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ABSTRACT

Adolescent females are susceptible to iron deficiency. Iron may be linked to
cognition based on its contribution to central nervous system function. Effects of iron
deficiency may be reflected in academic performance as measured by grades. The
purpose of this study was to determine whether an association existed between iron
status and academic performance. Participants were 14- to16-year-old healthy female
students in the10th grade. Relationships between academic performance, vitamin By
and albumin were also examined. Blood parameters for 71 participants included:
serum ferritin, hemoglobin (Hb), vitamin By, and albumin. Academic performance
was assessed by school grades and included the following measures: Overall average,
plus individual scores in, Math, Science, Physical Education, and English. The
prevalence of iron deficiency (serum ferritin < 20 pg/L) in the sample was 58%. One
participant was iron deficient anemic (Hb < 120 g/L). Two participants were
deficient in vitamin Bj; (< 150 pmol/L). No participants displayed low albumin
levels (<35 g/L). In a bivariate correlation, serum ferritin was negatively correlated
(p < 0.05) with Grade Average and English. There was no relationship between
vitamin B, and academic performance. Albumin was correlated (p < 0.05) with
Grade Average, Physical Education, and English, and was a significant predictor of
grades in multivariate analysis (p < 0.05). Between subject t—tests revealed no
significant difference in grades between those who were iron deficient and those who
were not. It was concluded that the presence of serum ferritin below 20 pg/L does

not pose a significant hazard to scholastic achievement.
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CHAPTER 1

INTRODUCTION

Iron deficiency (ID) is the most prevalent nutritional deficiency in the world,
representing a public health concern of extreme importance (Youdim, 2000). Iron
deficiency is the main cause of anemia in infancy, childhood, and pregnancy, affecting
more than two billion persons world wide (Peirano et al., 2001). Iron deficiency is
prevalent in much of the developing world and is probably the only micronutrient
deficiency of public health relevance in industrialized nations (Peirano et al., 2001). The
most severe stage of the disorder occurs when iron deficiency is accompanied by anemia
(IDA). It has been estimated that 20% of adult men, 35% of adult women, and 40% of
children across the planet could be anemic with iron deficiency being the main
contributing factor (DeMaeyer & Adiels-Tegman, 1986).

Certain groups are particularly vulnerable to iron deficiency. In developing
countries, the prevalence is usually greatest in infants. In industrialized countries iron
deficiency is found mainly in women (Peirano et al., 2001). The physiological changes
of adolescence leave an individual prone to developing iron deficiency. The adolescent
growth spurt increases iron demands during puberty (Weaver & Rajaram, 1992). Regular
blood loss due to the start of menses increases the need for greater iron intake in
adolescent females (Bothwell & Charlton, 1981). These increased needs continue until
menopause (Bothwell & Charlton, 1981). Low iron intakes are often observed in
adolescent females making them susceptible to iron deficiency (Houston, Summers, &

Soltesz, 1997). Adding to the risk, a society which pressures young women to look thin
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can lead to adopting low kilocalorie diets and development of eating disorders which may
result in them not getting the required amount of iron in their diet (Johnson, 1994).

There is a consistent body of data indicating that iron deficiency with or without
anemia can no longer be considered a hematological condition (Peirano et al., 2001;
Youdim, 2000). Iron deficiency can result in broader systemic effects related to
behaviour, and cognition (Peirano et al., 2001). These effects can limit an individual’s
cognitive development (Peirano et al., 2001). With such possible consequences at stake,
the importance of further investigating the relationship between iron status and academic
performance becomes evident.

Physiologic rationales explaining how iron status may affect cognition and thus
academic performance can be proposed. The major function of iron in the human body is
oxygen transport via hemoglobin and to a lesser extent myoglobin. Oxygen transport
requires approximately 74% of the body’s iron (Krause & Mahan, 1979). A much
smaller amount of iron, found in oxidative enzymes, is crucial to cellular energy
production (Krause & Mahan, 1979). An iron deficient individual may display symptoms
such as fatigue, lethargy, and irritability (Schoene et al., 1983). It can be argued that
these symptoms strain the ability to study, interfere with learning, and consequently
reduce academic performance. Specific to neural operation, Roncagliolo, Garrido,
Walker, Peirano, and Lozoff, (1998), Peirano et al. (2001), and Walter (2003) have
suggested that varying levels of iron deficiency can affect the brain’s neurofunctional
maturation and normal central nervous system function. They have found evidence of
abnormal neurofunctional development in iron deficient individuals. It can be speculated

that this abnormality could contribute to decreased academic performance. Iron is
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important to the production and maintenance of myelin (a fat and protein substance
which provides insulation and increases the transmission speed of electrical impulses
throughout the central nervous system) (Carlson, 1997). Iron plays a role in the synthesis
and function of dopamine and serotonin (brain chemicals) transmission systems (Peirano
et al., 2001). Metabolic activity related to memory processing also requires iron (Larkin
& Rao, 1990). As iron contributes to these biochemical processes it has been speculated
that iron depletion may affect multiple cognitive functions reflected in impaired academic
performance (Grein, 2001). The majority of related research has been dominated by
standardized test assessments, which do have identified limitations. Much of the research
is delimited to infants and children living outside of North America in less developed
countries where iron deficiency is highly prevalent. In these populations variables such
as other nutrient deficiencies, increased infections, and poor living conditions may have
confounded results. Due to higher living standards, a Canadian study may potentially
eliminate some of the socioeconomic factors present in developing countries.

Work by Lozoff, Jimenez, Hagen, Mollen, and Wolf (2000), suggests that children
who were anemic at a young age continue to perform suboptimally as they grow up even
after the deficiency is corrected. Most researchers using correlation to study the topic of
iron deficiency and cognition find associations between iron deficiency and poor
cognitive development (Grantham-McGregor & Ani, 2001). However, few investigators
have focused on older age North American groups. This issue was confirmed in a review
on the topic by DiSilvestro (2005). A gap in knowledge linking iron status to cognitive

performance in teenaged populations currently exists.
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Purpose of the study
The purpose of this study was to determine whether there is an association between
iron status as measured by serum ferritin and hemoglobin, and academic performance as
measured by overall average, plus individual scores in, Math, Science, Physical

Education, and English, in adolescent females.

Significance of the Study

Few researchers have investigated the relationship between iron deficiency and
cognition or academic performance in adolescent populations (Taras, 2005; DiSilvestro,
2005). To this author’s knowledge, there are only four researchers that have studied the
link between iron status and academic/cognitive performance including North American
adolescent participants (Bruner, Joffe, Duggan, Casella, & Brandt, 1996; Groner,
Holtzman, Charney, & Mellitis, 1986; Halterman, Kaczorowski, Aligne, Auinger, &
Szilagyi, 2001; Murray-Kolb, Whitfield, & Beard, 2004). Groner et al. (1986) sampled
pregnant participants. The Murray-Kolb et al. paper included 18- to35-year-olds in their
analysis and to this author’s knowledge, has not been published in a peer reviewed
journal. Bruner et al. (1996) and Halterman et al. (2001) measured cognitive
achievement through analysis of various indexes of cognition, but neither attempted to
obtain and correlate iron status parameters such as serum ferritin and hemoglobin with
actual school grades. Neither of these investigators measured B,; or albumin
concentrations.

This researcher directionally hypothesizes that lower iron status will accompany

lower academic performance. A significant correlational relationship between iron status
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and all measures of academic performance should reveal a difference between iron
deficient and iron sufficient groups regarding school grades. Positive relationships
between iron status and academic performance may encourage support for research of a
causal nature. Establishing a causal relationship would be a challenge, but the
implications of such a study could have a large scale impact. Iron treatment programs
could be initiated with the goal of improving an individual’s and a society’s
developmental potential. These improvements could arguably boost national economies
(Hunt, 2002). Non-significant or negative relationships may help investigators focus on
different research objectives.

Conducting this study will add to a body of literature requiring more research, and
demonstrates the willingness of this researcher to play a role in serving the community by

providing direction for future health recommendations.

Definitions
Academic  For the purposes of this study academic performance was defined as
Performance:

both average term grade and individual course grades in Math, Science,

English, and Physical Education.

Albumin: Albumin is a blood plasma protein that is produced in the liver and forms
a large proportion of all plasma protein. Albumin helps maintain osmotic
pressure and transports substances such as thyroid and fat soluble
hormones, and fatty acids. This protein competitively binds calcium and

buffers pH. Albumin can be found in blood plasma or serum, muscle, the
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whites of eggs, milk, and other animal substances and in many plant

tissues and fluid (National Library of Medicine, 2006).

BMI: Body Mass Index. The ratio of the weight of the body in kilograms to the
square of its height in meters. BMI is used as a practical marker to assess
obesity. An indicator of optimal weight for health, BMI is different from

lean mass or percent body fat calculations because it only considers height

and weight (National Library of Medicine, 2006).

Ferritin: A crystalline iron-containing protein that functions in the storage of iron.
Nearly all cells contain ferritin, although the bulk of body iron stores are

found in the liver and spleen (National Library of Medicine, 2006).

