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ABSTRACT

Background: Prospective studies linking dietary pattern and cogni-
tive function in the elderly are limited in Asian populations.
Objective: We examined the associations between various healthful
dietary patterns and risk of cognitive impairment in Chinese adults.
Methods: We used data from the Singapore Chinese Health Study of
16,948 men and women who were aged 45-74 y at baseline (1993—
1998) and reinterviewed at the third follow-up visit (2014-2016),
~20 y later. Diet quality at baseline was assessed according to the
alternate Mediterranean diet (aMED), the Dietary Approaches to
Stop Hypertension (DASH) diet, the alternative Healthy Eating Index
(AHEI)-2010, overall plant-based diet index (PDI), and healthful
plant-based diet index (hPDI). Cognitive function was evaluated
using a Singapore-modified Mini-Mental State Examination during
the third follow-up visit when subjects were aged 61-96 y.
Multivariable logistic regression models were used to compute ORs
and 95% Cls associated with the risk of cognitive impairment defined
using education-specific cut-offs.

Results: Cognitive impairment was present in 2443 (14.4%)
participants. The OR (95% CI) for cognitive impairment comparing
the highest with the lowest quartile of diet quality scores was 0.67
(0.59,0.77) for aMED, 0.71 (0.62, 0.81) for DASH, 0.75 (0.66, 0.85)
for AHEI-2010, 0.82 (0.71, 0.94) for PDI, and 0.78 (0.68, 0.90) for
hPDI (all P values for trend <0.001). Each SD increment in different
diet quality scores was associated with 7-16% lower risk of cognitive
impairment.

Conclusions: These results provide evidence that adherence to
healthy dietary patterns in midlife is associated with a lower risk of

cognitive impairment in late life in Chinese adults. Am J Clin

Nutr 2019;110:912-920.
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Introduction

The disease burden and economic costs of severe dementia
and Alzheimer’s disease have increased dramatically and become
a global public health priority as life expectancy increases in
many countries worldwide (1). Cognitive decline heralds the
development of conditions such as mild cognitive impairment
and incipient dementia, and these conditions in turn carry an
increased risk of Alzheimer’s disease or other forms of severe
dementia (2). Hence, it is critical to identify modifiable risk
factors to retard the progression of cognitive decline with aging,
and thus prevent or delay the occurrence of cognitive impairment
or dementia.

A number of epidemiologic studies have investigated the
impact of individual food or nutrient items on cognitive health
(3). However, this approach does not account for the synergistic
effects of diverse foods and nutrients consumed together. Hence,
increasing attention has been directed to overall dietary patterns
(4, 5), as they are able to more comprehensively characterize
dietary exposures of related foods and nutrients often consumed
together, and account for the possible interactions among them.
Findings from studies on dietary patterns also allow better
translation of dietary recommendations for the preservation of
cognitive function (4, 6).

Various studies have shown that adherence to the Mediter-
ranean diet was associated with a lower risk of cognitive
impairment and dementia, as summarized in recent reviews
and meta-analyses (7, 8). A few prospective studies have
examined Dietary Approaches to Stop Hypertension (DASH)
and alternative Healthy Eating Index (AHEI) dietary patterns in
relation to cognitive health (9—14), although none has evaluated
the associations with the overall plant-based diet index (PDI)
and healthful plant-based diet index (hPDI). In addition, most
of these studies have been conducted in Western populations,
and evidence from Asian populations is limited (8). Since there
are marked differences in dietary patterns between Western
and Asian populations, it is unclear whether these healthy
dietary patterns, derived from Western populations, are related
to cognitive health in Asians (15). In addition, to the best of
our knowledge, no study performed in an Asian population has
systematically evaluated various a priori dietary indexes with
cognitive health simultaneously.

In this study, we prospectively evaluated the relations of
healthful diets, namely, the alternate Mediterranean diet (aMED),
DASH diet index, AHEI-2010, PDI, and hPDI scores, with risk
of cognitive impairment in the Singapore Chinese Health Study,
a population-based cohort of Chinese living in Singapore.

