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The Moderating Role of Diet Patterns in the Relationship Between Perceived Stress and 

Cognitive Function in Older Adults 

Master of Arts, 2019 

Danielle D’Amico 
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Abstract 

The current study examined the moderating role of adherence to a healthy prudent diet 

and an unhealthy Western diet in the relationship between perceived stress and cognitive 

function among community-dwelling older adults. It was hypothesized that the association 

between perceived stress and cognition would be buffered by prudent diet and exacerbated by 

Western diet intake. 201 adults aged 60 and older participated in the study. Prudent diet was a 

significant effect-modifier, such that higher perceived stress was associated with poorer 

executive functioning at low levels of prudent diet. Prudent diet did not moderate the association 

between perceived stress and episodic memory. Western diet was not a significant effect-

modifier in the perceived stress-cognition relationship. These findings provide preliminary 

evidence that a healthy diet may buffer the association between perceived stress and executive 

function in older adults. Future research with a more diverse sample is needed to confirm these 

findings. 
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The Moderating Role of Diet Patterns in the Relationship Between Perceived Stress and 

Cognitive Function in Older Adults 

 Older adults are the fastest growing age cohort in Canada (Statistics Canada, 2016). It is 

projected that the proportion of older adults over the age of 65 will increase up to 25% by the 

year 2031 (Statistics Canada, 2011). With an aging population on the rise comes greater 

prevalence of neurodegenerative diseases such as dementia (Pelletier, Robitaille, Mcrae, & 

Toews, 2017). Today, there are an estimated 564,000 Canadians living with dementia 

(Alzheimer’s Society of Canada, 2016), which has a profound economic impact on Canada’s 

health care system. According to Statistics Canada (2016b), the combined cost of dementia for 

the Canadian health care system and out-of-pocket caregiver services is approximately $10.4 

billion and is expected to increase to $16.6 billion by 2031. Currently, there is no cure for 

dementia and related neurodegenerative disorders, and treatments only modestly improve 

symptoms. Therefore, the identification of risk factors that can slow cognitive deterioration 

and/or preserve cognitive health in late life is an urgent public health priority.  

 The maintenance of cognitive function in late life is fundamental for ensuring optimal 

aging (Rowe & Kahn, 1987; Fiocco & Yaffe, 2010), as cognitive deterioration is a significant 

antecedent to other indices of wellbeing in late life. Indeed, declines in cognitive abilities 

precede deterioration in other measures of health, such as increased incidence of stroke 

(Rostamian, Mahinrad, Stijnen, Sabayan, & de Craen, 2014), falls (Muir, Gopaul, Odasso, 2012), 

poor adherence to medical instructions (Brown & Park, 2003), reduced quality of life (Barrios et 

al., 2013), and early institutionalization (Gnjidic et al., 2012). Although age is the primary risk 

factor associated with declines in cognitive function, individual differences in cognitive aging 

are well documented (Yaffe et al., 2009; Barnes et al., 2007, Murman, 2015).  
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 Among the various individual-difference factors that contribute to variance in cognitive 

aging, the experience of stress has received a great deal of attention. Increased perceived stress is 

negatively associated with memory performance (Bremner & Narayan, 1998) and executive 

functioning (Starcke, Wiesen, Trotzke, & Brand, 2016), especially in older adults, who are 

particularly vulnerable to the detrimental effects of stress on cognition (Garrido, 2011). In a 

landmark study by Lupien et al. (1998), older adults who displayed a 5-year increase in the 

secretion of cortisol, a major stress hormone, presented with poorer memory function at follow-

up compared with older adults who displayed stable or decreasing cortisol secretion. Further, in a 

study by Seeman, McEwen, Singer, Albert, and Rowe (1997), older women who reported 

reductions in stress over two years displayed improved performance on tests of memory, 

suggesting that the impact of stress on cognitive function is reversible. As such, it is valuable to 

consider factors that may aid in buffering the detrimental effect of stress on cognitive function in 

late life.  

  Consuming an adequate diet is suggested to be an essential component of successful 

aging (Shlisky et al., 2017). Specifically, adherence to specific diet patterns is a modifiable 

lifestyle behaviour that is associated with both stress and cognitive functioning in older 

adulthood. Consumption of foods constituting a diet pattern low in essential nutrients is 

associated with increased levels of stress (Laugero, Falcon, & Tucker, 2011), and poorer 

cognitive functioning among older adults (Milte & McNaughton, 2016). To date, however, there 

is a paucity of research that has investigated the interplay between perceived stress, cognitive 

function, and diet patterns in an older adult population.  

 This thesis aims to address this gap by investigating how adherence to an “unhealthy” 

Western diet pattern, or adherence to a “healthy” prudent diet pattern, moderates the relationship 
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between perceived stress and cognitive function in non-demented, community-dwelling older 

adults. The following sections will provide an overview of the literature on cognitive aging, 

stress, diet intake, and the interrelationships among these factors.  

Cognitive Aging 

 Changes in cognitive functioning with age have been well documented in the literature 

(Glisky, 2007). Contrary to what is recognized as a normal part of the aging process by non-

experts, cognitive aging is distinct from the diagnosis of neurodegenerative diseases such as 

Alzheimer’s disease and other dementias that encompass pathological aging (Blazer, Yaffe, & 

Karlawish, 2015). Instead, cognitive aging is best viewed as a continuum whereby some older 

adults exhibit minor to no changes and others exhibit major declines in cognitive abilities (Yaffe 

et al., 2009). Further, some cognitive abilities decrease with age such as episodic memory and 

executive functions, whereas other cognitive abilities are typically resilient and may even 

improve with age, such as language (Murman, 2015). Fluid and crystallized intelligence are 

classifications that have been proposed to characterize which domains of cognition often change, 

and which remain intact with aging. 

 Crystallized intelligence refers to acquired knowledge and practiced skills that are 

accumulated throughout the lifespan (Horn & Cattell, 1967). These abilities include procedural 

memory, speech comprehension, and semantic memory (i.e., memory for facts and general 

knowledge; Horn & Cattell, 1967). In contrast, fluid intelligence refers to cognitive abilities that 

require the capacity to learn and solve novel problems independent of knowledge gained in the 

past. These abilities include executive functions, which encompass higher-order mental 

processes such as abstract reasoning, problem-solving, planning for the future, attending to and 

organizing information, and response inhibition (Harada, Natelson Love, & Triebel, 2013). 
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Components of learning and memory are also constituents of fluid intelligence, and include 

episodic memory (i.e., memory for past specific events). In support of the distinction between 

fluid and crystallized intelligence, evidence from longitudinal studies suggests that age-related 

changes often involve a linear decline in speed of processing, reasoning, and episodic memory, 

while vocabulary demonstrates an upward trend until 50 years of age, and stability or minor 

declines with advancing age (Schaie, 1996; Salthouse, 2004). 

 Executive functioning is essential to perform novel tasks for which a set of habitual 

responses has not been learned. The ability to switch between tasks of different rules, or set-

shifting, is an element of executive functioning that requires cognitive flexibility and control to 

disengage from a previous response in favour of a novel or alternative response, and often 

declines into older adulthood (Zelazo, Craik, & Booth, 2004; Wecker, Kramer, Hallam, & Delis, 

2005). Such complex cognitive processing requires considerable expenditure of attentional 

resources, which largely depend on the integrity of the frontoparietal control network and the 

prefrontal cortex (PFC), a neural structure which commonly displays changes throughout the 

course of normal aging (Zelazo et al., 2004). Executive functioning also facilitates the 

organization, integration, and maintenance of other cognitive abilities such as memory.  

 Declines in memory throughout the aging trajectory are well documented in the literature 

(Harada et al., 2013). Specifically, details and source accuracy of episodic memories (Harada et 

al., 2013) and prospective memory (i.e., remembering to perform an action in the future; Henry, 

MacLeod, Phillips, & Crawford, 2004) are domains of memory that are affected by aging. Stages 

of memory including encoding and retrieval also decline with age (Friedman, Nessler, & 

Johnson, 2007). In support of age-related changes in memory, Park et al. (2002) examined 

memory performance cross-sectionally in 324 adults ranging in age from 20 to 90 years, and 
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found linear declines in speed of processing, short-term memory, and long-term memory. 

Maintenance of memory is largely dependent on the integrity of the PFC and the hippocampus 

(HC), a brain structure sensitive to changes with age (O’Shea, Cohen, Porges, Nissim, & Woods, 

2016; Reuben, Brickman, Muraskin, Steffener, & Stern, 2011). 

 Memory performance measured by delayed free recall often declines with age, especially 

if learning requires mental manipulation of the material, if more than one task must be performed 

while learning, and if no cue is given for retrieval (Murman, 2015). Changes in memory 

performance are the result of reduced processing speed (Luszcz & Bryan, 1999) and diminished 

attentional ability to ignore irrelevant stimuli (Darowski, Helder, Zacks, Hasher, & Hambrick, 

2008). This demonstrates the complex interaction between cognitive domains that are commonly 

treated as separate entities, given that the aforementioned abilities encompass components of 

both memory and executive functions (Craik, 2008). For example, Duff, Schoenberg, Scott, and 

Adams (2005) found a 55-60% shared variance in performance on tests of executive functioning 

and learning and memory in older adults.  

 The maintenance of executive functioning and memory processes in older adulthood is 

important as both abilities have been identified as predictors of independent living and autonomy 

(Hart & Bean, 2011), quality of life (Davis, Marra, Najafzadeh, & Liu-Ambrose, 2010) and the 

ability to carry out activities of daily living (Gross, Rebok, Unverzagt, Willis, & Brandt, 2011). 

Further, diminished executive functioning is associated with difficulties in carrying out health-

promoting behaviours such as adhering to medical regimens (Brown & Park, 2003), as well as 

impaired driving which has been shown to increase the incidence of motor vehicle accidents in 

older adulthood (Wagner, Muri, Nef, & Mosimann, 2011).  
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 Individual differences in cognitive aging. A central theme across the cognitive aging 

literature is the notion that age-related cognitive change is highly heterogeneous across 

individuals. Indeed, Rowe and Kahn (1987) posited that variability in the cognitive function of 

older adults is high, suggesting that some older adults show poor cognitive performance, while 

others show high cognitive performance. Particularly, Barnes et al. (2007) reported three distinct 

cognitive trajectories over a 15-year period in a sample of community-dwelling women over the 

age of 65: major decliners with significant clinical decline (33%), minor decliners (58%), and 

maintainers (9%) who exhibit no decline over 15 years. Those who maintained cognitive 

function exhibited a unique profile compared to minor and major declines. Namely, they were 

less likely to report comorbid medical conditions, less likely to have difficulty with daily 

activities and social integration, and more likely to engage in a healthy lifestyle. Three distinct 

trajectories of global cognitive function were also found in a longitudinal study by Yaffe et al. 

(2009), which evaluated predictors of declining and maintaining cognitive function over eight 

years in a biracial sample of 2,509 older adults 70-79 years of age at baseline. In comparing 

minor decliners with major decliners, being older, having less than a high school education, and 

having lower levels of social support predicted the risk of major cognitive decline. Conversely, 

in comparing minor decliners to cognitive maintainers, being younger, having a high school 

education, living with someone, engaging in moderate to vigorous weekly exercise, and not 

smoking predicted maintaining global cognitive function over eight years. 

  Together, these findings suggest that there are specific factors that differentiate high and 

low cognitive performers. One particular factor of interest that has been evaluated as an 

individual differences factor contributing to the heterogeneity of cognitive health is the 

perception of stress. 
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Perceived Stress and the Stress Response 

 The term stress was first coined by Hans Selye (Selye, 1956) who described stress as a 

non-specific response to any demand placed upon the body. Currently, the stress response is 

understood as encompassing both psychological and physiological components. Lazarus’s model 

of cognitive appraisal (Lazarus, 1966) can be used to conceptualize the psychological component 

of the stress response. The model posits that stress is experienced relative to: 1) how threatening 

the stressor is perceived to be (i.e., primary appraisals), and 2) the availability of resources 

available to cope with the stressor and terminate the stress response (i.e., secondary appraisals). 

Thus, an event is perceived as stressful when it is believed that the demands of the stressor 

exceed one’s ability to cope. Further, situations appraised as novel, uncontrollable, 

unpredictable, and threatening to one’s ego are more likely to be perceived as stressful, and 

subsequently facilitate activation of the body’s biological stress response systems (Dickerson & 

Kemeny, 2004). 

 The body’s biological response to stress is facilitated by the sympathetic-adrenal-

medullary (SAM) axis and the hypothalamic-pituitary-adrenal (HPA) axis (Piazza, Almeida, 

Dmitrieva, & Klein, 2010), two stress-sensitive systems that begin their cascade of biological 

events through activation of the hypothalamus. The SAM axis is activated immediately 

following exposure to a stressful stimulus and is governed by the sympathetic nervous system, 

which releases catecholamines, adrenaline and noradrenaline, from the adrenal medulla into the 

bloodstream. These stress hormones trigger the fight-or-flight response characterized by 

autonomic indicators of sympathetic arousal such as pupil dilation, elevated heart rate and blood 

pressure, increased respiration, sweating, and energy mobilization to muscles (Piazza et al., 

2010), all of which are vital in order to cope with an acute stressor.  
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 Concurrently, the slower-acting HPA axis involves a signalling cascade between the 

hypothalamus, pituitary gland, and adrenal cortex. In the face of a stressor, the hypothalamus 

releases corticotropin-releasing hormone (CRH), which acts on the anterior pituitary gland, 

triggering the release of adrenocorticotropic hormone (ACTH) into the bloodstream. ACTH is 

transported via the blood to the adrenal cortex, which releases glucocorticoids (GCs) into the 

bloodstream. GCs are also called cortisol in humans and enable the individual to adapt to the 

stressor by further facilitating SAM axis activity, signalling immune system function, and 

distributing energy in the form of glucose to skeletal muscles and the brain (Piazza et al., 2010). 