Hemoglobin: An iron-containing respiratory pigment of red blood cells that functions
primarily in the transport of oxygen from the lungs to the tissues of the
body. Hemoglobin combines loosely and reversibly with oxygen in the
lungs to form oxyhemoglobin and with carbon dioxide in the tissues to
form carbhemoglobin. In women hemoglobin is present normally in blood
to the extent of 12 to16 grams per 100 milliliters and is determined in
blood either colorimetrically or by quantitative estimation of the iron

present (National Library of Medicine, 2006).
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Operational Definitions of Iron Related Terms:

Subject Groups Parameters
Group I: Iron Sufficient Serum Ferritin > 20 :g/L
Hemoglobin: normal 120 to 160 g/L
Group 2: Iron Deficient not Serum Ferritin < 20 :g/L
Anemic Hemoglobin: normal 120 to 160 g/L
Group 3: Iron Deficient Anemic Serum Ferritin < 12 :g/L

Hemoglobin < 120 g/L

Adapted from Tobin and Beard 1997

RNI: Recommended Nutrient Intake. “A dietary recommendation for nutrient
intake. The Canadian RNI covers the needs of 98% of the healthy
population, including those with higher than average nutrient

requirements.” (Manore & Thompson, 2000, p.5).

Vitamin Bj;: A complex cobalt-containing compound Cg3HggCoN4014P that occurs
especially in liver and is essential to normal blood formation, neural
function, and growth, and is used especially in treating pernicious and
related anemias — also called cyanocobalamin (National Library of

Medicine, 2006).
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Limitations
1. The only requirement for inclusion was being a healthy grade 10 female student.
Participation from different subgroups (i.e., active vs. non-active or athlete vs. non-

athlete) was not controlled which may affect generalizability of data.

2. Several interrelated factors affect academic performance. Socioeconomic status and
specific environmental factors were not measured and could be considered possible
confounders. Although, the likeliness of these variables to selectively alter the

relationship of iron status to some academic subjects and not others can be speculated.

3. Serum ferritin is an acute phase reactant and may be falsely elevated by factors other
than iron status such as exercise, acute inflammation or infection. These factors were
monitored, but not statistically controlled. This is a common limitation identified in

the field of study.

4. The extent of menstrual blood loss was not measured. Menstrual blood losses can
effect iron status. Collecting menses data would have placed added burden on the
participants, possibly decreasing their motivation to volunteer. Cyclic variations in
iron status are a potential source of error when iron status is assessed in ovulating
teenage females (Kim, Yetley, & Clavo, 1993). However timing of menstrual period

and cycle phase were monitored and considered upon interpretation of results.
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5. The dietary analyses were dependent upon the following: accuracy of the information
recorded by each participant on whether the three days analyzed represented the true
intakes, accuracy and consistency of the investigators’ interpretations, and the

accuracy of the nutrition software program Foodworks (version 1.0).

Delimitations
1. This study was delimited to grade 10 apparently healthy (no known health
condition) menstruating females between the ages of 14 and 16 years residing in

Thunder Bay, Ontario, Canada.

2. Blood assays were performed for serum ferritin, hemoglobin (Hb), vitamin B;, and

albumin. These parameters served as independent or predictor variables.

3. The dependent or criterion variables were the discrete scores achieved in
Grade Average, Math, Science, Physical Education, and English. Collectively these
scores were termed Academic Performance. Other measured variables included:

height, (continuous), weight (continuous), and body mass index (continuous).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

CHAPTER 2

REVIEW OF LITERATURE

Introduction
The literature relating iron, to cognition, and more specifically to academic
performance is reported in this chapter. For organizational purposes, the literature is
presented under the following topics: 1) Iron overview, 2) Iron assessment, 3) Factors
affecting academic performance or achievement, 4) Iron deficiency, 5) Iron, cognition
and behaviour, 6) Iron status and academic performance in female adolescents, and 7)

Summary

Ifon Overview

Iron (Fe) is considered a minor or trace mineral. Although present in small amounts
in the human body, iron plays an essential role for hundreds of proteins and enzymes.
Iron’s functions in the body include the following: oxygen transport and storage, electron
transport and energy metabolism, deoxyribonucleic acid (DNA) synthesis, erythropoiesis
(red blood cell formation), and production and maintenance of myelin (Wardlaw, Hampl,
& DiSilvestro, 2004). Iron is also important in the synthesis and function of
dopaminergic, serotoninergic, and catecholaminergic neurotransmission systems (Peirano
et al., 2001; Youdim, 2000).

Approximately two thirds of the body’s iron is found in hemoglobin, the iron-protein
compound that increases the oxygen carrying capacity of blood by about 65 times

(Bothwell, Charlton, Cook, & Finch, 1979). Smaller amounts of iron are also present in
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myoglobin, a compound similar to hemoglobin that aids in oxygen transport within the
muscle cells (Bothwell et al., 1979). The iron found in cytochromes, iron-protein
electron carriers in the mitochondrion, helps facilitate energy production during exercise.
The hemoglobin molecule consists of the protein globin, which is composed of four
subunit polypeptide chains. Each of these polypeptides contains a single heme (iron
containing) group with a single iron atom that acts as a magnet for binding oxygen.
Hemoglobin gives blood its red colour (Wardlaw et al., 2004). There are about 280
million hemoglobin molecules packed into each of the 25 trillion red blood cells in the
body (Wardlaw et al.). Hemoglobin also carries carbon dioxide away from the muscles
to the lungs (Manore & Thompson, 2000).

In total there is normally between three and five grams of iron present in the human
body (Bothwell et al., 1979). Eighty percent of thi>s iron is found in the functionally
active compounds hemoglobin, myoglobin, and cytochromes. The other 20% is not
combined in functionally active compounds and make up the iron stores or reserves
located in the liver, spleen, and bone marrow (Beard & Dawson, 1997). Iron is stored in
the form of hemosiderin and ferritin. Hemosiderin is an insoluble form of stored iron that
forms large concentrated clusters within the cell (Beard & Dawson, 1997). Ferritin is a
protein that binds iron and stores it within the cells (Beard & Dawson, 1997). A small
amount of it circulates in the blood. This circulating ferritin reflects the amount of iron
stored in the body. A gender difference exists regarding iron storage. Males typically
have about 1000 mg of stored iron whereas females store about 300 mg (DiSilvestro,
2005). The lower iron stores in women are mainly attributable to menstrual blood losses.

Menstrual bleeding is a major factor increasing the risk for developing iron deficiency
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(Manore & Thompson, 2000). Females usually lose between 5 and 45 mg of iron during
menstruation (Haymes & Lamanca, 1989).

Dietary iron comes from two sources: animal (heme), and plant (non-heme). Both
sources come from different foods and are absorbed at different rates. Between 2% and
10% of iron from plant sources is absorbed whereas 10% to 35% of animal iron is
bioavailable (Beard & Dawson, 1997). Bioavailability refers to the proportion of any
nutrient in food that is absorbed and utilized. The low bioavailability of non-heme iron
puts people on vegetarian diets at risk for developing iron deficiency, particularly if these
individuals are women.

Besides the source there are other factors which either enhance or inhibit iron
absorption. Vitamin C promotes absorption of plant iron (Rossander, Hallberg, & Bjorn-
Rasmussen, 1979). Any condition that increases demands for irén in the body such as
pregnancy, high altitude, and exercise training, also increases its absorption. High gastric
acid production, resulting in low stomach pH is another factor enhancing iron absorption
(Yip, 2001). Factors that inhibit iron absorption include: decreased iron demand or good
iron status, tea, coffee, oxalic acid, fiber, soy, mineral-mineral interactions that compete
with iron for transport into intestinal cells (i.e., zinc, calcium, manganese), and high
antacid use resulting in higher stomach pH (Yip, 2001). A decrease in iron intake or an
increase in iron loss either through the blood, urine, feces, or sweat will first deplete iron

stores and then may lead to iron deficiency with or without anemia (Weaver & Rajaram,

1992).
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Iron Assessment

Traditionally the condition of iron deficiency anemia has been detected by a blood
value called hematocrit (Ross, 2002). This value refers to the percent of blood volume
taken up by red blood cells (Braunwald et al., 2001). Values beneath 34% to 37% are
associated with iron deficiency (Braunwald et al., 2001). Clinical laboratories typically
measure whole blood hemoglobin when assessing anemia (DiSilvestro, 2005). Iron
deficiency is not the only cause of anemia, but it is a common cause (Ross, 2002). There
are useful methods for testing iron status in the absence of anemia. Serum ferritin, which
is proportional to iron stores, is one of these methods (Wardlaw et al., 2004; Ross, 2002).
A downside to serum ferritin is that it can be affected by factors besides iron status such
as inflammation and day-to-day variations within individuals (Lipschitz, Cook , & Finch,
1974). Iron status assessment is occasionally performed using serum iron. Drawbacks of
this method include wide diurnal (having a daily cycle) variation and depression as a
feedback response (Wardlaw et al., 2004; Ross, 2002). Serum iron values can drop due
to blood loss, a pregnancy, or development of cancer (DiSilvestro, 2005). Another
evaluation measurement is transferrin saturation, which is the ratio of serum iron to iron-
binding capacity (Wardlaw et al., 2004; Ross, 2002). The obstacles with this method are
the same as serum iron. An additional assessment is erythrocyte protoporphyrin
(Wardlaw et al., 2004; Y1p, 2001). This particular evaluation calls for only a few drops
of blood and requires minimal technical experience. Values tend to be less subject to
diurnal variations compared to other iron evaluation techniques. However, lead
poisoning, and inflammation raises levels (Yip, 2001). Protoporphyrin has been used

mainly in population surveys and not typically in clinical situations (DiSilvestro, 2005).
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The newest addition to assessment of iron status is serum transferrin receptors
(Feelders, Kuiper-Kramer, & van Eijjk, 1999). These receptors, found on cell
membranes, make their way into the serum. In response to a dropping iron supply, even
in mild instances, synthesis for transferrin receptors increases (Feelders et al., 1999;
Takala et al, 2003; Beguin, 2003). Unlike values for serum ferritin or iron, serum ferritin
receptor levels do not change with inflammation (Beguin, 2003). This assessment
technique may be practical for identifying iron deficiency in the presence of chronic

disease, as is found in elderly populations (DiSilvestro, 2005).

