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ARTICLE INFO ABSTRACT

Keywords: Background: APOE-e4 is the strongest genetic risk factor for Alzheimer's disease. However, the influence of APOE-e4
Cognition on dietary fat intake and cognition has not been investigated.

Dietary fat Objective: We aim to examine the association of types of dietary fat and their association to cognitive decline among
éz}?:frt those with and without the APOE-e4 allele.

Saturated fat Methods: The study included 3,360 Chicago Health and Aging Project (CHAP) participants from four Southside Chicago
Nutrition communities. Global cognition was assessed using a composite score of episodic memory, perceptual speed, MMSE,

Long-chain fatty acid

and diet using a 144-item food frequency questionnaire. APOE genotype was assessed by the hME Sequenom mass-
array platform. Longitudinal mixed-effect regression models were used to examine the association of dietary fat and the
APOE-e4 allele with cognitive decline, adjusted for age, sex, education, smoking status, and calorie intake.
Results: The present study involved 3,360 participants with a mean age of 74 at baseline, 62% African Americans,
63% females, and a mean follow-up of 7.8 years. Among participants with the APOE-e4 risk allele, higher intakes of
total and saturated fat (SFA) were associated with a faster decline in global cognition. Among individuals with the
APOE-e4 risk allele, a 5% increase in calories from SFA was associated with a 21% faster decline (3 = —0.0197,P =
0.0038). In contrast, a higher intake of long-chain n-3 polyunsaturated fatty acids (LC-n3 PUFA) was associated with
a slower rate of decline in global cognition among APOE-e4 carriers. Specifically, for every 1% energy increment
from LC-n3 PUFA, the annual rate of global cognitive decline was slower by 0.024 standardized unit (SD 0.010,P =
0.023), about 30.4% slower annual cognitive decline. Higher SFA or other types of dietary fat were not associated
with cognitive decline among APOE-e4 non-carriers.
Conclusions: Our study found a significant association between SFA and faster cognitive decline, LC-n3 PUFA and
slower cognitive decline among those with the APOE-e4 allele. Our findings suggested that higher intake of SFA
might contribute faster cognitive decline in combination with APOE-e4 whereas LC-n3 PUFA might compensate the
adverse effects of APOE-e4. The interaction between intakes of different types of dietary fat and APOE-e4 on
cognitive function warrants further research.
© 2024 Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

groups [1]. However, in a recent randomized controlled trial the
MIND diet had minimal impact on rates of cognitive decline [2].

Alzheimer's disease and related dementia (ADRD) is a devastating
neurodegenerative condition that significantly affects the quality of
life in older adults. Primary prevention through modifiable lifestyle
factors, including diet, has become a high public health priority.
Previous evidence demonstrated that adherence to specific dietary
patterns, i.e., MedDiet, MIND diet, and DASH diet, was associated
with slower cognitive decline in older adults across various racial
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The heterogeneity among previous findings might be partially
attributed to the participant's apolipoprotein E polymorphisms
(APOE-e4 risk allele carriers versus non-carriers). Currently, there is
a lack of long-term human studies to determine the practical
nutritional approach for preventing AD in APOE-e4 carriers,
considering the mechanisms through which this genetic variation
confers an increased risk of AD.
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Emerging evidence from animal models and human studies demon-
strated that ApoE4 impacts blood brain barriers (BBB) integrity [3],
microglial and inflammation pathways [4], astrocytes lipid metabolism
[5,6], and energy utilization in the brain [7,8]. Our previous
investigation showed that higher consumption of saturated fatty acids
was associated with an increased risk of AD and a faster rate of decline in
global cognition [9,10]. However, the impact of APOE-e4 phenotypes on
the association of dietary fat and cognitive function is not fully
understood. The present study further examines the association between
intakes of different fat types and the influence of the APOE-e4 risk allele
on global cognition among older adults.

2. Material and methods
2.1. Study population

The analytic sample was drawn from the Chicago Healthy Aging
Project (CHAP), a longitudinal, bi-racial, population-based study of AD
dementia [11]. The CHAP study recruited and enrolled participants 65
years or older from neighborhoods of south side Chicago. Details of the
study design were published previously [11]. In 1993, 6158 individuals
participated in an in-home interview. Information on demographic
variables, health status, and current functioning was collected. Physical
and cognitive performance were assessed as part of the in-home
interview. The interview was conducted in three-year intervals up to
six cycles. 62% of CHAP participants were self-identified as African
Americans (AA).

