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Abstract

BACKGROUND: Dietary cholesterol has been confirmed to
be associated with high risks of diabetes, hypertension, and
stroke, but whether it is detrimental to cognitive health is
highly debated. This study aimed to investigate the associations
between dietary cholesterol and all-cause dementia and AD
dementia.

METHODS: This prospective study analyzed Framingham
Offspring Study cohort (FOS) participants who were dementia-
free at baseline and had detailed information on daily diet
(measured by food frequency questionnaires) and demographic
characteristics. Surveillance for incident dementia commenced
at examination 5 (1991-1995) through 2018 and continued for
approximately 30 years.

RESULTS: A total of 3249 subjects were included with a mean
age of 54.7 years (SD: 9.8). During a median follow-up of 20.2
years (interquartile range: 14.2-24.8), a total of 312 incident
dementia events occurred, including 211 (67.7%) cases of
AD dementia. After multivariate adjustments for established
dementia risk factors, participants with the highest intake
of dietary cholesterol had a lower risk of all-cause dementia
(HR: 0.70; 95% CI: 0.57-0.93) and AD dementia (HR: 0.68; 95%
CI: 0.60-0.88) relative to individuals with the lowest intake.
However, the associations were not significant for the group
with a medium intake of dietary cholesterol.

CONCLUSION: High intake of dietary cholesterol was
associated with a decreased risk of all-cause dementia and AD
dementia. The findings of this observational study need to
be confirmed by other studies to highlight the role of dietary
cholesterol in the development of neurodegenerative diseases.

Key words: Dietary cholesterol, dementia, Alzheimer’s disease,
Framingham Offspring Study.

Introduction

ementia is a group of cognitive dysfunctions,
Dincluding thinking, memory, and reasoning.
Furthermore, as one of the most prevalent
neurodegenerative diseases, dementia, whose main
subtype is Alzheimer’s disease (AD), has caused a heavy
disease burden and posed a great public health challenge

worldwide (1, 2). However, the pathophysiological
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processes leading to dementia have not been fully
elucidated, and there are no effective strategies to treat
dementia or to delay cognitive decline (3). Therefore, it is
necessary to target risk factors to prevent dementia in the
elderly and delay the onset of the disease. Diet and other
lifestyle factors have been identified as important and
promising modifiable risk factors for dementia (4-7).

High intake of dietary cholesterol, such as eggs,
red meat, poultry, and full-fat dairy products, has
traditionally been stigmatized with warnings since it
was associated with high risks of hypercholesterolemia,
diabetes, hypertension, and stroke (8, 9). However,
associations between dietary cholesterol and dementia
have not been fully investigated, and the results of
previous studies have been inconsistent. Meta-regression
analyses indicated a positive, nonlinear relation between
dietary cholesterol and LDL-C, a known risk factor for
dementia, and dietary cholesterol intake was significantly
higher in subjects with altered cognitive performance
(10-12). In contrast, inverse associations between dietary
cholesterol and mild cognitive impairment (MCI), which
is a precursory stage of dementia, were shown in a cross-
sectional study (13). There have also been reports of
no significant dietary cholesterol-dementia associations
(14). In summary, the conclusion of these studies has
been limited by the presence of high variability in study
design, including heterogeneous patient populations,
incomprehensive diet assessment, and varied prevalence
of dementia risk factors in the population studied.
Regarding outcomes, the existing studies have also been
limited by inaccurate and nonstandard surveillance,
diagnosis, and subtype of dementia.

Hence, we examined the long-term associations
between dietary cholesterol and risks of all-cause
dementia and AD dementia in the Framingham
Offspring Study cohort, a large prospective study of the
US community population with detailed demographic
characteristics, medical history, and lifestyle factors and
over decades of follow-up.
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Methods

Study Design and Population

The Framingham Heart Study (FHS) involves a series
of ongoing, prospective, population-based cohorts from
the town of Framingham, MA, USA. The Original cohort
was established in 1948, and the Framingham Offspring
Study cohort (FOS, ClinicalTrials.gov: NCT00005121)
was established in 1971, including children of the
Original cohort and their spouses. The Offspring cohort
recruited 5,124 participants who were studied over nine
examination cycles at approximately four-year intervals,
with the latest one concluding in 2018. At each exam, each
subject underwent standardized interviews, physician
examinations, laboratory tests, lifestyle habit assessments,
and continuous surveillance for various incident
outcomes, including dementia. Details of the Framingham
Offspring Cohort have been described previously (15).
All participants provided written informed consent. The
original study protocol was approved by the institutional
review board and Boston University Medical Center,
and the present secondary study was approved by the
institutional review board for human research at the First
People’s Hospital of Chongging Liang Jiang New Area.

