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ABSTRACT

Background: Alzheimer’s disease (AD) is a neurodegenerative disorder with increasing prevalence due to population aging. Eggs provide
many nutrients important for brain health, including choline, omega-3 fatty acids, and lutein. Emerging evidence suggests that frequent egg
consumption may improve cognitive performance on verbal tests, but whether consumption influences the risk of Alzheimer’s dementia and
AD is unknown.

Objectives: To examine the association of egg consumption with Alzheimer’s dementia risk among the Rush Memory and Aging Project
cohort.

Methods: Dietary assessment was collected using a modified Harvard semiquantitative food frequency questionnaire. Participants’ first food
frequency questionnaire was used as the baseline measure of egg consumption. Multivariable adjusted Cox proportional hazards regression
models were used to investigate the associations of baseline egg consumption amount with Alzheimer’s dementia risk, adjusting for po-
tential confounding factors. Subgroup analyses using Cox and logistic regression models were performed to investigate the associations with
AD pathology in the brain. Mediation analysis was conducted to examine the mediation effect of dietary choline in the relationship between
egg intake and incident Alzheimer’s dementia.

Results: This study included 1024 older adults {mean [+standard deviation (SD)] age = 81.38 & 7.20 y}. Over a mean (+SD) follow-up of
6.7 £+ 4.8 y, 280 participants (27.3%) were clinically diagnosed with Alzheimer’s dementia. Weekly consumption of >1 egg/wk (hazard
ratio [HR]: 0.53; 95% confidence interval [CI]: 0.34, 0.83) and >2 eggs/wk (HR: 0.53; 95% CI: 0.35, 0.81) was associated with a decreased
risk of Alzheimer’s dementia. Subgroup analysis of brain autopsies from 578 deceased participants showed that intakes of >1 egg/wk (HR:
0.51; 95% CI: 0.35, 0.76) and >2 eggs/wk (HR: 0.62; 95% CI: 0.44, 0.90) were associated with a lower risk of AD pathology in the brain.
Mediation analysis showed that 39% of the total effect of egg intake on incident Alzheimer’s dementia was mediated through dietary
choline.

Conclusions: These findings suggest that frequent egg consumption is associated with a lower risk of Alzheimer’s dementia and AD pa-
thology, and the association with Alzheimer’s dementia is partially mediated through dietary choline.
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Introduction billion [1-3]. An estimated 6.5 million Americans aged >65 y
are living with AD, and this prevalence has been projected to

Alzheimer’s disease (AD) is among the leading causes of increase to 13.8 million by 2060 [4]. The neuropathology of AD
death and is the most common cause of cognitive decline inolder ~ 1S an imbalance between the production and clearance of
adults. The prevalence of diagnosed AD cases increases expo- ~ amyloid-p (Ap) peptides in the brain that results in the accu-
nentially with age. In 2020, the estimated burden of AD to mulation and aggregation of A plaques, soluble AP oligomers,
United States healthcare costs alone was reported to be $305 and intraneuronal Ap cause injury to synapses. The toxicity of Ap
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is dependent on the presence of microtubule-associated protein
tau and hyperphosphorylated forms that aggregate and deposit
in the brain as neurofibrillary tangles. This persistent accumu-
lation ultimately leads to cholinergic neurodegeneration and
resultant dementia [5]. Genetically, the €4 allele of the apoli-
poprotein E (ApoE) gene, which has been shown to be involved
with the aggregation of Ap plaques, is the strongest risk factor for
late-onset AD [6-9]. The human ApoE gene exists as 3 poly-
morphic alleles—e2, €3, and e4—with an estimated worldwide
frequency of 8.4%, 77.9%, and 13.7%, respectively [10]. The
frequency of the €4 allele has been estimated to be ~40% among
patients with AD [10]. ApoE-e4 has been shown to be involved in
the aggregation of Ap plaques and is 1 of the major risk factors
for early AD onset [11-13].