Methods

Study population

The Singapore Chinese Health Study is an ongoing prospective
cohort study designed to evaluate genetic, dietary, and envi-
ronmental determinants of chronic diseases in Chinese adults
living in Singapore. A detailed description of the study has
been reported previously (16). In brief, 63,257 participants
(27,959 men and 35,298 women) aged 45-74 y were enrolled
between April 1993 and December 1998. Study participants
belonged to the 2 major dialect groups of Chinese in Singapore
(Hokkiens or Cantonese), and were permanent residents or

citizens who resided in government-built housing estates, where
86% of the Singaporeans resided during the enrollment period.
At baseline, face-to-face interviews were conducted to collect
demographic information, usual diet, cigarette smoking, alcohol
consumption, physical activity, sleep duration, height, weight,
and medical history, using a structured questionnaire. After the
baseline interview, participants were recontacted for 3 follow-
up visits. The present analysis only included participants who
completed cognitive testing during the third follow-up visit
(2014 to 2016). We sent 1-2 invitation letters to the surviving
participants before the home visits; some participants could not
be contacted due to reasons such as moving out of the house,
and some were unable to participate in the follow-up visit due
to serious diseases or severe cognitive impairment. Meanwhile,
the third follow-up visits were only conducted until February
2016 due to limited funding. We did not purposely select certain
individuals for the third follow-up visit. The study protocol was
approved by the Institutional Review Board of the National Uni-
versity of Singapore. All participants provided written informed
consent.

Dietary assessment

At baseline, the usual dietary intake over the past year
was assessed using a structured semiquantitative FFQ, which
incorporated 165 dietary items commonly consumed by the study
population in Singapore. For each food item, participants were
asked to choose from 8 frequency categories (ranging from
“never or hardly ever” to “2 or more times a day”’) and 3 defined
portion sizes (small, medium, large) with the aid of photographs.
The dietary intake of energy or nutrients for each participant was
derived from the Singapore Food Composition Database that was
developed especially for our cohort. The FFQ was validated using
a series of 24-h dietary recalls and selected biomarkers (16-18).
The validation study showed that the correlation coefficients for
energy and nutrients ranged from 0.24 to 0.79 between the FFQ
and the 24-h dietary recalls (16), similar to a previous validation
study reporting diverse populations (19).

Dietary patterns

The scores of 5 dietary patterns (aMED, DASH, AHEI-
2010, PDI, hPDI) were calculated based on the relative or
absolute intake of the various food items, alcohol, and nutrients,
as stipulated in an a priori manner for the composition of
each pattern. A higher score represents better adherence. The
components and scoring criteria of these dietary patterns have
been described in detail elsewhere (20, 21). Briefly, the aMED
score consisted of 9 components, and each component was scored
0 or 1 with the total score ranging from 0 to 9. Scoring was based
on whether a participant’s intake was above or below the cohort-
specific median levels of the food items/groups, except for the
intake of alcohol, which had 1 point for an intake of 10-25 g/d
for men and 5-15 g/d for women and O otherwise. The DASH
score consisted of 8 components, and each component scored
from 1 to 5 (participant’s quintiles of intake) with the total score
ranging from 8 to 40. For the DASH score, the intake of low-fat
dairy was replaced by total dairy because low-fat dairy products
were rarely available on the market at the time of recruitment and
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thus no information relevant to this was collected in the FFQ. The
AHEI-2010 generally included 11 food and nutrient components,
including alcohol, and each component score ranged from 0 to 10.
Due to the very low consumption level and lack of information
on trans fat intake in our population, we did not include trans
fat in the score and thus the total score included 10 components
and ranged from O to 100. The PDI and hPDI were developed
by Satija et al. (22) based on less healthy and healthy plant
foods and animal foods. The PDI assigned positive scores for
all plant foods (1 to 5) and inverse scores (5 to 1) for animal
foods with increasing consumption levels, but the hPDI assigned
positive scores for healthy plant foods (1 to 5) and inverse scores
(5 to 1) for less healthy plant foods and animal foods with
increasing consumption levels. We included 15 components with
sufficiently high and thus practically meaningful intake levels
in our analyses. Each food component was scored from 1 to 5
(participant’s quintiles of intake) and the total score ranged from
15to 75.

Assessment of cognitive function

A Singapore-modified version of the Mini-Mental State
Examination (SM-MMSE), which has been validated in the
Singapore population, was used for the assessment of cognitive
function only at the third follow-up visit (23). The MMSE was
originally developed by Folstein et al. in 1975 and has been
translated into different languages and used in clinical practice
and research among diverse populations (24, 25). The MMSE
questionnaire is the most widely used cognitive screening tool
worldwide and is composed of 30 items assessing orientation
(10 points), attention (5 points), language (8 points), immediate
recall (3 points), delayed recall (3 points), and construction
(1 point) (24). The score ranged from 0 to 30, with higher
scores indicating better cognitive function. A cut-off point of
23/24 was typically used to define cognitive impairment in
Western countries (25). However, previous studies have shown
that the MMSE score is significantly affected by education
level (26, 27). In our population, the education level was
generally low and thus we used education-specific cut-off
points that originated from the Shanghai Dementia Survey,
in which the participants had a comparable education level
with our study population (26). The cut-off points were 17/18,
20/21, and 24/25 for those with no formal education, primary
school education, and secondary school or higher education,
respectively.

