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ABSTRACT 

 Accumulating evidence from animal studies suggests that diets high in fats and sugar lead 

to poorer cognitive functioning. Importantly, animals exposed to a high fat, high sugar (HFHS) 

diet during adolescence show more pronounced deficits in cognitive performance than animals 

given this diet during adulthood, suggesting an age-specific vulnerability for diet-induced 

cognitive impairments. Given that the three primary sources of daily caloric intake for children 

and adolescents in the United States are dessert, pizza, and soda, translational research is needed 

to better understand the link between diet during development and cognitive function.  Some 

studies demonstrate long-term effects of adolescent exposure to HFHS diets, highlighting a need 

for longitudinal research in this area.  

 The current study sought to investigate whether unhealthy dietary habits during 

adolescent development predicts performance on tasks of memory and executive function using 

publicly available data from the National Longitudinal Study of Adolescent to Adult Health 

(Add Health study). Using three separate linear regressions, we tested whether HFHS intake in 

adolescence predicts memory and executive function in young adulthood using the following 

outcomes as dependent variables: total word recall score (immediate trial), total word recall score 

(delayed trial), and total number recall score. We also tested whether a robust indicator of 

inflammation, high-sensitivity C-reactive protein (hsCRP), which was measured in adulthood, 

mediates the relationship between HFHS intake in adolescence and cognitive performance in 

adulthood. Finally, we tested whether physical activity in adolescence moderates the relationship 

between HFHS intake in adolescence and hsCRP as well as cognitive performance in adulthood.  

 The results of the regression analyses reveal that HFHS scores in adolescence 

significantly and negatively predict performance on both the immediate and delayed word recall 

trials in adulthood, even after controlling for relevant covariates such as SES and BMI. The 
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effect of HFHS scores on number recall scores was trending toward significance. The 

relationship between diet and memory was mediated by hsCRP, though HFHS scores was 

negatively associated with hsCRP. Physical activity did not moderate the effect of diet on hsCRP 

or cognitive performance.  

 These findings support animal and human studies showing a relationship between HFHS 

intake and poorer cognitive performance. Importantly, the results of the current study extend the 

existing literature by suggesting that HFHS intake during adolescent development may affect 

cognitive performance later in life. Replication of this study is needed along with further 

research to identify possible physiological mechanisms underlying the relationship between 

HFHS and cognition as well as factors that modify this relationship.  
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CHAPTER 1 
INTRODUCTION 

 
Dessert, pizza, and soda are the three primary sources of daily caloric intake for children 

and adolescents in the United States (Reedy & Krebs-Smith, 2010). Animal studies show 

impaired performance on tasks of memory and cognitive flexibility following exposure to a high 

fat or high sugar diet (Kanoski & Davidson, 2011; Kanoski, Meisel, Mullins, & Davidson, 2007; 

Molteni, Barnard, Ying, Roberts, & Gomez-Pinilla, 2002; Pistell et al., 2010). Moreover, 

exposure to these diets during adolescence results in more pronounced deficits than when 

exposure occurs in adulthood (Murray & Chen, 2019), indicating that adolescence may represent 

a developmental period of increased vulnerability to diet-induced cognitive impairment. Some 

animal studies suggest long-term effects of high fat, high sugar diet exposure during adolescence 

on cognition (Kendig, Boakes, Rooney, & Corbit, 2013; Noble, Hsu, Liang, & Kanoski, 2019; 

Reichelt, Killcross, Hambly, Morris, & Westbrook, 2015; Wang et al., 2015), although no 

studies have tested this in humans. Therefore, the current study seeks to examine whether high 

fat, high sugar intake in adolescence predicts performance on tasks of memory and executive 

function tested in young adulthood.  

Adolescence is a critical period for several neurodevelopmental changes including 

dendritic pruning and myelination (Arain et al., 2013). Exposure to environmental insults, such 

as drugs and alcohol, during this time are known to have deleterious effects on neurocognitive 

outcomes (Fuhrmann, Knoll, & Blakemore, 2015; Pascual, Pla, Minarro, & Guerri, 2014). 

Similarly, several reports show impaired reference, spatial, and reversal learning in animals 

given access to a high fat diet (HFD) or sugar solutions, such as high fructose corn syrup 

(HFCS), during adolescence (Del Rio, Morales, Ruiz-Gayo, & Del Olmo, 2016; Jurdak & 

Kanarek, 2009; Jurdak, Lichtenstein, & Kanarek, 2008; Kendig et al., 2013; Labouesse et al., 
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2018; Lee, Park, Song, Kim, & Kim, 2016; Marwitz, Woodie, & Blythe, 2015; Noble, Hsu, & 

Kanoski, 2017; Reichelt et al., 2015; Vinuesa et al., 2016; Xu & Reichelt, 2018).  

Although limited, available research in humans is consistent with the hypothesis that 

diets high in fat and sugar may be associated with poorer neuropsychological performance. In a 

sample of 201 adolescents, unhealthy food intake, indicated by intake of sweets, soft drinks, and 

snacks, was negatively correlated with performance on the Ravens Standard Progressive 

Matrices (Junger & van Kampen, 2010), a measure of fluid intelligence that is correlated 

consistently with working memory capacity (Harrison, Shipstead, & Engle, 2015). Baym et al. 

(2014) also found a negative correlation between intake of saturated fatty acids, but not refined 

sugar, and performance on relational and item memory tasks in prepubertal children. Notably, 

these findings remained after adjusting for body mass index (BMI). In undergraduate students, 

Francis and Stevenson (2011) found that participants with high fat and sugar intake demonstrated 

poorer performance on story recall and visual pattern reproduction tasks. This same group also 

reported slower learning rates on a word pair associate task in young adults reporting diets high 

in fat and sugar (Attuquayefio et al., 2016). Significant correlations also have been reported 

between saturated fat intake and errors on tasks of verbal recall and recognition and visuospatial 

memory in young women (Gibson, Barr, & Jeanes, 2013). Experimental findings also show that 

poor diet consumption can lead to impaired cognitive functioning during memory tasks. 

Undergraduate students assigned to eat a high fat, high sugar breakfast for only four days showed 

lower performance on a test of verbal learning and memory (e.g., the Hopkins-Verbal Learning 

Test) compared to students in a control condition (Attuquayefio, Stevenson, Oaten, & Francis, 

2017). These findings suggest that even brief exposure to a high fat, high sugar diet, in the 

absence of weight gain, can have harmful effects for cognitive functioning in young adults. 
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Dietary fat intake also has been linked to poorer inhibitory control, a key subdomain of 

executive functioning, in undergraduate students (Limbers & Young, 2015). In a study of obese 

adults, low fruit and vegetable intake, but not saturated fat intake, was associated significantly 

with poorer inhibition and planning ability (Wyckoff, Evans, Manasse, Butryn, & Forman, 

2017). Moreover, the conclusions of a systematic review provide additional evidence that healthy 

diet quality (e.g., diets including greater whole grains, fish, fruits, and vegetables) is associated 

with improved executive functioning in children and adolescents, whereas high sugar, snack 

food, and processed red meat consumption is associated with poorer executive functioning 

(Cohen, Gorski, Gruber, Kurdziel, & Rimm, 2016).  