Effective dietary interventions have the potential to decrease
the burden of AD from both a healthcare and quality-of-life
standpoint. Egg yolks are a rich dietary source of choline,
omega (w)-3 fatty acids, lutein, and other nutrients thought to
affect cognitive health [14-16]. They are the top food source of
choline [17], an essential nutrient that is a precursor to the
neurotransmitter acetylcholine and a critical component to many
phospholipids that comprise cell membranes [18]. The neuro-
protective actions of dietary choline intake have recently been
reviewed by experts in the field [19-21]. Dietary intake of
choline has been hypothesized to rescue this loss in cholinergic
function [19]. At the same time, evidence suggests that ©-3 fatty
acids have the potential to modulate a number of molecular and
cellular processes that affect brain and visual health and in-
flammatory reactions [22]. Further, Mapstone et al. [23]
demonstrated that concentrations of 10 validated lipids (8 of
which contain choline and ®-3 fatty acids) in the peripheral
blood predict phenoconversion to either amnestic mild cognitive
impairment or AD within a 2-3 y timeframe. At the same time,
eggs are a practical dietary intervention strategy for older adults,
owing to their increased palatability compared with other
animal-sourced foods [24].

To our knowledge, no prior studies have investigated the
association between egg consumption and the risk of Alz-
heimer’s dementia or AD among a community-dwelling cohort
of older adults in the United States. Therefore, the primary aim of
this research was to investigate the association between habitual
egg consumption and Alzheimer’s dementia risk using data from
participants enrolled in the Rush Memory And Aging Project
(RMAP). We further assessed the consistency of findings in a
subgroup of deceased cohort participants with brain autopsies
for pathological AD findings.

Methods

Participant characteristics

The RMAP is an ongoing longitudinal prospective cohort study
that enrolled 2152 participants without apparent dementia from
>40 retirement communities and residential facilities throughout
northeastern Illinois between 1997 and 2020 [24]. The RMAP was
funded by the National Institute on Aging, informed consent was
obtained from participants, and the protocol for the cohort data
collection was approved by the institutional review board of Rush
University Medical Center [25]. All participants agreed to annual
clinical evaluations and brain donation at the time of death. Di-
etary assessment was introduced to the study in 2004; since then,
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1064 participants have completed >1 food frequency question-
naire (FFQ). For this study, we excluded 7 participants with
missing egg consumption data, 1 with missing age information,
and 15 with Alzheimer’s dementia diagnosis at baseline (i.e.,
when the first FFQ was completed). We further excluded 17 par-
ticipants with missing covariate data. Our final analytical sample
included 1024 participants (Figure 1A). In the subgroup analysis,
we included only the 578 deceased participants with postmortem
brain autopsies (Figure 1B).

Alzheimer’s dementia diagnosis

At each annual assessment, all participants underwent a 3-
stage clinical Alzheimer’s dementia diagnosis assessment, which
included computerized scoring, clinical judgment by a neuropsy-
chologist, and a diagnostic classification by a clinician based on
criteria of the Joint Working Group of Neurological and
Communicative Disorders and Stroke and the AD and Related
Disorders Association. Twenty-one cognitive tests were performed
on all participants. Eleven of these test results could be summa-
rized into 5 cognitive domains to generate an impairment score, in
which the different cutoff scores were used based on educational
attainment [26,27]. Other primary dementia, without clinical
evidence of Alzheimer’s dementia, were not included.

AD pathology

Classification of AD postmortem was assessed based on the
number of neurofibrillary tangles and neuritic plaques present
within collected brain samples [25]. The brain autopsy methods
and details on pathological evaluations of AD pathology were
described previously [25]. Counts of neuritic plaques, diffuse
plaques, and neurofibrillary tangles based on silver stains from 5
regions of the brain were used to generate a global measure of AD
pathology, as described previously in the scientific literature [28].

