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ABSTRACT OF THE DISSERTATION

THE ASSOCIATION OF DIET WITH AFFECT

by
Patricia Ann Ford
Doctor of Public Health Candidate in Preventive Care
Loma Linda University, 2012
Serena Tonstad, MD, PhD, MPH, Chair

Nutrients such as omega-3 fatty acids have been associated with mental health yet
few studies have examined whether foods protective or deleterious for cardiovascular
disease affect mood. The purpose of this study was to examine associations between
consumption of foods typical of Mediterranean and Western diets and fatty acids with
positive and negative affect.
Adventist church attendees residing in North America completed a validated food
frequency questionnaire in 2002-6 as part of the Adventist Health Study-2. A subset of
these participants ^=9,121) completed the Positive and Negative Affect Schedule
(PANAS) in the Biopsychosocial Religion and Health Study conducted in 2006-7. The
relationship between dietary intakes to positive and negative affect measured by PANAS
was analyzed. The associations were tested with linear regression analysis controlling for
age, gender, ethnicity, education, body mass index, exercise, sleep, sleep squared (to
account for the effects of too little or too much sleep), alcohol consumption and time
between the questionnaires.

in

Intake of vegetables ((3=0.110[95%CI 0.090,0.130]), fruit ((3=0.069[95%CI
0.048,0.089]), olive oil ((3=0.034[95%CI 0.014,0.054]), nuts (|3=0.043[95% Cl
0.023,0.064]), and legumes (P=0.048[95%CI 0.027,0.069]) were associated with positive
affect while sweets/desserts ((3=-0.065[95%CI-0.085,-0.044]), soda ((3=-0.044[95%CI0.064,-0.023]), fast food frequency ((3=-0.061 [95%CI-0.083,-0.040]) and trans fatty acids
(|3=-0.087[95%CI-0.108,-0.067]) were inversely associated with positive affect. Intake of
sweets/desserts ((3=0.055,[95%CI0.035,0.076]), fast food frequency (f3=0.070[95%CI
0.049,0.092]) and trans fatty acids ((3=0.065[95%CI-0.044.0.085]) were associated with
negative affect while intake of vegetables ((3=-0.066,[95%CI-0.087,-0.046]), fruit ((3=0.039[95%CI-0.060,-0.018]) and nuts ((3=-0.061 ,[95%CI-0.082,-0.041]) were inversely
associated with negative affect. Gender interacted with red meat intake (/rGOOl) and fast
food frequency (p<.001) such that these intakes were associated with negative affect in
females only. Ethnicity interacted with omega-6 fatty acid intakes (p<.05) such that
omega-6 fatty acid were inversely associated with positive affect in Blacks only.
Results suggest foods typical of Mediterranean were associated with positive
affect as well as lower negative affect while Western foods were associated with low
positive affect in general and negative affect in women. Intakes of trans fatty acids were
associated with negative affect as well as lower positive affect. More efforts are needed
to study the causal effects of how food and nutrient intakes may predict affective states.
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CHAPTER 1
INTRODUCTION

A. Statement of the Problem
1. Dietary Behaviors and Mental Health
Dietary behaviors are modifiable determinates of chronic disease which
have a positive or negative influence on health (Malhi, 2007). In 2010, 77% of
Americans failed to consume a healthful diet (CDC, 2010). Diet strongly modifies
biological underpinnings of mental health states including genetic, hormonal,
immunological, biochemical and neurodegenerative factors (Malhi, 2007). The Surgeon
General reported that we know more about treating mental diseases effectively and
appropriately than we know how to prevent mental illness and promote mental health
(US DHHS, 1999).
Mental health is defined as a state of well-being in which an individual realizes
their own abilities, can cope with the normal stressors, works productively and
contributes to their community (WHO, 2001). Mental illnesses are health conditions that
are characterized by alterations in thinking, mood, or behavior associated with distress
and/or impaired functioning (US DHHS, 1999). In a given year, approximately one in
four Americans experiences a diagnosable mental illness/disorder (CDC, 2010).
Depression is the most common type of mental illness, as 151 million people worldwide
are affected and 26% of the adults in United States are affected (US DHHS, 1999). Major
depressive disorder has many determinants, as the deficiency of omega-3 fatty acid intake
has been associated with increased depressive symptoms. Other dietary intakes that may
be associated with mental health states are also established as protective against
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cardiovascular disease. Examples include Mediterranean dietary patterns (McMillan,
Owen, Kras, & Scholey, 2011; Munoz et al., 2009; Sanchez-Villegas et al., 2009),
vegetarian diets (Beezehold & Johnston, 2012; Beezehold, Johnston, & Daigle. 2010),
high intakes of fruit and vegetables (Akbaraly et ah, 2009; Myint et ah, 2007) and high
intakes of fish (Hibbeln, 1998; Nemets et ah, 2002; Sanchez-Villegas et ah, 2007;
Tanskanen et ah, 2001) as all are reported to have an association with decreased negative
mental health states. Dietary patterns associated with increased symptoms of negative
mental states include high intakes of saturated fats, refined starches and sugars, processed
vegetable oils and trans fatty acids which all can be characterized as part of Western
dietary patterns (Jacka et ah, 2010; Oddy et ah, 2009; Sanchez-Villegas et ah, 2011).
A subjective measure of well-being in mental health is affect. Affect is shown to
be independent of mental illnesses & also include presence of life satisfaction (Diener,
Oishi, & Lucas, 2003; Johada, 1958). Affect is defined as the range of both positive and
negative feelings, attitudes and emotions an individual experiences (Fredrickson &
Losada, 2005). Fredrickson and Losada define positive affect as experiencing emotions
such as feeling grateful, upbeat, expression appreciation or liking. Negative affect is
defined as feeling contemptuous, irritable, expressing disdain, and disliking. There is
existing data supporting a relationship between various dietary patterns and negative
mental health states yet lacking is research that examines the relationship of dietary
intakes to positive mental health states. In order to prevent mental illness, research and
attention is needed to examine the positive aspects of mental health. This created the
possibility to explore which dietary patterns are related to mental health and how these
intake patterns are associated with positive affect. The association of consumption of
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foods typical of the Mediterranean diet (non-starchy fresh vegetables, fresh fruit, certain
dairy products, olive oil, nuts, fish, and legumes (excluding soy), foods typical of
Western diets (red meats, processed meats, sweets/ desserts, soda, and fast foods) and
fatty acids (omega-3, omega-6, and trans fatty acids) with positive and negative affect
were examined in this study.
2. Dietary Intakes and Health Outcomes
a. Foods Typical of the Mediterranean Diet Mediterranean dietary patterns
are characterized by a variety of fresh fruit and vegetables, certain dairy products, olive
oil, nuts, legumes, fish, and whole grains. The Mediterranean diet provides a balanced
diet and is associated with reduced risk of chronic disease, specifically a lower risk for
cardiovascular disease (Knoops et ah, 2004; Martinez-Gonzalez & Sanchez-Villegas,
2004; Sofi et ah, 2008; Trichopoulou et ah, 2009; WHO/FAO, 2003). The Mediterranean
diet contains foods that are anti-inflammatory including foods high in omega-3 fatty
acids, natural antioxidants, and fiber from fruits, vegetables, and whole grains (Giugliano
et ah, 2006).
b. Fruits and Vegetables Increased intakes of fruit and vegetables are
associated with a healthy lifestyle as and may help to prevent chronic diseases such as
cardiovascular disease, obesity, diabetes and certain cancers. Fruit and vegetables
relatively rich in vitamins, minerals and fiber (Agudo, 2005). The World Health
Organization estimated that 2.7 million lives could potentially be saved each year if fruit
and vegetable consumption were sufficiently increased (World Health Organization,
2011). The 2009 Behavioral Risk Factor Surveillance System (BRFSS) reported 32% of
adults ate two or more servings of fruit each day, 27% of adults ate three or more

servings of vegetables each day and only 14% of adults reported to meet both the fruit
and vegetable recommendations each day. Among adolescents only 9% adhered to the
five servings of fruits and vegetables each day (CDC, 2009a). Healthy People 2010
objectives for fruit and vegetable intake includes increasing the proportion of adults who
consume two or more servings of fruit daily to 75% and those who consume three or
more servings of vegetables daily to 50% (USDHHS, 2010).
c. Dairy The current Dietary Guidelines for Americans recommend
consuming 3 cups of nonfat or low fat dairy products per day. The usual intake of dairy
products among Americans is 1.5 cups per day (USDA). In Western diets, dairy products
account for a substantial proportion of the total fat and saturated fat intakes. In the United
States, 31% of saturated fat in the diet is from dairy products (Wolk et ah, 1998). In
Mediterranean dietary patterns, dairy products included are skim milk, low-fat cheese, or
light yogurt products.
d. Olive Oil Olive oil is one of the main characteristics of the
Mediterranean diet as the plant-based fat is high in mono unsaturated fatty acids. The
approximate intake of olive oil in Greece or Spain, averages between 19-40 grams per
day as in the current American diet, the usual intake of oils is approximately 18 grams
per day. The recommend intake for Americans is 27 grams per day equating to an
average of 2 tablespoons (USDA). Olive oil is associated with anti-inflammatory and
antioxidant effects (Bogani et ah, 2007). The fatty acids in olive oil are protected by
natural antioxidants including carotenes, tocopherols, and phenolic compounds (Rastrelli,
Passi, Ippolito, & De Simone, 2002). The intake of olive oil has a greater antiatherosclerotic effect than saturated fatty acids and may have a protective effect against
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the risk of cardiovascular disease (Kris-Etherton, 1999) as higher intakes of
monounsaturated fatty acids and lower intakes of saturated fatty acids have improved
serum cholesterol levels (Ascherio, 2002).
e. Nuts Nuts are nutrient-dense foods rich in unsaturated fatty acids, highquality vegetable protein, fiber, minerals, and tocopherols (Ros, 2010). Americans have
increased their nut consumption by 45% between the mid 1990’s to the mid-2000’s as nut
consumption is associated with a decreased prevalence of selected risk factors for
cardiovascular disease, type 2 diabetes, and metabolic syndrome (USDA). According to
“What We Eat in America” (NHANES, 2001-2004), the usual intake of nuts, seeds, and
soy products in Americans is 0.5 ounce per day. According to the ElSDA's Economic
Research Service, one out of ten Americans on any given day will have a serving of nuts.
Older, white adults are also more likely to average this 1-gram of nuts per day compared
to younger and other ethnicities. The consumption of nuts is beneficial for physical
health, producing cardio-protective effects through mechanisms of essential fatty acids
including alpha-linolenic acids and alpha-linoleic acids (O’Neil et ah, 2011).
f Fish Fish is a source of meat containing polyunsaturated fatty acids,
specifically the two eicosanoids coming from omega-3 fatty acids, docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA). The 2010 Dietary Guidelines for Americans
recommend an intake of 8 or more ounces per week equating to approximately 20% of
total recommended intake of protein foods from a variety of seafood. This
recommendation will provide an average of 250mg of DHA and EPA per day, which has
been associated with the prevention of cardiac deaths (E1SDHHS, 2010). The current
intake of fish among Americans is 0.5 ounces per day while countries including Greece
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and Spain average 0.8-2.4 ounces of fish. Per week, the current intake of seafood in the
United States is about 3.5 ounces only, falling short of the current guidelines. According
to the American Heart Association, there is a dose-response relationship between fish
intake and the prevention of cardiovascular risk factors including blood lipid markers,
atherogenic effects or arrhythmias (Kris-Etherton et ah, 2002).
g. Legumes Legumes are considered to be excellent sources of protein.
iron, zinc, dietary fiber, potassium, and folate. According to What We Eat in America
(NHANES 2001-2004), the current intake of legumes is 1/10 of a cup per day, which
falls short of the recommended amount of 2/10 of a cup (USDA). Legume intake has
been associated with decreased cardiovascular-related mortality, improved serum
cholesterol levels and decreased risk of coronary heart disease (Bazzano, He, & Ogden et
ah, 2001; Nothlings, Schulze, & Weikert et al., 2008).
h. Omega-3 Fatty Acids Essential fatty acids include omega-3 and omega6 otherwise known as a -linolenic and a -linoleic, respectively. The average intake of a linolenic acids in 2000 was 1.6 grams per day with the major sources being vegetable
oils, principally canola and soybean oils (Kris-Etherton et al., 2000). In 2000, the Food
and Nutrition Board, Institute of Medicine, and The National Academies, identified the
Acceptable Macronutrient Distribution Range (AMDR) for a-linolenic acid to be 0.6% to
1.2% of total energy, or 1.3 to 2.7 grams per day on the basis of a 2000-calorie diet. This
is approximately ten times the current intake of EPA+DHA. Omega-6 or a -linoleic acids
in the current American diet are abundantly high. It has been stated that in previous
times, the ratio of omega-6 to omega-3 fatty acids in the diet of early humans was 1:1 yet
the ratio currently in the United States has risen to approximately 10:1 because of the
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combination of reduced omega-3 fatty acid intake and the widespread use of vegetable
oils rich in a-linoleic acid (Kris-Etherton et ah, 2000; Simopoulos, 1999). The
epidemiological evidence from the United States Multiple Risk Factor Intervention Trial
database identified an inverse relationship between omega-3 fatty acid levels and
cardiovascular disease (Dolecek, 1992).
/. Foods Typical of Western Diets Western dietary patterns include foods
with nutrients that may promote an inflammatory stress response including saturated fatty
acids (Fung et ah, 2001; King et ah, 2009), refined sugars and starches (Esposito et ah.
2006), high glycemic foods (Liu et ah, 2002), and trans fatty acids (Lopez-Garcia et ah,
2004).
/. Red Meat and Processed Meats In the United States, meat is a
significant portion of the normal diet, contributing more than 15% to daily energy intake.
40% to daily protein intake, and 20% to daily fat intake (Hiza et ah, 2008). The standard
American diet is characterized by an over availability of food specifically including high
intakes of red meat as well as highly processed meats (Odermatt, 2011). In 2003-2004, a
NHANES dietary recall indicated that the average total meat intake was 128 grams/day
including a summation of red meat, poultry, and fish (NCHS). Red meat (58%) represents
the largest proportion of meat consumed in the U.S. as 22% of meat consumed is
processed. According to the NHANES dietary recall, women consumed a lower
proportion of red meat than men and nearly equal proportions of processed meat. Intakes
of meat, primarily from red meat, has been of public health concern since the late 1950s
when the American Heart Association first recommended that dietary cholesterol.
saturated fat, and total fat be reduced for the prevention of CVD (Lichtenstein et ah.
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2006; AHA, 2008). Six prospective cohort studies were reviewed and there was strong
possibility found in which lowered meat consumption was associated with greater
longevity of life (Sing, Sabate, & Fraser, 2003).
k. Sweets/Desserts Sweet and desserts contribute calories, solid fats and
added sugars without providing fiber, vitamins, and minerals. Solid fats contribute an
average of 19% of the total calories in American diets and added sugars contribute an
average of 16% of the total calories in American diets (USDHHA, 2010). In the 20052006 NHANES, 11.4% of saturated fat intake among adults 2 years and older were from
grained-based and dairy desserts (NCI, 2010). As the amount of foods containing solid
fats and/or added sugars increases in the diet, it becomes more difficult to eat foods
containing fiber, vitamins and minerals. For the past 30 years, sweets and desserts have
contributed the most to energy intake (Block, 2004).
/. Soda Soda, energy drinks, and sports drinks account for 35.7% of added
sugars in the diet of the US population ages 2 years and older (USDHHA, 2010). Sugarsweetened drinks account for over 7.1% of calorie intake and compromise the largest
single source of energy (Block. 2004). Consumption of carbonated soft drinks, including
both sugar sweetened and diet, has increased since 1970, correlating with the rise of both
diabetes and obesity rates (Binkley & Golub, 2007). Several authors have reported that
the increased consumption of sugar-sweetened drinks is associated with the increased
incidence of weight gain and obesity (Bray. Nielsen, & Popkin, 2004; Ludwig. Peterson,
& Gortmaker, 2001; Mrdjenovic & Levitsky, 2003; Schulze et ah. 2004;). The
mechanism of weight gain has not only been associated with an increase in empty
calories but has also been associated with high fructose corn syrup as it may have a
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greater effect on body weight when compared to sucrose due to the different effects on
appetite (Bray, Nielsen, & Popkin, 2004). Binkley and Golub (2007) compared grocery
purchase patterns of diet soda buyers to those of regular soda buyers and found
individuals who purchased the most diet soda also purchased the largest amount of snack
foods, far more than any of the other groups including those buying the smallest amounts
of diet soda. Currently, the 2010 Dietary Guidelines recommend that individuals
consume fewer and smaller portions of foods and beverages that contain added sugars
such as sodas and other sugar-sweetened beverages (USDHHS, 2010).
m. Fast Food Fast food is typically energy dense, nutrient poor, and high
in added sugars and fats. In the past thirty years, the amount of food eaten outside of the
home has increased. Researchers have found that diets consisting of energy dense foods
from take-out restaurants and fast food chains contain almost twice as many calories than
home cooked meals. In 2001,47% of the U.S. dollar was spent on away-from-home
meals and snacks compared to 45% in 1991 and 40% in 1981(USDA). In the twentieth
century, overall meat product consumption increased by 40%, fat and oils increased by
78%, and there were dramatic increases in sugar products and sweeteners among
Americans (Gerrior & Bente, 2002). Easy, convenient and savory snacks have also
decreased the consumption of fruits and vegetables among adults (Tak, Velde, Sing. &
Brug, 2010). In general, adults who report eating substantial amounts of fast food have
higher intakes of energy, total fat, saturated fat, and added sugar than those who do not
eat fast food (Bowman & Vinyard. 2004). In the Continuing Survey of Food Intakes by
Individuals (CSFII 1994-1996), one out of four adults over the age of 20 years old
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reported to eat fast food daily, which represents an increase from one out of six adults in
the CSFII 1989-1991.
n. Omega-6 Fatty Acids Omega-6 fatty acids are found in foods such as
common vegetable oils, meats, poultry, and eggs. Several authors have attributed the
increase of depressive illness is associated with the increase of omega-6 fatty acids in the
American food supply (Simopoulos, 1999). In Western diets, the ratio of omega6:omega-3 fatty acids ranges from approximately 20-30:1 instead of the ratio of 1-2:1. An
increased amount of omega-6 fatty acids shifts homeostatic processes into a prothrombotic and inflammatory state and may lead to cardiovascular and other chronic
diseases (Sanchez-Villegas, Henriguez, Bes-Rastrollo. & Doreste, 2006; Simopoulos,
1999).
o. Trans Fatty Acids Trans fatty acids in the U.S. diet are found in two
forms, artificial and natural; however most dietary trans fatty acids is artificial. Common
artificial sources include margarines, cakes, cookies, crackers, pies, breads, breakfast
cereals, candy, salad dressing, pre-mixed hot chocolate, pancake mix, taco shells, fried
chicken, french fries, pizza dough, and hamburger buns. The ingredient that is common
in all of the listed products is partially hydrogenated vegetable oil. Forty percent of all
processed foods contain trans fatty acids (Choi, 2004). In 2006, the average American
over the age of 20 years consumed 5.8 grams of trans fatty acids daily equating to
approximately 2.6% of total caloric intake. Consumption of trans fatty acids is high in
developed countries where hydrogenated oils are being used in home cooking and
products such as baked goods and highly processed snack foods (Teegala. Willet, &
Mozaffarian, 2009). Recent evidence of higher intakes of trans fatty acids have been
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associated with higher risks of CVD (Chiuve, Rim, Manson, Whang, Mozaffarian, &
Stampfer et ah, 2009).
3. Affective States
a. Menial Disorders The leading cause of disability in the United States
and Canada are mental disorders. Mental disorders are common in the U.S. as 1 in 4
Americans suffer from a diagnosable mental disorder each year while approximately
1 in 17 Americans suffer from a serious mental illness in their lifetime. Mood disorders
include major depressive disorders, dysthymic disorder, and bipolar disorder.
Inflammation is a common feature between mental disease and diseases such as
cardiovascular disease, cancer, and diabetes (Giugliano, Ceriello, & Esposito. 2006).
Depression can cause inflammation through modulating pro-inflammatory cytokine
production, sympathetic activity and oxidative stress (Kiecolt-Glaser, 2010).
b. Affect Affect is used to describe one facet of subjective well-being and
has been proven to show independence in research with respect to mental illnesses
(Diener, Oishi, & Lucas, 2003). Affect is defined as the range of both positive and
negative feelings, attitudes, and emotions an individual experiences (Fredrickson &
Losada, 2005). Over time, individuals experience a range of both positive and negative
emotions and moods. Researchers began to become interested in affect in order to study
mental health beyond depression and distress to also include the presence of life
satisfaction (Johada, 1958).
c. Negative Affect Negative affect is defined as feeling contemptuous.
irritable, expressing disdain, and disliking (Fredrickson & Losada, 2005). Negative affect
can negatively impact cognition and social processes leading to mental illness such as
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depression (Hemenover, Augustine, Shulman, Tran, & Barlett, 2008). Negative affect
promotes an inflammatory stress response as stress occurs when a person appraises a
situation as demanding or threatening (Lazarus & Folman, 1984). Examining the
biochemistry of the stress response, it has been consistently reported as evidence by proinflammatory cytokines which further activates the hypothalamic-pituitary-adrenal axis
(HPA). The HPA axis further triggers the release of the stress hormones therefore causing
systemic inflammation and over production of free-radicals and oxidants (Song & Wang,
2010). Coping is described as thoughts and behaviors that people use to manage the
internal and external demands of the situation they appraise as stressful (Lazarus &
Folman, 1984). Linder these stressful situations, unhealthy behaviors such as overeating
are more likely to be carried out than healthy behaviors (Oliver, Wardle, & Gibson,
2000).