Dietary changes and exercise may help to improve or protect against the deleterious 

effects of HFD exposure during this sensitive time period; however, some data suggest long-term 

neurocognitive effects (Kendig et al., 2013; Noble et al., 2019; Reichelt et al., 2015; Wang et al., 

2015). For example, Noble et al. (2019) found impaired performance on a hippocampal-

dependent episodic memory task in adult animals given HFCS during adolescence even after a 

prolonged absence from sugar intake, indicating potential enduring effects of poor diet exposure 

during this time. Given such findings, efforts to better understand the link between diet quality in 

adolescence and cognitive functioning in adulthood among humans are needed. Specifically, 

longitudinal studies examining whether exposure to poor diet quality during this developmental 

period has long-term effects on cognitive function are warranted. Mechanistic studies also are 

needed to extend and validate existing evidence from the animal literature as well as clarify 

potential targets for intervention and protective factors.  

Along with other candidate neurocognitive mechanisms (e.g., reduced neurogenesis and 

synaptic plasticity), neuroinflammation has been proposed to mediate the relationship between 

high fat, high sugar diets and memory impairment (Kanoski & Davidson, 2011). Immune 
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dysfunction, marked in part by increased expression of inflammatory cytokines, can lead to 

deficits in neural plasticity and memory (McAfoose & Baune, 2009). Consistent with this, 

exposure to a HFD in adolescence leads to significantly higher levels of inflammation in the 

brains of rodents in some (Vinuesa et al., 2018; Wu et al., 2018), but not all, studies 

(Kaczmarczyk et al., 2013; Wang et al., 2015). Access to a high-fructose corn syrup in 

adolescent rats also has led to elevated inflammation in the hippocampus (Hsu et al., 2015). Poor 

diet quality, characterized by high amounts of saturated fats and refined sugars, also has been 

associated with elevated inflammation in human studies (Aeberli et al., 2011; Calder et al., 2011; 

Mozaffarian et al., 2004). In fact, a dietary inflammatory index (DII) was developed to measure 

the “inflammatory potential” of certain dietary patterns, with saturated fats and simple 

carbohydrates contributing to higher DII scores and greater inflammation (Shivappa et al., 2014; 

Tabung et al., 2015). In adolescents, DII scores have been shown to correlate positively with 

inflammation (Shivappa et al., 2017). Together, these findings suggest that a heightened 

inflammatory state might contribute to the cognitive impairments observed as the result of high 

fat, high sugar intake.   

C-reactive protein (CRP), produced by the liver, is a robust indicator of systemic 

inflammation. Multiple studies suggest a link between diet quality and CRP (Barebring, 

Winkvist, Gjertsson, & Lindqvist, 2018; Cavicchia et al., 2009; Fung et al., 2005; Kuczmarski, 

Mason, Allegro, Zonderman, & Evans, 2013; Mazidi, Kengne, Mikhailidis, Cicero, & Banach, 

2018; Park et al., 2014), although data are somewhat mixed (Pocovi-Gerardino et al., 2019). 

Elevated CRP has been observed in animals exposed to a HFD or high-sugar, high-fat diet 

(Gomaa & El-Aziz, 2017; Sahin et al., 2012; Tsai et al., 2018). In humans, saturated fat has been 

associated with increased CRP in children (Navarro et al., 2017) and adults (King, Egan, & 
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Geesey, 2003; Navarro et al., 2016). In a recent study by Piccand, Vollenweider, Guessous, and 

Marques-Vidal (2019), CRP was the only inflammatory marker associated with diet quality.  

Importantly, elevated CRP also has been linked to cognitive decline (Yang et al., 2015), 

impaired memory (Noble et al., 2010), and reduced medial temporal lobe volume (Bettcher et al., 

2012). Research findings regarding an association between CRP and executive functioning are 

somewhat mixed, with some studies showing no association (Noble et al., 2010) and others 

showing poorer performance on tests of executive function among those with higher levels of 

CRP (Cullen et al., 2017; Wersching et al., 2010). Importantly, most research in this area has 

examined these associations in older adults and less is known about the relationship between 

CRP and cognitive functioning in healthy young adults, although episodic memory has been 

associated with CRP levels in a sample between the ages of 25 and 67 (Stenfors, Jonsdottir, 

Magnusson Hanson, & Theorell, 2017).  

Recent studies have sought to identify factors that might prevent or ameliorate cognitive 

impairments resulting from unhealthy diet exposure during adolescence. Klein et al. (2016) 

found that exercise prevented impairments in flexible memory performance in mice fed a HFD 

during adolescence. Greater physical activity also has been associated with lower levels of 

circulating CRP (Fedewa et al., 2018; Plaisance & Grandjean, 2006; Taaffe, Harris, Ferrucci, 

Rowe, & Seeman, 2000). Moreover, recent data demonstrate that young adults with greater 

aerobic fitness perform better on cognitive tasks, including memory tasks (Baym, Khan, Pence, 

et al., 2014) and this effect is mediated by CRP (Hwang, Castelli, & Gonzalez-Lima, 2017). 

However, no study to date has examined whether physical activity might mitigate the negative 

effects of poor diet on memory via inflammation. Therefore, the current study aims to test 

whether exercise in adolescence moderates the relationship between high fat, high sugar diet 

intake in adolescence and cognitive functioning in young adulthood.  



 6 

CHAPTER 2 
THE PRESENT STUDY 

 
To our knowledge, no study has examined the long-term impact of exposure to poor diet 

quality during adolescence, a critical period of brain development, on cognitive functioning. To 

accomplish this, we propose to test whether diet quality in adolescence predicts memory and 

executive functioning performance in young adulthood. The current study also will explore 

whether inflammation acts as a mechanism underlying the relationship between diet quality and 

cognitive performance. Finally, as an exploratory aim, we plan to test whether physical activity 

moderates the relationship between diet and memory by lowering CRP levels. This study will 

expand upon the current literature in this area by:  

1) Examining whether adolescent exposure to poor diet quality affects memory and 

executive functioning later in life 

2) Investigating the role of a candidate physiological mechanism (e.g., CRP) in the 

relationship between diet and cognitive functioning 

3) Assessing whether exercise in adolescence mitigates the effects of a high fat, high sugar 

diet in adolescence on cognitive functioning via lowered CRP 
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CHAPTER 3 
METHODS 

 
The current study utilizes publicly available data from the National Longitudinal Study of 

Adolescent to Adult Health (Add Health) (Harris & Udry, 2018) led by principal investigators, 

Kathleen Harris, Ph.D., and J. Richard Udry, Ph.D. at the University of North Carolina-Chapel 

Hill and funded by the National Institute of Child Health and Human Development (NICHD). 

