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ABSTRACT 

 

 

 

BACKGROUND: Results from studies examining the relationship between iron and stress, iron 

and mood, and iron and quality of life in women of reproductive age (WRA) are inconsistent. 

We hypothesized that iron supplementation in iron deficient WRA would improve overall mood 

and quality of life and decrease feelings of stress compared to placebo in iron sufficient 

participants. 

 

METHODS: WRA were recruited from Penn State University (n=33) and upon their initial 

visit, asked to complete questionnaires assessing the affective outcomes of mood via the Profile 

of Mood States (POMS), stress via the Perceived Stress Scale (PSS), and quality of life via the 

WHO Quality of Life (WHOQOL-BREF) and the SF36v2 Quality of Life (SF36v2). Their iron 

status was also measured via hemoglobin (Hb), ferritin (Ft), transferrin receptor (TfR), 

hematocrit (Hct), and alpha-1-acid-glycoprotein (AGP) at the initial visit through a blood 

screening. Participants categorized as iron sufficient (Hb > 12.0 g/dL, Ft > 20 μg/L, TfR < 8 

mg/L) were instructed to take placebo, gelatin pills, daily for 4 months and participants 

categorized as iron depleted but not anemic (Hb > 12.0 g/dL, Ft < 20 μg/L, TfR > 8) were 

instructed to take 60 mg ferrous sulfate daily for 4 months. Participants were blinded to their 

treatment. After 4 months, participants returned and their iron status was re-assessed and they 

completed the same questionnaires (POMS, PSS, WHOQOL-BREF, and SF36v2). Statistical 

analyses included ANOVA/ANCOVA for cross-sectional analyses within a time point as well as 

an analysis in difference over time (subtracting baseline from endline), and Stepwise Regression. 

Data were analyzed using these statistical tests with groups categorized as iron deficient and iron 
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sufficient, as well as categorized as responders and non-responders based on changes in ferritin 

(Ft) for one analysis and hemoglobin (Hb) for another. 

 

RESULTS: Iron had a significant role in improving the affective outcomes stress, mood, and 

quality of life. Specifically, iron treatment in iron deficient WRA improved feelings of Physical 

Functioning and Social Functioning and decreased feelings of Bodily Pain, Stress, Tension, 

Anger, Depression, Confusion and overall Mood Disturbance compared to placebo given to iron 

sufficient women. Participants whose Hb status improved over time (irrespective of treatment) 

experienced improvements in Social Functioning, Physical Health, and Social Health and 

decreases in Bodily Pain, Role limitations due to Emotional health, Stress, Tension, Anger, 

Fatigue, Depression, Confusion and overall Mood Disturbance compared to placebo. Participants 

whose Ft status improved (irrespective of treatment) experienced improvements in Social 

Functioning, Physical Health, Psychological Health, and Social Health and decreases in Bodily 

Pain, Role limitations due to Emotional health, Tension, Anger, Depression, and overall Mood 

Disturbance compared to placebo.  

 

CONCLUSIONS: This study contributes to the evidence that iron, specifically treatment with 

iron via supplementation, is a promising mechanism for improving the affective outcomes of 

mood, stress, and quality of life in iron deficient WRA. However, given our sample size, more 

studies are needed to truly understand the effects of iron on affective outcomes in WRA.  
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Chapter 1  
 

Iron Nutrition 

Iron and Females of Reproductive Age 

Iron is an element abundant on earth and essential in the functioning of every living 

organism. Despite its abundance, iron metabolism is complicated. Iron, upon interaction with 

oxygen, forms oxides that are insoluble and thus not able to be taken up by organisms 

(Abbaspour et al. 2014), meaning that much of the abundance of iron is unable to be used by 

organisms. Iron is required for the synthesis of the proteins hemoglobin and myoglobin which 

help transport oxygen from the lungs to the tissues of the body. Iron is also involved in the 

formation of heme and other enzymes that assist in electron transfer and oxidation reductions 

that occur in a number of bodily processes (McDowell 2003). Iron also plays a role in DNA 

synthesis, metabolic energy, and cellular respiration (Loreal et al. 2014). Iron exists in many 

forms in the body, approximately 60% is found in the hemoglobin in erythrocytes and 25% is 

contained in a readily mobilizable iron store while the remaining 15% is bound to the myoglobin 

in muscle tissue and in the enzymes involved in oxidative metabolism and other cellular 

functions (Trumbo et al. 2001). 

Iron is particularly important to women of reproductive age as they monthly lose blood 

and therefore, iron, through their menstrual cycle and is of particular importance for women 

preparing to have children. Iron requirements are higher for pregnant women and ensuring that 

women who may become pregnant have adequate iron status is essential for both their own 
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health and their future baby’s health. The exact amount of iron required and recommended varies 

according to sex and age and current available iron status, though it is necessary no matter the 

sex or age. The amount of iron required for males and females remains the same until the 

individuals reach 14 years of age. At 14 years of age, the iron requirement is larger for females 

than males until 51 years of age. At 51 years of age, the iron requirements for males and females 

no longer differ because 51 years is the average age at which women reach menopause, where a 

woman’s ovaries decrease the production of hormones and therefore the menstrual cycle stops 

and women lose less blood, decreasing iron requirements (Kaufert 1988). The current 

recommended dietary allowance (RDA), which is defined as the “average daily level of intake 

sufficient to meet the nutrient requirements of nearly all healthy individuals” of iron for females 

aged 14 to 18 years is 15 mg while the recommendation increases for women aged 19-50 years 

to 18 mg. The amount required for pregnant women is significantly higher as well: 27 mg 

(Institute of Medicine 2001). 

Dietary iron has two forms: heme and non-heme. Non-heme iron is present in both 

animal and plant-based foods while heme iron is present in animal source foods, coming from 

hemoglobin or myoglobin. Heme iron is more easily absorbed in the body compared to non-

heme because non-heme iron enters the common pool of iron in the digestive tract before it is 

absorbed and absorption of that iron depends on the body’s iron status, whereas heme iron is able 

to be absorbed directly through the intestine without any transformations (Hurell, Egli 2010). 

Foods containing non-heme iron include nuts, beans, vegetables, and fortified grains. Heme iron 

is most richly available in lean meat and seafood. In the United States, about half of the dietary 

iron comes from fortified grains (U.S. Department of Agriculture 2013). The USDA Nutrient 

Database website provides a full list of foods and their nutrient content.  

https://ndb.nal.usda.gov/ndb/
https://ndb.nal.usda.gov/ndb/
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Iron Metabolism 

Iron Storage and Loss 

Iron in the human body is incorporated into proteins as a part of heme, iron-sulfur clusters, or 

other functional groups (Evstatiev et al. 2012). Due to previously mentioned scarce iron 

bioavailability, the human body efficiently stores and recycles iron. About 2 grams of iron (the 

majority) is contained in hemoglobin and is recycled via macrophages during 

erythrophagocytosis. Iron-recycling macrophages and liver hepatocytes are major storage sites 

for iron. The remaining cells in the body contain much smaller amounts of iron needed for 

various functions as previously mentioned. The pool of circulating iron (bound to transferrin) in 

the blood is small, about 2 to 4 mg (compared with 2 g in hemoglobin) and is turned over every 

few hours to meet daily iron requirements to support erythropoiesis and other needs (20 to 25 

mg). One to two mg of iron is provided through daily iron absorption and is balanced by a daily 

one to two mg unregulated loss through the shedding of skin and blood loss. Urinary iron 

excretion is minimal due to iron typically being bound to the protein transferrin and the kidney 

working to reclaim iron (Yang et al. 2003, Dev, Babitt 2017). Overall, iron losses are minimal so 

dietary iron uptake and the release of iron from recycling macrophages and hepatocytes both 

work in order to regulate the body’s iron balance (Dev, Babitt 2017). 

Iron Absorption and Regulation 

Iron can be absorbed from the diet in an inorganic form, in a heme form, or as ferritin. The 

absorption of iron in the inorganic form is the process that is best understood. Dietary inorganic 
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iron is typically present in the oxidized or ferric (Fe3+) form but must be reduced to the ferrous 

(Fe2+) form to be absorbed into the intestinal cell (enterocyte). This reduction reaction is 

facilitated by duodenal cytochrome B which requires ascorbic acid (vitamin C) (McKie et al. 

2001). After reduced, iron in the ferrous (Fe2+) form is transported across the apical membrane of 

the enterocyte via Divalent Metal Transporter 1 (DMT1) (Worthen et al. 2014). 

Once in the enterocyte, iron can be used for the cell’s metabolic processes, stored in the 

enterocyte in ferritin or hemosiderin, or exported across the basolateral membrane for use in 

other cells of the body. Iron’s storage in ferritin allows for more control over the delivery of iron 

to the exporters on the basolateral membrane because iron that cannot be used immediately in the 

body, as controlled by hepcidin, can be stored in ferritin for later use when the body does need 

iron (Dev et al. 2017). Iron, still in the Fe2+ form, in order to be exported, must go through 

ferroportin, the only known cellular iron exporter, to enter the blood stream. Ferroportin is 

regulated via hepcidin. Hepcidin binds ferroportin when iron in the blood stream is sufficient in 

order to promote its internalization and degradation so as not to allow any more iron out of the 

enterocyte (Nemeth et al. 2004). Ferroportin exports iron from the enterocyte in the Fe2+ form 

after which it is oxidized by ceruloplasmin and hephestin to Fe3+ to be taken up by transferrin 

(Drakesmith et al. 2015). Transferrin then delivers iron to the transferrin receptor protein that is 

expressed on the surface of cells to take iron into other cells (besides enterocytes) for use.  

Implications of Iron Nutrition 

There are a number of diseases that have proven to be associated with iron homeostasis 

disorders, but two particular homeostasis problems are more prevalent and lead to a larger 
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number of iron-related problems: iron deficiency which can lead to anemia and iron overload or 

hemochromatosis.  

Iron Deficiency and Iron Deficiency Anemia 

It is estimated that about 7.6% of women in the US are anemic (Le 2016).  Anemia leads to 

an increased risk of maternal and child mortality, impaired cognitive and physical development 

for children, reduced productivity and physical performance in adults, and cognitive declines for 

the elderly (Lopez et al. 2016). The WHO estimated that in the world, 50% of anemia cases are 

attributable to iron deficiency (de Benoist et al. 2008). While this statistic is not unique to the 

United States, iron deficiency and iron deficiency anemia are still quite prevalent. In the United 

States, it is estimated that about 11% of females aged 16-19 years, and 11% of females aged 20-

49 years have iron deficiency. For females aged 16-19 years, 3% have iron deficiency anemia 

(IDA) and females aged 20-49 years, 5% have IDA (Looker et al. 1997). Causes of iron 

deficiency include lack of adequate iron in the diet to meet the body’s iron needs, malabsorption 

of iron in the body, increased iron requirements during pregnancy, increased iron requirements 

for rapidly growing children, and blood loss for a number of reasons (Lopez et al. 2016). Iron 

deficiency anemia can also, in more rare forms, result from mutations in the genes of DMT1, 

ceruloplasmin, and transferrin involved in iron uptake in the duodenum, mobilization of iron 

from body stores, or erythroid iron uptake or utilization (Mims et al. 2005, Beutler et al. 2000, 

Harris et al. 1995). Iron deficiency typically refers to a reduction in total body iron levels, but 

more severe iron deficiency can lead to anemia, distinguishable by a reduction in the levels of 

circulating hemoglobin thereby limiting erythropoiesis (Dev et al. 2017).  
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Iron Overload and Hemochromatosis 

Iron overload occurs when iron exceeds the capacity of transferrin to bind and carry it 

through the blood. This leads to the presence of non-transferrin bound iron which is dangerous 

because it is highly reactive. The non-transferrin bound iron can be taken up by the liver, heart, 

and endocrine glands, where it may fuel dangerous oxidative damage and organ dysfunction. 

Iron overload most commonly results from hereditary hemochromatosis. Hereditary 

hemochromatosis results from mutations in genes responsible for inducing hepcidin expression 

in response to iron: the human hemochromatosis protein HFE, transferrin receptor, and 

hemojuvelin (Roetto et al. 2003, Feder et al. 1996, Camaschella et al. 2000, Papanikolaou et al. 

2004). These gene mutations result in the inability of the hepatocyte to detect high iron levels 

and stimulate the transcription of hepcidin. Hepcidin levels then decrease leaving ferroportin 

unregulated causing continued dietary absorption of iron and release of iron from macrophages 

despite adequate iron, leading to the accumulation of iron in a number of tissues (Drakesmith et 

al. 2005). 

Measuring Iron Status 

The current study aimed to understand the effects of iron deficiency and supplementation on 

stress, mood, and quality of life. Iron deficiency, in the absence of anemia, was assessed in the 

current study. Iron deficiency (ID) is diagnosed via multiple biomarkers assessed in the blood, 

but there is currently no international consensus on which biomarkers are best for assessing iron 

status (Ferrari et al. 2011). For the current study, iron status was assessed with hemoglobin (Hb) 

and hematocrit (Hct), ferritin (Ft), and transferrin receptor (TfR). Additionally, alpha-1-acid 
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glycoprotein (AGP) was assessed to account for inflammation. Body iron was also calculated 

using the following equation from Cook et al. 2003 (Figure 1): 

 

 
Figure 1. Body Iron Equation 
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Chapter 2  
 

Measuring Affective Outcomes: Stress, Mood, and Quality of Life 

Stress: Perceived Stress Scale (PSS) 

The Perceived Stress Scale (PSS) (Cohen et al. 1983) is the most commonly used 

psychological instrument for measuring stress. It measures the degree to which occurrences in 

someone’s life are deemed stressful. The scale was designed to test how unpredictable, 

uncontrollable, and overloaded the lives of respondents are. The scale also asks questions 

directly regarding current levels of experienced stress. The scale was designed with questions 

and response options that are easy to understand and was intended to be used in community 

samples with a minimum of a junior high school education. 

A study published by Cohen et al. (1983) compared the validity of the PSS scale to 

previously commonly used life-event scales. The hypothesis was that the PSS scale would be a 

better predictor of health outcomes than life-event scales. In this study, researchers found that the 

PSS was a better predictor of health and health-related outcomes and was found to be highly 

correlated with depressive symptoms but measured a different and independent predictive 

construct. PSS was found to differ from the other life-event scales in that it asks about a shorter 

period of time (one month) rather than six to twelve months like the life-event scales typically 

ask. The PSS was found to be best predictive for one to two months following administration 

whereas life-event scales are typically predictive anywhere from several months to several years. 

This is important because perceived level of stress should be influenced by varying daily hassles, 

major events, and changes in coping resource availability which tend to vary over a short period 
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of time. The PSS can also be used to determine whether stress, as evaluated through the PSS is a 

risk factor in behavior diseases or disorders (Cohen et al. 1983). 

