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Original Article

Dietary patterns and cognitive function in older adults
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Background and Objectives: Research has produced inconsistent findings on the association between dietary
patterns and cognitive function. In the present study, we examined the association between dietary patterns and
cognitive function among rural China’s older adults and aimed to identify major dietary patterns. Methods and
Study Design: This cross-sectional study included 1176 individuals aged 65-85 years. Dietary intake was as-
sessed using a food frequency questionnaire. Factor analysis and the Chinese Dietary Balance Index were respec-
tively employed to determine dietary patterns and assess dietary quality. Cognitive function was evaluated using
the Mini-Mental State Examination, and logistic regression analysis was performed to examine the relationship
between dietary patterns and cognitive decline. Results: Three main dietary patterns were identified and named
on the basis of foods with high content: a “healthy dietary pattern,” a “multigrain dietary pattern,” and a “snack
dietary pattern.” With the increase in the score of the healthy dietary pattern, the Mini-Mental State Examination
total score exhibited a significant downward trend (»<0.001). Moreover, we observed a prominent negative asso-
ciation between the healthy dietary pattern and mild cognitive impairment (4th to 1st quartile, OR=0.36; 95%CI,
0.24-0.54; p<0.001). After we adjusted for potential covariates, the negative correlation remained (4th to 1st
quartile, OR=0.48; 95%CI, 0.28-0.81; p=0.006). However, no relation was observed between mild cognitive im-
pairment and either the multigrain or snack dietary patterns. Conclusions: The healthy dietary pattern, which is
based on the consumption of rice and flour, red meat, chicken, vegetables, seafood, and fruits, protects against

cognitive dysfunction.
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INTRODUCTION
With the development of an aging population, dementia
poses a serious challenge to global public health.! Ac-
cording to the “World Alzheimer’s Disease Report 2019:
Attitudes to Dementia,” a new patient somewhere in the
world is diagnosed as having Alzheimer disease (AD)
every 3s. As of 2019, more than 50 million people
worldwide had been diagnosed as having AD, and the
number of AD patients was estimated to increase to 150
million.> Cognitive impairment is a broad term that en-
compasses conditions of varying severity, from mild cog-
nitive impairment (MCI) to dementia. Among these con-
ditions, MCI in older adults marks a transition from a
normal cognitive state to dementia; patients with MCI
have mild memory impairment, but other cognitive func-
tions are generally normal, and the patients do not meet
the clinical dementia diagnostic criteria.> With China’s
rapid transition from an aging society to an aged society,
the prevalence and disease burden of MCI will continue
to increase.* Unfortunately, effective treatments for de-
mentia are still lacking.

As an influential, modifiable risk factor, diet plays a
key role in preventing, delaying, and reducing cognitive

decline.® Early studies focused on the relationship be-
tween a single nutrient or food in the diet of older adults
and cognition or dementia.® Recently, however, the rela-
tionship between dietary patterns (DPs) and cognition or
dementia among older adults has attracted considerable
attention.”'? Approaches to identifying DPs are common-
ly divided into a priori and a posteriori methods. A priori
methods typically include the Mediterranean dietary pat-
tern and the Healthy Diet Index. The Mediterranean die-
tary pattern is well known as a diet rich in vegetables,
fruits, nuts, grains, and olive oil, and several studies have
reported that older adults who follow the Mediterranean
dietary pattern experience improved cognitive function.'*-
15 However, the traditional Asian diet is quite different

Corresponding Author: Dr Feng Zhong, Department of Medi-
cine, School of Public Health, Qingdao University, Qingdao,
China, 266021.

Tel: +86-186-6183-3099

Email: zhfeng@qdu.edu.cn

Manuscript received 07 February 2021. Initial review completed
17 February 2021. Revision accepted 13 March 2021.

doi: 10.6133/apjen.202106_30(2).0010



254 K Ding, H Zhou, T Gao, R Xu, L Chen, J Cai, H Zhang, F Zhong and A Ma

from the Mediterranean diet due to differences in regional
food culture; therefore, identifying beneficial DPs that
suit Asian customs is crucial.

A posteriori methods are generally used to derive DPs,
which can enable a better understanding of the study pop-
ulation’s existing dietary habits.16 A common method is
to collect dietary data of the research population in ad-
vance, establish a DP through dimensionality reduction
(e.g., factor analysis), and then analyze the DPs of the
research population. Factor analysis is used to create DPs
that combine various food items, assess the associations
between the food items, identify several major DPs that
can cover almost all of the data, and reevaluate the rela-
tionship between diet and health or a specific disease.
Some studies have reported that an association exists be-
tween DPs and cognitive function in older adults, includ-
ing those in Japan and Australia."!'” However, the results
have been inconsistent due to differences in diet and DPs
among countries and cultures.