Dietary intake

Dietary assessment was collected using a modified Harvard
semiquantitative FFQ that has been validated for our aging
participants [29]. The FFQ ascertains the usual frequency of
intake of >137 foods and dietary supplements over the previous
12 mo. Egg intake was assessed at 5 different amounts of con-
sumption: never or <1 egg/mo, 1-3 eggs/mo, 1 egg/wk, 2-4
eggs/wk, and >5 eggs/wk. Due to the limited sample size, we
combined 2-4 eggs/wk and >5 eggs/wk into an intake amount
of >2 eggs/wk. Other items on the FFQ (e.g., eggs contained
within desserts or mixed dishes) that may contain eggs as a
component were not accounted for in these analyses. Partici-
pants’ first FFQ was used as the baseline measure of food intake,
which includes eggs (our primary exposure) and other covariates
(dark green leafy vegetables, strawberries, and seafood).

Choline intake was estimated by combining the data from
FFQs with the USDA Food Composition Databases, as previously
described [30]. Dietary choline intakes were estimated from
major food sources of choline, including but not limited to eggs,
seafood, milk, meat and poultry products, and plant-based
sources. Total choline intake was calculated as a sum of free
choline, glycerophosphocholine, phosphocholine, phosphati-
dylcholine, and sphingomyelin. The mean choline intake amount
was calculated by averaging total choline intake across all
follow-up time points as a measure of long-term choline intake
amount for mediation analysis.
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valid FFQ

(n=1,064)

* 7 excluded due to lack of
egg consumption info

Participants with egg
consumption info

¢ 1excluded due to missing

(n=1,057) age

¢ 15 excluded due to AD
diagnosis before first FFQ

¢ 17 excluded due to
missing covariates

Adult participants included
in the current analysis

(n=1,024)

The Journal of Nutrition 154 (2024) 2236-2243

Adult participants included
in the current analysis

(n=1,024)

578 participants died with
brain autopsied

106 participants died
without autopsied

340 participants were still
alive at the end of cohort

@ Population for analysis

FIGURE 1. Study population criteria. (A) Primary analysis (Alzheimer’s dementia). (B) Subgroup analysis [Alzheimer’s disease (AD)]. FFQ, food

frequency questionnaire; RMAP, Rush Memory and Aging Project.

Covariates

Based on previous literature, various dietary and nondietary
factors were selected as covariates to assess the association be-
tween egg consumption and AD risk. Dietary intake amounts of
total energy (in kilocalories per day), leafy green vegetables,
strawberries, and seafood were based on the baseline FFQ re-
sponses. Leafy green vegetable consumption included 3 food
items (spinach, kale/collard/greens, and lettuce), and seafood
intake included tuna sandwich, fish sandwich, fish as a main
dish, and shrimp/lobster/crab. Nondietary factors, including age
(in years), were computed based on the self-reported date of
birth and the date of baseline FFQ; education was the self-
reported years of education. ApoE-e4 genotyping was per-
formed using genetic sequencing [31]. Participation in cognitive
activities was computed as the mean of frequency rating of 7
activities, such as reading, writing letters, visiting the library,
and playing games, based on a 5-point scale. Physical activity (in
hours per week) was calculated based on self-reported minutes
spent over the past 2 wk on 5 activities, including walking for
exercise, yard work, calisthenics, biking, and water exercise.
Vascular risk was defined by several conditions, including hy-
pertension, diabetes, myocardial infarction, and stroke. Hyper-
tension was self-reported data. Myocardial infarction was
self-reported or indicated by the use of cardiac glycosides [e.g.,
digoxin (Lanoxin)] as medication. Diabetes was also either a
self-reported medical diagnosis or indicated by the current use of
diabetes medication. History of stroke was based on self-reported
questions, cognitive testing, interviews with participants, and
neurological examination (when available).