2.2. Cognitive assessment

During the in-home interview at each cycle, we used four functioning
tests to assess cognitive performance, including two measures of episodic
memory: immediate and delayed recall in the East Boston Story [12,13],
one measure of perceptual speed: the oral form of the Symbol Digit
Modalities Test [14], and the Mini-Mental State Examination [15]. The
raw score of each test was transformed to z scores using the mean and
standard deviations from the total population at baseline. We created a
composite z score to assess global cognition by averaging z scores from all
four tests, with positive scores suggesting better performance [16].
Combining all four tests creates a global measure based on our previous
principal components analysis, with all four tests having loadings of 0.79
or higher on a single factor, accounting for 74% of the variance [17]. This
approach reduces the potential effects of skewness and floor or ceiling
effects that might come from individual tests.

2.3. Dietary assessment

We used a validated semi-quantitative food frequency questionnaire
(FFQ) with over 144 items to measure the usual intake of foods, vitamins,
and minerals [18]. The use of modified FFQ in older Chicago residents
was validated and reported in our previous publication [18]. Participants
were asked about their average consumption frequency of each food with
pre-determined portions over the preceding year. USDA and Harvard food
composition databases were used to calculate the nutrient intake. The
average fat intake was calculated by multiplying the consumption of each
food by its fat content and summing the fat intake across all food items.
The intake of varying types of fat was expressed as a percent of total
energy intake. Supplements of LC n-3 fatty acids were not included in
these analyses.

2.4. Apolipoprotein E e4-allele
Two single nucleotide polymorphisms (SNPs), rs7412 and rs429358,

were used to determine APOE-e4 genotypes. We used the hME Sequenom
MassARRAY platform (Sequenom, Inc., San Diego, CA) to measure these
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SNPs at the Broad Institute at Harvard University (Cambridge,
Massachusetts) [19]. For SNP rs7412 and SNP rs429358, genotyping
call rates were 100% and 99.8%, respectively. An indicator variable was
created based on the two SNPs for participants with one or more copies of
the APOE-e4 risk allele.

2.5. Assessment of covariates

Participants' social and demographic characteristics, for instance, age
(years), sex (male/female), education (number of years in school),
smoking status (never smoker versus current or former smoker), and
ethnicity, were collected using the 1990 US Census questionnaire during
the in-home interview [17]. Weight (kg) and height (meters) were also
measured and later calculated to BMI (kg/meter?). The cognitive activity
score was derived from a composite measure of the frequency of
participation in 7 cognitive activities [17]. The history of myocardial
infarction or use of digitalis determined heart disease. Stroke history was
self-reported. Hypertension was determined by self-reported or measured
systolic blood pressure of 160 mm Hg or higher or diastolic blood pressure
of 95 mm Hg or higher. Diabetes mellitus was either self-reported or the
use of antidiabetic medication.

3. Statistics

The primary outcome was the decline rate in global cognition. We
used the dietary fat intake from the first available FFQ for the primary
analysis. We included participants who responded to the FFQ, had APOE
phenotype assessment, and had more than two cognitive assessments. We
excluded participants with implausible energy intake (<600 or >3500
kcal/d for women or <800 or >4200 kcal/d for men) or with BMI > 55 or
MMSE < 10. The final analyses included 3360 participants (Supplemental
Fig. S1).

Each dietary fat variable was modeled as continuous variables
expressed as a percentage of total calorie intake and categorical variables
in quintiles based on the present data distributions. Data are presented as
mean and standard deviations (SDs) for continuous variables and
frequency (%) for categorical variables. Dietary fat variable was first
modeled as a continuous variable.The {3 coefficient represents the rate of
global cognitive decline during the follow-up period. We then modeled
the dietary fat variable as categorical variables, the 3 coefficient
represents the differences in the decline rate in global cognition compared
to the reference group. A higher [3 coefficient represents a slower rate of
decline in global cognition.

We used linear mixed models to examine the association between each
type of dietary fat exposure and the longitudinal change in global
cognition. The mixed model allows for within-individual and between-
individual variations. The basic model (Model 1) of longitudinal change
in cognition included age (years), sex (F/M), education (years), calorie
(kcal), smoking status, race, time, and their respective interactions with
time. Time was defined as years of follow-up since baseline (time of first
available FFQ). We also adjusted models for cardiovascular comorbid-
ities, including history of hypertension, diabetes, myocardial infarction,
stroke, and their respective interactions with time. SAS version 9.4 was
used for data analysis with a type 1 error rate for significance at 0.05, and
all tests were 2-sided.