d. Positive Affect Positive affective states are associated with “reduced risk
of physical illness and prolonged survival” (Steptoe, Dockray, & Wardle, 2009).
Experiencing positive affect has been shown to increase one's attention, creativity, and
intuition, and it has been stated that it “broadens behavioral repertoires.” Positive affect
may strengthen the immune system, decreasing the inflammatory response of stress,
reducing the risk of stroke and can increase longevity (Fredrickson & Losada, 2005).
During an individual's lifetime, one may experience many positive and negative
emotions and Kelsey et al. (2006) explain that positive affect has been positively
associated with various health behaviors. In fact, positive emotion could be a protective
mechanism towards developing chronic disease states (Richman et ah, 2005). Positive
affect can be described by a variety of terms including, happiness and emotional vitality
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which are in turn related to hopefulness, cheerfulness, and life satisfaction (Lyubomirsky,
King, & Diener, 2005). Cohen et al. (2006) found among a student population, positive
mood states were positively associated with positive health practices such as health
dietary behaviors. Cohen et al. (2006) also found positive emotional style was associated
with a reduced risk of developing illness, independent of optimism, self-esteem,
extraversion, and purpose in life.
4. Dietary Intakes and Affect in Mental Health States
a. Overview Diet and physical activity are largely considered behaviors
contributing towards non-communicable diseases worldwide, however the contribution of
dietary behaviors contributing to mental states is difficult to study. It is not realistic to
monitor food intake for a lifespan in order to determine patterns contributing to mental
disease yet the relationship between dietary intakes and mental health is of growing
interest not only among researchers but also communities (Soh. Walter, Baur, & Collins,
2009). Under stressful situations, unhealthy behaviors are more likely to be carried out
, such as decreased consumption of fruit and vegetables (Oliver et ah, 2000). Individuals
under stress are also more prone to overeat in order to cope with negative affective states
(Spoor, Bekker, Strien. & Heck, 2007). Researchers have shown that the type of foods
chosen for emotional eating are generally higher in calories and lower in nutrients (Dog
et ah, 2010; Forslund et ah, 2005; Snoek et ah. 2006). In contrast, low calorie, nonsweetened foods are consumed when an individual experiences positive affect (Dube,
LeBel. & Lu, 2005). Oliver et ah (2000) found that positive mood states were associated
with positive dietary behaviors.
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Diet strongly modifies biological pathways underlying mental diseases such as
depression including genetic, hormonal, immunological, biochemical, and
neurodegenerative factors (Malhi, 2007). Specifically, diet and nutrition modulate
biological processes underpinning depressive illness, such as inflammation, brain
plasticity and function, the stress response system, and oxidative processes yet psychiatry
lacks evidence-based primary prevention and treatment strategies based on dietary
modification (Jacka et ah, 2010). Dietary intakes have been reported to influence
inflammation as shown through both prospective observational studies as well as
randomized, controlled, feeding trials (Giugliano et ah, 2006; Mozaffarian, Aro, &
Willet, 2009). Various mental disorders have been associated with the deficiencies of
various vitamins such as folic acid, vitamin B12, vitamin B6, and others nutrients such as
omega-3 fatty acids. However, studying individual nutrients or foods may provide an
incomplete picture of diet and mental health, given the complex interactions among
nutrients in an individual’s daily diet (Jacka et ah, 2010).
Hausman, Fischer, and Johnson (2011) reviewed studies that examined dietary
intakes among centenarians and found that diets high in plant based foods, low in animal
foods and with calorie restriction contributed to optimal cognitive and mental health
status. Jacka et ah (2010) associated habitual dietary patterns in a cohort of women aged
20-93 years and depressive illnesses. After adjusting for age, socio-economic status.
education and health behaviors, diets consisting of vegetables, fruits, meat, fish, and
whole grains were associated with lower odds for major depression compared to diets
that were high in processed or fried foods, refined grains, sugary products and beer. Oddy
et ah (2009) associated the habitual dietary habits of adolescents and mental health status
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and concluded a diet increased in takeaway foods and red meat was significantly
associated with being socially withdrawn, depressed, delinquent, and aggressive while
improved behavioral scores were significantly associated with higher intakes of green
leafy vegetables and fresh fruit. The effects of food on health rather than isolated
nutrients have received increasing attention as foods may be analyzed separately or
grouped into dietary patterns, such as Western or prudent and Mediterranean (Hu et ah.
2002; Jacka et ah. 2011; Slattery et ah, 1998).
The Mediterranean diet has been associated with less depression and improved
mood states (McMillan et ah, 2011; Sanchez-Villegas et ah, 2009). A recent randomized
trial examine the effects of the Mediterranean diet on mood compared to a regular diet as
a control and found within the short intervention time of 25 days, self-reported vigor,
alertness, and contentment improved (McMillan et ah, 2011). Intakes of omega-3 fatty
acids are positively associated with reduced risk of inflammatory patterns in chronic
disease as women in the Nurses’ Health Study who reported eating a westernized diet had
higher levels of inflammatory markers (Lopez-Garcia et ah, 2004). Western dietary
patterns characterized by intake of such foods as solid fats and refined sugars (Jacka et
ah, 2010) and lack of omega-3 fatty acids have in contrast been associated with increased
depression and negative mood states (Freeman, 2009; Peet, 2004).
b. Fruit and Vegetables Individuals who have reported higher intakes of
fruit and vegetables have been associated with a decreased risk of depression (Dog et ah,
2010: Oliver et ah, 2000). The risk of depression has specifically been associated with
decreased intake of folate found in fresh vegetables (Akbaraly et ah, 2009). Fruit and
vegetables also are rich in antioxidants which have been proven to reduce oxidative
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damage to cellular tissue and systems (Malhi, 2007). Oxidative damage has been related
to negative mental states and disorders (Jacka et ah, 2010). Positive mental health has
been associated with the intake of fruits and vegetables (Cohen et ah, 2006; Oliver et ah.
2000). I hypothesized there to be an inverse relationship between fruit and vegetable
intake with negative affect and a positive relationship between the intake of fruit and
vegetables with positive affect.
b. Dairy Consumption of low-fat dairy products has been associated with
decreased risks of chronic diseases such as cardiovascular disease, diabetes mellitus,
hypertension, and all cardiovascular chronic risk factors for ill health. A recent crosssectional observational analysis examined associations between dairy intake and selfreported cognitive function and psychological well-being. After adjusting for total energy
intake other health confounders, consumption of low fat dairy products were associated
with increased mental health constructs in men as well as decreased stress in women.
Intakes of whole fat dairy products, including ice-cream and cream, were associated with
increased depression, anxiety, stress, cognitive failures, poorer memory functioning, and
general health (Crichton et ah, 2010). Dairy has been a controversy since the 1970s and
its role in mental health. To date, there are very few studies examining the relationship
between dairy with subjective mental health. I hypothesized there to be a positive
relationship between dairy and negative affect and an inverse relationship between dairy
and positive affect.
c. Olive Oil Olive oil is associated with anti-inflammatory and antioxidant
effects (Bogani et ah, 2007). Studies report that intakes olive oil has a greater antiatherosclerotic effect than saturated fatty acids and may have a protective effect against
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the risk of cardiovascular disease (Kris-Etherton, 1999). The fatty acids in olive oil
include mono- and poly-unsaturated fatty acids. These fatty acids are protected by natural
antioxidants including carotenes, tocopherols, and phenolic compounds (Rastrelli, Passi.
Ippolito. & de Simone, 2002). Higher intakes of monounsaturated fatty acids and lower
intakes of saturated fatty acids have improved serum cholesterol levels (Ascherio, 2002).
I hypothesized there to be a positive relationship between olive oil and positive affect
while an inverse relationship with negative affect.
d. Nuts Nuts are nutrient dense foods that are rich in unsaturated fatty and
other bioactive compounds (Ros, 2010). Consumption of nuts including walnuts.
almonds, cashews, or peanuts has been beneficial for physical health through
mechanisms of essential fatty acids including alpha-linolenic acid and alpha-linoleic
acids. These mechanisms produce cardio protective effects in humans and have also been
associated with beneficial effects in inflammatory markers related to atherosclerosis
(Urpi-Sarda, Casas, Chiva-Blanch, Romero-Mamani, Valderas-Martinez, et ah, 2012).
The intakes of nuts and mental health states have not been studied extensively as an
isolated food group. I hypothesized there to be an inverse relationship between nuts and
negative affect and a positive relationship between nuts and positive affect.
e. Fish Long-chain omega-3 fatty acids may have neuroprotective
properties against dementia whereas fish consumption has been positively associated with
higher rates of self-reported positive mental health states (Fotuhi, Mohassel, & Yaffe,
2009: Silvers & Scott. 2002). In 2009, the Older People and n-3 Long-chain
polyunsaturated fatty acid (OPAL) study aimed to analyze fish consumption in older
populations and their associations with better cognitive functioning, slower rates of
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cognitive declines and a lower risks of dementia; however did not report significant
associations after adjusting for factors such as socioeconomic status or other health
behaviors (Dangour et ah, 2009). I hypothesized there to be an inverse relationship
between fish intake and negative affect and a positive relationship between fish intake
and positive affect.
f Legumes Legumes contain the nutrient soluble fiber, as there is little
epidemiological evidence on the association between soluble fiber and chronic disease
(Flight & Clifton, 2006). Isolated, soluble fiber lowers serum cholesterol concentration
and also lowers glucose in diabetic individuals. Anderson and Major (2002) reviewed
clinical trials and reported legumes also have a beneficial effect upon triglycerides by
lowering serum levels. Nutrients contained in legumes related to these potential benefits
beyond soluble fiber include vegetable proteins, oligosaccharides, isoflavones,
phospholipids and fatty acids, and saponins (Flight & Clifton, 2006). I hypothesized there
to be an inverse relationship between legume intake and negative affect and a positive
relationship between legume intake and positive affect.
g. Red Meat and Processed Meats Red meat has been reported to possibly
increase inflammation and oxidative stress (Hodgson et ah, 2007; Szeto et ah, 2004).
Meat cooking and processing techniques, such as smoking, curing, salting, or addition of
chemical preservatives lead to the formation of carcinogenic compounds, such as Nnitroso compounds (NOCs), heterocyclic amines (HCAs) and polycyclic aromatic
hydrocarbons (PAHs) (Daniel et ah. 2011). I hypothesized there to be a positive
association between red meat and processed meat intakes with negative affect as there to
be an inverse relationship between beef and processed meat intakes with positive affect.
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h. Sweets/Desserts The risk of negative mental health disorders is
increased in individuals who consume a diet high in sweet desserts compared to diets
high in fruit and vegetables (Dog, 2010; Jacka et ah, 2010). Konttinen et al. (2010)
examined the associations of emotional eating and depressive symptoms with the
consumption of sweet and non-sweet energy dense foods and vegetables/fruits and found
higher depressive symptoms were related to higher emotional eating in both men and
women. Emotional eating was related to higher consumption of sweet energy-dense foods
in both genders as well. The underlying mechanism is not clear why individuals prefer
sweet foods in response to negative emotions but it has been suggested that the
palatability of the food elevates the individual’s mood after eating (Benton & Donohoe,
1999; Macht, 2008). High glycemic foods such as refined carbohydrates and added
sugars were also associated with higher inflammatory markers (Liu et al., 2002). I
hypothesized there to be a positive relationship between dessert intake and negative affect
and an inverse relationship between dessert intake and positive affect.
i. Soda Sweetened beverage consumption has increased in the past 30
years and authors have found a positive relationship between high consumption of soft
drinks and obesity in adults and children (Bray et ah, 2004). Due to this association, it
may seem logical to encourage the intake of diet soft drinks however studies relating
intake of artificially sweetened foods and body weight have mixed results (Binkley &
Golub, 2007). The use and consumption of artificial sweeteners is increasing yet very
little is known about the consumers of these beverages (Appleton & Conner, 2001). The
scientific literature in regards to sweetness, satiety and energy intake is divided (Almironroig et ah, 2003). When sweetness is not accompanied by calories, authors suggest the
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result is an ambiguous psychobiological signal that confuses the body's regulatory
mechanisms, which lead to a loss of control over appetite and overeating (Bellisle &
Drewnowski, 2007; Blundell et ah, 1998; Davidson & Swithers, 2004). However, in
several experimental studies monitoring human behavior, the heavy use of artificial
sweeteners has been associated with high body weights and weight gain (Bray et ah.
2004; Davidson & Swithers, 2004; Parker et ah, 1997; Stellman & Parker, 1986). I
hypothesized there to be a positive relationship between soda and negative affect and an
inverse relationship between soda and positive affect.
j. Fast Food Dietary intakes of fats have been associated with
inflammatory states in chronic disease and mental illness (Christensen & Pettijohn, 2001;
Farooqui et ah, 2007; Jacka et ah, 2010). Positive mental states and fast food intake have
yet to be associated in evidenced based research. I hypothesized there to be an inverse
relationship between fast food intake and the presence of positive affect. The mechanism
explaining this relationship is the average fast food contains a higher amount of proinflammatory nutrients such as vegetable oils (omega-6 fatty acids) and lower amounts of
anti-inflammatory nutrients (omega-3 fatty acids) (Song & Wang, 2010). I hypothesized
a positive association between fast food intake and negative affect and an inverse
association between fast food intake and positive affect.
k. Omega-3 Fatty Acids Generally, fatty acid intakes are associated as the
nutrients involved in inflammatory mechanisms in negative affect and depression. For
example, Maes et al. (1996) examined if serum polyunsaturated fatty acid levels
predicted the response of pro-inflammatory cytokines to academic stress in young adults.
They found the students with lower serum omega-3 fatty acids or a higher omega-6 to
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omega-3 ratio had significantly greater stress-induced markers of inflammation. I
hypothesized there to be a positive relationship between omega-3 fatty acid intake and
positive affect, and an inverse relationship between omega-3 fatty acid intake and
negative affect.
/. Omega-6 Fatty Acids I hypothesize an inverse association with omega-6
fatty acid intake and positive affect while a positive association with omega-6 fatty acid
intake and negative affect.
m. Trans Fatty Acids Dietary intake research is fairly new and needs to be
studied with regard to its effect upon mental health. The effects of dietary fat, serum
cholesterol and psychological symptoms have been associated in that higher intakes of
dietary fat lead to higher cholesterol levels as well as increased severity of psychological
symptoms (Weidner, Connor, Gerhard, Duell, & Connor, 2009). Recently, authors
reported individuals from the SUN cohort study who had higher intakes of trans fatty
acids predicted a higher incidence of depression an average of four years later (SanchezVillegas et ah, 2011). I hypothesized an inverse relationship between intake of trans fatty
acid and positive affect while a positive relationship between intake of trans fatty acids
and negative affect.
5. Modification of Dietary Intake and Affective States by Gender,
Ethnicity, Age, Body Mass Index (BMI), Education Level, Frequency of
Vigorous Physical Activity, Smoking Status, Alcohol Intake, and Sleep Hours
a. Gender In general, the literature supports women having a higher level
of negative affect than men (Brebner, 2003). Women are also more prone to emotional
eating in stressful situations compared to men (Grunberg & Straub, 1992). There is
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support that men eat more protein-dense foods as a comfort food compared to women
(Dube et ah, 2005). In a population of obese women and men compared to normal weight
women and men, women were more prone to snacking when compared to the men
(Forslund et ah, 2005).
b. Ethnicity With respect to diet. Blacks have a decreased amount of social
support as they get older and they may cope with stressors by participating in unhealthy
behaviors such as overeating (Jackson, Knight, & Rafferty, 2010). There are more
stressors that Blacks have to cope with compared to Whites that include “chronic
negative environmental, social, and psychological stressors, as well as greater availability
of environmental sources of unhealthy behaviors." Overeating may be effective in the
short-term in alleviating emotional states such as anxiety, depression, and frustration. In
light of the fact that in the Biopsychosocial Religion and Health Study data which was
used for this study the majority of participants were either White or Black, the discussion
is limited to that of White and Black ethnicity. In general, researchers have found that
Blacks have higher levels of psychological distress than Whites. In addition, the
subjective well-being of Blacks appears to be lower (Vega & Rumbaut, 1991).
c. Age Age is an important determinant of dietary habits. Young adults and
the elderly differ in energy intake including snacking content, fruits and vegetables, and
frequency of eating away from home (Cross et ah. 1995; Forslund et ah, 2005). Older
adults tend to snack at least once a day. at home, and during the morning hours. Younger
adults tend to snack less on fruits and vegetables and more on sodas and snack food
(Anderson, 2003). Ageing is also associated with mild to moderate loss of brain function
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over time. Previous studies have established a link between aging and cognitive
impairment (Shetty, 2008).
d. Body Mass Index (BMI) Canetti, Bachar, and Berry (2002) found that
obese individuals seem to have higher rates of emotional eating compared to non-obese
individuals. Individuals that are severely obese are more likely to have a diagnosis of
depression compared to normal weight individuals (Strine et ah, 2008). Longitudinal
studies report that there is an association between negative affect and obesity (Faith et ah.
2002). Furthermore, individuals with a higher BMI compared to those in normal or
underweight BMI categories eat significantly more food (Geliebter & Aversa, 2003). A
cross-sectional analysis of obese women and men compared to normal weight women
and men was conducted to determine snack frequency (Forslund et ah, 2005). Forslund et
al. reported that snacking was greater in obese women and men as well as positively
related to energy intake. Lower levels of BMI have been associated with diets that are
high in fruits and vegetables, reduced-fat dairy products, and whole grains, as well as a
lower consumption of red and processed meats, fast food and soda (Newby et al., 2003).
e. Education Level Education level represented socio-economic status in
this study. People of different levels of socio-economic status (SES) have different food
access and availability factors. Lower SES households are reported in literature to have
poorer diets and less physical activity compared to higher SES households (Hanson &
Chen, 2007). Members of lower income households tend to have less time for prioritizing
healthier food choices, fewer resources such as knowledge and awareness to be able to
choose healthier products, and less time due to work demands outside of the immediate
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family (Inglis, Ball, & Crawford, 2005). Lower SES has also been associated with higher
rates of negative mental health disorders (Eaton, Muntaner, & Sapag, 2010).
f Frequency of Vigorous Physical Activity Active individuals compared to
sedentary individuals report more positive mental health states (Bertheussen et ah, 2011).
Active individuals also report healthier eating patterns compared to sedentary individuals.
In addition, being physically inactive tends to increase the risk of being obese in
comparison with individuals who engage in light, moderate or vigorous physical activity
(Aldana et ah, 2008). Moderate to vigorous activity is more beneficial than light physical
activity as higher intensities contribute to increased physical benefits including decreased
risk of depression (Paffenbarger, Lee, & Leung, 1994).
g. Smoking Status and Alcohol Intake Smoking and alcohol consumption
are indicators of self-care and associated with both dietary behaviors and mental health
states (Forsander, 1998; Mykletun, Bjerkeset, Dewey, Stewart, et ah, 2007; Tonstad,
Gorbitz, Sivertsen & Ose, 1999; Yeomans, 2010).
/?. Sleep Hours Sleep is a basic biological function, a behavior as natural,
basic, and necessary as eating (Worthman, 2011). Mental health is associated with sleep
patterns as increased sleep disturbances are associated with increased risks of mental
illnesses (Buysse, Strollo, Black, Zee, & Winkelman, 2011). Depression has consistently
been linked to sleep abnormalities. Studies have demonstrated that sleep patterns in
depressed individuals are characterized by interruptions in sleep continuity, longer
periods of rapid eye movement (REM) sleep, and an increase in REM density (Edge,
2010; Howland, 2011). In the absence of data on depression from the AHS-2 study,
hypo- or hypersomnia will be considered a surrogate measure.
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6. Conclusion
Dietary intake patterns and nutrient deficiencies contribute to preventable
chronic diseases. Despite western medical advances in pharmaceuticals, the greatest
public health improvement will be to help individuals adopt and maintain more healthful
dietary lifestyles (Aldana et ah. 2005). To improve negative mental states through dietary
measures, deficiencies of vital nutrients have been treated via supplements or
concentrated food intakes. In order to prevent nutritional deficiencies and promote
positive mental health, research is needed to establish an association between diet and
affective states.
B. Purpose of the Study
The purpose of this study was to examine the associations of food intakes typical
of the Mediterranean diet and of Western diets with positive and negative affect in a
Seventh-day Adventist population while controlling for age, gender, ethnicity, BMI,
education, sleep, sleep squared (to account for high or low amounts), exercise, alcohol
and time between the questionnaires. In addition, differences were examined between
gender and ethnicity with regards to their interactions between diet and affect. These
results aimed to understand which dietary intake patterns may be related to positive
mental health states. To date, we were unaware of research that examined the
associations of dietary intakes upon positive affect.
C. Research Questions
In the following questions, dietary intake was defined by the analysis of the food
frequency questionnaire of the Adventist Health Study-2 (AHS-2) study data including
foods typical of the Mediterranean diets (fresh vegetables, fresh fruit, dairy [milk, yogurt.
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low-fat cheese], olive oil, nuts, fish, and legumes), foods typical of Western diets (red
meat, processed meats, sweets/desserts, soda, and fast food) and the dietary intakes of
omega-3, omega-6, and trans fatty acids. Individual food items defined each food group
as listed in Table 1. Affect was defined and measured by a short version of the Positive
and Negative Affect Schedule used in the Psychosocial Manifestations of Religion SubStudy (PsyMRS), which will be explained further in the methods section.
1. What is the association of fresh vegetables, fresh fruit, dairy [milk, yogurt, low-fat
cheese], olive oil, nuts, fish, legumes, red meat, processed meats, fast food
frequency, sweets/desserts, soda, omega-3, omega-6 and trans fatty acids with
positive affect?
2. What is the association of fresh vegetables, fresh fruit, dairy [milk, yogurt, low-fat
cheese], olive oil, nuts, fish, legumes, red meat, processed meats, fast food
frequency, sweets/desserts, soda, omega-3, omega-6 and trans fatty acids with
negative affect?
3. How do age, gender, ethnicity, age, BMI, education level, frequency of vigorous
physical activity, alcohol intake, sleep, sleep squared (to account for risks of high
or low amounts), and time between two questionnaires influence the above
associations?
D. Theoretical Framework and Mechanisms
In regards to positive affect research. Fredrickson and Losada (2005) outlined the
broaden-and-build theory which is based on support that affective states are
psychological adaptations that have increased our ancestor's ability to survive and
reproduce. Negative affect limits behavioral urges to life-preserving behaviors that seem
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to be necessary in life-threatening situations and positive affective states increase or
broaden an individual's behavioral repertoire in non-life-threatening situations. The
broaden-and-build theory is based on the notion that the effects of having positive
emotions broaden “thought-action repertoires’' which evolve over time. This idea that
thought-action repertoires evolve over time has protective long-term contributions to
individual adaptation and some of the benefits include developing long-standing personal
resources that improve ability to cope, social connectedness, and knowledge of the
environment. Positivity helps these personal resources to grow and over time they are
available as a reserve to buffer against future threats and provide a greater ability to
adapt. Fredrickson and Tosada (2005) report that emotions are fleeting, however; over
time positivity increases and helps an individual flourish and become more resilient.
They argue that a high ratio of positive to negative emotions allows an individual to
experience a higher quality of life and flourish.
Information regarding brain biochemistry and psychoneuroimmunology is
beginning to point towards brain communication pathways that may provide clearer
understandings of the links between nutritional intake, central nervous system and
immune function, and psychological health status (Miller, 1996). Inflammation is a
common link between several chronic diseases including cardiovascular disease, cancer
and diabetes. Behavioral studies have recently demonstrated depression and other mental
illness may share similar inflammatory responses (Steptoe & Brydon, 2007; Steptoe,
Hamer. & Chida, 2007). Negative affective states and dietary strategies are linked to
inflammation through dietary components modulating sympathetic activity, oxidative
stress, transcription factor nuclear factor activation, and pro-inflammatory cytokine
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production (Calder et al., 2009; Kiecolt-Glaser, 2010). Several authors have also stated
that dietary intake patterns have an effect upon mood states through the proposed
mechanisms of cytokines, eicosanoids, and neurotransmitters (Leonard, 1997; Petty,
1995).
Cytokines include interleukins such as interleukin 6 (IL-6) and Tumor necrosis
factors such as TNF-alpha. Inflammatory mechanisms and mental health have not been
extensively studied to date, yet Steptoe et al. (2009) found inverse associations between
IL-6 and positive affect. These effects were independent of covariates such as age, SES,
BMI, and depressed mood (Steptoe et ah, 2007).
Eicosanoids include prostaglandins, leukotrienes, and thromboxanes.
Proinflammatory eicosanoids include prostaglandin E2 and thromboxane B2 which have
been associated with depression (Mamalakis et ah, 2002). Several authors suggest the
sharp rises in the rates of depression in the 20th century are a result by the increased
consumption of vegetable oils rich in omega-6 fatty acids as arachidonic acid is a high
contributor of omega-6 fatty acids (Hibbeln & Salem, 1995; Parker et ah, 2006; Smith,
1991). The two dietary omega-3 fatty acids, EPA and DHA, appear to decrease the
production of pro-inflammatory eicosanoids by competing with arachidonic acid (omega6 fatty acid) for incorporation into membrane phospholipids and inhibiting the further
production of pro-inflammatory eicosonoids (Mamalakis et ah, 2002; Parker et ah, 2006).
Serotonin is a neurotransmitter involved in mood regulation. The precursor of
serotonin is tryptophan, an essential amino acid. Specific dietary studies such as lowcarbohydrates and high-carbohydrate diets have been associated with affective states
through mechanistic changes in serotogenic expressions and neurotrophic factors
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(Brinkworth et al., 2009; Soh et al., 2011). Depression has been associated with
deficiencies in neurotransmitters such as serotonin, dopamine, noradrenaline, and GABA
(Lakhan & Vieira, 2008). As reported in several studies, tryptophan, tyrosine,
phenylalanine, and methionine have been helpful to treat depression because these amino
acids when supplemented are converted to neurotransmitters as they act to alleviate the
negative emotional symptoms (Lakhan, & Viera, 2008; Leonard. 1997; McLean,
Rubinsztein, Robbins, & Sahakian, 2004).
Antioxidants are compounds capable of neutralizing highly reactive oxygen-free
radical molecules, known as “reactive oxygen species” (ROS), produced during cellular
metabolism or by destroying microorganisms (Daruna, 1990). ROS are capable of
damaging cell membranes and cell's DNA. Without antioxidants, the body has limited
abilities to neutralize such molecules; therefore a major source of antioxidants is through
an individual's diet such as fruits and vegetables. Akbaraly et al. (2009) explain that the
potential benefit from eating fruits and vegetables is that these foods are antioxidant rich
and reduce the risk of depression. In addition, they state that leafy green vegetables
contain a substantial amount of folate, which is also associated with lower risk of
depression.
Figure 1.1 shows the theoretical model used in this study as I hypothesized each
of the chosen food intake patterns would be associated with affective states through
markers of inflammatory and oxidative processes however these markers were not
measured in this study. Other foods or nutrients could have been chosen, but within the
limitations of a doctoral dissertation only a limited number could be studied. The chosen
ones lack empirical research data to date.
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According to the model below, the grouping of foods typical of the Western diet,
omega-6 fatty acids and trans fatty acids will be positively associated with negative affect
and inversely associated with positive affect. Foods typical of Mediterranean diets and
omega-3 fatty acids will be inversely associated with negative affect and positively
associated with positive affect.