The SM-MMSE testing was performed via in-person in-
terviews in a quiet environment. An experienced geriatric
epidemiologist in our team (LF) systematically trained all the
interviewers. We recorded all interviews and randomly selected
20% of the recordings to verify the quality of the interviews
during the third follow-up visit. A total of 17,107 participants
took part in SM-MMSE testing during the third follow-up visit.
After excluding participants with a missing value on the SM-
MMSE (n = 55), and participants who were mute (n = 1), blind
(n = 55), or deaf (n = 48), we included 16,948 participants
in the final analysis and the participant flowchart is shown in
Supplementary Figure 1.

Statistical analysis

We compared the characteristics of participants in the lowest
and highest quartiles of the 5 dietary scores using descriptive
statistics. We also computed Spearman correlation coefficients
for various dietary pattern scores. Multivariable logistic regres-
sion models were used to estimate ORs and 95% CIs for the
associations between dietary patterns and cognitive impairment
by using the lowest quartile as the reference group. Model
1 adjusted for age at cognitive status measurement (year).
Model 2 further adjusted for other sociodemographic variables
including year of recruitment (1993-1995, 1996-1998), sex,
dialect group (Hokkiens, Cantonese), marital status (married,
separated/divorced, widowed, never married), education level (no
formal education, primary school, secondary school or above),
and lifestyle factors including cigarette smoking (never, former,
and current smokers), physical activity (hours per week spent
on moderate activities, strenuous sports, and vigorous work:
none, 0.5-3.9, and >4.0 h/wk), sleep duration (<6, 6-8, and
>8 h/), BMI (<18.5, 18.5-22.9, 23-27.4, and >27.5 kg/m?),
and total energy intake (kcal/d); Model 2 additionally included
alcohol consumption (never, monthly, weekly/daily), tea intake
(none, monthly, weekly, daily), and coffee intake (none/less than
daily, 1 cup/d, >2 cups/d) for the dietary patterns not including
these items. Model 3 further adjusted for baseline comorbidities
including hypertension, diabetes, cardiovascular disease (CVD;
coronary artery disease, stroke), and cancer. Tests for linear
trend were performed by treating the median value of dietary
quality scores in quartiles as a continuous variable in the final
model.

We also used generalized linear models to compare mean SM-
MMSE scores by quartile of each dietary quality score with
adjustment for the above-mentioned covariates. In this analysis,
we also compared the effect size for the associations related to
dietary pattern and age (y) to indirectly evaluate the impact of
dietary pattern on cognitive status.

We conducted stratified analyses according to age at baseline
(<55 and >55 y), sex, education level, BMI (<23 and >23),
and baseline history of hypertension and diabetes in the logistic
regression models and generalized linear models. Tests for
interaction were performed by adding interaction terms in Model
3.

To test the robustness of our findings, we conducted a series
of sensitivity analyses. /) We excluded those with cancer or CVD
at baseline (n = 735) because these 2 types of chronic diseases
could substantially change people’s diet and lifestyles. 2) We
further adjusted for incident hypertension, diabetes, CVD, and
cancer events during the follow-up period to examine whether the
associations could be influenced or mediated by incident chronic
diseases. 3) We adjusted for age at baseline instead of age at SM-
MMSE measurement because people could have different follow-
up years. 4) We further adjusted for housing type at the third
follow-up visit (1-2 rooms, 3 rooms, 4 rooms, 5 rooms, private
housing, other housing) as a covariate in the multivariable models
to examine whether the associations could be influenced by
socioeconomic status. 5) We excluded those with unrealistic daily
energy intake (<700 or >3700 kcal for men and <600 or >3000
kcal for women, n = 212) to test whether the results could be
influenced by extreme measurement errors in the exposure. 6) We
used the SM-MMSE cut-off point of 23/24 to examine whether
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TABLE 1 Characteristics of study participants according to quartiles of the dietary quality scores