Factors Affecting Academic Performance or Achievement

Achievement in school is a topic of great practical concern to teachers and parents,
and of great theoretical concem to researchers. Undoubtedly there are a multitude of
coexisting and interrelated variables contributing to academic performance.
Environmental, socioeconomical, personal/psychological, physical, and nutritional are all
variables potentially affecting school achievement. Collectively, these variables combine
to determine the degree of cognitive engagement responsible for attaining academic
goals. Underlying this process are three influencing factors: attitude, motivational desire,
and use of academic strategies or techniques (Tuckman, 1999). A condensed
performance model of factors affecting academic performance is presented in Figure 1.

A student’s academic performance may hinge on the education environment itself.
Factors such as quality of instruction, classroom size, teacher training, teacher
expectations (Rosenthal & Jacobsen, 1968) and availability of textbooks and other

resources exert an enormous impact on student success (Peterson-Geierstanger, Amaral,
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Mansour, & Walters, 2004). Social and environmental factors, such as socioeconomic
status or household characteristics, play a key role in academic performance. These
factors operate directly or indirectly by influencing student health status (Blum et al.,
2000).

Personal/psychological factors also produce effects. Researchers have documented
the influence of alcohol, tobacco, and other drug use (Blum et al., 2000; Hanson &
Austin, 2003; Symons, Cinelli, James, & Groff, 1997; Glied & Pine, 2002; Klerman,
1996), emotional problems (Blum et al.; Glied & Pine; Klerman), diet (Hanson & Austin;
Symons et al., 1997; Glied & Pine), intentional injuries (Blum et al.; Hanson & Austin;
Symons et al.; Glied & Pine), physical illness (Bailey-Britton, 1987), self-esteem, sexual
behavior (Symons et al., 1997), and health care utilization (Bailey-Britton, 1987) on
academic performance. Research has indicated a relationship between resiliency,
developmental assets, and academic performance (Scales & Roehlkepartain, 2003).
School connectedness, the perception of closeness to school and school personnel, has
been associated with improved academic standing (Hanson & Austin, 2003). School
health programs such as school nursing, health education, counseling, psychological and
social services, and nutrition programs often integrated with school based health centres
can also play a role. Although, documenting clear and robust links between single events
and academic outcomes is challenging. Following a literature review on the link between
school nursing and academic performance, Maughan (2003) concluded that it is difficult
to link any specific school performance outcome solely to one intervention by a school

nurse, and controlling for extraneous variables over time makes the research design

complex (Maughan, 2003).
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Physical activity is another factor which may affect performance in school. Physical
activity improves general circulation, increases blood flow to the brain, and raises levels
of norepinephrine and endorphins (Fleshner, 2000). These physiologic changes may
reduce stress, improve mood, induce a calming effect after exercise, and perhaps as a
result improve academic achievement (Fleshner, 2000; Morgan, 1994). The structure of
physical activity in schools provides social benefits that could result in academic
outcomes. Children who learn to cooperate, share, and follow rules in a team setting
where members function as a unit, and children who learn to test their physical
boundaries in individual activities are likely to feel more connected to their school or
community and want to challenge themselves (Taras, 2005). Physically active
adolescents are less likely to attempt suicide, adopt risk-taking behaviors, and become
pregnant. Reduction of these practices may be associated with better academic results
(Brown & Blanton, 2002; Patel & Luckstead, 2000). Intimately linked to physical
performance is another factor which can affect academic achievement — nutrition.

The possible effects of nutrition on academic performance can be summarized under
the following topics: nutritional supplements and micronutrients, food insufficiency, and
effects of eating breakfast (Taras, 2005).

Researchers in the United States and United Kingdom have investigated giving
multivitamin and mineral supplements to healthy populations of school-age children to
determine effects of these supplements on intelligence or school achievement. Results
have varied. Upon review, it appears there are no effects of multivitamin
supplementation on the intelligence or academic performance of most children (Taras,

2005). Non-verbal intelligence improvements in certain populations of children are
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possible, but there are no predictable characteristics of theses subpopulations.
Commentary has pointed to a possible fundamental shortcoming with the research. A
theoretic foundation indicating how vitamins and minerals improve intelligence may be
lacking (Smith, 2000). Conclusions are further limited due to the small number of
researchers in the field and uncertainty about possible connections between the vitamin-
mineral supplement industry and the research (Smith, 2000).

Food insufficiency (the limited availability of nutritionally adequate and safe food) is
a serious problem affecting children’s ability to learn. Of ten articles found, seven
investigated populations outside North America. Effects on reported school performance
have been discovered. Although, in some of the studies poverty and parasites
confounded results. Intwo of three studies from the United States, food insufficiency
was associated with decreased school attendance, or declining academic performance
(Taras, 2005).

There are 18 studies identified describing the effects of eating or not eating breakfast
on student academic performance. Less than half included North American participants.
Findings suggest eating breakfast is an effective way to improve academic performance
in undernourished populations (Taras, 2005). Eating breakfast versus fasting may
improve scholastic performance on the morning eaten (Pollitt, Cueto, & Jacoby, 1998).
The long term effects of eating breakfast on academic performance in students with no
signs of malnourishment are less certain (Taras, 2005).

It has been proposed that attitude, motivational desire, and use of academic strategy
or techniques are three underlying factors which drive and influence academic

achievement (Tuckman, 1999). The attitude often used in combination with motivation
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to achieve is self-efficacy, or how capable people judge themselves to be to perform a
task successfully (Bandura, 1977). This author provided evidence that self-efficacy is an
important factor in the extent to which people can bring about significant outcomes in
their lives. Specifically, there is evidence that self-efficacy beliefs contribute to academic
achievement by enhancing the motivation to achieve. Schunk (1989) has shown that
children with the same level of intellectual capability differ in their performance due to
their level of self-efficacy.

One potential source of the drive to perform is the incentive of producing the
performance. Incentive theories of motivation suggest that people will perform an act
when the result of the performance is likely to conclude with some outcome they desire,
or that is important to them (Overmier & Lawry, 1979). For example, in anticipation of a
scenario involving requisite performance, a person may expend considerable effort in
preparation because of the desire to achieve success or avoid failure (Overmier & Lawry,
1979). This desire may provide incentive motivation for the person to expend the effort
to achieve his/her goal (Tuckman, 1999). Other studies support the importance of drive
or value using sources alternative to incentives as a factor related to achievement.
Pintrich and De Groot (1990) found a significant negative correlation between test
anxiety, often considered an expression of drive, and achievement among seventh
graders. Zimmerman, Bandura and Martinez-Pons (1992) found a relationship between
school achievement and an additional demonstration of value or drive - their high school
student’s grade goals.

Believing in one’s personal competence to perform a task and possessing the desire

to achieve a particular outcome can aid in reaching a goal. However, being able to carry
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out specific strategies that support success, in a variety of fields including academics,
appears critical (Zimmerman, 1998). Work has been done reflecting the connection
between specific strategies and performance outcomes (Tuckman, 1999). Academic
success 1s not determined only by will, but also by skill. Strategies that can impress upon
achievement include: self-observing, self-judging, and self-reacting (i.e., goal setting,
planning) (Tuckman, 1999). More additions to this list include: self-evaluation and
monitoring, goal setting and strategic planning, strategy implementation and monitoring,

and strategic outcome monitoring (Zimmerman, 1998).
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Figure 1.
Performance Model of Factors Affecting Academic Performance.

