deficiency in the United States, US Department of Health and Human 

Services, Centers for Disease Control and Prevention (CDC). 

Chahine, L. M. and Z. N. Chemali (2006). "Restless legs syndrome: a review." CNS 

Spectr 11(7): 511-520. 

Chandra, R. K. (1973). "Reduced bactericidal capacity of polymorphs in iron deficiency." 

Arch Dis Child 48(11): 864-866. 

Chang, J., et al. (2007). "Clinical utility of serum soluble transferrin receptor levels and 

comparison with bone marrow iron stores as an index for iron-deficient 

erythropoiesis in a heterogeneous group of patients." Pathology 39(3): 349-353. 

Clark, S. F. (2009). "Iron deficiency anemia: diagnosis and management." Curr Opin 

Gastroenterol 25(2): 122-128. 

Cogswell, M. E., et al. (2009). "Assessment of iron deficiency in US preschool children 

and nonpregnant females of childbearing age: National Health and Nutrition 

Examination Survey 2003-2006." Am J Clin Nutr 89(5): 1334-1342. 

Conrad, M. E., et al. (1999). "Iron absorption and transport." Am J Med Sci 318(4): 213-

229. 

Cook, J. D. and B. S. Skikne (1982). "Serum ferritin: a possible model for the assessment 

of nutrient stores." Am J Clin Nutr 35(5 Suppl): 1180-1185. 

Cooper, J. R., et al. (1991). The biochemical basis of neuropharmacology. New York, 

Oxford University Press. 

Dallman, P. R. (1986). "Biochemical basis for the manifestations of iron deficiency." 

Annu Rev Nutr 6: 13-40. 

Dellavalle, D. M. and J. D. Haas (2011). "Impact of iron depletion without anemia on 

performance in trained endurance athletes at the beginning of a training season: a 

study of female collegiate rowers." Int J Sport Nutr Exerc Metab 21(6): 501-506. 

Denic, S. and M. M. Agarwal (2007). "Nutritional iron deficiency: an evolutionary 

perspective." Nutrition 23(7-8): 603-614. 



 

90 

 

9
0
 

Dongiovanni, P., et al. (2011). "Iron in fatty liver and in the metabolic syndrome: A 

promising therapeutic target." J Hepatol 55(4): 920-932. 

Doris, P. A. (2011). "The genetics of blood pressure and hypertension: the role of rare 

variation." Cardiovascular therapeutics 29(1): 37-45. 

Dubnov, G. and N. W. Constantini (2004). "Prevalence of iron depletion and anemia in 

top-level basketball players." Int J Sport Nutr Exerc Metab 14(1): 30-37. 

Earley, C. J. (2003). "Clinical practice. Restless legs syndrome." N Engl J Med 348(21): 

2103-2109. 

Earley, C. J., et al. (2000a). "Insight into the pathophysiology of restless legs syndrome." 

J Neurosci Res 62(5): 623-628. 

Earley, C. J., et al. (2000b). "Abnormalities in CSF concentrations of ferritin and 

transferrin in restless legs syndrome." Neurology 54(8): 1698-1700. 

Eichner, E. R. (2010). "Iron Deficiency Anemia: Iron Deficiency Anemia." Current 

Sports Medicine Reports 9(3): 122. 

Elliott, S. (2008). "Erythropoiesis-stimulating agents and other methods to enhance 

oxygen transport." Br J Pharmacol 154(3): 529-541. 

Fanou-Fogny, N., et al. (2011). "Weight status and iron deficiency among urban Malian 

women of reproductive age." Br J Nutr 105(4): 574-579. 

Fawcett, R. S., et al. (2004). "Nail abnormalities: clues to systemic disease." Am Fam 

Physician 69(6): 1417-1424. 

Finch, C. A., et al. (1977). "Effect of blood donation on iron stores as evaluated by serum 

ferritin." Blood 50(3): 441-447. 

Fink, H. H., et al. (2006). Practical applications in sports nutrition, Jones & Bartlett 

Learning. 

Fleming, R. E. and P. Ponka (2012). "Iron Overload in Human Disease." New England 

Journal of Medicine 366(4): 348-359. 

Food and Nutrition Board, I. o. M. (2001). DRI, dietary reference intakes for vitamin A, 

vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, 

molybdenum, nickel, silicon, vanadium, and zinc: a report of the Panel on 

Micronutrients...[et al.], Food and Nutrition Board, Institute of Medicine, National 

Academies Press. 