Mood: Profile of Mood States (POMS) 

The assessment of moods has proven challenging and a number of problems have emerged in 

literature related to personality assessment and test construction. The Profile of Mood States or 

POMS was developed through exploratory factor analysis (Reddon et al. 1985) which is typically 

used to uncover the underlying structure of a larger set of variables (Norris et al. 2009). In terms 

of its use for developing a questionnaire, exploratory factor analysis is used to identify a set of 

underlying constructs that may affect the measured variables (Fabrigar et al. 1999).  

Quality of Life: World Health Organization Quality of Life (WHOQOL-BREF) 

Throughout history, health measurement has gone beyond simple measures of morbidity and 

mortality to include the measurement of disease impact and the measurement of disease on the 

impairment of daily activities and behavior, perceived health measures, and disability/functional 

status measures. 

 An important first step in the development of the assessment of quality of life was 

developing the definition for and characteristics of ‘quality of life.’ The majority of quality of 

life researchers agree that quality of life is subjective but the subjectivity can be broken down 

into levels. The WHOQOL Group refers to levels of questions and believe that questions can ask 

for information about functioning (how many ‘y’ did you ‘x’), global evaluations of functioning 

(how well did you ‘x’), and highly personalized evaluations of functioning (how satisfied are you 
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with ‘x’). The WHOQOL group argues that while a person’s report of functioning is an 

important indicator of health status, questions about global evaluations of behaviors, states and 

capacities, and satisfaction/dissatisfaction with behaviors, states, and capacities are what give the 

full picture of quality of life. Quality of life is also multidimensional, at minimum it includes 

physical, psychological and social dimensions and some even include dimensions for pragmatic 

or empirical reasons. The WHOQOL group also includes a spiritual dimension, or a dimension 

that assesses the respondent’s perception of the meaning of life or overall beliefs that structure 

and qualify experiences. Additionally, there is evidence that these four domains (physical, 

psychological, social, and spiritual) are values that are universal across cultures. It is also 

hypothesized and agreed upon that quality of life includes positive and negative dimensions and 

therefore assessments must ask about both positive and negative perceptions. Given all of these 

elements, the WHOQOL Group defined quality of life as “individuals’ perception of their 

position in life in the context of the culture and value systems in which they live and in relation 

to their goals, expectations, standards, and concerns.” The group goes on to note that it is a 

“broad concept encompassing the complexity of individuals’ physical health, psychological state, 

independence level, social relationships, personal beliefs, and relationships to important features 

of the environment” (WHOQOL Group 1996). The assessment is designed to understand the 

effects of health interventions on quality of life (not detail symptoms, diseases, or conditions 

(WHOQOL Group 1996). 

After testing the assessment, 100 items were selected for the Trial Version: 4 items for 

the 24 facets of quality of life and four items related to overall quality of life and general health 

(Table 1). 
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Table 1: WHOQOL-BREF Domains 

Domain Facets within Domains 

1. Physical Health • Activities of daily living 

• Dependence on medicinal substances and 

medical aids 

• Energy and fatigue 

• Mobility 

• Pain and Discomfort 

• Sleep and Rest 

• Work capacity 

2. Psychological • Bodily image and appearance 

• Negative feelings 

• Positive feelings 

• Self-Esteem 

• Spirituality/Religion/Personal beliefs 

• Thinking, learning, memory, and 

concentration 

3. Social Relationships • Personal relationships 

• Social support 

• Sexual activity 

4. Environment • Financial resources 

• Freedom, physical safety and security 

• Health and social care: accessibility and 

quality 

• Home environment 

• Opportunities for acquitting new 

information and skills 

• Participation in and opportunities for 

recreation/leisure activities 

• Physical environment 

(pollution/noise/traffic/climate) 

• Transport 
The WHOQOL Group. (1996) WHOQOL-BREF: Introduction Administration, Scoring, and Generic Version of 

the Assessment. Field Trial Version. Programme on Mental Health. World Health Organization. Geneva, 

Switzerland.  

 

 

The WHOQOL-100 allows for detailed assessment of the individual facets related to 

quality of life listed in Table 1. For more practical use, the WHOQOL-BREF Field Trial Version 

was developed as a short form assessment. The WHOQOL-BREF assessment contains 26 
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questions: one for each of the 24 facets listed in Table 1 and two questions related to overall 

quality of life and general health. The WHOQOL-BREF was used in this study.  

Quality of Life: SF36 Health Survey (SF36v2) 

The domains chosen for the SF36 Health Survey are designed to represent the health 

domains most frequently measured by other commonly used health surveys and those believed to 

be most affected by disease and health conditions. The SF36 items are representative of multiple 

operational indicators of health such as behavioral function and dysfunction, distress and well-

being, objective reports, and subjective ratings, and favorable and unfavorable self-evaluations of 

general health status. Ten years after SF36’s original uses, improvements were needed to address 

problems of how questions and response choices were worded, and to address the shortcomings 

of the role-functioning scales. The updates resulted in the SF36v2.  

There are eight domain scales in the SF36v2. Physical Functioning is a ten-item scale 

reflecting levels of and kinds of limitations between the extremes of physical activities. Role-

Physical is a four-item scale looking at limitations related to physical health including the 

limitations in the kind of work or other usual daily activities, reductions in time spent on work or 

other regular activities, difficulty performing work or typical activities and finally accomplishing 

less than desired. Bodily Pain includes two items pertaining to the intensity of bodily pain and 

measuring the extent of pain interference on activity. The General Health scale has five items: 

rating of health and four items addressing the respondent’s expectations of his/her health. 

Vitality is a four-item measure also known as energy level and fatigue that captures differences 

in subjective well-being. The two-item Social Functioning scale addresses the impact of physical 
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health and emotional problems on social activities. The Role-Emotional scale is a three-item 

scale that assesses role limitations in response to emotional problems. Finally, the Mental Health 

scale consists of five items including items addressing anxiety, depression, loss of 

behavioral/emotional control, and psychological well-being.  

Scores are also summarized and reported as a Physical Component Summary or Mental 

Component Summary. The component score measures were designed to reduce an eight-scale 

survey to a more easily presentable format without losing information. The Physical Component 

Summary includes the scores for all eight SF36v2 health domain scales and yields an overall 

measure of physical health while the Mental Component Summary also consists of scores on all 

eight domain scales but provides an overall measure of mental health.  

The SF36v2 was designed to be able to be used in various populations and to allow for 

comparisons between populations. The SF36v2 scales have become valid health measures for 

documenting disease burden. The SF36v2 has also proven helpful in clinical trials as often 

medical researchers require some sort of patient reported outcomes measures and the SF36 is the 

leading measure in clinical trials. The SF36 can also be helpful in providing practical solutions to 

the challenges of measuring disease management (QualityMetric Incorporated 2009).  
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Chapter 3  
 

Review of Current Literature on Iron and Affective Outcomes: Stress, Mood, and Quality 

of Life in Women of Reproductive Age 

The connection between nutritional status, specifically micronutrient status and cognition has 

been well established in a number of populations: infants, children, and pregnant women, but 

fewer studies have been done analyzing the importance of micronutrient nutrition, specifically 

iron nutrition, in non-pregnant women of reproductive age (WRA). In WRA, affective 

consequences of iron deficiency have been suspected as, individuals encountering WRA often in 

their line of work report that common symptoms of iron deficiency in WRA are irritability, 

apathy, fatigue, depressive symptoms, and difficulty concentrating. A review published by 

Murray-Kolb in 2011 analyzed the available literature in understanding the relationships between 

emotion and iron, quality of life and iron, cognition and iron, and behavior and iron and 

concluded that evidence of a relationship between iron status and cognitive function for women 

of reproductive age is starting to accumulate but there is little empirical evidence regarding 

WRA (Murray-Kolb 2011). 

Iron and Stress 

Iron has been shown to be associated with various elements of cognition and mental health 

but few studies have directly linked iron and stress outcomes. A study published in 2005 by 

Beard et al. aimed to understand if iron deficiency anemia affects postpartum emotions and 

cognition. Three groups were compared: nonanemic controls, anemic mothers receiving placebo, 
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and anemic mothers receiving daily iron. Results showed that iron treatment resulted in 25% 

improvement on scores from depression and stress scales in mothers who were previously iron 

deficient but treated with iron. Analyses also showed a strong association between iron variables 

and behavior variables including stress. While the study population is not identical to that of this 

study, the results are still relevant in showing a relationship between iron and stress (Beard et al. 

2005).  

Previous Uses of the Perceived Stress Scale Related to Iron Intake/Status 

A study comparable to the current study population is a study published by Blanton et al. in 

2013 examining the association of body iron concentrations with cognitive executive planning 

function (analyses controlled for Perceived Stress) in a population of college women. 

Participants were recruited from the students at University of California, Davis and included 

females between the ages of 19 and 30 years with a BMI less than or equal to 29.9 kg/m2. After 

the exclusion criteria, the number of participants was 42. Iron and cognition were assessed. The 

specific cognitive tests used are not applicable to this study. The Perceived Stress Scale was used 

as a covariate in a repeated measures analysis. The average PSS score among the women was 

10.6, slightly lower than the aforementioned norm values (13.7 for females, 14.2 for anyone aged 

18-29). While this study does not directly measure the relationship between iron and stress, it 

does present a picture of Perceived Stress. The study reports a significant slowing of planning 

speed during a test of central executive function in women with reduced body iron (without 

anemia) (Blanton et al. 2013).   
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Iron and Mood 

Numerous micronutrients have been shown to be associated with mood. Particularly, 

deficiencies of thiamin (Benton et al. 1997) and iron (McClung et al. 2009, Vahdat 

Shariatpanaahi et al. 2007, Vaucher et al. 2012, Patterson et al. 2000, Verdon et al. 2003) have 

been associated with poorer mood. Iron deficiency anemia is associated with reports of poor 

mood, lethargy, and problems sustaining attention. A low iron status, even without anemia, has 

been associated with feelings of depression (Benton and Donohoe 1999). Two studies (Rangan et 

al. 1998) and (Fordy and Benton 1994) showed that despite overall results pointing to little 

association between psychological distress and iron status, populations of iron-deficient females 

taking oral contraceptives showed more symptoms of distress such as depression, irritability, and 

difficulty concentrating. A more recent study (McClung et al. 2009) has shown a relationship 

between iron status and mood in soldiers during basic training. A study by Beard et al. in 2005 

showed that there is a relationship between iron status and depression, stress, and cognitive 

functioning in African mothers during the postpartum period. Another study by Corwin, Murray-

Kolb, and Beard in 2003 showed that there was an association between hemoglobin 

concentration and postpartum depressive symptoms where women with anemia had higher 

depressive symptoms scores compared to women with normal hemoglobin levels.  

Previous Uses of the Profile of Mood States Related to Iron Intake/Status 

The POMS scale has been used in the past to measure the various mood states as they relate 

to iron and other nutrients. A study published by McClung et al. 2009 reported a relationship 

between iron supplementation, iron status, and improved mood. The objective of the study was 
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to understand whether iron supplementation could prevent reductions in iron status (evidence has 

shown that iron status declines during initial military training) and improve physical performance 

and mood in female soldiers during basic combat training. The study was an 8-week randomized, 

double-blind, placebo-controlled trial that included 219 solider volunteers who took either 100 

mg ferrous sulfate or placebo daily. Iron status and mood using Profile of Mood States were 

assessed before and after basic combat training. Results of the study showed that iron 

supplementation protected against iron status deterioration in the soldiers and that iron 

supplementation resulted in significantly improved vigor scores on the Profile of Mood States 

(McClung et al. 2009). 

Iron and Quality of Life 

The relationship between iron status and quality of life is better studied in scientific 

literature (compared to iron and stress/mood). A review by Ross et al. in 2003 aimed to 

understand the effect of treatment for anemia on health-related quality of life. The conclusion of 

the review was that treatment of anemia with erythropoiesis-stimulating protein improved 

selected quality of life domains in patients with renal insufficiency or cancer-related anemia. 

More specific to iron nutrition, in two studies looking at iron deficiency in patients with chronic 

heart failure, iron deficiency was a determinant for health-related quality of life. A study by 

Enjuanes et al. in 2014 pointed out that patients with chronic heart failure presented significant 

impaired health related quality of life and that iron deficiency is a comorbidity in chronic heart 

failure. They also reported that the quality of life outcomes are strongly determined by iron 

deficiency regardless of how iron depletion affects hemoglobin levels. The second study by 
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Comin-Colet et al. in 2013 found that increased levels of soluble transferrin receptor were 

associated with impaired quality of life outcomes. More specific to this study’s population, a 

paper by Grondin et al. in 2008 explored iron deficiency’s relationship with quality of life but 

had only one significant finding: that iron deficiency was linked with perceived general health. 

More information is needed to study the relationship between iron status and quality of life in 

women of reproductive age in the U.S. (Murray-Kolb 2011). 

Previous Uses of WHOQOL-BREF and SF36v2 Related to Iron Intake/Status 

As mentioned previously, there are few studies analyzing the relationship between iron 

status and quality of life in women of reproductive age (Murray-Kolb 2011). No other studies 

have used the WHOQOL-BREF questionnaire to study this relationship in WRA. 

The SF36v2 has been used in many different settings including settings to diagnose 

symptoms of disease. In the case of this particular study, the SF36v2 was used to assess the 

relationship between iron status and health related quality of life. Two studies have looked at the 

relationship between iron interventions and health related quality of life using the SF36v2. A 

study published by Beck et al. in 2012 also analyzed the relationship between iron status and 

self-perceived health, well-being, and fatigue in female University students in New Zealand. The 

sample size for the study included 233 women aged 18-44 years attending Massey University in 

Auckland, New Zealand. The women had blood drawn which was assessed for serum ferritin, 

hemoglobin, and c-reactive protein. Additionally, the women completed the SF36v2 General 

Health Survey along with a fatigue inventory, and anthropometric measures, demographics, 

lifestyle, and medical history were also collected. The study, however, found no significant 
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differences between participants characterized as iron depleted and those characterized as iron 

sufficient according to serum ferritin values greater than or equal to 20 micrograms per liter and 

hemoglobin greater than or equal to 120 grams per liter indicating good iron status. This study 

did not include any type of intervention (Beck et al. 2013). 

A study published by Ando et al. in 2006, on the other hand, examined the relationship 

between iron status and health-related quality of life by prescribing daily iron tablets for 3 

months to Japanese women of reproductive age who had been recently diagnosed with iron 

deficiency anemia. The SF-36v2 survey was completed by 92 participants at baseline, 1 month, 

and 3 months during their supplementation period. The results showed that at baseline, 

participants had significantly lower vitality and general health scores than the Japanese national 

norms. At 1 month, a significant improvement was seen in all of the domain scores except role-

emotional. At 3 months, all eight scores were close to or greater than the Japanese national 

norms. Physical functioning and vitality scores of patients with a lower hemoglobin level at 

baseline showed particular dramatic improvement. The conclusion of the study was that iron 

supplementation in Japanese iron deficient anemic WRA improves hemoglobin levels, physical 

function, vitality, and general health perception (Ando et al. 2006).  
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Chapter 4  
 

Methods 

Study Overview 

This study aimed to understand the relationship between iron nutrition and affective variables 

in women of reproductive age. The aims of the study were two-fold: 1) to analyze the differences 

between iron deficient and iron sufficient participants in terms of mood, stress, and quality of life 

as measured by the Profile of Moods (POMS), Perceived Stress Scale (PSS), WHO Quality of 

Life (WHOQOL), and the SF36v2, and 2) to analyze how iron supplementation affected scores 

on these scales. Participants were supplemented based on their iron status as measured through a 

blood draw at the beginning of the study. Data were collected at two different time points. Blood 

was taken and questionnaires were completed upon recruitment and then again after 4 months of 

receiving iron treatment or placebo. The study occurred in three phases, each analyzing three 

different sets of participants for the same outcomes. The current thesis is an analysis of existing 

data collected by other individuals from the Murray-Kolb Lab.  