Dietary assessment

The Harvard semiquantitative Food Frequency
Questionnaire (FFQ) was used to assess dietary
cholesterol intake. The FFQ consists of a list of foods
with standard serving size, with the selection of 9
frequency categories for each food ranging from never or
< 1 serving/month to =6 servings/day. Participants were
asked to report their frequency of intake of each food item
during the year prior and the frequencies and doses of
vitamin and mineral supplements used. We considered
individual FFQs to be valid if there were <13 blank items
and the estimated daily caloric intake was =600 kcal/d
and <4000 kcal/d for women or <4200 kcal/d for men
(16).

For the present study, examination cycle 5 was
defined as the baseline, since it was the first and only
thorough and intact evaluation of dietary cholesterol
intake, and confounders were obtained at this time point.
Nutrients and energy intake were derived by multiplying
the nutrients and energy content of each food of the
specific portion size by the frequency of consumption as
stated on the FFQ and then summed over all food items.
Consumption frequencies of food items were converted
into estimated numbers per day using the median.
Estimated daily cholesterol (mg/d), total energy (Cal/d),
alcohol (g/d), carbohydrate (g/d), protein (g/d) and fat
(g/d) intakes were derived.

Outcome ascertainment

Methods used for dementia screening and follow-
up have been previously described (17, 18). Our
primary outcomes of interest included the incidence
of all-cause dementia and AD dementia, both of which
were determined a priori and assessed through 2018. A
diagnosis of dementia was made in accordance with the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition. Alzheimer’s disease was based on the
National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) for
definite, probable, or possible AD (19, 20). Full methods
for dementia surveillance and confirmation are described
in the eMethods in the Supplement..

Covariates

In these analyses, those factors that have been
demonstrably considered risk factors for dementia were
found to be confounders. The clinical covariates were
drawn from the most recent examination cycle during the
period of dietary cholesterol intake assessment (5th exam
cycle).

Body mass index (BMI) was defined as the ratio of
weight to squared height. Waist circumstance (WC)
was measured by a trained professional by applying
anthropometric tape at the level of the umbilicus. Physical
activity was self-reported using the physical activity
index (PAI). Smoking was categorized into two groups
(current smokers and not current smokers). We classified
participants as having diabetes mellitus if they had
fasting blood glucose concentrations >7 mmol/L or used
hypoglycemic medications and as having hypertension if
systolic blood pressure (SBP) >140 mmHg, diastolic blood
pressure (DBP)>90 mmHg, or use of antihypertensive
medications. Mini-mental score examination (MMSE),
employment status (working, retired or unemployed),
personal income (>25,000 dollar/year or not), marital
status (single, married, no longer married, unknown)
and educational level (no high school degree, high school
degree, some college, college degree) were assessed by
medical interviews. Fasting (=8 h or overnight) blood
samples were drawn to assess the concentrations of total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C) and glucose.

Statistical Analysis

Baseline characteristics of participants were described
by equal tertiles of dietary cholesterol intake. Means
and standard deviations are presented for continuous
variables and were tested by variance (ANOVA).
Frequency and percentage are presented for categorical
variables and tested by chi-square test. Follow-up time
was calculated as the time from the date of the baseline
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FFQ through date of diagnosis of dementia, date of
death, date of not consenting to follow-up, or date of the
end of the latest survey, whichever came first. We used
Cox proportional hazards models to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls) of all-
cause dementia or AD dementia associated with dietary
cholesterol intake. The lowest tertile of intake formed the
reference category, and the continuous variable for each
exposure was used to calculate the P value for trend. In
multivariable adjustment, potential confounder selection
was based on literature and deferring to statistical criteria.
Model 1 was adjusted for sex, age, MMSE at baseline,
and education level. Model 2 was further adjusted for
SBP, prevalent hypertension, LDL-C, prevalent diabetes
mellitus, current smoking, alcohol consumption,
employment status, dietary fiber intake, total energy
intake, personal income, marital status, PAI, and BMIL.
Schoenfeld residuals were used to check proportionality
assumptions. Kaplan—-Meier curves were used with
adjustment for age and sex to describe all-cause dementia
and AD dementia risk according to dietary cholesterol
intake. To assess how robust our results were to the
potential unmeasured confounding, we calculated the
E-value through an online calculator (https://www.
evalue-calculator.com/) (21, 22), with an assumption
of outcome prevalence less than 15%. The E-value
represents what the minimum HR would have to be for
an unmeasured confounder, conditional on the measured
covariates, to negate the observed association of diet
cholesterol consumption with all-cause dementia and
AD dementia. A competing risk regression analysis was
conducted to avoid risk overestimation where death was
set as a competing risk event for dementia. Analyses were
performed using SPSS version 23 (SPSS Inc., Chicago,
IL, USA) and Stata statistical software, version 15 (Stata
Corporation, College Station, Texas, USA). A 2-sided
P<0.05 was considered statistically significant. All
analyses were performed based on a predefined statistical
analysis plan (available on request).).