Garcia-Casal, M. N., et al. (1998). "Vitamin A and beta-carotene can improve nonheme 

iron absorption from rice, wheat and corn by humans." J Nutr 128(3): 646-650. 

Gardner, G. W., et al. (1977). "Physical work capacity and metabolic stress in subjects 

with iron deficiency anemia." Am J Clin Nutr 30(6): 910-917. 

Godin, O., et al. (2012). "Body Mass Index, Blood Pressure, and Risk of Depression in 

the Elderly: A Marginal Structural Model." Am J Epidemiol 176(3): 204-213. 

Greenberg, A. S. and M. S. Obin (2006). "Obesity and the role of adipose tissue in 

inflammation and metabolism." The American journal of clinical nutrition 83(2): 

461S-465S. 

Greenberg, M. S. and A. Pinto (2003). "Etiology and Management of Recurrent 

Aphthous Stomatitis." Curr Infect Dis Rep 5(3): 194-198. 

Grondin, M. A., et al. (2008). "Prevalence of iron deficiency and health-related quality of 

life among female students." J Am Coll Nutr 27(2): 337-341. 

Gropper, S. S., et al. (2002). "Non-anemic iron depletion, oral iron supplementation and 

indices of copper status in college-aged females." J Am Coll Nutr 21(6): 545-552. 



 

91 

 

9
1
 

Gropper, S. S., et al. (2006). "Iron status of female collegiate athletes involved in 

different sports." Biol Trace Elem Res 109(1): 1-14. 

Group, T. o. H. P. C. R. (1997). "Effects of weight loss and sodium reduction 

intervention on blood pressure and hypertension incidence in overweight people 

with high-normal blood pressure. The Trials of Hypertension Prevention, phase 

II." Arch Intern Med 157(6): 657-667. 

Guyatt, G. H., et al. (1992). "Laboratory diagnosis of iron-deficiency anemia: an 

overview." J Gen Intern Med 7(2): 145-153. 

Hallberg, L. and L. Hulthen (2000). "Prediction of dietary iron absorption: an algorithm 

for calculating absorption and bioavailability of dietary iron." Am J Clin Nutr 

71(5): 1147-1160. 

Halterman, J. S., et al. (2001). "Iron deficiency and cognitive achievement among school-

aged children and adolescents in the United States." Pediatrics 107(6): 1381-1386. 

Handelman, G. J. and N. W. Levin (2008). "Iron and anemia in human biology: a review 

of mechanisms." Heart Fail Rev 13(4): 393-404. 

Harmening, D. and R. A. Sacher (1997). Clinical hematology and fundamentals of 

hemostasis, FA Davis. 

Harvey, L. J., et al. (2005). "Impact of menstrual blood loss and diet on iron deficiency 

among women in the UK." Br J Nutr 94(4): 557-564. 

Health Canada. (11/29/2010). from http://www.hc-sc.gc.ca/fn-

an/nutrition/reference/table/index-eng.php. 

Hefco, E., et al. (1975). "Effect of acute exposure to cold on the activity of the 

hypothalamic-pituitary-thyroid system." Endocrinology 97(5): 1185-1195. 

Hershko, C., et al. (1988). "Iron and infection." Br Med J (Clin Res Ed) 296(6623): 660-

664. 

Hinton, P. S., et al. (2000). "Iron supplementation improves endurance after training in 

iron-depleted, nonanemic women." J Appl Physiol 88(3): 1103-1111. 

Hughes, D. A., et al. (2004). "How should stainable iron in bone marrow films be 

assessed?" J Clin Pathol 57(10): 1038-1040. 

Hughes, V. C., et al. (2005). "Choosing Heparinized Over Non-Heparinized Capillary 

Tubes in the Centrifugal Microhematocrit Method Is there a significant difference 

when testing EDTA samples?" Lab Medicine 36(9): 556-557. 

Hunt, J. R. (2003). "Bioavailability of iron, zinc, and other trace minerals from vegetarian 

diets." Am J Clin Nutr 78(3 Suppl): 633S-639S. 

Johnson-Wimbley, T. D. and D. Y. Graham (2011). "Diagnosis and management of iron 

deficiency anemia in the 21st century." Therap Adv Gastroenterol 4(3): 177-184. 

Kalantar-Zadeh, K., et al. (2004). "Association between serum ferritin and measures of 

inflammation, nutrition and iron in haemodialysis patients." Nephrol Dial 

Transplant 19(1): 141-149. 

Kantor, J., et al. (2003). "Decreased serum ferritin is associated with alopecia in women." 