After being released into the bloodstream, GCs cross the blood-brain barrier whereby they exert 

their influence on GC receptor-dense areas in the brain such as the HC and PFC (Conrad, 2008). 

 In order to maintain bodily homeostasis, the HPA axis is regulated by a negative 

feedback loop whereby cortisol signals to the hypothalamus that the stressor has subsided. 

Consequently, the release of cortisol is terminated in order to maintain homeostasis (Tsigos & 

Chrousos, 2002). The negative feedback loop of the HPA axis is regulated in part by the HC, 

which as previously mentioned is a brain structure typically responsible for memory processes 

(Jacobson & Sapolsky, 1991).  

 The systems underlying the stress response are adaptive in the short-term as they protect 

against adverse pressures of the environment by stabilizing and preparing the body to respond 

and cope, increasingly the likelihood of survival in the face of a threat (McEwen, 2007). 

However, chronic activation of these stress response systems in response to internal and external 

stressors and subsequent failure of these systems to shut down to achieve homeostasis can result 

in prolonged activations of stress-sensitive systems, which can have a negative impact on the 

body and brain (Sapolsky, Krey, & McEwen, 1986). The glucocorticoid cascade hypothesis 
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provides a mechanistic explanation for the dynamic relationship between stress and the brain. 

The theory posits that chronic GC secretion causes deficits in brain areas via neurotoxic effects 

on hippocampal neurons (Sapolsky et al., 1986). Specifically, excessive GCs released into the 

blood stream during periods of stress cross the blood-brain barrier and desensitize the HC to 

subsequent GC exposure by downregulating GC receptors. Over time, hippocampal damage 

occurs and HPA axis regulation by the HC becomes less effective, resulting in a feed-forward 

cycle of elevated GCs and continued hippocampal damage (Sapolsky et al., 1986). In support of 

the glucocorticoid cascade hypothesis, Lupien et al. (1998) measured cortisol levels in 51 healthy 

older adults over a 5-year period and found that individuals with high basal cortisol levels had a 

14% smaller hippocampal volume compared to those with moderate basal cortisol levels.  

 In addition to the HC, GCs also impact the integrity of the PFC. Dai, Buijis, and Swaab 

(2004) found that increased levels of GCs in humans resulted in diminished axonal transport of 

neurons in the PFC, which lead to reduced neuronal survival and function. Altogether, the 

abovementioned findings suggest an underlying biological mechanism for the impact of stress on 

cognitive performance. As such, the proceeding section will discuss research pertaining to the 

effects of stress on cognitive functioning. 

Stress and Individual Differences in Cognitive Aging 

 Over three decades of research using cross-sectional and longitudinal study designs have 

supported the robust relationship between stress and cognitive functioning in late life. A 

groundbreaking study by Issa, Rowe, Gauthier, and Meaney (1990) was the first to show 

individual differences in cognitive performance as a function of GC activity in rodents. 

Specifically, this study found that basal and reactive levels of GCs were higher in cognitively 

impaired aged rats compared to cognitively intact aged rats. These findings were extended to 
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humans in a study by Lupien et al. (1994), who examined the association between memory 

performance and cortisol secretion over four years in a sample of 19 healthy older adults. It was 

found that older adults who displayed increasing cortisol over the 4-year period (30% of the 

sample) performed more poorly on tasks assessing memory compared with older adults who 

displayed decreasing levels, or no change in cortisol levels over time. These results have been 

replicated in other studies showing that higher levels of cortisol predict declines in memory 

performance (Li et al. 2006; Lee, Glass, Wand, McAtee, & Bandeen-Roche, 2008; Segerstrom, 

Geiger, Boggero, Schmitt, & Sephton, 2016). Cortisol also impacts executive functioning (Sauro, 

Jorgensen, & Pedlow, 2003). For example, Lee, Glass, and McAtee (2007) found that increased 

cortisol levels associated with worse performance on tasks of executive function. Together, these 

findings demonstrate the role of stress hormones on the trajectory of cognitive aging. 

 Robust associations between perceived stress and cognitive function have also been 

reported. A cross-sectional study by Korten, Comijs, Penninx, and Deeg (2017) showed that 

higher levels of self-reported stress were associated with worse performance on tasks of verbal 

memory and executive functioning in a sample of older adults between the ages of 64 and 100. 

Further, in examining the association between perceived stress and cognitive function over a 2-

year period, higher levels of perceived stress predicted slowed performance in cognitive tasks 

across time (Munoz, Sliwinski, Scott, & Hofer, 2015). Aggarwal et al. (2014) measured episodic 

memory using a battery of neuropsychological tests and found that perceived stress was related 

to lower baseline cognitive scores and a faster rate of cognitive decline over a 6.8-year period. In 

a recent 9-year prospective study examining perceived stress as a risk factor for cognitive 

decline, Turner, James, Capuano, Aggarwal, and Barnes (2017) reported that higher levels of 
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perceived stress were related to faster declines in global cognition and episodic memory over 

time.  

 The relationship between stress and cognitive function is hypothesized to be a result of 

resource competition. Namely, stress impairs attention, which effects on performance on 

effortful cognitive tasks (Hasher & Zacks, 1979). Thus, stress acts as a cognitive load, which 

creates a dual-task situation in which attention must be divided between cognitive task demands 

and coping with the demands of the stressor. When an event is perceived as stressful, cognitive 

resources must be allocated to cope with the demands of the stressor, thus reducing resources 

available to perform cognitive tasks (Stawski, Sliwinski, & Smyth, 2006). Specifically, 

rumination and worrying in response to stress utilizes the cognitive capacity needed to perform 

such cognitive tasks, thereby reducing cognitive performance. Although the aforementioned 

effect of stress on cognition has been reported throughout the lifespan, it is thought to be 

amplified in older adults, given that attentional capacity, response inhibition, and the cognitive 

resources needed for coping often diminish with age (Stawski et al., 2006). In support of this 

notion, Stawski et al. (2006) reported that memory was worse on stressor-high days compared to 

stressor-free days, particularly among older adults, suggesting that older adults are especially 

sensitive to the adverse effects of stress on cognition.  

 Taken together, the aforementioned lines of research present strong evidence for the 

effect of stress on cognitive function and highlight the role of stress as a risk factor for cognitive 

decline. Thus, investigating factors that could alleviate the impact of stress on cognitive aging is 

important, especially given the vulnerability of older adults to the impact of stress on cognition 

(Sliwinski, Smyth, Hofer, & Stawski, 2006), and the ability of cognitive performance to improve 



  

	 12	

as stress decreases (Seeman et al., 1997). A potential moderating factor that is associated with 

stress and cognitive function in late life is diet and nutrient intake. 

Nutrient Intake and Cognitive Aging 

 The main goal of nutrition research in the context of aging is to identify diets that 

promote optimal aging and prevent pathological aging. Most nutrition research to date focuses on 

individual nutrients or dietary constituents and their relationship to various health outcomes, 

including cognitive functioning (Morris, 2012).  

 Both micronutrients (i.e., vitamins and fatty acids) and macronutrients (i.e., 

carbohydrates, fats, and proteins) have been identified as having an impact on cognitive 

functioning (Staubo et al., 2017). Investigation of physiological changes at a molecular level has 

helped to elucidate possible mechanisms of action for changes in cognition pertaining to diet. 

Oxidative stress and inflammation are two potential mechanisms underlying the effects of poor 

nutritional intake on cognition (Butterfeld et al., 2002). Oxidative stress refers to an inability of 

the body to repair the harmful effects of free radical production, and triggers inflammatory 

processes, the body’s protective mechanism against antigens (Lugrin, Rosenblatt-Velin, 

Parapanov, & Liaudet, 2014). Although inflammation is advantageous in the short-term, it can 

have negative health consequences when chronically activated (Khansari, Shakiba, & 

Mahmoudi, 2009). Specifically, oxidative stress and chronic inflammation have been identified 

as factors influencing the development of cognitive decline in older adulthood (Warnberg, 

Gomez-Martinez, Romeo, Diaz, & Marcos, 2009). Diets low in fat-derived energy that reduce 

oxidative stress may be protective against cognitive decline, while a diet high in fat-derived 

energy that increases oxidative stress may be a risk factor for reduced cognitive function 

(Butterfeld et al., 2002). Inflammatory processes and oxidative stress may therefore be critical 
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targets for the amelioration of declining brain function across the lifespan, which can be 

addressed through improved dietary intake. 

 Fatty acid intake is also associated with cognitive function. Dietary fatty acids are 

classified into saturated fatty acids and unsaturated fatty acids. Unsaturated fatty acids can be 

further divided into monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids 

(PUFAs). Among the numerous types of fatty acids, an important component of dietary fat is the 

level of omega-3 PUFAs, which are primarily derived from fish, nuts, and leafy vegetables 

(Harper & Jacobson, 2003). Omega-3 fatty acids are associated with lower incidence of 

cognitive impairment through their direct influence on neuronal membrane integrity. Namely, 

omega-3 fatty acids consist of docosahexaenoic acid (DHA), which helps support the structural 

integrity and functionality of neurons (Smith & Blumenthal, 2016). Further, foods high in 

omega-3 also have beneficial effects on cognitive function via brain-derived neurotropic factor 

(BDNF) and insulin-like growth factor-1 (IGF-1), which alter the protein pathways involved in 

neuronal function (Gomez-Pinilla, 2008). In support of this, Morris, Evans, Bienias, Tangney, 

and Wilson (2004) found that individuals with higher levels of omega-3 fatty acids were less 

likely to exhibit cognitive decline, while individuals with high intake of saturated fatty acids 

were at greater risk for cognitive decline. 

 Antioxidants including vitamins A, C, and E are derived from fruits and vegetables, and 

are also associated with cognitive function in late life. Brain tissue contains low levels of 

naturally occurring antioxidants and is susceptible to damage via oxidative stress in which 

dietary antioxidants serves as a protective factor (Lalkovicova & Danielisova, 2016). Indeed, 

greater intake of foods high in antioxidants are associated with reduced rates of cognitive decline 
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and improvements in cognitive performance over time (Morris, Evans, Bienias, Tangney, & 

Wilson, 2002). 

 Additionally, macronutrients are dietary components that make up the majority of one’s 

diet and include fat, carbohydrates, and proteins (Kritchevsky & Houston, 2012). Diets high in 

saturated fats increase the risk of cognitive impairment via oxidative stress and inflammation 

(Freeman & Granholm, 2012). Further, high intake of carbohydrates, specifically simple sugars 

such as glucose and sucrose, has been associated with poor cognitive functioning (Jurdak & 

Kanarek, 2009). This effect is hypothesized to be due to sugar’s involvement in insulin 

resistance, which limits blood flow and nutrient delivery to brain tissue, specifically the HC, 

impacting memory performance (Pathan, Gaikwad, Viswanad, & Ramarao, 2008). 

 It is important to note that individual nutrients and foods are not consumed in isolation, 

and cognitive health is likely to be influenced by an interaction of multiple nutrients (Fowles, 

Sterling, & Walker, 2007). Thus, examining nutrition from a dietary pattern perspective is 

beneficial as it may offer insights into the synergistic effects of combined nutrient patterns on 

cognitive functioning (Jacobs, Gross, & Tapsell, 2009).  

Diet Patterns as a Holistic View of Nutrition 

 In order to represent complex interactions and cumulative effects of nutrition on 

cognitive health, nutrition research has largely shifted to a dietary pattern analysis (Cespedes & 

Hu, 2015). Dietary pattern analysis provides a comprehensive view of the overall diet in terms of 

frequency and quantity of foods consumed, the combination and variety of food groups, and their 

nutrients (Hu, 2002). The formulation of diet patterns may be theory-driven or data-driven. 

Theory-driven diet patterns evaluate dietary adherence to pre-existing dietary recommendations, 

such as the Mediterranean (Medi) diet and the Dietary Approaches to Stopping Hypertension 



  

	 15	

(DASH) diet (Tangney et al., 2014). Conversely, data-driven diet patterns are identified via 

underlying correlation matrices of dietary behaviours using factor or cluster analyses based on 

individual food intake. Data-driven approaches are beneficial as they capture complex patterns of 

food intake as opposed to dichotomizing dietary behaviour into adhering to or not adhering to a 

specific pattern in question (Moeller et al., 2007). The Western and prudent diet are two diet 

patterns that are commonly derived from data-driven approaches in studies examining the 

relationship between diet and cognitive health (Shakersain et al., 2016). Although it is practically 

possible to consume foods that encompass both a prudent and Western diet pattern, data-driven 

approaches to deriving dietary patterns eliminate this possibility by preventing the factors from 

correlating in order to facilitate factor interpretability. 