The study began assessments of a large, nationally representative sample of adolescents in grades 

7-12 in 1994 and 1995. The study began by identifying high schools stratified by region, 

urbanicity, school type (public, private, parochial), ethnic mix, and size and feeder schools (e.g., 

middle schools) for each high school; 132 schools in 80 communities participated in the study.  

 The current study relies primarily on data collected at Waves II and IV of this 

longitudinal study, which were conducted in 1996 and 2008, respectively. At Wave II, 

participants were asked questions about nutrition and the frequency of their physical activity. 

Anthropomorphic measures (i.e., height and weight) also were assessed. At Wave IV, when 

participants were young adults, follow up assessments were conducted. The following measures 

of interest were collected at this time: height and weight, memory and executive functioning 

tasks, and blood samples, which were assayed for CRP. Select demographic data (e.g., sex, race, 

ethnicity, parent education, parent income) collected at the baseline assessment (Wave I), also 

were used in the current study. 

 
Measures 
 
Wave II (Adolescence) 
 
Diet quality. A composite score was created based on the sum of participants’ responses to 

survey items assessing intake of various food and beverage items. For each item, participants 

were asked to report whether they did or did not consume a particular item in the previous day 
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and responses were coded “no=0” or “yes=1”. The following items were used to calculate a 

high-fat, high-sugar scale: (1) soft drinks, (2) fruit-flavored drinks, (3) donuts, muffins, and 

pastries, (4) pizza, (5) French fries, (6) potato chips, popcorn, and pretzels, (7) cookies and 

brownies, (8) ice cream, and (9) chocolate bars and candy. Only regular (i.e., no diet or sugar-

free) soft drinks and fruit-flavored drinks counted towards points for these two items. 

 
Physical Activity. Physical activity in adolescence was measured using responses to the 

following survey item: "During the past week, how many times did you exercise, such as 

jogging, walking, doing karate, jumping rope, doing gymnastics or dancing?" Response options 

included “Not at all” (coded 0), “1 or 2 times” (coded 1), “3 or 4 times” (coded 2), “5 or more 

times” (coded 3).  

 

Body Mass Index (BMI) percentile. Weight was measured using a Tanita HD351 digital scale 

and height was measured to the nearest 0.5 cm using a steel tape measure. BMI percentile, 

calculated based on participant age and sex, was computed using an Excel macro provided by the 

Centers for Disease Control and Prevention (CDC). 

 
Wave IV (Young Adulthood) 
 
Word Recall. During the word list recall task, an interviewer read 15 words aloud. Immediately 

after the list was read, participants were asked to repeat as many words as possible in any order 

to the interviewer (Immediate Recall Trial). Responses were collected for a 90 second period. 

Participants then were asked 8 questions related to their psychological well-being. Afterwards, 

participants were asked to recall as many words as possible from the original list (Delayed Recall 

Trial). Responses were collected for a 60 second period.  
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Number Recall. After the word recall task was completed, participants were asked to complete a 

number recall task during which the interviewer read a string of numbers and participants were 

asked to repeat the numbers backwards (e.g., the interviewer read “2-4” and participants were 

asked to respond “4-2”) immediately after they were read. Responses were coded as either 

accurate “1” or not accurate “0.” The amount of numbers in each string increased progressively 

from 2 to 8. There is a total of 7 items, each including 2 number strings of the same length. If 

participants answered correctly after the first number string of that length (i.e., 3 numbers), 

interviewers proceeded to read the next, larger string of numbers (e.g., 4 numbers). However, if 

participants did not answer correctly, they were provided a different set of numbers of the same 

length. The task was discontinued once a participant could not provide the correct answer for two 

items within one set. The total number of items (0-7) remembered correctly was used as the 

Number Recall score.  

 
Inflammation. Inflammation was assessed using a measure of high sensitivity C-reactive protein 

(mg/L). Capillary whole blood was collected via finger prick by trained field interviewers and 

shipped to University of Washington Department of Laboratory Medicine (UW Lab Med, Mark 

H. Wener, M.D., Director, Seattle, WA) for assay. The sandwich enzyme-linked immunosorbent 

assay (ELISA) used in the Add Health study has been described previously (McDade, Burhop, & 

Dohnal, 2004). The sensitivity of the CRP assay was 0.035 mg/L and the within-assay 

coefficient of variation was 8.1%. 

 

Body Mass Index. Weight was measured using a Tanita HD351 digital scale and height was 

measured to the nearest 0.5 cm using a steel tape measure. BMI was computed using the 

following formula: weight (Lewis-Esquerre et al.) / [height (in)]2 x 703. 
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Covariates  

Sex. At Wave I, participants were asked to indicate their biological sex as male or female. 

 

Age. Data regarding participant age was provided at Wave II. Approximate age at Wave IV was 

calculated by subtracting the year of birth from the year of the Wave IV interview.  

 

Ethnicity. At Wave I, participants were asked to indicate whether they were of Hispanic origin. 

 

Race. At Wave I, participants were asked about their race. Possible responses included White, 

Black/African American, American Indian/Native American, Asian/Pacific Islander, and Other. 

Participants were able to mark more than one answer. In the case of individuals who identified as 

biracial (n=150), the Add Health scoring system was as follows: if the respondent marked "Black 

or African American" and any other race, they were designated as Black or African American 

and eliminated from other marked categories. This process was repeated for the remaining race 

categories in the following order: Asian, Native American, other, and White. 

 

Income. Parents and participants provided information regarding total household income at 

Waves I and IV, respectively. For this variable, parents could provide any numerical value, 

whereas participants’ data was labeled categorically (e.g., “Less than $5,000” was coded 1).  

 

Education. Parents and participants provided information regarding education level at Waves I 

and IV, respectively.  