Foods typical of
Western diets, omega-6 fatty
acids, and trans fatty acids

Foods typical of
Mediterranean diets and
omega-3 fatty acids

V

V

Pro-inflammatory
Cytokines
Eicosanoids
Neurotransmitters

Antioxidants

v

V

Negative
Affect

Positive
Affect

A

Interactions:
•Gender
•Ethnicity

Figure 1.1 Theoretical Model of Possible Associations Between Foods Typical of
Mediterranean Diet, Foods Typical of Western Diets and Intakes of Omega-3, Omega-6
and Trans Fatty Acids With Positive and Negative Affect Through Markers of
Inflammatory and Oxidative Mechanism.
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CHAPTER 2
LITERATURE REVIEW

A. Introduction
This chapter will review the literature pertaining to the above stated research
questions and will serve as a basis for further research needed in the area of the
relationship between dietary intakes and positive affect. Discussion regarding dietary
intakes, dietary intakes associated with mental health outcomes, and affective states
including both negative and positive affect with dietary intakes patterns are explored. The
mechanism of dietary intakes upon mental health is reviewed at the end of the chapter.
B. Dietary Intake Overview
/. Dietary Behaviors and Dietary Intake Patterns
Dietary intake patterns are defined as the distribution of foods in the
habitual diet (Togo, Olser, Srensen, & Heitmann, 2001). Milner (2002) explained that
more than 50% of all deaths are related to certain dietary patterns. The 2010 Dietary
Guidelines Advisory Report (DGAC) report encourages the following key dietary
behaviors and intakes: a plant based diet emphasizing vegetables, fruits, whole grains,
cooked dried beans and peas, nuts and seeds, seafood, fat-free and low-fat milk, and milk
products while decreasing the intake of added sugars and solid fats, sodium, and refined
grains (USDHHS, 2010). Guo, Warden, Paeratakul, and Bray (2004) assessed
approximately 40,000 individual dietary intakes from the National Health and Nutrition
Examination Survey (NHANES) database and determined 11% of subjects were
classified to have a good diet while 72% had a diet that needed improvement. Bente and
Gerrior (2002) reviewed the United States dietary habits from 1909 and 1999 and found
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that consumption of vegetables has decreased while intake of fats, oils, sugar products,
and sweeteners has increased. There has also been a 40% increase in the consumption of
meat products including red meat, poultry, and fish. The 1988-1994 and 2001-2006
National Health and Nutrition Examination Survey (NHANES) was compared among
adults aged 40-74 and authors reported the intake of five or more fruits and vegetables a
day decreased from 42% to 26% (King et ah, 2009).
2. Common Dietary Intake Patterns and Mental Health Outcomes
Researchers have used factor analysis and/or cluster analysis to identify
common dietary behavior patterns and the relationship to specific health outcomes (Guo
et ah, 2004). Specific diseases and conditions linked to poor dietary habits include
cardiovascular disease, hypertension, dyslipidemia. type 2 diabetes, overweight and
obesity, osteoporosis, constipation, diverticular disease, iron deficiency anemia, oral
disease, malnutrition, and some cancers (USDHHS, 2005). Dietary patterns consistent
with recommended dietary guidance have been associated with a lower risk of mortality
among individuals age 45 years and older in the United States (Kant, Graubard, &
Schatzkin, 2004). Kant et ah also estimated about 16% and 9% of mortality from any
cause in men and women, respectively, could be eliminated by the adoption of desirable
dietary behaviors. In the past several years, research began to evaluate the relationship
between dietary intakes and mental health, specifically depression and negative mental
health disorders (Bourre, 2006). There has been support that diets rich in vegetables,
fruits, and fish reduce the risk for depression, whereas diets rich in meat, chocolates,
sweet desserts, refined foods and high fat dairy increase the chances of an individual
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having depression (Dog, 2010). The association of dietary intake and positive affect is
lacking and needs to be explored.
In the literature, two of the dietary patterns associated with mental health states
this study will review are the Mediterranean and Western diets. The Mediterranean diet is
characterized by high intakes of fruit, vegetables, olive oil and low intakes of meat and
high fat dairy products, also including moderate alcohol consumption. Similar dietary
patterns include the prudent dietary pattern, or vegetarian diets. The Western diet
includes red meat, processed meats, processed vegetable oils, refined carbohydrates, solid
fats, and trans fatty acids (Hu et al., 2000). The current cohort of AHS-2 participants is
well suited to study foods typical of Mediterranean and Western diets because it consists
of people with dietary intakes ranging from vegan or vegetarian, which would be
considered prudent diets, to non-vegetarian, which may be considered Western.
The adherence to Mediterranean diets has been associated with improved mental
health scores in cross-sectional studies (Munoz et al., 2009). Foods that are included in
the Mediterranean diet have also been associated with mental health outcomes. For
instance, Akbaraly et al. (2009) explained the risk of depression might potentially be
reduced with an increased intake of fruits and vegetables. Several other researchers have
concluded that fruit intake is inversely associated with perceived stress and depression
(Liu et al., 2007; Unasan, 2006). Beezehold et al. (2010) examined mental health and
dietary patterns in a cross-sectional analysis of Seventh-day Adventists, stating that
vegetarians report less negative emotions and more favorable emotions compared to
omnivores. A randomized controlled trial, examined the effects of a 10-day
Mediterranean diet upon mood and authors reported subjects adhering to the
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Mediterranean diet reported increased alertness, contentment and mood states (McMillan
et al., 2011).
Western diets include higher consumptions of total energy, total and saturated
fats, as both are associated with a higher risk of cardiovascular disease (Sabate, 2001). In
Australia. Jacka and colleagues (2010) have associated increased symptoms of depression
and anxiety in women with greater adherence to Western diets. The Western diet includes
high intakes of food away from home as the composition of fast food includes high
amounts of sodium, trans fatty acids and added sugars. 40% of trans fatty acids intake
comes from artificial sources including baked good, pies, cookies, chips, pretzels.
packaged foods, fried foods, and fast food (Choi, 2004). The common ingredient that
contains trans fatty acids is hydrogenated and partially hydrogenated vegetable oil.
Associations have been shown between trans fatty acids and inflammatory markers
suggesting that the intake of trans fatty acids has possible negative health outcomes
(Lopez-Garcia et ah, 2005). Sanchez-Villegas et al. (2011) reported a higher incidence of
depression from higher intakes of trans fatty acids four years prior. High intakes of
omega-6 fatty acids are also a characteristic of the Western diet, which may lead to
higher proportions of inflammatory eicosanoids (Estruch, 2010). Diets with greater
intakes of omega-6 fatty acids compared to intakes of omega-3 fatty acids have been
observed to possibly enhance the risk for depression (Freeman, 2009; Kiecolt-Glaser et
al., 2007; Maes et al., 1996).
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C. Mental Health States Overview
1. Mental Illness and Disorders
In 2008, approximately 1 in 4 adult Americans were diagnosed with a
mental disorder (Lakhan & Vieira, 2008). Common mental disorders include mood
disorders, anxiety disorders, panic disorders, eating disorders, attention deficit
disorders/attention deficient hyperactivity disorder (ADD/ADHD), and autism. These
disorders are among the leading causes for disability in the United States (Lakhan &
Vieira, 2008). Thus far, most of the focus has been directed towards negative mental
health and its consequences; however the literature reviewing positive affect associated
with physical health is growing (Steptoe et ak, 2009).
2. Mental Health States
a. Positive Affect Conceptualized Positive affect is defined by terms such
as happiness, contentment, pleasant, curiosity, or vitality (Dockray & Steptoe, 2010).
Positive emotions, positive moods and positive sentiments alter people's mindsets and
have several benefits. First, positive and good feelings widen scope of one’s attention.
Second, good feelings alter an individual’s physical health such as increasing recovery
rates from a traumatic event (Fredrickson & Losada, 2005). Third, positive affect helps to
reduce inflammatory response to stress (Steptoe et ak, 2007). Lastly, positive affective
states have been shown to increase longevity of life (Fredrickson & Losada, 2005).
h. Positive Affect and Health Outcomes The strongest research design to
determine causality of positive affect is an experimental study where subjects would be
given various factors to influence mental health outcomes however such a design is not
ethical in humans. A quasi-experimental study by Cohen et ak, in 2006 have used
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experimental exposure to infectious organisms such as the common cold (rhinovirus) and
analyzed subject’s responses to the organism in relation to emotional state. Cohen et al.
(2006) administered standard doses of the virus among volunteers and found that
volunteers who had a more positive emotional style had a reduced risk of developing
upper respiratory illness. Furthermore, these effects were independent of self-esteem.
purpose in life, optimism, and extraversion which suggests a specific association between
positive affect and health outcomes. In order to analyze factors that predict a health
outcome, the strongest research design is a prospective epidemiological cohort study. In
2007, Kubzansky and Thurston examined the association of positive mental well-being
and cardiovascular health. The design was a prospective population-based study, using
the 1971-1975 National Health and Nutrition Examination Survey I (NHANES I) survey
data as baseline and the 1982-1992 NHANES Epidemiologic Follow-up Study (NHEFS)
as follow-up data. Approximately 6025 women and men were tracked for approximately
15 years as emotional vitality was assessed at baseline and incidence of CHD at follow
up. They defined emotional vitality characterized by a sense of energy, positive well
being, and effective emotional regulation. Subjects were interviewed via telephone or inperson and asked items contained on the General Well-Being scale which contains six
subscales that deal with mental health and affect (Dupuy, 1984). The authors found those
who had higher scores of positive wellbeing traits had significantly reduced risk of
developing CHD. This reduced risk remained significant after researchers accounted for a
large number of confounders. They also found a significant effect of emotional vitality on
CHD when emotional vitality was used as continuous measure, suggesting a 2% to 3%
decrease in risk of CHD for each unit increase on the emotional vitality measure. The
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researchers concluded that one way emotional vitality influences CHD is health
behaviors (Kubzansky & Thurston, 2007).
Chida and Steptoe (2008) provided a recent meta-analysis of psychological well
being and mortality. Positive affect and positive traits such as optimism and hopefulness
were associated with reduced mortality, with stronger effects in a healthier population
compared to those with existing disease. They suggested that positive affect may even be
protective over and above the absence of emotional distress as evidenced by the
persisting effects of positive affect independent of negative affect (Dockray & Steptoe,
2010).
c. Measuring Positive and Negative Affect The Positive and Negative
Affect Scale (PANAS) was initially designed as a 10-item questionnaire for each type of
emotion, both positive and negative, and then the short-form of PANAS was developed
(Mackinnon et ah, 1999). Mackinnon et al. reported when using the PANAS, higher
negative emotions are associated individuals with economic hardship and with younger
females. In 1992, Kercher developed the short-form version while conducting a study on
affect in the elderly and found it was less demanding on respondents as well as an
adequate measure of both positive and negative emotion. Mackinnon et al. examined the
PANAS on 2651 individuals (mean age=42.42) and found a Cronbaclrs Alpha of .78 and
.87 for positive and negative affect, respectively. Positive affect has been positively
associated with various health behaviors (Kelsey et al., 2006). Lyman et al. (2006)
surveyed university students by asking them to imagine positive or negative emotions
followed by what food they would eat. Positive emotions were found to be positively
associated with individuals imagining eating health foods.
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D. Specific Dietary Intakes and Mental Health States
1. Diet and Mental Health
Studies of associations between emotional affect and dietary behaviors are
beginning to surface in literature as the relationship can have profound impact on mental
health disorders. Most dietary behaviors studied have associated negative mental health
such as depression or anxiety rather than positive mental health such as optimism or
hopefulness. Dietary intakes associated with mental health discussed in this literature
review include foods typical of the Mediterranean diet (non-starchy fresh vegetables,
fresh fruit, certain dairy products, olive oil. nuts, fish, and legumes (excluding soy), foods
typical of Western diets (red meats, processed meats, sweets/ desserts, soda, and fast
foods) and fatty acids (omega-3, omega-6, and trans fatty acids).
2. Foods Typical of Mediterranean Diets and Mental Health
a. Fruit and Vegetables and Mental Health Oliver et al. (2000) have
shown that during stressful times, fruit and vegetable consumption decreases. It was also
found that fruit and vegetables intake was associated with lower risk of depression.
Vegetarians compared to omnivores have been shown to have fewer negative emotions
(Beezehold, Johnston, & Daigle, 2010). Jacka et ah, (2010) reported that women with
higher intakes of fruit and vegetables were less likely to have anxiety or major depressive
disorders. Factors that influence fruit and vegetable consumption include not only
increased knowledge and awareness but also availability of healthy food choices in
communities, schools, and a supportive food system for an individual (CDC, 2009). Tak,
te Velde, Singh, and Brug (2010) conducted a longitudinal study in which they assessed
the effects of a fruit and vegetable intervention upon the intake of unhealthy, high calorie
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snacks during school breaks in children aged 9-10 years old. At the conclusion of the
intervention, the children that were given fruits and vegetables brought fewer unhealthy
snacks to school than the group of children who were not given fruits and vegetables. The
authors suggest that by increasing the accessibility of healthy food choices, the intake of
other unhealthy food choices will decrease. A diet higher in fruit and vegetable intake has
also been associated with lower inflammation as evidenced by lower oxidative stress and
markers of inflammatory processes (Calder. 2009).
b. Dairy and Mental Health The association of dairy intake with mental
health in current literature is conflicting. Evidence from a retrospective cross-analysis
reported that intakes of low fat dairy products were associated with decreased stress in
woman whereas intakes of whole fat dairy products were associated with increased
depression, anxiety, stress and poorer general health (Crichton, Murphy, & Bryan, 2010).
The Bogalusa Heart Study examined the nutritional impact of dairy product consumption
on overall dietary intakes and found greater number of servings of dairy products lead to
the percentage of energy from saturated fat and protein increased (Ranganathan, Nicklas,
Yang, & Bereson, 2005). Saturated fat has been associated with chronic disease and
inflammatory patterns (Kiecolt-Glaser et ah, 2007) thus assuming dairy products
containing saturated fatty acids may in fact lead to similar health outcomes, yet research
is lacking confirming this association. The relationship of dairy and mental health states
is also lacking in current literature.
c. Olive Oil and Mental Health The benefits of olive oil are possible due
to nutrient components including phenolic compounds, a-tocopherol. carotenoids, and a
high ratio of unsaturated to saturated fatty acids with monounsaturated fatty acids as the
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main characteristic of olive oil (Cicerale, Lucas, & Keast, 2011; Massaro & de Caterina,
2002). Several studies in humans have reported olive oil provides beneficial anti
inflammatory effects (Estruch, 2010; Pauwels, 2011). As olive oil intake is a critical
characteristic of the Mediterranean diet, studies associating adherence to the
Mediterranean diet with mental states can hypothesize the effects of olive oil upon mental
health may be significant.
d. Nuts and Mental Health Studies aimed at exploring the effect of fatty
acid intakes from nuts compared to low-fat diets report greater beneficial effects from nut
intake in regards to inflammatory mechanisms (Urpi-Sarda et ah, 2012). These
mechanisms produce cardio-protective effects in humans and have been also associated
with beneficial effects in mental health disorders such as depression (Munoz et ah, 2009;
Sanchez-Villegas et ah, 2009).
e. Fish and Mental Health. Fish are a source of meat containing the
nutrients omega-3 fatty acids. Authors have shown strong correlations between fish
consumption and major depressive disorders in cross-national depression databases due
to the nutrient omega-3 fatty acids (Hibbeln et ah, 1998; Nemets et ah, 2002). In Finland,
from a cross-sectional study, women who had infrequent intakes of fish had higher risk of
depressive symptoms (Tanskanen, Hibbeln, Tuomilehto, Uutela, Haukkala, et ah, 2001).
From the SUN cohort study, authors reported from a prospective cohort design, the lower
intakes of long chain fatty acids and fish consumption were associated with increased
incidence of mental disorders including depression, anxiety or stress (Sanchez-Villegas et
ah, 2007). These authors suggested a potential benefit effect offish intake on total mental
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disorders. The relationship of fish intake and positive mental states is lacking in current
literature.
f Legumes and Mental Health A meta-analysis of clinical intervention
trials found overall the intakes of legumes had a lower effect upon serum cholesterol
markers (Anderson & Major, 2002). The effect of legume intake upon physical health
was found to be similar to dietary fiber, vegetable protein and phospholipids and fatty
acids (Flight & Clifton, 2006). The relationship between legume intake and mental health
has not been studied beyond the inclusion of legumes in Mediterranean diet patterns.
g. Omega-3 Fatty Acids and Mental Health Dietary strategies influence
inflammation, as proven through prospective observational studies and randomized.
controlled, feeding trials (Giugliano et ah, 2006; Mozaffarian et ah, 2009). Omega-3 fatty
acids can modulate mechanisms such as oxidative stress, sympathetic activity, and proinflammatory cytokines, thus modifying health outcomes (Calder et ah, 2009). Data
suggesting the relationship between omega-3 fatty acids and mental health emerges from
research in regards to inflammatory eicosanoids derived from arachidonic acid
metabolism (Lieb, Salem, & Horrobin, 1983; Pischon et ah, 2003). The underlying
mechanism is the two omega-3 fatty acids, EPA and DHA, appear to decrease the
production of the inflammatory eiconsonoids derived from arachidonic acid by
competing or inhibiting proinflammatory cytokines (Parker et ah. 2006). Reducing the
mechanistic action of proinflammatory cytokines will reduce inflammation (KiecoltGlaser, 2010). Omega-3 fatty acids effect brain-derived neurotrophic factors which acts
with antidepressant effects (Ikemoto et ah, 2000). Clinical trials have obtained
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remarkable favoriable results from omega-3 fatty acid supplementation on depressive
disorders to alleviate symptoms (Freeman, 2009; Nemets et al., 2002; Peet, 2002).
Hibbeln and Salem (2004) suggest that the sharp rises in the rate of depression in
the 20th century are due to the increased consumption of vegetable oils rich in omega-6
fatty acids. This shift of fatty acid intakes has led to higher proportions of arachidonic
acid in tissues leading to a higher proportion of inflammatory eicosanoids (Parker et al.,
2006). Hibbeln et al. (1998) reported a strong negative correlation between fish
consumption, containing high amounts of omega-3 fatty acids, and major depression in a
cross-national depression database. The validity of Hibbeln collection of dietary intake of
seafood is questionable however as consumption of fish was calculated by fish catch plus
imports minus exports. In 2003, Tiemeier et al. screened 3,884 subjects age 60 or older in
Rotterdam, Netherlands for depressive symptoms. They compared those with depressive
symptoms against a reference group randomly selected within the initial cohort. The
subjects with depressive disorders had lower concentrations of omega-3 fatty acids and
the authors reported the lowered concentrations were not secondary to inflammation.
atherosclerosis; therefore inferring a direct effect of fatty acid composition on mood.
3.