 The Western diet is a dietary pattern that is generally characterized by low intake of 

essential vitamins and nutrients, and high intake of foods high in saturated fats and refined 

carbohydrates (Kanoski & Davidson, 2011). Intake of red and processed meats, high-fat dairy 

products, white breads, butter, starchy foods (e.g., potatoes), fried foods, and foods high in 

processed sugars (e.g., baked goods, sugary drinks, and candy) has been identified as belonging 

to the Western diet pattern (Zhang et al., 2015). Conversely, a diet high in fruits, vegetables, 

whole grains, nuts and seeds, and moderate intake of olive oil, seafood, poultry, and low-fat 

dairy products characterize the prudent diet pattern (Feart, Samieri, Alles, & Barberger-Gateau, 

2013). The prudent diet pattern is suggested to be a health-conducive diet pattern due its source 

of B vitamins, antioxidants, and MUFAs, and lack of simple sugars and saturated fats, which 

provide protective effects on chronic diseases including neurodegenerative disorders (Petersson 

& Philippou, 2016; Roman, Carta, Martinez-Gonzalez, & Serra-Majem, 2008; Sofi, Abbate, & 

Casini, 2008). Given that the risk for cognitive decline becomes greater with age (Salthouse, 
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2009), investigating how diet patterns influence the aging brain is especially important to 

promote healthy aging. 

 Diet patterns and cognitive function. Modifiable factors include lifestyle behaviours 

such as diet and are especially useful as they have the potential to be altered in order to prevent 

or ameliorate cognitive decline in late life (Smith & Blumenthal, 2016). Evidence linking 

lifestyle to brain health has highlighted the role of diet in the cognitive aging process (Milte & 

McNaughton, 2016). 

 A number of prospective epidemiological studies have investigated adherence to a 

prudent diet pattern and its impact on cognitive function. For example, Panza et al. (2004) found 

that adherence to a prudent diet pattern high in energy intake from MUFAs was protective 

against age-related cognitive decline. Tangney, Kwasny, Wilson, Evans, and Morris (2011), 

Gardener et al. (2015), and Feart et al. (2009) also assessed the relationship between diet pattern 

adherence and neurocognitive performance in older adults and found that higher adherence to a 

prudent diet was associated with slower rates of decline in global cognition and executive 

functioning. Further, Anastasiou et al. (2017) found that adherence to a prudent diet in 1865 

older adults was associated with better performance on neurocognitive tests of verbal episodic 

memory, as well as decreased odds of developing dementia. Adherence to a prudent diet is not 

only associated with slower cognitive decline but also attenuates the negative effects of a 

Western diet on cognitive performance (Shakersain et al., 2016). Although the aforementioned 

studies are observational in nature, a recent randomized controlled trial found that higher 

adherence to a diet rich in foods encompassing a prudent diet pattern associated with 

improvements in global cognitive function and episodic memory after a 1-year follow up 
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(Marseglia et al., 2018). Altogether, these findings provide ample evidence for the protective 

effects of adherence to a prudent diet on cognitive function in late life. 

 Adherence to a Western diet pattern, which is typically high in simple sugars and 

saturated fats, causes neurological changes, with subsequent effects on cognitive functioning 

(Attuguayefio et al., 2016). Shakersain et al. (2016) found that individuals adhering to a Western 

diet had greater declines in global cognitive function. As well, Jacka, Cherbuin, Anstey, 

Sachdev, and Butterworth (2015) found that higher consumption of a prudent diet pattern was 

associated with larger hippocampal volume and adherence to a Western diet pattern was 

associated with smaller hippocampal volume, possibly elucidating the structural mechanism 

through which diet patterns influences cognition.  

 While there are a number of factors that may determine choice of consuming a Western 

versus a prudent pattern diet, research has shown that the experience of stress may impact 

nutrient intake; especially Western-diet associated intakes of sugars, fat, and sodium. 

The Effect of Stress on Diet  

  Stress is associated with changes in health-related behaviours including diet choice. 

Specifically, stress results in a preference for foods that are highly palatable, high in sugar, salt, 

and fat (Kandiah, Yake, Meyer, & Jones, 2006), and a disfavour for low-fat foods including 

fruits and vegetables (Mikolajczyk, Ansari, & Maxwell, 2009). Emotional eating (i.e., eating in 

response to negative affect) is associated with perceived stress (Thayer, 2001), and is thought to 

be a maladaptive coping mechanism for stress management. Additionally, physiological 

mechanisms involving chronic activation of the HPA axis and its subsequent effects on energy 

homeostasis provide a mechanism whereby stress impacts dietary behaviour. Namely, chronic 

activation of the HPA axis can alter glucose metabolism, promote insulin resistance, and 
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influence appetite-related hormonal activity (Yau & Potenza, 2013). Cortisol secretion is 

postulated to stimulate appetite, whereby those under chronic stress tend to show heightened 

preference for highly palatable, energy-dense foods high in sugars and fats (Takeda et al., 2004). 

 In line with this view, experimentally induced stress has been linked with increased 

intake of high-fat snack foods (Epel, Lapidus, McEwen, and Brownell, 2001). Rutters, 

Nieuwenhuizen, Lemmens, Born, and Westerterp-Plantenga (2009) also found that those 

exposed to an acute laboratory stressor consumed more foods with high-sugar and high-fat 

content in comparison to those administered a non-stressful task.  

 The results from experimental studies on stress and diet have been replicated in 

naturalistic settings. Newman, O’Conner, and Conner (2007) measured the number of daily 

hassles as a proxy of stress and found a positive association between number of daily hassles and 

high-fat snack intake among those with high stress-reactivity. Additionally, Ng and Jeffery 

(2003) and Barrington, Beresford, McGregor, and White (2014) found that greater perceived 

stress predicted adherence to a diet high in fat. Ansari and Berg-Beckhoff (2015) also found that 

higher perceived stress was associated with less frequent intake of fruits and vegetables. Further, 

results from the Boston Puerto Rican Health Study (Laugero et al., 2011) showed that stress was 

associated with poor dietary patterns (i.e., higher intake of sugary foods and saturated fats), 

among older adults. 

 Taken together, previous research has demonstrated robust associations between stress 

and cognition, diet and cognition, and stress and diet. No prior studies, however, have 

investigated the interplay between perceived stress, diet, and cognitive aging.  
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Study Objectives and Hypothesis 

 With an aging population on the rise, it is crucial to study the factors that influence 

cognitive decline. Given that exposure to stress is associated with poor dietary habits, and poor 

diet is associated with accelerated age-related cognitive decline, investigating the ways in which 

stress and diet interact to impact cognition is important. Specifically, given that stress has been 

identified as a detrimental, but potentially reversible factor for cognition in late life, investigating 

how diet intake moderates this relationship is warranted. Accordingly, this study aimed to 

investigate the moderating role of diet pattern adherence in the relationship between stress and 

cognitive function in older adults. It was hypothesized that: 1) adherence to a Western diet 

pattern would exacerbate the association between perceived stress and both memory and 

executive function, and 2) adherence to a prudent diet pattern would buffer the association 

between perceived stress and both memory and executive function. 
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Methods 

Participants 

 A total of 201 individuals participated in the current study. Data was obtained from a 

larger study examining the biological, psychological, and social factors contributing to brain 

health in community-dwelling older adults. A minimum sample size of 77 was needed based on a 

G*Power analysis (Faul, Erdfelder, Lang, & Buchner, 2007) for a linear multiple regression 

model, with seven predictors, and a statistical power of β=0.80 at a significance level of α=0.05 

to detect a medium effect size of Cohen’s f2=0.15. The effect size was derived from previous 

studies examining the relationship between perceived stress and cognitive function in older 

adults that have reported a similar effect size (Korten et al., 2017). 

 Participants were recruited from the Greater Toronto Area through flyers, online 

advertisements (Kijiji) and from the Ryerson Senior Participant Pool. For recruitment material 

see Appendix A. To be eligible for the study, participants must have been at least 60 years of age 

and live independently in the community. Participants were excluded if they (a) learned English 

after age 12 and could not successfully obtain a score of 21 on the Shipley Vocabulary test 

(Shipley, 1946), (b) have undergone neuropsychological testing within the previous year, (c) 

presented with uncorrected vision or hearing impairment, (d) have ever undergone chemotherapy 

or radiation treatment, (e) had been diagnosed with a neurological disorder, learning disability, 

schizophrenia, or bipolar disorder, (f) had experienced a serious head injury, loss of 

consciousness, or had undergone general anaesthesia within the previous year, or (g) presented 

with substance abuse/dependency. These exclusion criteria are important, as they are known to 

negatively influence cognitive function and performance on neurocognitive tests. 
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Measures 
 Questionnaires. Participants completed a battery of psychosocial questionnaires. The 

following measures were analysed for the current study. 

 Sociodemographic and health information. A sociodemographic questionnaire 

(Appendix B) was administered as part of the screening process to determine eligibility for 

participation in the study. This screen was developed for similar studies conducted in the 

laboratory. Items inquired about demographic information such as age, sex, educational 

attainment, health-related characteristics, socioeconomic status, ethnicity, and languages spoken. 

 Perceived stress. The 10-item Perceived Stress Scale (PSS-10; Cohen, Kamarch & 

Mermelstein, 1983) measures the degree to which situations in one’s life are appraised as 

stressful. The questionnaire is comprised of 10 items that inquire about various thoughts and 

feelings experienced during the previous month; respondents answer from 0 (never) to 4 (very 

often). An example of an item is “In the last month, how often have you felt nervous or 

‘stressed?’”. Summing all items produces a total score after reverse-scoring four positively 

worded items, in which a larger total score is indicative of higher levels of perceived stress. The 

PSS-10 has a Cronbach’s alpha of 0.84 to 0.86 and a test-retest reliability of 0.85 and has been 

validated for measurement of perceived stress among community-dwelling older adults (Ezzati et 

al., 2014). The PSS-10 demonstrated good internal consistency in the current sample (a = 0.88). 

 Dietary intake. Dietary intake was measured using the EPIC-Norfolk Food Frequency 

Questionnaire (FFQ; Bingham et al., 1997), a 130-item semi-quantitative measure that records 

the average intake of foods consumed during the previous year. For all food items, respondents 

are asked to report the frequency of consumption on a 9-point scale for a medium serving, 

standard unit (e.g., tablespoon), or household measure (e.g., glass) from “never or less than once 

per month” to “more than 6 times per day”. Food items are categorized into: fruit and fruit juices; 
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meats, poultry, fish, and eggs; breads, cereals, and starches; dairy foods and fats; beverages; 

sweets and snacks; and miscellaneous foods. The questionnaire also contains items inquiring 

about consumption of types of fats cooked with, cereals, and milk products. Individual nutrients 

were converted into grams per day by using FETA statistical software (Mulligan et al., 2014), 

and principal component analysis (PCA) was used to derive Western and prudent diet patterns 

from individual food intake. The FFQ has been validated in older adults against a 16-day 

weighed food record and has a correlation of 0.60 to 0.70 to daily food diaries (Bingham et al., 

1997; Bingham et al., 2001). 

 Neurocognitive Tests. Participants underwent a cognitive testing session that included 

tests of memory performance, executive functioning, and global cognitive functioning. 

 Global cognitive function. The Mini Mental State Examination (MMSE; Folstein, 

Folstein, & McHugh, 1975) is an 11-item question-based measure that measures five areas of 

global cognitive functioning. These areas include orientation, registration, attention and 

calculation, recall, and language. The score for each item is summed in which a higher total 

score is indicative of better global cognitive functioning. The MMSE has a concurrent validity of 

0.78 and a test-retest reliability of 0.89 and was administered to ensure that the sample under 

investigation was cognitively intact.  

 Episodic memory. The California Verbal Learning Test II (CVLT-II; Delis, Kramer, 

Kaplan, & Ober, 2000) measures the learning and episodic remembering of verbal material (i.e., 

free and cued recall, serial position effects, semantic clustering, intrusions, interference, and 

recognition). A list of 16 items organized into four semantic categories (i.e., animals, vegetables, 

furniture, and ways of travelling) is presented to the participant over five immediate free recall 

trials and one cued recall trial. Free and cued recall is tested immediately and after a 25-minute 
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delay. A yes-no recognition trial of words is then presented. A higher free and cued immediate 

and delayed recall score is indicative of better episodic memory. A higher rate of change in 

scores over five immediate free recall trials corresponds to greater learning. The CVLT-II has 

been validated in older adults and has a test-retest reliability of 0.80 to 0.84, and internal 

consistency of 0.78 to 0.94 (Delis et al., 2000). 

 Executive function. The Trail Making Task A and B (TMT-A&B; Reitan, 1958) 

measures executive functioning, with a focus on attention and set-shifting. In condition A, 

participants are instructed to connect a set of 25 numbered circles as quickly and accurately as 

possible in numerical sequence. In condition B, participants are required to connect circled 

numbers and letters in alternating numeric and alphabetic sequence (i.e., 1, A, 2, B, etc.) starting 

from 1 and ending with 13. If an error is made, the test administrator corrects the examinee 

before advancing to the next circle. Errors and response time (in seconds) are recorded. Longer 

response times represent poorer executive function: times for condition A correspond to 

attention, while scores for condition B represent set-shifting. A ratio score (TMT-B/A) provides 

a sensitive index of prefrontal cortex functioning. Higher TMT-B/A scores represent poorer 

executive functioning. The TMT-A&B has been validated in a sample of healthy older adults 

(Sanchez-Cubillo et al., 2009).  

