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Purpose: With Alzheimer’s disease and related dementias are projected to triple by 2050, addressing modifiable health and lifestyle factors 
is crucial to prevention and reducing the associated public health burden. This study investigates the interaction between triglyceride levels 
and dietary fat intake and diet quality on memory performance in middle-aged adults at heightened risk for metabolic health issues.
Patients and Methods: Community-dwelling adults aged 40–65 with cardiometabolic health risks participated in this cross-sectional 
study. Participants with a history of neurological or psychiatric conditions were excluded. Dietary intake was self-reported through a 3-day 
food record, and serum triglyceride levels were measured. Neuropsychological testing assessed memory performance. Cross-sectional 
regression analyses examined how dietary fat intake and quality interact with triglyceride levels to affect memory performance in 146 adults.
Results: The analysis revealed a significant interaction between triglyceride levels and the ratio of dietary saturated fat to total caloric 
intake on memory performance (β = −0.087, p = 0.022). The relationship between triglyceride levels and memory performance was 
modified by the ratio of saturated fat to total caloric intake. At higher levels of saturated fat intake, higher triglycerides were associated 
with worse memory performance. However, at lower levels of saturated fat intake, the association between triglycerides and memory 
performance was not statistically significant. Better adherence to USDA dietary guidelines, reflected by higher Healthy Eating Index 
2020 scores, was associated with better memory performance (β = 0.018, p < 0.002), regardless of triglyceride levels.
Conclusion: Diet quality, as indicated by adherence to dietary guidelines, supports cognitive health. Elevated triglycerides combined 
with a high ratio of dietary saturated fat intake were associated with poorer memory performance. Precision nutrition strategies aimed 
at reducing saturated fat intake in midlife adults with elevated triglyceride levels may help mitigate memory-related cognitive decline 
and enhance brain health.

Plain Language Summary: This study explored how diet and triglyceride levels (a type of fat in the blood) might influence memory and the 
risk of Alzheimer’s disease and other dementias in adults at higher risk. We focused on middle-aged adults (ages 40-65) who had cardiometa-
bolic health issues, such as obesity, high blood pressure, high cholesterol, or diabetes. We worked with 146 adults from the community who 
reported their eating habits over three days and took tests to measure triglyceride levels and memory performance. The study found that higher 
triglyceride levels combined with a diet high in saturated fats (common in many Western diets) were linked to poorer memory performance. 
However, adults with high triglycerides who ate less saturated fat performed better on memory tests than those with higher saturated fat intake. 
Overall, following a healthier diet was associated with better memory, regardless of triglyceride levels. These findings suggest that improving 
diet quality—by adhering to dietary guidelines—could help protect brain health and reduce memory problems. For people with high 
triglycerides, cutting back on saturated fat may help improve memory and protect against cognitive decline. These results point to the 
importance of personalized nutrition strategies to support brain health and potentially reduce the risk of memory loss as we age. 
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Introduction
With Alzheimer’s disease and related dementias (ADRD) projected to triple by 2050, and existing drug treatments 
proving inadequate or inaccessible,1 addressing modifiable health and lifestyle factors is essential for preventing ADRD 
and reducing the associated public health burden. Research has underscored the mechanisms linking metabolic health to 
dementia, highlighting the importance of managing metabolic risk factors in midlife as a promising strategy to mitigate 
the development and progression of ADRD.2 Among the plethora of cardiometabolic risk factors, elevated triglyceride 
levels are of particular interest because they disrupt the blood-brain barrier,3 promote vascular dysfunction,4 and are 
independently associated with cerebral amyloidosis.5 Furthermore, elevated triglycerides are often the only metabolic 
syndrome component that predicts the onset of all-cause dementia.6

Triglycerides, blood lipids stored in adipose tissue as an energy source, play a significant role in regulating metabolic 
functions.7 Beyond their metabolic role, triglycerides also have broader implications for cognitive functioning. As they 
can cross the blood brain barrier, triglycerides accumulate in the brain over time, as evidenced by their detection in 
human cerebrospinal fluid.3 In human adults, elevated serum triglycerides and the triglyceride to high-density lipopro-
teins (HDL) ratio are associated with disruptions in hippocampal neuronal connections and organization before any 
detectable hippocampal atrophy.8 This suggests a deleterious effect of elevated triglyceride levels on hippocampal tissue 
integrity and function through mechanisms such as the release of pro-inflammatory cytokines, disrupting vascular 
endothelial function, reducing cerebral perfusion, and mimicking chronic neuroinflammation seen in older adults. 
Moreover, Sanjana et al demonstrated that the triglyceride to HDL ratio was independently associated with memory 
performance, highlighting subtle memory-related cognitive deficits linked to heightened cardiometabolic risk profiles in 
adults without clinical signs of impairment. In animal models, an accumulation of serum triglycerides can block the 
activation of leptin and insulin receptors within the central nervous system, further impacting learning and memory 
processes.3 This potentially critical effect of triglycerides on memory-related brain structures and cognitive performance 
has significant implications for daily functioning, personal independence, and quality of life in midlife.9