J Invest Dermatol 121(5): 985-988. 

Karl, J. P., et al. (2009). "Poor iron status is not associated with overweight or overfat in 

non-obese pre-menopausal women." J Am Coll Nutr 28(1): 37-42. 

Keen, M. L. (1998). "Hemoglobin and hematocrit: an analysis of clinical accuracy. Case 

study of the anemic patient." ANNA J 25(1): 83-86. 

http://www.hc-sc.gc.ca/fn-an/nutrition/reference/table/index-eng.php
http://www.hc-sc.gc.ca/fn-an/nutrition/reference/table/index-eng.php


 

92 

 

9
2
 

Kettaneh, A., et al. (2005). "Pica and food craving in patients with iron-deficiency 

anemia: a case-control study in France." Am J Med 118(2): 185-188. 

Killip, S., et al. (2007). "Iron deficiency anemia." Am Fam Physician 75(5): 671-678. 

Konofal, E., et al. (2004). "Iron deficiency in children with attention-deficit/hyperactivity 

disorder." Archives of Pediatrics and Adolescent Medicine 158(12): 1113-1115. 

Konofal, E., et al. (2008). "Effects of iron supplementation on attention deficit 

hyperactivity disorder in children." Pediatric neurology 38(1): 20-26. 

Koybasi, S., et al. (2006). "Recurrent aphthous stomatitis: investigation of possible 

etiologic factors." Am J Otolaryngol 27(4): 229-232. 

Krantman, H. J., et al. (1982). "Immune function in pure iron deficiency." Am J Dis 

Child 136(9): 840-844. 

Krayenbuehl, P. A., et al. (2011). "Intravenous iron for the treatment of fatigue in 

nonanemic, premenopausal women with low serum ferritin concentration." Blood 

118(12): 3222-3227. 

Kretsch, M. J., et al. (1998). "Cognitive function, iron status, and hemoglobin 

concentration in obese dieting women." Eur J Clin Nutr 52(7): 512-518. 

Kwok, T., et al. (2002). "Independent effect of vitamin B12 deficiency on hematological 

status in older Chinese vegetarian women." Am J Hematol 70(3): 186-190. 

Lee, D. H. and D. R. Jacobs, Jr. (2004). "Serum markers of stored body iron are not 

appropriate markers of health effects of iron: a focus on serum ferritin." Med 

Hypotheses 62(3): 442-445. 

Lee, R. D. and D. C. Nieman (1996). Nutritional assessment, Brown and Benchmark. 

Lieu, P. T., et al. (2001). "The roles of iron in health and disease." Mol Aspects Med 

22(1-2): 1-87. 

Looker, A. C., et al. (1997). "Prevalence of iron deficiency in the United States." JAMA 

277(12): 973-976. 

Maes, M., et al. (1996). "Alterations in iron metabolism and the erythron in major 

depression: Further evidence for a chronic inflammatory process." Journal of 

affective disorders 40(1-2): 23-33. 

Malczewska, J., et al. (2001). "The assessment of frequency of iron deficiency in athletes 

from the transferrin receptor-ferritin index." Int J Sport Nutr Exerc Metab 11(1): 

42-52. 

Mansson, J., et al. (2005). "Symptom panorama in upper secondary school students and 

symptoms related to iron deficiency. Screening with laboratory tests, 

questionnaire and interventional treatment with iron." Scand J Prim Health Care 

23(1): 28-33. 

Marks, J. and S. Shuster (1968). "Iron metabolism in skin disease." Arch Dermatol 98(5): 

469-475. 

Marks, J. and S. Shuster (1970). "Anaemia and skin disease." Postgrad Med J 46(541): 

659-663. 

McCord, J. M. (2004). "Iron, free radicals, and oxidative injury." J Nutr 134(11): 3171S-

3172S. 

Memmler, R. L. and D. L. Wood (1977). The human body in health and disease, 

Lippincott. 



 

93 

 

9
3
 

Miura, K., et al. (2010). "Dietary salt intake and blood pressure in a representative 

Japanese population: baseline analyses of NIPPON DATA80." Journal of 

epidemiology 20(Supplement_III): 524-530. 

Muller, O. and M. Krawinkel (2005). "Malnutrition and health in developing countries." 

CMAJ 173(3): 279-286. 

Murray, R. (1996). "Dehydration, hyperthermia, and athletes: science and practice." 

Journal of athletic training 31(3): 248-252. 