Procedure 

 As part of a larger study, participants who met inclusion/exclusion criteria were invited to 

visit the Stress and Healthy Aging Research Laboratory at Ryerson University. All testing 

sessions were scheduled to begin between 8:00 and 10:00 to ensure optimal cognitive 

performance (May, Hasher, & Stoltzfus, 1993). Following the provision of consent (Appendix 

C), participants underwent neurocognitive testing, which included completion of the MMSE, 
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CVLT-II, and the TMT-A&B (Appendix D, E, and F). Participants then completed a battery of 

questionnaires including the PSS-10 and the FFQ (Appendix G and H). Blood pressure readings, 

height, and weight were also obtained. Upon study completion, participants were debriefed 

(Appendix I) and compensated $100 for their participation. This study was approved by the 

Ryerson University Research Ethics Board (REB 2014-164).  

Statistical Analyses 

 All statistical analyses were conducted using IBM SPSS Statistics v23, and two-tailed p-

values of .05 were used for all analyses. Participant’s data were removed if 10% or more of their 

questionnaire and neurocognitive test scores were missing; otherwise responses were imputed 

using mean substitution. Missing FFQ responses were inputting using median substitution. 

Outliers were detected using the outlier-labelling rule (Hoaglin & Iglewicz, 1987), whereby the 

interquartile range is multiplied by a factor of 2.2. Participants were deemed as outliers and 

subsequently excluded from analyses if their scores exceeded or fell below 2.2 times the 

interquartile range of the sample score.  

 Derivation of Diet Patterns. Individual food consumption was converted from the FFQ 

scale to consumption per day on a 9-point scale from 0 times per day to 6 or more times per day. 

All 130 foods were collapsed into one of 35 food categories based on culinary usage (see 

Appendix J). These categories included: processed meats, poultry, organ meats, other meats, fish 

and seafood, fatty fish, tofu and soy-based foods, eggs and egg dishes, refined grains, while 

grains, potatoes, candy and added sugars, sweet baked goods, butter on bread and/or vegetables, 

margarine on bread and/or vegetables, condiments, salty snacks, fried and/or fast foods soups, 

sauces, high-fat dairy, low-fat dairy, cereals, cruciferous vegetables, leafy greens, other 

vegetables, nuts and seeds, legumes, berries, other fruits, sugary drinks, diet drinks, coffee and 
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tea, alcohol, and other. Exposure to each category was calculated by adding the frequency score 

for each respective food item within the given group. From these collapsed categories, two 

dietary patterns were identified using varimax rotated PCA resulting in non-correlated factors to 

facilitate factor interpretability. Based on recommendations from Norman and Streiner (2000), 

factor loadings with an absolute value greater than 5.152/√(( − 2) were considered significant 

contributors to the factor interpretation. Dietary pattern scores for each participant were 

calculated by converting the average score for each category belonging to the given pattern to z-

scores.  

 Moderating Role of Diet Patterns. To test for the moderating effect of diet patterns on 

the relationship between perceived stress (predictor variable) and cognitive functioning (outcome 

variable), SPSS PROCESS Macro (Hayes, 2017) was used. The score for total correct words 

recalled immediately and after the delay on the CVLT-II (i.e., CVLT-IFR and CVLT-LDFR, 

respectively) was used to measure episodic memory. Scores on TMT-A, TMT-B, and TMT-B/A 

were used to measure executive functioning. Simple slopes reflect conditional effects of the 

independent variable at the mean level of the moderator, and 1 standard deviation above and 

below the mean level of the moderator.  

A total of 10 moderation models were run: 1) the moderating role of the Western diet 

pattern on the relationship between perceived stress and executive function (TMT-A, TMT-B-, 

and TMT-B/A), 2) the moderating role of the Western diet pattern on the relationship between 

perceived stress and episodic memory (CVLT-IFR and CVLT-LDFR), 3) the moderating role of 

the prudent diet pattern on the relationship between perceived stress and executive function 

(TMT-A, TMT-B-, and TMT-B/A), and 4) the moderating role of the prudent diet pattern on the 
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relationship between perceived stress and episodic memory (CVLT-IFR and CVLT-LDFR). See 

Figures 1a, 1b, 1c, and 1d for a visual representation of the moderation models.  

A series of multiple linear regression models were also conducted to determine the 

association between: 1) perceived stress and episodic memory, 2) perceived stress and executive 

function, 3) prudent diet and episodic memory, 4) prudent diet and executive function, 5) 

Western diet and episodic memory, 6) Western diet and executive function, 7) perceived stress 

and prudent diet, and 8) perceived stress and Western diet. 

Given that age (Salthouse, 2004), sex (McCarrey, An, Kitner-Triolo, Ferrucci, & 

Resnick, 2016), and years of education (Wilson et al., 2009), is associated with cognitive 

function they were entered as a priori covariates in the aforementioned moderation models and 

all linear regression models. Daily energy intake (kCal) was also added into the models as an a 

priori covariate in models with diet pattern as an independent, dependent, or moderator variable, 

in order to control for effects of calorie intake on cognitive function (Geda et al., 2013). 

Additional covariates were added to the tested models if they significantly associated with the 

dependent variable and/or independent variable. 
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a) b) 

 

c) d) 

 
Figure 1. The proposed model of the moderating effect of a) adherence to a Western diet pattern 

on the relationship between perceived stress and memory performance, b) adherence to a prudent 

diet pattern on the relationship between perceived stress and memory performance, c) adherence 

to a Western diet pattern on the relationship between perceived stress and executive functioning, 

and d) adherence to a prudent diet pattern on the relationship between perceived stress and 

executive functioning. 
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Results 

Participant Characteristics 

 A total of 201 participants were recruited for the study. Three participants were excluded 

from analyses due to more than 10% of their neuropsychological test scores missing, two 

participants were removed due to extreme calorie values (<800 or >5,000 calories), and four 

were excluded due to more than 10% of their FFQ responses missing. This resulted in a final 

sample of 192. One individual did not consent to having their ethnicity used in the analyses. No 

other missing data points were present, so missing data imputation was not conducted. Although 

statistical outliers were identified using the outlier labelling rule, they were not deemed to be 

theoretically meaningful to remove and were subsequently kept in the analyses. A complete list 

of participant demographic and health-related characteristics, including performance on 

neurocognitive tests, is shown in Table 1. 

Table 1. Participant Demographic and Health-Related Characteristics. 
N = 192 Mean (SD) 

Age 68.45 (.49) 

Years of education 16.75 (.25) 

Sex (% female) 

Ethnicity (% Caucasian) 

Perceived SES (%) 

    Low 

    Medium 

    High 

64.1 

86.5 

 

20.3 

68.2 

11.5 

MMSE score 28.43 (.11) 

Hypertension (%) 21.9 

Diabetes (%) 5.7 

Systolic blood pressure (mmHg) 131.07 (1.26) 

Diastolic blood pressure (mmHg) 79.87 (.72) 

Body mass index 26.79 (.35) 

Daily energy intake (kCal) 1728.12 (52.60) 

PSS-10 11.86 (0.46) 

CVLT-IFR 

CVLT-LDFR 

TMT-A (seconds) 

48.06 (9.79) 

9.76 (3.84) 

34.04 (0.80) 
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TMT-B (seconds) 

TMT-B/A  

86.54 (3.11) 

2.60 (0.08) 

Notes. Percentage reflects proportion of respondents 

SD = standard deviation; SES = socioeconomic status; MMSE = Mini-Mental State 

Examination; kCal = kilocalories; PSS-10 = Perceived Stress Scale; CVLT-IFR = California 

Verbal Learning Test Immediate Free Recall; CVLT-LDFR = California Verbal Learning Test 

Long Delay Free Recall; TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part 

B; TMT-B/A = Trail Making Test Part B/Part A 

Diet Patterns 

 The two factors identified using PCA accounted for 13.47% and 10.19% of the variance 

in the model. The first pattern was characterized by high consumption of processed meats, 

refined grains, fried foods, potatoes, candy, baked goods, butter, condiments, and high-fat dairy; 

and was named the Western diet pattern. The second diet pattern was associated with high 

consumption of fruits, vegetables, fish and seafood, nuts and seeds, legumes, tofu and soy 

products, and low-fat dairy; and was labelled the prudent diet pattern. Factor loadings for each 

food category on the respective factors are shown in Table 2. The standardized individual scores 

ranged from -1.94 to 4.00 for the Western diet, and -2.24 to 2.67 for the prudent diet pattern.  

Table 2. Factor Loadings for Dietary Patterns. 
Food group Pattern 1 (Western diet) Pattern 2 (prudent diet) 

Processed meats 0.59 -0.22 

Meats (other) 0.63 -0.15 

Refined grains 0.72 -0.01 

Potatoes 0.57 -0.002 

Candy and sugars 0.50 0.14 

Baked goods 0.46 0.16 

Butter 0.46 0.003 

Condiments 0.65 0.14 

High-fat dairy 0.40 0.23 

Fried foods 0.59 -0.11 

Fish and seafood 0.20 0.40 
Fatty fish 0.02 0.38 
Tofu and soy -0.36 0.49 
Cruciferous vegetables 0.09 0.66 
Leafy Vegetables 0.13 0.67 
Vegetables (other) 0.20 0.78 
Fruits 0.08 0.66 
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Berries 0.04 0.47 
Nuts and seeds -0.01 0.49 
Legumes 0.04 0.61 
Low-fat dairy -0.11 0.42 
Poultry 0.30 -0.03 

Organ meats 0.20 0.04 

Eggs and egg dishes 0.30 0.24 

Whole grains 0.05 0.30 

Margarine 0.22 0.08 

Salty snacks 0.19 0.10 

Soups 0.37 0.23 

Dressings and dips 0.30 0.27 

Cereals 0.13 0.18 

Sugary drinks 0.28 0.04 

Diet drinks 0.07 -0.13 

Coffee and tea 0.18 0.08 

Alcohol 0.19 -0.14 

Other 0.30 -0.08 

Notes. Loadings represent the correlation of a food with overall dietary pattern score 

Loadings with absolute values > 0.374 or < -0.374 (in bold) were considered when interpreting 

the obtained patterns 

 

Covariates of Interest 

Age, sex, years of education, and kCal were entered into all models as a priori covariates. 

BMI, hypertension, diabetes, perceived SES, and ethnicity were considered as additional 

covariates. Associations between covariates of interest and independent, moderator, and 

dependent variables are shown in Table 3. Higher age was associated with worse performance on 

the CVLT-LDFR, TMT-A, and TMT-B/A. Years of education was associated with lower scores 

on the PSS-10. Females scored higher than males on the PSS-10, CVLT-IFR, and CVLT-LDFR. 

Higher kCal was associated with higher prudent diet and Western diet intake. Lower BMI was 

associated with higher prudent diet adherence. Having hypertension was associated with worse 

performance on the CVLT-LDFR and higher Western diet pattern adherence. Presence of 

diabetes was associated with worse performance on TMT-B and TMT-B/A. PSS-10 was 

associated with perceived SES (F(2, 191) = 7.61, p = 0.001). Bonferroni corrected post-hoc 
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comparisons revealed that those reporting low SES had lower PSS-10 scores than medium SES 

(M = -3.38, p = 0.01) and high SES (M = -6.14, p = 0.001). Ethnicity was, associated with 

prudent diet intake, such that non-Caucasians had higher prudent diet intake.
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Table 3. Pearson correlation coefficients of independent, moderator, and dependent variables with covariates of interest. 
 PSS-10 Prudent diet Western diet CVLT-IFR CVLT-LDFR TMT-A TMT-B TMT-B/A 
Age -0.26** -0.02 -0.08 -0.10 -0.17* 0.26** 0.06 -0.15* 
Sex -0.16* -0.14 0.10 -0.18* -0.18* -0.02 -0.13 -0.12 
Education -0.18* -0.14 0.13 0.05 0.13 -0.05 -0.13 -0.10 
kCal 0.09 0.46** 0.61** -0.01 -0.01 -0.11 -0.07 0.05 
BMI -0.01 -0.19* 0.12 -0.07 -0.02 0.01 0.06 0.05 
Hypertension -0.01 -0.09 0.15* -0.11 -0.15 0.07 0.05 0.06 
Diabetes 0.08 0.01 0.13 -0.02 -0.04 0.01 0.19** 0.26** 
Perceived SES -0.27** 0.08 -0.02 0.07 0.05 -0.08 -0.07 -0.02 
Ethnicity 0.08 -0.22** -0.04 -0.10 -0.14 0.13 0.01 -0.09 

Notes. PSS-10 = Perceived Stress Scale; CVLT-IFR = California Verbal Learning Test Immediate Free Recall; CVLT-LDFR = 
California Verbal Learning Test Long Delay Free Recall; TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part B; 
TMT-B/A = Trail Making Test Part B/Part A; kCal = kilocalories; BMI = body mass index SES = socioeconomic status 
*p < 0.05, **p < 0.01* 
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The Association Between Perceived Stress and Cognition 
 
 Episodic Memory. Two hierarchical linear regression models were conducted to 

examine the association of perceived stress and episodic memory via CVLT-IFR and CVLT-

LDFR performance. Controlling for age, sex, and years of education, the fully adjusted models 

revealed that all covariates and PSS-10 score combined accounted for 5.7% and 8.8% of the 

variance in CVLT-IFR and CVLT-LDFR, respectively. PSS-10 score, however, was not 

significantly associated with CVLT-IFR (b = -0.08, t(191) = -1.17, p = 0.24) or CVLT-LDFR 

performance (b = -0.04, t(191) = -0.57, p = 0.57). See Table 4 for model details. Perceived SES 

and hypertension were added into the linear regression models as additional covariates, but the 

association between PSS-10 and CVLT-II scores did not change (ps > 0.05). 