Educational Environment

- Quality of instruction
Personal/Psychological - Classroom size Socioeconomic Status
- Substance abuse - Teacher training/expectations - Poverty
- Emotional problems - Availability of resources - Influence on health
- Physical illness
- Health care utilization
f Attitude

Academic - Self-efficacy
Physical Activity Performance /
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Abbreviations and symbols: 1 = increase in, | = decrease in, f = direction of affect, AP =
academic performance.
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Iron Deficiency

Iron deficiency is a major problem around the world and could be called the most
common micronutrient deficiency worldwide (DiSilvestro, 2005). This deficiency occurs
in both underdeveloped and industrialized nations. Specific populations have an
increased risk of experiencing iron deficiency. In developing countries, the prevalence is
usually greatest in infants, whereas in industrialized countries it is found mainly in
women (Peirano et al., 2001). Infancy is considered the time of highest vulnerability for
developing iron deficiency anemia (IDA) due to rapid growth and limited sources of
dietary iron (Lozoff et al., 2000). Approximately 25% of all infants in the world have
IDA and many more have iron deficiency without anemia (Lozoff et al., 2000). Iron
deficiency in Canada has been reduced over the last two to three decades. This reduction
is attributable to consumption of iron fortified foods and increased breast feeding
(Feightner, 1994). It is currently estimated that only 5 t07% of Canadian infants are iron
deficient anemic (Health Canada, 2004). However, for some groups the cost of iron
fortified food is beyond their means. Groups at risk include: minority children of low
socioeconomic status, Chinese children, Aboriginal children, Mexican children, and
infants of low birth weight (Lozoff et al, 2000). Prevalence statistics accurately
reflecting Northern Ontario are difficult to pinpoint. Newhouse, Clement, Taunton, and
Lai (1993) sampled 111 female participants from the Thunder Bay area and revealed iron
depletion (serum ferritin < 20 pg/L) and iron deficiency anemia (hemoglobin < 120 g/L)

rates of 39% and 3.6% respectively.
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The fact that IDA is most prevalent during infancy has further implications for the
future. Infancy is a time of high vulnerability for the central nervous system and the most
critical period of brain growth (Lozoff et al., 2000). Infants affected by iron deficiency at
this time have a developmental disadvantage and face the possibility of not reaching their
developmental potential in society.

In addition to infancy adolescence is another time period, with physiological
outcomes, predisposing an individual to acquire iron deficiency. The adolescent growth
spurt and recurrent iron loss resulting from menstruation place an added burden on the
iron status of women who already have lower iron stores than men (Bruner et al., 1996).
Females with heavy menstrual blood losses are especially prone to iron deficiency (Marx,
1997). Compounding the issue, low energy intakes observed in some women cannot
satisfy iron requirements. Therefore, the adolescent female 1s highly vulnerable to iron
deficiency (Manore & Thompson, 2000). Low meat consumption, often observed in
young adult women and teenaged females compared to their male counterparts,
contributes to iron deficiency (Allen, 2002). Sociocultural demands on young women to
be thin, pressuring them to engage in disordered eating behaviours (Johnson, 1994) may
also have an effect.

Pregnant women are fortunate in the sense that they do not have to contend with
menstrual blood losses, however iron levels are still an issue. Throughout pregnancy a
large amount of iron goes into creating a new bloodstream and other body changes (Marx
1997; Wardlaw et al., 2004). Premature infants are susceptible to iron problems
(O’Keeffe et al., 2002). Iron stores are supposed to support many baby needs in early

stages following birth. The majority of these iron stores are generated during the last
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trimester of pregnancy. A premature birth cuts short the iron storage period (Rao &
Georgieff, 2002).

It has been reported in several studies and review articles that athletes, especially
endurance athletes involved in heavy training, may be prone to iron deficiency (Clement
Asmundson, & Medhurst, 1977; Clement & Sawchuck 1984; Manore & Thompson,
2000; Newhouse & Clement, 1988). It is generally agreed that low serum ferritin levels
are frequently found in athletes, but there is no agreement as to the significance of these
findings. Low serum ferritin may represent a true iron deficiency or a physiological
adaptation to training (Eichner, 1992; Sherman & Kramer, 1990). Ehn, Carlmark, &
Hoglund (1980) showed that iron absorption is lower in athletes than non-athletes, even
when both have an ample supply of iron. This decrease in iron absorption might be
bec;'iuse food tends to pass faster through the gastrointestinal tracts of athletes (Lampe,
Salvin, & Apple, 1990). The highest risk of inadequate iron intake is found in athletes
competing in gymnastics, ballet, or long-distance running (Otis, Drinkwater, Johnson,
Loucks, & Wilmore, 1997). In these sports low body weight is an asset. Other risk
factors applying to athletes involve high iron losses. Demanding bouts of exercise have
been reported to result in iron losses from the gastrointestinal tract (Lampe et al., 1990;
Weaver & Rajaram, 1992), in urination (Haymes & Lamanca, 1989; Jones, Newhouse,
Jakobi, LaVoie, & Thayer, 2001), and in perspiration (Haymes & Lamanca, 1989;
Lamanca, Haymes, Daly, Moffatt, & Waller, 1989). Although these losses may be short
lived or transient, physical activity may provoke a negative iron balance due to increases

in iron losses and requirements.
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In the elderly, several researchers have found that iron status can become a problem
due to low iron intake, development of chronic disease, and GI blood losses (Balducci,
2003; Beard, Richards, Smicklas-Wright, Bernardo, & Kordish, 1996; Bohmer,
Fruhwald, & Lapin, 2003; Coban, Timuragaoglu, & Meric, 2003). In certain cases,
anemia can take a mild form. Anemia left untreated can progress and contribute to
escalation in mortality, poor health, fatigue, and functional dependence (Balducci, 2003).
Increased risk of cardiovascular or neurological problems may result as well (Balducci,
2003). However, not all elderly populations show a high prevalence of iron deficiency.
Fleming et al. (2001) showed that a large group of non-institutionalized U.S. elderly
participants (n = 1016) displayed a low, three percent, incidence of low iron stores.

Vegetarians are prone to iron deficiency (Wardlaw et al., 2004; Marx, 1997). This
group struggles fo take in enough iron because they do not eat meat, which provides well-
absorbed heme iron. Meat also promotes iron absorption from other foods. The high
fiber or oxalic acid content of typical vegetarian diets can further depress iron absorption
(DiSilvestro, 2005). Although, most vegetarian diets provide adequate amounts of
vitamin C, which promotes iron absorption (Wardlaw et al., 2004).

As the evidence mounts it becomes apparent that iron deficiency is not only a
hematological condition; there are significant systemic effects to consider (Peirano et al,
2001). Research has indicated that iron deficiency with or without anemia alters the
behaviour of an individual in cognitive, motor and emotional frameworks. These changes
likely interfere with optimal development. Such consequences hanging in the balance

support the need to appraise the relationship between iron, cognition and behaviour.
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Iron, Cognition and Behaviour

Within normal levels it is plausible that iron status may not be related to cognitive
performance. In a spectral electroencephalographic study of 14 men aged 20 to 64 (mean
+ SD, 29.4 + 10.6 years) and mean serum ferritin 78.1 ug/L, Tucker and Sandstead
(1981) noted that task performance measured by digit span forward and backward and
tonal memory forward and backward was not significantly (p > 0.05) related to iron
status (serum ferritin, serum iron). Electroencephalographic (EEG) correlates of iron
status did reach highly significant values (i.e., Frequency of Peak Power on serum
ferritin; R-square = 0.92; p < 0.005) although the clinical significance of these EEG
results were raised based on the lack of any significant relationships observed between
the iron status parameters and the performance tasks. However, impaired cognitive
function appears to be assoéiated with anemia (DiSilvestro, 2005).

Webb and Oski (1973) indicated a correlation between hemoglobin concentration
and academic performance. These authors studied 12- to14-year-old (n = 193) junior
high students from an economically deprived community in Philadelphia. Anemia was
present in 92 students with hemoglobin (Hb) values ranging from 100 g/L to 115 g/L.
The other 101 students had Hb values from 140 g/L to 149 g/L and served as normal
controls. The Iowa Test of Basic Skills was administered to all participants.
Relationships of anemia, age, and sex with composite achievement scores were
calculated by multifactor analysis of variance. Test scores were significantly lower in the
anemic, presumably iron deficient students (5.08 + 1.25 vs. 6.73 +2.07; p < 0.025). The
magnitude of the derived correlation coefficient between iron status and test score was

fairly strong (r = 0.67). However, potential confounding variables such as poverty and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

race were not considered. Most correlational researchers find associations between iron
deficiency anemia and poor cognitive development, motor development, and behavioural
problems (Grantham-McGregor & Ani, 2001). Looking as far back as 1919, several
studies can be identified noting significant associations between hemoglobin levels and
measures of cognitive performance or school achievement (Agarwal, Upadhyay, &
Tripathi, 1987; Clarke, Grantham-McGregor, & Powell, 1991; Florencio, 1988;
Grindulis, Scott, Belton, & Wharton, 1986; Popkin & Lim-Ybanez, 1982; Waite &
Neilson, 1919; Walker, Grantham-McGregor, Himes, Williams, & Duff, 1998; Webb &
Oski, 1973). Correlational studies offer the opportunity to look for possible interactions
between anemia and socioeconomic or medical conditions, but few have controlled for
both and most had sample sizes insufficient for doing so. Besides hemoglobin some of
the studies did not include other measures‘ of iron status. The possibility exists that iron
deficiency was not the sole cause of anemia.