915

1

aMED DASH AHEI-2010 PDI hPDI

Variable Ql Q4 Ql Q4 Ql Q4 Q1 Q4 Ql Q4
n 5734 4076 4239 4207 4237 4237 4406 3950 3978 4075
Age at interview, mean £ SD, y 534 +64 52.6 £6.0 525+6.1 535+6.3 528 £6.3 53.0+6.1 533+6.4 52.7+6.1 523+6.1 53.6 £6.3
Age at follow-up, mean + SD, y 73.5+6.5 728 £6.2 72.6 £6.3 73.6 £ 6.4 728 £6.4 733+6.3 73.4 £ 6.6 73.0+6.3 72.1+63 740+ 6.5
BMI, mean =+ SD, kg/m? 23.1+£33 23.1+3.1 233+£33 229431 232+34 23.1£3.1 232432 23.1+£3.0 232+33 232+32
Men, % 40.8 40.2 52.7 30.0 48.0 38.4 37.3 45.9 54.6 30.8
Married, % 87.0 90.0 89.3 87.5 86.9 89.9 87.0 89.3 89.4 88.2
Cantonese dialect, % 43.7 56.3 45.0 54.0 45.6 53.4 44.4 53.6 499 50.7
Higher education?, % 27.8 473 31.2 425 31.6 44.6 29.0 45.1 354 38.7
Current smokers, % 17.1 8.7 22.8 5.7 19.8 8.4 14.8 11.2 19.9 8.2
Alcohol drinkers, % 18.3 22.3 26.4 14.0 16.0 26.1 19.6 20.9 25.6 14.1
Daily tea drinkers, % 19.2 27.3 21.9 25.2 22.1 26.7 15.4 33.0 20.8 28.4
Daily coffee drinkers, % 73.1 65.0 75.4 61.1 72.5 65.5 63.8 73.0 64.4 73.2
Physical activity, %

None 69.5 54.8 68.0 56.8 67.0 56.7 70.0 55.0 62.3 60.9

0.5-3.9 h/wk 19.4 28.9 19.7 279 20.2 27.4 18.7 27.8 23.6 25.0

>4 h/wk 11.1 16.3 12.3 153 12.8 159 11.3 17.2 14.1 14.1
Sleep duration, %

<6 h/d 9.0 75 8.6 8.2 9.2 79 8.8 8.4 7.7 83

6-8 h/d 85.6 87.0 85.2 86.9 84.6 86.8 85.2 86.0 86.1 86.7

>8 h/d 5.4 55 6.2 4.9 6.2 53 6.0 5.6 6.2 5.0
Baseline hypertension, % 18.7 19.5 17.3 20.1 18.5 20.2 17.5 21.0 17.5 21.3
Baseline diabetes, % 4.5 5.8 39 5.8 4.1 55 5.6 43 43 5.8
Baseline cardiovascular disease, % 2.4 2.6 1.9 3.0 2.2 2.8 2.0 2.9 2.1 2.9
Baseline cancer, % 1.7 1.9 1.4 2.6 1.7 2.1 2.0 1.7 1.7 2.0

!'Values are means =+ SD for continuous and percentages for categorical variables. AHEI, alternative Healthy Eating Index; aMED, alternate Mediterranean Diet score; DASH, Dietary
Approaches to Stop Hypertension; hPDI, healthful plant-based diet index; PDI, plant-based diet index; Q, quartile.

2Secondary school or above.

the results could be influenced by the definition of the outcome.
We also compared the baseline characteristics of participants in
the baseline survey, follow-up visits 1, 2, and 3, as well as those
who did not attend the third follow-up visit to test the influence
of selection bias on the results.

All analyses were performed using SAS version 9.4 (SAS
Institute). Statistical significance was defined as 2-sided P
values <0.05.

Results

Study population characteristics

The characteristics of study participants in the lowest or
highest quartile of the 5 dietary scores are shown in Table 1. Of
the 16,948 participants, 59.2% were women, and the mean age
at baseline was 53.5 y (SD: 6.2) and mean age at SM-MMSE
measurement was 73.2 y (SD: 6.4). For all 5 dietary patterns,
participants with higher scores were more likely to be women
(except for PDI), more educated, never smokers, and physically
active. The dietary patterns had a moderate to high correlation
with each other (Spearman correlation coefficients ranged from
0.37 to 0.72) (Table 2).

Dietary patterns and risk of cognitive impairment

The average follow-up duration was 19.7 y from baseline
recruitment to the third follow-up interview. The median (IQR)
of the SM-MMSE score was 26 (23, 28), and 14.4% of the 16,948
participants were defined as having cognitive impairment using
education-specific cut-offs. Compared with those in the lowest

quartile, participants in the highest quartile of the dietary pattern
scores had a significant reduction, 18% (for PDI) to 33% (for
aMED), in the risk of cognitive impairment in the final model
(Table 3). After adjustment for potential covariates, the adjusted
OR (95% CI) for cognitive impairment was 0.67 (0.59, 0.77)
for aMED, 0.71 (0.62, 0.81) for DASH, 0.75 (0.66, 0.85) for
AHEI-2010, 0.82 (0.71, 0.94) for PDI, and 0.78 (0.68, 0.90) for
hPDI, comparing the highest with the lowest quartiles (all P-
trend <0.001, Table 3). Moreover, each 1 SD increment in the
dietary pattern scores was associated with a 7% (for PDI) to 16%
(for aMED) reduction in the risk of cognitive impairment (Table
3).