Few studies have performed factor analysis to evaluate
whether a correlation exists between diet and cognitive
function in Chinese populations. An analysis that includ-
ed the data of 894 Chinese people over the age of 50
years demonstrated that a diet rich in fruits, vegetables,
and nuts could reduce the risk of cognitive decline.18
However, to the best of our knowledge, no studies have
investigated DPs exclusively among older adults in rural
China, which is a population with relatively low income
and a relatively simple diet. More older adults live in ru-
ral areas than in urban areas. With China’s trends in terms
of urbanization and population aging, the number of older
adults residing in rural areas has increased, and their risk
of cognitive decline is much higher than that of older
adults residing in urban areas. Thus, the purpose of this
study was to identify DPs through factor analysis and
evaluate the relationship between diet and cognitive func-
tion in Chinese older adults.

METHODS

Study design and sample

We randomly selected 18 villages, where villagers were
mostly farmers, in Licha town, Jiaozhou. Participants
included in the study were required to have lived in the
area for >10 years. From April to July 2019, trained in-
terviewers with medical knowledge used structured ques-
tionnaires to conduct face-to-face interviews with all re-
spondents (the National Basic Public Health Service Pro-
ject 2019). We included older adults aged 65-85 years
and excluded those who could not answer independently
or who had a history of dementia or AD. We also exclud-
ed people who took medications that have long-term ef-
fects on the central nervous system, who had impaired
hearing, whose data were missing or incomplete, or who
refused to participate. Our study was approved by the
Ethics Committee for Medical Research at Qingdao Mu-
nicipal Center for Disease Control and Prevention, and
we obtained written informed consent from all partici-
pants.

General condition
Sociodemographic characteristics, such as age, sex, edu-
cation level, marital status, living situation, medical histo-

ry, annual net income, and exercise habits, were obtained
through self-completed questionnaires and interviews.
The participants’ education levels were divided into the
following classifications: 1) illiteracy, 2) elementary
school, and 3) middle school and above. Marital status
was divided into three types: 1) unmarried, 2) married,
and 3) widowed/divorced; living situation was divided
into 1) living alone, 2) living with a spouse or children, or
3) living with other people. Classifications of the partici-
pants’ annual net income was divided into four nodes of
CN¥1,000, CN¥3,000, CN¥5,000, and CN¥8,000 accord-
ing to the participants’ local conditions. Regarding exer-
cise habits, the interviewees were asked to report the
times and durations of any physical activities the partici-
pants engaged in. We measured the height and weight of
the participants and calculated their BMI.

Dietary intake

Participants’ dietary intake over the preceding 3 months
was assessed using a food frequency questionnaire (FFQ),
as previously described.!® All participants were also given
a food diary and a measurement table with life-size imag-
es of spoons, cups, and bottles for the diaries. Participants
whose responses lacked more than 10% of the FFQ data
were considered invalid and were not included in this
study,?® whereas other missing foods in FFQ responses
were considered not to be consumed. FFQ responses were
converted into daily equivalents, and the 97 items were
categorized into the following 15 food groups: rice,
coarse grains, potatoes, red meat, poultry, seafood, vege-
tables, fruits, beans, milk, eggs, nuts, pickled foods, tea,
and cooking oil. The energy (kcal/d) and selected nutrient
intake of the diet were calculated with reference to the
“Chinese Food Ingredient Standard Table” using MetaDi-
eta software.

Dietary balance index

A dietary balance index (DBI) containing seven compo-
nents from the Dietary Guidelines for Chinese Residents
and the Food Guide Pagoda was used to evaluate dietary
quality.?’ This DBI contains four indicators: total score
(TS), low bound score (LBS), high bound score (HBS),
and diet quality distance (DQD).2! We calculated the
DBI-TS by sequentially adding the scores of all the indi-
cators. The DBI-TS reflects overall diet quality and
ranged from —58 to 36 points among the participants.
Negative and positive values respectively indicated
tendencies toward insufficient and excess nutrient intake
on average. A value of 0 could indicate either a balanced
diet or equal levels of excess and deficiency that quantita-
tively negated each other. The DBI-LBS represents the
final negative score, which is the sum of the absolute val-
ues of all points obtained for the negative score indicators,
and it reflects the presence, or degree of dietary or nutri-
tional deficiency. The DBI-HBS, which represents the
final positive score, is the sum of the absolute value of all
the positive scores, and it reflects the presence, or degree
of dietary or excessive nutrient intake. The DBI-DQD
score is the sum of the absolute value of all the index
scores and reflects whether the overall dietary intake is
balanced and its degree of balance. The DBI-LBS and
DBI-HBS were each divided into three levels: <20, 2040,