The relationship between level of anemia and developmental decline has also been
investigated. It appears that the level of anemia associated with declining development
varies in different populations. In one study Walter, de Andraca, Chadud, and Perales
(1989) compared development scales, of 196 children (birth to 15 months), with
hemoglobin concentrations. Individuals with iron deficiency anemia (Hb < 110 g/L)
were compared to iron deficient non-anemic (Hb > 120 g/L, serum ferritin < 12 pg/L)
and control (Hb > 120 g/L, serum ferritin > 12 pg/L) participants. The three groups were
significantly different (p < 0.001; one-way ANOVA) from each other in both their motor
(96.4 + 1.3 vs. 103.4 + 0.8 vs. 102.1 + 1.8) and mental (90.0 + 2.0 vs. 98.7 + 1.0 vs. 101.2

+ 2.1) developmental indices (Bayley Scales of Infant Development).
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Longitudinal follow up studies linking iron status to cognition and behaviour have
also been conducted. In longitudinal study of participants with IDA (n = 48) ten years
after treatment, Lozoff et al. (2000) observed statistically significant differences in
components of the Wide Range Achievement Test (reading: 121.6 + 2.4 vs. 126.9 + 1.5;
p <0.01), (writing: 93.2 + 1.9 vs. 98.6 + 1.2; p <0.01), (math: 88.8 +2.2vs.95.7+1.4;p
< 0.01), and Bruininks-Oseretksy Motor Proficiency Test (motor/spatial function: 42.4 +
1.8 vs. 48.0 + 1.1; p < 0.05) compared to non-anemic controls (n = 114). Analysis of
covariance was the primary statistical approach. Covariates included sex and mother’s
IQ. Observed dropout from the study was 13%. The linking of hemoglobin levels to
cognitive development or school achievement in early childhood versus later childhood
and adolescence has been assessed by the following investigators using longitudinal
analyses: (Cantwell 1974; de Andraca et al., 1990; Doﬁmergues et al., 1989; Hurtado,
Claussen, & Scott, 1999; Lozoff, Jimenez, & Smith, 2006; Lozoff, Jimenez, & Wollf,
1991; Lozoff et al., 2000; Palti, Pevsner, & Adler, 1983; Palti, Meijer, & Adler, 1985;
Wasserman et al., 1992 and 1994). Collectively the initial age of the samples was under
two years of age, except for Hurtado et al. (1999), who included children between birth
and five years of age. On follow up the oldest participants ranged from 4 to 19. Sample
sizes ranged from 21 to 148 children excluding Hurtado et al. who retrieved public
records (n = 5411). All of these studies demonstrated that children with IDA as infants
continued to have poorer cognition, and school achievement along with more behavioural
problems into middle childhood or adolescence. In appraising these longitudinal

investigations along with other studies of foreign participants it should be kept in mind
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that results may have been confounded by poor socioeconomic status. Whether there was
adequate control for social background is debatable.

North American studies of iron’s link to cognition and behaviour have less problems
with socioeconomic confounders. Oski, Honig, and Helu (1983) examined 38 non-
anemic U.S. infants (9 to12 months old). Iron supplementation impacted Mental
Development Index Scores (paired t-test: 84.6 + 19.0 vs. 106 + 15.3; p < 0.05) in iron
deficient participants. No effect was seen for infants with good iron status. Tucker,
Sandstead, Swenson, Sawler, and Penland (1982) found no correlation (p > 0.05) between
iron status (serum ferritin) and cognitive task performance (Work fluency, Imagery) in a
longitudinal study of seven male university students that focused on
Electroencephalographic (EEG) power and Event-Related Potentials (ERP’S).
Correlations were not presented however those based on such a sﬂlall number of
participants should be interpreted with caution. Tucker, Sandstead, Penland, Dawson,
and Milne (1984) noted that iron status (serum ferritin, serum iron) was not significantly
related to 4 of 6 cognitive performance tasks in a larger university sample (n = 69).
Covariation between iron measures and the measures of cognitive performance were
assessed with zero-order Pearson correlations. Iron status was significantly related to
tonal memory backward (r = -0.30, p < 0.05), associated with poorer performance and
word fluency (r = -0.30, p < 0.05), associated with better performance. Gender
differences were controlled. Quantitative EEG measures were also examined. In a study
conducted at a Pennsylvania state college Murrary-Kolb et al. (2004) sampled 183
women between the ages of 18 and 35 years (mean age 21 years) in the attempt to

demonstrate iron deficiency and iron deficient anemia in young women alters cognitive
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performance affecting attentional, memory, and learning processes. The subjects were
placed in three groups (iron sufficient, iron deficient, iron deficient anemia) and
completed tasks from the Detterman's Cognitive Abilities Test (CAT), a computerized
battery administered by a video monitor with a touch screen. Following supplementation
(blinded, placebo-controlled) results by Analysis of Variance (ANOVA) showed that iron
deficient women in the lowest quintile of plasma ferritin (1.1-6.5 pg/L), performed
significantly (p < 0.05) worse in memory, assessed by mean reaction time (1,250 msec
vs. 1,050 msec) learning, mean trial time (17,000 msec vs. 11,000 msec) and attention
tests, and mean decision time (100 msec vs. 250 msec) than healthy women. Iron
deficient women also had more anger and anxiety (p < 0.05). The authors concluded that
iron status was related to performance on attentional, memory, and leamning tasks in
young women. The authors suggested that cognitive variables were altered iﬁ young
women as a result of iron deficiency even in the absence of anemia. These findings
agreed with those published by Bruner et al. (1996) who showed that iron had an impact
on verbal learning and memory in iron deficient adolescent females without anemia.
Study of the link between iron and cognitive ability has occurred mostly through
youth populations living outside North America. In a double-blinded study of 48 male
children (8 tol5 years) in India, matched for age and hemoglobin, Seshadri and Gopaldas
(1989) showed that iron supplementation improved overall cognitive function measured
by visual recall tests (7.25 + 0.25 vs. 5.75 + 0.26), digit span (4.21 + 0.49 vs. 3.16 +
0.46), maze cognitive function test (6.90 + 0.20 vs. 5.77 + 0.40), and visual
discrimination/ perception (6.39 + 0.40 vs. 6.48 + 0.21) compared to a placebo group (n =

16) (paired t-test; p < 0.05). In a separate study theses authors matched 65 pairs of 8- to
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15-year-old female subjects for age, hemoglobin, and cognitive function and found that
supplementation improved performance on the same cognitive tests (paired t-test; p <
0.05). Hutchinson, Powell, Walker, Chang, and Grantham-McGregor (1997) assessed
800 male (n = 417) and female (n = 383) Jamaican fifth graders aged 9-13 years using a
cross-sectional design. Participants were randomly selected from 16 schools.
Hemoglobin was used to determine iron status in relation to school achievement
(WRAT). Stool specimens were analyzed for parasites. By correlation, children with
iron deficiency anemia (Hb < 110 g/L) had lower achievement scores in reading (r =
0.13; p < 0.001) and spelling (r = 0.12; p < 0.01). Anemia predicted poor school
attendance in multivariate analysis (B = - 4.40; p < 0.01). Soemantri, Pollitt, and Kim
(1985) sampled 119 participants from Indonesia aged 8 to13 years. Psychological tests
included: The Ravens Progressive Matricies, The Educational Achievement Test, and
The Bourden-Wisconsin test for concentration. Analysis of covariance (ANCOVA)
showed that children with iron deficiency anemia performed significantly poorer in the
achievement tests than those not anemic (31.8 + 10.3 vs. 42.3 + 10.8; p < 0.05). Pollitt
(1997) assessed the correlation between iron deficiency without anemia and iron replete
Guatemalan subjects (n = 1203) on cognitive test performance. Participants ranged from
9 to 27 years. Iron-deficient (Hb > 120 g/L; serum ferritin < 10 :g/L) and iron replete
(Hb > 120 g/L; serum ferritin > 10 pg/L) groups were similar in all but one test. Iron
replete participants responded faster in Sternberg’s memory task (p < 0.05). Serum
ferritin was not strongly associated with scores on any cognitive tests (R = 0.06 to 0.07).
In summary Pollitt suggested that the absence of a significant correlation between iron

deficiency (without anemia) and poor cognitive test performance raises skepticism as to
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whether a modest degree of iron deficiency affects cognition. Evidence supporting this
claim was provided by Sungthong, Mo-suwan, and Chongsuvivatwong (2002). These
researchers examined the effects of hemoglobin and serum ferritin on cognitive function.
Participants were school children from socioeconomically deprived communities in
Thailand (n = 427). The ratio of males to females was 1:1. The average age was 9.6
years. Cognitive function was measured using the Test of Nonverbal Intelligence (TONI
IT), which was converted to IQ, and school performance (average Thai language and
Math scores). Hemoglobin and serum ferritin were used to determine iron status. The
low serum ferritin cutoff was < 20 pg/L. Cutoffs for anemia were (Hb < 115 g/L; 5-
tol1-year-olds, Hb < 120 g/L; 12- to 13-year-olds). One eighth (13%) of participants had
low serum ferritin. Prevalence of IDA was 4.2%. Linear regression models were used in
statistical analysis. The highest scoring group included children with normal hemoglobin
but low serum ferritin. Using a group of exclusively serum ferritin > 20 pg/L participants
as the reference, the investigators found significantly higher 1Q (86.5 + 3.6; p = 0.03),
Thai Language (0.8 + 0.3; p < 0.01), and Math scores (1.1 + 0.3; p < 0.01) in children
with normal hemoglobin but low serum ferritin (Test for trend, STATA statistical
software version 6). A suggested reason for this unexpected finding was that if
hemoglobin is high enough, increasing iron levels may have some adverse effect on
cognition (Sungthong et al. 2002). To gain further insight, iron’s association to cognition
and behaviour has also been expanded to studies of learning disorders.