Western Dietary Patterns and Mental Health
a. Beef and Processed Meats and Mental Health The current 2010 Dietary

Guidelines for Americans state to consume lean meat and poultry in order to decrease the
intake of solid fats. The evidence supporting the relationship between beef and processed
meats with mental health is beginning to be explored more recently in the past few years.
Beef and processed meats contain high amounts of omega-6 fatty acids, otherwise known
as arachidonic acids. Arachidonic acids lead to the production of pro-inflammatory
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cytokines. In the last 50 years, the Western diet has replaced omega-3 fatty acids from
fish and plants with omega-6 fatty acids found in vegetable oils and meats (Parker et ah,
2006). These pro-inflammatory foods have been proven to influence inflammation in
humans through prospective observational and randomized, controlled, feeding trials
(Giugliano et ah, 2006). However, in 2012, Jacka et al. reported an interesting
relationship in women from Australia that stated women who reported lower than the
recommended meat intakes were more likely to have a diagnosed anxiety or depressive
disorder compared to women who ate the recommended amounts of meat. This is of
some interest as red meat has been observed to be a part of unhealthy dietary patterns
(Fung et al., 2001; Hu et al.. 2000). A possible explanation for the results found in Jacka
et al. research is the meat from Australia is of different quality as it contains higher
amounts of essential fatty acids due to the animal’s feed.
b. Sweets and Desserts and Mental Health Refined grains, added sugars,
and solid fats compromise sweets and desserts. Grain-based desserts were the number
one source of calories in adults according to the 2005-2006 National Health and Nutrition
Education Survey, providing an average of 138 kilocalories per day. Macht (2008)
suggests that the consumption of sweet and high-fat foods in particular is increased
during higher emotional responses to stress. During stressful situations, emotional eating
has been suggested by several authors to alleviate negative mental strain (Benton &
Donohoe, 1999; Konttinen et al., 2010).
c. Soda and Mental Health According to data from the US Department of

Agriculture (USDA). per capita soft-drink consumption has increased by almost 500% in
the past 50 years (Putnam & Allshouse. 1999). According to the 2005-2006 NHANES
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survey, soda drinks were the fourth nutrient contributing to total kilocalories in adults,
providing 112kilocalories per day. Half of all Americans and most adolescents (65% girls
and 74% boys) consume soft drinks daily and is the leading source of added sugars in the
diet (Borrud. Enns, & Mickle, 1997). Guthrie and Morton (2000) analyzed a national
sample of persons aged 2 years and older (N=l 5,010) to identify food sources of added
sweeteners and found the average American consumed a daily intake of 82 grams of
carbohydrates each day from added sweeteners which accounts for approximately 16% of
total energy intake. Food sources included regular soft drinks, which accounted for one
third of intake, table sugars, syrups, sweetened grains, regular grains, regular
fruitaids/drinks. and milk products. The low nutrient density of sugar-sweetened foods
has been hypothesized to be associated with a lower prevalence of healthy dietary habits
(Guthrie & Morton, 2000). In adolescents, sweetened beverages have been associated
with an increased risk of being overweight and obese and with an increased risk of
developing metabolic syndrome, higher blood pressure, hypertriglyceridemia, obesity.
and lower HDL cholesterol in adults (Bortsov et ah, 2010). Yannakoulia et al. (2008)
examined dietary habits and anxiety and found women with lower intakes of sweet foods
had lower amounts of anxiety. The association of artificially sweeteners and mental
health is divided in literature. Appleton, Connor, and Blundell (1998) suggest that the
consumption of a sweet taste in the absence of calories is associated with disruptions in
appetite control. Heavy users of artificially sweetened beverages have also been reported
in association with high levels of BMI and strong concerns about weight and weightrelated issues (Alexander & Tepper, 1995; Parham & Parham, 1980; Schoeller, Shay, &
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Kushner, 1997; Stellman & Garfinkel, 1986). The consumption of soda in regards to its
relationship to positive mental health is not extensively studied.
d. Omega-6 Fatty Acids, Trans Fatty Acids and Mental Health In the last
50 years, the Western diet has replaced omega-3 polyunsaturated fatty acids from fish
and plants with omega-6 polyunsaturated fatty acids found in common vegetables oils
(Parker et ah, 2006). The amount of arachidonic acid in inflammatory cells can be
increased by including it in the diet however this relationship has not been investigated
thoroughly in human settings (Calder, 2009). Behavioral studies have associated stress,
inflammation and depression through the same pathways as negative emotions can
enhance sympathetic hyperactivity, promote oxidative stress and increase proinflammatory cytokine production (Steptoe, Hamer, & Chida, 2007). Evidence from the
Nurse's Health Study associated trans fatty acids intake with higher inflammatory
markers as IL-6 levels were 17% higher in subjects who ate more trans fatty acids
(Lopez-Garcia et ah, 2005). From this perspective, an inflammation-enhancing diet could
promote depressive symptoms as several researchers have implicated inflammation in the
pathophysiology of depression (Kiecolt-Glaser, 2010; Miller & Blackwell, 2006; Raison,
Capuron, & Miller, 2006). Sanchez-Villegas et al. (2009) suggested that a diet rich in
fruits, vegetables, omega-3 fatty acids, and whole-grains is potentially protective for the
prevention of depression. However, this relationship needs to be studied further as well as
the relationship of diet and positive emotions.
The metabolic composition of trans fatty acids is unclear in literature in regards to
its relationship to mental health. Higher intakes of trans fatty acids are correlated with
processed foods, baked goods, and fast food while lower intakes of trans fatty acids is
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correlated with higher intakes of fruit and vegetables (Cullen et ah, 2002; Stevens et ah,
2002). Prospective studies have also reported higher intakes of trans fatty acids have led
to higher incidence of depressive disorders (Sanchez-Villegas et ah, 2011).
4. Interactions Between Gender, Ethnicity, Age, Body Mass
Index(BMI), Education Level, Frequency of Vigorous Physical Activity,
Smoking Status, Alcohol Intake, Sleep Hours, and the Time Between the Two
Questionnaires
a. Gender The interaction between gender and food intake’s association
with positive and negative affect varied. Women and men have shown through
observational studies that they differ in behaviors in response to stress, emotional coping.
and positive affective states (Brebner, 2003; Dube et ah, 2005). Differences in eating
behaviors between men and women are reported consistently in dietary studies as well
(Baker & Wardle, 2003; Myint et ah, 2007). Lastly, previously validation studies using
cross-sectional and correlational analysis of the PANAS measurement and constructs
have resulted in significantly different scores between females and males (Crawford &
Henry, 2004).
h. Ethnicity Social norms vary across culture including dietary habits and
regular food intakes. White and Black were the two main ethnicities in this study. In
literature. Black women have been reported to obtain more trans fatty acids from protein
foods that are breaded and fried foods than other ethnic and gender groups (Kulkarni,
2004). Using data from the 2007 California Health Interview Survey, ethnic differences
were examined in dietary behaviors and findings suggested there were significant ethnic
differences in food preferences (Sorkin & Billimek, 2012).
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c. Age The interaction between age and affective states has been analyzed
in previous validation studies with large sample sizes and the effect size was modest
resulting in between 0.20% and 2.25% of the variance in affective states being explained
by age (Crawford & Henry, 2004). Dietary habits tend to be stable in older populations as
younger populations may have variance in dietary choices (Khani. Ye. Terry, & Wolk,
2004).
d. BMI The interaction between BMI and dietary intake with affect may
vary. Emotions seem to influence eating behavior at higher rates in obese versus nonobese individuals (Canetti, Bachar, & Berry, 2002). Individuals with higher levels of
BMI compared to those in normal weight or underweight BMI categories eat significantly
more food and are associated with many dietary behaviors that include an increase in
frequency of drinking sweetened beverages and ordering supersized portions (Liebman et
ah, 2006). In addition, individuals that are severely obese are more likely to have
depression (Strine et ah, 2008).
e. Education The influence of educational status upon dietary intakes and
mental health states is widely accepted in research. Dietary related behaviors have been
reported to vary among educational levels (Kong, Beresford, Imayama, Duggan, Alfano,
et ah, 2012). Higher educational attainment is associated with greater awareness and
knowledge of healthier dietary practices yet is also associated with higher anxiety and
stress (Jacka et ah, 2010).
f Exercise Physical activity contributes to several biological changes that
could influence mental health (Harvey, Hotopf, Overland, & Mykletun, 2010). Activity
can stimulate serotonin release, promote the release of beta-endorphins, and promote
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hypothalamic-pituitary-adrenal axis stimulation (Angelopoulos, 2001; Hill et ah, 2008;
Meeusen et ah, 1996). Physical activity and higher levels of recreational exercise has
been positively associated with positive affective states (Kelsey et ah, 2006).
Contrastingly, inactivity is positively association with depression and anger (Chesney et
ah, 2005). Regular physical activity increases the parasympathetic nervous system.
leading to physical changes (Seals & Chase, 1989). In regards to the physical benefits of
exercise, there is a difference between low and vigorous intensity (Sabiston et ah, 2010;
Slentz, Houmard, & Kraus, 2009). Levels of vigorous exercise intensity have been
attributed to increased changes in the neurotransmission of catecholamines or
endogenous opiates (Hughes, 1984). The Paffenbarger Questionnaire assesses an
individual's activity level of moderate to vigorous intensity (Paffenbarger et ah, 1994).
Therefore physical activity is an important control variable in this study as individuals
with higher and more intense activity levels may have higher positive affective states
than individuals who do not engage in physical activity.
g. Smoking and Alcohol Smoking and alcohol are importance determinants
of food choices (Forsander, 1998; Tonstad, Gorbitz, Sivertsen, & Ose, 1999; Yeomans,
2010).
h. Sleep Depression is an important determinant of impaired quality of
sleep (Mayers, Grabau, Campbell, & Baldwin, 2009). The average adult sleeps between 6
and 8 hours each night, usually at a regular time (Vgontzas & Kales, 1999). Sleep
progresses through a series of stages that represent the depth of sleep as evidence by
sleep electroencephalography (LEG) (Hartman et ah, 1971). The relationship between
poor sleep and depression is well established (Gillen et ah, 1979). Depressed individuals
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experience more frequent and longer awakenings, shorter total sleep time and earlier
morning awakening compared to those without depression (Gillen et ah, 1979; Mayers et
ah, 2009). Irregular sleep patterns are found in other mental health disorders however
their severity is greater in depression (Benca et ah, 1992). Mayers et al. (2009) surveyed
a sample of adults in a non-clinical setting to examine the association of perceived quality
of sleep and anxiety and depression. They found that depression was associated with a
poorer perception of quality of sleep. Depression is a mood disorder which may change
the relationship between food intakes and affect. Due to the lack of AHS-2 data on which
individuals have mood disorders, specifically depression, hyposomnia, and hypersomnia
will be control variables for mood disorders.
5. Dietary Intake Validation
Dietary intake data can be difficult to quantify and validate in research
studies. There are various methods to collect dietary intake data range from personal
face-to-face interview, telephone interviews, 24-hour food recalls, food frequency
questionnaires, or individual counseling sessions with a health care professional. A
limitation in dietary intake data collection is self-reporting bias and validation of the
dietary intake assessment. The validation of this study's dietary intake assessment.
calibration studies were conducted (Jaceldo-Siegl et ah, 2010; Jaceldo-Siegl et ah, 2011).
For the calibration studies, participants were randomly selected from the AHS-2 study
cohort by church, and then subject-within church. Each participant provided two sets of
three weighted 24-hour dietary recalls and a 204 item food frequency questionnaire.
Race-specific correlation coefficients, corrected for attenuation from within-person
variation in the recalls, were calculated for selected energy-adjusted macro- and
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micronutrients. Calibration study subjects represented the total cohort very well with
respect to demographic variables. Approximately 33 % were males. Whites were older,
had higher education and lower BMI compared with blacks. Across fifty-one variables.
average deattenuated energy-adjusted validity correlations were 0.60 in Whites and 0.52
in Blacks. Individual components of total fat and fatty acids, validity ranged from 0.43 to
0.75 in Blacks and from 0.46 to 0.77 in Whites. Of the eighteen micronutrients assessed.
sixteen in Blacks and sixteen in Whites had deattenuated energy-adjusted correlations
>0.4, averaging 0.60 and 0.53 in Whites and Blacks, respectively (Jaceldo-Siegl et ah.
2010). The validation correlations for fruits were 0.68 for Whites and 0.52 for Blacks.
The validation correlations for vegetables were 0.66 for Whites and 0.41 for Blacks
(Jaceldo-Siegl et ah, 2011).
E. Conclusions
In conclusion, there is a need to determine what specific dietary intake patterns
have an influence upon positive affect and positive mental health. To date, most of our
focus has been upon negative mental health including depression, anxiety, stress, and
pain. Medicine needs to take a fresh approach as individuals begin to concentrate on
behaviors contributing towards positive mental health therefore contributing to an
increased quality of life.
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CHAPTER 3
METHODS

A. Study Design and Respondents
1. Study Design
This study examined two sets of archival data as an observational research
design. The dietary data was from the Adventist Health Study-2 (AHS-2) study and the
affective states were from a sub-population of the AHS-2 study from the Pyschosocial
Manifestations of Religion Sub-Study (PsyMRS) of the Biopsychosocial Religion and
Health Study (BRHS) (Butler et ah, 2008; Tee et ah, 2009). The dietary intakes were
based upon the food frequency questionnaire from the AHS-2 study which has been
validated through calibration studies (Jaceldo-Siegl et ah, 2010; Jaceldo-Siegl et ah.
2011).
2. Respondents
Subjects that were included in the AHS-2 study were geographically
spread throughout Canada and the United States (Butler et ah, 2008). The AHS-2
included approximately 96,000 subjects who were over 30 years of age. There were
approximately 25,500 Black/African American subjects and 62,500 female subjects.
Further descriptives of the cohort can be found elsewhere.
Subjects that were included in the PsyMRS were over the age of 35 years. The
BRHS primarily surveyed Caucasians (60%) and Blacks (31%) and a much smaller
percentage of other ethnic groups.
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B. Procedure
The AHS-2 study examined variables of nutrition, lifestyle factors, and medical
histories from a 50 page mailed questionnaire. The subjects were recruited from 2002
until December 31, 2007 from Seventh-day Adventist Churches which included 1000
Black and 3500 Non-Black congregations. The basic recruitment model targeted the two
major English-speaking congregation groups in the Seventh-day Adventist churches
across the USA and Canada—1000 Black and 3500 other congregations (mostly
Caucasian, but including some Latino and Asian). For simplicity, these two groups of
churches are referred to as ‘Black* and ‘non-Black churches.’ Recruitment was church by
church and staged by geographic region (Butler et ah, 2008).
Local church pastors selected one or two church members to be the study
coordinators and chose a promotion start date. Each church had a suggested enrollment
goal, based upon membership, and received weekly progress reports from the research
office during 7-8 weeks of promotion. Promotion consisted of brief presentations to the
congregation and distribution of enrollment forms. These complete forms were sent to the
AHS-2 study office for processing and enrollees were mailed a questionnaire. On return
of a completed questionnaire participants in non-Black churches were sent a certificate of
complete and an AHS-2 study pen. In Black churches, the recruitment process was more
personal as questionnaires were personally distributed and a ten dollar incentive was
given to individuals who complete the questionnaire. In addition, coordinators and
pastors received a financial incentive of $200-$ 1000 pro-rated on church size and
percentage of local goal achieved. Reminder postcards were sent to all non-responding
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subjects on the fourth, seventh, and eleventh week following distribution of the
questionnaire.
The affect data was from the PsyMRS of the BRHS; this data is comprised of a
random sample of 20.000 AHS-2 participants of which 10,988 responded with usable
surveys after up to three mailed reminder postcards. Data was collected in September
2006 and the rest largely completed by August of 2007. The 20-page PsyMRS
questionnaire included four categories of variables: cumulative risk exposure, religion,
mediating factors and outcome variables (Lee et ah, 2009). The main goal of the PsyMRS
was to investigate various associations between religion, health, and/or ethnicity. This
population spans a wide range of geographical locations, educational levels, has limited
alcohol intake, and includes both genders (Butler et ah, 2008). Most importantly, this
almost exclusively non-smoking population follows a range of dietary patterns from
vegan to non-vegetarian, as vegetarian diet have been historically encouraged by the
church (Fraser, 2003), providing ample opportunity to study nutrients and health
outcomes.
C. Study Variables, Instrumentation and Measurement
1. Dietary Assessment
Dietary intake was assessed by a self-administered food frequency
questionnaire (FFQ), which contains a list of over 200 food items including fruits.
vegetables, legumes, grains, oils, dairy, fish, eggs and beverages, and commercially
prepared products. This FFQ was designed to specifically assess dietary intake among a
population where a large proportion is vegetarian. Respondents were asked about their
intake of foods during the past year. Frequency categories range from never or rarely, 1-3
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times per month, X times per week (where X wras 1,2 to 4, ox 5 to 6) ov Y time per day
(where Y was 1, 2 to 3, or 4+). Portion sizes include standard (amount was dependent
upon food item), Z2 or less or IV: or more. The FFQ was previously validated against six
24-hour dietary recalls for intake of nutrients (Jaceldo-Siegl et ah, 2010) and selected
foods/food groups (Jaceldo-Siegl et ah, 2011). These studies showed that de-attenuated
validity correlations in Whites for vegetables, fruits, dairy, all legumes and nuts, fish, red
meats and soda were .66, .68, .86, .58, .53, .76, and .58, respectively. In Blacks, these
were .41, .52, .82, .47, .57, .72, and 0.48, respectively. The most common foods
contributing to trans fatty acids were solid fats, specifically margarine. The de-attenuated
validity correlations in Whites for omega-3, omega-6 (18:2n-6 & 20:4/7-6), and trans fatty
acids were 0.53, 0.71-0.77, and 0.51, respectively. In Blacks, these were 0.43, 0.50-0.67,
and 0.51, respectively (Jaceldo-Siegl et ah, 2010).
The consumption of foods typical of Mediterranean or Western diets was assessed
a priori based on established associations between foods, inflammation and mental
disease. Mediterranean foods included non-starchy fresh vegetables, fresh fruit, dairy,
olive oil, nuts, fish, and legumes (excluding soy). Soy was excluded due to the wide
range of processed and unprocessed foods that may include soy among people following
vegetarian diets. Western foods included red meats, processed meats, fast foods, sweets
and desserts, and soda. Associations between grain intakes and disease may depend on
whether the grains are refined or whole, and also on the type of grain protein (Kalaydjian.
Eaton, Cascella, & Fasano, 2006), and this analysis did not aim to study these
relationships and did not include grains. Furthermore, butter was not considered as butter
may have positive or negative health effects (Tyrzicka, Lefkothea-Stella, Stankova, 8c
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Zak, 2011) while fatty acid patterns were considered separately. Because the
Mediterranean diet may include milk and yogurt that are not fat-reduced, high fat dairy
products were not separated from low fat products. Poultry was not analyzed because it
may be part of either Mediterranean or Western diets.
Each food group was a composite of individual food items in the FFQ. Table 3.1
describes the food items used to classify the dietary food groups. Food intakes with the
exception of fast foods were calculated using the product-sum method (Willet, 1998).
Thus, 1= I (FxAxS) where 1= intake, F=weighted frequency, A=weighted amount
(A=amount of nutrient consumed for fatty acid intake analysis) and S=standard weight of
a standard serving size in grams. Amount of food intake group was coded into three
options including standard serving size, 50% of the standard serving size and 150% of the
standard serving size of each individual dietary variable. Missing values for amount of
foods were coded as the standard serving size only if frequency was marked and amount
was missing. If frequency was missing and amount of diet variable was missing, this diet
variable was coded as zero. If frequency was missing and amount was marked, the diet
variable was still coded as zero. Total energy intake was calculated using nutrient
composition information based from the NDS-R 2008 database (The Nutrition
Coordinating Center), manufacturers, and the Caribbean Food and Nutrition Institute.
Food intake was energy-adjusted using the residual method (Willet, 1998).
a. Fresh Fruit and Vegetables Fruit and vegetables were defined in this
study as the quantification of total fruits and vegetables in grams. Fruits are found in the
AF1S-2 questionnaire as fresh fruits in sections B2 and B3. Vegetables are found on pages
B4 and B5 using items Salads and Raw Vegetables, Fegumes, other Raw or Cooked