Results

Participant characteristics

Among the 5,124 participants in the FHS-OS, 3341 had
a valid FFQ at the baseline examination (5th cycle) and
over a median of 20.2 years (interquartile range: 14.2-24.8)
of follow-up, 54 subjects lacked information on dementia,
14 subjects were diagnosed with dementia at baseline,
and 24 subjects were lost to follow-up. Therefore, 3249
subjects could be included in the final analyses with a
mean age of 54.7 years (SD: 9.8) (see Figure 1).

Compared with those with a lower cholesterol intake,
participants with a higher cholesterol intake were more
likely to be male, current smokers, married, and working
at that time and to have a higher BMI, WC, PAI, SBP,
DBP, LDL-C, TC, and income. They also tended to have
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a higher intake of total calories, alcohol consumption,
carbohydrates, protein, animal fat, vegetable fat, and
dietary fiber (see Table 1). These excluded persons were
comparable to the subjects in the final analysis (eTable 1
in the Supplement).

Figure 1. Selection of Study Participants in the
Framingham Heart Study

3702 Participants completed the baseline
examination(5™ cycle)

Daily caloric intake of <600 or >3,999
% kecal (women) or <600 or >4,199 (men),
or >13 blanks on FFQ (n = 361)

L]

3341 Participants had valid FFQ assessment

92 Excluded

54 No information about dementia
14 Prevalent dementia at baseline
24 No follow-up for dementia

L]

3249 Participants available for final analysis

Dementia events

The absolute number of dementia events over the
follow-up period was 312, including 121 (38.8%) dementia
events in the low intake group, 108 (34.6%) in the
medium intake group and 83 (26.6%) in the high intake
group, with an overall incidence rate of 5.1 per 1000
person-years. Regarding dementia events with respect to
subtypes and status, see Table 2.

Dietary cholesterol consumption and risk for
dementia

After full adjustment for potential confounders,
including demographic and lifestyle factors and key
dietary nutrients, the highest dietary cholesterol intake
was associated with modestly decreased risks of all-cause
dementia (HR: 0.70; 95% CI: 0.57-0.93; P-trend < 0.001;
E-value=2.21) and AD dementia (HR: 0.68; 95% CI: 0.60-
0.88; P-trend < 0.001; E-value= 2.30) compared with the
lowest tertile of intake. However, the medium tertile of
dietary cholesterol intake tended to increase the risks of
all-cause dementia and AD dementia but lacked statistical
significance (see Table 3). Figure 2 shows the cumulative
incidence curves for all-cause dementia and AD dementia
according to the tertiles of dietary cholesterol intake
after adjustment for age and sex. In the competing risk
regression analysis where death was set as a competing
event, the association between dietary cholesterol
intake and all-cause dementia and AD dementia did
not significantly differ in the Cox proportional hazards
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Table 1. Characteristics of the study sample of the Framingham Offspring Study at baseline dietary cholesterol assessment

Characteristic Tertiles of dietary cholesterol intake, mg/day  Full Sample  P-value
T1 (<171) T2 (171-<255) T3 (>255)
No. of participants 1083 1083 1083 3249
Age(year) 56.1£9.3 54.6+10.0 53.5+9.9 54.7+£9.8 0.983
Male, n (%) 434(40.1) 479(44.2) 603(55.7) 1516(46.7) <0.001
BMI (kg/m?) 26.8+4.8 27.2+4.8 28.2+5.0 274+4.9 <0.001
WC (inch) 35.74£5.6 36.3+£5.5 37.5+5.6 36.5£5.6 <0.001
MMSE 28.9+14 28.9+1.5 28.9+14 28.9+1.4 0.487
Physical activity index 34.1+6.2 34.2+6.7 35.0+7.2 34.4+6.7 0.002
Current smoking, n (%) 98(13.5) 121(16.6) 128(17.6) 526(18.1) <0.001
Prevalent diabetes mellitus, n (%) 32(3.0) 33(3.0) 39(3.6) 104(3.2) 0.650
Treatment for blood pressure, n (%) 221(20.4) 203(18.7) 181(16.7) 604(18.6) 0.086
Systolic blood pressure(mmHg) 126.6+19.4 124.7+17.9 126.9+19 126.1+18.8 0.016
Diastolic blood pressure(mmHg) 74.149.7 74.1£10 75.6+10.3 74.6+10.1 <0.001
LDL-C (mg/dL) 124 4+31.6 126.2+34.1 129.3+£32.6 126.6+£32.8 0.003
TC (mg/dL) 201.8+35.0 204.9+38.7 208.5+36.3 205.1+36.8 <0.001
Income over 25000 dollar/year, n (%) 490(45.3) 472(43.5) 576(53.1) 1537(47.3) <0.001
Employment, n (%) 0.002
Working 383(35.4) 425(39.2) 478(44.1) 1286(39.6)
Retired 544(50.2) 540(49.9) 460(42.6) 1544(47.6)
Unemployed 134(12.4) 108(10.0) 128(11.8) 370(11.4)
Unknown 22(2.0) 10(0.9) 17(1.5) 49(1.5)
Education, n (%) 0.152
No high school degree 47(4.3) 38(3.5) 43(4.0) 43(4.0)
High school degree 388(35.8) 332(30.6) 340(31.4) 354(32.7)
Some college 274(25.3) 292(27.0) 265(24.5) 277(25.6)
College degree 374(34.5) 421(38.9) 434(40.) 409(37.8)
Marital status, n (%) 0.006
Single 43(4.0) 46(4.2) 55(5.1) 144(4.4)
Married 665(61.4) 715(66.0) 755(69.7) 2135(65.7)
No longer married 332(30.7) 275(25.4) 225(20.8) 832(25.6)
Unknown 43(4.0) 47(4.4) 48(4.4) 138(4.3)
Dietary variables
Total caloric intake (Cal/d) 1431944339  1818.3+436.9 2360.9+592.6 1870.4+623.3  <0.001
Alcohol consumption (g/d) 94+14.8 10.6+17.0 12.1£17.4 10.7£16.5 0.001
Carbohydrate(g/d) 198.7+79.8 232.9+76.5 283.9+93.0 238.5+90.4 <0.001
Protein(g/d) 55.8+15.5 75.9+16.3 100.5+26.5 77.4+£27.2 <0.001
Animal fat(g/d) 19.7+6.3 31.7£8.0 49.5+16.6 33.6+16.6 <0.001
Vegetable fat(g/d) 22.5+11.3 28.5+12.5 36.5+16.0 29.2+14.6 <0.001
Dietary fiber(g/d) 16.2+7.8 18.8+7.4 21.9+8.7 19.0+8.3 <0.001

Continuous variables were expressed as mean + SD and categorical variables as number and percentage. Abbreviations: BMI, body mass index; WC, waist circumference; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; MMSE, mini-mental state examination.

model. In detail, comparing the lowest categories for total
WG intake, a 27% (SHR 0.73, 95% CI 0.56-0.92, P=0.001)

lower rate of all dementia and a 30% (SHR 0.70, 95%
CI 0.51-0.89, P=0.001) lower rate of AD dementia in the
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Table 2. Dementia events in subjects by dietary cholesterol intake categories

Outcome

AD dementia, n (%)

Other dementia, n (%)
Dementia status

Mild, n (%)

Moderate, n (%)

Severe, n (%)

Dementia events in follow-up, n

Vascular dementia without AD, n (%)

All Tertilel  Tertile2  Tertile 3
312/3249 121/1083 108/1083 83/1083
211(67.6) 85(70.2) 70(64.8) 56(67.5)

39(12.5) 14(11.6) 15(13.9) 10(12.0)
62(19.9) 22(18.2) 23(21.3) 17(20.5)
126(40.5) 52(43.4) 46(42.3) 30(36.5)
99(31.5) 44(36.1) 29(26.9) 26(31.3)
87(28.0) 25(20.5) 33(30.8)  27(32.3)

Categorical variables were expressed as numbers and percentages; Abbreviations: AD, Alzheimer’s disease.

Table 3. Cox proportional hazard ratios for all-cause dementia and AD dementia of dietary cholesterol intake categories

Variables

No. of participants
Person-years
All-cause dementia
No. of events
Rate per 1000 person-years
Unadjusted
Model 1
Model 2
AD dementia
No. of events
Rate per 1000 person-years
Unadjusted
Model 1
Model 2

Tertiles of dietary cholesterol intake, mg/day

T1 (<171)
1083
20420

121

5.9
1.00 (reference)
1.00 (reference)

1.00 (reference)

85

42
1.00 (reference)
1.00 (reference)

1.00 (reference)

T2 (171-<255)
1083
20508

108

5.3
0.65 (0.53-0.81)
0.70 (0.56-0.88)
0.81 (0.60-1.05)

70

3.4
0.62(0.52-0.76)
0.65(0.53-0.85)
0.77(0.62-1.04)

P for trend
T3 (>255)
1083
20215
83
41
0.52(0.44-0.61) <0.001
0.53(0.48-0.66) <0.001
0.70(0.57-0.93) <0.001
56
2.8
0.47(0.41-0.54) 0.001
0.50(0.45-0.57) <0.001
0.68(0.60-0.88) <0.001

Values are hazard ratios (95% confidence intervals); Model 1: Adjusted for sex, age, MMSE at baseline, and education level; Model 2: Adjusted for model 1 plus, SBP,
treatment of hypertension, LDL-C, prevalent diabetes mellitus, current smoking, alcohol consumption, employment status, dietary fiber intake, total energy intake,
personal income, marital status, PAI, and BMI; Abbreviations: AD, Alzheimer’s disease; MMSE, mini-mental state examination; SBP, systolic blood pressure; LDL-C,

low-density lipoprotein; PAL physical activity index; BMI, body mass index.

Figure 2. Adjusted cumulative incidence of all-cause dementia and AD dementia based on dietary cholesterol intake
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Data are for the cumulative incidence of (A) all dementia, and (B) AD dementia among participants based on dietary cholesterol intake in the Framingham Offspring Study.
Adjustments were made for age and sex; Abbreviations: AD, Alzheimer’s disease; DC, dietary cholesterol.
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Discussion

Using data from a large population-based cohort, we
found that a high intake of dietary cholesterol (over 255
mg/d) was associated with a decreased risk of all-cause
dementia and AD dementia after carefully adjusting for
other dementia risk factors and demographic covariates.
However, a medium intake is not; consequently, a
nonlinear pattern of dietary cholesterol is related to risks
of all-cause dementia or AD dementia.

Recently, the association between diet and dementia
has been a research focus for dementia prevention. For
instance, the Mediterranean-Dietary Approaches to
Stop Hypertension Intervention for Neurodegenerative
Delay (MIND) diet has been proven to be a brain-healthy
diet (23). However, the evidence about the association
between dietary cholesterol intake and risks of dementia
is controversial in either animal or clinical research. For
human-based research, a cross-sectional study recruiting
2,892 elderly subjects in China showed that adequate
dietary intake of monounsaturated fatty acids and
cholesterol was significantly associated with a decreased
risk of MCI, a preclinical stage of AD dementia (13).
However, the Effects and Mechanism Investigation
of Cholesterol and Oxysterol on Alzheimer’s disease
(EMCOA) study included 2514 participants who
completed a selection of comprehensive cognitive tests
and were followed for an average of 2.3 years. Neither
cholesterol nor egg intake was associated with a higher
risk of accelerated global cognitive decline, but in
mixed-effect linear models, quadratic and longitudinal
inverse relations of dietary cholesterol and egg intake
to global cognition, processing speed, and executive
function were observed (24). Furthermore, a prospective
population-based cohort study including 2497 dementia-
free men (aged 42-60 years) with a 21.9-year follow-
up concluded that neither cholesterol nor egg intake is
associated with an increased risk of incident dementia
or AD in Eastern Finnish men. Instead, moderate egg
intake may have a beneficial association with certain
areas of cognitive performance (14). In contrast, dietary
cholesterol and sodium intake was linked to cognitive
impairment in a small sample (12). For basic research, the
association between high cholesterol intake and AD-type
pathologies has been shown comprehensively. In detalil,
hypercholesterolemia accelerates amyloid beta-induced
cognitive deficits, and a high-cholesterol diet given to
Apo lipoprotein E-knockout mice has a differential effect
on the various neurotropic systems in the hippocampus
(25). The inconsistency of clinical research could also be
due to the differences in study design, sociodemographic
characteristics of the study population, nonstandard
diagnosis, subtype for dementia or only assessment for
cognition function, and a lack of enough control for the
covariates. The different lipoprotein metabolism of rats,
mice, rabbits, and humans could be the explanation
for the distinction between animal and human studies

for dietary cholesterol and dementia. Against these
shortages, our study found that dietary cholesterol was
inversely associated with risks of all-cause dementia
and AD dementia at a community population level
with detailed information about dietary intakes,
previously affirmed dementia risk factors and standard
surveillance and diagnosis of dementia. Interestingly,
this association occurred in the high-intake subgroup but
not the medium-intake subgroup, suggesting a nonlinear
relationship that deserves further investigation.

Several hypotheses could explain our findings. First,
dietary cholesterol has been shown to suppress appetite
and decrease plasma ghrelin levels (26). In the healthy
hippocampus, the ghrelin/ GHSR1a signal affects the
learning, motivational, and hedonic components of
eating (27). Emerging evidence suggests that the loss of
GHSR1a induces AD-like hippocampal synaptic stress
and memory deficits, where hippocampal lesions are
one of the earliest lesions to appear in AD and affect
cognitive function (28). Second, eggs (the main source of
dietary cholesterol) were enriched with ovotransferrin,
a glycoprotein associated with a category of transferrin
iron-binding glycoproteins, which is a risk factor for
dementia (29). More specifically, two tripe tides, IRW
and IQW, both derived from ovotransferrin hydrolysis,
were found to attenuate TNF-a-induced inflammatory
responses and oxidative stress in vascular endothelial
cells (30). It has been confirmed that oxidative stress and
neuroinflammation share molecular mechanisms among
all dementia types (31). Finally, the protective effect on
neurodegenerative diseases is potentially related to the
content of zeaxanthin and lutein, which may be beneficial
to cognitive performance across the lifespan. The Third
National Health and Nutrition Examination Survey
(NHANES III) showed that incident all-cause dementia
was inversely associated with serum lutein zeaxanthin
and B-cryptoxanthin levels (32). Correspondingly,
experimental research indicated that rats with oral
zeaxanthin supplementation showed a reduction in the
brain levels of inflammatory indicators, viz. interleukin-
1B and inducible nitric oxide synthetase as well as brain
contents of Af3 protein and myelin base protein (33).

The strengths of our study include its well-
characterized community-based large sample size,
prospective design, long-term follow-up, detailed
information about dietary intakes, accurate diagnosis
and subtype of clinical outcomes, and carefully
comprehensive adjustment for multiple potential
confounders. Of course, our study also has some
limitations. First, although we adjusted for several
confounders, our results may still be subject to residual
confounding due to unrecognized or unmeasured
confounders in the public dataset, such as the Apo-
E4 phenotype for all participants. Second, our dietary
and nutrient intake assessments were based on FFQ
data that tend to contain recall biases and are subject to
measurement error; hence, future research based on better
diet evaluation tools is also warranted. Third, there were
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small numbers of incident events, raising concerns about
selection bias and a lack of statistical power. Fourth, our
study cannot establish causal links between dietary intake
and all-cause dementia and AD dementia because our
analyses were observational. Finally, our results lacked
generalizability because essentially all participants of the
FOS cohort were white and of European descent. Future
studies are necessary to replicate our findings in a more
diverse larger-scale prospective study.

Conclusions

High intake of dietary cholesterol was associated with
a decreased risk of all-cause dementia and AD dementia.
The findings of this observational study need to be
confirmed by other studies to highlight the role of dietary
cholesterol in the development of neurodegenerative
diseases. Our findings support that enough cholesterol
intake may be beneficial in reducing dementia burden,
which is in accordance with the recommendation of
the 2015-2020 US dietary guidelines that eggs are an
important part of a healthy diet. However, nonlinear
associations were also shown in our study, where the
medium intake of dietary cholesterol was not significantly
associated with decreased risks for dementia, and the
upper limit of dietary cholesterol should be clarified in
future studies. Finally, the results of our observational
study are prone to residual confounding and require
confirmation as well.
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