Dietary patterns and cognition of older adults 255

and >40 points and <10, 1020, and >20 points. We dif-
ferentiated between meal patterns by combining different
DBI-LBSs and DBI-HBSs in the meal. The DBI-DQD
score ranged from 0 to 84 points, with scores of 1-17,
18-34, 35-50, and >50 points indicating an appropriate
balance, mild dietary imbalance, moderate dietary imbal-
ance, and high dietary imbalance, respectively.®!!

Assessment of cognitive function

The Mini-Mental State Examination (MMSE) is a global
test, and we used the Chinese version of the MMSE to
evaluate cognitive function and its state; uniformly
trained investigators performed the examination.??> The
scale assesses five cognitive domains: orientation (10
points), memory (3 points), attention and calculation (5
points), recall (3 points), and language ability (9 points).
The total MMSE score ranges from 0 to 30,2 with higher
scores indicating better cognitive function. Of the possi-
ble scores, the thresholds for the assessment of MCI
among participants in the education level categories of
illiteracy, primary school, and junior high school or be-
low were 17, 20, and 24 points, respectively.’

Statistical analysis

Descriptive statistics are expressed as percentages and
means + SD for enumeration data. A t test and the Man-
tel-Haenszel chi-square test were used for continuous and
categorical variables, respectively. To avoid biased
grouping, we calculated the intake values for each nutri-
ent category by using the energy-adjusted density method
(the percentage of total energy provided by the three ma-
jor energy-producing nutrients and the amount per 1000
keal of energy for other nutrients and foods).

DPs were derived using exploratory factor analysis ac-
cording to the frequency of consumption of foods in the
15 food groups. We employed the maximum orthogonal
rotation of variance for the initial factor loading matrix to
highlight the influence of the factors on various variables
and thereby improve interpretability. We combined fea-
tures with values >1 to indicate the percentage of data
variation; the results for the scree plot and the interpreta-
bility of the results determined the number of common
factors extracted. The factor loading represents the corre-
lation coefficient between food variables and DPs. The
larger the absolute value, the greater the contribution of
the factor to the DP. A factor with an absolute value fac-
tor loading of 0.30 was considered the main factor affect-
ing the model. We divided the factor scores for each DP
into quartiles (Q1-Q4) to facilitate further comparisons
between nutrient intake and lifestyles. We used Spearman
correlation analysis to explore the relationship between
the total MMSE score and DPs, and we used linear analy-
sis to investigate the relationship between general condi-
tions and the DPs, including a general linear model for
continuous variables and a chi-square test for categorical
variables. We performed one-way ANOVA and Pearson
correlation analysis to evaluate the associations between
the intake of different nutrients and each DP. Additionally,
we used multiple logistic regression analysis to analyze
the relationship between DPs and MCI and to estimate the
OR and 95% CI for MCI or noncognitive dysfunction
according to the quartile of each factor score. The lowest

quartile was used as the reference category. Model 1 was
adjusted for age, sex, education level, marital status,
chronic diseases, annual net income, and smoking and
drinking habits. All statistical analyses were performed
using SPSS statistical software, version 20.0. All reported
p values were two-tailed, and p<0.05 was considered to
be statistically significant.

RESULTS

Characteristics of the study population

The total number of participants aged 65-85 years in
these villages was 1470. After we further consulted with
village doctors regarding the interviewees’ physical con-
ditions and our study’s inclusion and exclusion criteria,
only 1176 older adults (517 men and 659 women) were
included in the final analytical sample. Table 1 lists the
general characteristics of the study participants. A t test
and chi-square test revealed statistically significant dif-
ferences in terms of age, education level, annual net in-
come, and marital status between individuals with and
without MCI (all p<0.001; except marital status, for
which p=0.038).

DPs

Three DPs were identified (Table 2), and each was de-
scribed according to the food groups for which it had high
loadings. Factor 1, which had high loadings of rice and
flour, red meat, chicken, vegetables, seafood, and fruits,
was labeled as the “healthy DP.” Factor 2, which had
high loadings of chicken, coarse grains, potatoes, soy
products, tea, and pickled foods, was labeled the “multi-
grain DP.” Factor 3, which had high loadings of nuts,
milk, pickled foods, eggs, and cooking oil, was named the
“snack DP.” Overall, the three identified DPs explained
32.2% of the total variance of the 15 food group variables.