55

Vegetables. The dietary intake data of fruits and vegetables has been validated and
published recently (Jaceldo-Siegl et ah, 2011).
b. Dairy Dairy intake was defined as the group of individual items
including milk (whole or 2%milk), low fat milk (1% or skim), low fat yogurt, and regular
yogurt: How Often? (choose only one column): never or rarely, 1-3 per month, 1 per
week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4-5 per day, or 6+ per day.
Dairy portion size is also asked as “If you eat this food, then CHOOSE YOUR
SERVING SIZE: Standard Serving Size: 8 oz. glass or 6-8 oz. cup: Standard; U or less;
1V2 or more.
c. Olive Oil Olive oil intake was defined as the group of individual items
including olive oil as used in salad dressings and as used in breads or added to food (not
in salad dressings): How Often? (choose only one column): never or rarely, 1-3 per
month, X times per week (where X was 1,2 to 4, or 5 to 6) or Y time per day (where Y
was 1,2 to 3, 4-5, or 6+). Olive oil portion size is also asked as “If you eat this food, then
CHOOSE YOUR SERVING SIZE: Standard Serving Size: 2 Tbsp, 1 Tbsp, olive oil.
respectively: Standard; IT or less; 1 U or more.
d. Nuts Nuts intake was defined as the group of individual items including
seeds (sunflower, pumpkin, sesame), mixed nuts, peanuts, walnuts, walnuts, almonds.
and cashews: How Often? (choose only one column): never or rarely, 1-3 per month, X
times per week (where X was 1,2 to 4, or 5 to 6) or Y time per day (where Y was 1.2 to
3, 4-5, or 6+). Nuts portion size is also asked as “If you eat this food, then CHOOSE
YOUR SERVING SIZE: Standard Serving Size: 2 Tbsp, 1 Tbsp. 14 nuts, 25 halves, 8
halves, 16 whole nuts, 6 whole nuts respectively: Standard; V2 or less; 1IZ or more.
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e. Fish Fish intake was defined as the group of individual items including
white fish (cod, salt-fish, sole, haddock or halibut, snapper, catfish), salmon, or canned
tuna, tuna salad, tuna casserole: How Often? (choose only one column): never or rarely,
1 -3 per month, X times per week (where X was 1, 2 to 4, or 5 to 6) or Y time per day
(wdiere Y was 2+). Fish portion size is also asked as “If you eat this food, then CHOOSE
YOUR SERVING SIZE: Standard Serving Size: 3 oz. can: Standard; 'Z or less; 1 '/a or
more.
f Legumes (Excluding Soy) Legume intake w'as defined as the group of
individual items including navy, red kidney, other red beans, chick peas (garbanzos);
pigeon, cow, black-eyed, or field peas, pinto, black, or great northern beans, or lentils.
split peas, gungo peas: How Often? (choose only one column): never or rarely, 1-3 per
month, X times per week (where X was 1, 2 to 4. or 5 to 6) or Y time per day (where Y
was 2+). Legume portion size is also asked as “If you eat this food, then CHOOSE
YOUR SERVING SIZE: Standard Serving Size: ’Y cup: Standard; Y or less; 1Y or more.
g. Red Meats Red meat intake was defined as the group of individual items
including hamburger, ground beef (in casserole, meatballs, etc.) and beef or lamb as a
main dish (e.g. steak, roast, stew, pot pies): How often? (choose only one column): never
or rarely, 1-3 per month, X times per week (where X was 1,2 to 4. or 5 to 6) or Y time
per day (where Y was 1 or 2+). Red meat portion size is also asked as "If you eat this
food, then CHOOSE YOUR SERVING SIZE: Standard Serving Size: 1 patty or 3 oz. or
4 oz. respectively: Standard; Y or less; 1Y or more.
h. Processed Meats Processed meat intake w7as defined as the group of
individual items including processed beef, lamb (e.g. sausage, salami, bologna),
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processed chicken or turkey (turkey bologna, turkey hame) and pork (bacon, sausage,
ham, chops, ribs, lunch-meat): How often? (choose only one column): never or rarely, 13 per month, X times per week (where X was 1, 2 to 4, or 5 to 6) or Y time per day
(where Y was 1 or 2+). Processed meat portion size is also asked as “If you eat this food,
then CHOOSE YOUR SERVING SIZE: Standard Serving Size: 1 slice or dog
respectively: Standard; IZ or less; 1 'Z or more.
i. Sweets and Desserts Sweets/dessert intake was defined as doughnuts,
cinnamon rolls, pastries, sweet pies; cookies, store bought; cookies, home-made; cake;
ice cream, milk shakes; ice milk, frozen yogurt (and an option to write in other please
write it in -use CAPITAL letters): How Often? (choose only one column): never or
rarely, 1 -3 per month, X times per week (where X was 1,2 to 4, or 5 to 6) or Y time per
day (where Y was 1,2 to 3, 4-5, or 6+).
j. Soda Soda was defined as beverages: Regular coke, Pepsi, or other soft
drinks, caffeine free; Regular coke, Pepsi or other soft drinks with caffeine; Diet coke.
Pepsi, or other soft drinks, caffeine free; diet coke, Pepsi or other soft drinks with
caffeine: How Often? (choose only one column): never or rarely, 1-3 per month, 1 per
week, 2-3 per week, 5-6 per week, 1 per day, 2-3 per day, 4-5 per day, or 6+ per day).
Beverages portion size is also asked as “If you eat this food, then CHOOSE YOUR
SERVING SIZE: Standard Serving Size: 12 oz. can: Standard; IZ or less; 1 Vi or more.
k. Fast Food Fast food intake was defined as “How often do you eat out?:
Fast Food/Takeout” (choose only one column): never or rarely, 1-3 per month, X times
per week(where X was 1, 2-3, 4-6, or 7+).
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/. Fatty Acids Including Omega-3, Omega-6, and Trans Fatty Acids
Omega-3, omega-6 and trans fatty acids data were based on the NDS-R 2008 database
(The Nutrition Coordinating Center), information from manufacturers, and the Caribbean
Food and Nutrition Institute. The highest contributors to total trans fatty acids intake from
the AHS-2 FFQ included such foods as regular stick margarine, store bought cookies,
white bread, rolls, buns, oatmeal breads, and cake. A list of thirty-one foods contributing
to the total summation of trans fatty acids is found in Table 3.2.
2. Positive Affect, Negative Affect and Positivity Ratio
Positive and negative affect was measured by a short form of the Positive
and Negative Affect Schedule (PANAS) (Mackinnon et ak, 1999). The PANAS
measurement has been validated in a cross-sectional and correlational analysis (Crawford
& Henry, 2004). This 10-item scale includes five items on positive emotion: inspired.
alert, excited, enthusiastic, and determined and five items on negative emotion: afraid,
upset, nervous, scared and distressed. The items are assessed on a 5-point rating scale
ranging from very slightly or not at all to extremely, based on the statement “This set of
questions consists of a number of words and phrases that describe different feelings and
emotions. Mark a bubble to show to what extent you have felt this way during the past
year." High reliability was indicated by Cronbach’s cfs which were .85 and .87 for
positive and negative affect, respectively.
D. Control Variables
Control variables were chosen a priori based on expected confounders of
relations between diet and affect. These included age. gender, ethnicity, BMI. educational
level, frequency of vigorous physical activity, alcohol intake, sleep, sleep squared (to
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account for risks of high or low amounts), and time between two questionnaires. Age is
obtained from their date of birth by hand-written and fill in matching circles on question
1, page El of the AHS-2 questionnaire. Gender is self-reported on page E2, question 5.
Ethnicity is self-reported on page El, question 3. BMI is obtained from self-reported
current height and weight in section E4. question 21. Educational level was represented
by highest level of education: grade school, some high school, high school diploma, trade
school diploma, some college, Associate degree, Bachelor's degree, Master’s degree, or
Doctoral degree found on question 11, on page E2 of the AHS-2 study. Frequency of
vigorous physical activity was assessed by the question ‘‘How many times per week do
you usually engage in regular vigorous activities, such as brisk walking, jogging.
bicycling, etc., long enough or with enough intensity to work up a sweat, get your heart
thumping or get out of breath?" in section C by question 3a. The Paffenbarger Physical
Activity Questions is shown to be validated and reliable in this population (Singh, Fraser,
Knutsen et ah, 2000; Singh, Tonstad, Abbey et ah, 1996). Alcohol intake was queried by
an affirmative response to ‘I still drink alcoholic beverages’. Participants categorized the
number of hours of sleep at night as <6, 7-8 and > 9 found in section E6 by question 29.
Because low and high amounts of sleep may be associated with poor health (Akiko
&Yoshiyuki, 2004), a quadratic relationship was investigated between sleep and affect.
Time between the two questionnaires was calculated as the return date of the PsyMRS
questionnaire minus the return date of the AHS-2 questionnaire in years.
E. Data Management and Analysis
This study used self-report methods of data collection of study variables using the
50-page AHS-2 questionnaire and the 20-page PsyMRS questionnaire. All data were
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scanned by AHS-2 and BRHS personnel and outliers were screened and eliminated where
they were due to error. Missing values constituted less than 3% of the cases for all
variables. Missing values for PANAS scores and control variables were coded as the
mean of the values for each variable. All respondents that completed both AHS-2 and
PsyMRS surveys were eligible for the present analyses (AM 0.988). Excluded in this
study were subjects less than 35 years of age (AM 32), ethnicities other than Black or
White (A=700). non-Seventh Day Adventists (A=363), current smokers (A=87), and
subjects with an estimated energy intake <500 kcal/day or >4.500 kcal/day or incomplete
dietary data (A=585). The analytic population for this study consisted of 9,121 subjects
who completed the AHS-2 and the PsyMRS, encompassing 6,145 females and 2,976
males.
Descriptive statistics were reported for all measures and data are reported as mean
and standard deviation. Independent sample /-tests and Chi-square tests were utilized to
examine the differences between genders. The regressions of positive and negative affect
on dietary variables were analyzed separately for males and females (first publishable
paper) and Blacks and Whites (second publishable paper) to detect possible interactions
between gender and diet or gender and ethnicity, respectively. The confidence intervals
of the regressions of positive and negative affect on dietary variables in both males and
females and Blacks and Whites were examined to determine if they overlapped. If the
confidence intervals did not overlap or overlapped slightly, interaction effects were tested
directly by including a product term for each dietary variable and gender or dietary
variable and ethnicity in the regression of affect on dietary variable and gender or

61

regression of affect on dietary variable and ethnicity. A Bonferroni adjustment was
applied to the;>values that were considered statistically significant.
After controlling for age, gender, ethnicity, BMI. educational level, frequency of
vigorous physical activity, alcohol intake, sleep, sleep squared, and time between two
questionnaires, positive and negative affect were regressed for each of the dietary intake
variables. In order to investigate the relationship between dietary intake with positive and
negative affect, a series of multiple regression analysis were applied. Assumptions were
tested including linearity, normality and homoscedasticity. All data were analyzed using
SPSS Version 20.0.
Question 1. What is the association fresh vegetables, fresh fruit, dairy [milk.
yogurt, low-fat cheese], olive oil. nuts, fish, and legumes, red meat, processed meats, fast
food frequency, sweets/desserts, soda, omega-3, omega-6, and trans fatty acids with
positive affect?
Positive affect was regressed with each above food intake variable. Included in
this regression analysis are the control variables.
Question 2. What is the association of fresh vegetables, fresh fruit, dairy [milk,
yogurt, low-fat cheese], olive oil. nuts, fish, and legumes, red meat, processed meats, fast
food frequency, sweets/desserts, soda, omega-3, omega-6, and trans fatty acids with
negative affect?
Negative affect was regressed with each above food intake variable. Included in
this regression analysis are the control variables.
Question 3. How does gender modify the relationships between the above food
intake variables and positive affect and negative affect?
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To examine for this interaction for gender, each outcome variable was regressed
on the specific dietary variable, using a dummy variable for gender, and on the product of
the food intake variable and gender (interaction term).
Question 4. How does ethnicity modify the relationships between the above food
intake variables and positive affect and negative affect?
To examine for this interaction for ethnicity, each outcome variable was regressed
on the specific dietary variable, using a dummy variable for ethnicity, and on the product
of the food intake variable and ethnicity (interaction term).
F. Power Analysis
The effect of food intake upon affect was assessed by multiple linear regression
analysis. G*Power 3.1 software was used to calculate the minimum number of subjects
needed for this study. The results based on a small effect size of/=0.02, power of 80%
and an alpha of 0.05 yielded a result of 395 subjects needed for the study. The other
variables included control variables (e.g., age, education) and possible interaction terms.
Since the study data has already been collected there is no need to account for attrition.
The small effect size is justified since this is an observational study. Since there were
approximately 9.000 individuals available, there was no problem with lack of power.
G. Research Ethics
Based on the Belmont Report (1978) issues of justice, beneficence, and respect
was accounted for in this study. All participants in the AHS-2 study were given the same
50-page questionnaire mailed to their residence. The BHRS population was a random
sampling of 20.000 people who were given the opportunity to participate in the 20-page
questionnaire. If the subjects chose not to participate in either questionnaire, they were
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free to withdraw at any time. All of the subjects received cover letters with the
questionnaires that explained informed consent and if they mailed back completed
questionnaires this indicated there was implied infonned consent that the data would be
private and confidential. I did not have access to the subject’s identifying information and
used codes to ensure anonymity. The subjects were informed that they would be
protected from harm and that the benefits would be maximized. Lastly, the AHS-2 study
and BRHS had already been approved by the Institutional Review Board of Loma Linda
University.
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Table 3.1 Sixty-Nine Items From the FFQ Used for Classification of Food Types in
Mediterranean and Western Diet Patterns
Mediterranean
Fresh vegetables (13)

Fresh fruits (19)

Dark green Lettuce

Onions

Iceberg Lettuce

Avocados

Tomatoes

Broccoli

Peppers, Carrots

Cauliflower

Cabbage, Brussels sprouts

Spinach

Kale, collards, mustard greens

Peas

Grapes in season and out of season

Persimmons in season

Plum in season and out of season

Apples

Apricot in season

Oranges

Cantaloupe in season and out of season

Grapefruits

Strawberry in season and out of season

Bananas

Blueberry in season and out of season

Fruit salad, fresh

Cherry in season and out of season
Dairy (6)

Olive oil (2)
Nuts (6)

Fish (5)

Legumes (5)

Milk, whole or 2%

Low fat yogurt

Low fat milk, 1% or skim

Regular yogurt

Low fat cheese (mozzarella, ricotta)

Cottage cheese

Salad dressings
Added to breads, foods (aside from salads)
Seeds (sunflower, pumpkin, sesame)

Walnuts

Mixed nuts

Almonds

Peanuts

Cashews

White fish (cod, salt-fish, sole, haddock or halibut, snapper,
catfish)
Salmon
Tuna salad
Canned tuna
Tuna casserole
Navy, red kidney, other red beans
Lentils, split peas

Pinto, black
Lima, white

Chick peas (garbanzos), black-eyed
Western
Red meat (2)

Hamburger, ground beef (in casserole, meatballs)
Beef or lamb as main dish (steak, roast, stew, pot pies)

Processed meats (3)

Processed beef, lamb (sausage, salami, bologna)
Processed chicken or turkey (turkey bologna, turkey, ham)
Pork (bacon, sausage, ham, chops, ribs, lunch-meat)

Fast Food (1)

How often do you eat out: Fast Food/Takeout

Sweets and desserts (11) Doughnuts, Cake
Cookies, storebought
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Pastries

Sweet pies

Cookies, homemade Ice cream. Ice milk
Cinnamon rolls

Milkshakes
Frozen Yogurt

Table 3.1—Continued.
Western
Soda (4)

Regular coke, Pepsi or other, caffeine free
Regular coke, Pepsi or other, with
caffeine
Diet coke, Pepsi or other, caffeine free
Diet coke, Pepsi or other, with caffeine

Table 3.2 List of Items That are Highest Contributors Towards Trans Fatty Acids
Item

grams

Margarine, regular, stick

3.66

Margarine, Imperial

3.66

Margarine, I Can't Believe It's Not Butter

3.04

Margarine, Fleischmann's

2.55

Doughnuts, cinnamon rolls, pastries, sweet pies

2.53

Popcorn, microwaved popped

2.34

Margarine, regular, tub

2.05

Margarine, spread, reduced calorie

1.64

Margarine, Shedd's Spread Country Crock

1.32

French fries, hash browns, fried potatoes

1.2

Cookies, homemade

1.13

Corn bread, Johnnycake

1.12

Cereal, 100& Natural Granola-Oats & Honey

1.08
0.94

Cookies, store-bought
Butter, regular

0.68

Hamburger/ground beef, 25% fat (regular)

0.59

Whole grain bread, rolls, buns, or oatmeal bread

0.57

Beef or lamb as main dish

0.51

Eggs 1

0.5

White bread, rolls, buns or French bread

0.42

Cake

0.3

Processed beef, lamb

0.26

Ice cream, milk shakes

0.26

American processed, cheddar cheese

0.22

Milk (whole or 2%)

0.22

Canned tuna, tuna salad, tuna casserole

0.2

Chicken or turkey

0.19

Whipped or sour cream

0.17

Cream cheese, cheese spreads

0.16

Cottage cheese, regular or creamed (4% fat)

0.14
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ABSTRACT
Background: Nutrients influence mental states yet few studies have examined whether
foods protective or deleterious for cardiovascular disease affect mood.
Objective: To examine associations between consumption of foods typical of
Mediterranean versus Western diets with positive and negative affect.
Methods: Participants were 9.121 Adventist church attendees in North America who
completed a validated food frequency questionnaire in 2002-6. Scores for affect were
obtained from the Positive and Negative Affect Schedule questionnaire in 2006-7.
Multiple linear regression models controlled for age, gender, ethnicity, BMI, education.
sleep, sleep squared (to account for high or low amounts), exercise, alcohol and time
between the questionnaires.
Results: Intake of vegetables ((3=0.110 [95% Cl 0.090,0.130]), fruit ([3 =0.069 [95% Cl
0.048,0.089]), olive oil ([3=0.034 [95% Cl 0.014,0.054]), nuts ((3 =0.043 [95% Cl
0.023,0.064]), and legumes ((3=0.048 [95% Cl 0.027,0.069]) were associated with
positive affect while sweets/desserts (P=-0.065 [95% Cl -0.085,-0.044]), soda ((3=-0.044
[95% Cl -0.064,-0.023]) and fast food frequency (|3=-0.061 [95% Cl -0.083,-0.040]) were
inversely associated with positive affect. Intake of sweets/desserts ((3=0.055, [95% Cl
0.035,0.076]) and fast food frequency ((3=0.070 [95% CT 0.049.0.092]) were associated
with negative affect while intake of vegetables ((3=-0.066. [95% CT -0.087.-0.046]), fruit
((3=-0.039 [95% Cl -0.060,-0.018]) and nuts ((3=-0.061, [95% Cl -0.082,-0.041]) were
inversely associated with negative affect. Gender interacted with red meat intake
fP<.001) and fast food frequency (R<.001) such that these foods were associated with
negative affect in females only.
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Conclusions: Foods typical of Mediterranean diets were associated with positive affect as
well as lower negative affect while Western foods were associated with low positive
affect in general and negative affect in women.
Keywords'.
Affect
Dietary behaviors
Mediterranean
Mental health
Western
Word Count: 258
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Introduction
One in 17 Americans experience a serious mental illness in their lifetime while
currently, only about 17% of United States adults are reported to be in an optimal state of
mental health [1], Associations between diet and mental illness have been reported,
particularly with depression and anxiety [2-5]. However, little is known about the
associations of dietary patterns and mental well-being [6-7],
Affect describes both the positive or negative facets of subjective well-being and
has been shown to be independent of mental illness [8]. Positive affect has been
associated with health outcomes including reduced cardiovascular disease risk [6]. Many
of the dietary patterns associated with protection against cardiovascular disease may also
be associated with mental health. Examples include prudent and Mediterranean dietary
patterns characterized by a variety of fresh fruit and vegetables, certain dairy products.
olive oil, fish and whole grains as well as vegetarian diets [4, 9-12]. These dietary
patterns are associated with improved mood states, improved self-reported functional
health and quality of life and less depression in some studies [13-16]. Western dietary
patterns characterized by intake of such foods as solid fats and refined sugars [3,17] and
lack of omega-3 fatty acids have in contrast been associated with increased depression
and negative mood states [18-19]. Recent research has increasingly focused on the role
played by positive affect in health, not solely the detrimental effects of negative affect
[6], While the notion that foods reduce the risk of developing mental disease has been
suggested [20], few studies have examined the relation between foods that may be
protective against mental disease and promote positive affect.
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In the current paper, we examined associations of consumption of foods typical of
the Mediterranean diet and of Western diets with positive and negative affect. This was
an observational analysis of a largely healthy cohort of Seventh-day Adventist church
goers. This population spans a wide range of geographical locations and educational
levels, has limited alcohol intake and is largely non-smoking [21], both strong
confounders of associations of food and affect. Most importantly, this population follows
a range of dietary patterns from vegan to non-vegetarian, as vegetarian diets have been
historically encouraged by the church [22], providing ample opportunity to study diets
and health outcomes.
Methods
Participants and design