4. Results

The mean (SD) age of participants was 74.1 (6.3) years for those with
APOE-e4 risk allele carriers and 73.3 (6.0) years for the non-carriers
(Table 1), with a higher proportion of AA participants (55.1%) among the
risk allele carriers. The mean consumption of total fat, animal fat, and
saturated fat, as percent energy (SD), was 30.7% (5.5), 14.5% (4.4), and
9.9% (2.4) for APOE-e4 carriers which was marginally higher compared
to non-carriers (Supplemental Fig. S2).
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Table 1
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Baseline characteristics of CHAP study participants with or without APOE-£4 risk allele.

All (N = 3360) APOE-e4 non-carrier (N = 2263) APOE-e4 carrier (N = 1097)
Age,y 73.9 (6.2) 74.1 (6.3) 73.3 (6.0) <0.001
Education, y 13.0 (3.4) 13.0 3.4 13.0 (3.4) 0.79
Former smoker, No. (%) 1355 (40) 908 (40) 0447 (41) 0.74
Body mass index 27.9 (5.6) 27.9 (5.6) 28.1 (5.5) 0.32
Calories, kcal 1714 (592) 1716 (589) 1709 (596) 0.74
Sex, No. (% F) 2146 (64) 1469 (65%) 677 (62%) 0.07
Race, No. (% black) 1972 (59) 1242 (55%) 730 (67%) <0.001
Total Fat (%) 30.5 (5.4) 30.7 (5.5) 30.2 (5.4) 0.015
Animal fat (%) 14.3 (4.4) 14.5 (4.4) 14.1 (4.4) 0.015
Vegetable fat (%) 16.2 (4.0) 16.2 (4.1) 16.1 (3.9) 0.53
Saturated fat (%) 9.8 (2.4) 9.9 (2.4) 9.6 (2.3) <0.001
Monounsaturated fat (%) 11.3 (2.2) 11.4 (2.2) 11.2 (2.2) 0.05
Polyunsaturated fat (%) 6.5 (1.5) 6.5 (1.5) 6.5 (1.5) 0.85
Long chain n-3 fatty acid (%) 0.08 (0.05) 0.08 (0.05) 0.08 (0.05) 0.78
Trans fat (%) 1.9 (0.6) 1.9 (0.6) 1.8 (0.6) 0.59
Abbreviation: APOE, apolipoprotein E.
Data are mean (SD) for continuous variablesn (%) for categorical variables.
Fat intakes are expressed as % energy.
P-values were calculated using *Welch Two Sample t-test; Wilcoxon rank sum test; Pearson's Chi-squared test.
Table 2
Association of intakes of total fat and varying types of fat (%) and annual cognitive function change in participants with or without APOE-g4 allele.
Fat intake Participants with APOE-e4 allele® P-value Participants without APOE-e4 allele® P-value
Total fat (5%) Model 1 —0.007 (0.003) 0.022 0.000 (0.002) 0.778
Model 2 —0.006 (0.003) 0.039 —0.001 (0.001) 0.621
Saturated fat (5%) Model 1 —0.020 (0.007) 0.004 —0.001 (0.004) 0.731
Model 2 —0.020 (0.007) 0.004 —0.002 (0.004) 0.575
Monounsaturated fat (5%) Model 1 —0.011 (0.007) 0.110 0.000 (0.004) 0.994
Model 2 —0.010 (0.007) 0.159 —0.001 (0.004) 0.799
Polyunsaturated fat (5%) Model 1 —0.009 (0.011) 0.401 —0.001 (0.005) 0.860
Model 2 —0.005 (0.010) 0.622 —0.001 (0.005) 0.859
Long-chain n-3 fatty acid 1%)° Model 1 0.021 (0.010) 0.044 —0.003 (0.006) 0.621
Model 2 0.024 (0.010) 0.023 —0.002 (0.006) 0.719
Trans fat (1%) Model 1 —0.010 (0.007) 0.147 0.001 (0.003) 0.758
Model 2 —0.009 (0.007) 0.212 0.002 (0.003) 0.548
Animal fat (5%) Model 1 —0.005 (0.004) 0.138 —0.002 (0.002) 0.286
Model 2 —0.005 (0.004) 0.203 —0.003 (0.002) 0.159
Vegetable fat (5%) Model 1 —0.006 (0.004) 0.116 0.002 (0.002) 0.434
Model 2 —0.006 (0.004) 0.137 0.002 (0.002) 0.390

Abbreviation: APOE, Apolipoprotein E.