Associations between DPs and participants’ general
characteristics

Table 3 lists the characteristics of the 1176 study partici-
pants according to the quartiles of the three DPs. When
the participants were divided into four groups based on
the factor scores in each DP, the healthy DP was related
to sex, education level, annual net income, drinking habits,
age, and total MMSE score (all p<0.05). Higher scores in
the multigrain DP were associated with sex, annual net
income, and total MMSE score (all p<0.05). The snack
DP was related to education level, living conditions, in-
come, marital status, drinking habits, and chronic diseases
(all p<0.05). Spearman correlation analysis revealed no
significant trend in MMSE scores in the multigrain DP or
snack DP according to the quartiles, whereas the total
MMSE score in the healthy DP was significantly in-
creased (trend p<0.001, Figure 1).

Association of DPs with dietary quality and nutrient
intakes

Table 4 lists the average energy-adjusted nutrient intake
and Pearson correlation coefficient for the lowest (Q1)
and highest (Q4) quartiles of each DP. Each DP had a
different nutritional intake distribution; therefore, we cal-
culated the Pearson correlation coefficient of each DP and
the intake of nutrients that could affect cognitive function.
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Table 1. General characteristics of the study subjects

. MCI
Variables No (n=892) Yes (n=284) P’
Sext 0.064
Men 406 (45.5) 111 (39.1)
Women 486 (54.5) 173 (60.9)
Age’ (years) 71.245.1 73.5+5.7 <0.001"
Education? <0.001"
Illiteracy 361 (40.5) 165 (58.1)
Primary school 342 (38.3) 84 (29.6)
Secondary and above 189 (21.2) 35(12.3)
Living condition? 0.055
Live alone 140 (15.7) 56 (19.7)
Spouse and Children 629 (70.6) 198 (69.7)
Else 123 (13.8) 30 (10.6)
Marital status? 0.038"
Spinsterhood 11(1.2) 6(2.1)
Get married 695 (77.9) 198 (69.7)
Widowed/divorced 186 (20.9) 80 (28.2)
Chronic disease? 0.381
Nothing 406 (45.5) 129 (45.4)
1 359 (40.2) 100 (35.2)
2 90 (10.1) 44 (15.5)
>3 37 (4.1) 11(3.9)
Annual net income? (yuan) <0.001"
<1000 80 (9.0) 31(10.9)
1001~3000 129 (14.5) 46 (16.2)
3001~5000 154 (17.3) 59 (20.8)
5001~8000 193 (21.6) 60 (21.1)
>8001 336 (37.7) 88 (31.0)
Smoket 0.209
Yes 232 (26.0) 63 (22.2)
No 660 (74.0) 221 (77.8)
Drink? 0.317
Yes 245 (27.8) 69 (24.3)
No 647 (72.5) 215 (75.7)
BMI 24.843.77 24.94£3.72 0.758
MCI: mild cognitive impairment; BMI: body mass index.
T test for continuous variables and Chi-square test for categorical variables.
n (%)
§M(ean:tSD
*p<0.05.
Table 2. Rotated factor loading matrix for DPs
Food items Healthy DP Multigrain DP Snack DP
Rice and flour 0.528" 0.268 -0.273
Red meat 0.653% 0.074 -0.120
Chicken 0.385% 0.357% -0.099
Vegetables 0.536f 0.083 0.077
Seafood 0.491% -0.207 0.284
Fruits 0.478% 0.010 0.165
Coarse grains 0.114 0.571% 0.025
Potatoes 0.124 0.522f 0.021
Tea -0.071 0.409% -0.004
Soy products 0.095 0.511% 0.176
Pickled foods -0.105 0.434% 0.402%
Nuts 0.046 0.137 0.577%
Milk -0.109 0.096 0.485%
Eggs 0.263 0.107 0.401%
Cooking oil 0.064 -0.115 0.458%
Variance explained (%) 11.7 11.5 8.964

DPs: Dietary patterns.
fAbsolute values >0.3.
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Figure 1. Mini-mental state examination (MMSE) scoring quartiles based on DPs.