Natarajan, R. (2010). "Review of periodic limb movement and restless leg syndrome." J 

Postgrad Med 56(2): 157-162. 

National Institutes of Health (2008). MedlinePlus Medical Encyclopedia: Iron deficiency 

anemia. 

Nead, K. G., et al. (2004). "Overweight children and adolescents: a risk group for iron 

deficiency." Pediatrics 114(1): 104-108. 

Nelson, M., et al. (1993). "Haemoglobin, ferritin, and iron intakes in British children 

aged 12-14 years: a preliminary investigation." Br J Nutr 70(1): 147-155. 

Nikolaidis, M. G., et al. (2003). "Variation of soluble transferrin receptor and ferritin 

concentrations in human serum during recovery from exercise." Eur J Appl 

Physiol 89(5): 500-502. 

O'Malley, B. P., et al. (1984). "Circulating catecholamine, thyrotrophin, thyroid hormone 

and prolactin responses of normal subjects to acute cold exposure." Clin 

Endocrinol (Oxf) 21(3): 285-291. 

Olsen, E. A. (2006). "Iron deficiency and hair loss: the jury is still out." J Am Acad 

Dermatol 54(5): 903-906. 

Osaki, T., et al. (1999). "The pathophysiology of glossal pain in patients with iron 

deficiency and anemia." Am J Med Sci 318(5): 324-329. 

Pasricha, S. R., et al. (2010). "Diagnosis and management of iron deficiency anaemia: a 

clinical update." Med J Aust 193(9): 525-532. 

Patterson, A. J., et al. (2001). "Dietary and supplement treatment of iron deficiency 

results in improvements in general health and fatigue in Australian women of 

childbearing age." J Am Coll Nutr 20(4): 337-342. 

Patterson, S. M., et al. (1995). "Stress-induced hemoconcentration of blood cells and 

lipids in healthy women during acute psychological stress." Health Psychology 

14(4): 319-324. 

Peeling, P., et al. (2009). "Training surface and intensity: inflammation, hemolysis, and 

hepcidin expression." Medicine & Science in Sports & Exercise 41(5): 1138. 

Pollitt, E. (1993). "Iron deficiency and cognitive function." Annu Rev Nutr 13: 521-537. 

Ponka, P. and C. N. Lok (1999). "The transferrin receptor: role in health and disease." Int 

J Biochem Cell Biol 31(10): 1111-1137. 

Punnonen, K., et al. (1997). "Serum transferrin receptor and its ratio to serum ferritin in 

the diagnosis of iron deficiency." Blood 89(3): 1052-1057. 

Rainforth, M. V., et al. (2007). "Stress reduction programs in patients with elevated blood 

pressure: a systematic review and meta-analysis." Current Hypertension Reports 

9(6): 520-528. 

Reynolds, R. D., et al. (1968). "Pagophagia and iron deficiency anemia." Ann Intern Med 

69(3): 435-440. 



 

94 

 

9
4
 

Ridsdale, L., et al. (1993). "Patients with fatigue in general practice: a prospective study." 

BMJ 307(6896): 103-106. 

Robbins, E. and T. Pederson (1970). "Iron: its intracellular localization and possible role 

in cell division." Proc Natl Acad Sci U S A 66(4): 1244-1251. 

Rushton, D. H. (2002). "Nutritional factors and hair loss." Clin Exp Dermatol 27(5): 396-

404. 

Rushton, D. H., et al. (2002). "Causes of hair loss and the developments in hair 

rejuvenation." Int J Cosmet Sci 24(1): 17-23. 

Santos, P. C., et al. (2012). "Molecular diagnostic and pathogenesis of hereditary 

hemochromatosis." Int J Mol Sci 13(2): 1497-1511. 

Sargent, P. J., et al. (2005). "Structure/function overview of proteins involved in iron 

storage and transport." Curr Med Chem 12(23): 2683-2693. 

Scholl, T. O. (2005). "Iron status during pregnancy: setting the stage for mother and 

infant." Am J Clin Nutr 81(5): 1218S-1222S. 

Scrimshaw, N. S. (1984). "Functional consequences of iron deficiency in human 

populations." J Nutr Sci Vitaminol (Tokyo) 30(1): 47-63. 

Scrimshaw, N. S. (1991). "Iron deficiency." Sci Am 265(4): 46-52. 

Sinclair, L. M. and P. S. Hinton (2005). "Prevalence of iron deficiency with and without 

anemia in recreationally active men and women." J Am Diet Assoc 105(6): 975-

978. 