Iron status may be linked to attention deficit hyperactivity disorder (ADHD). ADHD
1s a behavioural syndrome characterized by an inappropriate degree of inattention,

impulsiveness and hyperactivity (American Psychiatric Association, 1994). Individuals
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with ADHD have can have low levels of magnesium, zinc, copper and iron (Kozielec,
Starbart, & Herhelin, 1994). ADHD can be alleviated by dopamine releasers (i.e.,
psychostimulants, amphetamine and methylphenidate). Hypoactivity of the brain
dopaminergic system may be associated in the pathophysiology of ADHD (Shaywitz,
Cohen, & Bowers, 1977). Iron is important in dopaminergic regulation (Youdim &
Yehuda, 1985).

Relationships between iron status and ADHD represent a developing area of study.
Mixed results have been observed. Studies showing opposite effects and no effects will
now be presented. Konofal, Lecendreux, Amulf and Mouren (2004) investigated the
relationship between iron stores and ADHD. Iron stores were determined by serum
ferritin. Other measures of iron status included hemoglobin, hematocrit, and serum iron.
ADHD was determined by the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) evaluation. Fifty-three participants with ADHD ranged in age from 4 to 14
years (mean + SD, 9.2 + 2.2 years). Forty-five participants were boys. Eight were girls.
Twenty-seven control participants were matched for age (mean + SD, 9.5 + 2.2 years)
and gender. Participants were from France. Between-group statistical analyses were
performed using t-tests and IT°. Pearson correlations were used to test the relationship
between iron stores (serum ferritin) and severity of ADHD symptoms (Connors Parent
Rating Scale). Results showed that 84% of ADHD participants and 18% of controls had
low serum ferritin (Hb < 30 pg/L). No participants were anemic. Serum ferritin was
lower in ADHD participants versus controls (23 + 13 pg/L vs. 44 + 22 pg/L; p <0.01).
In correlation, low serum ferritin was significantly related to severity of ADHD

symptoms (Connors’ Parent Rating Scale) and greater cognitive impairment (r = - 0.34; p
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<0.02,r=-0.38; p <0.01). These results suggest that low serum ferritin (iron stores)
has a role in ADHD. Conversely, Millichap, Yee, and Davidson (2006) noted no effect
regarding the association between serum ferritin and severity or frequency of ADHD.
Serum ferritin was measured as part of a laboratory assessment in American ADHD
participants (n = 68) between 5 and16 years of age. Male (n = 54) and female (n = 14)
participants were included and compared to controls (n = 27) and U.S. national data. The
name of the tool used to confirm the diagnosis of ADHD was not reported, although the
study’s setting was an established clinic in Chicago (Children’s Memorial Hospital).
Prevalence of low serum ferritin was presented at different cutoff values. Results showed
that the percent of participants below 30 ng/L, 20 pg/L, and 12 pg/L were 44%, 18%, and
7% respectively. Anemia was not observed. Average serum ferritin in ADHD patients
(39.9 + 40.6 pg/L) compared to controls (44 + 22 ng/L) was not statistically different (t =
0.86; p > 0.20). Evaluating the clinical characteristics of 12 participants in the lowest
category of serum ferritin values versus 12 in the highest category (< 20 pg/L vs. > 60
pg/L) revealed no significant difference in severity of comorbid symptoms or frequency
of ADHD. The authors concluded that in this participant cohort, low serum ferritin
cannot be confirmed as a cause of ADHD. Adding a different outcome, Antalis et al.
(2006) recently noted higher serum ferritin levels in ADHD participants compared to
controls (113.54 + 49.35 ng/L vs. 71.13 + 44.89 pg/L; p < 0.04). There was no
difference between any other measures of iron status and ADHD. The primary objective
of Antalis et al. was to assess Omega-3 fatty acid status in attention-deficit/hyperactivity
disorder. ADHD (n = 35) and control (n = 112) participants were American adults in

their twenties (ADHD: 24.1 + 3.4 years; control: 23.1 + 3.4 years). Diagnosis of ADHD
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was provided by the staff at Counseling and Psychological Services (CAPS) at Purdue
University. Hemoglobin, hematocrit, mean corpuscular volume and serum ferritin were
used to assess iron status. Other measured variables included: antioxidants, oxidative
stress, inflammation, and fatty acid profiles. Gender, age, body mass index, smoking,
and ethnicity were controlled. Statistical analyses included: Fisher’s Exact Test, Shapiro-
Wilk Test, Student’s two-tailed t-test, Kruskal-Wallis Test, Pearson and Spearman
correlations.

It appears severe iron deficiency early in the lifespan has debilitating effects on
cognitive and behavioural development. Effects in older populations and ADHD patients
are not as clear. Studies of late childhood and adolescent populations are limited. Such a
reality underlines the importance of further investigation of the relationship between iron

status and academic performance in teenage populations.

Iron Status and Academic Performance in Female Adolescents

Studies presented in this section are grouped by number of indicators used to
determine iron status. In screening for iron deficiency, it is not uncommon that only one
or two parameters are used as cost and convenience are important factors to consider.
Sensitivity and specificity are critical when using just one or two parameters.
Hemoglobin remains a key screening measure as it can detect the most severe stage of
iron deficiency associated with the majornity of clinical symptoms. By combining
hemoglobin with serum ferritin measurements, sensitivity and specificity are greatly

improved (Cook, Baynes, & Skikne, 1992).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

To gain further insight into the area of iron status and academic performance or
cognitive ability in adolescents, Walker et al. (1998) assessed 452 eighth grade Jamaican
girls between the ages of 13 and 14 years. Hemoglobin was the only indicator of iron
status among other nutritional status measures including weight and height for age.
School performance was measured using the Wide Range Achievement Test (WRAT).
Using a multiple regression analysis, girls with iron deficiency anemia were significantly
(p < 0.001) more likely to have poor academic achievement in reading (R-square = 0.21)
and spelling (R-square = 0.26). Walker et al. relied on hemoglobin as the only marker for
iron status. Students with iron deficiency but not anemia were not identified. Similarly,
in a random sample of 800 Saudi girls and boys between the ages of 9 to 21 years
Abalkhail and Shawky (2002) measured iron status with hemoglobin. Of the 800
participants, 84 were surveyed for nutritional habits. Academic performance was
measured by actual school tests. Proportions and 95% confidence intervals were
calculated. Differences between proportions were considered significant if the 95%
confidence intervals (CI) did not overlap. Results showed that iron deficiency anemia
was significantly more prevalent among those who failed school exams compared to
those with excellent achievement (33.8%; CI: 23.0 to 44.6 vs. 17.2%; CI: 12.6 to 21.8).
A failure included a mark of zero to 70% while excellence was defined by a mark greater
or equal to 90%. Again, hemoglobin was the only measure of iron status.

The addition of serum ferritin as a marker of iron status allows consideration of
larger iron status ranges and helps identify more subtle effects of iron deficiency (Cook et
al., 1992). Lynn and Harland (1998) studied two matched (age, sex, IQ) groups of 208

and 205 participants (12 to16 years) from the United Kingdom. Academic performance
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was measured by IQ using the Ravens Progressive Matrixes. Hemoglobin and serum
ferritin were measures of iron status. The initial correlation between hemoglobin and 1Q
(r=0.17, p=0.01) was small, but statistically significant. The correlation between
ferritin and IQ was not significant. Participants were then grouped into three sub groups
of low, medium, and high iron levels. Between group tests showed that iron treatment
improved IQ performance significantly (IQ gain: 5.8 points, t = 2.34; p = 0.02) in those
with low iron stores (serum ferritin < 12 pg/L) compared to the placebo group. The
results of this study included non-adolescent participants and both genders. Generalizing
findings to females alone is difficult. Bruner et al. (1996) sampled 98 adolescent
American girls between the ages of 13 and18 years who displayed iron deficiency
without anemia. Serum ferritin and hemoglobin were used to determine iron status.
Academic performance was determined by the following standardized tests: Brief Test of
Attention (BTA), Symbol Digits Modalities (SDMT), Visual Search and Attention
(VSAT), and the Hopkins Verbal Learning Test (HVLT). Ferritin level was not
correlated with test performance prior to intervention. Stepwise regression analysis
assessing the effect of iron treatment on postintervention test scores, adjusted for baseline
scores, showed that the group who took iron (n = 37) improved significantly compared to
controls (n = 36) in a test (HVLT) of verbal learning and memory (R-square = 0.25, R-
square change = 0.07, Baseline score: 1.79; p < 0.02). Bruner et al. acknowledged that

further research is needed to assess whether cognitive effects are limited to standardized

neuropsychological measures or are also evident in academic performance.
Using multiple markers of iron status Groner et al. (1986) studied 38 (at risk due to