Considering the risk of high triglycerides for memory-related cognitive impairment, Dimache et al provide a review 
supporting the negative association between triglyceride levels and cognitive functioning. This is evidenced by large 
longitudinal studies linking elevated triglycerides in midlife to the incidence of Alzheimer’s disease, vascular cognitive 
impairment, and increased amyloid-beta deposition.10 Notably, 20-year cohort studies in adults reveal that elevated 
triglyceride levels in midlife serve as predictive markers for memory and global cognitive decline11 and Alzheimer’s 
disease pathology.12 These findings further support the involvement of triglycerides in preceding cognitive impairment 
and the development of ADRD, underscoring the potential for interventions targeting triglyceride levels to mitigate 
cognitive decline and improve brain health. Yet, not everyone who suffers from hypertriglyceridemia experiences early 
cognitive impairments. The precise biological mechanisms linking high triglyceride levels to cognitive decline remain 
elusive as they are likely complex and may be influenced by individual differences in health behaviors.

Dietary fat intake and diet quality may serve as significant health behaviors influencing cognitive vulnerability in 
those with elevated triglycerides, highlighting a potential interaction that could exacerbate cognitive decline. Research 
consistently supports that adhering to the Mediterranean diet has been linked to reduced cognitive decline and 
a decreased risk of ADRDs.13 Additionally, research on diet quality measured by the Healthy Eating Index (HEI) has 
shown that higher HEI scores are associated with better processing speed, executive functioning,14 and a lower risk of 
incident dementia.15 Moreover, over a 13-year period, better adherence to a long-term higher quality diets was associated 
with larger hippocampal volumes in middle-aged adults.16 Conversely, Western dietary patterns have been associated 
with poorer cognitive performance in a cross-sectional study, although a 20-year follow-up study found no significant 
association.17 Moreover, a systematic review found no clear association between the intake of various classes of dietary 
fats and the risk of the development of ADRD.18 These contrasting findings highlight the complexity of the relationship 
between diet and cognitive function. It is possible that long-term studies or large-scale systematic reviews may overlook 
specific vulnerabilities, such as metabolic health or genetic predispositions, which could modulate the effect of diet on 
cognitive outcomes. This underscores the need for further investigation to better understand the contexts in which dietary 
interventions may be most effective in mitigating cognitive decline.
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Research synthesizing diet-related cognitive and brain outcomes highlights how dietary fats influence brain health, 
emphasizing that the type of fat plays a crucial role in brain function.19 Both saturated and unsaturated fats are digested 
into free fatty acids and monoglycerides, absorbed in the intestines, and transported by chylomicrons to tissues where 
they are broken down by lipoprotein lipase. Wang et al describe how the type of fat differentially affects triglyceride 
metabolism and clearance from the bloodstream. Saturated fats increase low-density lipoprotein (LDL) cholesterol and 
decrease HDL cholesterol, which raises cardiovascular disease risk and contributes to liver fat accumulation. In contrast, 
unsaturated fats, including monounsaturated and polyunsaturated fats, lower LDL cholesterol, increase HDL cholesterol, 
improve lipid profiles, reduce inflammation, and are readily oxidized for energy.20 For individuals with elevated 
triglycerides, modifying specific dietary fat intake is recommended, as saturated fats promote triglyceride synthesis 
and impair clearance, whereas polyunsaturated and monounsaturated fats have the opposite effect.21