Model 1 was adjusted for age (years), sex (F/M), education (years), calorie (kcal), smoking status, race, and their respective interactions with time.
Model 2 was Model 1 further accounted for numbers of cardiovascular disease comorbidities.

Bold values are statistically significant with a P value < 0.05.

# Data are expressed as [3 (SD) representing the additional decline due to a 5% or 1% increase in intakes of varying types of fat.

b Long-chain n-3 fatty acid from food sources only without supplementation.

Higher intakes of total fat and SFA were associated with a faster
decline of global cognition among participants with the APOE-e4 risk
allele. Among these high-risk participants, an increase of 5% calories from
total fat and SFA was associated with a faster decline in global cognitive
score by -0.006 SDU (SD 0.003, P = 0.039) and -0.02 SDU (SD 0.007,P =
0.004), respectively (Table 2). For individuals with APOE-e4 allele, those
in the highest quintile of saturated fat consumption had a more rapid
decline in global cognitive score by -0.037 SDU (SD 0.011) than those in
the lowest quintile (Table 3).

In contrast, higher intakes of dietary LC-n3 fatty acid were associated
with a significantly slower cognitive decline in individuals with the
APOE-e4 risk allele. Every 1%-energy increment from LC n-3 fatty acid
was associated with a slower global cognitive decline by 0.024 SDU (SD
0.010, P = 0.023, Table 2). Among APOE-e4 carriers, individuals in the
highest quintile of LC-n3 fatty acid intake had a significantly slower
global cognitive score decline by 0.036 SDU (SD 0.016) compared with
those in the lowest quintile (Table 3).

Among APOE-e4 carriers, a person at the 95th percentile of SFA intake
(14.2% energy) has a 33% faster decline (Fig. 1) compared to a person at

the 5th quantile (6.3% energy). In contrast, the effects on cognition for a
person at the 95th percentile of LC-n3 fatty acids from food sources
(0.15% energy, equivalent to 248 mg) had a 30.4% slower decline in
global cognition compared to a person at the 5th percentile (0.01%
energy, equivalent to 19 mg) (Fig. 2). There was no association between
intakes of different types of fat and global cognition among APOE-e4 non-
carriers.

5. Discussion

In the present study, we observed that a higher intake of SFA was
associated with a significantly faster decline in global cognition among
individuals with a genetic predisposition to AD. In contrast, higher
intakes of LC-n3 fatty acid were associated with slower decline among
those with the APOE-e4 risk allele. In the present study, the mean total
and SFA intake was 30.6% and 9.9 % at baseline year. The average intake
of LC-n3 fatty acid was 0.08% (130 mg) per day. The consumption levels
were compatible with intakes of total fat and SFA reported in the Nurses'
Health Study and Health Professional Follow-Up Study [20]. Our findings
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Table 3
Association of intakes of total fat and varying types of fat in quintiles and annual cognitive function change in participants with or without APOE-€4 allele.
Q1 Q2* Q3* Q4° Q5°
(n = 762) (n = 763) (n = 763) (n = 763) (n = 762)