After we performed Bonferroni correction, a p value of
<0.0029 and Pearson correlation coefficient of >0.2 or
<-0.2 were considered significant. The healthy DP was
positively correlated with intakes of energy, protein, fats,
carbohydrates, RE, vitamin B-1, vitamin B-2, vitamin B-3,
vitamin C, Ca, Zn, Se, and Fe. The multigrain DP was
positively correlated with intakes of energy, carbohy-
drates, vitamin B-1, and vitamin B-2, whereas the snack
DP was positively correlated with fat and Ca intakes.
However, when we compared to the lowest quartiles, only
in the healthy DP did the TS, LBS, and HBS exhibit an
upward trend and positive correlation. The DQD scores
exhibited a downward trend and a negative correlation,
and no correlation was noted in the other two DPs.

Association between DPs and MCI

Logistic regression analysis was conducted to examine
the relationship between MCI and each DP, as presented
in Table 5. A prominent negative association between
MCI and the healthy DP (4th to Ist quartile, OR=0.36;
95% CI, 0.24-0.54; p<0.001) was observed. Moreover,
the negative correlation remained after we adjusted for
potential covariates (4th to 1st quartile, OR=0.48; 95% CI,
0.28-0.81; p=0.006). However, no such relation was ob-
served between MCI and either the multigrain DP or
snack DP.

DISCUSSION

This cross-sectional study is one of the few studies to use
dimensionality reduction to analyze diet and subsequently
evaluate the relationship between diet and cognitive func-
tion in older Chinese adults. Using factor analysis, we
identified three DPs: a healthy DP, multigrain DP, and
snack DP. The healthy DP, which is based on high con-
tents of rice and flour, red meat, chicken, vegetables, sea-
food, and fruits, was the only DP that was negatively as-
sociated with MCI and positively associated with total

MMSE scores. After we adjusted for confounders, a
negative association remained between the healthy DP
and MCI, indicating that following the healthy DP may
improve cognitive function in older adults.

The assessment of diet quality with factor analysis to
determine specific DPs was already an established meth-
od of DP analysis. Therefore, the impact of the overall
DPs on older adults’ health can be investigated to address
the potential synergy of different diet components or in-
vestigate the components’ effects.!®* In our study, the
prevalence of MCI among older adults living in rural
China was 24.1%, which is higher than the 23.3% preva-
lence of MCI among people aged >60 years in northern
China.? The high prevalence of MCI allows our study to
serve as a typical study with applicability to areas with an
MCI prevalence of >20%. Some observational studies
have identified specific DPs related to cognitive function
or AD through the use of different diet analysis methods,
such as principal component analysis, cluster analysis,
relative risk reduction, and index analysis. For example,
in a study of French older adults, participants with the
highest adherence to the healthy DP, characterized by the
high consumption of fruits, whole grains, fresh dairy
products, and vegetables, demonstrated better cognitive
function than did those with the lowest adherence,?® and
this finding is similar to our results. Moreover, our
healthy DP was analogous to the Mediterranean DP.

The Mediterranean DP and our healthy DP differed in
that our healthy DP does not include nuts and olive oil but
does include red meat, chicken, and seafood, which are
not included in the Mediterranean DP. Most studies in
developed Western countries have demonstrated an in-
verse proportionality between adherence to the Mediter-
ranean DP and both MCI and dementia.!®!>?"% A pro-
spective cohort study of older adults in China reported
that a DP similar to the Mediterranean DP could delay the
decline of cognitive function in older adults.?**° The con-
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Table 3. Characteristics of the subjects in the lowest (Q1) and highest (Q4) quartiles of each DP