poverty) 14- to 24-year-old pregnant American females. Serum ferritin, hemoglobin,
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hematocrit, and mean corpuscular volume were included as measures of iron status in this
supplementation study. Academic performance was assessed by a battery of standardized
tests for short term memory and attention. There was no correlation between iron status
and psychometric test score initially or after one month. Iron treated participants
significantly improved on the Digit Symbol test (p < 0.005, paired t-test) and Consonant
Trigrams (p < 0.05; paired t-test). The change in Digit Symbol score was greater for the
experimental group compared to their untreated counterparts, but did not reach statistical
significance (experimental: 1.3 + 1.5 vs. control: 0.3 + 1.7; p <0.08). The change in
Consonant Trigrams was significantly greater for the experimental group (experimental:
1.1 +2.5 vs. control: - 0.7 + 2.4; p < 0.05). There was a large (n = 10) loss from the
control group, leaving only 9 participants. Because participants were pregnant, the author
admitted that findings cannot be generalized to other groups and similar investigations
should be performed among non-pregnant teenagers and young adults. Using multiple
indicators of iron status, Halterman et al. (2001), investigated a group of 6- to16-year-old
American children and adolescents (n = 5398). This national representative sample
included 2731 girls. Data were taken from the National Health and Nutrition
Examination Survey III. Serum ferritin, hemoglobin, transferrin saturation, and free
erythrocyte protoporphyrin were measured in different age groups. One group was
females between 12-16 years (n = 1114). Academic performance was measured by
standardized test scores on the Wechsler Intelligence Scale for Children (WISC-2) and
the Wide Range Achievement Test (WRAT- reading and math). Results showed that
average math scores were lower for iron deficient participants, with anemia (86.4; p <

0.05) and without anemia (87.4; p < 0.05) compared to those with normal iron status
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(93.7). Iron deficient participants had more than twice the risk of scoring lower in Math
compared to those who had normal iron status (odds ratio: 2.3; 95% confidence interval,
1.1 to 4.4). Average test scores were compared using t-test statistics for means and IT*
for proportions. Logistic regression was used for multivariate analysis. For
organizational purposes the studies of iron status and academic performance in female

adolescents are presented in Table 1.
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Table 1.
Studies Involving Iron Status and Academic/Cognitive Performance in Female
Adolescents.
Reference Participants Measures of Indicators of Outcome
Academic or Iron Status and
Cognitive Cutoff Values
Performance Used
Walker et al. 452 (8th grade) WRAT Anemia:Hb < 115 | Anemic girls more
(1998) Jamaican girls g/L likely (p < 0.001)
aged 13 to 14 to have poor AA in
years. reading (R* = 0.21)
& spelling (R =
0.26) (MR).
Abalkhail & 800 Saudi boys School grades expressed | Anemia: Hb <115 | Anemia was more
Shawky (2002) and girls aged 9 to | as percent of marks. g/L for 5-11 year prevalent among
21 (mean 14). Individual courses (i.e., | old boys and girls; | those who failed
math) not presented. No | <120 g/L for 12- | school exams
standardized tests. 14 year old boys compared to those
and girls; < 120 with excellent
g/L for 15+ girls; achievement
<130 g/L for 15+ | (33.8%; CI: 23.0 to
boys. 44.6 vs. 17.2%; CI:
12.6 to 21.8).
Failure (mark of
zero to 70%);
Excellence (mark >
90%)
Lynn & Harland 208 participants IQ using Ravens Hb below normal: | Initial corr. b/w Hb
(1998) (12 to 16 years of | Progressive Matrixes. <120 g/L; low SF: | and IQ (r=0.17,p
age) matched with <12 pg/L. =0.01) was small,
205 controls for but statistically
age, sex, and IQ. significant. The
Treated group corr. b/w SF and
received iron and IQ was not
ascorbic acid for significant. Fe
16 weeks. treatment group
with low iron
stores (SF <12
Hg/L) improved IQ
performance
significantly (1IQ
gain: 5.8 points, t =
2.34;p=0.02)
compared to the
placebo group.
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year-old pregnant
American females.
Double blind
randomized for 1
month.

measuring short-
term memory and
attention: Digit
Span, Digit
Symbol,
Arithmetic,
Vocabulary
(WAIS) and
Consonant
Trigrams, RAVLT

mean corpuscular
volume. No
reference to
cutoffs.

Bruner et al. 98 adolescent By the following Anemia: Hb < 115 | SF no corr. with
(1996) American girls 13 | standardized tests: | g/L for African CTP prior to
to 18 years of age BTA, SDMT, Americans; Hb < intervention. Fe
with non-anemic VSAT, HVLT 120 g/L for white group (n=137)
ID. Anemic girls. Non-anemic | improved
participants ID defined as SF < | significantly (SR)
excluded. Double 12 pg/L with vs. controls (n =
blind placebo normal Hb. 36) in HVLT (R* =
controlled for 8 0.25, R? change =
weeks. 0.07, Baseline
score: 1.79; p <
0.02).
Groner et al. 38 (at risk due to By the following SF, Hb, No corr. b/w Fe
(1986) poverty) 14- to 24- | standardized tests hematocrit, and status and CTP

initially or after
one month. Fe
treated improved
on DS test (p <
0.005, paired t-
test) and CT (p
<.05; paired t-test).
CT change greater
for the ex. group
(ex.: 1.1 £ 2.5 vs.
control: -0.7 + 2.4;
p <0.05).

(2001)

Halterman et al.

5398 American
children and
adolescents 6 tol6
years of age. One
group was 1114
females b/w 12-16
years of age.

By the following
standardized tests:
WISC-2 and
WRAT (reading
and math).

Anemia: Hb < 120
g/L; low SF : <12
Hpg/L; erythrocyte
protoporphyrin: >
1.24 :moV/L;
transferrin
saturation: < 14%.
Individual
considered ID if 2
of 3 values
abnormal (not
including Hb)

Ave. Math scores
lower for ID with
anemia (86.4; p <
0.05) and without
anemia (87.4; p <
0.05) vs. those
with normal Fe
status (93.7). ID
had more than
twice the risk of
scoring lower in
Math vs. normal.
Fe status (OR: 2.3;
95% CIL, 1.1to
4.4). Ave. test
scores compared
by t-test (means),
II* (proportions).
LR used for MA.

Abbreviations: AA = academic achievement, Ave = Average, BT A = Brief Test of Attention, b/w =
between, CI = confidence interval, corr. = correlation, CT = Consonant Trigrams, CTP = cognitive test
performance, ex. = experimental, Fe = iron, DS = Digit Symbol, Hb = Hemoglobin, HVLT = Hopkins
Verbal Learning Test, ID = iron deficient, IDA = iron deficient anemic, IQ = intelligence quotient, LR =
linear regression, MA = multivariate analysis, MR = multiple regression, OR = odds ratio, RAVLT = Rey
Auditory Verbal Leamning Test, SDMT = Symbol Digit Modalities Test, SF = serum ferritin, SR = step-
wise regression, vs.= versus, VSAT = Visual search and Attention Test, WAIS = Wechsler Adult
Intelligence Scale, WISC = Wechsler Intelligence Scale for Children, WRAT = Wide Range Achievement

Test.
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Summary

Iron deficiency is a very prevalent health problem in the world today. The fact that
iron deficiency is so far reaching provides justification for its study. Impaired cognitive
function appears to be associated with anemia. Children who were anemic as infants
seem to have poorer school achievement and more behaviour problems progressing into
middle childhood. There is a noticeable knowledge gap in the literature regarding iron
deficiency in adolescents. The number of studies in the field is small. Heterogeneous
populations have been investigated. Knowledge regarding the link between iron
deficiency and school achievement or cognitive ability has been derived primarily from
observations of individuals living outside North America. Some researchers have based
results on data that included both genders. Other investigators have mixed non-teenagers
with teenaged paﬁicipants in their analyses. Studies have been geographically scattered,
ranging from third world developing countries, which present several confounding
methodological challenges, to developed nations, making generalizations difficult.
Reports specifically linking iron deficiency to academic performance are even more
limited in number. There are few published articles to justify any definitive conclusions.
Further research is required. A study investigating the link between iron status and
academic performance using actual school grades and not standardized measures of
cognitive performance, in a North American adolescent population, has not been

produced.
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CHAPTER 3

METHODOLOGY

Participants

Following approval from the Lakehead University ethics review committee, seventy-
one healthy female participants were recruited for the study. Participants were 10" grade
female students attending public high schools in Thunder Bay. Student populations in
these urban schools were demographically similar. With one exception (n = 600) number
of students ranged from 1000 to 1300 individuals per school. The recruitment process
was initiated by the Lakehead Public School Board. The Board notified public secondary
school principals, by email, that the study had passed university and school board ethics
review. This researcher arfanged meetings at each school to inform the principals about
the nature of the study and was permitted to conduct short recruitment/orientation
presentations in each grade ten classroom. The potential risks of the study were
explained. Informed consent and assent (Appendix A) forms for students and legal
guardians were distributed to potential participants. Participants represented a non-
probability sample. All measures of academic performance were converted to standard
scores (z-scores) to achieve comparability of grades between schools. The Ontario
educational system follows a strict guideline of high school curriculum that is delivered,
in a uniform manner, by each department. All students receive very similar instruction.
The choice of 10™ grade students ensured participants received a similar standard of
teaching in the year prior (9% grade) to the investigation. Sampling a single grade limited

the confounding influence of maturation. Participants completed a survey (Appendix B)
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which identified pertinent health information. Individuals whose health status could
complicate testing procedure or interpretation of results, as identified by the literature,
were excluded. Criteria for exclusion included: use of contraceptives, pregnancy, and use
of any medication causing acute or chronic blood loss from the gastrointestinal tract as a
published side effect. Besides this exclusion criteria, no requirement for participation

was imposed.