Table 4. Linear Regression Models of PSS-10 and CVLT-II. 
 B SE b  p 
CVLT-IFR     
   Age -0.17 0.11 -0.12 0.10 
   Sex -4.16 1.48 -0.20 0.005** 
   Years of education 0.21 0.21 0.07 0.32 
   PSS-10 -0.13 0.11 -0.09 0.24 
CVLT-LDFR     
   Age -0.10 0.04 -0.18 0.01* 
   Sex -1.60 0.57 -0.20 0.005** 
   Years of education 0.18 0.08 0.16 0.02* 
   PSS-10 -0.03 0.04 -0.04 0.57 

Notes. CVLT-IFR = California Verbal Learning Test Immediate Free Recall; CVLT-LDFR = 
California Verbal Learning Test Long Delay Free Recall; PSS-10 = Perceived Stress Scale 
CVLT-IFR: R2 = 0.06, F(4, 191) = 2.84, p = 0.03; CVLT-LDFR: R2 = 0.09, F(4, 191) = 4.50, p = 
0.002. *p < 0.05, **p < 0.01 
 
 Executive Function. Hierarchical linear regression models were conducted to determine 

the association between perceived stress and executive functioning (i.e., TMT-A, TMT-B, and 

TMT-B/A performance). Controlling for age, sex, and years of education, all covariates and 

PSS-10 accounted for 7.5%, 4.8%, and 4.6% of the variance in TMT-A, TMT-B, and TMT-B/A, 
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respectively. PSS-10 was not significantly associated with TMT-A (b = 0.07, t(191) = 0.98, p = 

0.33), TMT-B (b = 0.13, t(191) = 1.68, p = 0.10), or TMT-B/A (b = 0.06, t(191) = 0.85, p = 

0.40). See Table 5 for model details. Additional covariates were added into the models, but the 

association between PSS-10 and TMT performance remained insignificant (ps > 0.05).  

Table 5. Linear Regression Models of PSS-10 and TMT. 
 B SE b  p 
TMT-A     
   Age 0.46 0.12 0.28 < 0.001** 
   Sex -0.28 1.66 -0.01 0.87 
   Years of education -0.14 0.23 -0.05 0.54 
   PSS-10 0.13 0.13 0.07 0.33 
TMT-B     
   Age 0.66 0.47 0.10 0.16 
   Sex -8.47 6.52 -0.10 0.20 
   Years of education -1.23 0.91 -0.10 0.18 
   PSS-10 0.85 0.51 0.13 0.10 
TMT-B/A     
   Age -0.02 0.01 -0.13 0.08 
   Sex -0.20 0.16 -0.09 0.22 
   Years of education -0.02 0.02 -0.07 0.32 
   PSS-10 0.01 0.01 0.06 0.40 

Notes. TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part B; TMT-B/A = 
Trail Making Test Part B/Part A; PSS-10 = Perceived Stress Scale 
TMT-A: R2 = 0.08, F(4, 191) = 3.79, p = 0.006; TMT-B: R2 = 0.05, F(4, 191) = 2.37, p = 0.05; 
TMT-B/A: R2 = 0.05, F(5, 191) = 2.27, p = 0.06.*p < 0.05, **p < 0.01 

The Association Between Diet Patterns and Cognition 

 Episodic Memory. Adjusting for age, sex, years of education, and kCal, four hierarchical 

linear regression models were conducted to examine the association between prudent and 

Western diet on episodic memory (CVLT-IFR and CVLT-LDFR performance). All covariates 

and prudent diet intake accounted for 5.1% and 8.6% of the variance in CVLT-IFR and CVLT-

LDFR performance, respectively. Prudent diet, however, was not associated with CVLT-IFR (b 

= 0.01, t(191) = 0.09, p = 0.93) or CVLT-LDFR (b = -0.01, t(191) = -0.15, p = 0.89). Western 

diet intake and all covariates accounted for 6.6% and 9.1% of the variance in CVLT-IFR and 
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CVLT-LDFR, respectively. Western diet was not associated with CVLT-IFR (b = 0.16, t(191) = 

1.77, p = 0.08) or CVLT-LDFR (b = 0.09, t(191) = 1.03, p = 0.31). See Table 6 for model 

details. Additional covariates were entered into the models, but the association between diet 

patterns and CVLT-II scores remained insignificant (ps > 0.05). 

Table 6. Linear Regression Models of Diet Patterns and CVLT-II. 
 B SE b  p 
CVLT-IFR     
   Age -0.15 0.10 -0.10 0.16 
   Sex -3.89 1.51 -0.19 0.01* 
   Years of education 0.24 0.21 0.08 0.26* 
   kCal <0.001 0.001 -0.02 0.84 
   Prudent diet 0.08 0.82 0.01 0.93 
   Age -0.15 0.10 -0.10 0.16 
   Sex -4.18 1.47 -0.21 0.005** 
   Years of education 0.30 0.21 0.11 0.14 
   kCal -0.001 0.001 -0.11 0.122 
   Western diet 1.58 0.90 0.16 0.08 
CVLT-LDFR     
   Age -0.10 0.04 -0.17 0.02* 
   Sex -1.57 0.58 -0.20 0.008** 
   Years of education 0.19 0.08 0.17 0.02* 
   kCal <0.001 <0.001 -0.007 0.93 
   Prudent diet -0.05 0.32 -0.01 0.89 
   Age -0.10 0.04 -0.17 0.02* 
   Sex -1.61 0.57 -0.20 0.005** 
   Years of education 0.20 0.08 0.18 0.01* 
   kCal <0.001 <0.001 -0.07 0.44 
   Western diet 0.36 0.35 0.09 0.31 

Notes. CVLT-IFR = California Verbal Learning Test Immediate Free Recall; CVLT-LDFR = 
California Verbal Learning Test Long Delay Free Recall; PSS-10 = Perceived Stress Scale; kCal 
= kilocalories  
CVLT-IFR, prudent diet: R2 = 0.05, F(5, 191) = 1.99, p = 0.08; CVLT-IFR, Western diet: R2 = 
0.07, F(5, 191) = 2.64, p = 0.03; CVLT-LDFR, prudent diet: R2 = 0.09, F(5, 191) = 3.49, p = 
0.005; CVLT-LDFR, Western diet: R2 = 0.09, F(5, 191) = 3.72, p = 0.003. *p < 0.05, **p < 0.01 
 
 Executive Function. Hierarchical linear regression models were conducted to determine 

if prudent and Western diet were associated with executive function (TMT-A, TMT-B, and 

TMT-B/A performance). Adjusting for age, sex, years of education, and kCal, all covariates and 
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prudent diet intake accounted for 7.7%, 4.2%, and 5.0% of the variance in TMT-A, TMT-B, and 

TMT-B/A, respectively. Prudent diet was not associated with TMT-A (b = -0.03, t(190) = -0.33, 

p = 0.74), TMT-B (b = -0.07, t(190) = -0.86, p = 0.39), or TMT-B/A (b = -0.09, t(190) = -1.06, p 

= 0.29). All covariates and Western diet accounted for 7.8%, 4.8%, and 5.9% of the variance in 

TMT-A, TMT-B, and TMT-B/A, respectively. Western diet, however, was not associated with 

TMT-A (b = -0.05, t(190) = -0.49, p = 0.62), TMT-B (b = -0.12, t(190) = -1.36, p = 0.17), or 

TMT-B/A (b = -0.15, t(190) = -1.67, p = 0.10). See Table 7 for model details. Additional 

covariates were entered into the models, but the association between diet patterns and TMT 

scores remained insignificant (ps > 0.05). 

Table 7. Linear Regression Models of Diet Patterns and TMT. 
 B SE b  p 
TMT-A     
   Age 0.42 0.12 0.25 < 0.001** 
   Sex -0.54 1.70 -0.02 0.75 
   Years of education -0.19 0.24 -0.06 0.42 
   kCal -0.001 0.001 -0.06 0.48 
   Prudent diet -0.30 0.92 -0.03 0.74 
   Age 0.41 0.12 0.25 0.001** 
   Sex -0.34 1.66 -0.01 0.84 
   Years of education -0.23 0.24 -0.07 0.34 
   kCal -0.001 0.001 -0.04 0.63 
   Western diet -0.50 1.02 -0.05 0.62 
TMT-B     
   Age 0.45 0.46 0.07 0.34 
   Sex -10.96 6.69 -0.12 0.10 
   Years of education -1.42 0.93 -0.11 0.13 
   kCal -0.001 0.005 -0.02 0.84 
   Prudent diet -3.13 3.63 -0.07 0.39 
   Age 0.42 0.46 0.07 0.36 
   Sex -8.80 6.55 -0.10 0.18 
   Years of education -1.79 0.93 0.14 0.06 
   kCal 0.001 0.005 0.03 0.79 
   Western diet -5.46 4.00 -0.13 0.17 
TMT-B/A     
   Age -0.02 0.01 -0.14 0.06 
   Sex -0.26 0.16 -0.12 0.11 
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   Years of education -0.02 0.02 -0.07 0.35 
   kCal <0.001 <0.001 0.08 0.31 
   Prudent diet -0.09 0.09 -0.09 0.29 
   Age -0.02 0.01 -0.14 0.05 
   Sex -0.19 0.16 -0.09 0.22 
   Years of education -0.03 0.02 -0.11 0.15 
   kCal <0.001 <0.001 0.13 0.14 
   Western diet -0.16 0.10 -0.15 0.10 

Notes. TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part B; TMT-B/A = 
Trail Making Test Part B/Part A; PSS-10 = Perceived Stress Scale; kCal = kilocalories 
TMT-A, prudent diet: R2 = 0.08, F(5, 190) = 3.08, p = 0.01; TMT-A, Western diet: R2

 = 0.08, 
F(5, 190) = 3.11, p = 0.01; TMT-B, prudent diet: R2 = 0.04, F(5, 190) = 1.62, p = 0.16; TMT-B, 
Western diet: R2 = 0.05, F(5, 190) = 1.85, p = 0.11; TMT-B/A, prudent diet: R2 = 0.05, F(5, 190) 
= 1.96, p = 0.09; TMT-B/A, Western diet: R2 = 0.06, F(5, 190) = 2.31, p = 0.046. *p < 0.05, **p 
< 0.01 

The Association Between Perceived Stress and Diet Patterns 

 In order to determine the association between perceived stress and both prudent and 

Western diet consumption, two hierarchical linear regression models were conducted. 

Controlling for age, sex, years of education, and kCal, all covariates and PSS-10 accounted for 

26.7% and 40.0% of the variance in prudent diet and Western diet, respectively. PSS-10, 

however, was not associated with prudent diet (b = -0.007, t(190) = -0.11, p = 0.92) or Western 

diet consumption (b = -0.03, t(190) = -0.47, p = 0.64). See Table 8 for model details. Additional 

covariates were entered into the models, but the association between PSS-10 and diet patterns 

remained insignificant (ps > 0.05). 

Table 8. Linear Regression Models of PSS-10 and Diet Patterns. 
 B SE b  p 
Prudent diet     
   Age 0.01 0.01 0.05 0.49 
   Sex -0.40 0.13 -0.19 0.003** 
   Years of education 0.05 0.02 0.16 0.01* 
   kCal 0.001 <0.001 0.48 <0.001** 
   PSS-10 -0.001 0.01 -0.007 0.92 
Western diet     
   Age -0.001 0.009 -0.007 0.90 
   Sex 0.16 0.12 0.08 0.19 
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   Years of education -0.04 0.02 -0.14 0.02* 
   kCal 0.001 <0.001 0.61 <0.001** 
   PSS-10 -0.004 0.009 -0.03 0.64 

Notes. PSS-10 = Perceived Stress Scale; kCal = kilocalories 
Prudent diet: R2 = 0.27, F(5, 190) = 13.49, p < 0.001; Western diet: R2 = 0.40, F(5, 190) = 24.65, 
p < 0.001. *p < 0.05, **p < 0.01 
 

Diet as a Moderator of the Perceived Stress-Cognition Relationship 

 Prudent Diet and Episodic Memory. Two moderation models were conducted to 

determine if prudent diet adherence moderates the relationship between perceived stress and 

episodic memory performance (CVLT-IFR and CVLT-LDFR). Adjusting for age, sex, years of 

education, and kCal, the moderation models accounted for 5.8% of the variance in CVLT-IFR 

and 9.2% of the variance in CVLT-LDFR. No significant PSS-10 ´ prudent diet interaction was 

found for CVLT-IFR (B = 0.01, t(184) = 0.10, p = 0.92), or CVLT-LDFR (B = 0.04, t(184) = 

0.87, p = 0.39). See Table 9 for model details.  