 

Data Analytic Plan 
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Data Preparation 

Data cleaning and preparation was completed in the Statistical Package for the Social Sciences 

(SPSS; v 26). Relevant data from Waves I, II and IV were merged. Data were assessed for 

normality. Only data from participants who had both nutrition data collected at Wave II and 

cognitive data collected at Wave IV were included in the current analyses (N=3,902). Data were 

excluded from analysis for the following reasons: participants whose parents indicated that 

English was not the language spoken at home (5.8%), parents reported that their child had mental 

retardation (0.5%) or a learning disability (11.4%), participants were interrupted during at least 

one of the two recall periods of the Word Recall task (2.3 and 3.5%), participants’ BMI in 

adulthood (1.6%) or BMI percentile in adolescence (2.8%) fell in the underweight range, as this 

might indicate slower than typical growth, malnutrition, or health problems, and in the case that 

participants were over the age of 18 at the Wave II assessment (5.2%). Raw scores for the three 

cognitive outcomes were converted to Z scores to enable comparison across measures with 

varying outcome ranges (e.g., 0-15 or 0-7) and to evaluate performance on these measures in the 

absence of norm references. CRP values were log transformed to normalize data distribution. All 

predictor variables were mean-centered. For the sake of generalizability, outliers were included 

in the current analyses. Covariates were identified using bivariate correlations, Student’s t-tests, 

and one-way analysis of variance (ANOVA) depending on data type. In addition, for all analyses 

examining CRP, participants with CRP values over 100 mg/L or over 10 mg/L with self-reported 

illness, infection, or anti-inflammatory medication use were excluded (9.3%) in accordance with 

recent recommendations (Mac Giollabhui et al., 2020). 

 
Hypothesis Testing 

Analyses were conducted in R Studio (v 1.2.5019). All analyses accounted for clustering 

and unequal selection probabilities using the survey package in R. With three separate linear 
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regressions, we examined whether high fat, high sugar diet intake during adolescence predicted 

cognitive performance in adulthood using total word recall scores for the immediate trial, total 

word recall scores for the delayed trial, and total number recall scores as dependent variables. 

Next, we tested whether CRP mediated the relationship between diet quality in adolescence and 

cognitive performance in adulthood. Indirect effects in this model were estimated based on 1,000 

bootstrapped samples. A sensitivity analysis was conducted without participants reporting any 

subclinical symptoms of acute illness, chronic infectious or inflammatory disease, and use of 

anti-inflammatory medications. Finally, we examined whether physical activity in adolescence 

moderated the relationship between diet quality in adolescence and cognitive performance in 

adulthood via its effect on CRP (Figure 1).  

 
Figure 1. Proposed Moderated Mediation Model  
 

 

 
Sample Size and Power Analysis 
 

In order to conduct a power analysis for the primary hypothesis, estimates of effect sizes 

were, where possible, based on those observed in the literature. However, it should be noted that 

no study to date has examined the effect of diet on memory performance longitudinally in this 

age group, precluding precise estimations of effect size for this relationship. Given previous 

findings, we anticipated that the effect of diet on memory, the effect of diet on CRP, and the 
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effect of CRP on memory each would be moderate (r = .3). Based on these estimates, the current 

sample size is sufficient to achieve a power of greater than .95 and α = .05.  
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CHAPTER 4 
RESULTS 

 
Demographic and Summary Statistics 
 
 The total subsample from the Add Health study with nutrition data collected in 

adolescence and cognitive data collected in young adulthood included 2,827 participants. 

Exercise data was also available for all participants. A minority of participants were missing data 

related to race (0.1%), ethnicity (0.2%), parent education (10.3%), parent income (19.8%), 

participant education (0.1%), and participant income (6.2%). A few (2.3%) participants did not 

have the data necessary to calculate BMI percentile in adolescence and 1.5% of participants did 

not have the data necessary to calculate BMI in young adulthood. Some (10.4%) participants did 

not have CRP data available. The results of Little’s Missing Completely at Random (MCAR) test 

(p < .05) indicate that data were not missing at random. Given that multiple imputation of an 

independent variable (e.g., a covariate) may be more prone to bias than listwise deletion in this 

case (Pepinsky, 2018), participants with missing data were removed from analysis, leaving a 

total N of 2,050 for the first hypothesis testing the relationship between diet in adolescence and 

cognitive functioning in young adulthood. 

 Sample characteristics are presented in Table 1. About half (56.5%) of participants were 

female. A majority of the sample (68.7%) identified as White/Caucasian and 6.9% identified as 

Hispanic. At the Wave II assessment in adolescence, the mean participant age was 15.79 

(SD=1.46). At this assessment, adolescents ranged from 12 to 18 years of age. At the Wave IV 

assessment in young adulthood, the average participant age was 28.39 (SD=1.48) and 

participants ranged in age from 25 to 32 years. By Wave IV, more than half of participants had 

completed at least some college. The majority (71.3%) of adolescents had a BMI between the 5th 

and 85th percentiles, with an additional 26.3% within the overweight or obese range (≥85th 

percentile). Young adults had a mean BMI of 28.44 (SD=6.79). About one third (34.3%) were in 
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the normal weight range, another third (30.7) were in the overweight range, and a final third 

(32%) were in the obese range.  

 
Table 1. Demographic Characteristics of Subsample (N=2,827) from the Add Health Study   
     %   n 
Biological Sex  
 Female     56.5   1597  
 Male     43.5   1230 
Race/Ethnicity 
 White     68.7   1941  
 Black     24.1   682  
 American Indian   1.3   36  
 Asian     2.4   67 
 Other     3.5   98  
 Hispanic    6.9   196 
Parent Education 
 (1) Less than high school  9.4   265 
 (2) Business/trade/ vocational  0.4   12 
 school instead of high school 
 (3) High school or GED  27   764 
 (4) Business/trade/vocational  9.7   273 
 School after high school   
 (5) Some college   17.3   490 
 (6) College    15.4   434 
 (7) Professional training   10.6   299 
 after college  
Participant Education 
 (1) Less than high school  6.1   173 
 (2) High school   13.5   383 
 (3) Vocational/ technical school 9.8   276 
 after high school 
 (4) Some college   33.3   942  
 (5) College    22.9   648 
 (6) Graduate school    14.3   405 
 or professional education 
Participant Income 
 <$25,000    15.5   437 
 $25,000-49,999   27.0   764 
 $50,000-74,999   23.4   661 
 $75,000-99,999   13.9   393 
 >$100,000    14.3   403 
       M    SD 
Parent Income     $50,000  $53,000 
Age  
 Wave II (years)   15.79   1.46  
 Wave IV (years)   28.39   1.48  
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Table 1. (continued) 
BMI  
 Wave II*    62.19    26.69  
 Wave IV    28.44   6.79  
BMI= Body Mass Index. *indicates BMI percentile.  
 

 Table 2 displays the means, standard deviations, and ranges of values for the following 

predictor and outcome variables: high fat high sugar diet, immediate word recall, delayed word 

recall, number recall, CRP, and exercise. Adolescents reported an average intake of 

approximately 3.5 high fat, high sugar diet items the previous day. Adolescents also reported 

exercising between 1-2 and 3-4 times per week on average. Approximately one third (34.4%) of 

participants with CRP data were categorized as having low (< 1 mg/L) hsCRP values, another 

third (31.6%) were categorized as having average (1-3 mg/L) hsCRP values, and another third 

(34.0%) were categorized as having high (>3 mg/L) hsCRP values. A substantial proportion 

(61.2%) of participants endorsed at least one subclinical symptom, infectious or inflammatory 

diseases, or recent use of anti-inflammatory medication.  