Statistical analysis

Continuous variables are described as the mean (+SD), and
dichotomous variables as the number and percentage of the
population. Because all of the continuous variables in our anal-
ysis were not normally distributed, we used the Kruskal-Wallis
test for comparisons between groups. The Pearson x° test was
used to compare groups for categoric variables. We calculated
the time interval (in years) between baseline and time of clinical
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diagnosis or death, whichever occurred first, as the time variable
for the time-to-event analyses to examine associations between
egg intake with incident Alzheimer’s dementia using both
partially adjusted (model 1) and multivariate-adjusted (model 2)
Cox proportional hazard models. Model 1 was adjusted for age,
sex, and years of education. Model 2 was adjusted for model 1
plus BMI (in kg/m?), smoking status, physical activity, partici-
pation in cognitive activities, vascular risk, ApoE status, and
intake of dark green leafy vegetables, strawberries, seafood, and
total energy. Results are reported as hazard ratios (HRs) and 95%
confidence intervals (CIs). The same Cox models and additional
logistic regression models were employed in our subanalysis that
assessed the association between egg intake and pathological
diagnosis of AD from postmortem brain samples. To examine the
mediation effect of dietary choline in the relationship between
egg intake with incident Alzheimer’s dementia, we conducted
mediation analysis using the Med4way package in Stata with
mean choline intake across all follow-up time points as the
mediator [32]. Med4way allows estimating the 4-way decom-
position of the overall effect of an exposure on an outcome, in the
presence of a mediator with which the exposure may interact,
using parametric regression models. Specifically, in our media-
tion analysis, Weibull accelerated failure time regression was
used to investigate the relationship between egg intake (expo-
sure) and survival time of Alzheimer’s dementia (outcome, i.e.,
time free of AD diagnosis) with the same covariates in model 2.
Multivariate linear regression models were used to examine the
linear associations between egg intake (exposure) and dietary
choline intake (mediator) with the same covariates in model 2.

The analyses were performed using R version 4.2.1 and
RStudio 2022.12.0+353 (RStudio, PBC) and STATA 17.0 SE
(StataCorp LLC).

Results

Baseline characteristics of the 1024 study participants
included in our analyses are shown in Table 1. Their mean (+SD)
age was 81.4 + 7.2 y. A total of 766 participants (74.8%) were
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female, and 843 (82.3%) carried the ApoE-e4 allele. Significant
differences in age, sex, education, BMI, physical activity, total
energy intakes, and mean choline intakes were present across
egg intake quartiles.

Over a mean (+SD) follow-up of 6.7 + 4.8 y, 280 participants
(27.3%) were diagnosed with Alzheimer’s dementia. In the
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multivariate-adjusted model (model 2), consumption of 1 egg/
wk (HR: 0.53; 95% CIL: 0.34, 0.83) and >2 eggs/wk (HR: 0.53;
95% CI: 0.35, 0.81) was associated with a lower rate of clinical
diagnosis compared with consumption of <1 egg/wk (Table 2;
Figure 2A). Results were similar in the partially adjusted model
(model 1; Table 2).