Recruitment 

Participants were recruited through the posting of flyers around the University Park campus 

of Penn State and interested participants were requested to contact the Murray-Kolb Lab. 

Participants were screened for eligibility in the initial phone call. Inclusion criteria required that 

the participant was a female between the age of 18 and 35 years (woman of reproductive age), 

was in general good health, was either iron deficient (not anemic) or iron sufficient, was able to 
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speak English, and was willing to abstain from taking any supplements other than the one 

required by the study. Participants were excluded from the study if they were pregnant or 

lactating, currently taking a supplement that they were unwilling to discontinue, had a 

hemoglobin level less than 120 g/L at blood screening, had a history of gastrointestinal or 

hematological disorders, or used psychoactive drugs. Participants were given $20 cash as 

compensation for completing baseline testing and an additional $30 cash for completing endline 

testing. 

Blood Collection, Iron Assessment, and Supplementation 

Participants’ completed a baseline venous blood draw at the Penn State Clinical Research 

Center (CRC) in Noll Lab where approximately 8 milliliters of blood was drawn from an 

antecubital vein into two vacutainer tubes from each participant. Hemoglobin (Hb) and 

hematocrit (Hct) were measured via Coulter Counter using whole blood. Ferritin (Ft) and 

transferrin receptor (TfR) were measured via ELISA (Ramco, Inc) and alpha-1-acid-glycoprotein 

(AGP) was measured via radialimmunodiffusion (Kent Laboratories) using serum. AGP is 

predicted to have an effect on iron outcomes when it is greater than 100 mg/dL and 6 participants 

in this study had an AGP value greater than 100 mg/dL. After initial blood screening, 

participants were categorized as either iron sufficient (Hb > 12.0 g/dL, Ft > 20 µg/L, TfR < 8 

mg/L) or iron depleted (Hb >12.0 g/dL, Ft < 20 µg/L, TfR > 8). Participants categorized as iron 

depleted received 60 mg ferrous sulfate daily for 4 months while participants categorized as iron 

sufficient received placebo, gelatin pills, daily for 4 months. Following the four-month 
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supplementation/placebo protocol, participants returned to the CRC for another blood draw that 

was assayed for the same variables. Participants were blinded to the treatment. 

Anthropometrics/Health History 

At the baseline visit, interested participants were given the consent form to read, ask 

questions about, and sign if they were willing to continue with the study. Upon receiving 

consent, participants’ blood was drawn and they filled out the anthropometric/health history form 

answering questions about their height, weight, age, smoking/drinking habits, birth control use, 

and questions about their menstrual cycle. They were again asked a few questions about 

pregnancy, and about medications/supplements to confirm their eligibility. They then answered 

questions about previous medical diagnoses and completed the mood, stress, and quality of life 

questionnaires (described below).  

Questionnaires/Assessment of Mood, Stress and Quality of Life 

Participants were asked to fill out four questionnaires to obtain information about their 

perceived stress, quality of life, health and well-being, and mood state at baseline and endline 

(four months after the supplementation). The Perceived Stress Scale (PSS) asked questions about 

stress level and the Profile of Moods (POMS) asked questions attempting to understand what the 

participant’s total mood disturbance was. Both the SF36v2 and WHO Quality of Life 

(WHOQOL) were assessing the participants’ understanding and perception of their own quality 

of life. The questionnaires are available in Appendix B.  
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Perceived Stress Scale Scoring 

The PSS contains 10 questions that ask the respondents how often they felt a certain way in 

the past month. Answers are indicated on a scale of 0-4. Six of the questions are negatively 

stated and four are positively stated. The positively stated questions are reverse coded such that 

0=4, 1=3, 2=2, 3=1, and 4=0. After reverse coding, the responses are added together and the sum 

represents the overall stress score. Thus overall, the higher the score on the Perceived Stress 

Scale, the more stress the respondent feels. The norm as defined by a mean of 1406 tested 

females was 13.7 and for ages 18-29, both male and female, the norm as defined by a mean of 

645 respondents tested was 14.2. The norms were calculated from the L Harris Poll where 

information was collected from 2,387 respondents in the US (Cohen et al. 1983). 

Profile of Mood States Scoring 

The Profile of Mood States (POMS) is a 65-item questionnaire designed to assess six 

dimensions of the mood construct: Anger, Confusion, Depression, Tension, Fatigue, and Vigor. 

The standard form gives the option to the administrator whether to ask the respondent to answer 

according to how they have been feeling during the past week, including today, how they feel 

right now or something else entirely. In the current study, the women were asked how they have 

been feeling in the past week. The response options for all sixty-five questions are on a Likert 

scale labeled 1 to 5 including options for “Not at all,” “A little,” “Moderately,” “Quite a bit,” and 

“Extremely.” Each question is categorized according to the six dimensions of the mood construct 

mentioned above. Seven out of the sixty-five questions remain unscored. The remaining fifty-

eight questions are associated with a particular mood construct. Ultimately, the raw scores for 
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each question are added together according to their categorization and a raw score for each mood 

construct is formed: tension, depression, anger, fatigue, confusion, and vigor. Those raw scores 

can be used individually or put together to develop a Total Mood Disturbance score which is 

obtained by adding the scores for tension, depression, anger, fatigue, and confusion and 

subtracting the score for vigor. Because of this formula, a higher Total Mood Disturbance score 

indicates more mood disturbance (more Tension, Depression, Anger, Fatigue and Confusion and 

less Vigor). Similarly, a higher raw Tension, Depression, Anger, Fatigue, Confusion, or Vigor 

score indicates that the respondent is tenser, more depressed, angrier, more fatigued, more 

confused, or more vigorous (McNair et al. 1992). 

WHO Quality of Life Scoring 

The WHOQOL-BREF responses provide a quality of life profile. Four domain scores are 

derived and two questions are examined separately: the overall perception of quality of life and 

overall perception of health (questions 1 and 2 respectively). The four domains represent the 

respondent’s perception of his/her Physical Health, Psychological Health, Social Health, and 

Environmental Health and correspond with the domains listed in Table 1. Response options are 

listed on a Likert scale with a ‘1’ representing the most negative perception and ‘5’ the most 

positive perception. The questions are categorized according to their domain (but those 

categorizations are not presented to the subject) and then the raw scores for each of the questions 

are averaged within their assigned domain. The averages are then multiplied by four in order to 

make them comparable to the scores for the WHOQOL-100. Scores are scaled positively 

meaning that a higher score indicates higher quality of life (The WHOQOL Group, 1996).  
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SF36v2 Health Survey Scoring 

The SF36v2 is meant to be self-administered for individuals who are at least 18 years old. 

The form uses four-week recall and therefore at least four weeks must pass before the SF-36v2 

can be administered a second time. The SF36v2 asks 11 main questions but question 3 has 10 

parts, question 4 has 4 parts, question 5 has 3 parts, question 9 has 9 parts and question 11 has 4 

parts. This makes for a total of 36 responses. The questions are also asked on a Likert scale and 

each question is associated with an SF36v2 scale/domain. The SF36v2 is scored through a 

QualityMetric™ computer-based scoring software. The software operates by recoding the item 

response values and summing them for each item in the various scales to obtain the raw score 

and then the raw score is transformed to a 0-100 score which is transformed to a z-score which is 

transformed to a T-Score. The Physical Component Score (PCS) and Mental Component Score 

(MCS) are obtained by multiplying each domain z-score by a scale-specific physical or mental 

factor score coefficient and summing all of the resulting products and converting that total to a 

T-Score (QualityMetric Incorporated 2009). 

There are three approaches to interpreting the scoring software’s T-Scores: the norm-

based, content-based, or criterion-based interpretations. For norm-based interpretations, the 

individual and summary T-scores can be compared to general population norms or disease-

specific norms. Generally, for individual respondents, T-scores of 45 or greater indicate at least 

average overall functioning or well-being in each of the domains compared to U.S. general 

population. T-scores less than 45, then, indicate impaired well-being or functioning as it is 

related to the general U.S. population. Responses in the 40-44 range need further investigation 

such as considering the confidence interval around the score and the use of age, gender, or 

disease-based norms in order to understand if those scores are related to impaired functioning or 
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well-being. For content-based interpretations, the frequency distribution of specific responses to 

SF-36v2 items across score levels of the domain scales and component summary measures are 

analyzed. For example, knowing that more than 75% of the general U.S. population scoring 

below 30 on the PCS measure have difficulty performing work or other activities all or most of 

the time is useful in analyzing what scores less than 30 on the PCS measure mean for the current 

studied population. Finally, the criterion-based interpretation analyzes relationships between the 

particular measures and other variables, criteria, measured at the same time or after a period of 

time. The established strategy for evaluating the SF36v2 score meaningfulness is to link 

component summary measure and domain scale T-scores to important benchmarks like the 

ability to work, or healthcare utilization and showing how differences in scores can help predict 

clinical and social events (QualityMetric Incorporated 2009). 

According to Stirling University’s Framework for Measuring Impact, quality of life is 

personal and therefore it does not make sense to compare scores to normative values. They 

suggest that the higher the scores on each of the indicators, the better the quality of life (Stirling 

IT 2012). 

Statistical Analysis  

Sample size during each phase of the study varied greatly. Phase one, completed outside of 

the Murray-Kolb Lab, enrolled the most participants (n= 65) but had the least complete data as 

46 participants did not have complete data at endline. For phase two, 10 participants were 

analyzed at baseline and endline, and for phase three, 9 participants were analyzed at baseline 

and endline. In order to make analyses comparable, only participants who had complete data at 
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baseline and endline were included in the analyses: 14 from Phase 1, 10 from Phase 2, and 9 

from Phase 3 for a total of 33. All statistical analyses were completed in SAS Version 9.4. 

Analysis of variance (ANOVA/ANCOVA) were run to examine the mean differences 

between the scores on various questionnaire subscales by the iron sufficient group, who received 

placebo, and the iron deficient group, receiving iron treatment, at both baseline and endline. 

Covariates were identified from correlation tables. Health History (demographic) characteristics 

that were correlated at p < 0.1 with the questionnaire subscales were included as covariates. Each 

subscale had its own covariates that differed between baseline and endline as the correlation 

tables changed (although most were the same at both time points). The difference covariates 

were all of the covariates controlled for at both baseline and endline for each subscale (see 

Appendix A for a list of covariates used in each analysis).  

The ANOVA was completed at baseline using a sample size of 33. It was also completed 

using the “difference” variables (baseline subtracted from endline for each blood and 

questionnaire variable) with a sample size of 33. The ANCOVA was completed at baseline and 

endline and with difference values with a sample size varying from 29 to 33 depending on the 

covariates used for each questionnaire outcome (some demographic characteristics were missing 

for a few participants). Stepwise regressions were completed to understand how the Health 

History variables may predict the questionnaire outcomes.  

For secondary analyses, participants were categorized as being ferritin responders or non-

responders and hemoglobin responders or non-responders, irrespective of initial iron status and 

treatment. A ‘responder’ was defined as having experienced an increase in the biomarker (ferritin 

or hemoglobin) larger than the known day-to-day variation for that biomarker (26.8% for ferritin 
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and 4.4% for hemoglobin) (Borel et al. 1991). Once categorized as responders (Ft or Hb) or non-

responders, the same statistical tests as above were completed. 
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Chapter 5  
 

Main Analysis Results 

 

This chapter begins by presenting the basic characteristics of the study population 

categorized according to iron status beginning with health history (demographic) characteristics 

such as age, BMI, drinking and smoking habits, vitamin/medication use, and difference between 

the participants’ last menses and the date of their study examination. It then describes the 

participants’ blood profile and scores on the various questionnaires. After this preliminary 

information, the results for the main analyses, comparing the treated vs. untreated groups are 

presented including an analysis of variance and analysis of variance with covariates, an analysis 

of variance comparing each group’s change over time with and without covariates, repeated 

measures, and stepwise regression.  

Following the presentation of the main analyses, a presentation of the secondary analyses, 

where participants were re-categorized as ferritin responders or non-responders and hemoglobin 

responders or non-responders according to their change in ferritin or hemoglobin above the 

normal daily change predicted by Borel et al. 1991 will be presented.  
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Basic Characteristics  

Demographic Characteristics 

 There were no significant differences between iron sufficient (IS) and iron deficient (ID) 

groups for age, BMI, smoking, drinking, difference between last menses and date of study 

examination, use of medication, and use of vitamins/herbal supplements (Table 2). The iron 

deficient group had a slightly higher mean BMI (IS: 22.9 and ID: 24.6) and percentage of obese 

participants than the iron sufficient group, although neither were significantly different between 

groups (Table 2). 

Table 2: Demographic Characteristics by Group  

 

Variable Iron Sufficient (n=15) Iron Deficient (n=18)

Mean (SD) 21.5 (2.5) 21 (2.5)

Minimum 18 18

Maximum 27 29

Mean (SD) 22.9 (2.8) 24.6 (4.3)

Underweight # (%) 0 (0%) 1 (5.6%)

Normal # (%) 12 (80%) 10 (55.6%)

Overweight # (%) 3 (20%) 5 (27.8%)

Obese # (%) 0 (0%) 2 (11.1%)

Yes 1 (6.7%) 0 (0%)

No 14 (93.3%) 15 (100%)

0 to 2 7 (46.7%) 10 (55.6%)

3 to 4 4 (26.7%) 5 (27.8%)

>5 4 (26.7%) 3 (16.7%)

Mean # of Days (SD) 19.2 (25.1) 14.6 (9.7)

≤ 1 Week (0-7 days) 5 (35.7%) 3 (20%)

Between 1&2 Weeks (8-14 days) 4 (28.6%) 6 (40%)

Between 2&4 Weeks (15-28 days) 4 (28.6%) 4 (26.7%)

> 4 Weeks (29+ days) 1 (7.1%) 2 (13.3%)

Yes 4 (26.7%) 3 (16.7%)

No 11 (73.3%) 15 (83.3%)

Yes 5 (33.3%) 9 (50%)

No 10 (66.7%) 9 (50%)
Vitamins/Herbals # (%)

Age

BMI

Smoke # (%)

Drinks per Week        

# (%)

Difference between 

last menses and date of 

study examination

Medication # (%)
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Blood Characteristics 

 Table 3 presents the baseline and endline blood characteristics for the participants. The 

participants were categorized as iron sufficient vs. iron deficient according to their Ft 

concentrations. As expected, determined by a t-test, there were significant differences at baseline 

between iron sufficient and iron deficient groups for the Hb, Ft, and body iron values (Table 3). 