In the generalized linear models, the adjusted mean SM-
MMSE scores were higher with increasing quartiles of 5 dietary
scores (all P-trend <0.001; Figure 1). Compared with those
in the lowest quartile, participants in the highest quartile of
aMED (mean difference B: 0.540; 95% CI: 0.404, 0.676;
P <0.001), DASH (mean difference B: 0.507; 95% CI: 0.368,

TABLE 2 Spearman correlation coefficients between different dietary
quality scores'

Dietary quality scores aMED  DASH AHEI-2010  PDI hPDI
aMED 1

DASH 0.58 1

AHEI-2010 0.65 0.72 1

PDI 0.59 0.41 0.41 1

hPDI 0.37 0.60 0.59 0.47 1

I AHE], alternative Healthy Eating Index; aMED, alternate
Mediterranean Diet; DASH, Dietary Approaches to Stop Hypertension;
hPDI, healthful plant-based diet index; PDI, plant-based diet index.
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TABLE 3 Relations of quartiles of dietary quality scores with risk of cognitive impairment'

Number of Model 12 Model 23 Model 3*
Median score cases/Total number OR OR OR

Dietary quality scores (range) of participants (95% CI) (95% CI) (95% CI)
aMED

Ql 3(0,3) 934/5734 1.00 1.00 1.00

Q2 4(4,4) 520/3563 0.90 (0.80, 1.02) 0.85 (0.75, 0.96) 0.85 (0.75, 0.96)

Q3 5(,5) 481/3575 0.84 (0.74, 0.95) 0.76 (0.66, 0.86) 0.75 (0.66, 0.86)

Q4 6(6,9) 508/4076 0.79 (0.70, 0.89) 0.68 (0.59, 0.77) 0.67 (0.59, 0.77)

P-trend’ <0.001 <0.001 <0.001

Per SD increment® 0.90 (0.86, 0.94) 0.84 (0.80, 0.89) 0.84 (0.80, 0.88)
DASH

Ql 20 (8, 21) 653/4239 1.00 1.00 1.00

Q2 23 (22, 24) 635/4368 0.88 (0.78, 0.99) 0.84 (0.75, 0.96) 0.84 (0.74, 0.95)

Q3 26 (25,27) 563/4134 0.78 (0.68, 0.88) 0.73 (0.64, 0.83) 0.73 (0.64, 0.83)

Q4 30 (28, 39) 592/4207 0.79 (0.70, 0.90) 0.71 (0.62, 0.81) 0.71 (0.62, 0.81)

P-trend® <0.001 <0.001 <0.001

Per SD increment® 0.92 (0.88, 0.97) 0.89 (0.85, 0.93) 0.89 (0.84, 0.93)
AHEI-2010

Q1 42.6 (22.3, 46.0) 649/4237 1.00 1.00 1.00

Q2 48.4 (46.0, 50.8) 625/4237 0.90 (0.79, 1.02) 0.88 (0.77, 0.99) 0.87 (0.77, 0.99)

Q3 53.0 (50.8, 55.6) 591/4237 0.84 (0.74, 0.95) 0.80 (0.70, 0.91) 0.80 (0.70, 0.90)

Q4 59.1 (55.6, 81.0) 578/4237 0.82 (0.73, 0.94) 0.75 (0.66, 0.86) 0.75 (0.66, 0.85)

P-trend’ 0.002 <0.001 <0.001

Per SD increment® 0.93 (0.89, 0.97) 0.90 (0.85, 0.94) 0.89 (0.85, 0.94)
PDI

Ql 34 (22, 36) 706/4406 1.00 1.00 1.00

Q2 39 (37, 40) 636/4419 0.90 (0.80, 1.01) 0.87 (0.77, 0.99) 0.87 (0.77, 0.98)

Q3 42 (41, 44) 541/4173 0.80 (0.70, 0.90) 0.75 (0.66, 0.86) 0.75 (0.66, 0.86)

Q4 47 (45, 66) 560/3950 0.90 (0.80, 1.02) 0.82 (0.72, 0.94) 0.82 (0.71, 0.94)