Sowers, J. R. and N. Vlachakis (1984). "Circadian variation in plasma dopamine levels in 

man." J Endocrinol Invest 7(4): 341-345. 

Stabler, S. P. and R. H. Allen (2004). "Vitamin B12 deficiency as a worldwide problem." 

Annu Rev Nutr 24: 299-326. 

Stewart, D., et al. (1998). "What makes women tired? A community sample." J Womens 

Health 7(1): 69-76. 

Takahara, S. (1952). "Progressive oral gangrene probably due to lack of catalase in the 

blood (acatalasaemia); report of nine cases." Lancet 2(6745): 1101-1104. 

Tamura, T., et al. (1995). "Effect of smoking on plasma ferritin concentrations in 

pregnant women." Clin Chem 41(8 Pt 1): 1190-1191. 

Trost, L. B., et al. (2006). "The diagnosis and treatment of iron deficiency and its 

potential relationship to hair loss." J Am Acad Dermatol 54(5): 824-844. 

Trumbo, P., et al. (2001). "Dietary Reference Intakes Vitamin A, Vitamin K, Arsenic, 

Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, 

Silicon, Vanadium, and Zinc." Journal of the American Dietetic Association 

101(3): 294-301. 

Tufts, D. A., et al. (1985). "Distribution of hemoglobin and functional consequences of 

anemia in adult males at high altitude." Am J Clin Nutr 42(1): 1-11. 

Umamaheswari, K., et al. (2011). "Effect of iron and zinc deficiency on short term 

memory in children." Indian Pediatr 48(4): 289-293. 

Vaucher, P., et al. (2012). "Effect of iron supplementation on fatigue in nonanemic 

menstruating women with low ferritin: a randomized controlled trial." CMAJ: 1-8. 

Veldhuijzen Van Zanten, J. J. C. S., et al. (2005). "The influence of hydration status on 

stress‐induced hemoconcentration." Psychophysiology 42(1): 98-107. 

Verdon, F., et al. (2003). "Iron supplementation for unexplained fatigue in non-anaemic 

women: double blind randomised placebo controlled trial." BMJ 326(7399): 1124. 



 

95 

 

9
5
 

Walter, P. B., et al. (2002). "Iron deficiency and iron excess damage mitochondria and 

mitochondrial DNA in rats." Proceedings of the National Academy of Sciences 

99(4): 2264. 

Wessling-Resnick, M. (2010). "Iron homeostasis and the inflammatory response." Annu 

Rev Nutr 30: 105-122. 

Wittenberg, J. B. and B. A. Wittenberg (2003). "Myoglobin function reassessed." J Exp 

Biol 206(Pt 12): 2011-2020. 

World Health Organization (2001). Iron deficiency anaemia: assessment, prevention, and 

control: a guide for programme managers, WHO. 

World Health Organization (2001) "Iron deficiency anemia: assessment, prevention, and 

control." 114. 

World Health Organization (2007). "Assessing the iron status of populations." World 

Health Organization, Geneva, Switzerland. 

Yanoff, L. B., et al. (2007). "Inflammation and iron deficiency in the hypoferremia of 

obesity." Int J Obes (Lond) 31(9): 1412-1419. 

Yi, S., et al. (2011). "Association between serum ferritin concentrations and depressive 

symptoms in Japanese municipal employees." Psychiatry Res 189(3): 368-372. 

Zhu, A., et al. (2010). "Evaluation and treatment of iron deficiency anemia: a 

gastroenterological perspective." Dig Dis Sci 55(3): 548-559. 

Zhu, Y. I. and J. D. Haas (1997). "Iron depletion without anemia and physical 

performance in young women." Am J Clin Nutr 66(2): 334-341. 

Zhu, Y. I. and J. D. Haas (1998). "Altered metabolic response of iron-depleted 

nonanemic women during a 15-km time trial." J Appl Physiol 84(5): 1768-1775. 

Zimmermann, M. B. and R. F. Hurrell (2007). "Nutritional iron deficiency." Lancet 

370(9586): 511-520. 

 

 



 

96 

 

9
6
 

 

 

 

 

 

 

 

 

 

Appendices 



 

97 

 

9
7
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Appendix B. Consent form 
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Appendix B. (continued) Consent form 
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Appendix B. (continued) Consent form 
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Appendix B. (continued) Consent form 
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Appendix C. General Questionnaire 
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Appendix D. Food Frequency Questionnaire 

E.  

 



 

104 

 

1
0

4
 

Appendix E. Symptoms Questionnaire 
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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) 

 