At endline, there were still significant differences between iron sufficient and iron deficient 

groups for Hb and Ft but body iron values improved enough in the iron supplemented group such 

that they were no longer significantly different between iron sufficient and iron deficient groups.  

 Looking within the groups between time points, there was a significant increase in Ft and 

body iron values for the iron deficient group between baseline and endline, after treatment with 

an iron supplement, indicating improved iron status.  Ft significantly increased in the iron 

deficient group but not to the level to be categorized as iron sufficient at endline. As previously 

mentioned, body iron increased significantly for the iron deficient group enough to no longer see 

a difference in body iron scores between the iron sufficient and iron deficient groups at endline 

(Table 3).  

Table 3: Blood Variables by Group (Baseline and Endline) 

Blood Variables n Iron Sufficient n Iron Deficient n Iron Sufficient n Iron Deficient

Mean (SD) 14.0 (1.6)
a

12.6 (1.2)
b

13.7 (0.6)
a

13.1 (1.1)
b

Range 12.2-18.5 10.1-14.3 12.1-15.0 10.4-15.0

Mean (SD) 41.9 (2.2) 40.1 (3.6) 41.8 (2.2) 40.7 (3.2)

Range 38.5-46.0 33.0-46.0 37.8-45.8 33.3-46.0

Mean (SD) 58.6 (24.5)
a

8.3 (4.8)
b

56.4 (27.0)
a

19.9 (14.9)
b,*

Range 25.1-99.3 1.5-19.7 6.0-101.5 1.8-52.3

Mean (SD) 4.8 (2.5) 5.3 (2.0) 5.4 (2.1) 4.6 (1.2)

Range 1.1-11.1 3.0-9.5 2.1-9.8 2.8-5.8

Mean (SD) 7.8 (2.8)
a

 -0.4 (3.2)
b 6.3 (3.9) 3.7 (3.4)*

Range 2.0-12.5  -7.3-4.7  -3.2-10.6  -3.0-8.8

Mean (SD) 56.9 (21.8) 71.3 (29.6) 67.9 (28.3) 69.3 (21.9)

Range 21.9-110.4 34.8-111.2 36.9-118.5 39.8-97.2

15

Hemoglobin                       

g/dL
15

Hematocrit                          

%

Ferritin                              

μg/L
15

Baseline

Transferrin Receptor                

mg/L

AGP                                                

mg/dL

Body Iron                           

mg/kg

18

16

11

9

9

9

18

18

18

15

16

15

Endline

15

15

12

10

Differing superscripts within a row represent significant differences (p < 0.05) between groups within a time point.

* represents significant differences (p<0.05) within a group, across time

14

15

14

10

10
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Main Analyses 

 The main analyses of this study aimed to understand the relationship between groups 

categorized according to iron status: iron sufficient (treated with placebo) vs. iron deficient 

(treated with supplements). 

Iron Sufficient vs. Iron Deficient Analysis of Variance (ANOVA/ANCOVA) 

 Analysis of variance (ANOVA) was done in order to compare differences between the 

iron sufficient and iron deficient groups at both baseline and endline. As illustrated in Table 4, at 

baseline, the only significant (p < 0.05) differences between iron sufficient and iron deficient 

groups were at baseline for the Confusion subscale of the Profile of Moods questionnaire. Iron 

deficient participants had a significantly higher Confusion score compared to iron sufficient 

participants indicating iron deficient participants reported more confusion at baseline. After 

controlling for covariates, differences between groups for Confusion were attenuated (p=0.0542). 

After treatment, there was no difference between groups on the Confusion subscale score. 

However, after controlling for covariates, scores differed significantly between groups (p < 

0.0001) at endline. The iron sufficient group had a higher score for Confusion compared to the 

iron deficient group after treatment (Table 4). 

 In the Tension subscale of the Profile of Moods questionnaire, there was an almost 

significant (p < 0.1) difference at baseline between iron sufficient and iron deficient groups with 

the iron deficient group indicating more tension. No covariates were identified for tension at 
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baseline. At endline, after controlling for the covariates, the model became significant (p < 

0.0001). However, despite the decrease, the iron deficient group still had significantly higher 

scores on the Tension subscale compared to the iron sufficient group at endline (Table 4). 

 At endline, there was an almost significant difference (p < 0.1) between iron sufficient 

and iron deficient groups in the Environmental Health subscale of the WHO Quality of Life 

questionnaire. The iron sufficient group, on average, indicated a higher quality of environmental 

health compared to the iron deficient group. No covariates were identified, and therefore, an 

ANCOVA was not run for this outcome (Table 4). 

 After controlling for covariates, two subscales on the SF36v2 questionnaire were 

significantly different at baseline between the iron deficient and iron sufficient groups: Bodily 

Pain (p=0.0005) and Physical Component Score (p=0.034). For both, the iron sufficient group 

had a higher average score compared to the iron deficient group (Table 4). 

 From the WHOQOL questionnaire at baseline, two variables were almost significant 

between groups after controlling for covariates. Physical Health, (p=0.0729) after controlling for 

covariates became almost significant with the iron deficient group having a higher average score 

compared to the iron sufficient group. There also was an almost significant difference 

(p=0.0743) between the groups for Psychological Health after controlling for covariates. The 

iron sufficient group had a higher average Psychological Health score compared to the iron 

deficient group (Table 4). 

 From the POMS questionnaire at baseline, after controlling for covariates, there was a 

significant difference (p=0.0523) between groups for scores on the Depression subscale. The iron 

deficient group indicated a higher average score for depression compared to the iron sufficient 

group (Table 4).  
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 At endline, after the addition of covariates into the model, there was a significant 

difference (p=0.0498) between groups for the Physical Health subscale of the WHOQOL with 

the iron sufficient group having a higher average score compared to the iron deficient group after 

treatment. Significant differences (p=0.0596) also occurred between the groups for scores on 

Psychological Health of the WHOQOL. The iron sufficient group had a slightly higher average 

score compared to the iron deficient group after treatment (Table 4).  

 The remaining three significant variables at endline, after the addition of covariates, are 

from the POMS questionnaire. There were significant differences between groups for the Anger 

(p<0.0001) and Depression (p=0.0525) subscales, and the Total Mood Disturbance summary 

value (p=0.0005). The iron sufficient group had a higher score on the Anger and Depression 

subscales compared to the iron deficient group but the iron deficient group had a higher Total 

Mood Disturbance score compared to the iron sufficient group (Table 4). 
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Table 4: Main Analysis of Variance (ANOVA) 

Subscale Variable Iron Sufficient (n=15) Iron Deficient (n=18) p-value Iron Sufficient (n=15) Iron Deficient (n=18) p-value

Mean (SD) 96.7 (4.5) 93.3 (13.7) 97.0 (4.9) 95.3 (10.2)

Range 90.0-100.0 45.0-100.0 85.0-100.0 60.0-100.0

Mean (SD) 88.3 (17.7) 89.6 (20.7) 92.1(16.1) 91.3 (17.0)

Range 50.0-100.0 18.8-100.0 50.0-100.0 37.5-100.0

Mean (SD) 84.9 (16.9) 79.4 (24.5)* 85.7(21.9) 86.9 (19.2)

Range 52.0-100.0 0.0-100.0 31.0-100.0 22.0-100.0

Mean (SD) 73.4 (17.7) 73.2 (13.7) 72.5 (17.5) 68.7 (14.3)

Range 37.0-100.0 47.0-90.0 30.0-100.0 37.0-87.0

Mean (SD) 55.8 (19.1) 51.0 (15.0) 57.1 (19.0) 57.6 (18.3)

Range 12.5-87.5 31.3-81.3 18.8-87.5 6.3-81.3

Mean (SD) 86.7 (17.3) 79.2 (21.0) 86.7 (13.7) 86.8 (15.1)

Range 50.0-100.0 37.5-100.0 62.5-100.0 62.5-100.0

Mean (SD) 76.7 (21.6) 81.9 (17.9) 83.3 (17.5) 83.8 (16.5)

Range 33.3-100.0 41.7-100.0 50.0-100.0 50.0-100.0

Mean (SD) 73.0 (17.3) 72.5 (12.5) 75.0 (12.7) 68.1 (17.8)

Range 20.0-90.0 50.0-90.0 45.0-95.0 30.0-90.0

Mean (SD) 57.3 (6.0) 55.7 (6.8)* 57.0 (4.0) 57.1 (7.4)

Range 41.8-64.8 33.4-66.6 48.5-61.4 32.2-66.9

Mean (SD) 46.3 (10.6) 46.3 (7.4) 48.0 (7.2) 46.5 (9.5)

Range 16.0-60.6 30.3-57.0 32.0-59.5 23.6-58.5

Mean (SD) 12.6 (2.4) 12.9 (1.8) 13.1 (2.0) 12.7 (1.4)*

Range 9.1-16.6 9.7-16.6 9.1-16.0 10.9-16.6

Mean (SD) 13.9 (2.3) 13.8 (1.7) 14.1(1.9) 14.0 (1.8)*

Range 9.3-17.3 11.3-17.3 10.7-17.3 10.0-17.3

Mean (SD) 15.7 (3.2) 15.6 (2.9) 17.1 (2.1) 15.7 (3.3)

Range  8.0-20.0 10.7-20.0 13.3-20.0 9.3-20.0

Mean (SD) 15.6 (2.6) 15.0 (2.1) 16.3 (2.1) 14.9 (6.0)

Range 9.5-19.0  11.0-19.0 11.0-19.5  11.0-18.0

Mean (SD) 15.6 (6.0) 17.9 (5.7) 14.9 (6.1) 14.3 (6.0)

Range  4.0-26.0  9.0-31.0  6.0-28.0  5.0-25.0

Mean (SD) 7.1 (5.6) 10.7 (6.0) 8.9 (7.3) 9.3 (4.5)*

Range  1.0-19.0  1.0-26.0  1.0-32.0  2.0-16.0

Mean (SD) 6.3 (7.0) 9.2 (7.8) 6.3 (8.2) 4.7 (4.8)*

Range 0.0-23.0  1.0-27.0 0.0-35.0 0.0-15.0

Mean (SD) 6.3 (6.2) 8.1 (6.1) 8.9 (7.8) 6.9 (4.6)

Range 0.0-21.0  1.0-22.0 0.0-25.0 0.0-15.0

Mean (SD) 11.1 (8.7) 13.0 (9.4)* 11.5 (10.2) 11.1 (8.0)*

Range 0.0-25.0 0.0-40.0 0.0-32.0 0.0-25.0

Mean (SD) 9.2 (6.8) 10.4 (6.6) 11.9 (6.7) 12.3 (7.0)

Range 0.0-18.0 0.0-26.0  2.0-21.0  4.0-26.0

Mean (SD) 5.3 (3.7)
a

8.1 (4.0)
b* 7.9 (6.4) 7.5 (2.8)

Range 0.0-14.0  4.0-16.0  3.0-25.0  3.0-15.0

Mean (SD) 16.7 (29.8) 32.1 (32.7) 22.3 (36.9) 22.6 (21.2)*

Range  -18.0-71.0  -2.0-126.0  -12.0-122.0  -5.0-63.0

Differing superscripts within a row represent significant differences (p<0.05) between groups within a time point

* represents significant differences (p<0.05) between groups within a given time point after controlling for covariates 

Physical Component Score

Social Health

Physical Functioning

Role Physical

Bodily Pain

General Health

Vitality 

Social Functioning

Endline

Environmental Health

Total Mood Disturbance

Profile of 

Moods 

(POMS)

PSS Perceived Stress Scale

Tension

Anger

Fatigue

WHO 

Quality of 

Life

SF36v2 

Physical Health

Psychological Health

Mental Component Score 

Role Emotional

Mental Health

0.6763

0.1729

0.2662

0.3956

0.5621

0.8906

0.8687

0.4676

0.2577

0.0822ꝉ

Confusion

0.5992Vigor

Depression

0.0461

Baseline

0.3752

0.8547

0.4642

0.9743

0.5012

0.9855

0.5551

0.8963

0.873

0.5031

0.9325

0.9784

0.9384

0.2142

0.9623

0.6344

0.4263

0.2781

0.4488

0.924

0.8646

0.7964

0.9786

0.4609

0.8918

0.1749

0.0905

0.7668

0.8693

0.4894

0.388

0.9112
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Analysis of Variance (ANOVA/ANCOVA) Evaluating the Difference in Scores between 

Time Points 

 Baseline scores were subtracted from endline scores to obtain a difference value for each 

participant. In these analyses, baseline scores were controlled for. An ANOVA using these 

difference values aims to recognize if there are significant differences in change over time 

between the iron sufficient and iron deficient groups (those receiving placebo vs. iron 

supplement).  

 As shown in Table 5, from the SF36v2, the changes over time on the subscales Physical 

Functioning (p=0.0014), Role Physical (p=0.0337), Bodily Pain (p=0.0280), General Health 

(0.0057), and Role-Emotional (0.0005) all were significantly different between groups both with 

(p-values listed above) and without covariates (p-values in Table 5) controlled for. There was a 

larger increase in scores on Physical Functioning and Bodily Pain in the ID group compared to 

the IS group. There was a larger increase in scores on the Role Physical and Role Emotional for 

the IS group compared to the ID group. The ID group decreased scores for General Health more 

than IS decreased. Two subscales, Mental Health and the Mental Component Score were 

significantly different before controlling for covariates, but after controlling for covariates no 

longer showed significant differences between groups. While Social Functioning was not 

significantly different when run without covariates, after controlling for covariates, there was a 

significant difference (p<0.0001) in changes over time between the groups. Social Functioning 

increased significantly more for the ID group over time compared to the IS group.  

 From the WHOQOL questionnaire, the subscales Physical Health (p=0.0010), Social 

Health (p=0.0013), and Environmental Health (p=0.0359) were significantly different in changes 

over time between groups both before and after controlling for covariates. Scores for Physical 
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Health and Environmental Health both decreased in the ID group while they increased slightly 

for the IS group. The IS group also had a larger increase in Social Health compared to the ID 

group despite treatment with iron. Psychological Health was significantly different between 

groups before but not after controlling for covariates.  

 The Perceived Stress score was significantly different (p=0.0319) both before and after 

controlling for covariates. The ID group decreased their scores for Stress significantly more than 

the IS group.  

 All of the POMS subscales were significantly different both before and after controlling 

for covariates. For the ID group (who received treatment) the scores for Tension (p<0.0001), 

Anger (p<0.0001), Fatigue (p=0.0062), Depression (p<0.0001), Confusion (p=0.0031), and Total 

Mood Disturbance (p<0.0001) all decreased over time while they increased for the IS group. 

