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Effects of Cardiovascular Risks and Acute Exercise on Cognitive and 

Brain Functioning in Young Adults 

 

Hannah Grace Calvert, PhD  

The University of Texas at Austin, 2016 

 

Supervisor:  Darla M. Castelli 

 

Cardiovascular disease (CVD) is characterized by damage to the vasculature, 

leading to impaired blood circulation. This damage is related to structural deficits in the 

brain as well as decreased cognitive performance. Risks for CVD are more common among 

young adults now than in previous generations of this cohort. While associations between 

CVD states and cognition are well studied, little is known about how risk factors for CVD 

may influence cognitive functioning in young populations. Physical activity engagement 

is one potential method for decreasing CVD risks and improving cognitive performance. 

The purpose of this dissertation was to examine the effects of CVD risks and acute exercise 

on cognitive and neural outcomes in young adults. A sample of 100 young adults aged 18-

30 was recruited for this study. Participants underwent a blood draw, an aerobic fitness 

assessment, and a cognitive battery. A subset was randomly assigned to exercise (n=40) 

and control (n = 31) groups to examine the effects of a bout of exhaustive exercise on 

cognitive function. On separate a day, participants (n=17) engaged in a moderate intensity 

acute exercise with cognitive and functional neuroimaging assessments at baseline and 

post-exercise. In the first study, cross-sectional analyses revealed that young adults who 
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possessed three or more risks for CVD had significantly inferior performance on cognitive 

tests requiring incongruent processing compared to their peers with no identified CVD 

risks. Participants who engaged in a bout of acute exhaustive exercise had increased 

cognitive performance post exercise compared to resting controls, in the second study. In 

study three, an acute bout of moderate intensity exercise had no effects on neural activation 

in the overall sample of participants. However, blood pressure moderated the effects of 

acute exercise on neural activation such that pre-hypertensive individuals experienced a 

differential increase in task-related brain activation after exercise in several brain regions. 

Young adults who possess several CVD risk factors may already be experiencing subtle 

decrements to their executive functioning, specifically during incongruent tasks. Short 

bouts of exercise produce cognitive benefits in this population and also increase brain 

activation during executive functioning tasks in those who have several CVD risks. 

Findings from these three studies have public health implications as regular engagement in 

moderate to very vigorous physical activity has cognitive benefits related to the prevention 

of age-related cognitive impairments. 
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INTRODUCTION 

In 2050, Alzheimer’s Disease is expected to affect more than 100 million people 

worldwide, with a projected cost of more than $600 billion (Kinsella & Wan, 2009). 

Cognitive impairment, which often precedes Alzheimer’s disease and other dementias, far 

overshadows this disease in its prevalence (Plassman et al., 2008). Behavioral and 

environmental factors shape one’s trajectory for cognitive aging, with the physical 

condition being one of the largest predictors for maintaining cognitive functioning 

(Ballesteros, Kraft, Santana, & Tziraki, 2015; Kramer, Bherer, Colcombe, Dong, & 

Greenough, 2004). Cardiovascular health is associated with a cognitive function such that 

unhealthy levels of body fat, low fitness, and the presence of atherosclerotic plaques have 

been shown to detrimentally affect cognitive performance in adults (Colcombe et al., 2004; 

Knopman et al., 2001). The presence of CVD risks in midlife has also been shown to 

increase the likelihood that an individual will experience an earlier onset of dementia in 

older age. CVD risk factors have even been implicated in the development Alzheimer’s 

disease (Scarmeas, Luchsinger, Schupf, & et al, 2009; Whitmer, Sidney, Selby, Johnston, 

& Yaffe, 2005). 

Today’s youth are more sedentary and overweight than their parents at the same 

age (CDC, 2014b). Along with this change in lifestyle behaviors, CVD risks such as 

hypertension, obesity, and inflammation are occurring at younger ages than what has been 

previously seen in the United States (US; Berenson et al., 1998; Koebnick et al., 2012). 

This trend is troubling, as young adults with CVD risk factors have an increased likelihood 
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of early mortality (Saydah, Bullard, Imperatore, Geiss, & Gregg, 2013). It is important to 

engage in positive health habits early, as these behaviors are likely to track into adulthood 

(Glenmark, Hedberg, & Jansson, 1994; Kuh & Cooper, 1992).  

Young adulthood is also an important period of cognitive development. While the 

majority of people reach physical maturity by the end of their teenage years, brain 

development is still occurring at the beginning of the twenties (Diamond, 2002; Tanner & 

Tanner, 1990). Cognitive abilities in young adults, specifically executive functions, are in 

the final stage of refinement in the prefrontal cortex, hence the mid to late twenties are 

viewed as a time of prime cognitive acuity. In the third decade of life, age-related factors 

such as declined brain blood flow and a reduced number of healthy neurons begin the 

gradual decline in cognitive performance (Craik & Bialystok, 2006).  

This developmental window of cognitive prime is one that has received less study 

due to the assumption that peak cognitive performance in healthy individuals can only be 

minimally altered through intervention. However, given the prevalence of health risks 

among young adults today, the presumption that they are reaching their cognitive potential 

is less certain. Due to increasing evidence that behaviors in early life predict cognitive 

functioning in late life (Dik, Deeg, Visser, & Jonker, 2003), the public health focus should 

shift toward early intervention, long before the beginning stages of cognitive decline are 

measurable.   

There is a multitude of research which demonstrates the benefits of good 

cardiovascular health and physical activity for middle-aged and older adults (Colcombe & 

Kramer, 2003; Gatto et al., 2008; Prakash et al., 2015). Although the mechanisms at play 
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in the relationship between physical activity and cognition have not been fully identified, 

several mediating factors have been suggested (see Figure 1.; Spirduso, Poon, & Chodzko-

Zajko, 2008).  

Figure 1. Spirduso’s Mediation Model for PA and Cognition 

 

There are less consistent findings regarding the short terms effects of physical 

activity and cardiovascular health on cognitive functioning in young adults. For a literature 

review of this topic, see Appendix. It is suggested that acute bouts of exercise produce 

transient benefits for cognition, but how these effects may interact with CVD risks to affect 

cognitive performance has not been examined in the young adult population. Accordingly, 

this dissertation encompasses three studies that were conducted to examine the effects of 

health risk factors and physical activity on cognitive health in young adults. Guided by 

Spirduso and colleague’s original model (2008), a model adapted to fit young adults was 

created. The relationships and constructs highlighted in within this model were the foci of 

this dissertation (Figure 2.; an adaptation of the model created by Spirduso, Poon & 

Chodzko-Zajko, 2008).  
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Presently, the first study examined the mediating role of health risk factors in the 

relationship between physical activity and executive functioning in a group of 100 young 

adults.  Participants underwent a full health screening and cognitive assessment, including 

a blood panel and test of maximal aerobic fitness. A path analysis was used to determine 

the best fit of the constructs in the model, with executive functioning as a dependent 

variable. To date, no other studies have taken this comprehensive approach to examining 

health risks and cognition in this population. 

Figure 2. Proposed Mediation Model for Young Adults 

 

The second study narrowed the scope of the first study to look specifically at CVD 

risks in young adults while also adding an intervention component. In this study, executive 

functioning was examined in young adults before and after they experienced a short bout 

of vigorous physical activity. Characteristics of CVD were treated as potential confounders 
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in the cognitive response to exercise for this analysis.  Only one other study to date has 

investigated cognitive responses to acute, exhaustive exercise among young adults (Griffin 

et al., 2011). 

The third study in this dissertation also used an acute exercise intervention 

component. This study not only examined behavioral outcomes of cognitive functioning 

but also utilized neuroimaging techniques to identify neural activation before and after the 

physical activity bout. Only two studies to date have examined neural activation before and 

after acute exercise using fMRI techniques (Li et al., 2014; MacIntosh et al., 2014). Thus, 

this study served to contribute more evidence to a pertinent emerging area of investigation. 
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STUDY 1: RELATIONSHIPS BETWEEN HEALTH RISKS AND 

EXECUTIVE FUNCTION IN YOUNG ADULTS 

During childhood and young adulthood, environmental and behavioral factors 

shape an individual’s trajectory for cardiovascular health later in life (Berenson, 2002). 

One behavior highly associated with cardiovascular health throughout the lifespan is a level 

of engagement in physical activity (Bouchard, Blair, & Haskell, 2006). The US Department 

of Health and Human Services recommends that adults engage in at least 150 minutes of 

moderate-intensity aerobic activity per week (USDHHS, 2008). However, only about half 

of Americans are estimated to meet these guidelines (CDC, 2013). The decrease in physical 

activity levels of adults and children has become an alarming trend over the last three 

decades. In 2014, the Centers for Disease Control and Prevention reported that 70% of 

adults over age 20 were overweight or obese, with obesity rates more than 10%  higher 

than rates reported in 1988 (Fryar, Carroll, & Ogden, 2015). Cardiovascular disease (CVD) 

risks like obesity are now seen in children as young as two years old (Ogden, Carroll, Kit, 

& Flegal, 2014).  

While young adults ages 18-24 are outperforming older generations in accruing 

aerobic physical activity minutes, after age 24, aerobic activity levels drop to a rate more 

equal to middle age (CDC, 2013). This decline in activity parallels the rise in prevalence 

of health risks such as high blood pressure, or hypertension, elevated body mass index 

(BMI), Diabetes Mellitus Type 2 (T2DM), and systemic inflammation, which are now 

increasingly seen in individuals younger than middle age (Berenson, 2002; Castelli et al., 

2013; CDC, 2014a; Kivimäki et al., 2005). With this comes the possibility of a reduction 
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in the timeline for chronic CVD progression. Young adults under thirty are now presenting 

higher risk profiles for CVD similar to what would have been previously seen in midlife 

and older age (Saydah et al., 2013). 

Disease states, particularly conditions associated with CVD, increase the risk of 

cognitive decline and disease in older adults (Dik et al., 2007). This cognitive decline often 

first manifests as subclinical differences in cognition. Hypertension and obesity in middle-

aged adults are related to decreased cognitive performance (van den Berg, Kloppenborg, 

Kessels, Kappelle, & Biessels, 2009). Systemic inflammation, which can result from daily 

stressors and poor health habits (McDade, Hawkley, & Cacioppo, 2006), can also influence 

brain function. One study has shown an inverse dose-response relationship between 

systemic inflammation and cognitive function for those with significant CVD (Yaffe et al, 

2004). Decreased brain volumes in the hippocampus and frontal lobe have been reported 

in middle-aged adults and adolescents with T2DM (Bruehl, Sweat, Tirsi, Shah, & Convit, 

2011). Metabolic syndrome (MetS), which is a collection of risks such as obesity, 

hypertension, impaired fasting glucose, and dyslipidemia (Grundy et al., 2004), is also 

related to decreased cognitive abilities in middle-aged adults (Yates, Sweat, Yau, 

Turchiano, & Convit, 2012).  

There is some evidence to show that CVD risks can impact cognitive performance 

even before significant disease states develop, potentially through subtle changes to the 

microvascular system and energy metabolism (Yau et al., 2010). Several studies have 

examined the impact of individual risk factors on cognitive function in young adults. The 

effects of fitness on various aspects of cognition are one primary area of study (Prakash et 



 8 

al., 2015). Young adults with lower fitness perform more poorly on executive functioning 

domains of attention (Newson & Kemps, 2008), working memory (Baym et al., 2014), 

inhibition (Guiney, Lucas, Cotter, & Machado, 2015; Hillman et al., 2006), and cognitive 

flexibility (Loprinzi & Kane, 2015b; Themanson, Pontifex, & Hillman, 2008) than their 

more fit peers. Body Mass Index (BMI), which approximates overall body composition, is 

also inversely related to performance on tasks involving inhibition and cognitive flexibility 

in younger adult populations (Gunstad et al., 2007; Gunstad, Paul, Cohen, Tate, & Gordon, 

2013). Additionally, studies have documented that young adults with a family history of 

hypertension (Haley et al., 2008), higher systolic blood pressure (Suhr, Stewart, & France, 

2004), and high systemic inflammation as measured by C-Reactive Protein (CRP) (Calvert 

et al., 2014; Castelli et al., 2013) perform more poorly on measures of executive 

functioning.  

Evidence suggests that physiological biomarkers related to overall health, or 

indices of “biological age,” are better predictors of physical and cognitive functioning than 

chronological age (Belsky et al., 2015). Thus, developing a greater understanding of which 

health risk factors influence cognition in young adults will not only help to target 

interventions that reduce the burden of CVD, but also help reduce the incidence and 

prevalence of vascular related dementias as this population ages.  Few studies have 

explored this topic since young adults are often healthy and presumed to be in their 

cognitive prime (Craik & Bialystok, 2006). To our knowledge, no studies have done a 

comprehensive evaluation of CVD risk and related it to cognitive functioning in a young 

adult population. The purpose of this investigation was to identify and quantify the links 
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between health behaviors, biological health risks, and executive functioning in young 

adults. Specifically, a path analysis was used to test the associations between health risks 

and executive function, measured as the behavioral responses of reaction time and 

accuracy, in young adults. All portions of this study were conducted on campus at the 

University of Texas at Austin and were approved by the UT Austin Institutional Review 

Board.  

Methods 

In this study, a cross-sectional design was utilized to collect the data to quantify the 

associations between health behaviors, biological health risks, and executive functioning 

among young adults. This study was conducted in one laboratory visit and involved various 

assessments of physical health, psychological health, and cognitive performance. The 

participant characteristics, measures, protocol, and proposed statistical analyses for the 

study are described below. Data were collected between the months of May 2014 and 

October 2015. 

PARTICIPANTS  

A total of 100 participants were recruited for this study through fliers around 

campus, recruitment from undergraduate courses, social media such as the university 

events calendar, and word of mouth. To be included in the study, participants had to be 18-

30 years of age, non-smoking and have no diagnosed medical diseases or psychological 

disorders. Participants contacted the lab via phone or email for screening and to set up a 

testing appointment. Full participant demographic data are listed in Table 1. 
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Table 1.  Group Means (SD) of Descriptive Data 
 

Variables 
Sample mean (SD) 

n = 100 
  

Age, years 23.2 (3.7)    

Females 49/100    

Years of education  

past high school 
4.2 (2.6)    

Body Mass Index (kg/m²) 23.4 (4.4)    

Waist Circumference (cm) 

     Females 

     Males 

 

74.6 (8.1) 

86.7 (12.0) 

   

CRP (mg\dL) 2.2 (2.5)    

HOMA-IR 1.7 (1.2)    

Systolic Blood Pressure (mmHg) 110.6 (13.1)    

Diastolic Blood Pressure (mmHg) 74.5 (8.4)    

VO2 Max (ml/kg/min) 

     Females 

     Males 

 

32.0 (6.5) 

42.5 (9.7) 

   

MVPA (min/week) 252.8 (305.4)    

Sedentary (Avg hrs sitting/day) 8.7 (3.2)    

CRP = C-Reactive Protein, HOMA-IR = Homeostasis Model of 

Assessment – Insulin Resistance, MVPA = moderate to vigorous 

physical activity 

INSTRUMENTS AND MEASURES 

The following is a description of each of the instruments and measures utilized in 

the study. The instruments and measures are organized into cognitive assessments and 

health risk assessments.  

Cognitive assessments. There were three measures of cognition utilized in this 

study to assess the crystallized intelligence and executive function of the sample: Kaufman 

Brief Intelligence Test, Stroop Test, and Comprehensive Trail Making Test. 
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Kaufman Brief Intelligence Test (KBIT). This assessment measures intelligence 

quotient (IQ). In a one on one quiet setting, the participant is asked to identify the object in 

a picture or puzzle as a representation of his/her vocabulary. The assessment has 2-3 parts 

and depending on the participant’s age and ability; it takes approximately 15-25 minutes 

to complete. Using the KBIT Manual, estimation of IQ is calculated and serves as a 

covariate in the analysis of executive function (Kaufman & Kaufman, 2004). The KBIT 

was included to control for potential influences of crystallized intelligence and IQ on the 

cognition and to determine the variability of the participant sample. Data were reduced by 

calculating a composite score as per instructions in the KBIT manual.  

Stroop Test. This test is used to examine three conditions (word, color, incongruent 

color-word pairs) by requiring the participants to read as many items as possible in 45 

seconds. In the word condition, participants are provided with a list of color words (e.g., 

red, blue) written in black ink and are instructed to identify as many words as possible 

during a 45 second period. Immediately following the word condition, the participants are 

provided with a list of “XXXX” printed in different ink colors (e.g., red, blue) and are 

instructed to read the ink color, thus representing the color condition. In the incongruent 

color-word condition, participants are provided with a list of color words written in 

incongruent color ink relative to the printed word (e.g., the word “red” printed in blue ink). 

The latter condition necessitates the greatest amount of interference control, as participants 

are required to state aloud the color of the ink and inhibit the automatic task of reading the 

printed word. An interference score is also calculated for each participant by dividing their 

color word score by their color score (SCW/SC) (Lansbergen, Kenemans, & van Engeland, 
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2007). A higher ratio score was interpreted as the better ability to process interference from 

reading incongruent words when naming the text color in the color-word condition. The 

Stroop assessment included to measure inhibition and was conducted using paper and pen 

(Golden, 1978). Data were reduced by counting the number of words read in 45 seconds. 

Comprehensive Trail Making Test. This assessment is a visual task requiring 

participants to connect circles in numerical and alphabetical order, by drawing a line from 

one point to the next. The object is to connect the dots as fast as possible with the resulting 

time being the score. If an error is made during the process, it must be corrected during the 

time sequence. This assessment was conducted using paper and pen (Reitan, 1992). This 

assessment was included to measure working memory and attention. Data were reduced by 

recording participants’ time to completion.  

Health risk assessments. A comprehensive health risk assessment was performed 

using clinical laboratory assessments including height and weight, blood pressure, and VO2  

max as well as several blood markers derived from one baseline blood draw.  

Medical health history questionnaire. Participants were asked to fill out a 

questionnaire regarding their family history of cardiovascular disease as well as their health 

history, which was based on the American College of Sports Medicine [ACSM] 2015, 

scientific New Recommendations for Health Screening. The health screening was included 

in the research protocol to identify if there were any “yes” answer that required review and 

discussion with the participant to determine if participation in a maximal exercise protocol 

was safe; no participants were determined to be ineligible for participation due to medical 

safety concerns in this study. Additionally, participants self-reported their average hours 
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of sedentary time on a typical weekday and average time spent in moderate and vigorous 

activity each week, modified from the International Physical Activity Questionnaire (Craig 

et al., 2003).  

Blood pressure. Arterial blood pressure was assessed non-invasively while 

participants were in a resting state via electrosphygmomanometry. An inflatable cuff was 

placed around the upper arm and inflation, and deflation of that cuff was automated upon 

the researcher’s press of the “start” button. The participants felt a slight pressure applied to 

the upper arm for less than 10 seconds. The measurement was complete in the morning, 

after at least ten minutes of sitting quietly. 

Anthropometric measurements. Height and weight were measured using a 

stadiometer and a physician’s scale, respectively. BMI was calculated by standard 

anthropometric techniques (weight in kilograms divided by height in meters squared). 

Waist circumference was assessed with a tape measure at the level of the umbilicus. 

Aerobic fitness (maximal oxygen uptake). The VO2max protocol required 

participants to breathe into a mouthpiece for the monitoring of oxygen consumption while 

cycling continuously at increasing intensities. Starting Watts were selected based on 

participant self-reported physical activity and increased in 20-30 watt increments every 

two minutes. At the end of each two-minute stage, heart rate was monitored using a 

POLAR RS100 and rate of perceived exertion was monitored using the Borg scale (Borg, 

1998). By the ACSM standards of exercise testing (2012), the test was ended upon 

volitional fatigue of the participant, or when cadence fell below 60 rpm (which was no 
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longer than 15 minutes for any participant), RER reached 1.1, RPE reached 18 or greater, 

and heart rate plateaued. Data are reported in relative values of ml O² kg−1 min−1.  

Systemic inflammation.  Blood was used to measure high sensitivity C-reactive 

protein (CRP), which is an index of low-grade systemic inflammation and one predictor of 

cardiovascular disease progression (Danesh et al., 2004). This measure was analyzed in the 

serum using enzyme immunoassay (Biocheck, Inc, Foster City, CA).  

Insulin resistance. Homeostasis Model of Assessment – Insulin Resistance 

(HOMA-IR) was used to calculate insulin resistance from fasting insulin and glucose levels 

(Matthews et al., 1985). The HOMA-IR index has been shown to correlate well with 

rigorous measures of insulin resistance such as the glucose clamp and oral glucose 

tolerance test (Antuna-Puente et al., 2011; Bonora et al., 2000; S. E. Stern et al., 2005; 

Tuan, Abbasi, Lamendola, McLaughlin, & Reaven, 2003). Plasma insulin was measured 

using the Mercodia insulin ELISA (Mercodia Inc, Winston-Salem, NC). Serum glucose 

was measured with the use of glucose oxidase reagent (Pointe Scientific, Inc., Canton, MI) 

which when mixed with plasma, creates a solution which can be read by spectrophotometry 

at a wavelength of 500nm (Huggett & Nixon, 1957).    

PROTOCOL 

Participants arrived for their testing visit having refrained from strenuous exercise 

and alcoholic beverages for 24 hours and from caffeine and food for 12 hours. Immediately 

upon arrival, participants were briefed on the details of the study and given the opportunity 

to sign the informed consent. Once signed, an approximate 10 ml blood sample was 



 15 

obtained from venipuncture of the non-dominant arm. Blood samples were centrifuged and 

stored in a -80 ºC freezer until the samples were analyzed.  

After the blood draw, participants were offered a carbohydrate-based energy bar of 

approximately 150 calories as well as water ad libitum. The participant then completed a 

medical health history questionnaire and underwent a battery of cognitive tests for 

approximately 30 minutes, including the KBIT, Stroop, and TMT. Researchers measured 

the participant’s blood pressure, resting heart rate, height, and weight, using non-invasive 

measures. Before the end of the testing session, participants performed a maximal graded 

exercise test to volitional fatigue on a cycle ergometer (Velotron Dynafit Pro, Seattle WA) 

as previously described. All psychometric, health and cognitive data were recorded on 

sheets corresponding to the measure of interest and coded with the participant’s unique 

alpha-numeric code and not their name. These papers were stored in a folder in a locked 

filing cabinet at the conclusion of the testing appointment.  

DATA ANALYSIS 

Each health risk variable was treated as an independent variable in the analyses. 

Executive function outcomes, as represented by behavioral measures on five different 

cognitive tests, were used as dependent variables in the analyses. The individual test 

outcomes were then collapsed into two composite cognitive scores to reduce the number 

of statistical comparisons.  

Creation of Composite Cognitive Score. Because each cognitive test was 

measured on a different scale, raw scores from each of the cognitive tests were transformed 

to z-scores by subtracting the mean of each test from each’s raw score and dividing the 
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difference by the standard deviation. In the case of Trail Making Test A and B, where lower 

scores are better, z-scores were multiplied by negative one so that a higher score indicated 

better test performance, thus standardizing the scale of the scores across all assessments. 

All cognitive outcomes were then split into congruent and non-congruent executive 

functioning categories (Figure 3.) based on the domain of executive functioning they 

measure (Lezak, 2004). Z-scores from the cognitive tests in each category were summed 

to create two composite scores to minimize the number of statistical comparisons.  

Statistical Analyses. Two-tailed Pearson bivariate correlations were first 

calculated to confirm associations between the independent variables and each cognitive 

test. In these data, 30 participants had an incomplete risk panel due to a lack of data for one 

or more blood markers. However, a descriptive analysis in MPlus confirmed that these data 

were missing at random. Accordingly, two path analysis models were run in Mplus using 

the full information maximum likelihood (FIML) procedure (Wothke, 2000) to account for 

missing data.  

Based on the apriori hypotheses designating CVD risks as mediators between 

physical activity, sedentary behavior and executive function, two individual path analysis 

models were tested using the congruent and incongruent cognitive composite scores as 

dependent outcomes. By the literature, several fit statistics were reported, including the 

chi-square test of model fit, root mean square error approximation (RMSEA), comparative 

fit index (CFI), and Tucker-Lewis Index (TLI) (Hu & Bentler, 1999).  Because of the 

hypothesized relationships between CVD risks and executive function, the one-tailed p-

value was used. Significance was set an alpha value of less than 0.05. All analyses were 
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conducted using IBM SPSS software (version 22; SPSS Institute Inc., Chicago, IL) and 

Mplus version 7 (Muthen & Muthen, Los Angeles, California, USA). 

Figure 3. Composite Score Categories 

Congruent: Attention, processing 

speed 

 

Stroop Word 

Stroop Color 

Trail Making Test Part A 

Incongruent: Inhibition, cognitive 

flexibility, task switching 

 

Stroop Color-Word 

Stroop Interference 

Trail Making Test Part B 

Results 

Bivariate correlations between participant health risks and executive function tests 

revealed an inverse relationship between Stroop Color (SC) and age (r= -0.264, p<0.05), 

SC and sedentary behavior (r = -0.220, p < 0.05), and Stroop Color Word (SCW) and 

sedentary behavior (r= -0.220, p<0.05). Positive correlations were reported between SCW 

and VO2 max (r= 0.201, p<0.05), Trail Making Test A (TMT-A) and CRP (r=0.225, 

p<0.05), and TMT-A and insulin resistance (r=0.246, p< 0.05). For these correlations, a 

higher score on TMT-A is interpreted as poorer performance because raw scores were 

reported in time to completion. Conversely, higher scores for SW, SC, and SCW indicate 

better performance.  

Several variables from the hypothesized model were excluded from the final model. 

In running the multiple iterations of the path analysis, it was revealed that blood pressure 

did not contribute significantly to model fit, and waist circumference contributed to a better 

model fit than BMI, so waist circumference replaced BMI as an independent variable in 

each model, and the blood pressure variable was excluded. The KBIT composite score was 
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not utilized in the final path analysis because crystallized intelligence explains a large 

proportion of the variance in executive functioning scores (Salthouse, 2012), and the focus 

of this investigation was to identify the potential mediating influence of CVD risks on 

executive function. Furthermore, the participants were of similar age and level of 

education, as the majority were college students, and thus variability in crystallized 

intelligence was relatively minimal.  

For the path analysis utilizing congruent cognitive score as the dependent variable 

(Figure 4.), the chi-square test of model fit was non-significant (χ²(8) = 3.279, p = 0.92). 

RMSEA = 0.000, CFI = 1.000, TLI = 1.281. In this model, the only significant predictor 

of executive function was fitness (B = 0.045, p < 0.05).  

For the path analysis utilizing incongruent cognitive score as the dependent variable 

(Figure 5.), the chi-square test of model fit was non-significant (χ²(8) = 2.814, p = 0.95). 

RMSEA = 0.000, CFI = 1.000, TLI = 1.304. In this model, both sedentary behavior (B = -

0.113, p = 0.06) and fitness (B = 0.032, p = 0.08) were approaching significance as 

predictors of executive function.  

In both models, the anticipated relationship in which moderate to vigorous physical 

activity level predicts fitness (VO2 max) was present (B = 0.01, p < 0.001), and there was 

also a small magnitude (B = 0.008, p < 0.05) positive predictive relationship between 

MVPA and waist circumference. Higher fitness predicted lower CRP (B = -0.048, p < 0.05) 

and HOMA-IR (B = -0.022, p < 0.05). Waist circumference positively predicted CRP (B= 

0.095, p < 0.05) and HOMA-IR (B = 0.032, p < 0.05). However, HOMA-IR and CRP were 
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not significantly correlated. Sedentary behavior was also positively predicted HOMA-IR 

(B = 0.110, p <0.05).  

Figure 4. Final Path Model for Congruent Cognitive Score  

 

Note: Values are unstandardized regression coefficients and p values. 

Figure 5. Final Path Model for Incongruent Cognitive Score  

 

Note: Values are unstandardized regression coefficients and p values. 
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Conclusions 

This study is the first of its kind to model the relationship between CVD risks and 

executive function in young adults. Though it did not find that the hypothesized biological 

risk factors CRP, and HOMA-IR mediated the relationship between health behaviors 

(sedentary behaviors and MVPA) and executive function outcomes, there were direct 

relationships between fitness and executive functioning, as found in previous work (Åberg 

et al., 2009; Scisco, Leynes, & Kang, 2008; Themanson et al., 2008). The association 

between sedentary behaviors and executive function was trending toward significance in 

the path model for incongruent cognitive functions, but not congruent cognitive function. 

A measure of sedentary behavior was included in this study because the association 

between long durations of sitting time and poor cardiovascular health is well established 

(Katzmarzyk, Church, Craig, & Bouchard, 2009). Interestingly, sedentary behavior was 

not correlated with participant fitness in this study. This finding suggests that time spent 

sedentary is not the inverse of time spent in moderate to vigorous physical activity, as those 

with high fitness may also have high levels of sitting time. The measure of sedentary 

behavior may capture one or more latent risk variables that are not represented in the trait 

of fitness. 

It is surprising to note that more than two-thirds of young adults in this study 

possessed at least one risk for CVD. Also, almost half of the sample ranked at or below the 

15th percentile for the level of fitness. Th lack of fitness concerns, given that cardiovascular 

fitness is one of the strongest predictors of concomitant executive functioning in adults 

(Åberg et al., 2009; Chaddock, Pontifex, Hillman, & Kramer, 2011) as well as cognitive 
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aging (Colcombe et al., 2004b; Sofi et al., 2011). It is important to determine factors 

associated with cognition in younger ages to set individuals on the best possible trajectory 

for optimizing cognitive health throughout the aging process (Dik et al., 2003). The link 

between chronic cardiovascular diseases such as T2DM and CVD and cognitive deficits is 

well established from studies of middle-aged and older adults (Knopman et al., 2001; 

Stewart & Liolitsa, 1999; Yaffe et al., 2004). However, with younger populations more 

sedentary and less healthy than previous generations, there should be a larger focus on 

identifying the effects of CVD risks on cognitive outcomes before significant disease states 

develop. Young adulthood is an ideal time to intervene and educate about the importance 

of a healthy diet and physical activity, as it is a critical time for developing an identity as 

well as establishing lifelong values and behaviors (Arnett, 2000; Lawrence, Gootman, & 

Sim, 2009).  

Strengths of this study include that it is the first of its kind to examine the 

relationship between CVD risks and executive function in a young adult population. 

Additionally, no other studies we could find have examined sedentary behavior as a risk 

factor independent of fitness in a young adult population. Limitations of this study include 

the cross-sectional design. To most accurately identify mediators of cognitive functioning, 

a controlled intervention study manipulating one factor at a time would be most 

appropriate. Recruited participants were not randomly sampled, so it is possible that this 

study sample is not representative of all young adults. It would have also been more 

appropriate to collect a baseline blood pressure reading for participants on more than one 

occasion, given the potential for acute testing anxiety to transiently increase blood pressure. 
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Future studies examining the impact of clustered CVD risks should consider other potential 

biological risk markers as mediators since the relationship between sedentary behavior, and 

executive function was not mediated by the factors identified in this study.  
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STUDY 2: EFFECTS OF ACUTE EXHAUSTIVE EXERCISE ON 

EXECUTIVE FUNCTION 

The use of aerobic physical activity as a means to enhance cognitive performance 

has been increasingly studied over the last several decades (Castelli et al., 2014; S. 

Colcombe & Kramer, 2003). Research in this area has demonstrated that sustained 

engagement in physical activity is not only associated with enhanced cardiovascular health 

but also improved cognitive aging (Bouchard, Shephard, & Stephens, 1994; Prakash et al., 

2015). Non-human animal research suggests that the brain benefits of sustained physical 

activity may be brought about through positive adaptations to the cardiovascular and 

nervous systems (Cotman, Berchtold, & Christie, 2007). The mode and intensity of 

exercise influence neural adaptations such as synaptogenesis and new synaptic 

connectivity, among rodents who were trained using specified tasks such as maze 

navigation or reaching (Black, Zelazny, & Greenough, 1991). In humans, neuroplasticity 

is associated with exercise as it subserves motor learning, which is valuable for daily living 

(Dayan & Cohen, 2011). Additionally, older adults with higher fitness show higher white 

matter integrity and greater brain volumes in areas related to higher order cognitive 

processing in relation to their less fit peers (Colcombe et al., 2003; Marks et al., 2007).   

The evidence from cross-sectional and longitudinal studies has led to the 

examination of the effects of singular, isolated bouts of physical activity, also known as 

acute exercise, on cognitive performance. Despite the large body of research on this topic, 

the relationship between the dose of acute exercise (i.e. intensity, duration, and mode) and 

it's immediate and sustained effects on cognitive tasks is still under investigation. In a 
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seminal review, Tomporowski suggested that aerobic exercise lasting up to 60 minutes 

benefits certain aspects of information processing, with varying effects based on the 

specific exercise dose (Tomporowski, 2003). Since this finding, several meta-analytic 

reviews have confirmed small but positive effect sizes for acute aerobic exercise on 

cognitive functions, moderated by factors such as exercise duration and intensity, the type 

of cognitive assessment used, and participant fitness (Chang, Labban, Gapin, & Etnier, 

2012; Lambourne & Tomporowski, 2010; Verburgh, Königs, Scherder, & Oosterlaan, 

2013). Additionally, Chang and colleagues found that post-exercise positive cognitive 

effects appeared to be larger for exercise at hard (77-93% heart rate max) and very hard (> 

93% heart rate max) intensities as compared to moderate and light intensities (Chang et al., 

2012).  

As part of fulfilling the national guidelines for health-related fitness, the American 

College of Sports Medicine (ACSM) recommends that short bouts of aerobic physical 

activity be moderate to vigorous intensity and last at least ten minutes, leading to the 

accumulation of 150 minutes per week at minimum (ACSM, 2013). Many adults in the 

United States (US) fall short of meeting these guidelines; current reports suggests 50-60% 

of the average adult’s waking hours are spent sedentary. Thus many are not reaping the 

short and long term benefits of exercise (Healy et al., 2011). Given that one of the most 

frequently reported barriers to engaging in physical activity is a lack of time (Brownson, 

Baker, Housemann, Brennan, & Bacak, 2001), research should be focused on finding the 

minimum allotted dose of exercise which can elicit cognitive benefits. Additionally, more 
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studies should examine the potential impact of exercise on cognition beyond the window 

immediately post exercise to determine the longevity of said effects.  

Current literature on acute exercise and cognition suggests that the greatest 

cognitive benefit post-exercise may be best elicited by high-intensity exercise (Chang et 

al., 2012). Many studies have found that acute aerobic exercise facilitates tasks requiring 

executive functioning (Chang et al., 2011; Hillman, Snook, & Jerome, 2003; Pontifex, 

Hillman, Fernhall, Thompson, & Valentini, 2009), which encompasses mental abilities 

such as planning, organizing, and coordinating (Norman & Shallice, 1986). Executive 

functioning is measured by a wide range of outcomes, and is often represented in the 

literature through tasks of attention, working memory, inhibition, and cognitive flexibility 

(T. A. Salthouse, Atkinson, & Berish, 2003). Recent randomized controlled studies have 

demonstrated different effects depending on the executive functioning task (Chang et al., 

2015; Loprinzi & Kane, 2015a; Weng, Pierce, Darling, & Voss, 2015). Several studies 

have examined the effects of short, maximal or fatiguing exercise on non-executive aspects 

of cognitive functioning. Many of these studies have used reaction time (Ando et al., 2005; 

Cote, Salmela, & Papathanasopoulu, 1992) or visual sensitivity (Davranche & Pichon, 

2005; Godefroy, Rousseu, Vercruyssen, Cremieux, & Brisswalter, 2002; Presland, 

Dowson, & Cairns, 2005) as a means to assess central nervous system fatigue resulting 

from exercise. These studies have shown both positive and negative effects, with small 

overall effect sizes (Lambourne & Tomporowski, 2010).  

Only one study to date has examined the impact of short duration, exhaustive 

exercise on measures of executive function (Griffin et al., 2011). Thus, benefits of short, 
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maximal exercise bouts on tasks involving executive functioning remain unclear. To our 

knowledge, no studies have utilized a short, exhaustive exercise protocol while examining 

executive functioning at multiple time points after exercise completion. The primary 

purpose of this study was to identify the effects of a short bout of exercise to volitional 

fatigue on executive functioning in young adults 10 and 40 minutes post-exercise, while 

controlling for potential confounding factors such as fitness, body mass index (BMI), age 

and crystallized intelligence. All portions of this study were conducted on campus at the 

University of Texas at Austin and were approved by the UT Austin Institutional Review 

Board. 

Methods 

A repeated measures, within- and between-subjects, design was utilized to collect 

the data within this study. Conducted in one laboratory visit, the assessments of physical 

health, psychological health, and cognitive performance as well as a short bout of intense 

exercise served as the data sources. The participant characteristics, measures, protocol, and 

proposed statistical analyses for the study are described below. Data were collected 

between the months of May 2014 and October 2015. 

PARTICIPANTS 

A total of 71 young adults (40 males; 31 females) were recruited for this study 

through fliers around campus, the university events calendar, and in undergraduate 

psychology and physical education courses. This study was approved by the Institutional 

Review Board of the University of Texas at Austin, and all participants provided written 
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informed consent. Potential participants contacted the lab via phone or email for screening 

and to set up a testing appointment. To be included in the study, participants had to be 18-

30 years of age, non-smoking and have no diagnosed medical diseases or psychological 

disorders. Participant demographic information is listed in Table 2.  

Table 2.  Group Means (SD) of Descriptive Data 

Variables CON (n = 31) EEX (n = 40) p value 

Age 24.74 (3.71) 23.25 (3.22) 0.074 

Body Mass Index (kg/m²) 22.41 (3.88) 25.07 (4.86) 0.015 

Systolic Blood Pressure (mmHg) 108.30 (11.63) 114.5 (13.90) 0.052 

Diastolic Blood Pressure (mmHg) 74.07 (7.82) 74.93 (9.06) 0.679 

VO2 Max (ml/kg/min) 35.77 (9.42) 39.44 (11.04) 0.144 

     Maximum Heart Rate (beats/min) 175.39 (11.96) 180.48 (14.50) 0.200 

     Maximum RER 1.17 (0.07) 1.14 (0.08) 0.377 

KBIT Vocabulary 99.65 (11.99) 100.08 (13.98) 0.892 

KBIT Matrices 108.39 (8.84) 106.40 (8.02) 0.326 

KBIT Composite 104.26 (7.57) 103.43 (9.48) 0.690 

 

INSTRUMENTS AND MEASURES  

The following is a description of each of the instruments and measures utilized in 

the study. The instruments and measures are organized into cognitive assessments and 

health risk assessments.  

Cognitive assessments. There were three measures of cognition utilized in this 

study to assess the crystallized intelligence and executive function of the sample: Kaufman 

Brief Intelligence Test, Stroop Test, and Comprehensive Trail Making Test. 

Kaufman Brief Intelligence Test. This assessment measured intelligence quotient 

(IQ) and was included to control for potential influences of crystallized intelligence and IQ 

on executive function as well as to determine the variability of the participant sample. 
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Participants were asked to identify the words or solve puzzles as a means of assessing 

relational processing ability and vocabulary. The assessment had three parts and took 

approximately 20-25 minutes to complete. Estimation of IQ was calculated using the KBIT 

Manual (Kaufman & Kaufman, 2004).   

Stroop Test. This test is used to examine three conditions (word, color, and 

incongruent color-word pairs) by requiring the participants to read as many word items on 

a page as possible in 45 seconds. In the word condition, participants were provided with a 

list of color words (e.g., red, blue) written in black ink and instructed to identify as many 

words as possible. In color condition which follows, participants were provided with a list 

of “XXXX” printed in different ink colors (red, blue, and green) and instructed to identify 

the ink color. In the incongruent color-word condition, participants were provided with a 

list of color words written in incongruent color ink relative to the printed word (e.g., the 

word “red” printed in blue ink). Data were scored by counting the number of words read 

in 45 seconds.  

Comprehensive Trail Making Test. This test was a visual task requiring 

participants to connect circles in numerical and alphabetical order, by drawing a line from 

one point to the next. The object was to connect the dots as fast as possible with the 

resulting time being the score. If an error was made during the process, it was corrected in 

real time, and participants started again at the position of the error with the clock still 

running. This assessment was conducted using paper and pen (Reitan, 1992). This 

evaluation was included to measure working memory and attention. Data were reduced by 

recording participants’ time to completion.  
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Health risk assessments. A comprehensive health risk assessment was done 

utilizing clinical laboratory tests including height and weight, blood pressure, and VO2 max 

as well as several blood markers derived from one baseline blood draw.  

Medical health history questionnaire. Participants were asked to fill out a 

questionnaire regarding their family history of cardiovascular disease as well as their health 

history. The health history was included in the research protocol to identify if there were 

any “yes” answer that required review and discussion with the participant to determine if 

participation in a maximal exercise protocol was safe; no participants were determined to 

be ineligible to take part due to medical safety concerns in this study. Additionally, 

participants self-reported their average hours of sitting time on a typical weekday.  

Blood pressure. Arterial blood pressure was assessed non-invasively while 

participants were in a resting state via electrosphygmomanometry. This procedure entails 

the placement of an inflatable cuff around the upper arm and the automated inflation and 

deflation of that cuff upon the researcher’s press of the “start” button. The participant feels 

a slight pressure applied to the upper arm for less than 10 seconds.  

Anthropometric measurements. Height and weight were measured using a 

stadiometer and a physician’s scale, respectively. BMI was calculated by standard 

anthropometric techniques (weight in kilograms divided by height in meters squared). 

Acute Exercise Bout. The acute exercise protocol was simultaneously treated as an 

assessment of aerobic fitness (VO2 max). Participants were initially positioned on the cycle 

ergometer, and the bike was adjusted to the individual’s comfort. The acute bout consisted 

of a graded exercise protocol to volitional exhaustion on a cycle ergometer (Velotron 



 40 

Dynafit Pro, Seattle WA). The graded exercise test required participants to breathe into a 

mouthpiece for the monitoring of oxygen consumption and wear a POLAR RS100 chest 

strap heart rate monitor. Initial cycling resistance was determined by gender and self-

reported physical activity level, and resistance was increased in equal increments every 

two minutes. The test was terminated upon volitional fatigue of the participant or when 

cadence fell below 60 rpm despite verbal coaching to increase pedaling speed. The test 

lasted no longer than 12 minutes and was physically stressful and challenging for about 6 

minutes. Heart rate and rate of perceived exertion (RPE) were recorded at the end of each 

two-minute stage. 

PROTOCOL 

Data for this study were collected during one lab visit. Before coming into the lab, 

participants were randomized into either control (CON) or exhaustive exercise (EEX) 

groups. For the purpose of this study, exhaustive exercise is indicated as the point at which 

the participant reached volitional fatigue during the exercise bout (ACSM, ref??). After 

informed consent was secured on the testing day, participants in both groups completed a 

health questionnaire and underwent an anthropometric assessment, including height, 

weight, and blood pressure. All participants experienced a baseline battery of cognitive 

testing including the Stroop Color Word Task (Stroop) and Comprehensive Trail Making 

Test (TMT). Crystallized intelligence was then assessed with the Kaufman Brief 

Intelligence Test (KBIT). At this time, the CON and EEX groups diverged, with the CON 

group experiencing rest, while the EEX went directly to exercise, before completing the 



 41 

second cognitive testing battery. After the CON group participants had completed both 

cognitive testing batteries and an exhaustive exercise bout, their testing session concluded.  

Participants in the EEX group repeated the cognitive testing battery (Stroop and 

TMT) 10 minutes after the conclusion of the exercise, or once the participant’s heart rate 

returned to within 15% of pre-exercise levels. They then sat quietly and rested for 

approximately 18 minutes, creating a 30-minute interval after the post-exercise 

measurement. After this period of rest, participants completed the cognitive battery of 

Stroop and TMT for the third time. Three cognitive testing batteries in this study thus 

measured participants’ executive functioning abilities at baseline, 10 minutes after 

exhaustive exercise (POST-10), and 40 minutes post exhaustive exercise (POST-40). The 

exercise intervention and all cognitive measures are described in more detail in the 

instruments and measures section. 

DATA ANALYSIS 

A between subjects repeated measures analysis of variance (ANOVA) was used to 

determine if executive functioning differed significantly between the EEX and CON 

groups from baseline to post exercise. Age and BMI were used as covariates in the analysis. 

A secondary within subjects repeated measures analysis was run to determine whether the 

EEX group had any change in executive functioning outcomes from 10 minutes to 40 

minutes post exercise. Significance was set apriori at an alpha value of less than .05. All 

analyses were conducted using IBM SPSS software (version 22; SPSS Institute Inc., 

Chicago, IL).  



 42 

Results 

As shown in Table 2., there were no significant differences between the EEX and 

CON groups in age (p=0.074), systolic blood pressure (p=0.052), diastolic blood pressure 

(p=0.679), VO2 max (p=0.144), or KBIT vocabulary, matrices, or composite score 

(p=0.249). Body Mass Index (BMI) was significantly different between groups (p=0.015), 

and as such were controlled for in subsequent between-group analyses.  Values of 

maximum heart rate and maximum respiratory exchange ratio (RER) achieved during the 

VO2 max testing are also included in Table 2.  

TIME BY GROUP COMPARISONS 

The EEX group had significantly higher performance on Stroop Word (F1,67 = 

8.029, p<0.01) and Color-Word ( F1,67 = 6.998, p<0.05) compared to the CON group (Table 

3., Figure 6.). The interaction between group and session was significant after controlling 

for age, systolic blood pressure, and BMI. EEX did not have a significant reduction in 

response completion times for either TMT Part A or Part B (Table 3, Figure 7.).  

Table 3. Repeated Measures Group Comparisons 

Test Control Exercise Time x Group 

Effects 

 Pre Post Pre Post F p 

SW 104.3 (14.7) 111.8 (14.2) 103.2 (14.7) 116.2 (15.1) 8.029 0.006 

SC 76.71 (13.3) 81.4 (14.6) 77.4 (13.1) 85.2 (14.0) 2.803 0.099 

SCW 53.2 (10.0) 57.6 (10.7) 51.4 (8.3) 59.2 (10.7) 6.998 0.010 

TMT-A 16.5 (5.2) 13.8 (2.6) 18.3 (7.6) 14.5 (3.5) 1.145 0.289 

TMT-B 39.0 (11.7) 34.1 (14.3) 38.5 (13.0) 29.7 (9.7) 0.696 0.407 
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Figure 6. Control vs Exercise Group Stroop Test Scores 

 

 

Figure 7. Control vs Exercise Group Trail Making Test Scores 
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performance was significantly higher at POST-10 compared to baseline (p<0.001), and 

remained significantly higher than baseline at POST-40 (p<0.001) for Stroop Word, Color, 

and Color-Word, as well as TMT A and B (Figure 8., Figure 9.). There was no significant 

change in performance from POST-10 to POST-40 for any test except TMT A, for which 

scores significantly improved at each of the two time points (Figure 7.). Means and 

standard deviations for each test are displayed in Table 4.  

Table 4. Mean Scores on Stroop and Trail Making Tests for EEX Group  

Test Baseline POST-10 POST-40 

 Mean (SD) Mean (SD) Mean (SD) 

SW 103 (15) 116 (15) 115 (15) 

SC 77 (13) 85 (14) 85 (13) 

SCW 51 (8) 59 (11) 61 (11) 

TMT-A 18.27 (7.65) 14.54 (3.53) 13.61 (4.09) 

TMT-B 38.49 (13.03) 29.74 (9.67) 28.30 (9.92) 

 

 

Figure 8. Exercise Group Stroop Test Scores 
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Figure 9. Exercise Group Trail Making Test Scores 

 

Conclusions 
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a positive effect on the performance of tasks which require executive functioning. In the 

present study, benefits were only significant for Stroop Word and Stroop Color, which tests 

attention, and Stroop Color Word, which challenges inhibition (Wisdom, Callahan, & 
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flexibility, respectively, were not significantly improved in the exercise group versus the 

control group. This finding replicates recent studies which found no effect of exercise on 

TMT performance (Loprinzi & Kane, 2015a). One potential explanatory factor is the lack 

of a counterbalanced design for the cognitive battery, which may have left participants with 

fewer cognitive resources to perform as highly for the TMT, which was consistently 

measured after the Stroop Test.  

The present study also examined executive functioning at multiple time points after 

the completion of an exercise bout. Performance on all tasks remained significantly higher 

than baseline forty minutes after exercise completion. Although there was not a non-

exercise comparison group for the POST-40 time point, the fact that executive task 

performance remained elevated rather than returning to a level closer to baseline is 

promising evidence for the sustained benefit of high-intensity exercise bouts. Other studies 

utilizing low-intensity protocols have found that executive functioning does not improve 

above baseline levels post exercise (Chang et al., 2012; Loprinzi & Kane, 2015). Another 

study utilizing an extended, vigorous intensity exercise protocol has shown post exercise 

executive functioning benefits for up to two hours post exercise (Basso, Shang, Elman, 

Karmouta, & Suzuki, 2015). These findings coupled with evidence from the present study 

suggest that high-intensity bouts of exercise may provide cognitive benefits for young 

adults for a greater amount of time post exercise than low-intensity exercise bouts.  

This study is one of the first of its kind to examine the effects of exhaustive exercise 

on executive functioning while controlling for potential confounding factors such as 

fitness, BMI, and blood pressure. Additionally, it provides preliminary evidence for the 
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positive effects of a bout of exhaustive exercise on executive functioning performance forty 

minutes after exercise completion.  

There were also limitations to this study. There was no control group for the third 

cognitive test time point, making it difficult to draw conclusions regarding the effects of 

exercise at forty minutes post completion. Thus, this study was not able to quantify the 

exact window within which executive function performance remained elevated after 

exercise. Future studies using high-intensity bouts of exercise should include more time 

points post exercise as well as different doses of exercise to measure this potential window 

of benefit. 
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STUDY 3: EFFECTS OF ACUTE MODERATE EXERCISE ON 

EXECUTIVE FUNCTIONING AND BLOOD OXYGEN LEVEL 

DEPENDENT RESPONSE IN YOUNG ADULT MALES 

Chronic exercise has been shown to enhance cognitive performance in older and 

young adults Erickson et al., 2007; Griffin et al., 2011) and facilitate cortical plasticity 

(Colcombe et al., 2004a). Similarly, cardiovascular disease and low fitness are related to 

the accelerated cognitive decline in middle age (Colcombe et al., 2004b; Knopman et al., 

2001). This increased risk is troubling, due to the high level of sedentary behavior 

consistent with the modern western lifestyle (Kohl et al., 2012). Meta-analytic evidence 

suggests acute exercise is also beneficial for cognition immediately after exercise (Chang 

et al., 2012; Lambourne & Tomporowski, 2010). Thus, the benefits of chronic exercise for 

cognition may accumulate using the physiological responses which occur after each 

singular (acute) bout of exercise. It is important to investigate the physiological processes 

related to acute exercise-induced executive functioning benefits, as this could help us to 

understand the mechanisms by which sustained exercise improves brain function.  

The use of functional magnetic resonance imaging (fMRI) is one method for 

exploring the processes occurring in the brain during cognitive tasks (Logothetis & 

Wandell, 2004). FMRI measures the blood oxygen level dependent (BOLD) signal, which 

comes from the combined fluctuations of blood flow, blood volume, and blood 

oxygenation which occur in response to neuronal activity (Poldrack, Mumford, & Nichols, 

2011). fMRI has provided previously unknown information regarding the link between 

chronic exercise and executive functioning (Colcombe et al., 2004; Erickson et al., 2007). 
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However, few studies have examined neural activation before and after acute exercise (Li 

et al., 2014; MacIntosh et al., 2014; Rensburg, Taylor, Hodgson, & Benattayallah, 2008). 

Cognitive processes in the executive functioning domain of working memory and 

attention are of particular interest due to their central role in complex task processing 

(Baddeley, 1992). While a large body of evidence shows the benefits of chronic exercise 

for working memory performance (Erickson et al., 2009; Stroth, Hille, Spitzer, & 

Reinhardt, 2009; Whiteman et al., 2014), the benefits of acute exercise, or short term 

exercise, have been less consistent (Griffin et al., 2011; Hopkins, Davis, VanTieghem, 

Whalen, & Bucci, 2012; McNerney & Radvansky, 2015; Sibley & Beilock, 2007; Weng 

et al., 2015). Previous neuroimaging studies have provided a foundational understanding 

of neural correlates of working memory functions (Wager & Smith, 2003). To our 

knowledge, only one other study has looked at neural correlates of working memory 

performance before and after engaging in acute exercise (Li et al., 2014). Thus, the impact 

of acute exercise on neural correlates of executive functioning remains largely unexplored.  

The purpose of this study was to examine the effects of a bout of moderate intensity 

exercise on working memory performance and brain activation in young adults. 

Specifically, this study investigated the following questions: 1) What are the effects of an 

acute bout of moderate-intensity cycling on the blood oxygen level dependent (BOLD) 

response, reaction time, and performance accuracy during a working memory task in young 

adults immediately following exercise? and 2) How do individual CVD risk characteristics 

such as fitness and blood pressure affect the relationship between acute exercise and neural 

activation during a verbal working memory task? All portions of this study were conducted 
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on campus at the University of Texas at Austin and were approved by the UT Austin 

Institutional Review Board. 

Methods 

The present study utilized a repeated measures within-subjects design. Data for this 

study were collected over two separate days with each testing visit lasting approximately 

two hours. Assessments of physical health and cognitive performance were performed on 

the first day. On the second day, participants experienced two functional imaging 

assessments with a bout of moderate exercise in between them.  

PARTICIPANTS 

A total of 17 young adult participants were recruited for this study through fliers 

around campus, the university events calendar, and undergraduate Psychology and 

Physical Education courses. Potential participants contacted the lab via phone or email for 

screening and to set up a testing appointment, and all participants provided written 

informed consent. Only males were eligible to participate in this study due to the potential 

for gender differences in memory task abilities (Lowe, Mayfield, & Reynolds, 2003), and 

to minimize overall variability in the sample. Additional inclusion criteria were 18-30 years 

of age, non-smoking, no diagnosed medical diseases or psychological disorders, right 

handed, and no history of head injury with loss of consciousness greater than five minutes. 

Participant demographic characteristics are listed in Table 5.  

 

 



 55 

Table 5. Group Means (SD) of Descriptive Data 

Variables All participants, n = 17   

Age 23.2 (2.96)   

Body Mass Index (kg/m²) 26.6 (4.63)   

Systolic Blood Pressure (mmHg) 121 (9.53)   

Diastolic Blood Pressure (mmHg) 77.7 (10.9)   

VO2 Max (ml/kg/min) 40 (8.14)   

KBIT Vocabulary 99.6 (12.59)   

KBIT Matrices 107.6 (9.89)   

KBIT Composite 103.72 (9.16)   

Average acute exercise % max HR 72%   

 

INSTRUMENTS AND MEASURES 

The following is a description of each of the instruments and measures utilized in 

the study. The instruments and measures are organized into cognitive assessments, health 

risk, and neurological assessments.  

Cognitive assessments. There were two measures of cognition utilized in this study 

to assess the crystallized intelligence and executive function of the sample: Kaufman Brief 

Intelligence Test, and the verbal n-back task. 

Kaufman Brief Intelligence Test (KBIT). This three-part assessment is intended to 

measure intelligence quotient (IQ). Participants were asked to identify the object in a 

picture, incomplete word, or pictorial analogy puzzle, and it takes approximately 20 

minutes to complete. Using the KBIT Manual, estimation of IQ is calculated as a composite 

score as per the KBIT manual (Kaufman & Kaufman, 2004). The KBIT test was included 

to control for potential influences of crystallized intelligence and IQ on the cognition and 

to determine the variability of the participant sample.   
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Verbal n-back task. The n-back task assesses working memory by requiring 

participants to keep certain information in mind to respond correctly at a later time 

(Baddeley, 1992). The modified n-back task used in this study was programmed to run on 

E-Prime software (Psychology Software Tools, Pittsburgh, PA, USA) with 0-back and 2-

back conditions. In this task, participants were asked to respond with a Yes/No decision as 

to whether the current stimulus was the same as the stimulus n trials back, with the 

difficulty of the task increasing as n increased. For the verbal n-back task, a single letter 

appeared in the center of the screen. Participants were asked to identify if a consonant was 

the same as the letter H (0 back condition) or the same as the letter presented two letters 

previous (2-back condition). The stimulus was visible for 500 milliseconds, and 

participants were given 2500 milliseconds between each stimulus to respond using a 

keypad (laptop) or button box (MRI). An instruction screen flashed before each trial to 

instruct participants about which version of the task they were expected to complete. 

Participants performed two five minute runs of the task with two alternating blocks of the 

0-back and 2-back conditions (Braver et al., 1997; Owen, McMillan, Laird, & Bullmore, 

2005). Each block contained 12 (0-back condition) or 15 (2-back condition) individual 

consonants. Accuracy and speed of each behavioral response were measured. Participants 

were given the opportunity to rehearse the n-back task on a laptop before performing it in 

the scanner.  

Health risk and neurological assessments. A comprehensive health risk 

assessment was done utilizing clinical laboratory tests including height and weight, blood 
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pressure, and VO2 max. Participants also underwent a structural and functional scan using 

magnetic resonance imaging (MRI).  

Anthropometric and health history measures. Height and weight were measured 

using a stadiometer and a physician’s scale, respectively. Body Mass Index (BMI) was 

calculated by standard anthropometric techniques (weight in kilograms divided by height 

in meters squared). Participants self-reported any medical concerns on the health history 

questionnaire in addition to the number of hours they spent sitting and sleeping on an 

average weekday. Medical histories were reviewed before the fitness assessment to ensure 

all participants had no health conditions which made them unable to perform the exercise.  

Blood pressure. Arterial blood pressure was assessed non-invasively via 

electrosphygmomanometry. While participants were in a resting state, the inflatable cuff 

around was placed on the participant’s upper arm and inflated to ~200 mmHg upon the 

researcher’s press of the “start” button. The participant feels a slight pressure applied to the 

upper arm for less than 10 seconds. 

Aerobic fitness (maximal oxygen uptake). A graded exercise test on a cycle 

ergometer was used to elicit and measure maximal oxygen consumption (Velotron Dynafit 

Pro, Seattle WA). This test required participants to breathe into a mouthpiece for the 

monitoring of oxygen consumption while cycling continuously. Testing parameters 

included two minutes stages and a starting resistance (watts) set based on the participant 

self-reported physical activity level. The test was ended by the participant when he reached 

maximal fatigue, or when cadence fell below 60 rpm. Heart rate and rate of perceived 

exertion (Borg, 1998) were recorded in the last 15 seconds of each two-minute testing 
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stage.  Heart rate was monitored using a POLAR RS100. Maximal oxygen uptake, or VO2 

max, is the maximum rate the body uses oxygen for sustained energy production, which 

correlates highly with endurance performance (Bouchard & Rankinen, 2001). 

Functional MRI data acquisition and Scanning Protocol. Brain structure and 

function were assessed using non-invasive magnetic resonance imaging technologies 

including structural magnetic resonance imaging (MRI), and functional magnetic 

resonance imaging (fMRI). These images of the brain indicate the relative concentrations 

of oxygenated versus deoxygenated hemoglobin, a correlate of neural (electrical) activity. 

All MR imaging was performed on a 3T Siemens Skyra scanner with a standard head coil 

(Siemens Medical Solutions USA, Inc., Malvern, PA, USA). Whole brain structural 

anatomy was scanned in the sagittal plane with a high-resolution ultrafast Gradient Echo 

3D (MPRAGE) sequence (256 x 256 matrix, flip angle = 7°, field of view (FOV) = 24 x 

24 cm², 1mm slice thickness, 0 gaps). FMRI data was collected using a whole brain echo 

planar imaging sequence (TR = 3000 ms, TE = 30 ms, flip angle = 90°, FOV = 24 x 24 

cm², 64 x 64 matrix, 42 axial slices, 3 mm slice thickness, 0.3 mm gap) during the 

completion of the n-back working memory task.  

PROTOCOL 

All study measurements took place on two separate days with at least one full day 

separating the two visits. Participants refrained from strenuous exercise and alcoholic 

beverages for 24 hours and from caffeine and 12 hours leading up to both testing visits. On 

the first day of testing, participants arrived at the lab and filled out the informed consent 

and the medical health history questionnaire. Height, weight, and blood pressure were 



 59 

measured, followed by the KBIT and the VO2 max test. On the second day of testing, 

participants were briefed on the procedures of the MRI scanning and asked to fill out the 

imaging screening form. Participants were then instructed on how to perform the n-back 

task and allowed a practice session on a laptop in the control room before entering the 

scanner. During scanning, anatomical structure data were collected for four minutes, 

followed by 12 minutes of functional MR scans while the participants completed the n-

back task. The final 10 minutes of the scan were used to collect proton magnetic resonance 

spectroscopy (H¹MRS) data. These data are reported elsewhere (Calvert et al., in 

preparation).  

After scanning, participants performed 20 minutes of acute exercise on a stationary 

bike. The exercise duration included five minutes of warm-up, a 10-minute work interval 

of moderate intensity (60-75% of measured heart rate max), and a five-minute cool down. 

Participants were verbally coached to increase or decrease cadence to maintain their heart 

rate within the prescribed zone. Heart rate (via POLAR RS 100 heart rate monitor) and rate 

of perceived exertion (Borg, 1998) were monitored at regular intervals throughout the 

exercise, and participants were instructed to stop the exercise if they felt any unanticipated 

discomfort. After exercise, participants returned to the scanner to repeat the MRI protocol. 

Transition time was approximately seven minutes from the end of the cool down to the 

start of the scans. All data were recorded on sheets corresponding to the measure of interest 

and coded with the participant’s unique alpha-numeric ID. These papers were stored in a 

folder in a locked filing cabinet at the conclusion of the testing appointment. 
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DATA ANALYSIS  

Functional imaging analysis. All EPI images were processed utilizing AFNI 

software (http://afni://nihm.nih.gov/afni/) (Cox, 1996). Each time series was adjusted to 

the sixth volume of the scanning period to minimize effects of head movement. Information 

on rotation and displacement for each volume was produced by the AFNI 3D registration 

program and later used to further correct motion. No participants had to be excluded from 

this analyses because of excessive head motion. Data was also preprocessed using spatial 

filtering and temporal smoothing. Brain activation related to the task was determined by 

using within-subjects voxelwise multiple regression analysis. The parameters for the 

regression included a 0-back/2-back reference waveform convolved with a γ function and 

covariates for instruction screens and head movement. An average of task-related 

activation within a set of eight a priori regions of interest (ROIs) was used for further 

analysis.  

To avoid circularity in the analysis, an independent dataset with an identical task 

was used to create empirically defined task-related ROIs for hypothesis testing. For a more 

in-depth explanation of how the ROIs were generated, see Haley et al., 2007. Concisely, 

the ROIs were made by converting the results from the individual regression analyses to 

standard stereotaxic space (Talairach & Tournoux, 1988) and transforming them to t-

scores. T-scores were thresholded at p<0.05 and corrected for multiple comparisons. Only 

voxels that were significantly active in more than 90% of participants were included in the 

final mask. Active voxels were operationalized as a cluster if they were contiguous and 

http://afni/nihm.nih.gov/afni/
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their summed volume was at least 200μL. Eight cortical ROIs were identified through this 

process (Table 6. and Fig. 1-10.). 

ROIs were given anatomic labels according to the region-of-interest center in 

Talairach coordinates. This mask was then applied to the results from the individual 

multiple regression analysis in the stereotaxic space-transformed sample of this study by 

using AFNI’s automated 3dmaskave plug-in. This program computes the average of all 

voxel values within an ROI from an input dataset. Each person’s average ROI defined, 

unthresholded t-values were used as measures of activation intensity related to the task in 

the hypothesis testing that followed. These eight a priori ROIs were used in this study 

because they signified the most stable task-related activation pattern from a similar yet 

independent sample of participants.  

Statistical analysis. Descriptive statistics were used to calculate means and 

standard deviations of participant demographic characteristics. Multiple paired t-tests were 

run to determine if changes in neural activation from pre to post-acute exercise were present 

in the eight apriori ROIs. Reaction time and accuracy for both 0-back and 2-back conditions 

of the n-back task were also analyzed with paired t-tests.  

Exploratory analyses were then run to investigate the relationships between 

cardiovascular disease risks, exercise, and neural activation. Spearman’s correlations were 

used to examine the associations between the CVD risks of body mass index, systolic blood 

pressure, diastolic blood pressure, and fitness and the change (post-test minus pre-test) in 

each of the eight brain ROIs. Only blood pressure was significantly correlated with any of 

the ROI change variables. To investigate these relationships among the proposed variables, 
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a repeated measures MANOVA time by group analysis was then run to test blood pressure 

risk as a between subjects variable and time as a within-subjects variable in each of the 

ROIs. Blood pressure risk was coded in the database as pre-hypertensive, SBP ≥130 mmHg 

or DBP ≥ 85mmHg = 1; versus not pre-hypertensive, SBP < 130 mmHg or DBP < 85mmHg 

= 0. A separate time by group repeated measures MANOVA was also run to examine the 

effects of blood pressure risk on reaction time and accuracy of the n-back task, controlling 

for K-BIT composite score. Significance was set a priori at an alpha value of less than 0.05. 

All analyses will be conducted using IBM SPSS software (version 22; SPSS Institute Inc., 

Chicago, IL).  

Results 

Descriptive statistics for all participants are reported in Table 5. Paired samples t-

tests were non-significant in all brain ROIs (Table 6.). As shown in Table 7., paired samples 

t-test for the n-back cognitive outcome measures depict a significant increase from pre to 

post exercise on the accuracy of 2 back performance (t1,15 = -2.672, p < 0.05), but not 0-

back accuracy (p > 0.05). Reaction time also decreased significantly from pre to post 

exercise for both the 0-back condition (t1,15 = 3.292, p < 0.05) and the 2-back condition 

(t1,15 = 3.505, p < 0.05) (Table 7.).  

In the repeated measures MANOVA, the multivariate test for between-subjects 

effects of blood pressure risk was non-significant. The multivariate test for within subjects 

effects revealed that the effect of time was non-significant, but the interaction effect of time 

by blood pressure risk was trending towards significance (F8,8 = 3.318,  Wilk’s Λ = 0.232, 
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partial η² = 0.768, p = 0.055). The significance of the univariate tests was evaluated with a 

Bonferroni correction of p < 0.006 to account for multiple comparisons. After this 

correction, the within-subjects variable of time by blood pressure risk revealed significant 

interaction effects for the left middle frontal gyrus, (F1,15 = 16.93, p < 0.006) the left medial 

frontal/superior frontal gyrus (F1,15= 20.19, p < 0.001), the left inferior parietal lobule, 

(F1,15 = 16.93, p < 0.006) and left middle frontal gyrus (F1,15 = 22.0, p < 0.001) (Table 8., 

Figure 11.). For the n-back outcomes, overall multivariate within and between subjects 

effects was non-significant. However, there was a trend toward significance for the time 

by blood pressure risk interaction on the percent of correct trials of the 2-back (F1,15 = 

4.539, p=0.054) (Figure 12.). 

Table 6. Pairwise Comparisons of Brain Activation Pre to Post-Acute Exercise  

ROI Designation x y z size 

(mm²) 
t-score mean Δ 
post > pre 

p  

1 Left middle frontal gyrus -33 4 56 2087 1.538 0.144 

2 
Left medial frontal/superior 

frontal gyrus 
-5 19 44 1651 1.308 0.209 

3 
Right superior parietal 

lobule 
37 -63 53 683 1.571 0.136 

4 Left inferior parietal lobule -49 -52 44 1333 1.163 0.262 

5 Left middle frontal gyrus -44 45 13 1139 0.830 0.419 

6 Right superior frontal gyrus 33 48 15 955 1.285 0.217 

7 Right middle frontal gyrus 32 5 55 553 1.079 0.297 

8 Right inferior frontal gyrus 47 14 3 335 0.767 0.454 
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Figure 10. Brain Regions of Interest on Anatomical Template 

 

 

Table 7. n-back Pre and Post scores 

n-back 

outcomes  
Pre mean (SD) Post mean (SD) t  p 

0back % 

correct  
96.85 (3.30) 95.57 (6.52) 1.606  .129 

2back % 

correct 
79.06 (11.53) 84.13 (11.77) -2.672  .017 

0back RT (ms) 609.74 (222.80) 542.71 (175.29) 3.292  .005 

2back RT (ms) 808.80 (308.20) 712.95 (230.99) 3.505  .003 
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Table 8. Within Subjects Effects of Time (Exercise) by Blood Pressure Risk 

Region Designation F test p-value Partial η² 

1 Left middle frontal gyrus 16.928 .001 .530 

2 Left medial frontal/superior frontal gyrus 20.189 .000 .574 

3 Right superior parietal lobule 7.468 .015 .332 

4 Left inferior parietal lobule 10.637 .005 .415 

5 Left middle frontal gyrus 21.996 .000 .595 

6 Right superior frontal gyrus 3.639 .076 .195 

7 Right middle frontal gyrus 7.347 .016 .329 

8 Right inferior frontal gyrus 6.032 .027 .287 

 

 

Figure 11. Change in Neural Activation by Blood Pressure Categorization 
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Figure 12. Change in n-back Task Performance by Blood Pressure Categorization 

 

Conclusions 

 

It has been suggested that neuroimaging techniques are a promising way to 

investigate the effects of acute exercise on the brain (Weng et al., 2015). This study did not 

find that changes in neural activation were present after exercise, as studies with similar 

protocols have found (Li et al., 2014; MacIntosh et al., 2014). However, these previous 

studies did not investigate the potential for individual differences in CVD risks to affect 

responses to exercise. In the present study, individuals who were pre-hypertensive had a 

larger positive change in brain activation in several cortical areas post exercise compared 

to those with normal blood pressure. The pre-hypertensive group also trended towards a 

significant improvement in the 2-back after exercise, in comparison to their healthier peers. 
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These findings present preliminary evidence that young adults who are at risk for 

hypertension may already be experiencing differences in their cerebral blood flow during 

working memory tasks.  

Hypertension is known to cause dysregulation in cerebral blood flow, making it 

less likely the metabolic demands of neural tissue are met (Girouard & Iadecola, 2006) Not 

only is hypertension one of the most robust risk factors for cardiovascular diseases, it also 

increases the likelihood one will experience vascular brain insults such strokes (Wolf, 

D’Agostino, Belanger, & Kannel, 1991). There is also evidence to show that this 

phenomenon does not only happen in middle-aged and older adults, as younger adults with 

high systolic blood pressure are also at risk for cognitive decline over time (Elias, Elias, 

Robbins, & Budge, 2004). In 2008, Haley and colleagues found that healthy young adults 

with a genetic predisposition for hypertension had significantly altered neural activity, such 

that those with a family history showed decreased working memory-related task activation 

compared to task performance matched controls without a family history. Similar to the 

results of this study, there were no group differences in accuracy of performance on the 

task (Haley et al., 2008).  

Because this study did not employ any measures of cerebral blood flow or blood 

pressure measures surrounding the exercise bout, it is difficult to speculate what 

physiological mechanisms elicited the different BOLD response seen in pre-hypertensive 

individuals after exercise. Other studies have found that cerebral blood flow increases after 

a bout of moderate intensity exercise (MacIntosh et al., 2014; Smith, Paulson, Cook, 

Verber, & Tian, 2010). However, healthy young adults in this study experienced no change 
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in task-related brain activation post exercise. It is possible that these young and relatively 

fit individuals have an adequate circulation at rest to appropriately meet the metabolic 

needs of neural tissue during challenging tasks. Furthermore, both groups improved their 

cognitive task performance at the second time point, making it difficult to draw conclusions 

about neural activation in relation to behavioral outcomes.   

This study was one of the first of its kind to use fMRI measures to look at executive 

functioning responses to moderate exercise. Although findings are preliminary due to the 

small sample size, it is the first of its kind to examine neural changes in relation to CVD 

risks in young adults. Limitations of this study include the lack of experimental or 

counterbalanced design. To truly look at the effects of exercise in a repeated measures 

design, a comparison group with resting or non-aerobic exercise condition could have been 

utilized. As such, it is difficult to determine if learning effects were present in the n-back 

task and if this could have been associated with neural activation. Future studies seeking 

to examine the neural correlates of executive functioning tasks pre and post exercise should 

consider potential variances in BOLD responses due to CVD risk and employ a randomized 

controlled design.  
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DISCUSSION 

Previous work has documented the positive associations between physical health, 

exercise, and cognitive performance. However, the majority of this literature has focused 

on middle-aged and older adults, due to the higher prevalence of cognitive complaints and 

impairments in these age groups  (Knopman et al., 2001; Whitmer et al., 2005; Zhu et al., 

2014). With increasing levels of obesity, Diabetes Mellitus Type 2, hypertension, and other 

risk factors in younger populations, health interventions that target earlier stages of the 

lifespan should be a pressing public health concern.  

This dissertation provides novel insight into several areas of study, including the 

associations between cardiovascular disease (CVD) risks, short bouts of exercise, and 

cognitive abilities in young adults. Broad conclusions can be drawn from each of these 

studies that implicate both the negative effects of pre-disease states and the benefits of 

acute exercise for various domains of executive functioning.  

The series of investigations started with a cross-sectional examination of CVD risks 

and cognitive abilities within a group of 100 young adults. In this study, lower fitness and 

increased sedetnary time predicted poorer performance on cognitive tasks. Specifically, 

increased sitting time was related to lower scores on the Stroop Color Word, a test of 

inhibitory control. However, the relationship between sedentary time and cognitive 

performance was not mediated by any of the biological risk markers that were measured in 

this dissertation. As such, the effects of sitting time on cognitive performance and overall 

health warrant more investigation.  
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In the second study in this dissertation, a short bout of exhaustive exercise was 

demonstrated to improve performance on several versions of the Stroop test, when 

controlling for variances in CVD risks between groups which may have affected behavioral 

outcomes. The finding that a ten-minute bout of graded, exhaustive exercise improved 

cognitive performance post exercise contributes to the notion that acute moderate to 

vigorous exercise can facilitate positive changes in cognitive performance. However, the 

mechanisms which elicited these changes were not explored in this study.  

The final investigation in this dissertation explored the neural correlates of a 

working memory task both before and after an acute bout of moderate intensity exercise. 

While no differences were found in the whole sample, those who had been measured as 

pre-hypertensive at baseline testing experienced a differential increase in BOLD signal in 

several brain areas corresponding to working memory task performance. Participants in the 

pre-hypertensive group also improved their performance accuracy of the task more than 

their normotensive peers. The differentiated BOLD response based on blood pressure risk 

is a novel finding, and warrants more investigation with a larger sample size.  

The implications of these findings for public health practices are multifold. Short 

bouts of exercise, whether moderate or vigorous intensity in nature, provide cognitive 

benefits to young adults in the form of faster reaction time and improved accuracy. These 

executive abilities, which allow one to maximize cognitive efficiency and productivity, are 

highly relevant to young adults as they endeavor to attend college or transition to the 

workforce for the first time. Universities and workplaces should thus take advantage of the 

health and productivity boosts they could see from promoting and encouraging active 
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lifestyles. Short bouts of exercise may also differentially benefit those who are at early 

stages of CVD, including those who are pre-hypertensive.  Since blood pressure is easily 

measured, campus health centers and workplace wellness programs should place greater 

emphasis on recommendations for monitoring blood pressure in young adulthood as well 

as education about the benefits of physical activity for reducing blood pressure (Whelton, 

Chin, Xin, & He, 2002). 

This dissertation was not without limitations. As with many studies drawing 

participants from a pool of predominantly college students, the findings from this 

dissertation may not apply to all young adults. Additionally, laboratory cognitive testing 

thought meant to provide a representation of the cognitive function, may not directly 

translate to outcomes in daily life. Utilizing a more extensive cognitive battery that the five 

tests used, or including tasks which more closely mirror daily activities for the young adult 

population, may have provided more insight into the functional translation of cognitive 

outcomes for the young adults in this study. Finally, the use of a non-exercise control for 

all conditions in both the second and third study in this dissertation would have provided a 

greater capability to detect exercise effects.   

Establishing positive health behaviors which reinforce cognitive wellbeing is 

valuable at the developmental stage of young adulthood because it is considered to be an 

important time for building cognitive reserve. Cognitive reserve theory contends that those 

who acquire greater levels of reserve throughout the lifespan can tolerate proportionally 

higher levels of brain pathology before showing clinical signs of cognitive decline (Y. 

Stern, 2009). Learning new skills and facts and engaging in leisure time and social 
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activities which are cognitively stimulating are all hypothesized to be important for the 

formation of cognitive reserve (Scarmeas & Stern, 2003). Active behaviors, though 

typically emphasized with more elderly populations with whom cognitive decline is salient, 

should be encouraged starting in youth and throughout aging and development.  

This dissertation has provided evidence for the fact that seemingly healthy 

individuals, presumed to be in their physical and cognitive “prime,” exhibit risks for CVD 

(some as many as six) in addition to subtle decrements in their cognitive functioning. 

However, the findings also show that physical activity remains a promising method of 

intervention, regardless of one’s current level of health. With studies like these increasingly 

demonstrating that chronological age may belie biological age, it is critically important to 

take a preventative approach to delay or cease progression toward chronic disease while 

individuals are still in early stages of the lifespan. 
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APPENDIX: LITERATURE REVIEW 

Finding ways to prevent the early incidence of cognitive deficits can reduce the rate 

and prevalence of cognitive decline in later life. Due to the evidence that many cognitive 

risks are cumulative throughout the lifetime, an early adoption and maintenance of positive 

health behaviors are critical for optimizing longevity (Richards & Deary, 2005; Whalley, 

Deary, Appleton, & Starr, 2004). Studies have provided robust evidence that engaging in 

physical activity not only protects against cognitive decline but can also facilitate cognitive 

functioning in younger healthy populations (Åberg et al., 2009; Chaddock et al., 2011; Sofi 

et al., 2011). Studies conducted in various age cohorts show that those who regularly 

engage in physical activity and have higher levels of cardiovascular fitness have improved 

cognition over their less fit peers (Barnes, Yaffe, Satariano, & Tager, 2003). However, the 

mediating factors through which chronic physical activity facilitates cognitive performance 

are still under investigation.  

Spirduso and colleagues proposed a conceptual model to describe the various 

mediation pathways through which physical activity influences cognitive performance in 

older adults (See Figure 13.; Spirduso, Poon, & Chodzko-Zajko, 2007). The model 

suggests that the physical activity-cognition relationship can be direct, but also can be 

mediated by through three main categories of influence; physical resources, disease states, 

and mental resources. Age, education, gender, hormones, and genetics may also 

independently moderate each of the constructs. While there exists a large body of literature 

to support the relationships in this conceptual model for older adults, it remains to be seen 
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if this model can be transposed for use in a young adult population where mediating factors 

may be different.  

Figure 13. Spirduso’s Mediation Model for PA and Cognition 

 

Because, not all constructs in Spirduso's model, are relevant to young adults; I 

propose a slightly adapted model to guide this review of the literature. Where constructs in 

my new model differ from those of the original model, I will explain why they were chosen. 

The constructs and relationships that will be a focus of this dissertation are highlighted in 

orange. Specifically, the relationships between chronic and acute exercise, health risks, and 

executive functioning will be explored as they relate to young adults, taking into account 

potential moderating factors of social standing, family history of cardiovascular disease, 

generalized intelligence, and gender. The first part of the literature review will define each 

key construct in the model while developing the inclusion and exclusion criteria. The 

second part of the literature review will summarize the evidence for the relationship 

between physical activity and cognition in young adults in three ways; through the effects 

of chronic physical activity, the effects of fitness, and the effects of the acute physical 
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activity. Evidence supporting the presence of the mediating relationships within the model 

will be discussed as it pertains to both chronic and acute physical activity.  

Figure 14. Proposed Mediation Model for Young Adults 

 

Defining the Conceptual Model Constructs   

 The original purpose of developing this conceptual model was to understand the 

factors that are associated with cognitive performance among older adults. In this present 

series of studies, a modified version of the Spirduso’s model was applied to young adults, 

operationalized as the range of 18-30 years old. This age range effectively combines the 

developmental stages of young adulthood and emerging adulthood into one term (Arnett, 

2000); as such, the term young adult will only be used from this point forward in the 

discussion. Although this range is slightly larger than the second decade of life, it was 

purposefully selected to ensure inter-individual variability in development during this time. 
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Further, this age range allows for the quantification of the effects of physical activity 

dosage in the early and later stages of young adulthood. 

Cognitive Health and Performance as the Desired Outcome 

 The primary outcome variable in the Spriduso’s conceptual model is cognitive 

health and the measurable behavioral responses of reaction time and accuracy. Cognition 

is a broad term which represents all mental abilities and processes. These processes are 

complex, and can be conscious or unconscious; learned or intuitive (Anderson, 1990). 

Cognitive abilities develop throughout youth, stabilize during young adulthood to midlife, 

and decline during older age (Craik & Bialystok, 2006). While cognition is not knowledge, 

cognitive processes are related to the acquisition of knowledge and can be enhanced 

through knowledge (Anderson, 1990). Because of this potential for confounding cognitive 

performance, knowledge, or general intelligence, must be assessed when measuring 

cognition. General intelligence is usually measured through validated tests such as the 

Kaufman Brief Intelligence Test or the Wechsler Abbreviated Scale of Intelligence (Lezak, 

2004, pp. 698–737). Cognitive functions are more highly varied and can be difficult to 

isolate, which has occasionally led to differences in interpretation of cognitive domains 

across research disciplines (Miyake et al., 2000). However, there are several domains of 

cognition that are widely and consistently measured in the realm of physical activity 

research (Lambourne & Tomporowski, 2010; McAuley, Kramer, & Colcombe, 2004). The 

main domain of cognitive functioning that will be considered for this review is executive 

functioning.  



 81 

Executive functioning is the cognitive skill set that allows for purposive, 

independent behavior that is focused on scheduling, planning, and sequencing (Norman & 

Shallice, 1986). Executive functioning is necessary for self-serving behavior in humans as 

it plans, assembles, organizes, and coordinates complex cognitive processes to result in 

appropriate thoughts and behavioral expressions (Lezak, 2004, p. 35). Because of this, 

executive functioning has the capability to affect a wide range of cognitive outcomes (T. 

A. Salthouse et al., 2003). Executive functioning is required for proper allocation of 

attention and working memory tasks, and also for inhibitory control and cognitive 

flexibility, or task-switching ability. These four behavioral outcomes of executive 

functioning were the focus of this review. 

Attention. Attention refers to the capacity to receive and process stimuli 

(Parasuraman & Yantis, 1998). Attention can be reflexive, such as when involuntarily 

orienting toward a loud noise nearby. Attention can also be voluntary, such as when one 

must exert control to engage in one activity while not attending to another, or shifting focus 

between two tasks (Lezak, 2004, p. 34). Commonly used measures of attention among 

adults include Paced Auditory Serial Addition Test, Stroop Color; Stroop Word, N-Back 

Task (zero back condition), and Trail making Test Part A (Wisdom et al., 2011). 

Working memory. Working memory comprises the processes of information 

acquisition, encoding, rehearsal, storage and retrieval, which are necessary components for 

remembering information (Atkinson & Shiffrin, 1971). The working memory system is 

involved in the short-term storage of information and is required for complex tasks such as 

comprehension and learning (Baddeley, 1992). Working memory tasks can require that an 
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individual be exposed to an auditory or visual stimulus and then respond to a question 

regarding some aspect of that stimulus a short time after exposure. Common methods of 

measuring working memory in adults include Digit Span forward and backward, Trail 

Making Test Part B, and the N-back Task 2-back condition (Wisdom et al., 2011). 

Inhibition. Inhibition is the ability to suppress automatic, dominant, or reflexive 

responses to stimuli (Nigg, 2000). Studies which measure this executive functioning 

component often employ two versions of the same task; a congruent version, and an 

incongruent version. In a congruent task, the response which is reflexive or dominant is the 

correct response (e.g., read a list of words). An incongruent task requires that an individual 

suppresses the dominant response to respond correctly (e.g., read the color of the printed 

text instead of reading the word). Common measures of executive functioning among 

adults include Stroop Color/Word Interference, Erickson flankers task, and Go/No-Go. 

Cognitive flexibility.  Cognitive flexibility refers to the ability to determine the 

existence of alternative response options along with the ability to act on that response 

(Martin & Anderson, 1998). In other words, it is the capability to alter a typical or otherwise 

prevailing response for a more appropriate response. Assessments of cognitive flexibility 

often involve switching between tasks. A measure of cognitive flexibility often used in 

adults is the Wisconsin card sorting task, which requires individuals to update constantly 

their responses based on changing rules of the task (Heaton & others, 1993).  

Physical Activity and Fitness Among Young Adults 

Physical activity, also known as physical exercise or exercise, is the behavior of 

engaging in gross motor movement (Bouchard et al., 1994). The rate of participation in 
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physical activity is often examined from a chronic (over time) and acute (one single bout) 

perspectives. In 2008, the Physical Activity Guidelines Advisory Committee set forth the 

recommendation that adults participate in 150 minutes of moderate intensity or 75 minutes 

of aerobic activity each week to gain the health enhancing benefits. More than 300 minutes 

of physical activity per week is recommended, to see additional benefits (USDHHS, 2008). 

Adults have left the choice of determining the frequency and duration of each physical 

activity session.  

Chronic physical activity and fitness. Regular physical activity participation has 

many health benefits. Repeated engagement in aerobic exercise, or exercise that challenges 

the cardiovascular system, which meets or exceeds the recommendations (USDHHS, 2008) 

results in improvements in fitness. Higher levels of cardiovascular fitness or the ability to 

perform aerobic work, (Bouchard et al., 1994) are associated with higher levels of overall 

physical and mental health throughout the lifespan. While one’s fitness is representative of 

engagement in the chronic aerobic physical activity, there are also biological differences 

in fitness potential between men and women as well as genetic differences between 

individuals (Bouchard & Rankinen, 2001).  

An individual’s chronic rate of engagement in physical activity can be objectively 

measured by physical activity monitoring devices such as an accelerometer, or subjectively 

measured such as in self-reported survey responses (Pate, Ross, Dowda, Trost, & Sirard, 

2003; Plasqui & Westerterp, 2007; Sallis, Buono, Roby, Micale, & Nelson, 1993). The trait 

of cardiorespiratory fitness is either measured directly by maximal oxygen uptake (VO2 
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max) via closed circuit spirometry during a graded exercise test or estimated through the 

use of standardized exercise protocols which utilize heart rate levels (Kokkinos, 2015). 

Acute bouts of physical activity. Acute physical activity is defined as a single 

session of physical activity (Bouchard et al., 2006). Research suggests that engaging in 

acute bouts of physical activity that are at least 10 minutes in length can facilitate similar 

health benefits to longer bouts of activity, as long as the total time spent in physical activity 

and intensity are the same (Schmidt, Biwer, & Kalscheuer, 2001). As the 2008 Physical 

Activity Guidelines for Americans suggest, multiple acute bouts can also have additive 

effects over time (USDHHS, 2008). 

For this review of the literature, studies that examined the relationship between 

chronic physical activity or fitness and cognition in young adults were included because 

the most rigorous research has been conducted with participants from these stages of the 

lifespan. Studies that. Studies that look at the effects of a single bout of moderate or 

vigorous cardiovascular exercise on cognition were also included. Studies examining 

effects of light intensity aerobic activity (e.g. walking) resistance training, or flexibility 

training on cognition were not included in this review.  

Factors Moderating and Mediating the Relationship between Physical Activity and 

Cognitive Health and Performance  

Moderators are factors which affect the strength of the relationship between an 

independent variable and an outcome (Baron & Kenny, 1986). Whenever examining the 

relationships between physical activity and cognition, it is important to acknowledge the 

moderating factors that can potentially confound cognitive outcomes if not properly 
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measured or controlled. Age, gender (in older age), education, and socioeconomic status 

are commonly found moderators of cognitive performance (Craik & Bialystok, 2006; 

Kramer et al., 2004). Only studies that control for moderating factors in the research design 

or analyses will be considered for this review. 

Mediators are variables that lie on the causal pathway between one variable and 

another. In a fully mediated relationship, there is no direct relationship between the 

independent variable of interest and the outcome; the only association between them exists 

due to the mediator. Partial mediation occurs when only a proportion of the relationship 

between an independent variable and an outcome is explained by a third variable, the 

mediator (MacKinnon, 2008). In the case of Spirduso’s model, the three classes of 

mediators which explain some of the physical activity-cognition relationships are physical 

resources, disease states, and mental resources. Although many potential mediating factors 

were placed in this classification initially, this present study seeks to confirm or control for 

potential mediating effects, which may result in the reclassification or such factors, given 

the strength of the association with cognition. 

Physical resources. As described in Spirduso’s model, physical resources 

represent the capability of an individual to fulfill their basic needs for daily functioning.  

Means of attaining physical resources include getting enough sleep, having adequate 

energy to perform required tasks, eating enough without overeating, and functioning with 

minimal pain or need for pharmaceuticals. When the capabilities to acquire these resources 

are out of balance, the body cannot function optimally, which also affects cognitive 

performance (Spirduso et al., 2007). Chronic engagement in physical activity has been 
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shown to help facilitate weight loss and improve sleep patterns in older adults (Blundell & 

King, 1999; King AC, Oman RF, Brassington GS, Bliwise DL, & Haskell WL, 1997; Reid 

et al., 2010). Additionally, the chronic physical activity can reduce the need for drug 

treatment (Chodzko-Zajko, 2014) and help regulate chronic pain (Panush, Lane, Ytterberg, 

Mahowald, & Krug, 1994; Saltskår Jentoft, Grimstvedt Kvalvik, & Marit Mengshoel, 

2001).  

Young adults are less often afflicted with chronic pain and require less 

pharmaceutical treatment than older adults. Thus the relationship between these factors and 

cognitive performance is not well described in the young adult population. The effects of 

physical activity on appetite in young adults will not be reviewed. Two aspects of physical 

resources that will be a focus of this literature review are sleep and levels of reported 

fatigue, as these are commonly reported problems in young adults (Alapin et al., 2000; MS, 

PhD, & PhD, 2000; Steptoe A, Peacey V, & Wardle J, 2006). Sleep and fatigue are often 

subjectively measured through survey responses (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989; Lee, Hicks, & Nino-Murcia, 1991)  

Health risks (expressed as disease states in older adults). Chronic diseases are 

diseases accrue and persist over long periods of time, and can be treated but not cured. The 

most common chronic diseases are cardiovascular diseases, which are diseases 

characterized by disrupted functioning in the heart or blood vessels (Lüscher & Noll, 1995). 

Cardiovascular diseases (CVDs) negatively impact cognitive functioning at every stage of 

life, and also contribute to higher risk for early onset of diseases such as mild cognitive 

impairment, Alzheimer’s disease, and dementia (Scarmeas et al., 2009; Whitmer et al., 
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2005). Since health risk does not manifest into symptomatic disease states until later life, 

Spirduso’s original model was modified to consider health risk rather than disease states. 

The American College of Sports Medicine designates eight major clinical criteria 

that elevated health risk for developing CVDs (American College of Sports Medicine, 

2013). These outcomes are often measured through self-report and laboratory testing in 

routine health screenings and include age, family history, cigarette smoking, sedentary 

lifestyle, obesity, hypertension, dyslipidemia, and prediabetes. While it is well known that 

diagnosed CVD influences cognition, the prevalence of disease in the young adult 

population is much lower than that of middle-aged and older adults. The relationship of 

each of these individual risk factors to cognitive performance is still being explored in 

younger adults, but there is some evidence to suggest a negative relationship between risks 

and cognition (Castelli et al., 2013). As previously introduced, this review was focused on 

the risk factors that precede cardiovascular disease, since young adults are the target of 

study, and formal disease states have not yet fully manifested. Any article that examines 

how levels of cardiovascular disease health risk relate to cognitive functioning was 

included in this review. Particular attention was given to young adults, given the aims of 

this present study. 

Mental resources. Mental resources are the capabilities an individual possesses to 

navigate the mental demands of daily functioning. Stress and depression, are both mental 

resources suggested to influence cognition in Spirduso’s model. High levels of stress are 

associated with premature cognitive decline, and depression is associated with poor 
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cognition throughout the lifespan (Farmer et al., 1988; Juster, McEwen, & Lupien, 2010; 

Lupien, McEwen, Gunnar, & Heim, 2009).  

Symptoms of depression, anxiety, and chronic stress often first begin to manifest 

in young adulthood (American College Health Association, 2012). However, their 

relationship to cognition functioning remains under-examined. These mental resources will 

be explored as they relate to physical activity and cognitive function in young adults. A 

common measure of depressive symptoms in adults is the Center for Ecological Studies 

Depression Scale (Radloff, 1991). A common measure of anxiety symptoms in adults is 

the Spielberger State-Trait Anxiety Inventory (Spielberger, 2010). 

Physical Activity and Cognition in Young Adults 

There are three ways through which aerobic exercise has been directly examined 

about cognitive performance; by chronic engagement in physical activity, fitness, and acute 

engagement in physical activity. Causal relationships in the child and older adult literature 

implicating physical fitness (Kramer et al., 1999; McAuley et al., 2004) and physical 

activity (K. I. Erickson & Kramer, 2009) as affecting cognitive performance have been 

documented. The number of health risks one possesses has also been associated with 

cognitive performance (Castelli et al., 2013). However, the relationships have been 

underdeveloped and less clear among young adults, as fewer behavioral differences have 

been demonstrated since this is a stage of cognitive prime. What is known is reported in 

the following section. 

Chronic Physical Activity, Fitness and Cognitive Performance  
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Cardiovascular fitness is highly and consistently associated with cognitive 

performance in multiple domains and throughout the lifespan (Bielak, Cherbuin, Bunce, & 

Anstey, 2014), as is chronic engagement in physical activity (Dik et al., 2003, p. 20; 

Kamijo, Nishihira, & Higashiura, 2009). Proposed mechanisms for this include structural 

changes to the brain and central nervous system from neurogenesis, angiogenesis, and 

improved neuronal metabolism from adaptations from chronic aerobic exercise training 

(Cotman et al., 2007). However, there are still some variances in fitness that are not 

attributable to the level of engagement in physical activity (Bouchard & Rankinen, 2001); 

thus, fitness and chronic physical activity engagement cannot be treated as synonymous 

terms.  

In this comprehensive review of the literature, thirteen studies documented the 

positive effects of chronic physical activity and fitness on executive function among young 

adults. Using measures of attention, working memory, inhibition, and cognitive flexibility, 

aerobically fit and physically active individuals outperformed their less fit and active 

counterparts. There were no negative findings in the existing body of literature that 

evidenced those with higher fitness or physical activity scored poorly in comparison to 

fewer fit individuals. Two studies found no difference in working memory indices after an 

aerobic intervention. In the following studies, both cross-sectional and repeated measures 

designs were employed. 

Attention. Several studies have shown that higher fit and more physically active 

individuals tend to complete timed tasks at a quicker pace than their less active peers. One 

study has reported on the independent indices of attention about fitness in young adults, 
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showing a positive relationship between fitness and attentional capacity and simple 

reaction time (Newson & Kemps, 2008). This relationship is supported by the evidence 

that healthy preadolescent children who are less fit have been shown to score worse on 

measures of response speed and neuroelectric indices of attention measured through 

Electroencephalography (Hillman, Castelli, Buck, & others, 2005). Higher physical 

activity levels are associated with improved reaction time (Hillman et al., 2006). 

Additionally, young adults with higher physical activity have also been shown to score 

better on measures of processing speed, such as measured in the congruent condition of 

Trail Making Test (Pluncevic-Gligoroska, Manchevska, & Bozhinovska, 2010). 

Working memory. Several cross-sectional studies have provided evidence for the 

fact that higher fitness and chronic physical activity levels are related to working memory 

in young adults. Young adults with higher fitness have been shown to perform better on 

tasks involving relational memory and working memory (Baym et al., 2014; Newson & 

Kemps, 2008). Interactions between aerobic fitness and serum Brain Derived Neurotropic 

Factor have been shown to predict recognition memory in young adults, providing some 

evidence for the role or neurotropic factors in memory accuracy (Whiteman et al., 2014). 

Cross-sectional data shows that higher levels of physical activity are associated with the 

better short-term and working memory in young adults (Bielak et al., 2014). The aerobic 

intervention studies that have been done in young adult populations have improved 

recognition (Hopkins et al., 2012) and visuospatial memory, but not verbal or working 

memory domains (Stroth et al., 2010, 2009).  
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Inhibition. Few studies have examined how the capacity of inhibitory control is 

affected by fitness and chronic physical activity in young adults. One study found that 

higher levels of physical activity are related to increased inhibitory control during the 

Erickson flankers task (Hillman et al., 2006). Another standing which examined both 

fitness and physical activity levels found that both higher fitness and higher physical 

activity were related to better inhibitory control, significantly explaining 14% and 7% of 

the variance, respectively (Guiney et al., 2015). Multi-week aerobic interventions have also 

been shown to improve inhibitory control in young adults as measured by performance on 

the Stroop color-word task (Stroth et al., 2010). 

Cognitive flexibility. Only three studies have examined the effects of chronic 

physical activity and fitness on cognitive flexibility or task switching. However, the 

findings have been positive thus far. Young adults with higher fitness have shown greater 

cognitive flexibility as demonstrated by neuroelectric responses during action monitoring 

(Themanson et al., 2008) and the Odd One Out test (Loprinzi & Kane, 2015b). 

Additionally, multi-week aerobic interventions have also been shown to improve task 

switching in young adults (Stroth et al., 2010). 

Acute Physical Activity and Cognitive Performance 

While regular engagement in physical activity can lead to improvements in 

cognition through chronic adaptations, acute bouts of moderate to vigorous aerobic 

physical activity have also shown to be beneficial for cognitive performance immediately 

following an exercise bout (Tomporowski, 2003; Verburgh et al., 2013). Results from these 

studies are not as consistent as the literature on fitness and cognition, potentially due to the 
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highly varied methodologies and lack of objectively measured exercise intensities. 

Additionally, the mechanisms by which acute exercise facilitate improvements in 

performance are not well known. The most appropriate dose of exercise to reach these 

benefits is also still under investigation.  

In this comprehensive review of the literature, eighteen studies documented the effects of 

acute physical activity on executive function among young adults after completion of the 

exercise bout. Using measures attention, working memory, and inhibition, acute exercise 

bouts facilitated greater improvement in physical activity than control sessions of rest. 

However, no studies were found that reported the effects of acute exercise on cognitive 

flexibility. There were no negative findings in the existing body of literature that evidenced 

that acute aerobic exercise decreased post-exercise executive function. Seven studies 

across each executive functioning domain examined found no difference after an acute bout 

of exercise. In the following studies, repeated measures designs with counterbalanced and 

experimental designs were used. 

Attention. There have been mixed findings regarding the effects of acute exercise 

on attention. Concentration-related cognition has been shown to improve with acute 

exercise in young adults (Loprinzi & Kane, 2015b), as well as reaction time during a 

working memory task (Hogan, Mata, & Carstensen, 2013). Visuospatial attention has also 

been shown to improve from acute exercise (Sanabria et al., 2011b; Tsai et al., 2014b).  

However, two studies have not found any significant acute exercise effects on 

attention. Sibley and colleagues determined that exercise did not facilitate improvements 

in congruent conditions of Stroop task (Sibley et al., 2006). Similarly, Lambourne and 
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colleagues reported no difference in performance of the Paced Auditory Serial Attention 

Task after exercise (Lambourne, Audiffren, & Tomporowski, 2010). 

Working memory. Studies have documented varied effects of acute exercise on 

working memory tasks. Acute exercise has improved accuracy on a paired associates task 

in some studies (Griffin et al., 2011) but not others (McNerney & Radvansky, 2015). 

Another study showed acute exercise could be beneficial for procedural learning and 

situation model memory (McNerney & Radvansky, 2015), but not recognition (Hopkins et 

al., 2012). Acute exercise has also been shown to improve working memory in a 2-back 

condition of a facial memory task (Weng et al., 2015). Sibley and Bielock (2007) found 

that acute exercise improved working memory, but only for those with a baseline in the 

lowest quartile of performance on a working. The researchers suggested that acute exercise 

differentially impacted those who perform worse on the task (Sibley & Beilock, 2007). 

Inhibition. Nine studies have examined the association between an acute bout of 

aerobic exercise and inhibitory control. Short bouts of aerobic exercise have been shown 

to improve inhibitory control, as measured by performance on the Stroop Color-Word task 

(Y.-K. Chang et al., 2015; Sibley et al., 2006; Yanagisawa et al., 2010) and Erickson 

flanker task (Hillman et al., 2003; Kamijo et al., 2007; O’Leary et al., 2011). Similarly, 

improved inhibitory control has been found in a stop signal task after exercise (Joyce, 

Graydon, McMorris, & Davranche, 2009). 

However, two studies have presented neutral findings for inhibitory control. 

Audiffren and colleagues reported that positive effects on inhibitory control elicited during 

exercise didn’t last once exercise was over (Audiffren, Tomporowski, & Zagrodnik, 2009). 
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Additionally, Weng and colleagues found that performance of the Erickson flanker task 

did not improve post exercise (Weng et al., 2015). 

Mediators of the Relationship between Physical Activity and Cognitive Performance 

Many studies have explored the direct behavioral evidence linking physical activity 

and cognition. In addition to these direct relationships, there are three proposed mediating 

pathways in which physical activity affects cognition, according to Spirduso’s model. 

Evidence for the relationships between following mediators and cognition was explored 

regarding their relationship to either chronic physical activity, fitness, or acute physical 

activity. 

Physical resources. Though there has been little work done in this area in young 

adults, there existed modest evidence that engaging in physical activity on a regular basis 

is positively associated with better sleep quality (A. J. Y. Lee & Lin, 2007) and decreased 

fatigue (Puetz, Flowers, & O’Connor, 2008). Exercise can also more immediately benefit 

sleep, as acute exercise facilitates sleep improvements the same day of the exercise bout 

(Uchida et al., 2012). Poor sleep quality and sleep deprivation are both associated with 

marked decreases in cognitive performance in young adults (Benitez & Gunstad, 2012; 

Millman & others, 2005). Although other factors are considered in Spirduso’s model such 

as appetite, drug use, and pain, in this dissertation, average sleep quantity was the only 

examined variable as it is the most prevalent physical resource related to cognition in young 

adults.   

Health Risks. A lack of participation in moderate to vigorous physical activity and 

increased sedentary time are both key causes of cardiovascular pathology (Ekelund et al., 
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2012). In parallel with the decrease children’s physical activity levels, cardiovascular 

disease risks such as obesity are now increasingly seen in children as young as two years 

old (Ogden CL et al., 2014). With this, emerging evidence suggests that pre-disease states 

associated with a sedentary lifestyle begin to exert negative effects on cognitive 

functioning at earlier ages than previously thought.  

High blood pressure, or hypertension, is consistently associated with poor cognitive 

performance in later life (Birns & Kalra, 2008). Cardiovascular exercise is a commonly 

recognized means by which to prevent and treat hypertension, as it promotes elasticity and 

strength in the heart and blood vessels (Appel, 2003; Hagberg, Park, & Brown, 2012). 

Having a family history of hypertension can predispose young adults to poorer cognitive 

performance, even when those individuals are asymptomatic of disease (Haley et al., 2008). 

Higher systolic blood pressure has also been shown negatively to affect short-term memory 

in 20-29-year-olds (Suhr et al., 2004). Body composition is also heavily influenced by 

physical activity level. Having a higher body mass index, a rating which estimates body 

composition is associated with poorer inhibition and cognitive flexibility in young adult 

populations (Gunstad et al., 2007, 2013). 

Due to poor dietary habits and lack of physical activity, pre-diabetic insulin 

resistance and diagnosed type II Diabetes (T2D) are both on the rise among younger 

populations. T2D has been associated with reductions in brain volume in the hippocampus 

and frontal lobe in middle-aged adults, and also adolescents (Bruehl et al., 2011). The 

presence of multiple cardiovascular risk factors in concert also inflates risk for cognitive 

deficits. Metabolic syndrome (MetS), which is a collection of risks such as obesity, 
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hypertension, impaired fasting glucose, and dyslipidemia, is robustly correlated with 

deficits in middle-aged adults (Yates et al., 2012). In childhood through young adulthood, 

though the diagnosis of MetS is less common, the presence of multiple cardiovascular risks 

still markedly limits abilities across all domains of executive functioning (Yau et al., 2010). 

This negative relationship is further exacerbated by high levels of inflammatory markers 

in the blood, which is often found in individuals with a low fitness level and other 

cardiovascular risks (Isasi et al., 2003; Yaffe K et al., 2004).  

Another health risk factor that has been implicated as increasing the odds of CVD is 

smoking (Lakier, 1992). As such, in this dissertation, possible effects of smoking were 

controlled for by excluding individuals who smoke. 

Mental resources. Young adults often experience depressive symptoms for the 

first time in college. A 2011 national survey found 30% of college students reported feeling 

so depressed that it was difficult to function at some point in the last year (American 

College Health Association, 2012). These mental disorders have a potential to affect 

cognition, though research findings examining this relationship have been extremely 

varied. The level of cognitive deficit due to mental disease can vary widely based on 

medication use as well as symptomatic expression and characteristics of each disorder. 

However, the most replicated finding across mental disorders is a decrement to executive 

functioning, especially in depression (Castaneda, Tuulio-Henriksson, Marttunen, 

Suvisaari, & Lönnqvist, 2008).  

Those who are more physically active are less likely to report symptoms of 

depression, anxiety, stress, and life dissatisfaction (Paluska & Schwenk, 2012; Schnohr, 
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Kristensen, Prescott, & Scharling, 2005). Exercise has also been widely explored as a 

treatment for mental disorders, and can be an effective tool for alleviating mental illness 

symptoms, especially when used in combination with other therapies (Ströhle, 2008). In 

this dissertation, though individuals with diagnosed psychological disorders were excluded 

from participation, symptoms of anxiety were measured.  

As depicted in Spirduso’s model, it is clear that the mediating factors not only affect 

cognitive functioning but are also highly interrelated. These associations are the focus of 

much research in psychological, medical, and physical activity fields. Thus, these 

associations will be acknowledged in this dissertation but will not be highly emphasized. 

Understanding the extent to which aspects of physical health and activity level contribute 

to cognitive health is the primary focus of this dissertation. 
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