Elevated saturated fat intake, a key characteristic of the Western diet, has been associated with poorer global cognitive 
function, prospective memory decline, and an increased risk of mild cognitive impairment in midlife, even after adjusting 
for demographic factors, vascular health, and Apolipoprotein E (APOE) ε4 status.22 In contrast, high intake of 
polyunsaturated fatty acids is linked to better semantic memory. Saturated fat intake has also been shown to promote 
neuroinflammation and accelerate hippocampus-dependent memory decline in both rodent models23,24 and adult 
humans.25 Furthermore, randomized controlled trials indicate that saturated fat increases serum endotoxin concentrations, 
while n-3 fatty acids reduce inflammatory serum markers.26 However, these studies have not explored how dietary 
factors interact with memory-related cognitive impairment in middle-aged adults with existing metabolic health risks. 
Memory performance is particularly critical in this context, as adults with metabolic syndrome and cardiometabolic risk 
profiles often show memory deficits.27 This highlights the need to investigate how memory-related cognitive vulner-
abilities associated with elevated triglyceride levels may vary with different nutrient intakes or diet quality, to best inform 
whether precision nutrition interventions may effectively address these observed cognitive vulnerabilities. Our study aims 
to contribute to this ongoing dialogue by examining how dietary fat intake, particularly saturated fat, interacts with 
triglyceride levels to influence memory performance in midlife adults.

Given the significant impact of dietary fat intake on cognitive function and brain health, it is important to consider 
genetic risk influences, particularly the APOE ε4 allele, which is the most significant genetic risk factor for ADRD.28 

This allele influences lipid metabolism, brain cholesterol levels, and the development of amyloid-β and tau pathologies 
central to ADRD.29 According to Raulin et al, individuals with the APOE ε4 allele exhibit different responses to dietary 
fats and metabolic functions compared to non-carriers. Our previous research demonstrates that greater dietary poly-
unsaturated fat intake is associated with better memory performance in healthy middle-aged adults who were APOE ε4 
non-carriers, but not for ε4 carriers.30 Additionally, in adults with metabolic syndrome who are APOE ε4 carriers, we 
examined the effects of large neutral amino acids on brain health through neuroimaging results. Specifically, we found 
a positive association between serum concentrations of tryptophan and phenylalanine and the amount of white matter 
hyperintensities in adults with metabolic syndrome who are APOE ε4 carriers, while no such relationship was observed 
in non-carriers.31 Therefore, to build on these findings and further clarify the relationship between diet, metabolic health, 
and cognitive outcomes, it is essential to account for the APOE genotype.

This cross-sectional study aims to investigate how the relationship between serum triglyceride levels and memory 
performance is influenced by dietary saturated fat intake and overall diet quality in middle-aged adults with metabolic 
health and genetic risk factors for ADRD. We hypothesize that elevated triglycerides, when combined with a diet high in 
saturated fat, may synergistically worsen memory function in midlife. The study seeks to inform precision nutrition 
interventions aimed at mitigating memory-related cognitive decline in adults with elevated triglyceride levels, while also 
providing insights for developing individualized preventive strategies for those at risk of ADRDs.

Material and Methods
Study Participants and Design
This cross-sectional study included community-dwelling adults in midlife with heightened cardiometabolic health risks. 
Selection of the participants was based on the following inclusion criteria: (1) age 40–65 years old; (2) a score of >24 on 
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the Mini-Mental State Examination® (MMSE®), to ensure exclusion of people with severe cognitive impairment;32 and 
(3) a score of >70 on the Wechsler Test of Adult Reading (WTAR), to ensure intellectual function within the average 
range.33 Exclusion of participants was based on the following criteria: (1) presence or history of neurological or 
psychiatric disease (eg, Stroke, Parkinson’s Disease, Epilepsy, Huntington’s Disease, etc).; (2) smoking (including 
regular use of cigarettes, e-cigarettes, vaping devices, and any other form of tobacco or nicotine consumption); and 
(3) incomplete study visits. The Institutional Review Board at the University of Texas at Austin approved all study 
procedures (#2016-09-0135 and #2011-07-0025). This study was conducted in accordance with the Declaration of 
Helsinki. All participants provided written, informed consent before enrolling in the study.

Three-Day Food Record
Dietary intake was assessed using a self-reported, 3-day food record. The 3-day food record is a valid tool for dietary assessment 
and is more reliable than commonly used Food Frequency Questionnaires.34 Participants were instructed to select 3 days 
(2 weekdays and 1 weekend day) that represent their typical eating habits, ensuring a balance of dietary intake across different 
days of the week. Participants were specifically asked to avoid reporting on days involving special occasions, holidays, or events 
that might not reflect their usual eating patterns. The food records consisted of sections for participants to write down the time, 
amount, description, and any relevant notes for all foods and beverages consumed. Each participant was encouraged to provide as 
much detail as possible, including portion sizes, preparation methods, and brand names when applicable. Additionally, partici-
pants were encouraged to estimate portion sizes using common household measures (eg, cups, teaspoons, or visual guides) and 
were provided with resources (eg, food portion images) to support accurate estimations. To ensure accurate and consistent 
reporting, participants were given identical instructions and a sample entry showing how to fill out the food record with 
appropriate detail. Participants were reminded to complete the food record as honestly and accurately as possible and were 
reassured that their responses would be kept confidential.