P-trend? 0.04 <0.001 <0.001

Per SD increment® 0.96 (0.92, 1.00) 0.93 (0.88, 0.97) 0.93 (0.88, 0.97)
hPDI

Ql 39 (26, 41) 562/3978 1.00 1.00 1.00

Q2 44 (42, 45) 626/4440 0.90 (0.80, 1.03) 0.88 (0.77, 1.00) 0.88 (0.77, 1.00)

Q3 47 (46, 49) 656/4455 0.90 (0.79, 1.02) 0.86 (0.75, 0.98) 0.85 (0.75,0.97)

Q4 52 (50, 68) 599/4075 0.85 (0.75,0.97) 0.78 (0.68, 0.90) 0.78 (0.68, 0.90)

P-trend’ 0.02 <0.001 <0.001

Per SD increment®

0.95 (0.91, 0.99)

0.92 (0.88, 0.97)

0.92 (0.88, 0.97)

' AHEI, alternative Healthy Eating Index; aMED, alternate Mediterranean Diet score; DASH, Dietary Approaches to Stop Hypertension; hPDI, healthful

plant-based diet index; PDI, plant-based diet index; Q, quartile.
2Model 1: adjusted for age at cognitive status measurement.

3Model 2: adjusted for variables in Model 1 plus year of baseline interview, sex, dialect group, marital status, education level, smoking status, physical
activity, sleep duration, BMI, total energy intake. Analyses for the DASH, PDI, and hPDI indexes were additionally adjusted for alcohol consumption, and
analyses for the aMED, DASH, and AHEI-2010 were additionally adjusted for tea and coffee intake.
#Model 3: adjusted for variables in Model 2 plus baseline history of hypertension, diabetes, cardiovascular disease, and cancer.
STests for a linear trend were calculated by fitting median scores for quartiles as continuous variables in logistic regression models.
6SD values are as follows: 1.67 for aMED, 4.33 for DASH, 7.32 for AHEI-2010, 5.76 for PDI, and 5.60 for hPDI.

0.645; P <0.001), AHEI-2010 (mean difference 8: 0.454; 95%
CIL: 0.318, 0.589; P <0.001), and PDI (mean difference S:
0.324; 95% CI: 0.182, 0.466; P <0.001) and hPDI scores (mean
difference B: 0.350; 95% CI: 0.206, 0.494; P <0.001) had higher
adjusted MMSE scores (Figure 1 and Supplemental Table 1).
In the final model, each 1 y increment in age was associated
with a decrease of 0.185 in the SM-MMSE score. Therefore,
the differences of the adjusted mean scores between the highest
and the lowest quartiles were equivalent to differences observed
among participants 2.93 y younger in age for aMED, 2.72 y
younger for DASH, 2.45 y younger for AHEI-2010, 1.76 y
younger for PDI, and 1.89 y younger for hPDI.

Stratified analyses

The associations between dietary patterns and cognitive
impairment were not significantly modified by sex, education
level, BMI group, baseline hypertension, or diabetes (all P-
interaction >0.05; Supplemental Table 2). The only difference
was found in the stratified analysis by age at baseline (<55
and >55 y; P-interaction = 0.02) for the association between
hPDI and cognitive impairment, with differences seen in the
third quartile but similar point estimates in the fourth quartile
(Supplemental Table 2).

The associations between dietary patterns and the SM-
MMSE score were not significantly modified by BMI, baseline
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Dietary quality scores B (95% CI) P value
aMED
Q1 0 Ref.
Q2 0.157 (0.026, 0.287) 0.019
Q3 0.380 (0.246, 0.515) <0.001
Q4 0.540 (0.404, 0.676) <0.001
DASH
a1 0 Ref.
Q2 0.291(0.160, 0.422) <0.001
Q3 0.418 (0.283, 0.554) <0.001
Q4 0.507 (0.368, 0.645) <0.001
AHEI-2010
e} 0 Ref.
Q2 0.224 (0.092, 0.356) <0.001
Q3 0.372(0.239, 0.506) <0.001
Q4 0.454 (0.318, 0.589) <0.001
PDI
Q1 0 Ref.
Q2 0.148 (0.018, 0.278) 0.026
Q3 0.320 (0.186, 0.454) <0.001
Q4 0.324 (0.182, 0.466) <0.001
hPDI
Q1 0 Ref.
Q2 0.115 (-0.020, 0.249) 0.094
Q3 0.268 (0.131, 0.405) <0.001
Q4 0.350 (0.206, 0.494) <0.001 |

-0.1
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P-trend
<0.001
<0.001
<0.001

JE
<0.001
<0.001
T T T T T T ]