Table 9. Moderation Models of PSS-10 ´ Prudent Diet and CVLT-II. 
 B SE p 
CVLT-IFR    
   Age -0.17 0.11 0.11 
   Sex -4.13 1.53 0.007** 
   Years of education 0.20 0.21 0.34 
   kCal <-0.001 0.001 0.89 
   PSS-10 -0.13 0.12 0.27 
   Prudent diet -0.06 1.54 0.97 
   PSS-10 ´ prudent diet 0.01 0.11 0.92 
       Low prudent diet -0.14 0.14 0.33 
       Moderate prudent diet -0.13 0.12 0.27 
       High prudent diet -0.12 0.17 0.49 
CVLT-LDFR    
   Age -0.10 0.04 0.02* 
   Sex -1.64 0.59 0.006** 
   Years of education 0.18 0.08 0.03* 
   kCal <0.001 <0.001 0.93 
   PSS-10 -0.02 0.05 0.70 
   Prudent diet -0.48 0.59 0.42 
   PSS-10 ´ prudent diet 0.04 0.04 0.39 
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        Low prudent diet -0.05 0.06 0.34 
        Moderate prudent diet -0.02 0.05 0.70 
        High prudent diet 0.02 0.07 0.79 

Notes. CVLT-IFR = California Verbal Learning Test Immediate Free Recall; CVLT-LDFR = 
California Verbal Learning Test Long Delay Free Recall; PSS-10 = Perceived Stress Scale; kCal 
= kilocalories 
CVLT-IFR: R2 = 0.06, F(7, 184) = 1.60, p = 0.14; CVLT-LDFR: R2 = 0.09, F(7, 184) = 2.63, p = 
0.01. *p < 0.05, **p < 0.01 
 
 Prudent Diet and Executive Function. Moderation models were conducted to examine 

if prudent diet intake moderated the relationship between executive function via TMT-A, TMT-

B, and TMT-B/A performance and perceived stress. Controlling for age, sex, years of education, 

and kCal, the moderation model accounted for 8.6%, 8.7%, and 6.8% of the variance in TMT-A, 

TMT-B, and TMT-B/A, respectively. No significant PSS-10 ´ prudent diet interaction was found 

for TMT-A (B = -0.11, t(184) = -0.89, p = 0.37) or TMT-B/A (B = -0.02, t(184) = -1.69, p = 

0.09). A significant PSS-10 ´ prudent diet interaction was found for TMT-B (B = -1.13, t(184) = 

-2.45, p = 0.02). Conditional effects revealed a significant positive relationship between PSS-10 

and TMT-B at low prudent diet intake only (B = 1.77, t(184) = 2.84, p = 0.005). 

A second moderation model (Model 2) was conducted with TMT-B as the outcome 

adjusting further for BMI, diabetes, ethnicity, and perceived SES. The moderation model 

accounted for 12.8% of the variance in TMT-B performance. A significant PSS-10 ´ prudent diet 

interaction was found (B = -1.07, t(179) = -2.30, p = 0.02). Conditional effects (see Figure 2) 

showed that a positive relationship between PSS-10 and TMT-B was significant at low prudent 

diet intake only (B = 1.70, t(179) = 2.70, p = 0.008). See Table 10 for model details. 

Table 10. Moderation Models of PSS-10 ´ Prudent Diet and TMT. 
 B SE p 
TMT-A    
   Age 0.44 0.12 < 0.001** 
   Sex -0.23 1.71 0.89 
   Years of education -0.15 0.24 0.52 
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   kCal < -0.001  0.001 0.46 
   PSS-10 0.11 0.13 0.40 
   Prudent diet 1.00 1.72 0.56 
   PSS-10 ´ prudent diet -0.11 0.12 0.37 
       Low prudent diet 0.22 0.16 0.18 
       Moderate prudent diet 0.11 0.13 0.40 
       High prudent diet 0.006 0.19 0.98 
TMT-B – Model 1    
   Age 0.55 0.47 0.24 
   Sex -8.69 6.64 0.19 
   Years of education -1.17 0.93 0.21 
   kCal -0.001 0.005 0.83 
   PSS-10 0.64 0.51 0.21 
   Prudent diet  10.71 6.67 0.11 
   PSS-10 ´ prudent diet -1.13 0.46 0.02* 
       Low prudent diet 1.77 0.62 0.005** 
       Moderate prudent diet 0.64 0.51 0.21 
       High prudent diet -0.49 0.75 0.51 
TMT-B – Model 2    
   Age 0.85 0.50 0.09 
   Sex -10.36 6.66 0.12 
   Years of education -0.83 0.95 0.39 
   kCal -0.002 0.005 0.73 
   BMI 0.32 0.68 0.64 
   Diabetes 34.42 13.17 0.008** 
   Ethnicity -8.29 9.51 0.38 
   Perceived SES -2.32 5.82 0.69 
   PSS-10 0.63 0.52 0.23 
   Prudent diet 9.61 6.65 0.15 
   PSS-10 ´ prudent diet -1.07 0.46 0.02* 
        Low prudent diet 1.70 0.63 0.008** 
        Moderate prudent diet 0.63 0.52 0.23 
        High prudent diet -0.43 0.76 0.57 
TMT-B/A    
   Age -0.02 0.01 0.08 
   Sex -0.23 0.16 0.16 
   Years of education -0.02 0.02 0.42 
   kCal <0.001 <0.001 0.31 
   PSS-10 0.006 0.01 0.63 
   Prudent diet 0.14 0.16 0.39 
   PSS-10 ´ prudent diet -0.02 0.01 0.09 
        Low prudent diet 0.02 0.02 0.10 
        Moderate prudent diet 0.006 0.01 0.63 
        High prudent diet -0.01 0.02 0.47 
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Notes. TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part B; TMT-B/A = 
Trail Making Test Part B/Part A; PSS-10 = Perceived Stress Scale; kCal = kilocalories; BMI = 
body mass index; SES = socioeconomic status 
TMT-A: R2 = 0.09, F(7, 184) = 2.47, p = 0.02; TMT-B, Model 1: R2 = 0.09, F(7, 184) = 2.48, p 
= 0.02; TMT-B, Model 2: R2 = 0.13, F(11, 179) = 2.39, p = 0.009; TMT-B/A: R2 = 0.07, F(7, 
183) = 1.91, p = 0.07. *p < 0.05, **p < 0.01 
 
 

 

Figure 2. Conditional effects of PSS-10 and TMT-B performance at low, moderate, and high 
prudent diet intake. Error bars represent standard error of the mean.  
 

Western Diet and Episodic Memory. Two moderation models were run to determine 

the moderating role of Western diet pattern on the relationship between perceived stress and 

episodic memory (CVLT-IFR and CVLT-LDFR). Controlling for age, sex, years of education, 

and kCal, the moderation models accounted for 7.5% and 9.3% of the variance in CVLT-IFR and 

CVLT-LDFR, respectively. There was no significant PSS-10 ´ Western diet intake found for 

CVLT-IFR (B = -0.08, t(184) = -0.71, p = 0.48) or CVLT-LDFR (B = <0.001, t(184) = 0.001, p 

= 1.00). See Table 11 for model details. 
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Table 11. Moderation Models of PSS-10 ´ Western Diet and CVLT-II. 
 B SE p 
CVLT-IFR    
   Age -0.17 0.11 0.10 
   Sex -4.58 1.51 0.002** 
   Years of education 0.30 0.21 0.16 
   kCal -0.001 0.001 0.31 
   PSS-10 -0.14 0.12 0.24 
   Western diet 2.59 1.71 0.13 
   PSS-10 ´ Western diet -0.08 0.12 0.48 
       Low Western diet -0.05 0.16 0.74 
       Moderate Western diet -0.14 0.12 0.24 
       High Western diet -0.22 0.18 0.21 
CVLT-LDFR    
   Age -0.10 0.04 0.01* 
   Sex -1.65 0.59 0.005** 
   Years of education 0.20 0.08 0.02* 
   kCal <-0.001 <0.001 0.48 
   PSS-10 -0.02 0.05 0.61 
   Western diet 0.35 0.67 0.60 
   PSS-10 ´ Western diet <0.001 0.05 1.00 
        Low Western diet -0.02 0.06 0.70 
        Moderate Western diet -0.02 0.05 0.61 
        High Western diet -0.02 0.07 0.73 

Notes. CVLT-IFR = California Verbal Learning Test Immediate Free Recall; CVLT-LDFR = 
California Verbal Learning Test Long Delay Free Recall; PSS-10 = Perceived Stress Scale; kCal 
= kilocalories 
CVLT-IFR: R2 = 0.07, F(7, 184) = 2.13, p = 0.04; CVLT-LDFR: R2 = 0.09, F(7, 184) = 2.67, p = 
0.01. *p < 0.05, **p < 0.01 
 
 Western Diet and Executive Function. Three moderation models were conducted to 

determine the moderating role of Western diet consumption in the relationship between 

perceived stress and executive functioning (TMT-A, TMT-B, and TMT-B/A). The moderation 

models accounted for 9.4%, 6.2%, and 6.7% of the variance in TMT-A, TMT-B, and TMT-B/A, 

respectively. No significant PSS-10 ´ Western diet interaction was found for TMT-A (B = -0.20, 

t(184) = -1.52, p = 0.13), TMT-B (B = -0.19, t(184) = -0.35, p = 0.73), or TMT-B/A (B = 0.01, 

t(184) = 1.06, p = 0.29). See Table 12 for model details. 
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Table 12. Moderation Models of PSS-10 ´ Western Diet and TMT. 
 B SE p 
TMT-A    
   Age 0.44 0.12 <0.001** 
   Sex -0.55 1.70 0.75 
   Years of education -0.11 0.24 0.65 
   kCal <-0.001 0.001 0.73 
   PSS-10 0.11 0.13 0.40 
   Western diet 2.04 1.93 0.29 
   PSS-10 ´ Western diet -0.20 0.13 0.13 
       Low Western diet 0.31 0.18 0.08 
       Moderate Western diet 0.11 0.13 0.40 
       High Western diet -0.09 0.20 0.64 
TMT-B    
   Age 0.61 0.47 0.20 
   Sex -7.75 6.69 0.25 
   Years of education -1.46 0.96 0.13 
   kCal 0.001 0.006 0.85 
   PSS-10 0.83 0.51 0.11 
   Western diet -2.94 7.63 0.70 
   PSS-10 ´ Western diet -0.19 0.53 0.73 
        Low Western diet 1.02 0.69 0.14 
        Moderate Western diet 0.83 0.51 0.11 
        High Western diet 0.65 0.78 0.41 
TMT-B/A    
   Age -0.02 0.01 0.09 
   Sex -0.15 0.16 0.36 
   Years of education -0.03 0.02 0.14 
   kCal <0.001 <0.001 0.21 
   PSS-10 0.01 0.01 0.39 
   Western diet -0.33 0.19 0.08 
   PSS-10 ´ Western diet -0.01 0.01 0.29 
        Low Western diet -0.003 0.02 0.87 
        Moderate Western diet 0.01 0.01 0.39 
        High Western diet 0.02 0.02 0.20 

Notes. TMT-A = Trail Making Test Part A; TMT-B = Trail Making Test Part B; TMT-B/A = 
Trail Making Test Part B/Part A; PSS-10 = Perceived Stress Scale; kCal = kilocalories 
TMT-A: R2 = 0.09, F(7, 184) = 2.72, p = 0.01; TMT-B: R2 = 0.06, F(7, 184) = 1.74, p = 0.10; 
TMT-B/A: R2 = 0.07, F(7, 184) = 1.89, p = 0.07. *p < 0.05, **p < 0.01 
 
  



  

	 44	

Discussion 

 The main objective of this study was to examine the moderating role of adherence to a 

healthy prudent diet and an unhealthy Western diet in the relationship between perceived stress 

and cognitive function (episodic memory and executive functioning) in a sample of non-

demented, community-dwelling older adults. Given the possible reversible effects of stress on 

cognition (Seeman et al., 1997), and the neuroprotective effects of prudent diet intake 

(Shakersain et al., 2016), it was hypothesized that a higher prudent diet pattern would buffer the 

relationship between perceived stress and both episodic memory and executive function. The 

opposite was hypothesized for Western diet consumption, such that a higher Western diet was 

anticipated to exacerbate the negative relationship between stress and cognitive function. 

Overall, the proposed hypotheses were only partially supported in the current analyses. 

Specifically, prudent diet pattern moderated the association between perceived stress and 

executive function, namely set-shifting. Prudent diet did not moderate the relationship between 

perceived stress and episodic memory, and Western diet was not an effect-modifier in the stress-

cognition relationship. No direct association between perceived stress and episodic memory or 

executive function was found. 

Before critically evaluating and interpreting the current study findings, attention must be 

drawn to the use of data-driven methods in determining dietary consumption as this is a 

relatively novel method in the field of nutrition. The current PCA analysis identified diet patterns 

that are consistent with previous research deriving dietary patterns using a data-driven approach. 