Any unclear or missing entries were clarified by a research assistant during subsequent study visits, allowing for 
verification and correction if necessary to minimize reporting errors or misunderstandings.

Dietary Analysis
All the dietary data obtained were analyzed by a registered dietician using the Nutritionist Pro® Software Version 4.0.35 

All analyzed data was reported as nutritional summaries, including total energy intake, macronutrients, micronutrients, 
vitamins, amino acids, and food exchanges for each participant.

The average amount of saturated fat consumed over 3 days was converted into a ratio of dietary saturated fat to total 
caloric intake by transforming grams of saturated fat into kilocalories (9 kcal/gram of fat) and adjusting for total energy 
intake using the average kilocalories consumed. This ratio of dietary saturated fat to total caloric intake was used for 
subsequent dietary fat intake analyses.

Diet quality was calculated based on each participant’s adherence to USDA dietary guidelines. Nutritional summaries 
were transformed into HEI-2020 total scores by applying the scoring guidelines for the 13 food components outlined by 
Shams-White et al.36 These components include adequacy components (total fruits, whole fruits, total vegetables, greens 
and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fatty acids) and moderation 
components (sodium, refined grains, saturated fats, and added sugars). Each food component’s intake was scored 
proportionately, and the HEI-2020 total score was obtained by summing all individual component scores, yielding 
a possible score range of 0 to 100. Higher scores indicate better adherence to the USDA 2020–2025 Dietary Guidelines 
for Americans, representing better diet quality. By examining both the ratio of dietary saturated fat to total caloric intake 
and HEI-2020 total scores, we can determine if the association between of dietary saturated fat intake and memory 
performance are independent of overall diet quality.

Unusual or implausible caloric values were identified using a linear regression analysis of caloric intake and body 
mass index. Participants with standardized residuals of total energy intake greater than ±3 standard deviations from the 
mean were classified as implausible reporters and excluded from the analysis.
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Health Assessment and Blood Collection
Participants provided self-reported medical history and medication details before the health assessment. They were 
instructed to fast for 12 hours prior to their appointment to ensure accurate measurement of fasting glucose and lipid 
levels. Health assessments were scheduled in the morning to standardize timing across participants. Participants visited 
a university research laboratory for the health assessment. Blood samples were collected by certified phlebotomist 
research assistants via venipuncture through the antecubital vein. Fasting glucose levels were measured using standard 
enzymatic techniques. Serum concentrations of triglycerides, HDL, LDL, and total cholesterol were measured immedi-
ately after the blood draw using a commercial device.37 Triglyceride values below 45 mg/dL or above 650 mg/dL were 
excluded due to uncertain reliability, as described by the manufacturer. Additionally, outlier triglyceride concentrations 
were detected using the interquartile range method and removed from the analyses.38 Blood pressure was measured using 
the cuff technique on the right brachial arm. Participants were seated for at least 5 minutes and a correctly sized cuff was 
applied to the right arm. Systolic and diastolic measurements were recorded. Anthropometric measurements, including 
height and weight, were taken using a balance beam scale. Measurements were recorded in the morning, after participants 
had fasted for 12 hours, to minimize any potential variations caused by daily fluctuations in weight. Participants were 
instructed to wear light weight clothing and remove their shoes before the measurements. All procedures were conducted 
by trained research assistants to ensure consistency and accuracy across participants.

Apolipoprotein E ε4 Genotyping
Saliva samples were collected during the health assessment using the Oragene Discover (OGR-500) kit, with participants 
produced 500 uL of saliva using the prepIT·L2P kit from DNAgenotek. Genomic DNA was extracted and purified 
according to the manufacturer’s instructions. All purified samples were stored at −40 °C before the genotyping process. 
Using polymerase chain reaction amplification and Sanger sequencing, ApoE genotyping, originally described by Olesen 
et al,30 was conducted with Variant Reporter Software39 at the DNA Sequencing Facility at the University of Texas at 
Austin. The study participants were classified into two groups: participants carrying one or two copies of the ApoE ε4 
allele (ApoE ε4 carriers) or participants not carrying any copy of the ApoE ε4 allele (ApoE ε4 non-carriers).