0 01 02 03 04 05 06 07

FIGURE 1 Relations of quartiles of dietary quality scores with the SM-MMSE score. The multivariable-adjusted model was adjusted for age at cognitive
status measurement, year of baseline interview, sex, dialect group, marital status, education level, smoking status, physical activity, sleep duration, BMI, total
energy intake, baseline history of hypertension, diabetes, cardiovascular disease, and cancer. Analyses for the DASH, PDI, and hPDI indexes were additionally
adjusted for alcohol consumption, and analyses for the aMED, DASH, and AHEI-2010 were additionally adjusted for tea and coffee intake. Tests for a linear
trend were calculated by fitting median scores for quartiles as continuous variables in generalized linear models. AHEI, alternative Healthy Eating Index;
aMED, alternate Mediterranean Diet score; DASH, Dietary Approaches to Stop Hypertension; hPDI, healthful plant-based diet index; PDI, plant-based diet
index; Q, quartile; SM-MMSE, Singapore-modified version of Mini-Mental State Examination.

hypertension, or diabetes (all P-interaction >0.05; Supplemen-
tal Table 3). A difference was found in the stratified analysis
of age (P-interaction = 0.002), sex (P-interaction = 0.02),
and education level (P-interaction = 0.01) for the association
between aMED and the SM-MMSE score, with a stronger
association observed in older adults, women, and those with no
formal education. Meanwhile, the association between AHEI-
2010 and the SM-MMSE score was stronger in women (P-
interaction = 0.004); the association between hPDI and the SM-
MMSE score was stronger in those with no formal education (P-
interaction = 0.02; Supplemental Table 3).

Sensitivity analyses

The results were generally robust in various sensitivity
analyses excluding those with cancer or CVD at baseline,
adjusting for incident chronic diseases during the follow-up
period, adjusting for age at baseline, adjusting for housing type
at the third follow-up, excluding those who had unrealistic
daily energy intake at baseline, or using 23/24 as the SM-
MMSE cut-off point (Supplemental Table 4). Compared with
participants who attended the baseline survey, and follow-up
visits 1 and 2 only, those who participated in the third follow-up
visit were generally younger, more likely to be female, married,
never smokers, have a higher education level, lower prevalence

of baseline comorbidities, but similar dietary pattern scores
(Supplemental Table 5).

Discussion

In this large prospective cohort study with a mean follow-
up period of almost 2 decades, we found that 5 predetermined
healthful dietary patterns were inversely associated with the risk
of cognitive impairment in the Singapore Chinese population.
The strongest association was found between aMED and
cognitive function.

Our observed inverse association between aMED and cog-
nitive impairment is consistent with existing evidence (7, 8).
Although no significant associations were found in several
smaller cohort studies (12, 28-30), a recent meta-analysis of
15 cohort studies and 2 randomized clinical trials observed a
beneficial effect of the Mediterranean diet on global cognitive
function among healthy older adults in both Mediterranean and
non-Mediterranean regions (8). To the best of our knowledge,
only 1 cohort study has been conducted in China (1650 Chinese
adults with an average of 5.3 y follow-up), and it was noted
that a higher Mediterranean diet score was associated with a
slower rate of cognitive decline among adults >65 y but not
in adults aged 55-65 y (31). The authors hypothesized that
the rate of cognitive decline was relatively small in younger
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adults thus the impact of diet might be difficult to detect.
However, in our study with a much larger sample size and longer
follow-up period, we did not see significant differences between
older and younger participants. A 6.5-y randomized clinical trial
found that the Mediterranean diet, supplemented with olive oil
or nuts, improved global cognition compared with a low-fat
diet (32).

Prospective studies from Western countries found that higher
adherence to a DASH diet pattern was associated with better
cognitive function in the Nurses’ Health Study (9), the Cache
County Memory Study (10), and the Memory and Aging Project
(11), although null association was also reported in a prospective
study involving 6425 American postmenopausal women (12).
In a 4-mo randomized trial conducted in 124 overweight and
sedentary participants with hypertension, the DASH diet group
showed better psychomotor speed than the usual diet control
group (33). Our findings confirmed an inverse association
between the DASH diet and cognitive impairment in a Chinese
population.