Vigor, however, increased more for the IS group compared to the ID group (Table 5). 
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Table 5: Difference (score at endline minus score at baseline) Analysis of Variance (ANOVA)

Subscale Dependent Variable p-value n Mean SD

IS 15 0.333 6.11

ID 18 1.946* 7.51

IS 15 3.75 20.6

ID 18 1.736* 14.8

IS 15 0.8 25.1

ID 18 7.5* 14.9

IS 15 -0.933 17.5

ID 18  -4.5* 14.7

IS 15 1.25 15.9

ID 18 6.597 13.8

IS 15 0 17.7

ID 18 7.639 25.1

IS 15 6.666 17.6

ID 18 1.851* 18.6

IS 15 2 15.4

ID 18 -4.444 14.2

IS 15 -0.246 7.49

ID 18 1.393 3.48

IS 15 1.637 7.42

ID 18 0.26 7.18

IS 15 0.4952 1.51

ID 18  -0.254* 1.68

IS 15 0.178 1.34

ID 18 0.185 1.44

IS 15 1.333 2.02

ID 18 0.148* 3.93

IS 15 0.667 1.36

ID 18  -0.111* 1.6

IS 15 -0.667 4.58

ID 17  -2.882* 6.06

IS 15 1.867 8.19

ID 18  -1.444* 6.77

IS 15 0.067 10.3

ID 18  -4.5* 7.97

IS 15 2.6 6.97

ID 18  -1.167* 5.02

IS 15 0.333 12.7

ID 18  -1.889* 8.65

IS 15 2.667 8.19

ID 18 1.833* 6.93

IS 15 2.6 4.82

ID 18  -0.611* 4.43

IS 15 5.6 28.8

ID 18  -9.444* 30.1

IS= Iron Sufficient

ID=Iron Deficient

Vigor 0.005

Profile of 

Moods 

(POMS)

Tension 0.0003

Confusion 0.0171

* represents significant difference (p < 0.05) between groups after 

controlling for covariates 

PSS Perceived Stress 0.058

Total Mood 

Disturbance
0.0022

Depression 0.0013

Anger <.0001

Fatigue 0.0062

WHO 

Quality of 

Life

Physical Health 0.0003

Psychological 

Health
0.0372

Social Health 0.0008

Environmental 

Health
0.0359

Social Functioning 0.3289

Role Emotional 0.001

Mental Health 0.0184

Physical 

Component Score 
0.0094

Mental Component 

Score
0.0229

SF36v2

Physical Functioning 0.0004

Role Physical 0.0012

Bodily Pain

Vitality 0.1179

0.0065

General Health 0.0107
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Stepwise Regression (Ft and TfR Model): Baseline 

 A stepwise regression analysis identifies which variables are potential predictors of the 

questionnaire outcomes. Two different models were run for stepwise regression: a model that 

included TfR and Ft with the rest of the covariates and a model that included body iron with the 

rest of the covariates. They were run separately because body iron is calculated from TfR and Ft. 

 For the Ft and TfR model, at baseline, there were 11 questionnaire variables with 

predictors. From the SF36v2 questionnaire: AGP and medication use were significant predictors 

of Physical Functioning, Bodily Pain, and Physical Component Score. AGP and medication use 

were negatively associated, meaning that as AGP or medication use increased, scores on 

Physical Functioning, Bodily Pain, or Physical Component Score decreased. Medication use was 

also a significant predictor of and negatively associated with Role Physical. AGP and Hematocrit 

were significant predictors of General Health. They were also negatively associated with General 

Health. TfR was a significant predictor of Role Emotional. They were positively associated 

meaning that as TfR values increased, scores on Role Emotional also increased. There were no 

significant predictors for Vitality, Social Functioning, Mental Health, or the Mental Component 

Score. From the WHOQOL questionnaire, vitamin use was a significant predictor of and 

negatively associated with Environmental Health. There were no significant predictors for 

Physical, Psychological, or Social Health. There were no significant predictors for Perceived 

Stress. From POMS: Vitamin use was a significant predictor of and positively associated with 

Anger and Total Mood Disturbance. Ft was a significant predictor of and negatively associated 

with Tension. As Ft levels increased, scores for Tension decreased (Table 6).  



40 

Table 6: Main Analysis Baseline Stepwise Regression (Ft and TfR Model) 

Timepoint Questionnaire
Dependent 

Variable 
Step

Predictor 

Variable 

Paramater 

(beta)

Partial R-

Square

Predictor p-

value

Model p-

value

Model R-

Square

Sample 

Size

1 AGP -0.16 0.1542 0.0522

2 med -11.32 0.1426 0.0463

3 Hct 1.35 0.0902 0.0933

4 vit -6.93 0.0816 0.0949

1 med -31.25 0.2536 0.0103

2 smoke -26.04 0.0864 0.1037

1 med -30.18 0.2437 0.0122

2 AGP -0.38 0.2025 0.0096

3 drink -20.94 0.0758 0.0823

4 Ft 0.18 0.055 0.1225

1 AGP -0.4 0.2669 0.0082

2 Hct -3.12 0.1211 0.0488

3 drink 17.34 0.0874 0.0753

4 med -10.36 0.0643 0.1101

Vitality 1 AGP -0.23 0.1386 0.0669 0.0669 0.1386 25

Social Functioning 

Role Emotional 1 TfR 3.26 0.1718 0.0394 0.0394 0.1718 25

Mental Health 1 TfR 1.57 0.1155 0.0965 0.0965 0.1155 25

1 med -10.95 0.2706 0.0077

2 AGP -0.15 0.3078 0.0006

Mental 

Component Score
1 TfR 1.01 0.1095 0.1062 0.1062 0.1095 25

Physical Health 1 med 1.93 0.1503 0.0555 0.0555 0.1503 25

1 BMI -0.24 0.1165 0.095

2 TfR 0.24 0.0978 0.1122

3 med 1.24 0.0785 0.1418

1 vit -2 0.1335 0.0725

2 smoke -4.11 0.1177 0.0764

Environmental 

Health
1 vit -1.84 0.1851 0.0318 0.0318 0.1851 25

1 vit 5.11 0.1455 0.0599

2 med -4.62 0.1027 0.097

3 BMI 0.61 0.0823 0.1231

1 Ft -0.07 0.1509 0.055

2 vit 4.13 0.1227 0.067

Anger 1 vit 5.78 0.1538 0.0525 0.0525 0.1538 25

1 AGP 0.12 0.105 0.0804

2 smoke -10.03 0.0666 0.1485

3 Hb 1.43 0.0684 0.1396

4 Ft -0.06 0.0663 0.1338

1 TfR 1.44 0.118 0.0927

2 smoke -15.25 0.103 0.1021

1 med -4.23 0.1242 0.0841

2 Hct -0.58 0.0831 0.1432

1 vit 2.83 0.1503 0.0555

2 med -3.23 0.1033 0.0949

Total Mood 

Disturbance 
1 vit 26.54 0.1629 0.0454 0.0454 0.1629 25

0.2211 25

0.0012

25

med=Medication Use (Yes or No) vit=Vitamin Use (Yes or No) smoke=Smoking (Yes or No) 

Baseline

POMS

Physical 

Functioning

WHOQOL

No variable met 0.15 significance level.

0.0102 0.4686

25Bodily Pain 0.5769

SF36v2

Fatigue

Role Physical

Physical 

Component Score

Social Health

Tension

0.0103 0.34 25

General Health 0.0027 0.5397 25

<0.0001 0.5784 25

Psychological 

Health
0.0592 250.2927

0.0415 0.2512 25

Perceived StressPSS 0.0349 0.3305 25

Confusion 0.04 0.2536 25

0.0297 0.2736 25

Vigor 0.0777 0.2072 25

Depression

0.0124 0.3063 25

0.064
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Stepwise Regression (Ft and TfR Model): Endline 

 At Endline, 14 variables had significant predictors. From SF36v2, vitamin use, BMI and 

TfR were significant predictors of Physical Functioning. Vitamin use and BMI were negatively 

associated with Physical Functioning and TfR was positively associated. Vitamin use was 

significantly predictive of and negatively associated with scores on Role Physical. BMI was 

predictive of and negatively associated with scores for General Health. Smoking was negatively 

associated with and a significant predictor of Role Emotional. There were no significant 

predictors for Bodily Pain, Vitality, Social Functioning, Mental Health, and the Physical and 

Mental Component Scores (Table 7).  

 From the WHOQOL questionnaire, TfR was a significant predictor of and positively 

associated with Physical Health. Smoking was negatively associated with and significantly 

predictive of Psychological Health, and BMI was negatively associated with and significantly 

predictive of Social Health. There were no significant predictors for Environmental Health. From 

the Perceived Stress Scale, AGP was significantly predictive of and positively associated with 

Stress (Table 7).  

 For the POMS questionnaire, smoking was a significant predictor of and positively 

associated with Tension, Anger, Depression, Confusion, and Total Mood Disturbance. As 

smoking increases, scores for those subscales increase. Medication use and AGP were also 

significant predictors of Tension. Medication use was negatively associated, and AGP positively 

associated with Tension. AGP was also significantly predictive of and negatively associated with 

Depression. AGP and Vitamin use are significant predictors of and positively associated with 

Vigor. Fatigue had no significant predictors (Table 7). 
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Table 7: Main Analysis Endline Stepwise Regression (Ft and TfR Model)  

Timepoint Questionnaire
Dependent 

Variable 
Step

Predictor 

Variable 

Paramater 

(beta)

Partial R-

Square

Predictor p-

value

Model p-

value

Model R-

Square

Sample 

Size

1 vit -5.3 0.2583 0.0531

2 BMI -0.8 0.2154 0.0468

3 TfR 0.91 0.1893 0.0303

4 pdd -0.04 0.0882 0.0891

Role Physical 1 vit -18.75 0.375 0.0152 0.0152 0.375 15

Bodily Pain

General Health 1 BMI -1.7 0.4575 0.0056 0.0056 0.4575 15

Vitality 1 AGP -0.37 0.1773 0.1181 0.1181 0.1773 15

Social Functioning 1 med 14.77 0.231 0.0697 0.0697 0.231 15

Role Emotional 1 smoke -36.9 0.2625 0.0509 0.0509 0.2625 15

Mental Health

Physical 

Component Score

Mental 

Component Score
1 AGP -0.15 0.1574 0.1432 0.1432 0.1574 15

1 TfR 0.43 0.3028 0.0336

2 med 1.48 0.1553 0.0884

Psychological 

Health
1 smoke -3.62 0.3238 0.0268 0.0268 0.3238 15

1 BMI -0.61 0.3228 0.0271

2 TfR 0.61 0.1573 0.081

1 vit -3.17 0.1841 0.1105

2 drink -4.17 0.181 0.0891

PSS Perceived Stress 1 AGP 0.17 0.3819 0.0141 0.0141 0.3819 15

1 smoke 18.21 0.8041 <0.0001

2 med -4.6 0.0623 0.0357

3 Ft -0.1 0.0386 0.0581

4 AGP 0.1 0.0605 0.0019

1 smoke 30.21 0.9236 <0.0001

2 BMI 0.36 0.0128 0.1468

Fatigue 1 AGP 0.13 0.1949 0.0994 0.0994 0.1949 15

1 smoke 33.89 0.2606 0.0518

2 AGP -0.27 0.2989 0.0145

1 AGP 0.18 0.2563 0.0542

2 vit 7.43 0.2651 0.0242

1 smoke 14.12 0.3187 0.0283

2 TfR -1.21 0.1259 0.125

Total Mood 

Disturbance 
1 smoke 109.93 0.6261 0.0004 0.0004 0.6261 15

Vigor 0.012 0.5214 15

POMS

Tension <0.0001 0.9656 15

No variable met 0.15 significance level.

No variable met 0.15 significance level.

No variable met 0.15 significance level.

Physical Health 0.0253

Confusion 0.0293 0.4446 15

med=Medication Use (Yes or No) vit=Vitamin Use (Yes or No) smoke=Smoking (Yes or No) 

Endline

SF36v2

Physical 

Functioning
0.0045 0.7512 15

0.4581 15

Environmental 

Health

WHOQOL

0.0655 0.3652 15

Social Health 0.0198 0.4801 15

Anger <0.0001 0.9364 15

Depression 0.0073 0.5595 15
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Stepwise Regression (Body Iron Model): Baseline 

Results of the stepwise regression using body iron were similar to those using Ft and TfR. 

At baseline, the models that did not change include, from SF36v2, Physical Functioning, Role 

Physical, General Health, Vitality, Social Functioning, from WHOQOL Physical Health, Social 

Health, Environmental Health, from POMS, Anger, Vigor, Confusion, and Total Mood 

Disturbance and Perceived Stress (Table 6). 

At baseline, for SF36v2, the Bodily Pain and Physical Component Score models 

changed, but had the same significant predictors: medication use and AGP, negatively associated 

with both. The remaining models that changed: Role Emotional, Mental Health, and Mental 

Component Score no longer had significant predictors. From WHOQOL, only Social Health had 

a new model, but no predictors were significant (Table 8). 

For the POMS questionnaire at baseline, body iron was a significant predictor of both 

Tension and Depression. Body iron was negatively associated with Tension and Depression, as 

body iron increased, Tension and Depression scores decreased (Table 8). 
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Table 8: Main Analysis Baseline Stepwise Regression (Body Iron Model)  

Timepoint Questionnaire
Dependent 

Variable 
Step

Predictor 

Variable 

Paramater 

(beta)

Partial R-

Square

Predictor 

p-value

Model p-

value

Model R-

Square

Sample 

Size

1 AGP -0.16 0.1542 0.0522

2 med -11.32 0.1426 0.0463

3 Hct 1.35 0.0902 0.0933

4 vit -6.93 0.0816 0.0949

1 med -31.25 0.2536 0.0103

2 smoke -26.04 0.0864 0.1037

1 med -31.67 0.2437 0.0122

2 AGP -0.39 0.2025 0.0096

3 drink -17.6 0.0739 0.0687

4 bodyiron 1.27 0.0804 0.0729

1 AGP -0.4 0.2669 0.0082

2 Hct -3.12 0.1211 0.0488

3 drink 17.34 0.0874 0.0753

4 med -10.36 0.0643 0.1101

Vitality 1 AGP -0.23 0.1386 0.0669 0.0669 0.1386 25

Social Functioning 

Role Emotional

Mental Health

1 med -11.29 0.2706 0.0077

2 AGP -0.14 0.3078 0.0006

3 bodyiron 0.34 0.0643 0.0655

Mental 

Component Score

Physical Health 1 med 1.93 0.1503 0.0555 0.0555 0.1503 25

1 BMI -0.23 0.1165 0.095

2 med 1.31 0.0888 0.1313

1 vit -2 0.1335 0.0725

2 smoke -4.11 0.1177 0.0764

Environmental 

Health
1 vit -1.84 0.1851 0.0318* 0.0318 0.1851 25

1 vit 5.11 0.1455 0.0599

2 med -4.62 0.1027 0.097

3 BMI 0.61 0.0823 0.1231

1 bodyiron -0.53 0.2609 0.0091

2 vit 3.76 0.1008 0.0757

Anger 1 vit 5.78 0.1538 0.0525 0.0525 0.1538 25

1 AGP 0.14 0.105 0.0804

2 smoke -11.81 0.0666 0.1485

3 Hb 1.06 0.0684 0.1396

1 bodyiron -0.87 0.1955 0.0269

2 AGP -0.11 0.0917 0.1066

1 med -4.23 0.1242 0.0841

2 Hct -0.58 0.0831 0.1432

1 vit 2.83 0.1503 0.0555

2 med -3.23 0.1033 0.0949

Total Mood 

Disturbance 
1 vit 26.54 0.1629 0.0454 0.0454 0.1629 25

25

WHOQOL

Psychological 

Health
0.0799 0.2927 25

25

Bodily Pain 0.0007 0.6004 25

Role Physical 0.0103 0.34 25

Baseline

SF36v2

Physical 

Functioning
0.0102 0.4686

General Health 0.0027

Physical 

Component Score
<0.0001 0.6427

No variable met 0.15 significance level.