Characteristics' Total Healthy DP Multigrain DP Snack DP
(n=1176) QI (n=294) Q4 (n=294) pt Q1 (n=294) Q4 (n=294) pt Q1 (n=294) Q4 (n=294) pt
Sex (%) 0.009" 0.007* 0.108
Men 517 40.5 52.4 40.1 52.6 48.6 452
Women 659 59.5 47.6 59.9 47.7 51.4 54.8
Education (%) <0.001* 0.106 <0.001*
Illiteracy 526 52.4 35.0 40.1 40.6 43.2 35.4
Primary school 426 35.7 42.9 38.8 36.9 39.8 39.8
Secondary and above 224 11.9 22.1 20.7 22.5 17.0 24.8
Living condition (%) 0.831 0.145 0.059
Live alone 197 17.7 15.3 13.3 16.0 18.7 13.6
Spouse 832 71.8 72.8 73.8 67.9 66.7 77.6
Children 136 9.5 10.9 12.2 14.7 12.6 8.2
Else 11 1.0 1.0 0.7 1.4 2.0 0.7
Marital status (%) 0.053 0.362 <0.001"
Spinsterhood 17 0.3 2.0 1.0 1.4 2.4 1.0
Get married 893 75.2 79.9 79.9 75.8 74.5 85.7
Widowed/divorced 266 24.5 18.0 19.9 22.5 23.1 13.3
Chronic disease (%) 0.313 0.064 0.030"
Nothing 535 46.6 432 45.2 42.0 41.8 432
1 459 36.7 42.9 40.1 42.3 44.6 37.1
2 134 11.9 11.2 12.9 11.6 11.2 15.6
>3 48 4.8 2.7 1.7 4.1 2.4 4.1
Annual net income (yuan) (%) <0.001" <0.001" 0.017*
<1000 91 17.6 3.1 7.2 8.4 17.1 7.0
1001-3000 135 27.3 83 19.1 10.2 14.5 16.7
3001-5000 153 27.3 10.5 13.1 18.2 16.7 16.7
5001-8000 190 13.4 22.3 20.8 24.4 18.8 24.2
>8001 284 14.4 55.9 39.8 38.7 329 35.2
Smoke (%) <0.001* 0.065 0.163
Yes 295 29.6 31.0 26.2 29.0 29.2 26.2
No 881 70.4 69.0 73.8 71.0 70.7 73.8
Drink (%) 0.006" 0.297 0.019
Yes 314 24.8 344 24.8 28.7 29.9 30.6
No 862 75.2 65.6 75.2 71.3 70.1 69.4
Age 1176 72.245.3 71.1£5.2 0.045 71.3£5.2 72.0+5.4 0.316 71.745.5 71.745.2 0.701
BMI (kg/m?) 1176 24.743.9 25.0+3.7 0.331 24.943.4 24.5+4.0 0.467 25.0+£3.9 24.7+3.5 0.886
MMSE total score 1176 21.04£5.8 24.0£5.2 <0.001* 23.3+5.9 22.7+5.4 <0.001* 22.9+5.5 23.1+5.7 <0.001*

MMSE: Mini-Mental State Examination; BMI: body mass index.

Values are mean+SD for continuous variables and percentages of subjects for categorical variables.

fOne-way analysis of variance and a Mantel-Haenszel chi-square test were used for continues and categorical variables, respectively.

"p<0.05.
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Table 4. Nutrient intakes of subjects in the lowest (Q1) and highest (Q4) quartiles of each DP

L Healthy DP Multigrain DP

Nutrient f . — — :
Q1 (1=294) Q4 (1=294) E i Q1 (1=294) Q4 (1=294) E i

Energy (kcal,x10%) 1.47+0.52 2.22+40.41 <0.001" 0.52" 1.88+5.71 2.02+0.51 <0.001" 0.20""
Protein 14.0+£3.5 17.2+4.3 <0.001" 0.64™ 14.9+4.3 15.9+£3.7 <0.001" 0.16
Fat 36.9£13.8 28.9+11.1 <0.001" 0.23" 36.8+14.2 29.5+£10.8 <0.001* -0.08
Carbohydrate 49.2+12.6 54.0£11.3 0.002" 0.54™ 48.4+12.5 54.8+11.3 <0.001* 0.20™
RE (ug) " 236+132 4421165 <0.001° 0.50" 3104160 3794180 <0.001" 0.17
Vitamin B-1(mg) 1 0.6£0.3 1.0+0.5 <0.001" 0.40™ 0.6£0.3 1.0+0.5 <0.001" 0.37"
Vitamin B-2(mg) 1 0.6£0.3 0.9+0.4 <0.001" 0.37" 0.7+£0.3 1.0+£0.3 <0.001" 0.35"
Vitamin B-3(mg) 1 9.8+4.9 21.846.6 <0.001" 0.64™ 14.8+7.2 17.9£7.9 <0.001" 0.17
Vitamin C (mg) 1 58.2+40.7 120+£59.7 <0.001" 0.44™ 81.6+57.1 102+57.0 <0.001* 0.16
Ca (mg)" 327+187 577£230 <0.001" 0.45™ 4244204 511.4+249.7 <0.001* 0.17
Zn (mg)1 9.743.5 15.8+£3.5 <0.001" 0.54" 13.0+£4.5 13.7+4.2 <0.001" 0.06
Se (mg) 1 42.9+18.2 83.4+28.7 <0.001" 0.59" 60.6£27.5 67.5£29.0 <0.001" 0.10
Fe (mg) ¥ 13.9+4.6 19.8+4.9 <0.001" 0.48™ 16.2+4.7 18.245.0 <0.001* 0.18
DBI-TS -19.8+11.6 -8.8+10.1 <0.001" 0.44™ -13.5+12.4 -15.2+12.0 0.004" 0.00
DBI-LBS 28.0£9.0 19.6+8.6 <0.001* 0.38™ 24.4+9.8 25.749.3 0.004" -0.02
DBI-HBS 8.2+4.5 10.7+4.4 <0.001" 0.36™ 10.9+5.2 10.5+4.8 0.108 0.03
DBI-DQD 36.2+8.5 30.3£9.2 <0.001" -0.21™ 35.349.7 36.2+8.6 0.032" 0.04