The association between AHEI and cognitive function is
conflicting in previous studies (12—14). In a multinational cohort
study of 27,860 middle-aged and elderly people at high risk of
CVD, greater adherence to modified AHEI was associated with
a lower risk of cognitive decline over 5 y of follow-up (13).
However, the Women’s Health Initiative Memory Study found
no significant associations between AHEI-2010 and cognitive
decline in participants aged >65 y over a median follow-
up of 9.1 y (12). A Canadian cohort study in participants
aged 67-84 y initially did not find a significant association
between the Canadian version HEI and cognitive function
over 3 y of follow-up (14). However, in a later analysis, the
authors found that the association depended on socioeconomic
position: a high adherence to the prudent pattern was associated
with less cognitive decline only in those with low composite
socioeconomic position, whereas adherence to the Western
pattern was associated with more cognitive decline only in those
with low education attainment (34). Our study participants had
lower education attainment relative to most Western populations,
and the inverse association between AHEI-2010 score and
cognitive impairment was consistent with this Canadian study
(34).

In our study, the 5 predetermined healthy dietary patterns were
all associated with a lower risk of cognitive impairment, although
the effect sizes varied across scores with the strongest association
found for the Mediterranean diet score. Our findings indicate
that these dietary patterns all capture key aspects of healthful
diets in a Chinese population. Several explanations have been
provided for the protective role of these healthy dietary patterns
on cognitive health. First, human studies have consistently found
that adherence to healthy dietary patterns is related to a lower
risk of chronic diseases (35), which are major contributors
to age-related cognitive decline (36). However, adjusting for
incident chronic diseases did not significantly alter the observed
associations in our study. Second, healthy dietary patterns could
decrease chronic inflammation and oxidative stress, which are
also related to the pathophysiology of neurodegenerative diseases
(37, 38). Third, emerging evidence from animal models and
human studies suggests that some components of these dietary
patterns (vegetables, fruits, and whole grains) are beneficial for
the gastrointestinal microbiome (39), which can influence the

central nervous system (40). Taken together, the healthy dietary
patterns and related components could improve cognition via
favorable changes in metabolic, inflammatory, and microvascular
function.

The strengths of the study include the prospective study design,
long follow-up duration, and thorough assessment of potential
confounders. Other strengths include a detailed FFQ specifically
developed and validated for our population, and the investigation
of multiple diet index scores in a single study. Some limitations
should be considered. First, cognitive function was only evaluated
during the third follow-up visit, thus we were not able to capture
cognitive decline over time and reverse causation is also possible.
However, the possibility is small given that the mean age at
baseline was still young and all participants could answer the
comprehensive questionnaires indicating good cognitive status.
Second, SM-MMSE testing was used for screening purposes
rather than clinical diagnosis and may have poor sensitivity for
the detection of very severe or very mild cognitive impairment.
Third, the self-reporting of dietary intake and other covariates
through baseline interviews is susceptible to measurement errors,
which may have resulted in some nondifferential misclassi-
fication and underestimation of the associations observed in
the cohort study. Fourth, dietary intake was only assessed at
baseline and subsequent changes during follow-up were not
captured. However, changes in diet would be expected to lead
to nondifferential misclassification and most likely underestimate
the observed associations because of the prospective design.
Fifth, self-selection bias is possible since participants in the third
follow-up visit did not include those who died or could not attend
the third follow-up visit. As expected, those who attended the
third follow-up visit were younger and generally had a healthier
lifestyle and less comorbidities at baseline compared with those
who did not attend the third follow-up visit. However, exposure
status (dietary pattern scores) was not substantially different
between participants who attended the third follow-up visit and
participants who did not attend the third follow-up visit, thus
the associations observed in our study were more likely to be
underestimated because of the nondifferential loss-to-follow-up
if the selection bias had an impact on the results. Sixth, we did not
collect information on APOE &4 status, and some previous small
studies have suggested that APOE genotype may modify the
associations between dietary patterns and cognitive function (28)
or Alzheimer’s disease (41), but the direction of the modification
effect in those studies was not consistent and certainly more
studies are still needed. Finally, we did not collect information on
household income or other socioeconomic status variables in our
study except for education level. However, further adjustment for
housing type at the third follow-up did not materially change the
results. Nevertheless, we acknowledge that our findings should
be interpreted cautiously given that residual confounding is
inevitable in the observational study.

In conclusion, we found that higher adherence to healthy
dietary patterns, represented by the aMED, DASH, AHEI-2010,
PDI, and hPDI scores, in midlife were associated with a lower
risk of cognitive impairment in late life in Chinese adults. These
findings suggest that maintaining a healthy dietary pattern is
important for the prevention of onset and delay of cognitive
impairment. Future longitudinal studies with repeated measures
of diet and cognition and clinical diagnosis of dementia among
diverse populations are needed. This would help identify the
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critical window for diet intervention to have a major impact on
cognition and identify the potential population that would benefit
the most.
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