Two sets of archival data were examined using an observational study design. The
predictor (dietary) variables were assessed in 2002-6 among participants in the Adventist
Health Study-2 (AHS-2) cohort. In brief, the AHS-2 cohort included approximately
96,000 subjects over 30 years of age who filled out a 50 page mailed questionnaire
regarding their medical histories, lifestyle and dietary intakes. In 2006-7, the outcome
variable (affect) was assessed in the Psychosocial Manifestations of Religion Sub-Study
(PsyMRS), a sub-population of the AHS-2 study [21,23], which aimed to study
connections between religion and health. Of 20.000 randomly sampled AHS-2
participants 10,988 responded to the 20-page PsyMRS questionnaire. The PsyMRS
questionnaire included questions on mental health and religion [23]. Recruitment
methodologies of subjects in both studies are described in previous literature [21,23].
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All respondents that completed both AHS-2 and PsyMRS surveys were eligible
for the present analyses (A= 10,988). Excluded in this study were subjects not well
represented including those less than 35 years of age (A=l 32), ethnicities other than
Black or White (A=700), non-Seventh Day Adventists (A=363), and current smokers
(A=87), and subjects with an estimated energy intake <500 kcal/day or >4500 kcal/day or
incomplete dietary data (77=585) leaving 9121.
Dietary assessments
Dietary intake was assessed by a self-administered food frequency questionnaire
(FFQ), which contains a list of over 200 food items including fruit, vegetables, legumes.
grains, oils, dairy, fish, eggs and beverages, and commercially prepared products. This
FFQ was designed to specifically assess dietary intake among a population where a large
proportion is vegetarian. Respondents were asked about their intake of foods during the
past year. Frequency categories range from never or rarely, 1-3 times per month, X times
per week (where X was 1,2 to 4, or 5 to 6) or Y time per day (where Y was 1, 2 to 3, or
-/+). Portion sizes include standard (amount was dependent upon food item), F or less or
IV: or more. The FFQ was previously validated against six 24-hour dietary recalls for
intake of nutrients [24] and selected foods/food groups [25]. These studies showed that
de-attenuated validity correlations in Whites for vegetables, fruits, dairy, all legumes and
nuts, fish, red meats and soda were 0.66, 0.68, 0.86, 0.58, 0.53, 0.76, and 0.58,
respectively. In Blacks, these were 0.41,0.52, 0.82, 0.47, 0.57, 0.72 and 0.48,
respectively.
The consumption of foods typical of Mediterranean or Western diets was assessed
a priori based on hypothesized associations between foods and mental state.
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Mediterranean foods included non-starchy fresh vegetables, fresh fruit, certain dairy
products, olive oil, nuts, fish, and legumes (excluding soy). Soy was excluded due to the
wide range of processed and unprocessed foods that may include soy among people
following vegetarian diets. Western foods included red meats, processed meats,
sweets/desserts, soda, and fast foods. Associations between grain intakes and disease may
depend on whether the grains are refined or whole, and also on the type of grain protein
[26], and, thus, we did not aim to study these relationships and did not include grains.
Furthermore, butter was not considered as butter may have positive or negative health
effects [27] while fatty acid patterns w7ere considered separately (submitted). Because the
Mediterranean diet may include whole fat milk and yogurt, fatty dairy products were not
separated from low fat products. Poultry was not analyzed because it may be part of both
Mediterranean and Western diets.
Each food group was a composite of individual food items in the FFQ. Table 4.1
describes the food items used to classify the dietary food groups. Food intakes with the
exception of fast foods were calculated using the product-sum method [28]. Thus. 1= X
(FxAxS) where 1= intake, F=weighted frequency, A=weighted amount and S=standard
weight of a standard serving size in grams. Amount of food was coded into three options
including standard serving size, 50% of the standard serving size and 150% of the
standard serving size for each individual dietary variable. Missing values for amount of
foods were coded as the standard serving size only if frequency was marked and amount
was missing. If frequency was missing and amount of diet variable was missing, this diet
variable was coded as zero. If frequency was missing and amount was marked, the diet
variable was still coded as zero. Total energy intake was calculated using nutrient
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composition based from the NDS-R 2008 database (The Nutrition Coordinating Center),
information from manufacturers, and the Caribbean Food and Nutrition Institute. Food
intake was energy-adjusted using the residual method [28].
Assessment of affect
Positive and negative affect was measured by a short form of the Positive and
Negative Affect Schedule (PANAS) [29]. The PANAS has been validated in a crosssectional and correlational analysis [30]. This 10-item scale includes five items on
positive emotion: inspired, alert, excited, enthusiastic, and determined and five items on
negative emotion: afraid, upset, nervous, scared and distressed. The items are assessed on
a 5-point rating scale ranging from very slightly or not at all to extremely, based on the
statement “This set of questions consists of a number of words and phrases that describe
different feelings and emotions. Mark a bubble to show to what extent you have felt this
way during the past year/’ High internal reliability was indicated by Cronbach's ofs
which were 0.85 and 0.87 for positive and negative affect, respectively.
Control variables were chosen a priori based on expected confounders of
relations between diet and affect. These included age, gender, ethnicity, BMI, educational
level, frequency of vigorous physical activity, alcohol intake, sleep, sleep squared (to
account for risks of high or low amounts), and time between two questionnaires.
Ethnicity was self-defined. BMI was calculated from a current height and weight.
Educational level was represented by highest level attained: grade school, some high
school, high school diploma, trade school diploma, some college. Associate degree.
Bachelors degree. Masters degree, or Doctoral degree. Frequency of vigorous physical
activity was assessed by the question “How many times per week do you usually engage

74

in regular vigorous activities, such as brisk walkingjogging, bicycling, etc., long enough
or with enough intensity to work up a sweat, get your heart thumping or get out of
breath?” This questionnaire is shown to be validated and reliable in Black and White
Adventists [31-32]. Alcohol intake was queried by an affirmative response to T still drink
alcoholic beverages’. Participants categorized the number of hours of sleep at night as <6,
7-8 and > 9. Because low and high amounts of sleep may be associated with poor health
[33], a quadratic relationship was investigated between sleep and affect. Time between
the two questionnaires was calculated as the return date of the PsyMRS questionnaire
minus the return date of the AHS-2 questionnaire in years.
Slatistical analysis
Missing values constituted less than 3% of the cases for all variables. Missing
values for PANAS scores and control variables were coded as the mean of the values for
each variable.
Descriptive statistics were reported for all measures and data are reported as mean
and standard deviation. Independent sample /-tests and Chi-square tests were utilized to
examine the differences between genders. The regressions of positive and negative affect
on dietary variables were analyzed separately for males and females to detect possible
interactions between gender and diet. The confidence intervals of the regressions of
positive and negative affect on dietary variables in both males and females were
examined to determine if they overlapped. If the confidence intervals did not overlap or
overlapped slightly, interaction effects were tested directly by including a product term
for each dietary variable and gender in the regression of affect on dietary variable and
gender. A Bonferroni adjustment was applied to the interactions tested (24—for each of
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positive and negative affect with 12 foods) thus interactions of P<.002 were considered
statistically significant.
After controlling for age, gender, ethnicity, BMI, educational level, frequency of
vigorous physical activity, alcohol intake, sleep, sleep squared, and time between two
questionnaires, positive and negative affect were regressed on each of the dietary
variables. Because of the multiplicity of statistical tests (gender, positive and negative
affect, and 12 food groups equating to 2x2x12=48 tests), a Bonferroni adjustment of the
cut-off f’-value for statistical significance was determined at Pc.001. All data were
analyzed using SPSS Version 20.0.
Results
The analytic population for this study consisted of 9121 subjects who completed
the AHS-2 and the PsyMRS, encompassing 6145 females and 2976 males. The study
sample showed a greater percentage of females than males and a higher percentage of
White respondents than Black (Table 4.2). Females were significantly younger than
males and had a significantly higher BMI than males. Mean BMIs in both genders are
categorized as overweight. The vast majority of the sample did not use alcohol. The
average time elapsing between the baseline measurement and the outcome measurement
was approximately 2 years. Scores for positive affect did not differ between females and
males. Scores for negative affect were significantly higher in females than males.
Food intakes
The mean intakes of foods were generally higher in males than females, as
expected (Table 4.3). Approximately half of the sample reported never or rarely
consuming fast food; males reported a higher frequency of fast food frequency and higher
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intakes of nuts, red meat, processed meats, sweets/desserts and soda per day compared to
females. Females reported a higher intake of fresh vegetables compared to males.
Regression of affect on food intakes
In the total population, intake of fresh vegetables, fresh fruit, olive oil, nuts, and
legumes intakes were associated with positive affect while intake of sweets/dessert and
soda as well as fast food frequency were inversely associated with positive affect. Intake
of sweets/desserts and fast food frequency were positively associated with negative affect
while intake of fresh vegetables, fresh fruit, and nuts were inversely associated with
negative affect (see Tables 4.4 and 4.5).
The results for gender specific regressions are also shown in tables 4 and 5.
Significant interactions were found for gender with red meat and fast food frequency
fPc.OOl). Consumption of these foods was associated with negative affect in females
only (red meat, p -0.044, TKOOl, fast food, (3 -0.058, TKOOl).
Discussion
Our overall results show that positive affect is associated with intake of fresh
vegetables, fresh fruit, olive oil and legumes but inversely associated with intake of
sweets/desserts and soda as well as fast food frequency. By comparison, intake of fresh
vegetables, fresh fruit, and nuts were inversely associated with negative affect while the
intake of red meat and sweets/desserts as well as fast food frequency were associated
with negative affect. Overall, the association of reported food intakes with negative affect
was more pronounced in females than males. As this is an observational study, the
findings do not indicate causality. Foods typical of a Mediterranean diet that protect
against cardiovascular disease, compared to Western diet patterns may affect mood, or
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mood may affect choice of foods. The findings underscore the importance of both
positive and negative affect in food choices or vice versa.
The participants of our study were representative of a partly vegetarian and
healthy eating population due to their religion [21], Some of the most important
confounders were considered in this analysis in regards to the relationship between
dietary intake and mental state including gender. BMT and total energy intake. Smoking
and alcohol are important determinants of food choices [34-36], As the population
consisted of church-goers, belonging to a denomination that strongly discourages
adherents from using tobacco, smokers were few, and excluded, isolating the relationship
between food choices and affect from smoking. Alcohol intake was low in this
population, as expected, with only 5-6% reporting current use.
The effects of food on health rather than isolated nutrients have received
increasing attention in recent studies [37-42]. Using factor analysis, foods may be
analyzed separately or grouped into dietary patterns, such as Western or prudent and
Mediterranean [2, 17, 41], Western dietary patterns are characterized by high intakes of
processed meats, red meat, animal and processed fats, high-fat dairy products, eggs, and
refined grains, while prudent diets characteristically include high intakes of vegetables,
fruit, legumes, whole-grains and fish [41]. The Mediterranean dietary pattern has been
associated with fewer depressive symptoms [4, 10], while Western-type patterns have
been associated with negative mental health states [2-3].
We sought to explore associations of specific foods associated with Western or
Mediterranean patterns, to illuminate whether these associations were similar for negative
or positive affect, or whether positive or negative affect each had their own determinants.
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The results indicate that vegetables, fruit and nuts determined both higher positive affect
and lower negative affect while sweets/desserts determined lower positive affect and
higher negative affect. Olive oil and legumes determined higher positive affect only,
while fast food frequency and soda were inversely associated with positive affect only.
Thus, it appears that negative and positive affect share major dietary determinants, while
other determinants may be specific to the type of affect. These differences require further
study, as the current results are hypothesis-generating.
Significant differences were found among men and women. Men generally
consumed higher amounts of foods including nuts, red meats, processed meats.
sweets/desserts, sodas and fast foods yet women consumed higher amounts of vegetables.
In the large EPIC-Norfolk study [14] women likewise reported higher vegetable as well
as fruit intakes compared with men. In one study [43] in older adults, men had less
nutritional knowledge and lacked awareness of the links between healthy dietary
behaviors and prevention of disease compared to women. We did not find a difference in
fruit intakes between genders, perhaps due to health consciousness of the population.
The associations between intakes of certain foods (red meat and fast foods) and
negative affect appeared only in women. The red meat intake among the females in the
present study averaged 3.8 grams per day with a large standard deviation (SD^ 11.8).
Despite the low mean consumption, increased red meat was associated with higher scores
of negative affect. In support of these findings, in a recent randomized controlled trial.
Beezehold and Johnston [44] restricted meat, fish, and poultry among a mostly female
sample and found significant associations between the reductions of meat and
improvement of several domains of mood. In contrast, Jacka and colleagues [45] recently
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reported that Australian women who ate <28 grams of meat per day were more likely to
have a diagnosis of an anxiety or depressive disorder compared to women who ate 28-57
grams of meat per day. These contrasting results may be possibly explained by the
difference in meat products between U.S. and Australia. Cattle in Australia are largely
grass-fed beef therefore beef products may have higher omega-3 fatty acids compared to
U.S. meats [46]. Omega-3 fatty acids have been previously associated with decreased
prevalence of depressive disorders [18].
Our study is the first to our knowledge that associates fast food frequency and
negative affect in women. Fast foods are high in added sugars, processed meats and
vegetable oils. High glycemic foods that include foods more common to a Western diet
and fast food products such as refined carbohydrates and added sugars have been
associated with higher levels of inflammatory markers in women [47]. Processed meats
and vegetable oils are high in long-chain omega-6 fatty acids, which are potentially proinflammatory [48-50]. Western diets, characterized by high omega-6:omega-3 ratios may
enhance the risk for depression [18, 51-52]. Higher omega-6:omega-3 ratios have been
observed in depressed subjects compared with non-depressed subjects [53-55]. Likewise,
in the current study, increased intakes of sweets/desserts were associated with lowpositive and high negative affect. Intakes of fast foods, refined sugars, sweets and
desserts have previously been associated with mental disorders [3, 19, 56]. Konttinen and
colleagues [57] found that depressive symptoms were related to emotional eating [58-59].
Emotional eaters may have increased intakes of sweet foods. We were unable to test if
the association of sw eets/desserts with affect was independent of disordered eating, as we
did not have data regarding eating behavior.

80

Consumption of fresh vegetables was associated with higher scores of positive
affect. At least one randomized controlled trial reported that a 10-day intervention of
Mediterranean eating improved mood states in women [11]. Our findings provide a
mirror image of observations in other cross-sectional studies reporting less negative
affect and decreased cognitive decline in adherents of vegetarian or Mediterranean diets
[3, 13, 60-61]. Likewise. Samieri and colleagues [60] reported that women with higher
consumption of fruit and vegetables reported less depressive symptoms. However, their
outcome may be a result of self-reported bias as respondents were asked to self-report a
perceived present state of health rather than a validated measure of affect, such as the
PANAS. Furthermore, their analysis was solely based on intake frequency, which may
not refect portion size or adjust for total energy intakes. Jacka and colleagues [2]
reported that diets including vegetables and fruits were associated with lower odds for
depression and anxiety compared to diets containing foods typical of western diets. Data
on the association of positive affect with fruit and vegetables intakes seem to be lacking.
Lower negative affect was associated with increased nut consumption while
higher positive affect was associated with increased nut consumption. Nuts are beneficial
for a range of metabolic and cardiovascular conditions through their content of essential
fatty acids [62-63]. Essential fatty acids, including omega-3 fatty acids intakes reduce
inflammatory states indicating a possible positive correlation between consumption of
polyunsaturated fatty acids from nuts and optimal mental health [18, 64], Similar results
have been reported in cross-sectional analyses as the increased consumption of nuts were
associated with reduced mental health disorders such as depression and improved self-
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perceived mental health in both genders [4, 37]. Further analysis is needed to investigate
the association in affective states.
Limitations
Our limitations include the complex nature of diet where certain foods tend to be
consumed together. We did not test a specific dietary pattern, but chose foods a priori
that are characteristic of Mediterranean or Western patterns. A causal relationship of food
predicting later mood states is not implied. Positive or negative affect may be related to
adherence to healthy or unhealthy dietary patterns. However, in the current study the
assessment of diet preceded assessment of affect by a mean of 2 years, making reverse
causality less likely, however, this remains a possibility. Dietary habits tend to be stable
in older populations, and show high reproducibility within 1 year [65], thus, the dietary
patterns at baseline were likely to also have been present at the time of the mood
assessment. We were able to control for biological correlates including ethnicity, BMI,
total energy intakes, sleep, alcohol intake, and physical activity, all of which were
associated with food choices and affect (data not shown). Other data were not available,
including information on biological measurements. At the baseline measurement, we
lacked data regarding mental disease. Such data may be used to exclude subjects with
depression, who may be most likely to change their dietary pattern after a diagnosis of
depression, i.e. eat more sweets to ameliorate depressive symptoms [66]. Our population
represents a Seventh-day Adventist population where healthy eating and spiritual
lifestyles are emphasized which limits the ability to generalize to a population where such
are lacking. Our population also includes only Whites and Blacks, limiting our ability to
generalize to other races and/or ethnicities.
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PANAS was chosen as the instrument to assess mood. Previous research supports
the utility of the PANAS in large-scale normative data [30]. Furthermore, the presence of
internal consistency within the PANAS has been shown in the general adult population as
well as adequate reliability [30]. Critiques of PANAS, suggest inconsistencies due to
recall bias, influence of current mood states, and the variables of affective state in
everyday lives [67-68].
Conclusions
Our results suggest an association of foods typical of Western diets such as red
meat and frequent consumption of fast food with negative affect in females only and
foods typical of Mediterranean diets such as fresh vegetables, fresh fruit, olive oil, nuts.
and legumes with positive affect in males and females.
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Table 4.1
Sixty-nine items from the FFQ used for classification of food types in Mediterranean and
Western diet patterns.
Mediterranean
Fresh vegetables (13)

Fresh fruits (19)

Dairy (6)

Olive oil (2)

Nuts (6)

Fish (5)

Legumes (5)

Dark green Lettuce
Iceberg Lettuce
Tomatoes
Peppers, Carrots
Cabbage, Brussels sprouts
Kale, collards, mustard greens
Grapes in season and out of season
Plum in season and out of season
Apricot in season
Cantaloupe in season and out of season
Strawberry in season and out of season
Blueberry in season and out of season
Cherry in season and out of season
Milk, whole or 2%
Low fat milk, 1% or skim
Low fat cheese (mozzarella, ricotta)

Onions
Avocados
Broccoli
Cauliflower
Spinach
Peas
Persimmons in season
Apples
Oranges
Grapefruits
Bananas
Fruit salad, fresh
Low fat yogurt
Regular yogurt
Cottage cheese

Salad dressings
Added to breads, foods (aside from salads)
Seeds (sunflower, pumpkin, sesame)
Walnuts
Mixed nuts
Almonds
Peanuts
Cashews
White fish (cod, salt-fish, sole, haddock or halibut, snapper,
catfish)
Salmon
Tuna salad
Canned tuna
Tuna casserole
Navy, red kidney, other red beans
Pinto, black
Lentils, split peas
Lima, white
Chick peas (garbanzos), black-eyed

Western
Red meat (2)
Processed meats (3)

Hamburger, ground beef (in casserole, meatballs)
Beef or lamb as main dish (steak, roast, stew, pot pies)
Processed beef, lamb (sausage, salami, bologna)
Processed chicken or turkey (turkey bologna, turkey, ham)
Pork (bacon, sausage, ham, chops, ribs, lunch-meat)

Fast Food (1)

How often do you eat out: Fast Food I'akeout

Sweets and desserts (11) Doughnuts, Cake
Cookies,
store-bought
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Sweet pies
Pastries
Cookies, homemade Ice cream. Ice milk
Cinnamon rolls
Milkshakes
Frozen Yogurt