ient | Snack DP
Nutrient Q1 (1=294) Q4 (1=294) E i
Energy (kcal,x10%) 1.86+0.59 2.00+0.51 <0.001" 0.11
Protein T 16.3+3.8 14.7+4.1 0.002" -0.00
Fat fff 26.3+10.8 41.7+12.5 <0.001* 0.45™
Carbohydrate ¥ 57.8£10.7 43.6+10.8 <0.001* -0.16
RE (ug)" 307+164 373172 <0.001° 0.17
Vitamin B-1(mg) 0.8+0.4 0.8+0.4 0.183 0.02
Vitamin B-2(mg) 0.8+0.4 0.8+0.4 0.002° 0.10
Vitamin B-3(mg) ! 15.9+7.6 16.3+7.9 0.003" 0.03
Vitamin C (mg) ¥ 87.1456.9 89.9455.5 0.039° 0.03
Ca (mg)" 401198 5214237 <0.001" 0.23"
Zn (mg)" 12.7+4.4 14.0+4.3 <0.001° 0.13
Se (mg) " 65.5+31.9 63.0424.6 0.884 20,01
Fe (mg) ! 17.345.5 17.0:4.7 0.773 -0.02
DBI-TS -16.5+11.9 -11.7+11.6 <0.001" 0.16
DBI-LBS 25.849.3 23.449.2 <0.001" 0.11
DBI-HBS 9.3+4.9 11.7+4.6 <0.001" 0.18
DBI-DQD 35.24+8.8 35.1£8.6 0.133 -0.02

RE: retinol equivalents; DBI-TS: Chinese diet balance index total score; DBI-LBS: Chinese diet balance index lower bound score; DBI-HBS: Chinese diet balance index higher bound score.

TAll nutrients were energy-adjusted using the density method. *One-way analysis of variance was used. Pearson correlation coefficient /1000kcal. "Protein (% of energy) = (protein intake x4.0)/total food energy
x100%. *Fat (% of energy) = (fat intake x9.0)/total food energy x100%. $SCarbohydrate (% of energy) = (carbohydrate intake x4.0)/total energy of food x100%. * p<0.05. **After Bonferroni correction, p<0.0029,
and Pearson correlation coefficient of >0.2 or <-0.2 was considered significant.
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sumption of olive oil and nuts was reported to be posi-
tively associated with healthy cognition;! this association
may be related to olive oil’s richness in polyunsaturated
fatty acids (PUFAs). The connection between PUFAs and
cognition is well understood. However, the healthy DP in
this study is rich in seafood, vegetables, and fruits, which
may compensate for the lack of PUFAs and provide a full
range of nutrients.’>** Although red meat is often consid-
ered to be associated with poor cognitive performance,**
36 our research suggests that eating a diet rich in meat and
fish is associated with improved cognitive function. The
relationship between meat-based diets and cognitive im-
pairment has also been confirmed. A cross-sectional
study conducted in 2018 showed that a DP based on meat
and soybean products can protect against cognitive im-
pairment,’” and another study also reported an independ-
ent link between meat DPs and the prevention of attention
loss.?® Red meat’s beneficial effects on cognitive function
may be due to the various beneficial nutrients present in
lean red meat, including iron, high-quality protein,
PUF As, monounsaturated fatty acids, and other nutrients.
Oxidative stress increases with age and is accompanied
by declining function of the antioxidant defense system;*
however, fruits and vegetables are rich in antioxidants,
such as vitamins C and E, which may prevent neuro-
degeneration and slow cognitive aging by scavenging free
radicals.* Moreover, vegetables, fruits, and whole grains
contain many vitamin B varieties, which are necessary in
preventing DNA methylation and homocysteine accumu-
lation. Additionally, the accumulation of homocysteine
may cause neurotoxic effects.*!*? If vegetables, fruits,
whole grains, and cereals can be considered to be compo-
nents of a healthy diet,'* then our healthy DP could be
applied to many other populations.