Neuropsychological Testing
Participants completed the MMSE® to assess global functioning, the WTAR to assess premorbid IQ, and the California Verbal 
Learning Test (CVLT-II) to assess verbal learning and memory.40 A memory composite was computed as the average of the 
z-scores from the short delay recall, long delay recall, and recognition discriminability subscales from the CVLT-II.

Cross-Sectional Interaction Analyses
Cross-sectional regression analyses were conducted using R Statistical Software.41 Four regression models were 
conducted to investigate the interactions and associations between dietary fat intake and diet quality with triglycerides 
on memory performance. First, multiple regression models were used to explore interaction effects: one examining the 
interaction between the ratio of saturated fat in total energy intake and triglyceride levels on memory performance, and 
the other between HEI-2020 total score and triglycerides on memory performance. Next, two linear regressions were 
conducted to test the main effect of triglycerides and dietary quality on memory with triglyceride serum levels and the 
HEI-2020 total score as predictor variables to memory performance, separately. Covariates, including age, sex, education, 
diabetes status/diagnosis (or medication for diabetes), cholesterol medication, hypertension status/diagnosis (or medica-
tion for hypertension), APOE-ε4 status, and BMI were integrated in all analyses.

Results
Sample Characteristics
A total of 146 participants were included in the cross-sectional analyses, with a summary of participant demographics 
and health measures described in Table 1. Three participants were excluded from analysis due to their total energy intake 
residuals exceeding 3 standard deviations from the mean. Dietary fat intake and diet quality measures were normally 
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distributed (Figure 1). Our sample had a mean age of 50 years, with the majority holding a college education and all 
exhibiting intact global cognition. The sample is representative of the racial and ethnic diversity of Texas at the state 
level. Notably, the prevalence of APOE-ε4 carriers, individuals with diabetes, and those taking cholesterol and 
antihypertensive medications aligns with the risk profiles associated with ADRD.42,43 This suggests that while our 
sample does not exhibit cognitive impairment, it is representative of individuals at increased risk for developing ADRD.

Ratio of Dietary Saturated Fat to Total Caloric Intake with Triglyceride Levels 
Interaction on Memory Performance
The interaction analysis revealed that the association between triglyceride levels and memory performance varied 
according to the ratio of dietary saturated fat to total caloric intake (β = −0.087, p = 0.022, 95% CI = [−0.161, 
−0.013]. Specifically, at higher triglyceride levels (one SD above the mean), a higher ratio of saturated fat intake was 
linked to poorer memory performance. In contrast, at lower saturated fat intake ratio levels (one SD below the mean), 
there was no significant association between triglycerides and memory performance (Figure 2). Notably, a Johnson- 
Newman simple slope analysis of triglycerides and memory performance reveals that at a ratio of saturated fat to total 

Table 1 Selected Participant Characteristics (n = 146)

Characteristic Value (Mean ± SD) Count (n, %)

Age, in years 50.6 ± 6.7 –
Sex

Female – 82, 56.1

Male – 64, 43.8
Race and ethnicity

White, non-Hispanic – 79, 54.1

Hispanic/Latino – 29, 19.9
Black/African American – 9, 6.2

Asian – 2, 1.4
Other – 8, 5.5

Multiple races/ethnicities – 14, 9.6

Missing – 5, 3.4
Education, in years 16.3 ± 2.4 –

MMSE® score 28.8 ± 1.3 –

APOE-ε4 carriers – 40, 27.4
Taking diabetes medication – 15, 10.3

Taking antihypertensive medication – 33, 22.6

Taking cholesterol medication – 23, 15.8
Fasting glucose, in mg/dL 96.2 ± 18.4 –

Systolic blood pressure, in mmHg 121.7 ± 14.7 –

Diastolic blood pressure, in mmHg 72.8 ± 10.2 –
Total cholesterol, in mg/dL 197.4 ± 48.2 –

