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Featured Application: One month after completing an educational cooking class, participants sig-
nificantly changed their diet-derived inflammation scores, which became more anti-inflammatory,
while also significantly improving subjective measures of cognitive function. Diet factors, in-
cluding changes in calories, may be associated with improved changes in cognition, and cooking
classes may be an effective intervention strategy for cancer survivors.

Abstract: (1) Background. Cognitive dysfunction is prevalent among cancer survivors. Inflammation
may contribute to impaired cognition, and diet represents a novel strategy to mitigate cognitive
decline. The purpose was to (1) assess the impact of an educational cooking class on cancer survivor
eating habits and their inflammatory potential and (2) determine the relationship between diet and
cognitive function. (2) Methods. This was a non-randomized interventional study of a virtual educa-
tional cooking class in post-treatment, adult cancer survivors. Energy-adjusted Dietary Inflammatory
Index (E-DII™) scores and subjective cognitive function were assessed at baseline and 1 month
post-intervention. (3) Results. Of 22 subjects, all were female, White, and primarily had breast cancer
(64%). There was a significant decrease in E-DII scores, which became more anti-inflammatory, one
month after intervention (—2.3 vs. —2.7, p = 0.005). There were significant increases in cognition,
including perceived cognitive impairment (COG-PCI, p < 0.001), comments from others (COG-OTH,
p <0.001), and quality of life (COG-QOL, p < 0.001). A change in calories was a significant predictor
of a change in perceived cognitive ability (COG-PCA) after adjustment (3 = 0.007, p = 0.04; 95%
CI (0.000, 0.014)). (4) Conclusions. Educational cooking classes may be an effective way to impact
diet-derived inflammation; additional research is needed to assess the long-term effects of dietary
changes on cognition.

Keywords: cooking class; cancer survivorship; diet; fiber; inflammation; cognition

1. Introduction

While cancer continues to be a prevalent disease, early detection methods and im-
proved cancer treatments have allowed those with cancer to live longer lives, with, cur-
rently, over 19 million cancer survivors in the United States [1]. Unfortunately, about 90%
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of cancer survivors face long-term effects from cancer treatments, with deficits including
decreased strength and mobility, increased fatigue, and chronic pain [2-4]. An important,
yet understudied, consequence of cancer treatment is cognitive dysfunction. While up
to 75% of cancer survivors report both immediate and long-term cognitive deficits and
cite these sequelae as distressing [5-8], no gold-standard treatment exists to mitigate these
effects [9,10]. This knowledge gap has greatly limited our ability to provide counseling for
the protection of long-term health in cancer survivors, causing an urgent need to identify
potential mechanisms and related modifiable risk factors.

Suggested mechanisms for cognitive decline in cancer survivors include oxidative
damage and dysregulation of inflammation, with dietary factors as a key contributor to
an inflammatory environment [11,12]. Cancer survivors are vulnerable to nutrient-poor
diets, with cancer treatments commonly resulting in high rates of anorexia, dysgeusia,
and dysphagia, leading to malnutrition [2—4]. These side effects may predispose patients
to choose foods that accommodate their symptoms or can be easily prepared, with the
focus shifting often to adequate calories and protein; these foods may be less nutrient-
dense [13,14]. Shifts to poorer diet quality in response to treatment have been associated
with reduced treatment tolerance, and lower survival rates [15-18]. This presents an
opportunity for post-treatment cancer survivors to optimize food choices to reduce the
inflammatory potential of their diets.

Nutrient-rich, plant-based diets have been studied for their role in attenuating inflam-
mation. Diets high in refined carbohydrates and saturated fats have been shown to be
pro-inflammatory, while diets focusing on whole grains, legumes, fruits, and vegetables
reduce inflammatory markers and modify growth factors involved in cancer pathogene-
sis [19-24]. A key feature of anti-inflammatory diets is how the foods are rich in fiber, which
has additionally been associated with decreasing inflammation and lowering the risk of
developing several types of cancer, heart disease, diabetes, and more [25,26]. Evidence such
as this led the American Institute for Cancer Research (AICR) to recommend consuming
30 g of fiber per day for cancer prevention [27]. Current observational research on high-fiber
diet patterns and cognitive function has indicated an association with less cognitive decline
in non-cancer populations [28,29], providing a basis to explore the relationship in cancer
survivors. As diet can impact inflammation, it represents a novel therapeutic target for the
management of cognitive decline in cancer survivors [30].

One such method of measuring the inflammatory potential of diet is the Dietary
Inflammatory Index (DII®) [31]. While the DII has been shown to be related to cancer de-
velopment [32], and has shown preliminary associations with cognition in older adults [33],
more intervention-based data need to be collected, especially in the context of cancer sur-
vivorship. Therefore, the purpose of this study is to (1) assess the impact of an educational
cooking class on cancer survivor eating habits, including changes in inflammatory poten-
tial, as measured by the DII, and (2) evaluate the association between the inflammatory
potential of diet and cognitive function, as measured by the Functional Assessment of
Cancer Therapy—Cognitive Function (FACT-Cog) questionnaire. Our overarching hypothe-
sis is that cancer survivors who participate in an educational cooking class, focusing on
actionable dietary changes and promoting a high-fiber, anti-inflammatory diet pattern, will
have improved DII and FACT-Cog scores, compared to the baseline.

2. Materials and Methods
2.1. Study Design

This study was a non-randomized interventional pilot study assessing the impact of a
virtual educational cooking class on dietary changes and subjective cognitive function over
one month. The virtual educational cooking class, led by Registered Dietitian Nutritionists
(RDNs), focused on actionable dietary changes that promoted an anti-inflammatory diet
pattern, including fiber-rich foods, based on the AICR diet recommendations [27]. Data col-
lection timepoints included a baseline and one-month post-intervention (within +1 week).
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The study was approved by the Institutional Review Board (0548-22-EP) of the University
of Nebraska Medical Center, and informed consent was obtained from all participants.

2.2. Recruitment, Screening, and Enrollment

This study was conducted in partnership with a midwestern cancer center, where
advertisement for the cooking class was facilitated through the cancer survivorship program
via printed and e-mailed flyers, and social media accounts. At the time of class registration
(offered October 2022 or January 2023), potential participants were asked if they were
interested in participating in the research study and provided permission to be contacted
for eligibility criteria screening. Cooking class registrants were screened via an online
survey or telephone call for the following eligibility criteria: (1) adults (>/= 19 years)
with a first-time, primary diagnosis of cancer; (2) post-surgery and completed primary
adjuvant treatments (i.e., radiation and /or chemotherapy) at least six months prior to study
enrollment (current hormonal therapy eligible); (3) have a computer, tablet, or smartphone
with internet access; (4) ability to provide informed consent. Potential participants were
excluded if they (1) were scheduled to receive surgery/treatment during the study; (2) had
a second cancer diagnosis (excluding non-invasive skin cancers); or (3) were currently
pregnant. Those who were at least six months post-primary treatments were sought to
allow recovery from any treatment effects (e.g., nausea/vomiting, poor appetite, diarrhea)
as these would impact full participation in a diet-based intervention. Participants that were
non-English speaking were not enrolled due to our inability to provide a translated consent
process or intervention in other languages.

2.3. Study Intervention

The study intervention was a virtual, educational cooking class with companion
electronic educational materials. The educational cooking class included basic cooking and
nutrition information with an emphasis on choosing foods shown to be related to decreasing
inflammation (i.e., increasing fiber via fruits and vegetables and whole grains) [19,25,34].
The cooking class was structured as a 30 min, virtual class wherein the first five minutes
educated on foundational knowledge of anti-inflammatory dietary patterns, followed by
20 min of a cooking demonstration with additional education provided about the specific
recipes and five minutes of participant questions and discussion. Recipes used during
the cooking class were from the AICR website [35] and were chosen to have customizable
options and provide ease of preparation to encourage adoption. Companion educational
content focusing on the benefits of fiber and key sources, along with examples of meals
and snacks that could be consumed to reach the AICR guideline of 30 g of fiber per day,
were provided to participants after the class.

2.4. Data Collection

Dietary Assessment: The Diet History Questionnaire (DHQIII) is a validated food fre-
quency questionnaire [36] and was used to assess diet intake at a baseline (pre-intervention)
and one month post-intervention (within +1 week) to capture sustained dietary changes
after the cooking class. The DHQIII generates absolute intake values based on the average
intake of energy, 219 nutrients, dietary constituents, and food groups. The results from the
DHOQIII were reviewed and analyzed for total dietary intake of kilocalories (kcal), total fiber
(grams), and the main sources of fiber-rich foods of fruits (cup/day), vegetables (cup/day),
whole grains (oz/day), nuts and seeds (0z/day), and legumes (oz/day). These dietary
components were chosen for analysis based on the key principles of education included in
the cooking class.

Dietary Inflammatory Index (DII): From the DHQIII, DII scores were calculated. The
DII has been previously validated with various inflammatory markers and has been used
in several cancer populations [37-39]. A complete description of the DII scoring system has
been previously published [31]. The DII includes up to 45 food parameters with individual
inflammatory effect scores, which are summed for an overall DII score for each participant.
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Valid DII scores typically contain at least 25-30 parameters [40]. For the present study, a
total of 30 parameters were available from the DHQIII for score calculation (Table 1). In
this study, energy-adjusted DII (E-DII™) scores were calculated for each participant to
account for caloric intake in relation to the amount of nutrients consumed. E-DII scores are
calculated per 1000 calories of food consumed, utilizing the energy-standardized version
of the world database used to calculate the food effect scores [40]. Possible DII scores
range from —8.87 to 7.98, where a higher, more positive, E-DII score designates a more
pro-inflammatory diet, whereas smaller, more negative E-DII values indicate more anti-
inflammatory diets. In this analysis, the change in E-DII scores was the primary outcome.

Table 1. DII components available for calculation of the DII score !.

Alcohol Cholesterol Magnesium PUFA Vitamin A
Vitamin B12 Energy (kcal) MUFA Riboflavin Vitamin C
Vitamin B6 Total fat Niacin Saturated fat Vitamin D
-Carotene Fiber n-3 fatty acids Selenium Vitamin E
Caffeine Folic acid n-6 fatty acids Thiamin Zinc
Carbohydrate Iron Protein Trans fat Isoflavones

! Thirty of forty-five components available for calculation. Components not available for calculation: eugenol, gar-
lic, ginger, onion, saffron, turmeric, green/black tea, flavon-3-ol, flavones, flavonols, flavonones, anthocyanidins,
pepper, thyme/oregano, rosemary. Abbreviations: DII: Dietary Inflammatory Index; MUFA: monounsaturated
fatty acid; n-3 fatty acids: omega-3 fatty acids; n-6 fatty acids: omega-6 fatty acids; PUFA: polyunsaturated
fatty acids.

Cognitive Assessment: The secondary outcomes examined were the Functional As-
sessment of Cancer Therapy—Cognitive Function (FACT-Cog) sub-scores, as the measure
of subjective cognitive impairment assessment. The FACT-Cog was administered elec-
tronically at baseline and one-month post-intervention (within +1 week). The FACT-Cog
includes 37 items assessing cognitive function across four scales: perceived cognitive im-
pairments (COG-PCI; 20 items; 0-72 score range), impact on quality of life (COG-QOL;
4 items; 0-16 score range), comments from others (COG-OTH; 4 items; 0-16 score range),
and perceived cognitive abilities (COG-PCA; 9 items; 0-28 score range) [41,42]. Participants
are asked to respond how frequently, on a scale of 0—4, they experienced various symptoms
in the previous seven days. Items are summed to calculate scores for each sub-scale. The
average time for completion is 10-15 min. The FACT-Cog sub-scores, COG-PCI, COG-QOL,
COG-OTH, and COG-PCA, were analyzed, and the COG-PCI was considered the primary
score [42—44]. The higher the score, the better the cognitive function, as well as the lower
the impact on the patients’ quality of life [45].

2.5. Covariate Assessment

Additional participant demographic and clinical history data were captured at baseline
via a self-report questionnaire. The questionnaire asked self-reported baseline demographic
and clinically relevant questions including about age, sex (male/female), race (White/non-
White), ethnicity (Hispanic/Latinx or Non-Hispanic/Latinx), highest degree of education
(some high school, no diploma; high school diploma or GED equivalent; some college, no
degree; associate’s degree; bachelor’s degree; and master’s, professional or doctoral degree),
height, weight, weekly physical activity, cancer type, cancer treatment history, and previous
counseling with an RDN (yes/no). Height and weight were used to calculate Body Mass
Index (BMI) using the formula kilograms per meter squared (kg/m?). Weekly physical
activity was captured by asking participants questions adapted from the International
Physical Activity Questionnaire (IPAQ) [46]. From the provided activity amount, the total
Metabolic Equivalent of Task (MET) minutes per week were calculated using the following
formula: total MET-minutes per week = (4 X moderate minutes/week) + (8 x vigorous
minutes/week) [46—48]. MET-minutes were also categorized into >500 or <500 per week,
based on the threshold for meeting the Physical Activity Guidelines for Americans [49].
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2.6. Statistical Analysis

Descriptive statistics were calculated to characterize patient demographics, clinical
variables, and score distributions for the E-DII and FACT-Cog. Those with incomplete
DHOQIII records or records containing DHQIII results with remarkably high or low energy
estimates, defined as <600 or >3500 kcal [50], were excluded from analysis. Normality of
dietary and cognitive data were assessed with Shapiro-Wilk tests and Q-Q plots. Due to the
skewness of the primary outcomes, medians and interquartile ranges (IQR) were calculated
for continuous variables, and frequencies and percentages for categorical variables. All
analyses were based on intent-to-treat principles, regardless of intervention participation.

To determine if an educational cooking class changed dietary factors, including intake
of calories, total fiber, and fiber-rich foods (fruit, vegetables, whole grains, nuts, seeds, and
legumes), and the inflammatory potential of the participants” diet (E-DII scores), baseline
values were compared to those at one-month post-intervention via a Wilcoxon signed-rank
test. A McNemar test was used to evaluate the difference in proportions of those who did
and did not meet at least 75% of the AICR fiber intake goal (22.5/30 g fiber) at baseline and
follow-up. A Wilcoxon signed-rank test was used to analyze the change in cognition via
FACT-Cog categories between timepoints. Spearman correlations were performed to assess
the relationship between dietary factors and cognitive outcomes.

Univariate and multiple linear regression was used to identify if dietary factors (at
baseline, one-month post-intervention, and the change scores) were a predictor of cognitive
function. Change scores were calculated as the value at one month minus the value at
baseline. Dietary intake models were adjusted for age, BMI, education, physical activity
category (< or >500 MET-min), RD visit prior to cooking class, cancer type, and energy
intake. E-DII models were adjusted for the same, except for energy, as this was already
accounted for in the E-DII calculation. Race/ethnicity or sex were not included in the final
model, due to homogeneity in the study population. The confounders were chosen in an a
priori fashion, based on clinical knowledge. All tests were two-sided, and a p-value < 0.05
was considered statistically significant. Statistical analyses were completed using the
Statistical Package for Social Sciences (SPSS™) software version 26.

Power and sample size analysis: few studies exist examining the change in DII scores
over time, or within the study population of cancer survivors. Therefore, this study serves
to provide key information with an adequate sample size for future investigations. Based
on previous research, a sample size of 20 was determined to achieve 80% power to detect a
change in DII scores [23,51]. Therefore, the goal for recruitment was set at 24 participants
to account for a 20% attrition rate.

3. Results
3.1. Study Population

Out of the 188 people registered for the cooking class, 55 granted permission to be
contacted for eligibility screening. Of the 55 persons screened, 24 subjects were enrolled
in the study (see Figure 1 for exclusion details). From those enrolled, two subjects were
excluded from the final analysis for either missing data (n = 1) or an extremely low-calorie
intake of less than 600 calories (n = 1). Hence, a total of 22 subjects were included in the
analysis, and all participated in the cooking class intervention.
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Recruitment

Screening

Consenting

Registered for Cooking Class

(n=188)
Declined consent for
screen (n=133)
\4
Screened for Inclusion
(n=55)
Not eligible (n = 28)
Treatment (n = 10)
»|No cancer (n = 17)
v > 1 cancer (n = 1)
Enri)lled Declined to consent
(n=24) (n=3)

v

Analysis

Data Included in Analysis

!

!

Baseline available 1 month available
data data
DHQIII: (n=24) DHQIII: (n=22)

FACT-Cog (n=24)

FACT-Cog (n=24)

Excluded from analysis

l — 3

v

Complete timepoint pairs for analysis (n=22)

Missing data (n=1)
<600 kcals (n=1)

Figure 1. Flowchart of participant inclusion. Abbreviations: DHQIII: Diet History Questionnaire;

FACT-Cog: Functional Assessment of Cancer Therapy—Cognitive Function.

3.2. Baseline Characteristics

All 22 subjects were female and White, with one subject reporting Hispanic/Latinx eth-
nicity. The median (IQR) age was 61.5 (19.0) years, with a median BMI of 28.4 (14.2) kg/m?.
The median MET-minutes/week were 590.0 (1065.0), or 118% of the Physical Activity
Guidelines for Americans [49]. Most of the population was highly educated, with 87%
holding a bachelor’s degree or higher. The predominant cancer type was breast cancer
(64%), followed by blood and bone marrow cancers (18%). Half of the subjects received
1-2 treatment modalities for their cancer, with the most common treatments being surgery
(n =18, 82%), chemotherapy (n = 16, 73%), and radiation (n = 11, 50%). Forty-one percent
had previously met with a dietitian at least once prior to the cooking class. Further details
on subject demographics are shown in Table 2.
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Table 2. Baseline characteristics of cancer survivors (N = 22).
Continuous Variables Median (IQR)
Age (Years) 61.5 (19.0)
BMI (Kg/m?) 28.4 (14.2)
Physical Activity (MET-Minutes/Week) 590.0 (1065.0)
Categorical Variables n (%)

Sex

Female 22 (100)

Male 0(0)
Race

White 22 (100)

Other 0(0)
Ethnicity

Non-Hispanic/Latinx 21 (96)

Hispanic/Latinx 14)
Education

High school or GED 2(9)

Associate’s degree 14)

Bachelor’s degree 9 (41)

Master’s, professional, or doctoral degree 10 (46)
Cancer Type

Breast 14 (64)

Endometrial /ovarian/uterine 14)

Leukemia/lymphoma/multiple myeloma 4 (18)

Other 3 (14)
Number of Treatments

1-2 treatments 11 (50)

>3 treatments 11 (50)
Previous Dietitian Encounter

Yes 9 (41)

No 13 (59)
Physical Activity (>500 Met-Minutes/Week)

Yes 11 (50)

No 11 (50)

Abbreviations: BMI: Body Mass Index; IQR: interquartile range; MET: Metabolic Equivalent of Task; GED: General

Educational Development Test.

Median values of baseline dietary factors and cognitive scores are presented in Table 3.
Median (IQR) dietary intakes at baseline consisted of 1513.7 (452.3) calories, 16.8 (11.7) g of
fiber, 1.0 (1.0) cup of fruit, 1.4 (1.7) cups of vegetables, 0.7 (0.8) oz of whole grains, and 1.1
(1.6) oz of nuts/seeds/legumes. Therefore, at baseline, participants consumed 56% of the
AICR recommended amount of fiber. The median (IQR) inflammatory potential of diet via
the E-DII score was —2.3 (4.3). The median baseline cognitive factor scores of COG-PCI,
COG-PCA, COG-OTH, and COG-QOL were 17.5 out of 72, 22 out of 28, 0 out of 16, and 4

out of 16, respectively.
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Table 3. Changes in dietary factors and cognitive factors from baseline to one-month post-

intervention.
Diet Factors Baseline Follow-Up p-Value !
E-DII —2.3(4.3) —2.7(2.9) 0.005
Energy intake (kcals) 1513.7 (452.3) 1212.1 (475.3) 0.02
Fiber (g) 16.8 (11.7) 15.3 (12.6) 0.04
Fruit (cups) 1.0 (1.0) 0.9 (0.9) 0.14
Vegetables (cups) 1.4 (1.7) 1.6 (1.3) 0.22
Whole grains (0z) 0.7 (0.8) 0.5(0.4) 0.09
Nuts/seeds/legumes (0z) 1.1(1.6) 1.1(1.7) 0.73
Cognitive factors
COG-PCI 17.5 (19.0) 55.5 (17.0) <0.001
COG-PCA 22.0 (7.0) 22.5(9.0) 0.07
COG-OTH 0(1) 16 (1) <0.001
COG-QOL 4.0 (8.0) 14.0 (5.0) <0.001

Presented as median (IQR). ! Wilcoxon signed-rank test for paired data. Abbreviations: E-DII: energy-adjusted
Dietary Inflammatory Index; COG-PCI: perceived cognitive impairments; COG-PCA: perceived cognitive abilities;
COG-OTH: comments from others; COG-QOL: quality of life.

3.3. Impact of an Educational Cooking Class

Changes between baseline and one-month follow-up, post-cooking class intervention
are presented in Table 3. There was a significant decrease in E-DII scores, which became
more anti-inflammatory one-month post-cooking class (—2.3 vs. —2.7, p = 0.005). There was
a significant difference in the median calories and fiber intake between the baseline and
follow-up, where participants ate 301.6 fewer calories (p = 0.02) and 1.5 g less fiber (p = 0.04)
at follow-up. There were no differences in the consumption of high-fiber foods—fruit,
vegetables, whole grains, and nuts/seeds/legumes—post-cooking class education.

Over 30% of the study population (n = 7, 32%) demonstrated an increase in their fiber
intake at follow-up of any amount compared to baseline. At baseline, 27% met at least
75% of the fiber recommendation. There was no significant difference in the proportion of
the cohort who met at least 75% of the fiber recommendation at baseline versus follow-up
(p = 1.00). Of those who met at least 75% of the fiber recommendation at baseline, 83%
continued to adhere to high fiber consumption at follow-up. Conversely, 94% of those who
did not meet at least 75% of the fiber goal at baseline continued to not adhere to the fiber
recommendation.

There were significant increases in the FACT-Cog sub-scores following the cooking
class intervention, including COG-PCI (p < 0.001), COG-OTH (p < 0.001), and COG-QOL
(p < 0.001). COG-PCl increased by 38 points; COG-OTH increased by 16 points, and COG-
QOL increased by 10 points. COG-PCA did not change significantly post-cooking class
(p =0.07).

3.4. Dietary Factors and Cognition
3.4.1. E-DII Scores

The baseline E-DII was significantly related to the baseline COG-QOL (r = 0.433;
p = 0.04), but this relationship was not evident between follow-up E-DII and follow-up
COG-QOL (r = —0.265; p = 0.23) (Figure 2). There were no other significant correlations
between E-DII and cognitive variables, at baseline or follow-up, or in terms of change.
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R?=0.203

Baseline COG-QOL

-6.00 -4.00 -2.00 0.00 2.00 4.00

Baseline E-DII

Figure 2. Scatterplot and line of best fit for the correlation of E-DII and FACT-Cog quality of life

sub-score. Abbreviations: E-DII: energy-adjusted Dietary Inflammatory Index; COG-QOL: quality
of life.

Univariate linear regression demonstrated a significant relationship between the
baseline E-DII and baseline COG-QOL scores (3 = 0.746, p = 0.04; 95% CI (0.056, 1.436)),
change in E-DII and follow-up COG-OTH scores (3 = 0.626, p = 0.046; 95% CI (0.011, 1.240)),
and change in E-DII and change in COG-OTH scores (3 = 1.830, p = 0.04; 95% CI (0.103,
3.556)), but significance was not maintained after adjustment for any model (Table 4).

Table 4. Results of univariate and multiple linear regression of E-DII, dietary intake, and cognitive

factors.
B 95% CI p-Value
Baseline E-DII
Baseline COG-QOL
Univariate 0.746 0.056, 1.436 0.04
Adjusted 1 0.442 —0.558, 1.441 0.36
Change in E-DII
Follow-up COG-OTH
Univariate 0.626 0.011, 1.240 0.046
Adjusted ! 0.109 —0.691, 0.908 0.29
Change in COG-OTH
Univariate 1.830 0.103, 3.556 0.04
Adjusted 1 0.333 —1.938, 2.604 0.79
Change in Fiber
Change in COG-PCA
Univariate 0.658 0.161,1.154 0.01
Adjusted 2 0.493 —0.103, 1.088 0.10
Change in Calories
Change in COG-PCA
Univariate 0.007 0.001, 0.014 0.03
Adjusted 2 0.007 0.000, 0.014 0.04

1 Adjusted for age, BMI, education, physical activity category (< or >500 MET-min), RD visit prior to cooking
class, cancer type. Energy adjusted for within E-DII calculation. 2 Adjusted for age, BMI, education, physical
activity category (< or >500 MET-min), RD visit prior to cooking class, cancer type, and energy intake. Ab-
breviations: E-DII: energy-adjusted Dietary Inflammatory Index; COG-PCI: perceived cognitive impairments;
COG-PCA: perceived cognitive abilities; COG-OTH: comments from others; COG-QOL: quality of life.
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3.4.2. Dietary Intake

The change in intake of calories (r = 0.476, p = 0.03) and change in fruit (r = 0.482,
p = 0.02) were positively correlated with the change in COG-PCA scores (Figure 3A,B).
There was a trend toward the significance of changes in fiber intake (r = 0.418, p = 0.05)
and changes in whole grain intake (r = 0.389, p = 0.07) (Figure 3C,D). There were no
significant correlations between cognition scores and fiber-related factors at either baseline
or follow-up.
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Figure 3. Scatterplots and line of best fit for correlations of diet intake and FACT-Cog perceived
cognitive abilities sub-score. (A) The correlation between change in calories and change in COG-PCA;
(B) The correlation between change in fruit and change in COG-PCA; (C) The correlation between
change in fiber and change in COG-PCA; (D) The correlation between change in whole grains and
change in COG-PCA. Abbreviations: COG-PCA: perceived cognitive abilities.
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Univariate linear regression demonstrated a significant relationship between the
change in fiber and change in COG-PCA scores (3 = 0.658, p = 0.01; 95% CI (0.161, 1.154))
and change in calories and change in COG-PCA (3 = 0.007, p = 0.03; 95% CI (0.001, 0.014)),
but no significant relationship was found between change in COG-PCA in either fruit
(p = 0.23) or whole grain intake (p = 0.18). After controlling for covariates, there was a
significant relationship between calorie intake and change in COG-PCA (3 = 0.007, p = 0.04;
95% CI (0.000, 0.014), but there was no significant relationship between change in fiber
intake and change in COG-PCA (3 = 0.493, p = 0.10; 95% CI (—0.103, 1.088)) (Table 4).

4. Discussion

In this pilot interventional study, cancer survivors were able to significantly decrease
their inflammatory potential of diet and improve cognitive function scores after one-month
post-educational virtual cooking class. Notably, our study is among the first interventional
studies to bridge the interconnected areas of diet, inflammation, and cognition, in the
context of cancer survivors, where applied education models of improving diet may
represent a feasible and accessible intervention for improving cognitive deficits. When
examining specific dietary changes related to the education provided, participants were able
to maintain a consistent intake of key dietary components, including fruit, vegetables, whole
grains, and nuts/seeds/legumes, while creating a significant calorie deficit. Additionally,
specific areas of subjective cognitive function were correlated with dietary factors of calorie
intake, fiber, fruit, and E-DII scores. After adjustment, change in calorie intake over one
month was a predictor of a participant’s improvement in perceived cognitive abilities.

Our findings show short-term improvement in the inflammatory potential of diet,
through a decrease in E-DII scores after one month. Of the sparse interventional DII studies,
there has been one investigation incorporating cooking classes to impact health outcomes.
Turner-McGrivey et al. designed an intervention consisting of weekly nutrition education
and cooking classes vs. printed educational materials with the objective of improving
dietary inflammation (DII scores), systemic inflammation (CRP levels), and lipid levels
in adults without chronic disease [23]. In this population, the intervention group was
able to improve their DII scores after three months of weekly active education, although
this was not sustained at a follow-up in month 12. These findings suggest that further
research should investigate the optimal duration of nutrition and cooking education to
create sustainable changes in dietary inflammatory potential over time.

While statistically, there was a 1.5 g decrease in fiber intake between the baseline
and one month post-intervention, this may not represent a clinically relevant deficit, as it
would be similar to the fiber content of one-third of an apple [52], and, therefore, may be
interpreted as consistent intake. Similarly, when analyzing the pattern of change in fiber
intake, it was found that most participants with a high consumption of fiber at the baseline
continued this intake level at one-month post-intervention, and the majority of those who
had lower baseline fiber consumption continued to have a low fiber intake. Despite the
consistent fiber consumption patterns, it is worth noting that over 30% of the study popula-
tion was able to increase fiber in any amount after the cooking class. While our study did
not significantly improve fiber, fruit, vegetable, whole grain, or nuts/seeds/legume intake,
there was a significant reduction in calories, without compromising the intake of these
nutrient and fiber-rich foods. The AICR recommends maintaining a healthy weight after
a cancer diagnosis while promoting adherence to nutrient-rich dietary patterns [27]. It is
known that excess body weight is a risk factor for cancer recurrence, an overall higher mor-
tality risk, and other chronic disease development, like diabetes and heart disease [53,54].
As our cohort was primarily overweight, our intervention may represent a way to promote
modest calorie reduction while preserving nutrient-rich food intake, for the promotion
of healthy weight attainment. Conversely, it is essential to emphasize that while dietary
intake, including fruit and vegetable consumption, was maintained and was similar to the
national average intake [55,56], these values still fall short of the recommended Dietary
Guidelines for Americans [57] and AICR cancer prevention guidelines [27], providing
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further evidence that this population is at nutritional risk and can benefit from further
nutrition interventions. These results suggest the efficacy of virtual cooking class-based
nutrition education; however, the magnitude of the change in diet may have been limited
by the provision of one class over multiple class sessions. Additional longitudinal investi-
gation should be completed to observe the long-term impact of these dietary changes, and
if changes can be sustainably adopted.

After one-month post-intervention, our cohort demonstrated significant improve-
ment in self-reported cognitive function in the areas of perceived cognitive impairments,
comments from others, and quality of life. However, there was no significant increase in
perceived cognitive ability. Bell et al. previously sought to define clinically significant
changes in FACT-Cog scores among adult cancer survivors after they received a 15-week
cognitive training program [58]. Here, a mean change (standard deviation) in COG-PCI of
at least 4.6 (6.5) points was considered a clinically meaningful change, with a mean change
of 17.9 (12.7) points indicating a much better performance six months post-intervention [58].
In the present study, the median COG-PCI score increased by 38 points one month after
the intervention, suggesting this was a clinically meaningful change in COG-PCI, and this
should be confirmed with quantitative cognitive assessment in future studies.

The baseline E-DII was correlated with a baseline cognition-driven quality of life,
wherein a higher baseline COG-QOL was correlated to more pro-inflammatory E-DII scores.
However, our study did not find a relationship between cognitive function and E-DII score
after adjustment in cancer survivors. While this relationship has had minimal investigation
overall, and predominantly within an older adult population, our finding contradicts
previous findings. Most recently, a 2022 meta-analysis of nine observational studies found
a 46% elevated risk of cognitive impairment in those with more pro-inflammatory DII
scores (OR = 1.46, 95% CI = 1.26, 1.69) [59]. Based on the literature and predominant
observations, a cause-and-effect relationship between DII and cognitive impairment cannot
be established. This study was not specifically powered to determine a relationship between
E-DII and cognition; thus, our sample size could have impacted our findings. Therefore,
larger studies of populations at risk of cognitive decline, including cancer survivors, should
be further evaluated.

Dietary factors, including changes in calorie and fruit intake, were significantly and
positively correlated with changes in perceived cognitive abilities. After adjustment, a
change in calorie intake was a significant predictor of a change in perceived cognitive
abilities, where for every 100-calorie increase in the change in calorie intake, we expect the
change in COG-PCA to increase by 0.7 points. This indicates that those who had positive
increases in calorie intake had more positive changes in perceived cognitive ability. This
finding may be explained by the overall relatively lower calorie intake seen in this cohort,
where those with increased calorie changes may be eating more nutrients to provide for
better outcomes once a threshold for impact is reached. The body’s response to nutrients is
often sigmoidal, meaning low exposure results in a minimal response, while progressively
increasing exposure will show an increased response, followed by a plateaued effect once
the physiological norm is met [60]. These findings may also align with previous research
identifying the risk of undernutrition and cognitive status, such as the development of
dementia in non-cancer populations [61,62]. In addition to calorie changes, changes in
fiber intake trended toward significance after adjustment, where for every 1 g increase in
fiber, we expect the change in COG-PCA to increase by 0.49 points. This means those with
more positive changes in fiber intake had improved perceived cognitive abilities. However,
this finding may be limited by our sample size and should be repeated in a larger, more
diverse cohort.

Another novel aspect of our study is the evaluation of a virtual delivery of an educa-
tional cooking class, compared to previous literature predominately studying in-person
instruction. Health disparities in cancer care have been well documented, including the
lack of access to healthcare providers and public health resources [63]. It is also important
to note that virtual classes may offer additional benefits such as attending to the safety
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of those who are immunocompromised, have limited access to transportation, or have
mobility issues. Telehealth and remote care delivery models have emerged as viable op-
tions to provide healthcare services in these situations and have expanded rapidly due to
the global COVID-19 pandemic. With an increasing cancer survivor population, paired
with increasing barriers to care, nutrition interventions are cost-effective and non-invasive
adjunctive treatments that can be delivered via telehealth. However, few studies have eval-
uated a live, remote instruction model for cooking classes. One 2021 study evaluated the
effectiveness of education and cooking classes for diabetes management via an in-person
or telehealth model [64]. Both delivery modes were able to improve hemoglobin Alc levels,
demonstrating an equivalent positive impact and providing a basis for the continued use of
virtual education models. While our study did not have an in-person comparison, it does
provide evidence that virtual delivery can impact dietary changes, which could lead to
broader education dissemination reach and improve access to healthcare. There have been
no interventional studies utilizing cooking classes to improve cognitive health, beyond
mental health or confidence measures [65,66]. Therefore, our study provides preliminary
support for the use of cooking classes as an effective education technique to improve
cognitive dysfunction, which could contribute to well-rounded lifestyle interventions.

Strengths, Limitations, and Future Directions

Our pilot study is among the first to assess and evaluate the impact of an educational
cooking class on dietary inflammatory potential and its relationship with subjective cogni-
tive function in cancer survivors. While we were able to meet our sample size requirement
to detect a change in DII scores, observations of significant relationships between DII
scores and cognition may have been limited by sample and effect sizes. With our findings
demonstrating positive changes in inflammatory potential over one month, a longer longi-
tudinal design with an additional methodology for health behavior change, as compared
to a control group, is warranted. This will provide further insight into the sustainable
adoption of behavior change. It is important to note other key study limitations of bias from
self-reported measures, including the food frequency questionnaire and weight, as well as
subjective measures of cognitive function. Research has demonstrated that highly educated
women may more often exhibit self-reporting bias due to social desirability factors and may
underestimate true dietary intake [67-69]. In the present study, our population was highly
educated and had fair previous exposure to a dietitian prior to the cooking class, which may
have similarly impacted the extent of dietary changes. The measures of cognitive function
were subjective, and additional quantitative assessments should be included going forward.
Future studies should aim to include more diverse populations and capture additional
sociodemographic factors that can impact both dietary intake and cognition, such as food
and financial security and healthcare access. We acknowledge that there is an intestinal
relationship between fiber and water that may influence its absorption and function. An
analysis of water intake was out of the scope of this project but should be investigated in
future research.

5. Conclusions

Our pilot investigation represents a starting point for exploring the relationship be-
tween diet, inflammation, and cognition in cancer survivors, a thematic area of minimal
prior investigation. The use of a virtual educational cooking class shows promise as an
engaging, low-cost, non-invasive intervention for improving the inflammatory potential of
diet and preserving the intake of fiber-rich foods. While the results are limited, our findings
suggest a relationship between changes in dietary factors and subjective cognition status,
including perceived cognitive abilities. Though preliminary, these findings may promote
funding for larger studies with quantitative measurements to validate the results obtained.
Further research should also explore the longitudinal impact of educational cooking classes
and evaluate the need for repeat exposure for sustainable action adoption in a larger, more
diverse population.
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