TABLE 1
Participant baseline characteristics by quartile of egg intake
Characteristic Overall Egg consumption P value
(7= 02y Never or <1 /mo 1-3/mo 1/wk >2/wk
(N =111) (N = 259) (N = 227) (N = 427)
AD diagnosis, no. (%)
Yes 280 (27.3) 36 (32.4) 92 (35.5) 55 (24.2) 97 (22.7) 0.002
No 744 (72.7) 75 (67.6) 167 (64.5) 172 (75.8) 330 (77.3)
Age, y, mean (SD) 81.38 (7.20) 81.27 (7.08) 82.74 (6.98) 81.10 (7.16) 80.74 (7.31) 0.006
Sex, no. (%)
Female 766 (74.8) 82 (73.9) 210 (81.1) 184 (81.1) 290 (67.9) <0.001
Male 258 (25.2) 29 (26.1) 49 (18.9) 43 (18.9) 137 (32.1)
Education, y, mean (SD) 14.87 (2.93) 14.95 (2.93) 14.45 (2.91) 14.96 (3.05) 15.07 (2.86) 0.048
BMI, kg/m?, no. (%)
Normal 354 (34.6) 52 (46.9) 108 (41.7) 84 (37.0) 110 (25.8) <0.001
Overweight 377 (36.8) 31 (27.9) 82 (31.7) 89 (39.2) 175 (41.0)
Obese 242 (23.6) 22 (19.8) 54 (20.9) 45 (19.8) 121 (28.3)
Underweight or missing 51 (5.0) 6 (5.4) 15 (5.8) 9 (4.0) 21 (4.9)
Smoking status, no. (%)
Never smoked 590 (57.6) 67 (60.4) 145 (56.0) 132 (58.2) 246 (57.6) 0.282
Former smoker 403 (39.4) 41 (36.9) 100 (38.6) 89 (39.2) 173 (40.5)
Current smoker 31 (3.0) 3(2.7) 14 (5.4) 6 (2.6) 8(1.9)
Physical activity, h/d, mean (SD) 3.30 (3.71) 3.09 (4.67) 2.86 (3.33) 3.29 (3.01) 3.63 (3.97) <0.001
Cognitive activities, frequency, mean (SD)  3.21 (0.67) 3.13 (0.7) 3.15 (0.65) 3.25 (0.63) 3.25 (0.69) 0.073
ApoE-€4 high risk, no. (%)
No 181 (17.7) 25 (22.5) 52 (20.1) 36 (15.9) 68 (15.9) 0.282
Yes 843 (82.3) 86 (77.5) 207 (79.9) 191 (84.1) 359 (84.1)
Cardiovascular condition, (%)
Hypertension 57 51 58 56 58 0.588
Diabetes 15 10 13 12 18 0.077
Myocardial infarction 13 11 16 15 11 0.271
Stroke 11 8 14 12 9 0.151
Dietary nutrients intake
Mean choline intake, mg/d, mean (SD)  300.6 (86.7) 238.9 (80.0) 268.1 (81.1) 297.8 (75.9) 337.8 (79.5) <0.001
Total energy, kcal/d, mean (SD) 1739.43 1474.90 1621.75 1757.56 1869.95 <0.001
(545.10) (493.75) (523.38) (532.03) (539.09)
Abbreviations: AD, Alzheimer’s disease; ApoE, apolipoprotein E; BMI, body mass index; SD, standard deviation.
TABLE 2
Associations of egg intake with Alzheimer’s dementia risk and Alzheimer’s disease pathology
Baseline egg consumption Model 1' Model 2°
HR (95% CI) P value HR (95% CI) P value
Full study population (N = 1024)
Never or <1/mo 1.00 Reference 1.00 Reference
1-3/mo 1.02 (0.69, 1.51) 0.918 0.94 (0.62, 1.43) 0.780
1/wk 0.60 (0.39, 0.92) 0.018 0.53 (0.34, 0.83) 0.006
>2/wk 0.63 (0.43, 0.93) 0.020 0.53 (0.35, 0.81) 0.003
Deceased population with brain autopsies (N = 578)°
Never or <1/mo 1.00 Reference 1.00 Reference
1-3/mo 0.85 (0.61, 1.17) 0.313 0.72 (0.49, 1.04) 0.076
1/wk 0.61 (0.43, 0.86) 0.005 0.51 (0.35, 0.76) 0.001
>2/wk 0.80 (0.58, 1.10) 0.174 0.62 (0.44, 0.90) 0.01

Abbreviations: BMI, body mass index; CI, 95% confidence interval; HR, hazard ratio.

! Model 1 adjusted for age, sex, and years of education.

2 Model 2 adjusted for age, sex, years of education, BMI, smoking status, physical activity, participation in cognitive activities, vascular risk,
apolipoprotein E status, dark green leafy vegetables, strawberries, seafood, and total energy intake.

3 See Supplemental Table 2 for the results of logistic regression models.
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TABLE 3
Comparison between clinical and pathological diagnosis

Autopsied participants (N = 578) Clinical diagnosis

No Yes
Pathology diagnosis No 164 37*
Yes 208> 169*

! Time-to-event was calculated as follows: age of clinical diag-
nosis—age when entering the cohort.

2 Time-to-event was defined as follows: age of death—age when
entering the cohort.

~+= Neverl/less than 1 eggs/month =+ 1-3 eggs/month =+ 1 egg/week

The Journal of Nutrition 154 (2024) 2236-2243

In the subgroup analyses of 578 participants with postmortem
brain samples, 208 of 372 (55.9%) without a clinical diagnosis of
Alzheimer’s dementia were pathologically diagnosed with AD
postmortem, and 37 of 206 participants (17.9%) with a clinical
diagnosis were not pathologically diagnosed with AD postmor-
tem (Supplemental Tables 1 and 3). Time-to-event analysis
showed that consuming >1 egg/wk was associated with a
reduced risk of pathological diagnosis of AD using the National
Institute on Aging-Reagan criteria in both the partially (HR: 0.61;
95% CI: 0.43, 0.86) and multivariate (HR: 0.51; 95% CI: 0.35,
0.76) adjusted models. The highest frequency of egg

2 or more eggs/week
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FIGURE 2. Unadjusted Kaplan-Meier curves divided into 4 groups based on egg consumption. (A) Among the 1024 Rush Memory and Aging
Cohort (RMAP) participants. (B) Among the 578 deceased RMAP participants with brain autopsies. AD, Alzheimer’s disease.
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TABLE 4
Mediation analysis with mean choline intake as the mediator in the
association of egg intake with Alzheimer’s dementia risk

Excess Egg consumption
el s Never or 1-3/mo 1/wk >2/wk
<1/mo
Total effect Reference 0.069 0.380 0.344
(-0.216, (-0.005, (0.005,
0.353) 0.765) 0.682)
P =0.636 P =0.053 P =0.047
Pure indirect  Reference 0.022 0.044 0.135
effect (-0.012, (~0.005, (0.025,
0.056) 0.093) 0.245)
P =0.202 P =0.079 P =0.016
Controlled Reference 0.028 0.304 0.279
direct (-0.238, (-0.046, (0.071,
effect 0.293) 0.654) 0.628)
P =0.839 P =0.089 P=0.118
Reference Reference -0.001 -0.004 0.037
interaction (-0.007, (-0.014, (-0.017,
0.005) 0.005) 0.091)
P =0.698 P =0.384 P=0.184
Mediated Reference 0.020 0.036 -0.107
interaction (-0.012, (-0.068, (-0.252,
0.056) 0.141) 0.038)
P =0.389 P =0.499 P =0.147

consumption (>2 eggs/wk) was only significant in the
multivariate-adjusted model (HR: 0.62; 95% CIL: 0.44, 0.90)
(Table 2; Figure 2B). Similar results are shown using logistic
regression analyses (Supplemental Table 2), except that the odds
of having a pathological diagnosis of AD in the brain did not
reach statistical significance when comparing the highest fre-
quency of egg consumption (>2 eggs/wk) to the lowest intake
amount (odds ratio: 0.53; 95% CI: 0.24, 1.15).

Mediation analysis showed a significant total effect in that
consuming >2 eggs/wk was associated with a 34% longer time
to develop Alzheimer’s dementia (excess relative risk: 0.34, 95%
CL: 0.01, 0.68, P = 0.047) compared to never or <1 egg con-
sumption per month, and 39.2% (0.135/0.344) of the total effect
was due to pure indirect effect of dietary choline intake on Alz-
heimer’s dementia (Table 4).

Discussion

In this prospective cohort study of noninstitutionalized
community-dwelling older adults in the United States, we found
that consuming >1 egg/wk was associated with a 47.0% reduced
risk of Alzheimer’s dementia. To our knowledge, this is the first
longitudinal cohort study to investigate the association of egg
intake with clinically diagnosed Alzheimer’s dementia as a pri-
mary outcome, as well as with AD pathology in human brains.
Our findings are somewhat supported by those from the Kuopio
Ischemic Heart Disease Risk Factor Study (KIHDRFS) [33]. The
KIHDRFS prospective cohort study reported egg intake to be
associated with better performance on neuropsychological tests
of the frontal lobe and executive functioning, which is consistent
with smaller clinical studies [34-36] and animal models [37]
that examined the effects of higher choline intake on cognitive
function with aging. Choline modulates the expression of key
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genes related to memory, learning, and cognitive functions via
epigenetic mechanisms [38]. Although the KIHDRFS showed
null effects (with borderline significance) of egg intake on inci-
dent dementia or Alzheimer’s dementia, there are several dif-
ferences between that study and our analysis of the RMAP. First,
the mean age of participants enrolled in the RMAP was sub-
stantially higher. In addition, the RMAP cohort consisted of both
males and females (the KIHDRFS only enrolled males), and
>3-quarters of the participants were females. Age and females
are widely known to be correlated with an increased incidence of
AD [1-4]. The primary outcome of the RMAP is a diagnosis of
Alzheimer’s dementia, ascertained clinically on an annual basis
and AD pathologically postmortem. A higher number of
confirmed cases in the RMAP may also contribute to greater
statistical power to detect the effect of a single component of the
diet. Our findings are also supported by those from the Bio-
psychosocial Religion and Health Study, in which participants
with limited egg consumption (~1 egg/wk) exhibited a slower
rate of memory decline compared with participants who
consumed few to no eggs [39].

The neuroprotective actions of w-3 fatty acids and choline
have been demonstrated to exhibit synergistic actions in the
brain, which may explain why eggs as whole foods are consis-
tently shown to decrease AD risk. There is substantial evidence
of a pathologic shortage of both choline and DHA in the brains
of patients with AD [40]. The brain can only synthesize a limited
amount of choline and ®-3 fatty acids; therefore, most must
enter the brain through the blood. PUFAs (e.g., DHA) are
transported across the blood-brain barrier in the form of
choline-containing phospholipids such as lysophosphati-
dylcholine. Studies have shown that adults with low serum
lysophosphatidylcholine concentrations are at greater risk of
developing cognitive decline and AD [41]. It is also somewhat
challenging to correct choline shortfalls in older adults through
diet or supplementation because brain uptake from the plasma
decreases with aging [42], even though recent work demon-
strates that phosphatidylcholine-DHA-containing species in the
blood and plasma can be greatly increased through
co-supplementation [40]. Results from the Framingham Heart
Study show the highest concentrations of phosphatidylcholi-
ne-DHA to be associated with a significant reduction in risk of
all-cause dementia [43]. Patients with AD have been shown to
have lower concentrations of 8 choline-containing phospholipid
species (and 2 noncholine-containing species) compared with
healthy controls; these 10 lipids derived from the peripheral
blood have been validated to predict mild cognitive impairment
or AD in a 2- to 3-y timeframe with 90% accuracy [23].

Our study has several limitations. First, we used the baseline
amount of nutrient intake to match the baseline egg intake
because, in this cohort of older adults, as reported previously, the
diet stayed similar over the course of follow-up [44]. Moreover,
the FFQ only contained 1 question related to egg intake (with
only 6 levels of frequencies), limiting an accurate estimation of
exposure. Finally, our study is limited by the short mean 6.7-y
follow-up period and thus may be prone to reverse causality.
The strengths of this study include well characterized commu-
nity cohort, its prospective longitudinal design, structural and
standardized clinical ascertainment of Alzheimer’s dementia
annually, standardized neuropathologic confirmation of AD in
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postmortem brains, and the number of cases that allowed for
good statistical power. Lastly, dietary assessment using a
comprehensive and validated FFQ for this specific population is
another strength.

In conclusion, these findings suggest that more frequent egg
consumption is associated with a lower risk of Alzheimer’s de-
mentia, and this association is partially mediated through the
effect of dietary choline on Alzheimer’s dementia. More frequent
egg consumption is also associated with a lower risk of AD pa-
thology in the brain in the subgroup analyses. Once replicated in
other prospective cohorts and confirmed by clinical trials, these
findings may have important public health implications for
reducing the population’s risk of AD.
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