Height, in m 1.69 ± 0.09 –

Body weight, in kg 94.1 ± 33.2 –
BMI, in kg/m2 32.8 ± 11.3 –

BMI ≥ 35 kg/m2 – 39, 26.7

HEI-2020 49.3 ± 11.0 –
Average energy intake, in kcal 1940 ± 581 –

Average intake saturated fat, in grams 25.4 ± 11.7 –

Saturated fat in energy intake, in % 11.7 ± 3.9 –

Abbreviations: SD, standard deviation; MMSE®, Mini-mental state examination; APOE-ε4, 
Apolipoprotein E ε4 allele; mg/dL, milligrams per deciliter; mmHg, millimeters of mercury; HEI- 
2020, Healthy Eating Index 2020; m, meter; kg, kilogram; kcal, kilocalories; %, percentage.
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caloric intake of 0.077 (one standard deviation below the mean), the t-value is 1.167 with a p-value of 0.243; at the mean 
ratio of saturated fat to total caloric intake of 0.117, the t-value is −0.665 with a p-value of 0.507; and at a ratio of 
saturated fat to total caloric intake of 0.156 (one standard deviation above the mean), the t-value is −2.540 with a p-value 
of 0.010. Further, the Johnson-Newman simple slope analysis reveals that when the ratio of saturated fat intake exceeds 
14% of total caloric intake, elevated triglyceride levels are significantly associated with poorer memory performance. 
These results suggest that elevated triglycerides are not associated with memory deficits when the ratio of saturated fat 
intake is low. In a sensitivity analysis, we examined the effect of APOE-ε4 status by comparing the results from the 

Figure 1 Histograms illustrating the distributions of dietary intake and diet quality variables extracted from 3-day food records are shown. Panel (a) displays the distribution 
of the three-day mean dietary saturated fat intake in grams. Panel (b) presents the distribution of the three-day mean total caloric intake in kilocalories. Panel (c) depicts the 
distribution of the three-day mean ratio of dietary saturated fat to total caloric intake, reflecting the ratio of dietary saturated fat intake. Panel (d) illustrates the distribution 
of the mean Healthy Eating Index 2020 Total Score.
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model with and without APOE-ε4. The exclusion of APOE-ε4 status did not alter the relationships between the 
interaction term (triglycerides and saturated fat intake) and memory performance.

Serum Triglycerides and Memory Performance
A separate regression analysis testing the association between memory performance and serum triglyceride levels 
revealed no significant association (β = −0.002, p = 0.167, 95% CI = [−0.004, 0.001]). The overall model was significant 
(F(9, 136) = 2.132, p = 0.031, R2 = 0.124).

Diet Quality Interaction and Regression on Memory Performance
To evaluate the relationship between dietary quality and memory performance, we conducted two separate analyses: one 
examining the interaction effect between diet quality and triglyceride levels on memory performance, and the other 
assessing the main effect of diet quality on memory performance. First, a multiple linear regression analysis tested the 
interaction between HEI-2020 scores and triglyceride levels on memory performance. This interaction was not sig-
nificant, although the overall model was significant (F(11, 134) = 2.904, p = 0.002, R2 = 0.192). Second, a separate 
multiple linear regression analysis evaluated the main effect of HEI-2020 scores on memory performance. This analysis 
revealed a significant positive association between HEI-2020 scores and memory performance (β = 0.018, p < 0.002, 
95% CI = [0.007, 0.030]), indicating that higher HEI-2020 scores are related to better memory performance, independent 
of other covariates (Figure 3). The overall model for this main effect was also significant (F(9, 136) = 3.151, p < 0.002, 
R2 = 0.173).

Discussion
The results of this study provide deeper insights into the intricate relationship between triglyceride levels, memory 
performance, and dietary fat intake and quality. The study suggests that dietary fat intake and quality may serve as 
modifiable factors for managing cognitive risk in individuals with heightened cardiometabolic risks. While high 
triglyceride levels in midlife are a recognized risk factor for cognitive vulnerability, our findings suggest that dietary 

Figure 2 The interaction analysis reveals that dietary saturated fat intake moderates the relationship between plasma triglyceride levels and memory performance. 
Participants with elevated triglycerides who consume a high-saturated fat diet exhibit poorer memory performance. The interaction effect between triglyceride levels and 
dietary saturated fat intake on memory composite scores is significant (β = −0.087, p = 0.022), indicating that this interaction significantly contributes to variations in 
memory performance, while controlling for age, sex, education, genetic risk, and medications. The overall model was significant (F(11, 134) = 2.376, p = 0.010, R2 = 0.163). 
Abbreviation: SD, standard deviation.
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fat intake may significantly influence this risk. Our findings suggest that dietary saturated fat intake moderates the 
relationship between triglycerides and memory performance, with individuals with high triglycerides and low saturated 
fat intake showing fewer memory deficits compared to those with a higher ratio of saturated fat. Specifically, when the 
ratio of saturated fat to total caloric intake exceeds 14%, there is a significant association between high triglycerides and 
poorer memory performance, even after controlling for age, sex, education, genetic risk, and medication use.