In addition to the nutritional balance of foods, overall
dietary quality may influence the protective effects of
DPs against MCI. The DBI-TS can reveal problems in
terms of dietary quality for older Chinese people; the LBS
and HBS from the DBI-TS reflect deficits and surpluses
of food intake, and the DQD score reveals the overall
balance of an individual’s dietary intake. Using the DQD
scale, we found that older Chinese adults had mild to
moderate diet imbalance and tended to have an inade-
quate intake of vegetables, fruits, and dairy products,®
which is similar to results of a study published in 2018.4
We observed significant differences and a negative corre-
lation between DQD scores and our healthy DP, indicat-
ing that better adherence to the healthy DP may lead to a
more balanced diet. The results regarding the relationship
between the healthy DP and MCI did not change after we
made adjustments for confounders, demonstrating that
although age, sex, education level, and other factors could
be confounders of MCI and DPs, they did not affect our
results. This suggests that our healthy DP can be applied
to populations with similar characteristics to those of the
study population.

Although a cross-sectional research design often masks
causal relationships, such as the relationship between
cognitive decline and changes in dietary structure, cross-
sectional studies such as ours can serve as a foundation
for future longitudinal studies. Additionally, our research
was limited to older adults residing in rural areas of

Jiaozhou; thus, our study population may not be repre-
sentative of populations in other regions. However, our
research can be extrapolated to other populations on the
basis of similarities in dietary habits.

Conclusion

In summary, this cross-sectional study of rural older
adults in Jiaozhou demonstrated that a healthy diet based
on rice and flour, red meat, chicken, vegetables, seafood,
and fruits can protect against cognitive dysfunction. Thus,
a well-structured and varied diet can protect older adults
from declines in cognitive function. More cohort studies
and clinical trials are necessary to determine how cogni-
tive decline can be effectively delayed in older adults
through dietary and nutritional modifications.

ACKNOWLEDGEMENTS

The author was grateful to all the elderly who participated in
this study and all staff, including investigators and field staff. I
sincerely thank the teachers for their guidance and help.

AUTHOR DISCLOSURES

The authors declare no conflict of interest. This work was sup-
ported by China Nutrition Society-Feihe Body Composition
Nutrition and Health Research Fund (Grant No. CNS-
Feihe2020A36) and Danone Dietary Nutrition Research and
Education Fund (Grant No. DIC2020-07).

REFERENCES

1. Prince MJ, Wimo A, Guerchet MM, Ali GC, Wu Y-T, Prina
M. World Alzheimer Report 2015 - The Global Impact of
Dementia: An analysis of prevalence, incidence, cost and
trends. London: Alzheimer's Disease International; 2015. p.
84.

2. Bhatt J, Comas Herrera A, Amico F, Farina N, Wong J,
Orange J et al. The World Alzheimer Report 2019: Attitudes
to dementia 2019. Alzheimers & Dementia; 2020. Vol.
16. doi: 10.1002/ALZ.038255.

3. Faraco G, Hochrainer K, Segarra S, Schaeffer S, Santisteban
M, Menon A, Jiang H, Holtzman D, Anrather J, ladecola C.
Dietary salt promotes cognitive impairment through tau
phosphorylation. Nature. 2019;574:686-90. doi: 10.1038/
s41586-019-1688-z.

4. Hu X, Wang T, Jin F. Alzheimer's disease and gut
microbiota. Sci China Life Sci. 2016;59:1006-23. doi: 10.
1007/s11427-016-5083-9.

5. Xu W, Tan L, Wang H, Jiang T, Tan M, Tan L, Zhao Q, Li J,
Wang J, Yu J. Meta-analysis of modifiable risk factors for
Alzheimer’s disease. J Neurol Neurosurg Psychiatry. 2015;
86:1299-306. doi: 10.1136/jnnp-2015-310543.

6. Martha MC, Christy CT, Yamin W, Frank MS, David AB,
Nneelum TA. MIND diet associated with reduced incidence
of Alzheimer's disease. Alzhmers Dement. 2015;11:1007-14.
doi: 10.1016/j.jalz.2014.11.009.

7. Li H, Jia J, Yang Z. Mini-mental state examination in
elderly Chinese: A population-based normative study. J
Alzheimers Dis. 2016;53:487-96. doi: 10.3233/JAD-160119.

8. Zeng D, Fang Z-L, Qin L, Yu A, Ren Y, