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Abstract: This study examined the associations between overall diet quality and the risk of de-
mentia in a rural cohort among the oldest old. Included in this prospective cohort study were
2232 participants aged ≥ 80 years and dementia-free at the baseline according to the Geisinger Rural
Aging Study (GRAS), a longitudinal cohort in rural Pennsylvania. In 2009, diet quality was assessed
by a validated dietary screening tool (DST). Incident cases of dementia during 2009–2021 were iden-
tified using diagnosis codes. This approach was validated by a review of electronic health records.
Associations between diet quality scores and the incidence of dementia were estimated using the
Cox proportional hazards models, adjusted for potential confounders. Across a mean of 6.90 years of
follow-up, we identified 408 incident cases of all-cause dementia. Having a higher diet quality was
not significantly associated with a lower risk for incidents of all-cause dementia (adjusted HR for the
highest compared with the lowest tertile: 1.01, 95% CI: 0.79, 1.29, P-trend = 0.95). Similarly, we did
not observe a significant association between diet quality and altered risks of Alzheimer’s disease
and other forms of dementia. Overall, having a higher diet quality was not significantly associated
with a lower risk of dementia among the oldest old during the full follow-up.

Keywords: diet quality; dietary pattern; oldest old; dementia; aging; prospective study

1. Introduction

In the United States (U.S.), individuals of advanced ages are expected to rise as the
percentage of individuals aged 65 years and over is predicted to increase from 17%, in
2020, to 23%, in 2060, with the oldest old adults will comprise a growing proportion of this
population [1]. As the number of older persons in the U.S. population continues to escalate,
the risk of dementia, including Alzheimer’s disease, will also increase [2,3]. More than
55 million people were estimated to be living with dementia in 2021, and with projections
of 78 million people to be afflicted by 2030, the need for modifiable strategies to reduce the
risk of dementia is of high importance [4]. Even though the oldest old is a rapidly growing
age group in the U.S. [1] and possesses a greater risk of developing dementia [5], epidemio-
logical research on dementia in this population is limited [6]. Therefore, additional studies
to further understand the dementia risk factors in the oldest old age group are warranted.

Targeting modifiable risk factors to prevent dementia has been suggested as an ap-
proach to delay or slow down cognitive decline [7]. For instance, nutrition, including
adhering to a healthy and balanced diet is recommended for reducing cognitive decline and
the risk of dementia [7]. With respect to the oldest old and dementia risk, very few studies
have provided insight into the role of individual nutrients or singular dietary components.
Although one longitudinal study in this population identified lifestyle factors such as
caffeine consumption and supplemental vitamin C intake were linked to reduced dementia
risk [8]. Evidence of such associations has been more thoroughly evaluated among other
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age groups in the literature. For example, prior studies have investigated the associations
between the consumption of vegetables and fruits [9,10], meat [11], whole grains [12], and
intake of several nutrients [10,13,14] with the risk of dementia among midlife to older
adult age groups. It is important to note, the shift from examining singular nutrients
and specific food components to dietary patterns as a gauge of diet quality may better
explain the role of diet in chronic diseases [15,16]. Prospective studies on the relationship
between diet quality or overall dietary patterns on dementia risk, including Alzheimer’s
disease have generated inconsistent results, however, these studies are mainly centered on
populations of people 60–80 years of age [17–35]. Limited studies have investigated the
influence of diet quality or overall dietary patterns on the subsequent risk of dementia in
the oldest old population: aged 80 years and older. Recently, a population-based cohort
study, including the oldest old residing in the Varese province, Italy, identified an inverse
association between adherence to the Mediterranean diet and dementia prevalence, though,
not for incidence [36]. Although granted the promising importance of diet for cognitive
health and neurodegenerative disease [37–39], the paucity of studies examining the role
of diet, particularly overall diet quality, with dementia risk in the oldest old age group
highlights the current literature gap among observational studies. By studying the oldest
old population, modifiable risk factors may be detected to promote healthy aging, for
at-risk, rural populations of advanced age.

We previously demonstrated in our validation analysis of 122 oldest old participants
that diet quality scores, as captured by the dietary screening tool (DST), were significantly
correlated with scores from the Healthy Eating Index-2015 (HEI-2015) [40]. In our recent
prospective cohort analysis of diet quality and Parkinson’s disease in older adults in rural
Pennsylvania, we observed higher diet quality was linked to a lower risk of Parkinson’s
disease [41]. The results from our studies suggest DST is a valid indicator of diet quality in
older adults [42] and the oldest old [40] and warrants further investigations concerning
neurodegenerative diseases in populations of advanced age. Thus, the current study aimed
to prospectively examine the relationship between diet quality, as assessed by the DST,
and the subsequent risk of dementia in a longitudinal rural cohort of the oldest old: aged
80 years and older.

2. Methods
2.1. Study Population

Beginning in 1994, the Geisinger Rural Aging Study (GRAS) recruited a longitudinal
cohort of 21,645 older adults (aged ≥ 65 years) enrolled in a Medicare-managed health
maintenance organization per the Geisinger Health System [43]. This cohort included
community-dwelling individuals residing in rural central and northeastern Pennsylva-
nia [43]. Representative of rural central Pennsylvania, the GRAS cohort participants are
almost entirely non-Hispanic white. Detailed information regarding participant recruitment
in the GRAS cohort has been previously described [43].

In October 2009 (baseline of the study), surveys including health and demographic
questionnaires and the DST were mailed to 3891 surviving GRAS participants, ≥80 years.
Of the individuals who were sent mailed surveys, 2713 participants returned completed
dietary information. Participants that did not follow-up were excluded from the analysis
(n = 26). We further excluded participants enrolled after the study baseline or disenrolled
before the study baseline based on the first and most recent Electronic Health Records
(EHR) findings (n = 391). After excluding participants with prevalent all-cause dementia at
baseline (n = 64), the 2232 remaining participants were included in the primary analysis
(Figure 1). Participants were followed through until 20 July 2021.

The original study conducted in 2009 was approved by the Geisinger Health System
Institutional Review Board (Protocol #1999-0112). Approval for participant consent was
implied by mailed survey completion. Access to the data used in this study was part
of a data use agreement between the Pennsylvania State University and the Geisinger
Health System.
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Figure 1. Flow Chart of Geisinger Rural Aging Study (GRAS) Participants. A total of 3891 surviving
GRAS participants, 80 years and older, were mailed surveys in 2009. Among participants who
received mailed surveys, 2232 participants returned completed dietary information, were not missing
during follow-up, were not enrolled after the study baseline or disenrolled before the study baseline
based on Electronic Health Record diagnosis data, and did not have prevalent all-cause dementia at
baseline. Participants were followed through until 20 July 2021.

2.2. Assessment of Diet Quality

To assess diet quality, the DST survey questionnaire comprised 25 questions related to
food and behavior associated with dietary intake and was mailed in 2009 to the surviving
GRAS participants. The DST was developed using data from multiple 24 h dietary recalls,
which were administered to a subsample of the GRAS cohort [44]. The DST questions were
derived based on detailed dietary intake data and frequency and temporal distribution
analyses of food intake [44]. Cognitive interviewing techniques including concurrent
and retrospective methods were used to ensure the population of interest understood the
intended concepts [44]. Diet quality was examined with markers of nutritional status and
health, including biomarkers, anthropometric, and dietary measures [44]. The total possible
score for the DST ranged from 0 to 100 points, with 5 bonus points potentially allotted
for dietary supplement uses [42]. An example of a question from the DST is “how often
do you usually eat whole grain bread?” To capture intake, participants may select from
“never,” “less than once a week”, “1 or 2 times a week”, or “3 or more times a week”.
The DST has been validated as a measure of diet quality in older adults [42,44] and the
oldest old population [40] in rural Pennsylvania as well as middle-aged adults residing
in Appalachia [45]. Further detailed information regarding the DST development and
validation has been previously recorded [40,42,44].

2.3. Assessment of Incident Cases for All-Cause Dementia

All-cause dementia was the primary outcome in the current analysis. EHR data were
utilized to derive an electronic algorithm to identify incident cases of dementia. The
following International Classification of Diseases and Related Health Problems, Ninth and
Tenth Revision (ICD-9 and ICD-10) codes F01 (vascular dementia), F02 (dementia in other
diseases classified elsewhere), F03 (unspecified dementia), and G30 (Alzheimer’s disease)
were used.
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The accuracy of deriving cases was tested by comparing the results of the identified
cases to those revealed by a physician’s review of the individual EHR records. Consultation
on the chart review process by a Geisinger neurologist guided two neurology fellowship
trainees in the identification of patients with dementia through an independent review
of the Geisinger EHR. Included in the review was a randomized sample of 26 GRAS
participants with and without codes for diagnosed dementia (identified by ICD 10 codes
F01, F02, and F03). The results of the independent reviews were compared and found to
have a good agreement (22/26 = 85%, κ = 0.67). The two reviewers re-reviewed the four
disagreements and came to a consensus. Diagnostic test measures including sensitivity,
specificity, proportions of positive and negative results (PPV and NPV), and accuracy were
assessed. If we assume a dementia prevalence of 30%, we find the following diagnostic test
measures: sensitivity = 83%, specificity = 88%, PPV = 74%, NPV = 92%, and accuracy = 86%.

2.4. Assessment of Covariates

Descriptive information including age, sex, height, weight, educational level, physical
activity, diabetes status, hypertension status, coronary heart disease status, living status,
living arrangement, antidepressant medication use, and self- or proxy-reporting were
obtained at the baseline from the mailed questionnaire data. Information on sex was
cross-referenced from the mailed questionnaire data and EHR data. Body mass index (BMI)
was determined by weight (kg)/height (m)2 and classified as indicated by the National
Institutes of Health Guidelines [46]. For BMIs < 18.5 kg/m2, participants were categorized
as underweight, 18.5–24.9 kg/m2 was considered normal, 25.0–29.9 kg/m2 was identified
as overweight, 30.0–34.9 kg/m2 was indicated as obese class I, and the combined obesity
classes II and III were set at ≥ 35 kg/m2. Demographic information, including race and
smoking status, was collected from EHR data.

2.5. Statistical Analysis

Baseline descriptive characteristics were presented as means ± standard deviation
for continuous variables or as numbers and percentages for categorical variables. Differ-
ences between the groups were determined by the Kruskal–Wallis test for non-normally
distributed continuous variables, while the chi-square test or Fisher’s exact test was used
for the categorical variables.

Cox proportional-hazards models were used to estimate the hazard ratios (HRs) and
95% confidence intervals (CIs) used to test the association between diet quality tertiles and
the incidence of all-cause dementia within a 12-year follow-up duration (2009–2021). In all
analyses, the lowest tertile in diet quality was used as the reference group. The proportional
hazards assumption was tested by adding interaction effects for related covariates by
time including age, sex, and diet quality. Since time-dependent sex did not satisfy the
proportional hazards assumption (p-value < 0.001), sex was included in a strata statement
within all Cox proportional-hazards models to permit non-proportionality.

Model 1 was adjusted for age and sex. Model 2 was further adjusted for race, BMI,
educational level, smoking status, physical activity, diabetes status, hypertension status,
coronary heart disease status, living status, living arrangement, use of antidepressant
medication, and self- or proxy-reporting. To test for trends between the tertiles of the diet
quality and the subsequent risk for all-cause dementia, we designated participants by the
median value of their corresponding tertile in the diet quality as a continuous variable.

To assess the short- and long-term temporal relationship between diet quality and
all-cause dementia, Cox proportional-hazards models were calculated for the development
of dementia during the first 4 years of the follow-up (2009–2013), and those after 4 years of
the follow-up separately. Potential effect modifiers including age, BMI, educational level,
and physical activity level for the diet–dementia relationship were assessed by including
multiplicated terms in separate models.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Statistical significance was determined at a p-value of < 0.05.
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3. Results

The mean age of the overall cohort was 84.1 years at the study baseline. After
a maximum follow-up time of 11.7 years and a mean follow-up time of 6.90 years, 408 cases
of incident all-cause dementia were identified. Participants with better adherence to higher
diet qualities were more likely to have a higher education level, not ever have been a smoker,
and participate in daily physical activities (Table 1). Participants with lower diet qualities
were more likely to live alone in either a house, apartment, condominium, or mobile home
(Table 1). Additional descriptive or demographic characteristics were not determined to be
significant across the tertiles of the diet qualities (Table 1).

Table 1. Baseline Characteristics Among Geisinger Rural Aging Study (GRAS) Participants by Diet
Quality Tertile.

Diet Quality

Tertile 1
(DST Score < 57)

(n = 766)

Tertile 2
(58 < DST Score < 68)

(n = 708)

Tertile 3
(DST Score > 69)

(n = 758)
p-Value a

Age, mean (SD), y 84.0 (3.5) 84.1 (3.7) 84.1 (3.5) 0.95

Sex No. (%)

Men 326 (42.6) 288 (40.7) 305 (40.2)
0.62

Women 440 (57.4) 420 (59.3) 453 (59.8)

Race No. (%)

White 761 (99.4) 700 (98.9) 753 (99.3)

0.66Other 2 (0.3) 1 (0.1) 1 (0.1)

Unable to obtain or unknown 3 (0.4) 7 (1.0) 4 (0.5)

Body mass index No. (%), kg/m2

<18.5 17 (2.2) 15 (2.1) 11 (1.5)

0.11

18.5–24.9 215 (28.1) 199 (28.1) 224 (29.6)

25.0–29.9 292 (38.1) 265 (37.4) 298 (39.3)

30.0–34.9 126 (16.5) 115 (16.2) 147 (19.4)

≥35 46 (6.0) 44 (6.2) 27 (3.6)

Unknown 70 (9.1) 70 (9.9) 51 (6.7)

Educational level No. (%)

Below college degree 658 (85.9) 537 (75.9) 543 (71.6)

<0.001
College degree 62 (8.1) 85 (12.0) 133 (17.6)

Graduate degree 14 (1.8) 35 (4.9) 46 (6.1)

Unknown 32 (4.2) 51 (7.2) 36 (4.8)

Smoking status No. (%)

Never smoker 393 (51.3) 401 (56.6) 461 (60.8)

0.007Past or current smoker 357 (46.6) 294 (41.5) 284 (37.5)

Unknown 16 (2.1) 13 (1.8) 13 (1.7)

Physical activity No. (%)

Everyday 292 (38.1) 347 (49.0) 464 (61.2)
<0.001

Some days 428 (55.9) 311 (43.9) 258 (34.0)

Not at all 18 (2.4) 7 (1.0) 4 (0.5)

Unknown 28 (3.7) 43 (6.1) 32 (4.2)
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Table 1. Cont.

Diet Quality

Tertile 1
(DST Score < 57)

(n = 766)

Tertile 2
(58 < DST Score < 68)

(n = 708)

Tertile 3
(DST Score > 69)

(n = 758)
p-Value a

Diabetes/borderline diabetes No. (%)

Yes 184 (24.0) 163 (23.0) 154 (20.3)
0.20

No 582 (76.0) 545 (77.0) 604 (79.7)

Hypertension No. (%)

Yes 404 (52.7) 375 (53.0) 424 (55.9)
0.38

No 362 (47.3) 333 (47.0) 334 (44.1)

Coronary heart disease No. (%)

Yes 112 (14.6) 108 (15.3) 107 (14.1)
0.83

No 654 (85.4) 600 (84.8) 651 (85.9)

Living status No. (%)

Live alone 308 (40.2) 276 (39.0) 296 (39.1)

0.02
With spouse, son/daughter, other

family members, or other 441 (57.6) 392 (55.4) 434 (57.3)

Unknown 17 (2.2) 40 (5.7) 28 (3.7)

Living arrangement No. (%)

House, apartment condominium, or
mobile home 728 (95.0) 647 (91.4) 711 (93.8)

0.003Assisted living apartment,
care/nursing home, or other 20 (2.6) 15 (2.1) 18 (2.4)

Unknown 18 (2.4) 46 (6.5) 29 (3.8)

Antidepressant medication No. (%)

Yes 72 (9.4) 80 (11.3) 75 (9.9)
0.46

No 694 (90.6) 628 (88.7) 683 (90.1)

Self- or proxy-report No. (%)

Self 667 (87.1) 607 (85.7) 676 (89.2)

0.24Proxy 78 (10.2) 73 (10.3) 64 (8.4)

Unknown 21 (2.7) 28 (4.0) 18 (2.4)

Dietary Screening Tool (DST) score,
mean (SD) 48.3 (7.3) 63.1 (3.2) 76.0 (5.5) <0.001

a p-values were calculated using the Kruskal–Wallis test for non-normally distributed continuous variables and
the chi-square test or Fisher’s exact test was used for categorical variables.

Having a higher diet quality was not significantly associated with a lower risk of all-cause
dementia (fully adjusted HR for the highest compared with the lowest tertile: 1.01, 95% CI:
0.79, 1.29, P-trend = 0.95) (Table 2). When we limited our analysis to dementia onset during the
first 4 years of the follow-up (2009 to 2013), a non-significant trend was demonstrated between
having a higher overall diet quality and a reduced risk of developing all-cause dementia
(fully adjusted HR for the highest compared with the lowest tertile: 0.80, 95% CI: 0.52, 1.22,
P-trend = 0.29) (Figure 2). In contrast, our 4-year lag analysis, excluding participants who were
diagnosed with all-cause dementia within the first 4 years of the follow-up, did not materially
change the non-significance of the results (fully adjusted HR for the highest compared with the
lowest tertile: 1.14, 95% CI: 0.84, 1.55, P-trend = 0.41) (Figure 2).
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Table 2. Incidence of All-cause Dementia by Diet Quality Tertile Among Geisinger Rural Aging Study
(GRAS) Participants.

Diet Quality

Tertile 1
(DST Score < 57)

Tertile 2
(58 < DST Score < 68)

Tertile 3
(DST Score > 69) P-Trend a

Hazard Ratio (95% CI)

All-cause dementia onset during full
follow-up years (2009–2021)

Events/Number 141/766 131/708 136/758

Model 1 b 1.00 (Reference) 1.02 (0.80, 1.29) 0.90 (0.71, 1.13) 0.37

Model 2 c 1.00 (Reference) 1.05 (0.82, 1.34) 1.01 (0.79, 1.29) 0.95

Abbreviations: CI = confidence interval; DST = dietary screening tool. a P-trend was calculated using the median
value of each diet quality tertile as a continuous variable; b adjusted for age and sex; c adjusted for age, sex,
race, body mass index (BMI), educational level, smoking status, physical activity, diabetes/borderline diabetes,
hypertension, coronary heart disease, living status, living arrangement, antidepressant medication, and self-
or proxy-reporting.
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follow-up (2009–2013) and during the 4-year Lag by Diet Quality Tertile Among Geisinger Rural
Aging Study (GRAS) Participants. Abbreviations: CI = confidence intervals; DST = dietary screening
tool. Adjusted for age, sex, race, body mass index (BMI), educational level, smoking status, physical
activity, diabetes/borderline diabetes, hypertension, coronary heart disease, living status, living
arrangement, antidepressant medication, and self- or proxy-reporting. The reference group is Tertile
1 (DST score < 57). Circles indicate hazard ratios with reference to 1.00. Horizontal lines indicate 95%
confidence intervals.

Furthermore, we did not observe any significant associations between the diet quality
and the risk of Alzheimer’s disease (fully adjusted HR for the highest compared with the
lowest tertile: 1.04, 95% CI: 0.68, 1.60, P-trend = 0.86) or the risk of other forms of dementia
(fully adjusted HR for the highest compared with the lowest tertile: 1.00, 95% CI: 0.74,
1.35, P-trend = 0.99). There were no significant effect modifications between diet quality
and potential confounders of interest including age, BMI, educational level, and physical
activity (p-value > 0.05 for all).

4. Discussion

In our prospective cohort study conducted on 2232 oldest old adults in rural Penn-
sylvania with a mean follow-up time of 6.90 years, overall higher diet quality was not
significantly associated with incident all-cause dementia. Similar non-significant associ-
ations were observed for different subtypes of dementia. Having a higher diet quality
was non-significantly associated with a lower risk of all-cause dementia development
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during the first 4 years of the follow-up. Therefore, healthy dietary modifications might
be suggestive as a protective factor in preventing dementia during short-term follow-up
periods, yet may no longer be considered predictive of the incident of dementia risk beyond
the 4 years of follow-up.

Several cohort studies have prospectively examined overall dietary patterns or diet
quality on the risk of developing dementia, however, the findings are mixed and primarily
focused on populations not restricted to the oldest old [17–35]. Notably, a longitudinal
investigation of dietary habits and dementia risk among those 80 years and older did not
identify an inverse correlation between greater adherence to the Mediterranean diet pattern,
as an indication of diet quality, and a reduced incidence of dementia [36]. This finding is
consistent with the results from our study indicating no statistically strong associations
between diet quality and the incidence of dementia during the follow-up. To the best
of our knowledge, our prospective study is the first to examine the association between
overall diet quality as assessed by a screening tool rather than dietary patterns with the
longitudinal risk of all-cause dementia among a rural cohort of the oldest old.

Diet, especially dietary patterns, has gained interest as a modifiable factor to encourage
healthy aging, however, studies are few among the oldest old [47,48]. Several studies have
examined the associations between tea consumption [49], dietary patterns high in red meat,
potato, gravy, and butter [50], and dietary diversity [51] with cognitive decline among the
oldest old population. Findings pooled together from prospective cohort studies found
adherence to better diet quality or a healthy dietary pattern was significantly associated
with reduced overall dementia and Alzheimer’s disease risk [37]. Among our GRAS
cohort, the oldest old participants reside in primarily rural settings and, therefore, may be
more susceptible to disparities that are associated with poor diet quality and unfavorable
health outcomes [52]. Older persons, especially the oldest old population, are at risk of
having a poor diet and associated malnutrition accompanied by a decline in physiological
functions [47]. Likewise, alterations in eating behaviors along with abnormal dietary
changes are more often present in individuals with dementia [53,54]. As such, among the
oldest old, a decreased quantity of food intake alongside the intake of less varied foods
were found to occur more frequently in persons with dementia [36]. We observed a trend
between better diet quality and lower dementia risk after restricting our analysis to include
incident cases identified within the first 4 years of the follow-up, although not in our
4-year lag analysis. Therefore, more prospective studies with an earlier baseline and longer
follow-up duration are warranted.

Our study focused on a rural cohort of the oldest old adults: an age group often
understudied in research, where population-based studies with very old age participants
are infrequent. Diagnosing dementia in the oldest old can pose several challenges since
prospective studies inclusive of this population tend to have smaller sample sizes, in ad-
dition to lacking sufficient normative data in the oldest old group [55]. Previous studies
on individuals above 85 years of age have found variable results in age-specific incidence
rates of dementia and Alzheimer’s disease, thus, implying inconsistencies in determining
risk in this age group [56,57]. Further, the age-related likelihood of having mixed dementia
increases among community-dwelling older people and the oldest old [58–60]. Therefore,
we cannot exclude the possibility of other mixed pathologies manifesting among partici-
pants diagnosed with Alzheimer’s disease or other dementias in our rural cohort of the
oldest old. The results of diet quality and the risk of different subtypes of dementia should
be interpreted with caution.

Dementia cases were identified by an electronic search algorithm from EHR data based
on ICD codes. This search strategy may be considered less extensive in comparison to
a comprehensive manual review, in-person clinical assessments, and validation of each case
by a panel of neurologists. In a recent large prospective study of about 500,000 middle-aged
to late adults, 1051 cases of total incident dementia, including 352 cases of Alzheimer’s
disease, were identified using ICD codes, thus, around 33% of Alzheimer’s disease cases
contributed to all-cause dementia cases; however, the potential for under-detecting incident
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cases of dementia was noted [61]. The reported percentage of Alzheimer’s disease is similar
to that observed in our study, although, in contrast to our ascertainment of dementia cases,
more extensive ICD codes, including specific subtypes of dementia and general dementia
were selected [61]. It may be possible that our search strategy under-identified incident
cases and lacked the statistical power required to detect a significant association between
diet quality and dementia risk. Although there are limitations to using electronic health
records for dementia case detection, such linkage to the Geisinger Healthcare database
allows for a streamlined method for identifying cases.

There are several additional limitations to note in our present study. First, we ac-
knowledge we were unable to adjust for energy intake, a covariate often controlled for in
analyses of diet quality and other outcomes. Since the DST is limited to questions that were
associated with diet quality in the GRAS population, this survey questionnaire may likely
be population specific. Therefore, a quantitative assessment of energy or other nutrients
is not feasible, although the DST has shown good agreement with HEI scores among the
oldest old [40]. A constraint of using electronic medical record data is that each diagnosis
was not confirmed in an EHR review by a neurologist, which may lead to the potential for
misclassification. Our study population is primarily non-Hispanic white, so our findings
may not be generalizable to other populations. Overall diet quality was assessed only
at the baseline and, therefore, repeated diet quality assessments may support a better
understanding of the development of dementia. Finally, the survey questionnaire relies on
self- or proxy-reporting; thus, the results are exposed to recall bias.

Despite the limitations addressed, our study has several strengths. First, our study
included a rural population of the oldest old adults, an understudied age group in research.
Second, using longitudinal data in our analysis permits an investigation into the long-term
relationship between overall diet quality and dementia in an advanced-age population.
Our findings add to the limited number of prospective studies regarding this association
among the oldest old. Another strength is the use of the DST as a validated measure of
diet quality for this population [40]. Lastly, using an electronic algorithm derived from
electronic medical record reviews allows for an automated approach that is more efficient
and practical for application to large populations.

In conclusion, our findings from our prospective study suggest no associations be-
tween overall diet quality and the risk for dementia during the full period of the follow-
up. The oldest old population remains an understudied age group, therefore, additional
prospective studies with larger sample sizes, earlier baselines, longer follow-up durations,
and better ascertainment of dementia and its subtypes are needed.

Author Contributions: Conceptualization, All authors; Methodology, All authors; Software, A.C.F.
and G.C.W.; Validation, A.C.F., G.C.W. and X.G.; Formal Analysis, A.C.F. and G.C.W.; Investigation,
A.C.F. and G.C.W.; Resources, X.G. and M.N.; Data Curation, A.C.F., D.C.M. and G.C.W.; Writing–
Original Draft Preparation, A.C.F.; Writing–Review & Editing, All authors; Visualization, A.C.F. and
X.G.; Supervision, X.G.; Project Administration, All authors; Funding Acquisition, C.D.S. and G.L.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This study is funded by the United States Department of Agriculture, Agricultural Research
Service agreement 8050-51530-012-01A.

Institutional Review Board Statement: The original study conducted in 2009 was approved by the
Geisinger Health System Institutional Review Board (Protocol #1999-0112). Access to the data used
for this study was part of a data use agreement between the Pennsylvania State University and the
Geisinger Health System.

Informed Consent Statement: Approval for participant consent was implied by mailed
survey completion.

Data Availability Statement: De-identified participant data is available upon request made by
qualified investigators to the authors.



Nutrients 2023, 15, 1282 10 of 12

Acknowledgments: The authors appreciatively recognize the coordinating, recruiting, and screening
staff from the Geisinger Obesity Research Institute.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mather, M.; Jacobsen, L.; Kilduff, L.; Lee, A.; Pollard, K.; Scommegna, P.; Vonorman, A. America’s changing population. Pop. Bull.

2019, 74, 1–22.
2. Plassman, B.L.; Langa, K.M.; Fisher, G.G.; Heeringa, S.G.; Weir, D.R.; Ofstedal, M.B.; Burke, J.R.; Hurd, M.D.; Potter, G.G.;

Rodgers, W.L.; et al. Prevalence of dementia in the United States: The aging, demographics, and memory study. Neuroepidemiology
2007, 29, 125–132. [CrossRef] [PubMed]

3. Rajan, K.B.; Weuve, J.; Barnes, L.L.; McAninch, E.A.; Wilson, R.S.; Evans, D.A. Population estimate of people with clinical
Alzheimer’s disease and mild cognitive impairment in the United States (2020–2060). Alzheimer’s Dement. 2021, 17, 1966–1975.
[CrossRef]

4. Gauthier, S.; Rosa-Neto, P.; Morais, J.; Webster, C. World Alzheimer Report 2021: Journey through the Diagnosis of Dementia.
Available online: https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf (accessed on 4 November 2021).

5. Anonymous. 2022 Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2022, 18, 700–789. [CrossRef] [PubMed]
6. Gardner, R.C.; Valcour, V.; Yaffe, K. Dementia in the oldest old: A multi-factorial and growing public health issue.

Alzheimer’s Res. Ther. 2013, 5, 27. [CrossRef]
7. World Health Organization. Risk Reduction of Cognitive Decline and Dementia: WHO Guidelines. Available online: https:

//www.who.int/publications/i/item/9789241550543 (accessed on 26 November 2019).
8. Paganini-Hill, A.; Kawas, C.H.; Corrada, M.M. Lifestyle factors and dementia in the oldest-old: The 90+ study. Alzheimer Dis.

Assoc. Disord. 2016, 30, 21. [CrossRef] [PubMed]
9. Hughes, T.F.; Andel, R.; Small, B.J.; Borenstein, A.R.; Mortimer, J.A.; Wolk, A.; Johansson, B.; Fratiglioni, L.; Pedersen, N.L.;

Gatz, M. Midlife fruit and vegetable consumption and risk of dementia in later life in Swedish twins. Am. J. Geriatr. Psychiatry
2010, 18, 413–420. [CrossRef]

10. Kimura, Y.; Yoshida, D.; Ohara, T.; Hata, J.; Honda, T.; Hirakawa, Y.; Shibata, M.; Oishi, E.; Sakata, S.; Furuta, Y. Long-term
association of vegetable and fruit intake with risk of dementia in Japanese older adults: The Hisayama study. BMC Geriatr. 2022,
22, 257. [CrossRef]

11. Zhang, H.; Greenwood, D.C.; Risch, H.A.; Bunce, D.; Hardie, L.J.; Cade, J.E. Meat consumption and risk of incident dementia:
Cohort study of 493,888 UK Biobank participants. Am. J. Clin. Nutr. 2021, 114, 175–184. [CrossRef]

12. Wang, K.; Tang, W.; Hao, X.; Liu, H. High consumption of whole grain foods decreases the risk of dementia and Alzheimer’s
disease: Framingham Offspring Cohort. Psychiatry Clin. Neurosci. 2022, 77, 141–148. [CrossRef]

13. Zhao, C.; Tsapanou, A.; Manly, J.; Schupf, N.; Brickman, A.M.; Gu, Y. Vitamin D intake is associated with dementia risk in the
Washington Heights-Inwood Columbia Aging Project (WHICAP). Alzheimer’s Dement. 2020, 16, 1393–1401. [CrossRef]

14. Liu, S.; Luo, J.; Xiao, Z.; Wu, W.; Liang, X.; Ding, S.; Zhao, Q.; Zhao, X.; Wang, Y.; Ding, D. Low dietary vitamin E intake is
associated with high risk of incident dementia among older adults: The Shanghai Aging Study. Front. Nutr. 2022, 9, 1036795.
[CrossRef]

15. Jacques, P.F.; Tucker, K.L. Are dietary patterns useful for understanding the role of diet in chronic disease? Am. J. Clin. Nutr. 2001,
73, 1–2. [CrossRef]

16. Neuhouser, M.L. The importance of healthy dietary patterns in chronic disease prevention. Nutr. Res. 2019, 70, 3–6. [CrossRef]
17. Féart, C.; Samieri, C.; Rondeau, V.; Amieva, H.; Portet, F.; Dartigues, J.F.; Scarmeas, N.; Barberger-Gateau, P. Adherence to

a Mediterranean diet, cognitive decline, and risk of dementia. JAMA 2009, 302, 638–648. [CrossRef]
18. Roberts, R.O.; Geda, Y.E.; Cerhan, J.R.; Knopman, D.S.; Cha, R.H.; Christianson, T.J.; Pankratz, V.S.; Ivnik, R.J.; Boeve, B.F.;

O’Connor, H.M.; et al. Vegetables, unsaturated fats, moderate alcohol intake, and mild cognitive impairment. Dement. Geriatr.
Cogn. Disord. 2010, 29, 413–423. [CrossRef] [PubMed]

19. Olsson, E.; Karlström, B.; Kilander, L.; Byberg, L.; Cederholm, T.; Sjögren, P. Dietary patterns and cognitive dysfunction in
a 12-year follow-up study of 70 year old men. J. Alzheimer’s Dis. 2015, 43, 109–119. [CrossRef] [PubMed]

20. Haring, B.; Wu, C.; Mossavar-Rahmani, Y.; Snetselaar, L.; Brunner, R.; Wallace, R.B.; Neuhouser, M.L.; Wassertheil-Smoller, S. No
Association between Dietary Patterns and Risk for Cognitive Decline in Older Women with 9-Year Follow-Up: Data from the
Women’s Health Initiative Memory Study. J. Acad. Nutr. Diet. 2016, 116, 921–930.e1. [CrossRef] [PubMed]

21. Voortman, T.; Kiefte-de Jong, J.C.; Ikram, M.A.; Stricker, B.H.; van Rooij, F.J.A.; Lahousse, L.; Tiemeier, H.; Brusselle, G.G.;
Franco, O.H.; Schoufour, J.D. Adherence to the 2015 Dutch dietary guidelines and risk of non-communicable diseases and
mortality in the Rotterdam Study. Eur. J. Epidemiol. 2017, 32, 993–1005. [CrossRef]

22. Larsson, S.C.; Wolk, A. The Role of Lifestyle Factors and Sleep Duration for Late-Onset Dementia: A Cohort Study.
J. Alzheimer’s Dis. 2018, 66, 579–586. [CrossRef]

23. Akbaraly, T.N.; Singh-Manoux, A.; Dugravot, A.; Brunner, E.J.; Kivimäki, M.; Sabia, S. Association of Midlife Diet With Subsequent
Risk for Dementia. JAMA 2019, 321, 957–968. [CrossRef]

http://doi.org/10.1159/000109998
http://www.ncbi.nlm.nih.gov/pubmed/17975326
http://doi.org/10.1002/alz.12362
https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
http://doi.org/10.1002/alz.12638
http://www.ncbi.nlm.nih.gov/pubmed/35289055
http://doi.org/10.1186/alzrt181
https://www.who.int/publications/i/item/9789241550543
https://www.who.int/publications/i/item/9789241550543
http://doi.org/10.1097/WAD.0000000000000087
http://www.ncbi.nlm.nih.gov/pubmed/25710250
http://doi.org/10.1097/JGP.0b013e3181c65250
http://doi.org/10.1186/s12877-022-02939-2
http://doi.org/10.1093/ajcn/nqab028
http://doi.org/10.1111/pcn.13509
http://doi.org/10.1002/alz.12096
http://doi.org/10.3389/fnut.2022.1036795
http://doi.org/10.1093/ajcn/73.1.1
http://doi.org/10.1016/j.nutres.2018.06.002
http://doi.org/10.1001/jama.2009.1146
http://doi.org/10.1159/000305099
http://www.ncbi.nlm.nih.gov/pubmed/20502015
http://doi.org/10.3233/JAD-140867
http://www.ncbi.nlm.nih.gov/pubmed/25062901
http://doi.org/10.1016/j.jand.2015.12.017
http://www.ncbi.nlm.nih.gov/pubmed/27050728
http://doi.org/10.1007/s10654-017-0295-2
http://doi.org/10.3233/JAD-180529
http://doi.org/10.1001/jama.2019.1432


Nutrients 2023, 15, 1282 11 of 12

24. Scarmeas, N.; Stern, Y.; Tang, M.X.; Mayeux, R.; Luchsinger, J.A. Mediterranean diet and risk for Alzheimer’s disease. Ann. Neurol.
2006, 59, 912–921. [CrossRef]

25. Scarmeas, N.; Luchsinger, J.A.; Schupf, N.; Brickman, A.M.; Cosentino, S.; Tang, M.X.; Stern, Y. Physical activity, diet, and risk of
Alzheimer disease. JAMA 2009, 302, 627–637. [CrossRef] [PubMed]

26. Gu, Y.; Nieves, J.W.; Stern, Y.; Luchsinger, J.A.; Scarmeas, N. Food combination and Alzheimer disease risk: A protective diet.
Arch. Neurol. 2010, 67, 699–706. [CrossRef]

27. Gu, Y.; Luchsinger, J.A.; Stern, Y.; Scarmeas, N. Mediterranean diet, inflammatory and metabolic biomarkers, and risk of
Alzheimer’s disease. J. Alzheimer’s Dis. 2010, 22, 483–492. [CrossRef] [PubMed]

28. Eskelinen, M.H.; Ngandu, T.; Tuomilehto, J.; Soininen, H.; Kivipelto, M. Midlife healthy-diet index and late-life dementia and
Alzheimer’s disease. Dement. Geriatr. Cogn. Dis. Extra 2011, 1, 103–112. [CrossRef] [PubMed]

29. Ozawa, M.; Ninomiya, T.; Ohara, T.; Doi, Y.; Uchida, K.; Shirota, T.; Yonemoto, K.; Kitazono, T.; Kiyohara, Y. Dietary patterns and
risk of dementia in an elderly Japanese population: The Hisayama Study. Am. J. Clin. Nutr. 2013, 97, 1076–1082. [CrossRef]

30. Morris, M.C.; Tangney, C.C.; Wang, Y.; Sacks, F.M.; Bennett, D.A.; Aggarwal, N.T. MIND diet associated with reduced incidence
of Alzheimer’s disease. Alzheimer’s Dement 2015, 11, 1007–1014. [CrossRef] [PubMed]

31. Tomata, Y.; Sugiyama, K.; Kaiho, Y.; Honkura, K.; Watanabe, T.; Zhang, S.; Sugawara, Y.; Tsuji, I. Dietary Patterns and Incident
Dementia in Elderly Japanese: The Ohsaki Cohort 2006 Study. J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71, 1322–1328. [CrossRef]

32. Hosking, D.E.; Eramudugolla, R.; Cherbuin, N.; Anstey, K.J. MIND not Mediterranean diet related to 12-year incidence of
cognitive impairment in an Australian longitudinal cohort study. Alzheimer’s Dement. 2019, 15, 581–589. [CrossRef]

33. Hu, E.A.; Wu, A.; Dearborn, J.L.; Gottesman, R.F.; Sharrett, A.R.; Steffen, L.M.; Coresh, J.; Rebholz, C.M. Adherence to Dietary
Patterns and Risk of Incident Dementia: Findings from the Atherosclerosis Risk in Communities Study. J. Alzheimer’s Dis. 2020,
78, 827–835. [CrossRef]

34. Andreu-Reinón, M.E.; Chirlaque, M.D.; Gavrila, D.; Amiano, P.; Mar, J.; Tainta, M.; Ardanaz, E.; Larumbe, R.; Colorado-Yohar, S.M.;
Navarro-Mateu, F.; et al. Mediterranean Diet and Risk of Dementia and Alzheimer’s Disease in the EPIC-Spain Dementia Cohort
Study. Nutrients 2021, 13, 700. [CrossRef]

35. Lu, Y.; Matsuyama, S.; Sugawara, Y.; Sone, T.; Tsuji, I. Changes in a specific dietary pattern and incident dementia: A prospective
cohort study. Clin. Nutr. 2021, 40, 3495–3502. [CrossRef]

36. Nicoli, C.; Galbussera, A.A.; Bosetti, C.; Franchi, C.; Gallus, S.; Mandelli, S.; Marcon, G.; Quadri, P.; Riso, P.; Riva, E.; et al. The role
of diet on the risk of dementia in the oldest old: The Monzino 80-plus population-based study. Clin. Nutr. 2021, 40, 4783–4791.
[CrossRef] [PubMed]

37. Liu, Y.H.; Gao, X.; Na, M.; Kris-Etherton, P.M.; Mitchell, D.C.; Jensen, G.L. Dietary Pattern, Diet Quality, and Dementia:
A Systematic Review and Meta-Analysis of Prospective Cohort Studies. J. Alzheimer’s Dis. 2020, 78, 151–168. [CrossRef] [PubMed]

38. Chen, X.; Maguire, B.; Brodaty, H.; O’Leary, F. Dietary patterns and cognitive health in older adults: A systematic review.
J. Alzheimers Dis. 2019, 67, 583–619. [CrossRef] [PubMed]

39. van de Rest, O.; Berendsen, A.A.; Haveman-Nies, A.; de Groot, L.C. Dietary patterns, cognitive decline, and dementia:
A systematic review. Adv. Nutr. 2015, 6, 154–168. [CrossRef]

40. Liu, Y.H.; Gao, X.; Mitchell, D.C.; Wood, G.C.; Bailey, R.K.; Still, C.D.; Jensen, G.L. Validation of a Diet Quality Screening Tool for
Use in the Oldest Old. J. Nutr. Gerontol. Geriatr. 2019, 38, 196–204. [CrossRef]

41. Liu, Y.H.; Jensen, G.L.; Na, M.; Mitchell, D.C.; Wood, G.C.; Still, C.D.; Gao, X. Diet Quality and Risk of Parkinson’s Disease:
A Prospective Study and Meta-Analysis. J. Parkinsons Dis. 2021, 11, 337–347. [CrossRef]

42. Bailey, R.L.; Miller, P.E.; Mitchell, D.C.; Hartman, T.J.; Lawrence, F.R.; Sempos, C.T.; Smiciklas-Wright, H. Dietary screening tool
identifies nutritional risk in older adults. Am. J. Clin. Nutr. 2009, 90, 177–183. [CrossRef]

43. Jensen, G.L.; Kita, K.; Fish, J.; Heydt, D.; Frey, C. Nutrition risk screening characteristics of rural older persons: Relation to
functional limitations and health care charges. Am. J. Clin. Nutr. 1997, 66, 819–828. [CrossRef]

44. Bailey, R.L.; Mitchell, D.C.; Miller, C.K.; Still, C.D.; Jensen, G.L.; Tucker, K.L.; Smiciklas-Wright, H. A dietary screening question-
naire identifies dietary patterns in older adults. J. Nutr. 2007, 137, 421–426. [CrossRef] [PubMed]

45. Ventura Marra, M.; Thuppal, S.V.; Johnson, E.J.; Bailey, R.L. Validation of a Dietary Screening Tool in a Middle-Aged Appalachian
Population. Nutrients 2018, 10, 345. [CrossRef]

46. U.S. Department of Health & Human Services. Classification of Overweight and Obesity by BMI WC, and Associated Disease
Risks. Available online: https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi_dis (accessed on 29 October 2021).

47. Granic, A.; Mendonça, N.; Hill, T.R.; Jagger, C.; Stevenson, E.J.; Mathers, J.C.; Sayer, A.A. Nutrition in the Very Old. Nutrients
2018, 10, 269. [CrossRef] [PubMed]

48. Gu, Q.; Sable, C.M.; Brooks-Wilson, A.; Murphy, R.A. Dietary patterns in the healthy oldest old in the healthy aging study and
the Canadian longitudinal study of aging: A cohort study. BMC Geriatr. 2020, 20, 106. [CrossRef]

49. Okello, E.J.; Mendonça, N.; Stephan, B.; Muniz-Terrera, G.; Wesnes, K.; Siervo, M. Tea consumption and measures of attention
and psychomotor speed in the very old: The Newcastle 85+ longitudinal study. BMC Nutr. 2020, 6, 57. [CrossRef]

50. Granic, A.; Davies, K.; Adamson, A.; Kirkwood, T.; Hill, T.R.; Siervo, M.; Mathers, J.C.; Jagger, C. Dietary Patterns High in Red
Meat, Potato, Gravy, and Butter Are Associated with Poor Cognitive Functioning but Not with Rate of Cognitive Decline in Very
Old Adults. J. Nutr. 2016, 146, 265–274. [CrossRef]

http://doi.org/10.1002/ana.20854
http://doi.org/10.1001/jama.2009.1144
http://www.ncbi.nlm.nih.gov/pubmed/19671904
http://doi.org/10.1001/archneurol.2010.84
http://doi.org/10.3233/JAD-2010-100897
http://www.ncbi.nlm.nih.gov/pubmed/20847399
http://doi.org/10.1159/000327518
http://www.ncbi.nlm.nih.gov/pubmed/22163237
http://doi.org/10.3945/ajcn.112.045575
http://doi.org/10.1016/j.jalz.2014.11.009
http://www.ncbi.nlm.nih.gov/pubmed/25681666
http://doi.org/10.1093/gerona/glw117
http://doi.org/10.1016/j.jalz.2018.12.011
http://doi.org/10.3233/JAD-200392
http://doi.org/10.3390/nu13020700
http://doi.org/10.1016/j.clnu.2020.11.036
http://doi.org/10.1016/j.clnu.2021.06.016
http://www.ncbi.nlm.nih.gov/pubmed/34242918
http://doi.org/10.3233/JAD-200499
http://www.ncbi.nlm.nih.gov/pubmed/32955461
http://doi.org/10.3233/JAD-180468
http://www.ncbi.nlm.nih.gov/pubmed/30689586
http://doi.org/10.3945/an.114.007617
http://doi.org/10.1080/21551197.2019.1601604
http://doi.org/10.3233/JPD-202290
http://doi.org/10.3945/ajcn.2008.27268
http://doi.org/10.1093/ajcn/66.4.819
http://doi.org/10.1093/jn/137.2.421
http://www.ncbi.nlm.nih.gov/pubmed/17237321
http://doi.org/10.3390/nu10030345
https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi_dis
http://doi.org/10.3390/nu10030269
http://www.ncbi.nlm.nih.gov/pubmed/29495468
http://doi.org/10.1186/s12877-020-01507-w
http://doi.org/10.1186/s40795-020-00361-8
http://doi.org/10.3945/jn.115.216952


Nutrients 2023, 15, 1282 12 of 12

51. Yin, Z.; Fei, Z.; Qiu, C.; Brasher, M.S.; Kraus, V.B.; Zhao, W.; Shi, X.; Zeng, Y. Dietary Diversity and Cognitive Function among
Elderly People: A Population-Based Study. J. Nutr. Health Aging 2017, 21, 1089–1094. [CrossRef] [PubMed]

52. Bolin, J.N.; Bellamy, G.R.; Ferdinand, A.O.; Vuong, A.M.; Kash, B.A.; Schulze, A.; Helduser, J.W. Rural Healthy People 2020: New
Decade, Same Challenges. J. Rural Health 2015, 31, 326–333. [CrossRef]

53. Cipriani, G.; Carlesi, C.; Lucetti, C.; Danti, S.; Nuti, A. Eating Behaviors and Dietary Changes in Patients With Dementia. Am. J.
Alzheimer’s Dis. Other Dement. 2016, 31, 706–716. [CrossRef]

54. Fostinelli, S.; De Amicis, R.; Leone, A.; Giustizieri, V.; Binetti, G.; Bertoli, S.; Battezzati, A.; Cappa, S.F. Eating Behavior in Aging
and Dementia: The Need for a Comprehensive Assessment. Front. Nutr. 2020, 7, 604488. [CrossRef]

55. Slavin, M.J.; Brodaty, H.; Sachdev, P.S. Challenges of diagnosing dementia in the oldest old population. J. Gerontol. A Biol. Sci.
Med. Sci. 2013, 68, 1103–1111. [CrossRef] [PubMed]

56. Kawas, C.H.; Corrada, M.M. Alzheimer’s and dementia in the oldest-old: A century of challenges. Curr. Alzheimer Res. 2006,
3, 411–419. [CrossRef]

57. Brumback-Peltz, C.; Balasubramanian, A.B.; Corrada, M.M.; Kawas, C.H. Diagnosing dementia in the oldest-old. Maturitas 2011,
70, 164–168. [CrossRef]

58. Kawas, C.H.; Kim, R.C.; Sonnen, J.A.; Bullain, S.S.; Trieu, T.; Corrada, M.M. Multiple pathologies are common and related to
dementia in the oldest-old. Neurology 2015, 85, 535–542. [CrossRef]

59. James, B.D. Dementia From Alzheimer Disease and Mixed Pathologies in the Oldest Old. JAMA 2012, 307, 1798. [CrossRef]
60. Schneider, J.A.; Arvanitakis, Z.; Bang, W.; Bennett, D.A. Mixed brain pathologies account for most dementia cases in community-

dwelling older persons. Neurology 2007, 69, 2197–2204. [CrossRef] [PubMed]
61. Calvin, C.M.; Wilkinson, T.; Starr, J.M.; Sudlow, C.; Hagenaars, S.P.; Harris, S.E.; Schnier, C.; Davies, G.; Fawns-Ritchie, C.;

Gale, C.R.; et al. Predicting incident dementia 3-8 years after brief cognitive tests in the UK Biobank prospective study of
500,000 people. Alzheimers Dement. 2019, 15, 1546–1557. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s12603-017-0912-5
http://www.ncbi.nlm.nih.gov/pubmed/29188865
http://doi.org/10.1111/jrh.12116
http://doi.org/10.1177/1533317516673155
http://doi.org/10.3389/fnut.2020.604488
http://doi.org/10.1093/gerona/glt051
http://www.ncbi.nlm.nih.gov/pubmed/23685769
http://doi.org/10.2174/156720506779025233
http://doi.org/10.1016/j.maturitas.2011.07.008
http://doi.org/10.1212/WNL.0000000000001831
http://doi.org/10.1001/jama.2012.3556
http://doi.org/10.1212/01.wnl.0000271090.28148.24
http://www.ncbi.nlm.nih.gov/pubmed/17568013
http://doi.org/10.1016/j.jalz.2019.07.014
http://www.ncbi.nlm.nih.gov/pubmed/31619348

	Introduction 
	Methods 
	Study Population 
	Assessment of Diet Quality 
	Assessment of Incident Cases for All-Cause Dementia 
	Assessment of Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	References