0.5397 25

No variable met 0.15 significance level.

25

PSS Perceived Stress 0.0349 0.3305 25

Vigor 0.0777 0.2072

Social Health 0.0415 0.2512

25

Depression 0.0241 0.2872 25

med=Medication Use (Yes or No) vit=Vitamin Use (Yes or No) smoke=Smoking (Yes or No) 

No variable met 0.15 significance level.

No variable met 0.15 significance level.

25

Confusion 0.04 0.2536 25

POMS

Tension 0.0072 0.3617 25

Fatigue 0.0139 0.3063
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Stepwise Regression (Body Iron Model): Endline 

At endline, the models that did not change are Bodily Pain, General Health, Vitality, 

Social Functioning, Role Emotional, Mental Health and the Mental and Physical Component 

scores, Psychological and Environmental Health, Perceived Stress, Anger, Fatigue, Depression, 

Vigor, and Total Mood Disturbance (Table 7). 

For Physical Functioning, BMI and vitamin use were predictive in the same way. Body 

iron was also significantly predictive of and negatively associated with Physical Functioning. For 

Tension, smoking and medicine use were still predictive in the same way, but body iron became 

significantly predictive of and negatively associated with Tension. For Role Physical and 

Confusion, what loaded into the model changed, but the significant predictors did not. Physical 

Health had no significant predictors in the Body Iron model (Table 9).  
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Table 9: Main Analysis Endline Stepwise Regression (Body Iron Model) 

Timepoint Questionnaire
Dependent 

Variable 
Step

Predictor 

Variable 

Paramater 

(beta)

Partial R-

Square

Predictor p-

value

Model p-

value

Model R-

Square

Sample 

Size

1 vit -5.52 0.2583 0.0531

2 BMI -0.58 0.2154 0.0468

3 body iron -0.35 0.1732 0.0404

4 pdd -0.04 0.0707 0.1446

1 vit -19.09 0.375 0.0152

2 body iron -1.28 0.1296 0.1017

Bodily Pain

General Health 1 BMI -1.7 0.4575 0.0056 0.0056 0.4575 15

Vitality 1 AGP -0.37 0.1773 0.1181 0.1181 0.1773 15

Social Functioning 1 med 14.77 0.231 0.0697 0.0697 0.231 15

Role Emotional 1 smoke -36.9 0.2625 0.0509 0.0509 0.2625 15

Mental Health

Physical 

Component Score

Mental 

Component Score
1 AGP -0.15 0.1574 0.1432 0.1432 0.1574 15

Physical Health 1 med 1.82 0.2448 0.0608 0.0608 0.2448 15

Psychological 

Health
1 smoke -3.62 0.3238 0.0268 0.0268 0.3238 15

1 BMI -0.48 0.3228 0.0271

2 med 1.92 0.1155 0.1422

1 vit -3.17 0.1841 0.1105

2 drink -4.17 0.181 0.0891

PSS Perceived Stress 1 AGP 0.17 0.3819 0.0141 0.0141 0.3819 15

1 smoke 18.58 0.8041 <0.0001

2 med -4.57 0.0623 0.0357

3 AGP 0.1 0.0291 0.108

4 body iron -0.44 0.0507 0.0119

1 smoke 30.21 0.9236 <0.0001

2 BMI 0.36 0.0128 0.1468

Fatigue 1 AGP 0.13 0.1949 0.0994 0.0994 0.1949 15

1 smoke 33.89 0.2606 0.0518

2 AGP -0.27 0.2989 0.0145

1 AGP 0.18 0.2563 0.0542

2 vit 7.43 0.2651 0.0242

Confusion 1 smoke 13.57 0.3187 0.0283 0.0283 0.3187 15

Total Mood 

Disturbance 
1 smoke 109.93 0.6261 0.0004 0.0004 0.6261 15

Social Health 0.0314 0.4383 15
Endline

SF36v2

Physical 

Functioning
0.0082 0.7176 15

No variable met 0.15 significance level.

No variable met 0.15 significance level.

No variable met 0.15 significance level.

WHOQOL

Environmental 

Health
0.0655 0.3652 15

POMS

Tension <0.0001 0.9462 15

Anger

med=Medication Use (Yes or No) vit=Vitamin Use (Yes or No) smoke=Smoking (Yes or No) 

Role Physical 0.0148 0.5046 15

Vigor 0.012 0.5214 15

<0.0001 0.9364 15

Depression 0.0073 0.5595 15
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Chapter 6 

 

Secondary Analysis Results 

 A secondary analysis was run in order to recategorize participants to study iron’s effects 

on mood, stress, and quality of life in a different way. Our hypothesis was that changes in iron 

status would be related to changes in affective variables. Therefore, we can analyze the data 

based on changes in iron status, irrespective of treatment group assignment. Physiologically, we 

know that iron changes daily despite treatment type. Therefore, if we are to categorize 

participants as responders or non-responders in terms of changes in iron status, we want to 

account for the daily variation that occurs in iron status markers and define “responders” as those 

who experience a change in iron status (ferritin or hemoglobin) above and beyond the known 

day-to-day variation (Borel et al. 1991). 

 The groups analyzed here are categorized as responders vs. non-responders according to 

changes in Ft (FtR vs. FtNR) and responders vs. non-responders according to changes in Hb 

(HbR vs. HbNR). Analysis of Variance at given time points as well as examining the difference 

between baseline and endline (both with and without covariates) will be presented for FtR vs. 

FtNR and HbR vs. HbNR.  

Ferritin Responders vs. Non-Responders Analyses  

Analysis of Variance (ANOVA/ANCOVA) 

 An analysis of variance was done in order to understand if any difference existed between 

the responders and non-responders, determined by changes in Ft, on any of the questionnaire 
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subscales. Table 10 represents the means and p-values at both time points. There were no 

significant differences between groups on any of the subscale scores at baseline. With the 

addition of covariates, the WHOQOL Physical Health subscale showed significant differences 

between FtR and FtNR at p=0.0457. Non-responders had a higher average score for Physical 

Health compared to responders at baseline.  

 At endline, there were no significant differences between groups on any of the subscale 

scores when running unadjusted analyses. After the addition of covariates, scores on the POMS 

Anger subscale became significantly different between groups with responders having a 

significantly lower score than non-responders (p<0.0001). Scores on several other subscales 

became almost significantly different between groups after controlling for covariates: SF36v2 

General Health, where non-responders scored higher than responders (p=0.057) Physical Health 

on the WHOQOL was higher for responders than for non-responders (p=0.068). WHOQOL 

Psychological Health was higher for the responders vs. non-responders (p=0.073); finally, on the 

POMS questionnaire, 3 subscales became significant after covariate adjustment: Tension 

(p=0.0001), Confusion (p=0.0451), and Total Mood Disturbance (p=0.0008), where non-

responders had a higher average score on all 3 subscales compared to responders (Table 10).  



49 

Table 10: Responders vs. Non-Responders (according to Ft) Analysis of Variance (ANOVA)  

Variable
Responder 

(Ft) n=12

Non-Responder 

(Ft)  n=11
p

Responder 

(Ft) n=12

Non-Responder 

(Ft)  n=11
p

Baseline

SF36v2 

Physical 

Functioning
0.195 0.456

Role Physical 0.532 0.768

Bodily Pain

Social Functioning 0.566 0.878

Role Emotional 0.434 0.78576.4 (23.3) 83.3 (17.9)

0.583 0.504

General Health 0.781 0.386

Vitality 0.481 0.49

72.9 (15.4) 77.5 (8.3)*

Mental Health 0.497 0.852

Physical 

Component Score
0.339 0.695

69.2 (18.6) 70.5 (13.5)

59.1 (3.3) 58.6 (3.5)

Mental Component 

Score 
0.326 0.907

WHO 

Quality of 

Life

Physical Health 0.196 0.176

Psychological 

Health
0.896 0.686

Social Health 0.577 0.661

Environmental 

Health
0.0948ꝉ 0.188

15.9 (3.2) 16.5 (3.2)

15.0 (1.9) 16.4 (2.7)

Depression 0.488 0.511

6.5 (6.3) 8.3 (7.7)

12.1 (8.9)

PSS
Perceived Stress 

Scale
0.786 0.896

Profile of 

Moods 

(POMS)

Tension 0.278 0.971

Anger 0.956

Total Mood 

Disturbance
0.549 0.54

Endline

98.3 (4.4) 96.8 (5.1)

96.4 (7.8) 94.9 (15.0)

90.8 (11.8) 85.9 (21.9)

Vigor 0.277 0.956

Confusion 0.516 0.345

9.9 (6.1) 7.1 (6.0)

6.7 (2.1) 5.6 (4.9)

0.1002ꝉ

Fatigue 0.271 0.549

3.1 (3.8) 8.5 (10.1)*

46.9 (10.4) 46.5 (7.9)

12.6 (1.2) 13.5 (2.0)*

14.1(1.6) 13.8 (1.8)*

62.0 (21.1) 56.3 (17.7)

89.6 (15.8) 88.6 (13.1)

84.0 (16.5) 81.8 (21.7)

74.0 (15.3) 75.9 (17.1)

52.1 (17.5) 57.4 (17.9)

79.2 (20.9) 84.1 (19.4)

97.9 (3.3) 95.0 (6.7)

93.8 (12.5) 89.8 (17.3)

87.4 (15.8) 83.5 (18.4)

12.3 (1.9) 13.5 (2.1)*

14.0 (2.1) 13.9 (2.2)

15.4 (3.8) 16.2 (2.8)

69.6 (19.1) 74.1 (10.4)

58.9 (4.3) 56.6 (6.7)

43.7 (11.5) 47.8 (7.5)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

24.9 (24.5) 17.7 (31.8)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

8.1 (7.3) 7.9 (7.7)

7.1 (5.4) 4.6 (4.9)

12.3 (7.1) 14.5 (7.9)

14.5 (2.0) 16.2 (2.6)

Mean (SD)

Mean (SD)

* represents significant differences (p<0.05) between groups within a given time point after controlling for covariates

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

16.8 (4.5) 16.1 (6.8)

9.7 (5.8) 7.0 (5.7)

14.8 (10.7)

10.6 (5.5) 10.7 (6.9)

7.3 (2.6) 9.5 (7.4)*

19.3 (21.2) 28.1 (43.4)*

15.0 (6.0) 15.4 (7.2)

9.2 (4.5) 9.3 (8.7)*
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Analysis of Variance (ANOVA/ANCOVA): Evaluating the Difference in Scores between 

Time Points  

This analysis again includes the difference values obtained from subtracting the baseline 

scores from the endline scores for each participant. An ANOVA using these difference values 

aims to understand if there is a significant difference between responders and non-responders 

(according to ferritin) in their changes over time. Table 11 represents the average changes over 

time for each subscale in each group as well as the p-value determining whether the difference 

was significant. Baseline values were controlled for in this analysis. 

Scores on SF36v2 Physical Functioning (p=0.0031), Role Physical (p=0.0174), Bodily 

Pain (p=0.0082), and General Health (p=0.0028), Role Emotional (p=0.0127), and Physical 

Component Score (p=0.0001) changed significantly differently over time between the responder 

and non-responder groups according to Ft both with (p-values listed above) and without (p-

values listed in Table 11) controlling for covariates. The non-responder group had a larger 

increase in scores on Physical Functioning, Role Physical, and General Health, compared to the 

responder group. The responder group had a larger increase in scores for Bodily Pain and Social 

Functioning compared to the non-responder group. For the Role Emotional scores, the 

responders increased while the non-responders decreased. The scores for Vitality and Mental 

Component Score were no longer significantly different between groups after controlling for 

covariates. Differences in scores for Mental Health remained insignificant after the addition of 

covariates. 

Physical Health (p=0.0270), Psychological Health (p=0.0396), and Social Health 

(p=0.0217) scores from the WHOQOL questionnaire also had significantly different changes 

over time between the responder and non-responder groups with (p-values listed above) and 
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without (p-values listed in Table 11) controlling for covariates. For all three subscales, 

responders increased their scores significantly more than non-responders. There were no 

significant differences with or without controlling for covariates for the Environmental Health 

subscale. 

The POMS questionnaire subscales Tension (p <0.0001), Anger (p <0.0001), Depression 

(p=0.0125), and Vigor (p=0.0247) scores were significantly different in their changes over time 

between the responder and non-responder groups both with (p-values listed above) and without 

(p-values listed in Table 11) controlling for covariates. The responders’ scores for Tension, 

Anger, and Depression on average, all decreased while the non-responders’ scores on average 

increased. The non-responders, however, had a larger increase in scores for Vigor compared to 

the responders group. Both Confusion, and Total Mood Disturbance showed significant 

differences between groups in change over time after controlling for covariates. The responders 

had an average decrease on scores for Total Mood Disturbance compared to the non-responders 

whose scores actually increased. While both groups increased scores on Confusion, responders 

also had a lower average increase on scores for Confusion compared to the non-responders. 