Specifically, Shakersain et al. (2016) derived a prudent and Western diet pattern using PCA and 

found that the Western diet was characterized by high intake of red and processed meats, sugars 

and sweets, potatoes, baked goods, high-fat dairy products, butter, refined grains, and alcohol 
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consumption. The prudent diet was associated with high intake of fruits, vegetables, legumes, 

low-fat dairy, whole grains, fish, oil, cereals, and water (Shakersain et al., 2016). Gardener et al. 

(2015) also identified a prudent and Western diet using PCA and derived a Western diet 

characterized by high consumption of red and processed meats, refined grains, poultry, sweets, 

fast food, salty snacks, margarine, high-fat dairy, and potatoes. The prudent diet was 

characterized by high consumption of vegetables, fruits, whole grains, nuts, fish, and low-fat 

dairy (Gardener et al., 2015). Slight differences in the diet patterns derived in this study 

compared to previous studies are likely due to the use of different food frequency questionnaires 

and lower cut-off values for significant factor loadings. Further, differences across studies in the 

dietary patterns derived using an a posteriori approach limits inter-study comparison. However, 

data-driven approaches to dietary pattern analysis are beneficial as they provide insight into the 

dietary behaviour of the study participants without imposing predetermined guidelines for 

healthy eating behaviour. 

 Inconsistent with previous research linking perceived stress with cognition in older 

adults, there was no association between perceived stress and episodic memory or executive 

functioning in this study. Longitudinal studies examining the impact of perceived stress on 

cognitive change among older adults have consistently shown that increased levels of perceived 

stress were associated with higher rates of decline in memory and executive functioning 

(Aggarwal et al., 2014; Munoz et al., 2015; Turner et al., 2017). Findings from the current cross-

sectional study cannot be directly compared to longitudinal studies that assess a causal 

relationship between perceived stress and cognitive function. However, in a cross-sectional study 

examining the association between perceived stress using the PSS-10 and neurocognitive 

function in 1099 older adults, higher perceived stress was associated with worse performance on 
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a delayed and immediate word recall task, and executive functioning measured using a digit span 

task (Korten et al., 2017). One potential explanation for the null association between perceived 

stress and cognitive functioning in the current study is the high-functioning cohort of 

participants. Specifically, the variability in perceived stress scores in the current sample was low, 

with a range in scores from 0 to 32, and a standard deviation of 0.46. Although the mean PSS-10 

score was similar between the current study and Korten et al. (2017), the variability in PSS-10 in 

Korten et al. (2017) was much larger, with a range of 0 to 38 and a standard deviation of 5.67. 

Further, performance on the episodic memory task in the current study was higher than Korten et 

al. (2017). The limited variability in the present study may therefore be masking power to detect 

a relationship between perceived stress and cognitive performance. 

 Also inconsistent with the literature, there was no direct association between perceived 

stress and diet pattern consumption. Previous research showing a relationship between high 

stress and poor food choices have largely focused on younger and middle-aged adults (Ng & 

Jeffery, 2003; Ansari & Berg-Berkhoof, 2015; Newman et al., 2007), precluding the 

generalizability of these findings to the older adult population. However, two studies in older 

adults have suggested such an association. Namely, Laugero et al. (2011) found that higher 

perceived stress among older adults was associated with lower intake of fruits and vegetables, 

and higher intake of salty foods. Although Barrington et al. (2014) failed to show an association 

between stress and consumption of fruits and vegetables, they did find that older adults who 

reported higher perceived stress consumed more high-fat snacks and fast food items. Both 

Laurego et al. (2011) and Barrington et al. (2014), however, did not measure dietary intake using 

a data-driven, diet pattern approach, but rather examined the association between perceived 

stress and individual food consumption. Hence, perceived stress may not be associated with 
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overall dietary pattern, but rather with intake of specific foods. However, this is purely 

speculative and additional research is required.  

 Western and prudent diet consumption were also not associated with episodic memory or 

executive functioning. Previous studies have reported that adherence to a high-fat, Western diet 

is associated with poor global cognition at baseline (Granic et al., 2016) and follow-up 

(Shakersain et al., 2016). Corley, Starr, McNeill, & Deary (2013) also found that adherence to a 

Western-like diet pattern was associated with poorer performance on neurocognitive tests of 

memory. Other research, however, has found null associations between Western diet intake and 

cognitive function in late life (Wengreen, Neilson, Munger, & Corcoran, 2009), corroborating 

current research findings. A possible explanation for the lack of association between Western 

diet and cognition is the protective effect of lean red meats on cognition via iron, protein, 

MUFA, and PUFA (Solfrizzi et al., 2017).  

Previous studies have shown that greater adherence to a healthy prudent diet pattern is 

associated with slower rates of global cognitive decline and executive functioning (Shakersain et 

al., 2016; Gardener et al., 2015; Tangney et al., 2011) and better global cognition cross-

sectionally (Okubo et al., 2017). Feart et al. (2009) found that higher adherence to a prudent diet 

was not associated with change in verbal episodic memory, while Corley et al. (2013) reported 

that prudent diet adherence was associated with better memory performance. Given that mixed 

results have been found with respect to prudent diet intake and memory performance, the current 

results may suggest that prudent diet does not benefit memory and may be more important for 

executive functioning. Specifically, the nutrients present in the prudent diet including B 

vitamins, antioxidants, and MUFAs, may exert effects on neuronal integrity of the PFC and may 

not be as sensitive to the HC. However, memory and executive functioning are higher-order 
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cognitive domains that rely on distributed, large-scale neural networks and are not localized to 

only one particular brain region. Therefore, neuronal correlates of diet intake require further 

investigation. Specifically, future research is needed to delineate how prudent diet intake impacts 

brain regions responsible memory performance and executive functioning. Taken together, 

however, current findings are incongruent with previous research showing the protective effects 

of a prudent diet on cognitive function in older adulthood. 

 In line with the proposed hypothesis, findings from the current study suggest that the 

prudent diet pattern may be a protective factor in the association between perceived stress and 

executive functioning, measuring via set-shifting performance. Specifically, no association 

between perceived stress and executive function was present at moderate and high levels of 

prudent diet consumption. Higher levels of perceived stress, however, was associated with worse 

executive functioning performance at low prudent diet intake. These results remained significant 

even after controlling for potential confounding variables including BMI, ethnicity, perceived 

socioeconomic status, and diabetes. Contrary to expected findings, prudent diet did not moderate 

the association between perceived stress and episodic memory, such that the relationship 

between perceived stress and episodic memory was null at low, moderate, and high levels of 

prudent diet intake. As previously mentioned, these findings suggest that the effects of a prudent 

diet may be more sensitive to executive functioning compared to memory performance. Previous 

studies, however, show that prudent diet is associated with both lower HC (Jacka et al., 2015) 

and PFC volumes (Gu et al., 2015). Given that stress has detrimental effects on the HC (Lupien 

et al., 1998) and PFC (Dai et al., 2004), it would be expected that diet intake alters the effects of 

both HC and PFC function. Future research is needed to determine the mechanisms through 

which prudent diet and stress interact to influence brain structure and function. 
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Contrary to the expected findings, adherence to an unhealthy Western diet did not 

moderate the relationship between perceived stress and executive function or episodic memory. 

These findings are also incongruent with previous research linking Western diet and stress to 

integrity of the brain regions associated with such cognitive functions (Jacka et al., 2015; Lupien 

et al., 1998). This suggests, however, that a Western diet may not play a role in performance on 

neurocognitive tasks that rely on the structural integrity of brain regions that are sensitive to the 

effects of stress. Future research, however, is needed to elucidate this mechanism. 

 As mentioned previously, the primary limitation of this study is the high-functioning 

cohort of participants, which are a likely reason for null findings. Specifically, participants 

performed highly on the neurocognitive tasks and reported relatively low levels of perceived 

stress in comparison to other studies assessing such a relationship (Korten et al., 2017). The 

restricted range of scores may not have captured a large enough variability in order to detect an 

association between the observed relationships. A possibility for the lack of variation in the 

sample performance is the stringent exclusion criteria for study participation which was not 

designed to capture the variability in cognitive functioning in the general population. Given that 

health status is associated with perceived stress in older adulthood (Osmanovic-Thunstrom, 

Mossello, Akerstedt, Fratiglioni, & Wang, 2015), the high functioning cohort may also 

contribute to low levels of perceived stress observed. Further, the current sample was well-

educated with a majority of participants reporting medium or high socioeconomic status, which 

may minimize the ability to detect a relationship between the variables of interest. Indeed, Parrott 

et al. (2013) found a relationship between diet pattern intake and cognitive function among older 

adults in a socioeconomic position measured via income, education, and occupation. Education 

also moderates the association between stress and cognitive aging (Tschanz et al., 2012). These 
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studies suggest that recruiting participants with a wide range of socioeconomic positions and 

educational attainment may better elucidate a relationship between stress, diet, and cognition.  

Another limitation of this study is the cross-sectional design, which does not exclude the 

possibility of reverse causality such that cognitive functioning influences perceived stress and 

diet choices. Previous research indicates that poor cognitive health is a contributing factor to 

increasing stress with age (Osmanovic-Thunstrom et al., 2015). Additionally, this cross-sectional 

design does not rule out the possibility that poorer cognitive function results in behavioural 

changes including alterations in dietary habits, as supported by studies showing that poor 

cognitive health leads to unhealthy dietary choices (Crichton, Elias, Davey, Alkerwi, & Dore, 

2016). Hence, longitudinal studies are needed to examine whether diet pattern consumption 

influences how perceived stress leads to cognitive change in older adulthood. 

 A final study limitation is the Eurocentric nature of the food frequency questionnaire 

used to measure diet intake. Items on the EPIC-Norfolk FFQ (Bingham et al., 1997) were 

constructed to reflect foods and food brands commonly consumed in the United Kingdom, 

possibly limiting the generalizability of this FFQ to other countries such as Canada. Further, this 

questionnaire does not include foods from a diverse range of cuisines that may not reflect the 

eating patterns of individuals living in a multicultural city such as Toronto. Future research can 

benefit from using a more culturally diverse FFQ which may result in diet patterns comprised of 

different food constituents. It is also important to note that ethnicity was associated with prudent 

diet intake in the current study such that non-Caucasian individuals consumed a higher prudent 

diet compared to their Caucasian counterparts, suggesting that ethnicity plays a role in dietary 

choices. This raises the question of what is considered a prudent diet, given that the FFQ used in 

this study does not specify how the foods are prepared or cooked. The prudent dietary pattern is 
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similar to a Mediterranean diet that is typical of cuisines in Mediterranean regions. The 

characteristic cuisine of other regions such as Asia is different from a Mediterranean diet but is 

comprised of similar foods that are prepared differently. Future research can benefit from 

utilizing an FFQ that assesses food item preparation in order to elucidate whether cooking style 

alters dietary patterns. 

 Overall, the study’s main hypotheses were partially supported, suggesting that healthy 

dietary behaviour among older adults may protect against the adverse effects of stress on 

executive function. Given that maintenance of executive functioning is important for facilitating 

healthy aging, this study provides a novel pathway through which the detrimental impacts of 

stress may be mitigated. Despite the aforementioned limitations, this study contributes to the 

growing literature in the area of nutrition and cognitive aging, consolidating the connection 

between cognitive aging, perceived stress, and dietary intake in late life by providing an 

improved understanding of the relationship between perceived stress and cognition via a holistic 

view of nutrition. 
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Appendix A 

 

 
 
 

 

AGING and the BRAIN 
A study that examines the impact of 
biological, psychological and social 

factors on brain health in older adults 
 

OLDER ADULT RESEARCH PARTICIPANTS 
NEEDED!!! 

 

Ages:  60 YEARS AND OLDER 

 
Participation includes 2 testing sessions: 

1. Blood, urine and saliva collection to measure biological markers of stress and 
aging followed by a testing session that will assess memory, attention, speed of 

processing, language, mood, and lifestyle behaviors. This session will take an 
estimated total of 4 hours. 

2. Undergo a non-invasive test that measures your brain activity while at rest and 
during an activity, lasting an estimated total of 3 hours.  

 

Eligible participants will be reimbursed for their participation. 
 

If interested, please call 
 (416) 979-5000 ext 3233 

or 
 Email: star.lab@psych.ryerson.ca  

 

 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 

A
ging &

 the B
rain Study 

(416) 979-5000 x3233 
star.lab@

psych.ryerson.ca 



  

	 53	

Appendix B 

Phone Screening Questionnaire 

Researcher: To determine your eligibility for the study, I will now ask you a few questions about demographic and 
health information. This confidential information will be securely stored in our database and is restricted to members 
of the research team. You do not have to answer any questions that you are uncomfortable with; however, you may 
be excluded based on the information you choose to withhold. 

1. DEMOGRAPHIC QUESTIONS 

Age: 
 

Sex:  M ___   F ____    

Ethnicity (e.g., Caucasian, Hispanic, etc.):  

Country of birth: 
 

Country/countries of descent (i.e., where you 
would trace your ancestry to): 

 

Languages you speak:   

If English is not your mother tongue, at what 
age did you learn to speak English? 

(Exclude if learned English after age 12) 

 

Handedness: Right ___  Left _____  Ambidextrous____ 

Do you drive? No __      Yes __ 

If no, do you have a driver’s license? __ 

Are you retired? No _____      Yes ____  

If yes, in what year did you retire? ___ 

How many years of education do you have? 
 