Furthermore, better adherence to USDA dietary guidelines, as indicated by higher HEI-2020 scores, is associated with 
1.8% improvement in memory performance across all adults, regardless of triglyceride levels. While our study cannot 
definitively establish causality, the positive relationship between adherence to these guidelines and memory performance 
underscores the potential benefits of diet in protecting cognitive function. These findings align with existing literature on 
the detrimental effects of Western dietary patterns on cognitive function, likely mediated through inflammatory 
pathways44 and accelerated brain aging.45

Importantly, we did not observe a significant interaction effect between HEI-2020 scores and triglyceride levels on 
memory performance. This suggests that, while following USDA guidelines is broadly beneficial, individuals with 
elevated triglycerides specifically benefit from diets low in saturated fats. For instance, the USDA Dietary Guidelines for 
2020–2025 recommend limiting saturated fat intake to less than 10% of daily calories. However, only about one-third of 
US adults meet this recommendation, with adherence even lower among non-Hispanic White Americans—less than one- 
fourth—compared to higher rates observed in Asian, Black, and Hispanic Americans.46 Our study sample, predominantly 
non-Hispanic White Americans, reflects these adherence patterns, with 34.2% (n=50) meeting the USDA guideline of 
less than 10% of calories from saturated fat. This observed gap in adherence aligns with general population trends and 
underscores the broader goal for Americans to improve their diet quality, particularly among groups with lower 
adherence rates, such as non-Hispanic White Americans.

Recent research has shown that APOE-ε4 affects various brain cell types, including neurons, astrocytes, microglia, 
and oligodendrocytes, which can alter cholesterol metabolism and contribute to ADRD pathology.47 To assess the 
potential modifying role of APOE-ε4 on the relationship between dietary factors and memory performance, we 

Figure 3 Greater adherence to the United States Dietary Guidelines, as indicated by Health Eating Index 2020 Total Score, is associated with better performance on 
memory tests. The multiple linear regression analysis reveals a significant main effect between by Health Eating Index 2020 Total Score and memory performance (β = 0.018, 
p < 0.002), while controlling for age, sex, education, genetic risk, and medications. The overall model was significant (F(9, 136) = 3.151, p < 0.002, R2 = 0.173).
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conducted a sensitivity analysis by comparing models with and without the APOE-ε4 status variable. Our results 
indicated that the inclusion or exclusion of APOE-ε4 did not significantly alter the associations between triglycerides, 
saturated fat intake, and memory performance. This suggests that, in our sample, dietary saturated fat intake may 
independently moderate the association between triglycerides and memory performance, regardless of genetic risk 
associated with APOE-ε4. However, it is important to note that our study may have been underpowered to detect 
small to moderate genetic effects, which could explain the lack of significant findings. The complexity of the APOE-ε4 
genotype should not be overlooked, as it not only affects cholesterol metabolism but also interacts with factors like 
neuroinflammation and amyloid pathology in shaping cognitive outcomes.48 Future research, with larger and more 
diverse samples and adequate statistical power, is needed to better understand the intricate interactions between genetic 
predisposition, environmental exposures, and lifestyle behaviors on ADRD pathology. Such studies could help disen-
tangle these complex relationships and inform more targeted interventions for cognitive health.

Future studies should investigate the potential cognitive benefits of replacing saturated fat with healthier fat alternatives, 
such as polyunsaturated fats, particularly for individuals with elevated triglycerides. Given the metabolic implications of 
high triglyceride levels, exploring the effects of such dietary substitutions could offer valuable insights into how specific 
fats and carbohydrates influence cognitive function. Precision nutrition approaches, which tailor dietary recommendations 
to individual metabolic profiles, may help identify the most beneficial dietary strategies for mitigating cognitive decline. 
These strategies may involve targeted adjustments to dietary saturated fat intake, advocating for the adoption of brain- 
healthy dietary patterns such as the Mediterranean diet, and promoting the substitution of saturated fatty acids with foods 
rich in mono- and polyunsaturated fatty acids. Such research could provide critical evidence for developing targeted dietary 
interventions aimed at improving brain health in high-risk populations. Moreover, our findings underscore the broader 
policy implications of dietary fat intake, particularly the role of saturated fats, in preventing cognitive decline. Public health 
policies should prioritize reducing saturated fat intake across all population groups, with a specific focus on curbing the 
overreliance on highly processed foods that are rich in unhealthy fats. The rise in agricultural production of inexpensive 
inputs, such as corn and palm, has contributed to the proliferation of processed, convenient, and affordable foods, 
characteristic of Western dietary patterns.49 These foods often contain excessive levels of salt, sugar, fat, and additives, 
which negatively impact health. To address this, a shift in food systems is essential, one that supports public health 
initiatives and encourages adherence to dietary guidelines. By advocating for evidence-based policies that promote 
healthier, more accessible food choices and regulate the production of saturated fat-rich foods, we can foster a food 
environment that not only improves metabolic health but also protects cognitive function and aging.