 

Table 2. Means, Standard Errors and Ranges of Key Variables 
       M  SE  Range 
HFHS Diet Composite   3.51  0.05  0-9 
Immediate Word Recalla  6.84  0.05  0-15 
Delayed Word Recalla   5.39  0.06  0-15 
Number Recalla   4.31  0.05  0-7 
hsCRP (mg/L)b   3.14  0.12  0.08-51.77 
Exercise     1.65  0.03  0-3 
aMean, standard error, and range are presented using raw cognitive scores. bMean, standard error, 
and range are presented in the original CRP units prior to log transformation. HFHS= High fat, 
high sugar; hsCRP=high-sensitivity C-reactive protein; mg=milligrams; L=liter.  
 

 As shown in Table 3, HFHS diet scores were significantly, negatively correlated with 

performance on all three cognitive measures. HFHS diet scores also were significantly, 

negatively correlated with CRP values contrary to expectations. All three cognitive scores were 
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significantly, positively correlated and the strength of these correlations was greatest between the 

immediate and delayed trials of the verbal memory task (r=.63). CRP values also were 

significantly, negatively associated with exercise and number recall scores.  

 
Table 3. Correlations between Key Variables 

1     2       3         4          5          6   
1. HFHS Diet Composite    -  -0.11*     -0.12*    -0.06*    -0.09*     0.02 
2. Immediate Word Recall   -0.12*      -     0.63*      0.19*     -0.01      -0.00 
3. Delayed Word Recall    -0.12*    0.63*        -           0.20*      0.03      -0.03 
4. Number Recall    -0.06*   0.19*     0.20*         -          -0.05*     0.02 
5. hsCRP (mg/L)a    -0.09*   -0.01    0.03        -0.05* -          -0.04* 
6. Exercise       0.02  -0.00    -0.03        0.02       -0.04*    -  
a Correlations were calculated using log transformed data. HFHS= High fat, high sugar; 
hsCRP=high-sensitivity C-reactive protein; mg=milligrams; L=liter. *p < .05.  
 

Analysis of Covariates 

 As shown in Tables 4 and 5, HFHS diet intake was associated significantly with almost 

all demographic variables, with the exceptions of participant income and ethnicity. Cognitive 

outcomes also were associated significantly with all demographic variables except ethnicity. 

CRP values were associated significantly with most demographic variables except age at either 

time point. Correlations between CRP and participant income and ethnicity were trending 

towards significance. Exercise only was associated significantly with age at each time point and 

participant income. Exercise was related to participant education at the trend level. Given these 

findings, age at both time points, BMI percentile in adolescence, BMI in young adulthood, parent 

education, parent income, participant education, participant income, race, and sex were included 

as covariates.   
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Table 4. Correlations between Demographic Variables and Key Variables of Interest 

aCorrelations were calculated using log transformed data. BMI = Body mass index; HFHS=High fat, high sugar; hsCRP=high-
sensitivity C-reactive protein; Mg=milligrams; L=liter. Significant results are highlighted with grey shading. #p=.05-.09

 
HFHS Diet Immediate Word 

Recall 
Delayed Word 

Recall 
Number Recall hsCRPa 

(mg/L) 
Exercise 

 
r p r p r p r p r p r p 

Age (II) -0.07 0.00 -0.02 0.21 -0.04 0.04 0.00 0.99 0.00 0.90 -0.09 0.00 
Age (Wave IV) -0.07 0.00 -0.02 0.18 -0.04 0.01 -0.01 0.49 0.00 0.98 -0.09 0.00 
BMI percentile (II) -0.09 0.00 -0.04 0.01 -0.04 0.02 -0.03 0.16 0.18 0.00 0.03 0.20 
BMI (Wave IV) -0.12 0.00 -0.04 0.02 -0.05 0.02 -0.06 0.00 0.46 0.00 -0.02 0.26 
Parent Income -0.05 0.01 0.10 0.00 0.07 0.00 0.11 0.00 -0.09 0.00 0.02 0.29 
Parent Education -0.09 0.00 0.17 0.00 0.14 0.00 0.18 0.00 -0.14 0.00 0.02 0.35 
Participant Income -0.02 0.23 0.12 0.00 0.10 0.00 0.14 0.00 -0.04# 0.06 0.06 0.00 
Participant Education -0.09 0.00 0.22 0.00 0.20 0.00 0.21 0.00 -0.06 0.00 0.04# 0.06 



 19 

Table 5. Means and Standard Errors of Key Variables by Sex, Ethnicity, and Race  

aRaw cognitive scores are presented. bMean standard error are presented in the original CRP units prior to log transformation. 
HFHS=High fat, high sugar; hsCRP=high-sensitivity C-reactive protein; Mg=milligrams; L=liters. Significant results are highlighted 
with grey shading. #p=.05-.09. Note: To aid interpretation, raw scores for the cognitive measures are displayed here. 
 
 
Hypothesis 1: Diet Quality in Adolescence Predicts Cognitive Performance in Young Adulthood 
 
 Results of the first regression (see Table 6) show that biological sex, parent education, participant education, participant 

income, and HFHS diet in adolescence significantly predict performance on the immediate recall trial of the word list memory task. 

Consistent with the first hypothesis, these findings indicate that HFHS diet scores in adolescence negatively predict verbal memory 

performance, even after controlling for covariates. Results of the second regression (Table 6) also show that biological sex, parent  

 
HFHS Diet Immediate Word 

Recalla 
Delayed Word 

Recalla 
Number Recalla hsCRP (mg/L)b Exercise 

 
M SE M SE M SE M SE M SE M SE 

Sex             
Male 3.93 0.07 6.56 0.07 5.04 0.07 4.38 0.07 2.39 0.15 1.64 0.03 
Female  3.51 0.06 7.08 0.07 5.70 0.07 4.23 0.06 3.87 0.16 1.67 0.04 
Ethnicity             
Not Hispanic 3.52 0.05 6.85 0.06 5.40 0.06 4.32 0.05 3.11# 0.12 1.65 0.03 
Hispanic  3.51 0.11 6.62 0.14 5.20 0.17 4.10 0.13 3.44# 0.48 1.70 0.08 
Race             
White 3.37 0.04 7.06 0.04 5.68 0.05 4.45 0.03 2.99 0.09 1.65 0.02 
Black/African 
American 3.88 0.07 6.37 0.07 4.83 0.08 4.02 0.06 3.73 0.26 1.70 0.04 
American 
Indian/Native 
American 2.97 0.32 6.22 0.27 4.28 0.32 3.78 0.25 5.15 1.64 1.86 0.16 
Asian/Pacific 
Islander 3.36 0.21 6.87 0.26 5.33 0.25 4.42 0.18 2.18 0.31 1.63 0.13 
Other 3.48 0.17 6.55 0.18 5 0.21 4.24 0.16 3.96 0.65 1.83 0.11 
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education, participant education, and participant income are related to performance on the delayed recall trial of the word list memory 

task. Race also emerged as a significant predictor of performance on this trial. After controlling for these variables, HFHS diet in 

adolescence also significantly, negatively predicted performance on the delayed word recall trial. Results of the third regression (Table 

6) show that scores on the number recall task were related significantly to biological sex, parent education, participant education, 

participant income. An effect of HFHS diet in adolescence was trending towards significance (p=.05). 

 
Table 6. Contribution of a High Fat, High Sugar Diet in Adolescence to Performance on Tasks of Memory and Executive Functioning 
in Young Adulthood 
         Immediate Word Recall                Delayed Word Recall                 Number Recall 
                       Estimate           SE                Estimate              SE                 Estimate      SE  
(Intercept) 0.03 0.02 0.02 0.03 0.02 0.03 
Sex     0.23** 0.05     0.29** 0.04  -0.14* 0.05 
Age (Wave II) 0.06 0.06 0.06 0.07 0.09 0.07 
Age (Wave IV) -0.10 0.06 -0.12 0.07 -0.12 0.08 
Parent Education     0.08** 0.02   0.06* 0.03   0.07* 0.03 
Parent Income 0.02 0.02 0.00 0.02 0.02 0.02 
Participant Education     0.13** 0.03     0.11** 0.02     0.15** 0.03 
Participant Income     0.07** 0.02     0.07** 0.02   0.07* 0.02 
BMI (Wave IV) -0.02 0.03 -0.01 0.03 -0.01 0.03 
BMI percentile (Wave II) -0.03 0.03 -0.01 0.03 0.00 0.03 
Race -0.03 0.02   -0.08* 0.03 -0.03 0.03 
HFHS Diet     -0.08** 0.02     -0.08** 0.02  -0.05# 0.03 

SE=Standard error; BMI=Body Mass Index; HFHS=High fat, high sugar. #p=.05-.09; *p<.05; **p<.01. 
   

Hypothesis 2: The Relationship between Diet Quality in Adolescence and Cognitive Performance  
 
in Young Adulthood is Mediated by C-Reactive Protein 
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 Given main effects of HFHS diet on performance on the immediate and delayed recall 

trials of the word list memory task, mediation analyses only were conducted using these two 

outcomes. Due to missing data and the additional exclusion criteria applied to the CRP data, the 

total sample size for these analyses was 1,666 participants. Results of the first mediation analysis 

showed a direct effect of HFHS diet on immediate word recall (Average Direct Effects (ADE) = 

-4.85e-02, p <.001, 95% CI [-5.04e-02, -0.05]) and a significant effect of the relationship 

between HFHS diet and immediate word recall through CRP (Average Causal Mediation Effects 

(ACME) = 1.30e-05, p <.001, 95% CI [5.9e-06, 0.00])), with a significant total effect (p<.001). 

Results of the second mediation analyses showed a direct effect of HFHS diet on delayed word 

recall (ADE= -5.30e-02, p<.001, 95% CI [-5.59e-02, -0.05]) and a significant effect of the 

relationship between HFHS diet and delayed word recall through CRP (ACME = -7.20e-05, 

p<.001, 95% CI [-9.68e-05, 0.00]), with a significant total effect (p<.001). The results of 

sensitivity analyses, which excluded participants reporting any subclinical symptoms, infectious 

or inflammatory disease, or recent use of anti-inflammatory medication, leaving 625 participants, 

did not differ from those presented here. 

 
Hypothesis 3: Exercise Moderates the Mediating effects of CRP on the Relationship between  
 
Diet Quality in Adolescence and Cognitive Performance in Young Adulthood  
 
 The interaction between diet in adolescence and exercise in adolescence did not 

significantly predict CRP (p=.89). As a result, instead of conducting a moderated mediation, a 

simple moderation analysis was conducted to examine whether exercise in adolescence 

moderates the relationship between diet and cognition. Results (Table 7) showed no significant 

interaction (p > .05) between HFHS diet and exercise in adolescence predicting to performance 

on the immediate word recall or number recall trials in adulthood, although the interaction term 

was trending towards significance for the delayed word recall trial (p=.07). 



 22 

Table 7. Regression Results Examining an Interaction between High Fat, High Sugar Diet and Exercise in Adolescence Predicting to 
Performance on Tasks of Memory and Executive Functioning in Young Adulthood 
         Immediate Word Recall                 Delayed Word Recall       Number Recall                 
              Estimate          SE              Estimate               SE         Estimate      SE  
(Intercept)         0.04          0.02   0.02      0.03      0.01       0.03 
HFHS Diet        -0.04**          0.01  -0.04**     0.01     -0.03#      0.01 
Exercise        -0.01          0.02  -0.04*      0.02      0.01       0.02 
Sex          0.23**          0.05   0.29**     0.04     -0.14*      0.05 
Age (Wave II)         0.04          0.04   0.04      0.05      0.06       0.05 
Age (Wave IV)       -0.07          0.04  -0.08      0.05     -0.08       0.05 
Parent Education        0.04**          0.01   0.03*      0.01      0.03*      0.01 
Parent Income         0.00          0.00   0.00      0.00      0.00       0.00 
Participant Education        0.06**          0.01   0.05**     0.01      0.07**      0.01 
Participant Income        0.03**          0.01   0.03**     0.01      0.03*      0.01 
BMI (Wave IV)        0.00          0.00   0.00      0.00      0.00       0.00 
BMI percentile (Wave II)       0.00          0.00   0.00      0.00      0.00       0.00 
Race         -0.03          0.02  -0.09*      0.03     -0.04       0.03 
HFHS Diet*Exercise       -0.01          0.01  -0.02#      0.01     -0.01       0.02 
SE=Standard error; BMI=Body Mass Index; HFHS=High fat, high sugar. #p=.05-.09; *p<.05; **p<.01 
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CHAPTER 5 
DISCUSSION 

 
 The results of the present study indicate that higher intake of a high fat, high sugar diet 

during adolescence is associated with poorer recall on a word memory task in young adulthood. 

These effects were observed for both the immediate and delayed trials of the task and after 

controlling for covariates, such as BMI and indicators of socioeconomic status. The current 

findings are consistent with research showing an association between high fat, high sugar diet 

consumption and impaired performance on tasks of verbal learning and memory in adults 

(Francis & Stevenson, 2011; Gibson et al., 2013). Given the longitudinal nature of the current 

study, these findings also lend support to the animal literature, which suggests that adolescent 

exposure to high fat, high sugar foods and beverages may exert lasting effects on cognition 

(Kendig et al., 2013; Noble et al., 2019; Reichelt et al., 2015; Wang et al., 2015). It should be 

noted that dietary habits in young adulthood were not available in the present study; therefore, it 

is unclear whether dietary habits reported in adolescence continued into adulthood. As a result, 

we cannot rule out the possibility that cognitive performance could be explained by diet intake in 

adulthood. Additionally, changes in dietary habits may have occurred between adolescence and 

young adulthood, which could have affected cognitive performance, as switching to a lower fat 

diet has been shown to be beneficial for ameliorating diet-related cognitive deficits (Boitard et 

al., 2016; Kaczmarczyk et al., 2013; Sims-Robinson et al., 2016). However, some studies report 

poorer cognitive performance in animals with adolescent exposure to palatable diets even after 

prolonged periods (e.g., up to 61 weeks) of abstinence from that type of diet (Kendig et al., 2013; 

Noble et al., 2019; Reichelt et al., 2015; Wang et al., 2015). Therefore, the effects of dietary 

habits during adolescence on memory may persist even with changes to one’s diet and even may 

affect cognitive functioning at later stages of life.    
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 In the current study, high fat, high sugar diet scores in adolescence were not associated 

with number recall scores in young adulthood, although this effect was trending towards 

significance. Further research is needed using a more comprehensive battery of executive 

functioning tests, including those measuring planning and inhibition, as working memory 

(assessed here using a number recall task) is a measure of only one subdomain under the 

umbrella construct of executive functioning. Tasks with greater cognitive burden than the 

number recall task also may be necessary to identify differences in executive functioning based 

on diet in a healthy sample of young adults. Animal studies suggest that reversal learning (i.e., 

learning new contingencies after learning a different set of rules) is impaired following exposure 

to a HFD (Kanoski, Meisel, Mullins, & Davidson, 2007; Klein et al., 2016), making tasks 

assessing this construct a sound candidate for future research in this area. Consistent with this, 

saturated fat is associated negatively with cognitive flexibility in children (Khan, Raine, 

Drollette, Scudder, & Hillman, 2015). Given evidence of changes in neurotransmission and 

synaptic plasticity within the prefrontal cortex (PFC), a key brain region involved in executive 

functioning, in animals given a high fat diet in adolescence (Labouesse et al., 2017; Labouesse et 

al., 2018), the relationship between high fat, high sugar diet intake and executive functioning 

certainly warrants further study. It is possible that the task used in the current study does not 

heavily recruit, and therefore, reflect prefrontal processes; Yang et al. (2015) found activation in 

regions not typically implicated in working memory, such as the angular gyrus and subcallosum, 

during a similar digit span forward task in adolescents.  

 The current study found that CRP partially mediated the relationship between a high fat, 

high sugar diet consumption in adolescence and performance on both the immediate and delayed 

trials of a verbal memory task in young adulthood. What is interesting, however, is that contrary 

to expectations, the association between CRP and HFHS diet scores was negative. It is important 
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to note that blood samples used in CRP analysis were collected in young adulthood and it is 

unknown whether values would reflect dietary patterns in adolescence. Future research would 

benefit from using experimental designs that more precisely assess inflammation near the time of 

diet assessment. CRP might be better conceptualized as a confound in the relationship between 

HFHS and cognition, rather than a mediator, which implies a casual role in this relationship, as 

described by Fairchild and McDaniel (2017). Future studies might seek to examine other 

inflammatory biomarkers as well as alternative mechanisms that might explain or clarify the 

relationship between diet and cognition. Other putative mechanisms for diet-induced cognitive 

deficits include reduced neurogenesis, altered synaptic plasticity, neuroinflammation, and 

dysfunction of appetite-regulating hormones, such as leptin (Murray & Chen, 2019), as well as 

oxidative stress and insulin resistance (Freeman, Haley-Zitlin, Rosenberger, & Granholm, 2014). 

The effects of poor diet, such as sugar sweetened beverages and fast food, on cardiovascular 

health (Funtikova, Navarro, Bawaked, Fíto, & Schröder, 2015) also might contribute to this 

relationship, as risk factors for cardiovascular disease (e.g., hypertension) are associated with 

poorer cognitive performance (Leritz, McGlinchey, Kellison, Rudolph, & Milberg, 2011).  

 The current study did not observe a significant interaction between exercise in 

adolescence and high fat, high sugar diet predicting performance on the word recall test, 

although for the delayed recall trial the interaction term was trending towards significance. 

Therefore, these findings did not confirm the hypothesis that greater exercise might protect 

against negative effects of high fat, high sugar diet intake in adolescence on cognition. This was 

unexpected given evidence in the animal literature that exercise can prevent HFD-related 

memory impairments in adolescence (Klein et al., 2016). However, Klein et al. (2016) found that 

exercise prevented deficits in memory flexibility, which was not measured in the current study. 

Additionally, the measure of exercise in the current study (i.e., participants were asked how 
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many times they engaged in physical activity over the past week) limits our insight into this 

question. Future research might seek to clarify the amount of time spent exercising per week as 

well as the types of exercise (e.g., aerobic, strength training, etc.) an individual typically engages 

in, especially as physical activity can lead to increases in neuroplasticity (Mandolesi et al., 2018) 

and is associated with improved memory and greater hippocampal volume (Erickson et al., 

2011).   

 Several strengths and limitations of the current study bear mentioning in addition to those 

already described above. The present study benefited from the longitudinal design of the Add 

Health study, which facilitated assessment of the relationship between diet in adolescence and 

cognitive functioning in young adulthood in a large sample. By using a preexisting dataset, 

however, we were limited by the measures available for diet, exercise, and cognition. Future 

studies might seek to replicate and expand upon these findings using more sensitive measures of 

diet. Participants in the current study were asked to report about their dietary choices in the past 

day, a technique which may have the benefit of improved recall and accuracy; however, 

measures assessing dietary patterns in the past week, month, or year could lend better insight into 

variability in diet over time. Moreover, some food frequency measures ask participants about the 

specific portion sizes consumed, which makes it possible to derive more accurate estimates of 

the amount of a certain food or macronutrient consumed, whereas in the current study, the 

response of a participant who consumed 1 soda is coded the same as a participant who consumed 

3 sodas in the previous day. More nuanced data regarding portion size or frequency of intake 

over a given time period may improve our understanding of the relationship between dietary 

intake and cognitive function. The current study also utilizes a composite measure of high fat, 

high-sugar items, which serves to enhance the external validity of the present findings especially 

as fat and sugar often co-occur, as in the cases of chocolate, ice cream, and baked goods; 
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however, there is evidence that fat and sugar can have differing effects on the brain (Jurdak et al., 

2008; Kanoski et al., 2007). Future studies might seek to better isolate the effects of these 

variables, such as the number of calories from or percentage of fat and sugar, respectively, in 

one’s diet, as done in a cross-sectional study among children (Baym, Khan, Monti, et al., 2014). 