Table 4.1—Continued.
Western
Soda(4)

Regular coke, Pepsi or other, caffeine free
Regular coke, Pepsi or other, with
caffeine
Diet coke, Pepsi or other, caffeine free
Diet coke, Pepsi or other, with caffeine

Table 4.2
Descriptive characteristics of study sample n=9121 by gender in 6145 females and 2976 males. Values are
mean (SD) or percentages
Male
Female
67.4%
32.6%
63.2 (13.2)
Age, years'1
61.7(13.3)
Ethnicity3
Black
8.6%
25.3%
White
42.0%
25.3%
2a
Body mass index, kg/m
27.4 (6.5)
26.6 (4.7)
Education'1
15.6%
High school or less
19.7%
65.2%
52.3%
Trade school to associates
18.2%
Bachelor's degree
12.5%
13.9%
Graduate degree or higher
2.6%
Sleep
6 hours or less
33.0%
32.8%
61.5%
62.9%
7-8 hours
9 or more hours
5.5%
4.3%
Frequency of vigorous
activity3
12.4%
Never
20.0%
Less than once/week
15.3%
15.7%
1 -2 times per week
20.2%
23.8%
17.8%
3 times per week
1 8.5%
4 times per week
9.7%
1 1.0%
5 + times per week
16.4%
19.3%
Current alcohol intake
No use
95.0%
93.8%
6.2%
Current use
5.0%
Total energy intake, kcal/day3
1843.5 (724.6) 1991.6 (749.6)
1.8 (0.69)
Time, years
1.9 (0.65)
Positive affect11
3.5 (0.69)
3.5 (0.71)
Negative affect'1 b
1.8 (0.74)
1.6 (0.61)
TP-value <.001 for continuous variables /-test and categorical variables chi-squared test.
hAffect scales range from 1-5, 1 being very slightly or not at all and 5 being extremely.
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Table 4.3
Mean food group intakes of study sample in 6145 females and 2976 males. Values are
mean (SD) or percentages
Female

Male

Fresh vegetables, g/daya

139.8 (107.3)

127.4 (96.5)

Fresh fruits, g/day

170.6 (201.9)

168.2 (179.3)

Dairy, g/day

54.5 (86.0)

52.1 (80.7)

Olive oil, g/day

4.3 (7.67)

3.8 (8.6)

Nuts, g/daya

13.6 (18.9)

15.3 (21.6)

Fish, g/day

7.2 (15.7)

7.6(12.5)

Legumes, g/day

24.9 (36.3)

23.6 (35.7)

Red meat, g/daya

3.8 (11.8)

5.3 (15.3)

Processed meats, g/daya

0.5 (2.6)

0.8 (3.3)

Sweets/desserts, g/daya

24.3 (39.3)

31.1 (48.6)

Soda, g/daya

61.2 (179.4)

88.6 (270.5)

Never or rarely

49.0%

43.8%

1-3 times per month

32.2%

33.3%

Once per week

10.2%

11.7%

2+ per week

8.6%

11.3%

Mediterranean

Western

Fast food frequency3

a P-value <.001 for difference between genders (continuous variables tested with an unpaired
/-test and categorical variables with the chi-squared test).
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Table 4.4
Regressions of positive affect on each energy-adjusted food intakes for full sample (n^ 9121), females (n=6145), and males (n=2976)
Full sample
95% C.l.

Females

Males

95% C.I.

95% C.l.

Beta

Lower

Upper

P

Beta

Lower

Upper

P

Beta

Lower

Upper

P

Fresh vegetables

0.110

0.090

0.130

<.001

0.124

0.101

0.150

<.001

0.078

0.043

0.113

<.001

Fresh fruits

0.069

0.048

0.089

<001

0.075

0.050

0.101

<.001

0.056

0.020

0.090

0.002

-0.021

-0.041

0.000

0.045

-0.037

-0.062

-0.012

0.004

0.011

-0.024

0.046

0.547

Olive oil

0.034

0.014

0.054

0.001

0.040

0.016

0.065

0.001

0.021

-0.014

0.056

0.243

Nuts

0.043

0.023

0.064

0.032

0.007

0.057

0.013

0.064

0.030

0.099

<.001

Fish

0.024

0.003

0.045

0.008

-0.018

0.035

0.527

0.052

0.014

0.085

0.006

Legumes

0.048

0.027

0.069

0.049

0.024

0.075

<.001

0.047

0.010

0.082

0.012

Red meat

-0.030

-0.052

-0.009

0.005

-0.048

-0.076

-0.021

0.001

.0.014

-0.046

0.021

0.460

Processed meats

-0.023

-0.044

-0.003

0.027

-0.032

-0.064

-0.008

0.011

-0.016

-0.045

0.017

0.385

Sweets and desserts

-0.065

-0.085

-0.044

<.001

-0.072

-0.100

-0.050

<.001

-0.049

-0.080

-0.013

0.006

Soda

-0.044

-0.064

-0.023

<001

-0.046

-0.074

-0.022

<.001

.0.044

-0.078

-0.010

0.012

Fast food frequency

-0.061

-0.083

-0.040

<.001

-0.070

-0.099

-0.045

<001

-0.049

-0.081

-0.011

0.010

Mediterranean

Dairy

sD

L*J

<001
0.025
<001

Western

Standardized betas were controlled for age, gender (full sample), ethnicity, BM1, education, frequency of physical vigorous activity,
sleep hours, sleep hours squared, time, and alcohol.

Tabic 4.5
Regressions of negative affect on each energy-adjusted food intakes for full sample (N=9121), females (n=6145), and males (n=2976)
Full Sample

Female

Male

95% C.I.

95% C.I.

95% C.I.

Beta

Lower

Upper

P

Beta

Lower

Upper

P

Beta

Lower

Upper

P

Fresh vegetables

-0.066

-0.087

-0.046

<.001

-0.080

-0.106

-0.054

<.001

-0.046

-0.071

-0.008

0.013

Fresh fruits

-0.039

-0.060

-0.018

<001

-0.049

-0.076

-0.022

<.001

-0.020

-0.052

0.011

0.201

Dairy

0.012

-0.009

0.032

0.260

0.025

0.000

0.052

0.053

-0.019

-0.048

0.015

0.298

Olive oil

-0.021

-0.041

-0.001

0.044

-0.033

-0.060

-0.009

0.008

0.011

-0.022

0.041

0.557

Nuts

-0.061

-0.082

-0.041

<.001

-0.072

-0.098

-0.045

<.001

-0.047

-0.071

-0.009

0.011

Fish

0.006

0.021

-0.006

0.049

0.132

0.017

-0.049

0.014

0.280

Mediterranean

o

4-

-0.015

0.027

0.571

-0.026

-0.047

-0.006

0.013

-0.031

-0.059

-0.005

0.018

-0.017

-0.047

0.018

0.379

Red meaf'

0.023

0.002

0.044

0.035

0.047

0.024

0.082

<.001

-0.019

-0.045

0.015

0.326

Processed meats

0.024

0.003

0.044

0.025

0.038

0.015

0.073

0.003

0.005

-0.024

0.032

0.784

Sweets/desserts

0.055

0.035

0.076

<.001

0.067

0.045

0.098

<001

0.029

-0.001

0.059

0.055

Soda

0.024

0.004

0.045

0.022

0.043

0.015

0.070

0.002

0.000

-0.031

0.030

0.978

Legumes
Western

Fast food
0.070
0.049
0.092
<.001
0.101
0.079
0.136
<001
0.009
-0.024
0.039
0.641
frequency1'
Standardized betas were controlled for age, gender (full sample), ethnicity, BMI, education, frequency of physical vigorous activity, sleep hours,
sleep hours squared, time, and alcohol.
"Significant effects for gender were seen with dietary variable and negative affect.
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ABSTRACT
Objective: There is evidence demonstrating a protective effect of omega-3 fatty acids on
depression in addition to their effects on cardiovascular disease. Trans fatty acids
increase cardiovascular risk, but their association with mental states is less well
established. The purpose of the study is to explore whether intakes of trans fatty acids are
associated with positive and negative affect. Methods: Adventist church attendees
residing in North America completed a food frequency questionnaire in 2002-6 as part of
the Adventist Health Study-2. A subset of these participants (n=9,121) completed the
Positive and Negative Affect Schedule (PANAS) in the Biopsychosocial Religion and
Health Study conducted in 2006-7. The relationship between dietary intakes of omega-3,
omega-6 and trans fatty acids to positive and negative affect measured by PANAS was
analyzed. The associations were tested with linear regression analysis controlling for age,
gender, ethnicity, education, body mass index, exercise, sleep, sleep squared (to account
for the effects of too little or too much sleep), and alcohol consumption. Results: Intakes
of trans fatty acids were inversely associated with positive affect (p = -0.379, [95% Cl .467, -.290],/?<.001) and positively associated with negative affect (P = 0.281, [95% Cl
.192, .370],/?< 001). Ethnicity interacted with omega-6 fatty acid intakes (p<.05) such
that omega-6 fatty acid were inversely associated with positive affect in Blacks only, but
not after control for trans fatty acid intake. Conclusion: This indication that lower dietary
trans fatty acids determines positive affect and may protect against negative affect
deserves further study in general populations.
Keywords: affect, diet, fatty acids, mental health, trans fatty acids
Word Count: 250.
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Introduction
Dietary fats are found in four forms: (a) saturated, (b) monounsaturated,
(c) polyunsaturated including the essential fatty acids, alpha-linolenic (an omega-3 fatty
acid) and linoleic (an omega-6 fatty acid), and two major omega-3 dietary fatty acids
from marine sources, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DBA), and
(d) trans fatty acids. In the last 50 years, American diets have replaced omega-3
polyunsaturated fatty acids from marine and plant sources with omega-6 polyunsaturated
fatty acids found in common vegetable oils, meats, poultry, and eggs (Parker, Gibson,
Brotchie, Heruc, Reese. & Hadzi-Pavlovic, 2006). Trans fatty acids are formed by the
hydrogenation of vegetable oils and found mainly in commercial products. Forty percent
of all processed foods contain trans fatty acids (Choi, 2004).
Currently, in Western diets, the ratio of omega-6:omega-3 fatty acids ranges from
approximately 20-30:1 instead of the ratio of 1-2:1 observed in people eating more
traditional and less processed diets (Simopoulos, 1999). An increased amount of omega-6
fatty acids shifts homeostatic processes into a prothrombotic and inflammatory state and
may lead to cardiovascular and other chronic mental health diseases (Sanchez-Villegas,
Henriguez, Bes-Rastrollo, & Doreste, 2006; Simopoulos, 1999). In addition, biological
pathways supporting the relationship between fatty acid metabolism and mental health
have been identified. The two long-chain omega-3 fatty acids, EPA and DBA. decrease
the production of the inflammatory eicosanoids derived from omega-6 fatty acids,
including arachidonic acid, by competing with or inhibiting proinflammatory cytokines
(Parker et ah, 2006). Individuals with mental disorders show an increase in inflammatory
eicosanoids derived from arachidonic acid metabolism (Jacka et ah, 2010; Lieb, Salem, &
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Horrobin, 1983; Maes et al., 1996). Diets with higher omega-6:omega-3 ratios have been
observed to possibly enhance the risk for depression (Freeman, 2009; Kiecolt-Glaser et
ah, 2007; Maes et ah, 1996).
Affect is used to describe both the positive or negative facets of subjective well
being and has been shown to be independent of mental illness (Diener, Oishi. & Lucas,
2003). Positive affect has been associated with prudent dietary patterns. A positive
association of daily fruit consumption with life satisfaction was observed in cross-cultural
research (Grant. Wardle, & Steptoe, 2009). Oliver and Wardle (2000) found that positive
mood states were associated with positive dietary behaviors. Cohen et al. (2006) found
among a student population, positive mood states were positively associated with lifestyle
practices such as healthful dietary behaviors. Prudent dietary patterns characterized by
intake of fresh fruits and vegetables (Hu, Rimm, Smith-Warner, et ah, 1999; Slattery,
Kenneth, Caan, et ah, 1998) and vegetarian diets are reported to have an association with
decreased negative mood states (Beezehold et ah, 2010; Hausman, 2011; Jacka et ah.
2010; McMillan, Owen, Kras, & Scholey, 2011; Myint et ah, 2007; Steptoe et ah, 2004;
Wardle et ah, 2000). In contrast. Western dietary patterns characterized by intake of
processed vegetable oils and refined sugars (Slattery et ah, 1998), and lack of omega-3
fatty acids have been reported to have an association with increased negative mood states
(Brinkworth et ah, 2009; Freeman, 2009; Kennedy et ah, 2010; Peet, 2004).
Consumption of trans fatty acids is high in developed countries where
hydrogenated oils are being used in home cooking and products such as baked goods.
highly processed snack foods and fast food (Cullen et ah, 2002; Stevens et ah. 2002;
Teegala, Willet, & Mozaffarian. 2009). The average American over the age of 20 years in
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2006 consumed 5.8 grams of trans fatty acids daily composing approximately 2.6% of
total caloric intake (Choi, 2004). Growing evidence indicates that trans fatty acids
adversely affect cardiovascular health (Mozaffarian, Aro, & Willet, 2009) and increase
serum cholesterol levels (Mensink & Katan, 1990). Experimental evidence has
demonstrated that intakes of trans fatty acids are pro-inflammatory compared to intakes
of other unsaturated fatty acids (Baer et al., 2004). The Nurse's Health Study found
higher concentrations of inflammatory markers in subjects who consumed high amounts
of trans fatty acids (Lopez-Garcia et ah, 2005). Inflammatory markers, including proinflammatory eicosanoids and downstream cytokines, can adversely influence mental
health (Beezehold et ah, 2010; Faroogui, A., Horrocks, & Farrogui, T., 2007: Stahl,
Begg, Weisinger, & Sinclair, 2008). The relation between trans fatty acid consumption
and mental health, specifically affective state, has not been studied. Assuming that
dietary intake patterns have the potential ability to influence mental health towards a
positive or negative outcome (Beezhold et ah, 2010), reducing the intakes of proinflammatory foods, such as trans fatty acids may be protective against negative mental
states and possibly promote positive affect (Dockray & Steptoe, 2010).
In the current paper, the associations between intakes of omega-3 (including
supplements), omega-6 and trans fatty acids with both positive and negative affective
states were studied. This was an observational analysis of a largely healthy cohort of
Seventh-day Adventists. This population spans a wide range of geographical locations.
educational levels, has limited alcohol intake, and includes both genders (Butler et al..
2008). Most importantly, this almost exclusively non-smoking population follows a range
of dietary patterns from vegan to non-vegetarian, as vegetarian diet have been historically
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encouraged by the church (Fraser, 2003), providing ample opportunity to study nutrients
and health outcomes.
Methods
Sample
Two sets of archival data were examined using an observational study design. The
predictor (dietary) variables were assessed in 2002-6 among participants in the Adventist
Health Study-2 (AHS-2) cohort. In brief, the AHS-2 cohort (Butler et ah, 2008) included
approximately 96,000 subjects who were over 30 years of age who filled out a 50 page
mailed questionnaire regarding their medical histories, lifestyle and dietary intakes.
Between 2006-7, the outcome variable (affect) was assessed from the sub-study of AHS2, the Biopsychosocial Religion and Health Study (Lee et ah, 2009) which included the
Psychosocial Manifestations of Religion Sub-Study (PsyMRS) questionnaire. The
PsyMRS aimed to study connections between religion and health and randomly sampled
20,000 AHS-2 participants of which 10,988 responded to the 20-page PsyMRS
questionnaire. The PsyMRS questionnaire included questions on religion, spirituality and
mental health. Recruitment methodologies of subjects in both studies are described in
previous literature (Butler et ah, 2008; Lee et ah, 2009).
All respondents that completed both AHS-2 and PsyMRS surveys were eligible
for analyses (A-10,988). Because of low numbers in these subgroups, subjects less than
35 years of age (AM 32), ethnicities other than Black or White (A=700), non-Seventh
Day Adventists (A/=363), current smokers (A=87), and subjects with an estimated energy
intake <500 kcal/day or >4.500 kcal/day or incomplete dietary data (N=585) were
excluded.
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Dietary Assessments
Dietary intake was assessed by a self-administered food frequency questionnaire
(FFQ), which contains a list of over 200 food items including fruits, vegetables, legumes.
grains, oils, dairy, fish, eggs and beverages, and commercially prepared products such as
dietary supplements, dry cereals, meat substitutes, and soy milk. This FFQ was designed
to specifically assess dietary intake among a population where a large proportion is
vegetarian. Respondents were asked about their intake of foods and supplements during
the past year. Frequency categories range from never or rarely. 1-3 limes per month. X
times per week (where X was 1, 2 to 7, or 5 to 6) or Y time per day (where Y was 1,2 to
3. or -/+). Portion sizes include standard (amount was dependent upon food item),