There were no significant differences for scores on the Fatigue subscale with or without 

covariates (Table 11). 
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Table 11: Difference (score at endline minus score at baseline) Analysis of Variance (ANOVA) (Ft 

R vs. NR)  

Variable
Responder 

(Ft) n=12

Non-Responder 

(Ft)  n=11
p

Role Physical Mean (SD) 2.6 (11.1) 5.1 (22.7)* 0.0002

SF36v2 

Physical 

Functioning
Mean (SD) 0.4 (5.8) 1.8 (7.5)* 0.001

General Health Mean (SD)  -1.1 (10.4) 1.6 (15.4)* 0.0035

Bodily Pain Mean (SD) 3.4 (14.0) 2.5 (29.8)* 0.0034

Social Functioning Mean (SD) 10.4 (19.1) 4.5 (25.8)* <0.0001

Vitality Mean (SD) 9.9 (16.3)  -1.1 (14.2) 0.0983

Mental Health Mean (SD)  -0.4 (17.9)  -3.6 (11.2) 0.1112

Role Emotional Mean (SD) 7.6 (19.0)  -1.5 (18.6)* 0.0172

Mental Component 

Score 
Mean (SD) 3.2 (8.0)  -1.3 (5.8) 0.0453

Physical 

Component Score
Mean (SD) 0.2 (3.6) 2.0 (8.2)* <0.0001

WHO 

Quality of 

Life

Physical Health Mean (SD) 0.2 (1.6) 0.1 (1.4)* 0.0074

Environmental 

Health
Mean (SD) 0.5 (2.3) 0.1 (0.6) 0.2088

Social Health Mean (SD) 0.4 (3.9) 0.2 (2.1)* 0.0398

Psychological 

Health
Mean (SD) 0.1 (1.6)  -0.1 (1.2)* 0.0101

Profile of 

Moods 

(POMS)

Tension Mean (SD)  -0.5 (6.3) 2.3 (9.8)* 0.0157

PSS
Perceived Stress 

Scale
Mean (SD)  -1.8 (4.4)  -0.7 (4.5) 0.623

Mean (SD)  -0.6 (4.3) 3.6 (7.6) 0.1591

Anger Mean (SD)  -5.0 (8.5) 0.5 (11.4)* 0.0012

* represents significant difference (p < 0.05) between groups after controlling for covariates 

Difference 

Total Mood 

Disturbance
Mean (SD)  -5.6 (24.9) 10.4 (30.8)* 0.1862

Confusion Mean (SD) 0.6 (2.9) 3.8 (5.2)* 0.2139

Vigor Mean (SD) 0.7 (7.5) 3.6 (9.0)* 0.0023

Depression Mean (SD)  -0.3 (6.2) 0.3 (15.0)* 0.0443

Fatigue
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Hemoglobin Responders vs. Non-Responders Analyses  

Analysis of Variance (ANOVA/ANCOVA) 

 An analysis of variance was done in order to understand if any difference existed between 

the responders and non-responders, determined by changes in Hb, on any of the questionnaire 

subscales. No variables were significantly different at baseline or endline between the responders 

and non-responders as defined by Hb. The summary value for the Profile of Moods questionnaire 

at endline, however, was close to significant at p < 0.1. Responders had a much lower Total 

Mood Disturbance score compared to non-responders (Table 12). After controlling for 

covariates, the difference between responders and non-responders, on Total Mood Disturbance 

became significant at p=0.0001.  

 A number of other variables became significant at baseline after controlling for 

covariates. From the SF36v2 questionnaire, Bodily Pain scores were significantly different 

(p=0.0102) between groups with non-responders having higher scores for Bodily Pain compared 

to responders. SF36v2 Physical Component Score (PCS) also showed significant (p=0.0560) 

differences between groups after controlling covariates with non-responders having a higher 

average PCS compared to responders. From the WHOQOL questionnaire, Physical Health 

(p=0.0912) and from the POMS questionnaire, Depression (p=0.0836) showed almost significant 

differences between groups. Responders had a higher score compared to non-responders for 

Physical Health and responders had higher Depression scores compared to non-responders after 

controlling for covariates (Table 12). 

 At endline, many variables became significant or almost significant after the addition of 

covariates. Two variables from the SF36v2 questionnaire were almost significant between 
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groups: General Health (p=0.0815) and Role Emotional (p=0.0815). The responder groups for 

both Role Emotional and General Health had higher scores compared to their respective non-

responder averages (Table 12).  

 From the WHOQOL questionnaire, two variables presented significant differences, and 

one an almost significant difference after the control of covariates. There were significant 

differences (p=0.0405) between responders and non-responders for Physical with responders 

having a higher Physical Health Score at endline compared to non-responders. After controlling 

for covariates, there were significant differences (p=0.0561) between groups for Psychological 

Health. Responders had a higher average score for Psychological Health compared to non-

responders. Social Health also showed an almost significant (p=0.0900) difference between 

groups with responders having a higher average Social Health score compared to non-responders 

at endline (Table 12).  

 The Perceived Stress variable at endline also became significantly different (p=0.0521) 

between groups after controlling for covariates. Non-responders had a higher average score for 

Perceived Stress compared to Responders. Tension, Anger, Confusion, and Depression from the 

POMS questionnaire all presented significant differences after controlling for covariates. For all 

of those variables, non-responders had higher scores compared to responders (Table 12).  
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Table 12: Responder vs. Non-Responder (according to Hb) Analysis of Variance (ANOVA)  

Variable
Responder 

(Hb) n=12

Non-Responder 

(Hb)  n=21
p

Responder 

(Hb) n=12

Non-Responder 

(Hb)  n=11
p

28.9 (32.8)* 0.094

* represents significant differences (p<0.05) between groups within a given time point after controlling for covariates

Total Mood 

Disturbance
Mean (SD) 22.6 (28.1) 26.5 (34.4) 0.739 11.3 (16.1)

12.1 (6.3) 0.996

Confusion Mean (SD) 6.5 (4.3) 7.0 (3.9) 0.713 6.7 (1.9) 8.3 (5.7)* 0.349

Vigor Mean (SD) 10.3 (7.5) 9.6 (6.2) 0.771 12.1 (7.8)

13 (7.3) 11.7 (10.0)* 0.69 9.9 (7.3) 12.0 (9.8)* 0.517

Fatigue Mean (SD) 7.5 (7.2) 7.1 (5.6) 0.875 6.2 (6.2)

12.8 (4.5) 15.7 (6.5)* 0.178

Profile of 

Moods 

(POMS)

Tension Mean (SD) 9.4 (5.5) 8.9 (6.4) 0.802 7.3 (4.6) 10.2 (6.3)* 0.168

Anger Mean (SD) 7.8 (5.1) 7.9 (8.7) 0.98 3.4 (1.9) 6.6 (7.9)* 0.18

8.8 (6.3) 0.258

Depression Mean (SD)

PSS
Perceived Stress 

Scale
Mean (SD) 17.3 (5.1) 16.7 (6.3) 0.788

WHO 

Quality of 

Life

Environmental 

Health
Mean (SD) 15.0 (2.5) 15.5 (2.3)

Social Health Mean (SD) 14.9 (3.3) 16.1 (2.8) 0.287 17.1 (2.3) 15.9 (3.1)* 0.236

0.635 15.8 (2.1) 15.4 (2.5) 0.601

13.4 (1.6) 12.5 (1.7)* 0.145

Psychological 

Health
Mean (SD) 13.8 (1.6) 13.9 (2.2) 0.861 14.4 (2.0) 13.8 (1.7)*

Physical Health Mean (SD) 13.1 (1.7) 12.6 (2.3) 0.457

0.416

57.8 (4.4) 0.327

Mental Component 

Score 
Mean (SD) 45.3 (10.9) 46.8 (7.7) 0.639 49.9 (4.4) 45.6 (9.8) 0.167

Physical 

Component Score
Mean (SD) 55.9 (7.7) 56.7 (5.7) 0.723 55.7 (8.2)

81.3 (18.6)* 0.317

Mental Health Mean (SD) 72.1 (19.5) 73.1 (11.6) 0.852 75.0 (10.2) 69.0 (18.1) 0.306

Role Emotional Mean (SD) 77.8 (21.1) 80.6 (19.1) 0.701 87.5 (12.6)

53.9 (20.9) 0.147

Social Functioning Mean (SD) 75.0 (22.6) 86.9 (16.5) 0.092 86.5 (14.6) 86.9 (14.5) 0.933

Vitality Mean (SD) 53.1 (18.2) 53.3 (16.6) 0.981 63.5 (10.9)

72.1 (15.8) 0.539 72.3 (15.4) 69.4 (16.1)* 0.621

Bodily Pain Mean (SD) 76.2 (25.7) 85.2 (18.1)* 0.247 85.7 (23.2)

Baseline Endline

SF36v2 

Physical 

Functioning
Mean (SD) 94.2 (15.8) 95.2 (6.4) 0.785 93.8 (12.1) 97.4 (4.6) 0.225

Role Physical Mean (SD) 87.5 (24.9) 89.9 (15.5) 0.736 88.0 (20.0) 93.8 (14.0) 0.341

86.8 (18.9) 0.884

General Health Mean (SD) 75.6 (14.9)
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Analysis of Variance (ANOVA/ANCOVA): Evaluating the Difference in Scores between 

Time Points  

This analysis again includes the difference values obtained from subtracting the baseline 

scores from the endline scores for each participant. An ANOVA using these difference values 

aims to understand if there is a significant difference between responders and non-responders 

(according to hemoglobin) in their changes over time. Table 13 represents the average changes 

over time for each subscale in each group as well as the p-value determining whether the 

difference was significant. Baseline values were controlled for in this analysis. 

The SF36v2 subscales Physical Functioning (p=0.0005), Role Physical (p=0.0268), 

Bodily Pain (p=0.0267), General Health (p=0.0054), Social Functioning (p<0.0001), and Role 

Emotional (p=0.0004) score changes over time were significantly different between responders 

and non-responders with and without controlling for covariates. Responders had an average 

decrease in their Physical Functioning scores over time while the non-responders had an average 

increase of Physical Functioning scores. Non-responders had a larger average increase in scores 

for Role Physical compared to responders. Responders had a larger average increase in scores for 

Social Functioning, Role Emotional, and Bodily Pain compared to the non-responders. Both 

responders’ and non-responders’ scores for General Health decreased, but the responders’ scores 

decreased more (Table 13). After controlling for covariates, the differences between changes 

over time for the summary values Physical Component Score (p=0.0843) and Mental Component 

Score (p=0.0698) were almost significant (p<0.1). The responders had an average decrease in 

Physical Component Score while the non-responders had an average increase. The responders 

had an average increase in Mental Component Score, however, while the non-responders had an 

average decrease. Vitality score differences were no longer significant in the ANCOVA. 
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Change in scores on WHOQOL subscales Physical Health (p=0.0013) and Social Health 

(p=0.0004) were significantly different both with and without controlling for covariates. 

Responders had an average increase for Physical Health and Social Health scores while the non-

responders had an average decrease. After controlling for covariates, differences between 

changes in Psychological Health scores became almost significant (p= 0.0674) and differences 

between changes in Environmental Health (p=0.0620) remained almost significant. Like the 

other two subscales, responders had an average increase for Psychological Health and 

Environmental Health while the non-responders had an average decrease (Table 13). 

After controlling for covariates, there still remained significant differences (p=0.0123) in 

change over time for the Perceived Stress Scale. Both responders and non-responders had an 

average decrease in scores for Stress, but the responders had a larger average decrease than the 

non-responders (Table 13).  

All of the POMS subscale scores: Tension (p<0.0001), Anger (p<0.0001), Fatigue 

(p=0.0073), Depression (p=0.0001), Vigor (p=0.0305), Confusion (p=0.0047), and Total Mood 

Disturbance (p<0.0001) had significantly different changes over time between responders and 

non-responders with and without controlling for covariates. Responders had an average decrease 

while non-responders had an average increase in scores for Tension, Fatigue, Depression, and 

Total Mood Disturbance. Both responders and non-responders had average decreases in scores 

for Anger, but the responders had a larger average decrease. Non-responders had a larger 

increase in scores for Vigor compared to responders. Both responders and non-responders had an 

average increase in scores for Confusion, but the responders increased less than the non-

responders (Table 13). 

   



58 

Table 13: Difference (score at endline minus score at baseline) Analysis of Variance (ANOVA) (Hb 

R vs. NR)  

Variable
Responder 

(Hb) n=12

Non-Responder 

(Hb)  n=21
p

* represents significant difference (p < 0.05) between groups after controlling for covariates 

Difference 

Role Physical Mean (SD) 0.5 (17.6) 3.9 (17.6)* 0.0008

SF36v2 

Physical 

Functioning
Mean (SD)  -0.4 (8.1) 2.1 (6.0)* 0.0001

General Health Mean (SD)  -3.3 (17.4)  -2.6 (15.4)* 0.0139

Bodily Pain Mean (SD) 9.5 (10.0) 1.6 (23.9)* 0.0068

Social Functioning Mean (SD) 11.5 (22.3) 0 (21.3)* <0.0001

Vitality Mean (SD) 10.4 (13.9) 0.6 (14.4) 0.0247

Mental Health Mean (SD) 2.9 (19.5)  -4.0 (11.4) 0.0204

Role Emotional Mean (SD) 9.7 (20.7) 0.8 (16.0)* 0.0004

Mental Component 

Score 
Mean (SD) 4.6 (8.8)  -1.2 (5.3) 0.002

Physical 

Component Score
Mean (SD)  -0.2 (3.6) 1.1 (6.5) 0.007

Psychological 

Health
Mean (SD) 0.6 (1.4)  -0.06 (1.3)* 0.014WHO 

Quality of 

Life

Physical Health Mean (SD) 0.3 (1.7)  -0.02 (1.6)* 0.0003

Environmental 

Health
Mean (SD) 0.8 (2.1)  -0.1 (1.1) 0.062

PSS
Perceived Stress 

Scale
Mean (SD)  -4.5 (6.7)  -0.3 (3.9)* 0.0102

Social Health Mean (SD) 2.2 (4.0)  -0.2 (2.4)* 0.0004

Anger Mean (SD)  -4.4 (5.0)  -1.3 (10.9)* <0.0001

Profile of 

Moods 

(POMS)

Tension Mean (SD)  -2.2 (4.2) 1.3 (8.7)* 0.0001

Total Mood 

Disturbance
Mean (SD)  -11.3 (21.9) 2.3 (33.3)* 0.0007

Confusion Mean (SD) 0.2 (3.4) 1.2 (5.5)* 0.0241

Fatigue Mean (SD)

Vigor Mean (SD) 1.8 (7.9) 2.5 (7.3)* 0.005

Depression Mean (SD)  -3.1 (6.1) 0.4 (12.4)* 0.001

 -1.3 (4.7) 1.6 (6.8)* 0.0073
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Chapter 6 

 

Discussion  

This was the first study, to our knowledge, to simultaneously look at the relationship 

between iron status in WRA and stress, mood, and quality of life. We found that iron had a 

significant role in improving feelings of stress, mood, and quality of life. Specifically, iron 

treatment in iron deficient WRA improved feelings of Physical Functioning and Social 

Functioning and decreased feelings of Bodily Pain, Stress, Tension, Anger, Depression, 

Confusion and overall Mood Disturbance compared to placebo given to iron sufficient women. 

Participants whose Hb status improved over time (irrespective of treatment) experienced 

improvements in Social Functioning, Physical Health, Social Health and decreases in Bodily 

Pain, Role limitations due to Emotional health, Stress, Tension, Anger, Fatigue, Depression, 

Confusion and overall Mood Disturbance compared to placebo. Participants whose Ft status 

improved (irrespective of treatment) experienced improvements in Social Functioning, Physical 

Health, Psychological Health, and Social Health and decreases in Bodily Pain, Role limitations 

due to Emotional health, Tension, Anger, Depression, and overall Mood Disturbance compared 

to placebo. Ft and body iron were significant predictors for Tension at both baseline and endline. 

They were negatively associated indicating that as Ft levels decrease (indicating poorer iron 

status), scores for and therefore feelings of Tension increase. Body Iron was also a significant 

predictor of and negatively associated with Depression, as Body Iron decreases (indicating 

poorer iron status), scores for Depression increase, indicating more depression. 
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Stress 

 Very few, if any studies have directly looked for an association between iron and stress in 

a population of non-pregnant WRA. In a study published by Beard et al. in 2005, iron status was 

determined to be related to stress (and cognitive function and depression) in African mothers 

postpartum. Despite the populations being different, the results of the present study agree with 

the findings from the Beard et al. 2005 study. In this study iron deficient participants, receiving 

iron treatment, decreased feelings of stress more than iron sufficient participants receiving 

placebo. More significantly, participants whose Hb status improved (responders) saw a 

significantly larger decrease in feelings of Stress compared to non-responders according to Hb so 

much so that at endline, the responders had significantly less feelings of stress compared to non-

responders. This finding is particularly interesting in comparison with the Beard et al. study in 

that the South African mothers were categorized as Iron Deficient Anemic, which is directly 

related to Hb. Both studies saw significant improvements related to Hb status.  

Mood 

The present study found iron treatment to improve some indicators of mood. Iron 

deficient participants treated with iron experienced changes that were significantly different from 

those of the iron sufficient group treated with placebo for Tension, Anger, Depression, 

Confusion, and overall Mood Disturbance. In fact, for all of those measures, the ID group 

decreased while the IS group increased scores so much so that there was a significant difference 

between the scores at endline with the ID group having significantly lower scores compared to 

the IS group. Interestingly, Vigor increased for both groups after treatment, but increased 
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significantly more for the IS group compared to the ID group. There were improvements in 

Vigor after treatment, but they cannot necessarily be attributed to treatment with iron. There 

were no significant effects on Fatigue in the main analysis. The results were the same for the 

responders vs. non-responders according to Hb. Those whose Hb status improved saw the same 

decreases in mood related indicators (and an increase in Vigor) but the Fatigue scores decreased 

significantly more in the responder group compared to the non-responders. Results were similar 

for the responders vs. non-responders according to Ft. Those whose Ft status improved saw 

decreases in mood indicators but only Tension, Anger, and Total Mood Disturbance showed 

significant differences between scores at endline with the responders having significantly lower 

scores compared to non-responders. Fatigue was not significant in this model and the groups 

both increased feelings of Confusion in this model but the non-responders showed a larger 

increase than the responders. At endline, the responders had a significantly lower score for 

Confusion compared to the non-responders but both scores still increased over time.  

The available literature comparing iron and mood indicators in non-pregnant WRA 

shows mixed results. Studies by Benton and Donohue 1999, Rangan et al. 1998, Fordy and 

Benton 1994, Hunt and Penland 1999, Beck et al. 2012, and Richardson et al. 2015 all showed 

no association between iron status and indicators related to mood. However, studies by Patterson 

et al. 2000, Verdon et al. 2003, Vahdat Shariatpanaahi et al. 2007, McClung et al. 2009, and 

Vaucher et al. 2012, showed significant effects of iron on indicators related to mood: treatment 

with iron led to improvements on mood related indicators. With the exception of Vahdat 

Shariatpanaahi et al. 2007, all of the studies presenting a significant relationship between iron 

and mood (where iron helped improve mood) were intervention studies while the studies 
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showing no relationship were not. The present study agrees with the findings of the intervention 

studies: that iron has a significant effect on improving indicators related to mood.  

Quality of Life   

 Quality of Life indicators showed a larger variation in results. Iron treatment improved 

Physical Functioning, Social Functioning and overall Physical Health (PCS) and decreased 

feelings of Bodily Pain significantly more than the placebo treatment. Treatment also seemed to 

decrease the perception of role limitations from physical health and emotional health for both 

groups, but the IS group showed significantly more improvements compared to the ID group. 

General Health also decreased for both groups with the ID group decreasing significantly more 

than the IS group. Physical Health and Environmental Health scores decreased over time in the 

ID group while they increased for the IS group so much so that the ID group had significantly 

lower scores at endline after treatment compared to the IS Group. Both groups improved Social 

Health, but the IS group improved significantly more.  

 When the groups were recategorized, those whose Hb status improved showed different 

significant improvements in quality of life. Social Functioning, Physical Health and Social 

Health increased significantly more for responders compared to non-responders and responders 

saw a significant decrease in Bodily Pain as well as Role limitations due to Emotional health. 

Scores for Physical and Social Health were significantly higher for the responder group 

compared to the non-responder group at endline. While both responders and non-responders saw 

significant decreases in Role limitations due to Physical health, the non-responder group had 

more significant results compared to the responder group. General Health decreased for both 
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groups, but unfortunately decreased more for the responder group. Physical Functioning 

decreased for the responder group while it increased for the non-responder group.  

 As far as the ferritin responders, those whose Ft status improved experienced 

improvements in Social Functioning, Physical Health, Psychological Health, and Social Health 

which were significantly greater than non-responders. They also experienced significant 

decreases in feelings of Bodily Pain and Role limitations according to Emotional health 

compared to non-responders. For Physical Functioning and General Health, both groups 

experienced improvements, but the non-responders improved significantly more than responders. 

Similarly, Role limitations due to Physical Health decreased for both groups but the non-

responders saw a more significant improvement.  

 There were many improvements in quality of life due to iron, but there also were a few 

quality of life indicators that did not improve after iron treatment. The literature also seems to be 

fairly inconsistent in relating quality of life and iron. Studies by Duport et al. 2003, Beck et al. 

2012, Vaucher et al. 2012, and Rigas et al. 2015 did not identify a relationship between iron and 

indicators of quality of life. Patterson et al. 2000, Ando et al. 2006, Grondin et al. 2008, and 

Comin-Colet et al. 2013, however, did find a relationship between iron and indicators of quality 

of life, where iron improved quality of life or higher iron status was associated with higher 

quality of life. The studies varied in type, but there were not clear differences in findings based 

on whether the study was an intervention or an association study. The present study, on the 

whole agrees with the studies by Patterson et al. 2000, Ando et al. 2006, Grondin et al. 2008, and 

Comin-Colet et al. 2013 finding iron to improve feelings of quality of life. More studies are 

needed to confirm this however.  
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Strengths and Limitations 

 Some strengths of the present study include the examination of a variation of affective 

outcomes: stress, mood, and quality of life. Additionally, choosing scales that broke down the 

affective outcomes into subscales allowed for a more specific look at the effect that iron has. 

Another strength is including analyses with a variety of group categorizations (IS vs. ID, R vs. 

NR (Ft), and R vs. NR (Hb)). Using multiple group categorizations makes results that transcend 

the group categorizations particularly significant, as well as providing the opportunity to see 

important significant results in one group categorization that may not have shown through in the 

other group categorizations (due to small sample size or other elements.)  

 A limitation of the study is the small sample size. That limitation is partially mitigated, 

however, by the existence of significance despite a small sample size. Another limitation is the 

amount of missing data. Because the study was completed in three phases, one of the phases was 

completed with a different group than the other two and less attention was paid to ensuring that 

the data was complete. Given that this was an exploratory pilot study, the supplementation was 

not given randomly, but rather only to iron deficient participants. 

Future Directions 

Moving forward, it is important to continue studying the effects of iron on this 

population. While currently, the literature represents inconsistent results, there is promise 

indicating that iron treatment may improve the affective outcomes of stress, mood, and quality of 

life. While the small sample size may have precluded us from clearly showing the benefits of 

iron for affective outcomes, this study identified no detriments to treating iron deficient women 
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with iron. This population is of particular importance as many WRA will eventually become 

pregnant. Ensuring that they have adequate iron stores is essential for their future baby, and 

focusing on intervening before pregnancy, creates less of an urgency or problem during future 

pregnancies.  
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Appendix A: Baseline and Endline Covariates 

 

 

 

 

 

  

  Baseline Endline 

 

 

 

 

 

SF36v2 

Physical Functioning vit  

Role Physical  BMI, pdd, med vit 

Bodily Pain  drink, med drink 

General Health   BMI 

Vitality   pdd 

Social Functioning    

Role Emotional   smoke, med 

Mental Health   pdd 

Physical Component Score  pdd, med med 

Mental Component Score   pdd 

 

WHOQOL 

Physical Health  med drink, med 

Psychological Health  BMI, med BMI, smoke, med 

Social Health  BMI 

Environmental Health    

PSS Perceived Stress Scale  pdd smoke, pdd 

 

 

 

POMS 

Tension   smoke 

Anger   smoke 

Fatigue    

Depression  BMI smoke 

Vigor   pdd, vit 

Confusion  pdd, vit smoke 

Total Mood Disturbance   smoke 

BMI=Body Mass Index, vit=Vitamin Use (0: No 1: Yes), med=Medication Use (0: 

No 1: Yes), pdd=difference between last menses and examination for study, 

drink=Drinking (0: No 1: Yes), smoke=Smoking (0: No 1: Yes) 
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Appendix B: Questionnaires 
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ID ______________________     Date ______________________ 

 

The questions in this scale ask you about your feelings and thoughts during the last 
month. In each case, you will be asked to indicate by circling how often you felt or 

thought a certain way. 

 
 

0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often 

 
 
1. In the last month, how often have you been upset 

    because of something that happened unexpectedly?................................... 0 1 2 3 4 
 

2. In the last month, how often have you felt that you were unable 
    to control the important things in your life? ............................................... .... 0 1 2 3 4 
 

3. In the last month, how often have you felt nervous and “stressed”? ............. 0 1 2 3 4 
 

4. In the last month, how often have you felt confident about your ability 
    to handle your personal problems? ........................................................... ... 0 1 2 3 4 
 

5. In the last month, how often have you felt that things 
    were going your way?.................................................................................. .. 0 1 2 3 4 

 
6. In the last month, how often have you found that you could not cope 
    with all the things that you had to do?.......................................................... . 0 1 2 3 4 

 
7. In the last month, how often have you been able 

    to control irritations in your life?................................................................... .. 0 1 2 3 4 
 
8. In the last month, how often have you felt that you were on top of things?... 0 1 2 3 4 

 
9. In the last month, how often have you been angered 

    because of things that were outside of your control?.................................... 0 1 2 3 4 
 
10. In the last month, how often have you felt difficulties 

      were piling up so high that you could not overcome them? ........................ 0 1 2 3 4 
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Nutritional Science Courses Community, Environment, and Development Courses 

Elementary Biochemistry Introductory Environmental and Resource Economics 

Fundamentals of Organic Chemistry Land Use Dynamics 

Nutrient Metabolism I Community, Local Knowledge, and Democracy 

Nutrient Metabolism II Comparative Community Development 

Assessment of Nutritional Status Women in Developing Countries 

Global Nutrition Problems: Health, Science, and Ethics International Development, Renewable Resources, and 

the Environment 

 

EXPERIENCE 

 

Research Intern                    June 2017-July 2017 

International Center for Diarrheal Disease Research, Bangladesh             Dhaka, Bangladesh 

  

• In partnership with the Maternal and Childhood Malnutrition department, conducted research on food 

hygiene/food safety practices in a cohort of women whose children had been a part of the ongoing 

Malnutrition and Enteric Disease (MAL-ED) study over the past 5 years. 

• Wrote and received grants to fund the travel.  

• Wrote proposal for Penn State’s Institutional Review Board (IRB) 

• Data analysis/presentation is ongoing. 

 

Undergraduate Research               August 2014 - Present  

The Pennsylvania State University                  University Park, PA 

• Conducting research alongside Dr. Laura Murray-Kolb studying the effects of iron nutrition and iron status 

on cognitive and physical development of women of reproductive age and children in the United States and 

internationally. 

• Focus on data analysis using SAS statistical software and synthesizing literature. 

 

Study Abroad and Research Shadowing           July 2016-August 2016 

Christian Medical College         Vellore, India 

• Spent 4 weeks travelling throughout India visiting universities in New Delhi, Jaipur, and Pune and an 

elementary school in Dahanu learning about education, culture, and social and economic structures in India. 

• Spent an additional week shadowing MAL-ED Research Team at Christian Medical College in Vellore.  
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ACTIVITIES 

President                   August 2016-December 2017 

International Justice Mission Penn State Chapter               Human Rights Organization 

• Oversee meetings and event planning to raise awareness and funds to help fight human trafficking  

o Examples: Documentary Screenings, Gala/Art Gallery, Informational Tables, Petition Signing, 

Congress Calling 

Student Manager                              December 2016-April 2017 

State College Crop Mobs        Community Organization 

• Connect local farmers with students to volunteer on farms. 

Secretary and Member               August 2015 – December 2016 

Global Environmental Brigades Penn State                Holistic/Sustainable Development Organization 

• Email coordination based on notes taken during meetings. 

• 10 day trip to Panama to implement “model farm” in partnership with local community. 

 

PROJECTS 

 

The Effects of Nutritional Iron Status on Mood, Stress, and Quality of Life in Women of Reproductive Age  

Undergraduate Honors Thesis 

 

I am working on a thesis that studies how iron status and an iron supplementation program effects stress, assessed by 

the Perceived Stress Scale (PSS), mood, assessed by the Profile of Moods questionnaire (POMS), overall quality of 

life, assessed by the WHO Quality of Life questionnaire (WHOQOL), and functional physical and mental health as 

assessed by the SF36v2 questionnaire. The first hypothesis is that women who are categorized as iron sufficient will 

perform better on previously mentioned tasks compared to women categorized as iron deficient. The second 

hypothesis is that women who receive iron supplementation will perform better on the previously mentioned tasks 

after taking iron supplements. 

 

Environmental and Health Factors Contributing to Unusual Inverse Relationship between Child Cognitive 

Development and Protein Intake in Bangladesh: An Analysis from the MAL-ED Study 

 

When analyzing data from a multi-site study examining the effects of repeated enteric infections and nutrient 

deficiencies on child growth and development, an unexpected relationship was discovered between child 

development and protein intake for children aged 0-24 months in Bangladesh. Given the importance of protein for 

brain development, one would expect to find a positive relationship between protein intake and child development. 

However, a negative relationship was found between protein intake from meat, fish, and poultry sources and child 

development in Bangladesh. The hypothesis is that unsafe food hygiene practices during preparation and storage of 

protein from meat, fish, and poultry sources may have increased incidence of illness in these children which, in turn, 

negatively impacted child development. 

 

AWARDS 

 

World Food Prize Student Scholarship                        October 2017 

Birth Kermit Kenyon Memorial Scholarship           August 2017-Present 

Student Engagement Network Grant        May 2017-August 2017 

Undergraduate International Research Competitive Grant      May 2017-August 2017 

Academic Excellence Scholarship: Schreyer Honors College          August 2014-Present 

Wodock Scholarship: College of Health and Human Development         August 2014-December 2016 

Lewis E Young Memorial Scholarship            August 2014-December 2016 

 

 