Procedure

Following arrangements between the researcher and school principals, blood/data
collection commenced, on separate days, at each secondary educational institution
between 9:30 and 11:30 am. Participants were asked to report to testing in an overnight
fasted state, having avoided strenuous pﬁysical activity in the preceding 24 hours. On the
day of the test, participants were instructed to meet at the room designated for testing.
Participants were asked to fill out the health survey (Appendix B) and additional
questions sheet (Appendix C) if they had not already done so. Participants were seated
together in the room. They were called one at a time to enter an enclosed area where
blood samples were taken. A certified phlebotomist collected the blood samples in two 3
mL Vacutainer tubes (Vacutainer plus Plasma Separator Tube {PST} containing lithium
heparin and plasma separator gel with hemogard, and Becton Dickinson {BD}
Vacutainer K2 containing the anticoagulant salt of ethylene diamine tetra-acetic acid
{EDTA}), by antecubital venipuncture. Participants were allowed to remain seated to
monitor any side effects on the body following blood extraction (i.e., dizziness, fainting).

All single use needles were disposed using a Vacutainer sharps collector. Blood samples
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were immediately taken to the Thunder Bay Regional Health Science Centre. These
samples were stored at a refrigeration temperature of 2°- 8°C, and analyzed for levels of
serum ferritin, hemoglobin, vitamin B, and albumin.

Vitamin Bj,, and albumin served as statistical controls. Their effect on academic
performance was removed by partial correlation. Vitamin B, is found exclusively in
foods of animal origin. The rationale for its measurement in the study is that By, plays a
role in red blood cell formation (Hebert, 1996). A deficiency in vitamin B, can lead to
impaired DNA synthesis and development of abnormal red blood cells (Savage &
Lindenbaum, 1995). Individuals deficient in this nutrient can develop anemia (pernicious
anemia) not related to poor iron status (Savage & Lindenbaum, 1995). Albumin is a
blood plasma protein that is produced in the liver and forms a large proportion of all
plasma protein. Albumin helps maintain osmotic pressﬁre and transports substances such
as thyroid and fat soluble hormones, and fatty acids (National Library of Medicine,
2006). Bulow and Madsen (1986) showed low levels of albumin can signal episodes of
malnutrition or high blood loss, both would contribute to altered iron status.

With permission from school officials and the school board, transcripts of the grade
10 students were obtained. Individual courses and most recent term grade averages were
used in subsequent data analysis.

A 3-day dietary analysis (one weekend day included) performed one time at the onset
of the investigation was used as an indicator of participant diet. Basiotis, Welsh, Cronin,
Kelsay, and Mertz (1987) found that energy intake can be reasonably assessed over three
days. As participants were inexperienced in dietary analysis procedures the decision to

monitor diets for a short 3-day period seemed likely to maintain participant enthusiasm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

and motivation to produce accurate reports. Diet assessment was based on the Canadian
Recommended Nutrient Intake (RNI). The RNI for each nutrient is set at an amount
substantially higher than what the average person requires taking into account the
variation in needs for most individuals in the population. With this added safety margin,
the RNI covers the needs of 98% of the healthy population, including those with higher
than average nutrient requirements. The average healthy person can consume about 67 to
70% of their recommended nutrient and still be adequately nourished (Lombardi, 1997).
Participants recorded all foods and beverages consumed in a food intake log (Appendix
D1) over three consecutive days. Participants were briefed on the correct way of
recording food intake amounts and were provided instructions with examples for
improved clarification (Appendix D2). Subjects were instructed to make no changes in
their typical diet. The data were analyzed using Foodworks college edi'-[ion computer
software (version 1.0). Body Mass Indexes (BMI) were calculated to acquire data
pertaining to general health. BMI calculations were based on participant self reported

height and weight obtained at the time of the dietary analyses.

Hematological data instruments

Blood collection equipment included: Eclipse blood collection needles, a sharps
collector, and two 3 mL blood collection tubes (Becton Dickinson Canada Inc., Oakville
ON). Hemoglobin assessment was assayed using the Coulter Counter instrument
(Coulter Electronics, Hialeah FL). Serum ferritin concentrations were determined by the
Quantimune ferritin immunoradiometric assay (Bio-Rad Laboratories, Mississauga,

Ontario). Vitamin B, level was determined by radioisotopic assay (Becton Dickinson,
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Oakville ON). Albumin level was measured using colorimetric assay (BioAssay
Systems, Hayward CA). Assays performed conformed to the internal methodologies in
use by the Thunder Bay Regional Health Science Centre. These measured parameters
determined the iron status and identification of students into one of three groups: 1. Iron

sufficient 2. Iron deficient not anemic 3. Iron deficient anemic.

Statistical Analysis

The basic correlational research design was employed. Two scores were obtained for
each member (case) of the sample — one score for each variable of interest. The paired
scores were then correlated. The result was expressed as a correlation coefficient that
indicated the degree or strength of relationship between the two variables.

Bivariate Pearson correlations (r) were used to assess the strength of the relatidnship
between the variables serum ferritin and, hemoglobin, versus the measures of academic
performance (Grade Average, Math, Science, Physical Education, and English). These
relationships were initially examined using scatter plots to obtain a visual appreciation of
the data. Partial correlations (X) were also calculated to statistically control for vitamin
Bi; and albumin. Correlations were flagged as significant if the 0.05 probability level
was reached. Secondary to the main focus of this study, vitamin B, and albumin were
correlated with all measures of academic performance. All variables identified were
quantitative. Hematological parameters represented continuous independent or predictor
variables. Measures of academic performance represented discrete dependent or criterion

variables.
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r=E(ZxZy), X=a,+bA
N

Multiple correlation was used to test the relationship between overall Grade Average

and statistical models including serum ferritin, hemoglobin, vitamin B,, and albumin.

'V/-RZY)(,Xz

In order to assess if iron deficient participants were performing at a significantly
different level academically, as a group, a between-subjects/independent t-test was used
to compare their grade averages to the iron sufficient participants. This analysis served
as an additional means of exploring the relationship between iron status and academic
performance. The use of a dichotomy is common practice in the field and allowed

comparison across similar populations to be made.

tX1 - Xz = (Xl - X') - :XI‘_x;
@Xx -X;

Risk ratios were calculated to quantify the potential excess risk of a participant to

score below the provincial academic standard (level 3/B average) based on the event of

being iron deficient (ferritin < 20 pg/L) or iron sufficient (ferritin > 20 pg/L).
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Below “B” (provincial standard) Above “B” (provincial standard)

Iron Deficient a b

Iron Sufficient c d

RR = a/(atb)
c/(c+d)

All data was inputted and analyzed using SPSS (Statistical Package for the Social
Sciences) 10.0 for Windows. It should be noted that the statistical methods selected are
similar analyses, however their presentation should appeal to different types of academics

including teachers, school administrators, researchers and clinicians.
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CHAPTER 4

RESULTS

Signed consent forms were obtained from 71 of 200 female students who expressed
interest in the study after initial recruitment at six public Thunder Bay high schools
{Hammarskjold (n = 24), Hillcrest (n = 9), Port Arthur Collegiate Institute (n=11),
Churchill (n = 14), Fort William Collegiate Institute (n = 7), and Westgate (n = 6)}. All
71 females were subsequently blood tested for levels of serum ferritin, hemoglobin,
vitamin By, and albumin. With permission from school principals official grades were
obtained. No participants dropped out upon entering the study.

Race and ethnicity can influence the prevalence of iron deficiency (Feightner, 1994;
Lozoff et al., 2000). Ninety-two percent (n = 65) of the participants were white, 4% (n =
3) were Aboriginal, 1% (n= 1) was White/Aboriginal, 1% (n = 1) was African Canadian,
and 1% (n = 1) was of Chinese descent (these percentages add to 99% due to rounding). The
average age of the females was 15.4 + 0.56 years.

Of the 71 females, fifty-eight percent (n = 42) were iron deficient (serum ferritin <
20 pg/L). Only one participant was identified as anemic (hemoglobin <120 g/L). The
average values, as a group, for serum ferritin and hemoglobin were 19.8 pg/L and 136.2
g/L respectively. Two participants were deficient in vitamin B;,. Levels < 150 pmol/L
were considered B, deficient. The serum ferritin and hemoglobin values for these two
participants fell within the normal range. No participants displayed low albumin levels
(<35 g/L). Body Mass Index (BMI) calculations were performed to gather more

information on the health of participants. These indexes suggested that 85% of
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