Finally, dietary assessments that provide insight into the types of fat and sugar consumed may be 

clarifying, as HFCS may exert differential effects on cognition compared to sucrose (Hsu et al., 

2015) and unlike saturated fats, polyunsaturated fats can have beneficial effects on cognition 

(Das, 2003). In general, more detailed measures of dietary patterns are needed to better 

characterize the specific factors that might contribute to diet-related cognitive impairments. In 

addition, it is worth mentioning that although missing data were minimal, with the exception of 

data for CRP and parent income, data were shown not to be missing at random. The current 

analyses used listwise deletion of missing data as this approach has been argued to be less biased 

in such cases (Pepinsky, 2018), but other methods of handling missing data, such as using 

multiple imputation or full information maximum likelihood, may lead to different estimates 

based on greater information. 

 Despite these limitations, the results of the current study expand the existing literature by 

showing that high fat, high sugar diet consumption in adolescence negatively predicts 

performance on a verbal memory task in young adulthood, even after controlling for the effects 

of relevant covariates. This effect was mediated by CRP in adulthood, but not moderated by 

exercise levels in adolescence. These findings add to a growing literature that suggests the 

importance of healthy nutrition during adolescent development, not only for one’s physical 

health, but for cognitive performance.  
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APPENDIX A 
SCATTERPLOTS DEMONSTRATING ASSOCIATIONS  

BETWEEN KEY STUDY VARIABLES 
 

Figure 2. Scatterplot of the relationship between HFHS diet intake during adolescence and 
immediate word recall on a word list memory task in young adulthood.  
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Figure 3. Scatterplot of the relationship between HFHS diet intake during adolescence and 
delayed word recall on a word list memory task in young adulthood.  
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Figure 4. Scatterplot of the relationship between HFHS diet intake during adolescence and 
number recall on a word list memory task in young adulthood.  
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Figure 5. Scatterplot of the relationship between HFHS diet intake during adolescence and log 
transformed high-sensitivity C-reactive protein (hsCRP) in young adulthood.  
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Figure 6. Scatterplot of the relationship between HFHS diet intake and exercise in adolescence. 
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APPENDIX B 
OPEN SCIENCE FRAMEWORK PREREGISTRATION 

 
Open Science Framework Preregistration  
Date: December 29, 2019 
https://osf.io/2vc3d  
 
Study Information 
 
Title: A Longitudinal Study Examining the Effects of High Fat, High Sugar Diet Exposure in Adolescence on Memory 
via Inflammation 
 
Authors: Susan Murray and Eunice Chen 
 
Description: Accumulating evidence from animal and human studies suggest that diets rich in fats and sugar are 
associated with poorer cognitive functioning. Moreover, studies show impaired reference, spatial, and flexible 
memory in animals given a high-fat diet or added sugars in adolescence with no effect among animals given this diet 
during adulthood, suggesting an age-specific vulnerability. Given that the 3 primary sources of daily caloric intake for 
children and adolescents in the U.S. are dessert, pizza, and soda, translational research is needed to understand the 
link between diet during adolescence and memory performance. The current study will analyze pre-existing data to 
investigate whether poor dietary habits during adolescent development predict performance on tasks of memory and 
executive function. We also plan to examine whether a robust indicator of inflammation, C-reactive protein, might 
mediate the diet-cognition relationship. 
 
Hypotheses: The proposed study will test two primary hypotheses and one exploratory hypothesis. First, we will test 
whether high fat, high sugar intake in adolescence predicts memory and executive function performance in adulthood 
using the following outcomes as dependent variables: total word recall score (immediate trial), total word recall score 
(delayed trial), and total number recall score. Second, we will test whether CRP mediates the relationship between 
high fat, high sugar intake in adolescence and cognitive performance in adulthood. Finally, we will examine whether 
physical activity in adolescence moderates the relationship between high fat, high sugar intake in adolescence and 
cognitive performance in adulthood via CRP measured in adulthood.  

Design Plan 
Study type: Observational Study - Data is collected from study subjects that are not randomly assigned to a 
treatment. This includes surveys, “natural experiments,” and regression discontinuity designs. 
 
Blinding: No blinding is involved in this study. 
Is there any additional blinding in this study? No response 
 
Study design: This project will analyze data collected as part of the Add Health study, a longitudinal study of a 
nationally-representative sample of adolescents in grades 7-12 in the United States beginning in 1994-95. 
 
Randomization: No response 

Sampling Plan 
Existing Data: Registration prior to analysis of the data 
 
Explanation of existing data: No response 
 
Data collection procedures: Data is available to the public. 
 
Sample size: The total number of participants with nutrition, memory, and inflammation data is 3,419
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Sample size rationale: No response 
 
Stopping rule: No response 

Variables 
Manipulated variables: No response 
Measured variables: Variables of interest include diet quality, physical activity, C-reactive protein, and 
total word recall score (immediate trial), total word recall score (delayed trial), and total number recall 
score. Potential covariates include body mass index, age, sex, race, ethnicity, and socioeconomic status. 
 
Indices: A composite score will be created based on the sum of participants’ responses to survey items 
assessing diet. For these items, participants were asked to report whether they did or did not consume a 
particular food or beverage item in the previous day and responses were coded “no=0” or “yes=1”. 
Examples of high fat, high sugar food and beverage items include: donuts, soft drinks, fried chicken, 
pizza, French fries, potato chips, cookies, ice cream, and candy. 

Analysis Plan 
Statistical models: Using three separate linear regressions, we will test whether high fat, high sugar intake 
in adolescence predicts memory performance in adulthood using the following outcomes as dependent 
variables: total word recall score (immediate trial), total word recall score (delayed trial), and total number 
recall score. Second, using mediation analysis, we will test whether CRP mediates the relationship 
between high fat, high sugar intake in adolescence and memory performance in adulthood. Finally, we 
will examine whether physical activity in adolescence moderates the relationship between high fat, high 
sugar intake in adolescence and memory performance in adulthood via CRP measured in adulthood 
using a mediated moderated analysis. Covariates such as age, sex, race, income, education level, and 
body mass index will be determined using bivariate correlations with independent and dependent 
variables conducted prior to hypothesis testing. Corrections for multiple testing will be applied as needed. 
Analyses will be conducted using R Studio version 1.2.5019. Analyses will account for design effects 
using sample weights.  
 
Transformations: No response 
 
Inference criteria: No response 
 
Data exclusion: Visualization methods (e.g., boxplots) will be used to identify outliers and data will be 
excluded if it is greater than 3 standard deviations from the mean for that variable.  
 
Missing data: Missing data will be assessed for patterns (e.g., Missing at Random (MAR) or Missing 
Completely at Random (MCAR)). If key variables are missing for more than 10% of data, multiple 
imputation will be used. 
 
Exploratory analysis: We plan to examine whether the relationship between diet and cognition varies by 
sex as a more exploratory analysis. 
 