A major strength of this study is the inclusion of a diverse sample of midlife adults with various metabolic and 
genetic risk factors for ADRDs. While we focused on elevated triglycerides as a key metabolic risk factor, the broader 
variability in metabolic health status in our sample enhances the ecological validity of our findings, as it better represents 
the population at higher risk for ADRDs. Rather than excluding individuals with comorbidities, we aimed to assess how 
dietary factors, particularly saturated fat intake, may influence cognitive vulnerabilities in this high-risk group. This 
approach is valuable for identifying potential dietary interventions for improving cognitive health in midlife individuals 
already dealing with metabolic challenges. Moreover, the variability in adherence to USDA Dietary Guidelines within 
our sample, including many following Western diet patterns, strengthens the study’s capacity to explore the complex 
interactions between diet, metabolic health, and cognitive function. Overall, the focus on a sample with metabolic risk 
factors allows for a more nuanced understanding of how dietary interventions might be targeted to individuals at greater 
risk for cognitive decline. Elevated triglycerides, for example, may serve as a marker for insulin resistance or other 
underlying metabolic conditions, which could influence both triglycerides and cognitive outcomes. Future research could 
further explore this relationship by incorporating additional metabolic markers alongside triglycerides to better isolate the 
effects of dietary fat intake on cognitive health.

A limitation of this study is its cross-sectional design, which suggests potential associations but cannot establish 
causality. This design does not provide temporal insights into the trajectory of the relationship between triglyceride 
levels, memory performance, and dietary fat intake over time. To establish causal links, future research should include 
longitudinal studies and randomized controlled trials to determine whether dietary interventions targeting saturated fat 
can mitigate the risk of cognitive decline, particularly in individuals with metabolic risk factors like elevated 
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triglycerides. Longitudinal studies to expand upon this research are essential for identifying temporal patterns and 
providing a more comprehensive understanding of how dietary fat impacts cognitive outcomes across the lifespan. 
Such research will be crucial for informing early intervention strategies and guiding long-term dietary recommendations 
to reduce dementia risk and promote healthy aging. Moreover, this study is specifically aimed at detecting modifiable 
lifestyle factors that could delay the onset or prolong cognitive health. Accordingly, our inclusion and exclusion criteria 
were designed to include only participants without significant cognitive impairment, thereby reducing the risk of 
confounding due to pre-existing neurological or psychiatric conditions. However, it is important to note that participants 
with an MMSE® score greater than 24 may still exhibit early-stage cognitive impairment,50 which could reflect 
underlying neurodegenerative pathology. To improve diagnostic accuracy, future studies could integrate advanced 
neuroimaging and additional diagnostic cognitive assessments. Additionally, as diet data were collected via self-report, 
dietary intake and quality scores may be biased and reflect broader factors that influence both diet and cognitive 
outcomes. For instance, individuals with healthier diets may also engage in other positive health behaviors not captured 
in this study. Future research should include additional measures of health behaviors to more accurately isolate the effects 
of dietary fat on cognitive function.

Conclusion
Our study provides evidence that dietary saturated fat intake and poor adherence to dietary guidelines may exacerbate 
memory vulnerabilities in individuals with metabolic health risks. Our findings underscore the importance of precision 
nutrition strategies tailored to an individual’s metabolic profile, as these could optimize cognitive outcomes and help 
prevent cognitive decline in at-risk populations. Specifically, individuals with elevated triglycerides may benefit from 
reducing saturated fat intake. While the adhering to the US dietary guidelines may offer general benefits for cognitive 
health, our results emphasize the importance of limiting saturated fat intake for those with high triglycerides. Overall, 
these findings suggest that dietary interventions targeting saturated fat could improve cognitive health in midlife 
individuals at risk for cognitive decline. Although we did not directly examine the replacement of saturated fat with 
other macronutrients, future research should explore how such substitutions may protect cognitive function in those with 
and without metabolic risk. Future studies should also examine the interactions between diet and cognitive function, 
particularly in populations with comorbid metabolic risk factors.
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