What is your perceived socioeconomic status? High____   Medium __    Low _____ 

Do you smoke? Or have you ever smoked 
before? 

If yes, How many cigarettes do you smoke a 
day? __________________ 

No _____  Yes _____ 
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Do you participate in a regular exercise 
program? 

(i.e. anything that increases heart rate 3x/week; 
e.g. aerobics, swimming, walking) 

No ____ 

Yes (describe)  
 
  

Have you ever had any cognitive or 
neuropsychological testing?  

E.g., with a psychologist or for a study 

(Exclude if within last year) 

No __ 

Yes (reason) _________________________ 
____________________________________ 
 
When _________ 

Are you actively participating in any sort of 
formal brain training activities, e.g., Lumosity, 
Brain Metrix? 

If Yes, how long (in months)? 

No __ 

Yes __ 

Duration : _______________ 

Frequency: ______________ 

 

3. HEALTH-RELATED QUESTIONS 

Have you ever had any of the following? 

Vision problems (glasses, operations): 
 
(exclude if vision is not corrected) 

No _____      Yes ___  

If yes, specify:  
 ______________________________ 
    ______________________________ 
-- If yes, is your vision corrected to 20/20 with 
glasses?   
 
No _____      Yes  __ 

Hearing problems (weak hearing, 
hearing aids): 
 
(exclude if hearing is not corrected) 

No ___      Yes ____  

If yes, specify:  
    ______________________________ 
 
Is your hearing corrected to normal with the hearing 
aid? 
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No _____      Yes _____  

Diabetes: 
 
 
If not medicated, ask if they are okay to fast 
for 12 hours without complications.  
 
If they cannot fast, exclude.  
 
If they can, include with a note that they 
must be given the snack IMMEDIATELY 
after the blood test. 

No __      Yes _____ 

If yes, when were you diagnosed? 
    Year: _____________ 
 
Is it controlled with medication? 
 
No _____      Yes _____ 
 
If yes, which medication? 
     
Name: ________________________ 
 

Hypo or Hyperthyroidism:  

(exclude if not controlled) 

 

No ___      Yes _____ 

If yes, is it controlled with medication? 
 
No _____      Yes _____; Name ______________ 

Cancer: 
(exclude if chemotherapy or radiation) 

No _____      Yes ____ 
 
If yes, when were you diagnosed? 
Year: ________ 
 
Did you receive chemotherapy or radiation? 
    
No ____      Yes _____  

Stroke: 
(exclude if Ischemic or Hemorrhagic, 
probe for details) 

No ____      Yes _____ 
 
If yes, when did this occur? ___________ 
 
Was it Ischemic, Hemorrhagic or Transient 
Ischemic? _______________ 
 

Aneurysm: 
(exclude) 

No ____      Yes _____ 

Heart attack: 
 

No ____      Yes _____ 
 
If yes, when? ________________ 

High blood pressure:  No ____      Yes _____ 
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(SBP >=140 ; DBP >=90)  
If yes, is it controlled with medication? 
No _____      Yes _____  
 
medication name: ____________________ 
 

Learning disability: 
(exclude) 

No ____      Yes _____ 

Neurological disease: 
(exclude if: 
Dementia,Parkinsons, MS, Huntingtons, 
ALS, Stroke, Seizure Disorder) 

No ____      Yes _____	

Seizure: 
(exclude) 

No _____      Yes _____	

Epilepsy: 
(exclude) 

No _____      Yes _____	

Head injury: 
(probe for seriousness; exclude if within 
last year) 

No _____      Yes _____	

Serious car accident: No _____      Yes _____	

Concussion: 
(exclude if within last year) 

No _____      Yes _____ 
 
If yes, how many? When was the last one? 
____________________________________ 

 
Have you ever been unconscious? 
(exclude if within last year) 

No ___      Yes _____ 
 
If yes, how long were you unconscious? 
    Duration: _____________ 
If yes, what was the cause? 
    Cause: __________________ 

Have you ever had surgery that required 
general anesthesia? Or colonoscopy 
within the last year? 
(exclude if within last year) 
(ask if colonoscopy was generalized or 
localized anaesthetic: if generalized, 
EXCLUDE, if localized, OKAY) 

No ____      Yes ___ 
 
If yes, when did you have this procedure? 
    Year: __         ___ 

Are you currently taking any hormonal 
replacement therapy?  

No ___ Yes ________ 
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(For female participant) 

If yes, when did you start taking them? Year: 
________ 

If yes, when did you start taking them?________ 
When did you go through menopause? 
 
(For female participant) 

No _______ Yes ____ 

If yes, when did this begin? Year: _ _____ 

If yes, did you ever take any hormone replacement 
medication to treat your symptoms? 
No ____  Yes _________ 

HIV/AIDS 
(Is it controlled? Probe for seriousness 
of symptoms) 

No ______  Yes _______ 

Are you on any other medications or do 
you have another medical condition we 
have not spoken about? 

No ____      Yes _____ 
 
If yes, what are they called and what is each one 
for? 
    Name: _____________ Reason: _____________ 
    Name: _____________ Reason: _____________    
    Name: ______________ Reason: ____________ 
 

 

4. Psychiatric disorder 
Next I am going to ask you some questions about your mood and behaviours in the last few 
months 
 
Substance abuse: 
(Alcohol use): 
In the last 6 months, have you had 5 or 
more alcoholic drinks on one occasion? 
 
(Illegal/recreational drug use): 
In the last 6 months, have you used 
recreational drugs? 
 
 
 
 
 
 

No ____      Yes _____ 

 If yes, how frequently? _____________; Has your 
drinking caused a problem for you, or has any 
objected to it? _________ (If yes, exclude) 

No ____      Yes _____ 

 If yes, how frequently? __________; Has your 
drug use caused a problem for you, or has anyone 
objected to it? __________ (if yes, exclude) 

At what age did you start using regularly? 
________ (Before 18 years of age, exclude) 
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(Prescription medication): 
In the last 6 months, have you taken a lot 
more of a prescribed medication than 
you were supposed to? 

When you are not using, have you ever experience 
any withdrawal symptoms or have the physical 
need to use?         
No _____     Yes _______ (if yes, exclude) 
 

No ____     Yes _______ 

 If yes, how frequently? _________; Has your 
medication use caused a problem for you, or has 
anyone objected to it? ___________ (if yes, 
exclude) 

(Hallucinations): 
Has there been any time over the last 6 
months when you have heard voices that 
other people couldn’t hear, seen things 
that other people couldn’t see, or smelled 
things that other people couldn’t smell? 

No ____ Yes ________ 

(If yes, exclude) 

(Delusion) 
In the last 6 months, have you thought 
that someone was out to get you or is 
plotting behind your back? 

No ____ Yes ________ 

(If yes, exclude) 

(Manic symptoms): 
In the last 6 months, has there been a 
time when you felt so happy, “high”, 
excited or hyper that other people 
thought you were not your normal self, 
or you were so hyper that you started 
getting into trouble? 

No ____ Yes ________ 

(If yes, exclude) 

Have you ever been diagnosed with an 
anxiety disorder? 
 
(Ask what type of anxiety disorder & and 
if it was diagnosed by a 
physician/psychologist/psychiatrist) 

No ____ Yes ________ 

If yes, when were you diagnosed? Year: 
_________ 

If yes, are you currently taking any medication to 
treat your symptoms?  
 
No __________     Yes ___________ 

(Depression): 
In the last month has there been a period 
of time when you were feeling depressed 

 

No ____ Yes ________ 

If yes, since when? _________ 
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or down most of the day, nearly every 
day?  
 
What about losing interest or pleasure in 
things you usually enjoy? 
   
During the last two weeks: 
Has your appetite? Did you eat less or 
more than usual? Did you lose or gain 
any weight? If yes, were you trying to 
lose/gain weight? 
Did you have trouble: 
Falling asleep or waking too early, 
waking frequently, trouble staying asleep 
or sleeping too much more than usual? 
 If yes, was that nearly every night? 
 
Were you so fidgety or restless that you 
were unable to sit still more than usual? 
OR were you talking or moving more 
slowly than is normal for you? 
 
Did you have trouble thinking or 
concentrating? 
 If yes, was this more difficult than 
usual? 

 
 

No ____ Yes ____      If yes, how long? 
__________ 
 

 

No ____ Yes ________ 

 

 
No ______ Yes ________ 
No ______ Yes ________ 
No _______ Yes ________                                      
No _______ Yes ________ 

 

No ______ Yes ________ 

No _____ Yes ________ 

 
No ______ Yes ________ 
 
No _____ Yes ________ 
 

Have you ever been diagnosed with 
depression?  
 
No exclusion  

No _______ Yes _____  

If yes, when are you diagnosed? Year: ___ ____ 

If yes, are you currently taking any anti-depressant 
or medication to treat your symptoms? 
No ________  Yes _________ 
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Appendix J 

Culinary categories of the food items on the EPIC-Norfolk Food Frequency Questionnaire 
 

Culinary Category Food Item 

Processed meats • Corned beef, spam, luncheon meats 

• Sausages 

• Bacon 

• Ham 

Organ meats • Liver, liver pate, liver sausage 

Poultry • Chicken or other poultry (e.g., turkey) 

Meats (other) • Beef 

• Beef burger 

• Pork  

• Lamb 

• Savoury pies  

Fish and seafood • Fish fingers, fish cakes 

• Shellfish (e.g., crab, prawns, mussels) 

• Fish roe, taramasalata 

• Other white fish (e.g., cod, haddock, 

plaice, sole, halibut) 

Fatty fish • Oily fish (e.g., Mackerel, kippers, tuna, 

salmon, sardines, herring) 

Tofu and soy • Tofu, soya meat, veggie-burger 

Eggs and egg dishes • Eggs 

• Quiche 

Refined grains • White bread and rolls 

• White rice 

• White or green pasta 

• Lasagne, moussaka 

Whole grains • Brown bread and rolls 

• Wholemeal bread and rolls 

• Brown rice 

• Wholemeal pasta 

Potatoes • Boiled, mashed, instant, or jacket potatoes 

• Roast potatoes 
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• Potato salad 

Candy and sugars • Chocolate 

• Chocolate snack bars 

• Sweets, toffee, mints 

• Sugar added to coffee/tea, cereal 

• Jam, marmalade, honey 

Baked goods • Sweet biscuits (chocolate) 

• Sweet biscuits (plain) 

• Home baked cakes 

• Readymade cakes 

• Home baked buns and pastries 

• Readymade buns and pastries 

• Home baked fruit pies, tarts, crumbles 

• Readymade fruit pies, tarts, crumbles 

• Home baked sponge pudding 

• Readymade sponge pudding 

Butter • Butter 

Margarine • Block margarine 

• Polyunsaturated margarine 

• Low fat spread 

• Very low fat spread 

• Other soft margarine, dairy spread 

Condiments • Sauces (e.g., white sauce, cheese sauce, 
gravy) 

• Ketchup 

• Pickles, chutney 

• Marmite, Bovril 

Salty snacks • Crispbread 

• Cream crackers, cheese biscuits 

• Crisps (i.e., chips) 

Fried foods • Pizza 

• Fried fish in batter  

• Chips (i.e., French fries) 

Soups • Vegetable soups 

• Meat soups 

Dressings and dips • Salad cream (i.e., mayonnaise) 

• Low calorie, low fat salad cream 
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• French dressing 

• Other salad dressing 

High-fat dairy • Single or sour cream 

• Double or clotted cream 

• Full fat or Greek yogurt 

• Dairy desserts 

• Cheese (e.g., cheddar, brie, edam) 

• Ice cream 

• Milk puddings 

Low-fat dairy • Low fat yogurt 

• Cottage cheese, low fat soft cheese 

Cereals • Porridge 

• Breakfast cereal (e.g., cornflakes, muesli) 

Cruciferous vegetables • Brussels sprouts 

• Cabbage 

• Cauliflower 

• Parsnips, turnips, swedes 

• Broccoli, spring greens, kale 

Vegetables • Carrots 

• Peas 

• Marrow, courgettes 

• Leeks 

• Onions 

• Garlic 

• Mushrooms 

• Sweet Peppers 

• Beansprouts 

• Tomatoes 

• Sweetcorn 

• Coleslaw 

• Avocado 

• Beetroot 

Leafy vegetables • Spinach 

• Green salad, lettuce, cucumber, celery 

• Watercress 

Nuts and seeds • Peanuts, other nuts 

• Peanut butter 
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Legumes • Baked beans 

• Dried lentils, beans, peas 

• Green beans, broad beans, runner beans 

Fruits • Apples 

• Pears 

• Oranges, satsumas, mandarins 

• Grapefruit 

• Bananas 

• Grapes 

• Melon 

• Peaches, plums, apricots 

• Tinned fruits 

• Dried fruits 

Berries • Strawberries, raspberries, kiwi fruit 

Sugary drinks • Fizzy soft drinks 

• Pure fruit juice 

• Fruit squash 

• Cocoa, hot chocolate 

• Horlicks, Ovaltine 

Diet drinks • Low calorie/diet fizzy soft drinks 

Coffee/tea • Tea 

• Coffee, instant or ground 

• Decaffeinated coffee 

Alcohol • Wine 

• Beer 

• Port, sherry, vermouth, liqueurs 

• Spirits 

Other • Coffee whitener 
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