Total fat (%)
Median (min, max) 23.6 (8.7, 26.2) 28.1 (26.2, 29.5) 30.9 (29.5, 32.2) 33.5(32.2, 35.0) 37.3(35.0, 54.9)
with APOE-e4 Ref. —0.004 (0.009) —0.008 (0.010) —0.019 (0.010) —0.015 (0.010)
without APOE-e4 Ref. —0.007 (0.005) —0.003 (0.005) —0.005 (0.005) —0.004 (0.005)
Saturated fat (%)
Median (min, max) 7.0 (1.9, 8.0) 8.7 (8.0, 9.3) 9.8 (9.3, 10.3) 10.9 (10.3, 11.7) 12.9 (11.7, 20.4)
with APOE-e4 Ref. 0.002 (0.009) —0.016 (0.009) —0.001 (0.009) —0.037 (0.011)
without APOE-e4 Ref. 0.000 (0.005) 0.001 (0.005) 0.001 (0.005) —0.004 (0.005)
Monounsaturated fat (%)
Median (min, max) 8.5 (2.7, 9.6) 10.3 (9.6, 10.9) 11.4 (10.9, 12.0) 12.5 (12.0,13.1) 14.1 (13.1, 24.5)
with APOE-e4 Ref. —0.003 (0.010) —0.001 (0.009) —0.019 (0.010) —0.009 (0.010)
without APOE-e4 Ref. —0.007 (0.005) —0.006 (0.005) —0.002 (0.005) —0.003 (0.005)
Polyunsaturated fat (%)
Median (min, max) 4.7 (1.5, 5.3) 5.7 (5.3,6.1) 6.4 (6.1, 6.7) 7.1(6.7,7.7) 8.4(7.7,15.2)
with APOE-e4 Ref. —0.006 (0.010) 0.001 (0.010) —0.002 (0.010) —0.010 (0.010)
without APOE-e4 Ref. 0.005 (0.005) 0.003 (0.005) —0.002 (0.005) —0.001 (0.005)
Long-chain n-3 fatty acid” (%)
Median (min, max) 0.02 (0.0, 0.03) 0.04 (0.03, 0.05) 0.06 (0.05, 0.07) 0.09 (0.07, 0.10) 0.14 (0.10, 0.45)
with APOE-e4 Ref. 0.017 (0.014) 0.034 (0.014) 0.022 (0.015) 0.036 (0.016)
without APOE-e4 Ref. —0.003 (0.008) —0.003 (0.009) —0.005 (0.009) 0.003 (0.010)
Trans fat (%)
Median (min, max) 1.2 (0.5, 1.3) 1.5(1.4,1.6) 1.8 (1.6,1.9) 2.1 (1.9, 2.3) 2.7 (2.3,5.4)
with APOE-e4 Ref. 0.004 (0.012) 0.004 (0.012) —0.004 (0.012) —0.020 (0.013)
without APOE-e4 Ref. 0.004 (0.006) 0.004 (0.006) 0.004 (0.006) 0.001 (0.006)
Animal fat (%)
Median (min, max) 9.2 (1.0, 10.8) 12.1 (10.8, 13.1) 14.1 (13.1, 15.2) 16.4 (15.3, 17.8) 20.2 (17.8, 34.0)
with APOE-e4 Ref. 0.018 (0.009) —0.013 (0.010) 0.008 (0.009) —0.014 (0.010)
without APOE-e4 Ref. —0.006 (0.005) 0.000 (0.005) —0.006 (0.005) —0.004 (0.005)
Vegetable fat (%)
Median (min, max) 11.3 (3.8, 12.8) 14.0 (12.9, 15.0) 16.1 (15.0,17.1) 18.1 (17.1,19.4) 21.3 (19.4, 37.9)
with APOE-e4 Ref. —0.002 (0.010) —0.009 (0.010) —0.009 (0.010) —0.014 (0.010)
without APOE-e4 Ref. 0.006 (0.005) 0.003 (0.005) 0.007 (0.005) 0.001 (0.005)

Model adjusted for age (years), sex (F/M), education (years), calorie (kcal), smoking status, race, numbers of cardiovascular disease comorbidities, and their respective
interactions with time.

@ Data are expressed as [3 (SD) representing the additional change to the rate of annual cognitive function change compared to Q1.

b Long-chain n-3 fatty acid from food sources only without supplementation Abbreviation: APOE, Apolipoprotein E.
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Fig. 1. Intakes of saturated fat (%) and annual cognitive function change among participants with or without APOE-¢4 allele (n = 3360).

Intakes of saturated fat (%) were modeled and accounted for age (years), sex (F/M), education (years), calorie (kcal), smoking status, race, numbers of cardiovascular
disease comorbidities, and their respective interactions with time.

Red line represents participants with a saturated fat intake at the 5th percentile.

Blue line represents participants with a saturated fat intake at the 95th percentile.
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Fig. 2. Intakes of long-chain n-3 fatty acid (%) and annual cognitive function change among participants with or without APOE-g4 allele (n = 3360).
Intakes of long-chain n-3 fatty acid (%) were modeled and accounted for age (years), sex (F/M), education (years), calorie (kcal), smoking status, race, numbers of

cardiovascular disease comorbidities and their respective interactions with time.

Red line represents participants with long-chain n-3 fatty acid intake at the 5th percentile.
Blue line represents participants with long-chain n-3 fatty acid intake at the 95th percentile.

highlight the critical roles of dietary fats in preventing cognitive decline in
older adults with a genetic predisposition to AD.

Higher intakes of SFA were associated with an increased risk of AD [9].
Two studies examined the relationship between SFA and dementia risk
and reported a more profound risk in APOE-e4 carriers [21], with one
study limited to mid-age cognitively healthy adults [22]. APOE plays a
critical role in lipid transport. In the brain, APOE-e4 has effects on
astrocytes and lipid metabolism [7]. Evidence from the transgenic animal
model demonstrated that APOE-e4 increased brain inflammation through
upregulated expression of NF-kappaB-regulated genes in response to
inflammatory insults [23]. Diets high in SFA induced inflammation [24-
26]. Given the suggested increased brain inflammation associated with
APOE-e4, a diet high in SFA might partially exacerbate the adverse effects
of inflammation. APOE-e4 also affects brain lipid metabolism. A recent
investigation demonstrated that APOE-e4 has detrimental effects on brain
fatty acid metabolism and homeostasis, which accelerated lipid
dysregulation and energy deficits, increasing AD risk among APOE-e4
carriers [6]. Higher intake of SFA might contribute to an unfavorable fatty
acid profile in the brain, leading to adverse effects in combination with
APOE-e4.

Previous evidence showed that higher fish consumption was
associated with slower cognitive decline and risk of AD [10,27]. Fatty
fish are rich sources of LC-n3 fatty acids, including DHA and EPA. DHA is
essential for brain function. Previous evidence suggested that the fatty
acid composition of AD brains was modified [28] compared to the non-AD
brains with an increase in SFA component and a decrease in long-chain
PUFA [29]. Emerging evidence supports that fatty acid homeostasis is
different between APOE-e4 carriers versus non-carriers. One study with a
small sample size demonstrated that APOE-e4 carriers utilized DHA at a
higher rate through beta-oxidation compared to non-carriers [30], and a
higher rate of incorporating DHA in several brain regions was reported in
younger adults using PET imaging [31]. Hence, we hypothesize that a
higher dietary intake of LC-n3 fatty acid, including DHA, may quench the
higher metabolic demand among APOE-e4 carriers, thus preserving
global cognition and preventing cognitive decline. In addition, evidence
from animal models suggested other targeted pathways involved in DHA
improved AD pathologies and preserved microglia function [7]. APOE-e4

carriers are prone to exhibit BBB dysfunction, which can impair DHA
transportation to the brain [32]. Therefore, a higher dose of DHA may be
needed to compensate for the genetic disadvantage. In the present study,
we observed that individuals at the highest consumption levels among the
carriers were associated with a significantly slower rate of decline in
global cognition. Our findings and previous evidence suggest compensa-
tory mechanisms for an increased metabolism and utilization of LC-n3
PUFAs compared to non-carriers.

It is worth noting that macronutrients are not consumed in isolation
but in the matrix of foods and as part of dietary patterns. Epidemiological
evidence suggests various dietary patterns, i.e., the MedDiet, MIND, and
DASH, were preventive for cognitive decline. However, the recently
published randomized controlled trial on the MIND diet on cognitive
decline showed minimal effects. It is plausible that the dietary
intervention might be associated with and specific to APOE-e4 carriers.

The present study has several strengths, including its prospective
design in a biracial community, the in-person evaluation of global
cognitive function, and a large sample size of participants with APOE-e4
genotype assessment. There are a few limitations to be considered. First,
the dietary fat intake was self-reported FFQ, although previous studies
demonstrated the validity of FFQ using objective biomarkers in older
adults [18,33]. In the present study, we examined the association of
dietary data and cognitive decline using first available FFQ; therefore, we
were unable to capture causal associations of changes of diet and
cognitive function over time. We excluded participants with MMSE less
than 10 to address potential recall errors related to cognitive decline.
Given the observational study design, residual confounding from other
factors is possible. We must caution against a causal interpretation of
findings. Future studies are warranted to validate our findings using
objective blood markers and further investigate the mechanisms of
dietary fat on cognition.

6. Conclusions
In the present study, the association of intakes of different types of

dietary fat and decline in global cognition was specific to APOE-e4
carriers. Among those APOE-e4 carriers, higher intakes of unhealthy fat
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were associated with a faster decline in global cognition, whereas a higher
intake of LC-n3 PUFAs was associated with a slower decline. The
mechanisms targeted on fatty acids metabolism and utilization in the
brain among high-risk populations warrant further research. Precision
nutrition targeting metabolic pathways altered by APOE4 might provide
a tool for preventing the disease.
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