or

less or IV2 or more. The FFQ was previously validated against six 24-hour dietary recalls
for intake of nutrients and selected foods/food groups (Jaceldo-Siegl et ah, 2011). The deattenuated validity correlations in Whites for omega-3, the omega-6 fatty acids, 18:2/7-6
& 20:4/7-6, and trans fatty acids were 0.53, 0.71.0.77, and 0.51, respectively. In Blacks,
these were 0.43, 0.50, 0.67, and 0.51, respectively (Jaceldo-Siegl et ak, 2010). Dietary
supplements were included in the total omega-3 intakes.
The most common foods contributing to trans fatty acid were solid fats.
specifically margarine. The top 31 foods in the AHS-2 FFQ contributing to the trans fatty
acid nutrient data are found in 'fable 1.
Nutrient intake was calculated using the product-sum method (Willett, 1998).
Thus, I=Z (FxAxS) where I=intake. F=weighted frequency, A=amount of nutrient
consumed and S=standard weight of a standard serving size in grams. Missing values for
amount of foods were coded as the standard serving size only if frequency was marked
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and amount was missing. If frequency was missing and amount of diet variable was
missing, this diet variable was coded as zero. If frequency was missing and amount was
marked, the diet variable was still coded as zero. Nutrient composition data were based
on the NDS-R 2008 database (The Nutrition Coordinating Center), information from
manufacturers, and the Caribbean Food and Nutrition Institute. Nutrient intake was
energy-adjusted using the residual method (Willet, 1998).
Assessment of Affect
Positive and negative affect were measured by a short form of the Positive and
Negative Affect Schedule (PANAS) (Mackinnon et ah, 1999). PANAS has been
validated in a cross-sectional and correlational analysis (Crawford & Henry, 2004). This
10-item scale includes five items on positive emotion: inspired, alert, excited,
enthusiastic, and determined and five items on negative emotion: afraid, upset, nervous,
scared and distressed. The items are assessed on a 5-point rating scale ranging from very
slightly or not at all to extremely, based on the statement “This set of questions consists
of a number of words and phrases that describe different feelings and emotions. Mark a
bubble to show to what extent you have felt this way during the past year.” High internal
reliability was indicated by Cronbach's ex's which were .85 and .87 for positive and
negative affect, respectively.
Control variables were chosen a priori based on expected confounders of
relations between diet and affect. These included age, gender, ethnicity, age, BMI,
education level, frequency of vigorous exercise, alcohol intake, sleep, sleep squared (to
account for risks of high or low amounts), and time between two questionnaires.
Ethnicity was self-defined. BMI was calculated from current height and weight.
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Education level was represented by highest level attained: grade school, some high
school, high school diploma, trade school diploma, some college, Associate degree.
Bachelor’s degree. Master’s degree, or Doctoral degree. Frequency of vigorous exercise
was assessed by the question “How many times per week do you usually engage in
regular vigorous activities, such as brisk walking, jogging, bicycling, etc., long enough or
with enough intensity to work up a sweat, get your heart thumping or get out of breath?”
This questionnaire has been shown to be validated and reliable in Adventist Blacks and
Whites (Singh et ah, 1996; Singh et ah, 2000). Alcohol intake was queried by an
affirmative response to 'I still drink alcoholic beverages’. Participants categorized the
number of hours of sleep at night as <6, 7-8 and > 9. Because low and high amounts of
sleep may be associated with poor health (Akiki & Yoshiyuki, 2004), a quadratic
relationship was investigated between sleep and later affect and found to exist so sleep
squared was included as a control. Time between the two questionnaires was calculated
as the return date of the PsyMRS questionnaire minus the return date of the AHS-2
questionnaire in years.
Statistical Analysis
Missing values constituted less than 3% of the cases for all variables. Thus,
missing value for all control variables were coded as the mean of the values for each
variable.
Descriptive statistics were reported for all measures and data are reported as
mean ± 95% standard deviation. Independent sample /-tests and Chi-square tests were
utilized to examine the differences of characteristics between gender and ethnicities.
Pearson's coefficients were calculated for correlations. The regressions of positive and
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negative affect on fatty acid intake were analyzed separately for Blacks and Whites. The
confidence intervals of the regressions of positive and negative affect on fatty acid intake
variables in Black females and males and White females and males were examined to
determine if they overlapped. If the confidence intervals did not overlap or overlapped
slightly, interaction effects were tested more directly by including a product term for each
fatty acid variable x ethnicity in the regression of affect on fatty acid intake.
After controlling for age. gender, and ethnicity (total sample), BMI, educational
level, frequency of vigorous activity, alcohol intake, sleep, sleep squared, and time
between two questionnaires positive and negative affect were regressed for each of the
fatty acid intake variables. Control for trans fatty acid intakes was performed in the
regression equation of positive affect on omega-6 fatty acids in Blacks after an
interaction was observed in this subgroup. Finally regressions with positive affect as the
dependent variable were controlled for negative affect, and regressions with negative
affect as the dependent variable were controlled for positive affect in addition to other
control variables.
Because of the multiplicity of statistical tests (gender, ethnicity, positive and
negative affect, and three fatty acid intake variables equating to 18 statistical hypotheses),
a Bonferroni adjustment of the cut-off F’-value for statistical significance was determined
at p<.0027. All data were analyzed using SPSS Version 20.0.
Results
The final population sample for this study consisted of 9,121 subjects who
completed the AHS-2 and the PsyMRS, encompassing 3,098 Blacks and 6,023 Whites.
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The study sample resulted in a greater percentage of females than males and a
higher percentage of White respondents than Black (Table 2). Blacks were significantly
younger than Whites and had a significantly higher BMI than Whites. Mean BMIs in
both Blacks and Whites qualified as overweight (>25 kg/m2). Blacks reported
significantly less amounts of sleep hours than Whites. Whites reported a higher current
intake of alcohol compared to Blacks yet the vast majority of the sample did not use
alcohol. The mean time elapsing between the questionnaires was approximately 2 years.
Scores for positive and negative affect were significantly higher in Blacks than Whites.
Positive and negative affect were inversely, but not strongly, associated (r =-.25; ;?<0.01).
Fatty Acid Intakes
The mean omega-3 fatty acid intakes as percent of energy consumed were higher
in Blacks than Whites (Table 3). The mean omega-6 fatty acid intakes as percent of
energy consumed were higher in Whites than Blacks. Trans fatty acid intakes as percent
of energy consumed were higher in Whites than Blacks.
Regression of Affect on Fatty Acid Intakes
In the total population, intakes of trans fatty acids were associated with positive
and negative affect as seen in tables 4 and 5, respectively. Intakes of omega-3 fatty acids
were not associated with affect. Analysis of relations of omega-6 fatty acid intakes with
ethnicity revealed statistically significant interaction ((3= -.034, ;;=.001). Intakes of
omega-6 fatty acids were inversely associated with positive affect in Black females only.
The [3s for Blacks and Whites for omega-6 are displayed in table 3.
In Blacks, the correlation between trans fatty acids and omega-6 fatty acids
appeared greater than in Whites (r = 0.31; ^<0.001; r=0.20; /?<0.001 respectively). When
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trans fatty acid intake was controlled in the regression of omega-6 fatty acid on positive
affect in Blacks, the association between omega-6 fatty acid intake and positive affect
was not statistically significant ([3 =-.027,/?=0.142).
Control for negative affect did not substantially change the inverse association
between trans fatty acid intakes and positive affect ((3 =-0.071; ;;<0.001); likewise,
control for positive affect did not substantially change the association between trans fatty
acid intakes and negative affect ((3 =0.042; /?<0.001).
Discussion
The overall results show that intakes of trans fatty acids were associated with
negative affect and inversely associated with positive affect. Positive and negative affect
reflect different aspects of emotional state, and generally have a somewhat weak negative
correlation with each other (Tellegen et ah, 1999) as observed in the current study. These
results indicate that diets characterized by high intakes of trans fatty acid-containing
margarine, baked goods, popcorn, other snacks and processed foods may determine each
of these independent affective states. Our study did not identify associations between
omega-3 and omega-6 fatty acids and affect in the total population. While intakes of
omega-6 fatty acids were associated with lower positive affect in Blacks, this association
disappeared after adjustment for trans fatty acid intakes.
To our knowledge, this is the first study that associated trans fatty acids intakes
with affect in a population of participants where the majority were vegetarian (Butler et
ah, 2008). Some of the most important confounders were considered in this analysis in
regards to the relationship between diet and mood including BMI, total energy intakes,
sleep, alcohol intake, and vigorous physical activity. As the population consisted of
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church-goers, who are strongly discouraged from using tobacco, smokers were few, and
excluded, thus isolating the relationship between food and affect from smoking. Further
strengths of this study include the representation of major ethnic groups, self-identified
Black and White, the use of a validated food frequency questionnaire covering most
aspects of the diet, and the prospective time course. Because diet was assessed a mean of
2 years prior to assessment of affect the results may indicate the influence of diet on
affect. However, reverse causality remains a possibility, as subjects may have changed
diets prior to dietary assessment due to underlying disease. These analyses are hypothesis
generating, therefore, more research is required to understand and examine a cause and
effect relationship.
We analyzed trans fatty acid intakes from such sources as listed in Table 1, which
largely contain hydrogenated vegetable oils. Hibbeln and Salem (1995) suggest that the
sharp rises in the rate of depression in the 20lh century may be associated with the
increased consumption of vegetable oils. Other epidemiological and clinical evidence
indicates that Western dietary patterns characterized by high intakes of processed foods.
vegetable oils, red meat, high-fat dairy products, eggs, and refined grains are associated
with negative mental health states (Appleton et ah, 2010; Oddy et ah, 2009; Jacka et ah,
2010; Jacka et ah, 2011). Jacka et al. (2010) reported that trans fatty acids foods, typical
of Western diets, are associated with greater odds for depression and anxiety. Our results
extend these observations, suggesting that one of the culprits in Western diets associated
with negative mental affect may be trans fatty acid intakes. A proposed mechanism is the
effects of fatty acids on inflammation.
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Epidemiological and clinical evidence support a protective effect of omega-3 fatty
acids on cardiovascular disease (De Caterina, 2011) and a deleterious effect of trans fatty
acids on cardiovascular disease (Teegala et al., 2009). Putative mechanisms for these
effects have been studied extensively. The omega-3 fatty acids EPA and DHA decrease
the production of the inflammatory eicosanoids derived from arachidonic acid by
competing or inhibiting proflnflammatory cytokines (Parker et ah, 2006). Choice of diet
may influence inflammatory processes (Giugliano et ah, 2006; Mozaffarian et ah, 2009;
Zhao, Etherton, Martin, et ah, 2004) through the modulation of sympathetic activity,
oxidative stress, and pro-inflammatory cytokine production (Cader et ah, 2009; KiecoltGlaser, 2010). Several researchers have also implicated inflammatory processes and
markers in the pathophysiology of depression (Kiecolt-Glaser, 2010; Miller & Blackwell,
2006; Raison, Capuron, & Miller, 2006). In contrast to the anti-inflammatory mechanism
of omega-3 fatty acids, trans fatty acids are associated with pro-inflammatory effects
(Mozaffarian et ah, 2009). The Nurse’s Health Study associated trans fatty acid intakes
with higher inflammatory markers (Lopez-Garcia et ah, 2005). Supporting our findings.
diets containing no trans fatty acids have been associated with lower oxidative stress and
markers of inflammatory processes (Calder, 2009) thus leading to positive affective
states.
Positive affect was increased by the lower intakes of trans fatty acids and
decreased by the greater intakes of trans fatty acids in both males and females. Current
evidence is lacking regarding the relationship between fatty acid intakes and positive
affect (Macht, 2008). McMillan et ah (2011) restricted food intakes with high amounts of
trans fatty acids (red meat, refined sugars, refined flour, pre-packaged and processed
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foods) while increasing subject’s intakes of fruit, vegetables, fatty fish, nuts and seeds.
low-fat natural dairy, and wholegrain cereals and found improvements in mental health
domains. Thus, our study contributes to evidence that the restriction of trans fatty acid
intakes may promote positive moods independently of decreasing negative mental states.
Affect was not associated with omega-3 fatty acid intakes in this study. Diets with
low intakes of omega-3 fatty acids have been associated with increased rates of mental
illness including depressive disorders (Freeman, 2009). A prospective analysis from the
Nurse's Health study found that women who reported higher intakes of omega-3 fatty
acids and lower intakes of omega-6 fatty acids experienced a reduced risk of depression
(Lucas, Mirzaei, O’Reilly, Pan et ah, 2011). However, other observational studies
(Hakkarainen et ah, 2004; Miyake, 2006), cross-sectional evidence (Assies et ah, 2004)
and clinical trials (Grenyers et ah, 2007; Silvers et ah, 2005) exist that in contrast suggest
no benefits in negative moods from omega-3 fatty acid intakes. One study found that
omega-3 fatty acids are associated with mental affective states only in individuals with
mental disorders (Appleton et ah, 2010). Most of the studies indicating an association
between diet and affect have looked at effects of specific foods including fish, nuts and
olive oil (Hakkarainen, Partonen, Haukka, & Virtamo, 2004; Sanchez-Villegas,
Henriques, Figueiras, Ortuna, et ah, 2007). One explanation for the lack of an association
in the current study may be that more than one-half of the population followed vegan or
lacto-ovo vegetarian diets, and results in this population may not be comparable to results
obtained in populations following usual Western patterns of eating.
Affect was associated with omega-6 fatty acids intakes in Blacks, but not after
control for trans fatty acids intakes. Blacks appear to obtain more trans fatty acids from
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protein foods that are breaded and fried foods than other ethnic and gender groups
(Kulkarni, 2004). These foods tend to contain vegetable oils rich both in trans fatty acids
and omega-6 fatty acids, explaining the association between these intakes.
Limitations
Dietary intakes tend to be correlated with each other. As an example, lower
intakes of trans fatty acids are correlated with higher intakes of fruit and vegetables
(Cullen et ah, 2002; Stevens et ah, 2002). Thus, it remains possible that the association
between trans fatty acid intakes and affect were confounded by other foods associated
with trans fatty acids or by eating behavior, which was not assessed in this study.
Previous research supports the utility of the PANAS in large-scale normative data.
Furthermore, the presence of internal consistency within the PANAS has been shown in
the general adult population as well as adequate reliability (Crawford & Henry, 2004).
Critiques of PANAS, suggest inconsistencies due to recall bias, influence of current
mood states, the variables of affective states in everyday lives, and focusing illusions
(Kahneman & Krueger, 2006; Shiftman, Stone, & Hufford, 2008).
Conclusions
Higher intakes of trans fatty acids are found in Western dietary patterns and may
promote negative affect and decrease positive affect. Hydrogenated vegetable oils still
remain in our current food supply in the United States, despite recent legislative efforts.
The results from this study reveal possible relationships with trans fatty acids and mental
health, adding to the harmful effects of trans fatty acids already established.
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Table 5.1
Top Contributors of Trans Fatty Acid Intakes in the AHS-2 Food Frequency
Questionnaire
grams

Items
Margarine, regular, stick
Margarine. Imperial
Margarine, I Can't Believe It's Not Butter

3.66
3.66
3.04

Margarine, Fleischmann's
Doughnuts, cinnamon rolls, pastries, sweet pies
Popcorn, microwaved popped
Margarine, regular, tub

2.55
2.53
2.34

Margarine, spread, reduced calorie
Margarine, Shedd's Spread Country Crock
French fries, hash browns, fried potatoes
Cookies, homemade
Corn bread, Johnnycake

2.05
1.64
1.32
1.20
1.13
1.12
1.08
0.94

Cereal, 100& Natural Granola-Oats & Honey
Cookies, store-bought
Butter, regular
Hamburger/ground beef, 25% fat (regular)

0.68
0.59

Whole grain bread, rolls, buns, or oatmeal bread
Beef or lamb as main dish
Eggs 1
White bread, rolls, buns or French bread
Cake
Processed beef, lamb
Ice cream, milk shakes
American processed, cheddar cheese
Milk (whole or 2%)
Canned tuna, tuna salad, tuna casserole
Chicken or turkey
Whipped or sour cream
Cream cheese, cheese spreads
Cottage cheese, regular or creamed (4% fat)
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0.57
0.51
0.50
0.42
0.30
0.26
0.26
0.22
0.22
0.20
0.19
0.17
0.16
0.14

Table 5.2
Descriptive Characteristics of Study Sample (n= 9121)
Continuous variables are shown as mean (SD);
Categorical variables are shovni as number (percentage)
Blacks
3098 (34.0)
!
Gender
Females 2310 (25.3)
Males
788 (8.6)

Whites
6023 (66.0)

Total
9121

3835 (42.0)
2188 (24.0)

6145 (67.4)
2976 (32.6)

58.5(12.3)

64.0(13.4)

62.1 (13.3)

2 1

28.4(6.05)

26.5 (5.70)

27.1 (5.89)

High school or less
Trade school to associates
Bachelor’s degree
Graduate degree or higher

565 (18.2)
1867 (60.3)
533 (17.2)
133 (4.3)

1107(18.4)
3698 (61.4)
778(12.9)
440 (7.3)

1672 (18.3)
5565 (61)
1311 (14.4)
573 (6.3)

6 hours or less
7-8 hours
9 or more hours

1655 (53.4)
1360 (43.9)
83 (2.7)

1350 (22.2)
4290(71.2)
383 (6.4)

3005 (32.9)
5650 (61.9)
466(5.1)

Never

536 (17.3)

1060(17.6)

1596(17.5)

Less than once/week

452(14.6)

954 (15.8)

1406(15.4)

per week
per week
per week
per week

673 (21.7)
646 (20.9)
301 (9.7)
490(15.8)

1279 (21.2)
1019(16.9)
619(10.3)
1092(18.1)

1952 (21.4)
1665 (18.3)
920(10.1)
1582 (17.3)

No use
Current use

2983 (96.3)
115 (3.7)

5646(93.7)
377(6.3)

8629 (94.6)
492 (5.4)

Age, years
Body mass index, kg/m
Education1

Sleep

i

Frequency of vigorous physical activity

1-2
3
4
5+

times
times
times
times

Current alcohol use

Total energy intake,, kcaFday

1927.3 (823.5) 1873.3 (685.4)

1891.8 (736.1)

Time, years'

1.79 (.67)

1.88 (.66)

1.85 (.66)

Positive affect*1

3.7 (.73)

3.4 (.68)

3.5 (.71)

Negative affect* 1

1.8 (.72)

1.7 (.70)

1.7 (.71)

Omega-3, g/dayl

2.2(1.22)

2.0(1.04)

2.1 (1.10)

17.3 (9.76)

18.1 (8.61)

17.9(9.02)

3.5(3.17)

3.6(2.90)

3.6(3.00)

Omega-6, g/day
Trans fatty acids, g/day

i

Note. *A ffec1 scales range from 1-5, 1 being very slightly or not at all and 5 being
extremely. 1 p-value <.001 for continuous variables t-test and categorical variables chisquared test between ethnicities.
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Table 5.3
Regression of Positive Affect on Fatty Acids
Total n=9121

Blacks n=3098

Whites n=6023

95% C.I.
95% C.I.
95% C.I.
Lower
Upper
p
Lower
Upper
Lower
Upper
p
p
p
p
P
.011
-.009
.031
.300
-.009
-.042
.024
.608
.023
-.002
.048
.073
Omega-3
-.016
-.036
.004
.128
-.059
-.087
-.022
.001
.012
-.013
.038
.349
Omega-6
-.087
-.108
-.067
<.001
-.109
-.138
-.071
<001
-.075
-.101
050
<.001
Trans fatty acids
Note. Standardized f3s shown were controlled for age, gender, ethnicity (in total sample), BMI, education, frequency of vigorous
physical activity, sleep hours, sleep hours squared, time, and alcohol.

Table 5.4
Regression of Negative Affect on Fatty Acids
Total n=9121

Blacks n=3098

Whites n=6023

95% C.I.

95% C.I.

95% C.I.

p

Lower

Upper

p

p

Lower

Upper

p

p

Lower

Upper

p

Omega-3

-.005

-.025

.015

.657

-.016

047

.018

.370

.002

-.023

.028

.860

Omega-6

.012

-.008

.032

.239

.033

002

.062

.063

-.001

-.027

.025

.944

.044
.065
.085
<.001
.077
<.001
.090
.052
.119
<.001
.050
.025
Trans fatty Acids
Note. Standardized [3s shown were controlled for age, gender, ethnicity (in total sample), BMI, education, frequency of vigorous
physical activity, sleep hours, sleep hours squared, time, and alcohol.
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CHAPTER 6
CONCLUSION

A. Summary
My overall results show that positive affect is associated with intake of fresh
vegetables, fresh fruit, olive oil and legumes but inversely associated with intake of
sweets/desserts and soda as well as fast food frequency. By comparison, intake of fresh
vegetables, fresh fruit, and nuts were inversely associated with negative affect while the
intake of red meat and sweets/desserts as well as fast food frequency were associated
with negative affect. Overall, the association of reported food intakes with negative affect
was more pronounced in females than males. These results also indicate that diets
characterized by high intakes of trans fatty acid-containing margarine, baked goods,
popcorn, other snacks and processed foods may determine each of these independent
affective states.
As this was an observational study, the findings do not indicate causality. Foods
typical of a Mediterranean diet that protect against cardiovascular disease, compared to
Western diet patterns may affect mood, or mood may affect choice of foods. My findings
underscore the importance of both positive and negative affect in food choices or vice
versa. My results suggested that foods typical of Mediterranean were associated with
positive affect as well as lower negative affect while Western foods were associated with
low positive affect in general and negative affect in women. Intakes of trans fatty acids
w^ere associated with negative affect as well as lower positive affect. More efforts are
needed to study the causal effects of how food intake may predict affective states.
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B. Strengths
These specific associations of various food intake patterns and affect produced
small but statistically significant results. These analyses are hypothesis generating,
therefore, more research is required to understand and examine a cause and effect
relationship. Therefore this study may act to initiate the beginning of many research
opportunities to analyze the casual effects of dietary intake patterns upon positive mental
health states. One strength of this study includes the use of a validated food frequency
questionnaire covering most aspects of the diet, and the prospective time course. Because
diet was assessed a mean of 2 years prior to assessment of affect the results may indicate
the influence of diet on affect. However, reverse causality remains a possibility, as
subjects may have changed diets prior to dietary assessment due to underlying disease.
A second strength of this study is that some of the most important confounders
were considered in this analysis in regards to the relationship between dietary intake and
mental state including gender, BMI, total energy intake, smoking, and alcohol. As the
population consisted of church-goers, belonging to a denomination that strongly
discourages adherents from using tobacco, smokers were few, and excluded, isolating the
relationship between food choices and affect from smoking. Alcohol intake was low in
this population, as expected, with only 5-6% reporting current use.
C. Limitations
The limitations of the study include the complex nature of diet where certain
foods tend to be consumed together. I did not test a specific dietary pattern, but chose
foods a priori that are characteristic of Mediterranean or Western patterns. A causal
relationship of food predicting later mood states is not implied. Positive or negative affect
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may be related to adherence to healthy or unhealthy dietary patterns. A self-reporting bias
was plausible since data from questionnaire are self-reported and could have inhibited
accurate responses from the subjects.
Other data were not available, including information on biological measurements.
At the baseline measurement, I lacked data regarding mental disease. Such data may be
used to exclude subjects with depression, who may be most likely to change their dietary
pattern after a diagnosis of depression, i.e. eat more sweets to ameliorate depressive
symptoms. My population represents a Seventh-day Adventist population where healthy
eating and spiritual lifestyles are emphasized which limits the ability to generalize to a
population where such are lacking. My population also includes only Whites and Blacks,
limiting my ability to generalize to other races and/or ethnicities. Lastly, dietary intakes
tend to be correlated with each other. Thus, it remains possible that the association
between trans fatty acid intakes and affect were confounded by other foods associated
with trans fatty acids or by eating behavior, which was not assessed in my study.
D. Implications for Practice
My aim was to associate dietary habits and positive mental health. As a
preventive care specialist, my desire is to assist individuals prior to diseased states by
encouraging healthy lifestyles. Improving dietary behaviors and mental health states to
reach optimal health are both frequently lifestyle goals and lifestyle behavior changes
recommended by preventive care specialist to reduce risks of chronic disease. As a
preventive care specialist and a Registered Dietitians, protocols are used in medical
nutrition therapy in order to correct malnutrition status such as low serum protein levels
or decrease serum lipid levels by limiting dietary cholesterol intakes. However, the
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relationship between food and mood is less known in the lay public and in western
medicine as an established association between food and mental disease. Awareness of
preventative efforts through changes in one’s diet has great public health significance for
the promotion of positive mental health. Dietary habits such as emphasizing the intakes
of healthy dietary fats and fresh fruits and vegetables are not only critical for physical
health yet my study emphasizes that these dietary habits may also promote optimal
mental health.
When this study was being initiated, I began to brainstorm on the possibilities that
food choice may be related to mood. In current literature and in medical practice, dietary
protocol for medical nutrition therapy supports the notion that food choice influences
later physical health outcomes; therefore food choice may in fact influence emotional
outcomes such as restricting trans fatty acids to increase positive emotions. As I began
my literature review, I discovered food and later mood is an evolving area of research as
established associations between food and mental health states have been reported using
cross-sectional and epidemiological designs. There are few studies using prospective
designs and controlled trials, which allow researchers to establish a causal relationship of
food intakes influencing later mood states. As a preventive care specialist, my aim is to
help society in discovering behaviors that will promote optimal health and not simply aim
for the absence of disease.
E. Implications for Research
Implications for future research need to consider all of the potential confounders
that may be involved in dietary behaviors and mental health states such as history of
and/or current disease states, mental health and illnesses and total energy intakes. Many
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studies have associated only the frequency of food intakes upon health outcomes, limiting
the results as it does not control for the complete picture of one's diet. The preparation of
food is also another factor that needs to be considered in future studies as the process of
grilling, frying, or boiling cooking methods may later nutritional components of food,
therefore altering their influence on health outcomes. Lastly, future studies need to take
into account the reasons for food choices, such as controlling for emotional eating as this
may directly control and influence food consumption. The motivation for food choice
may confound the direct causal relationship between a food's biological mechanism upon
mood and mental states.
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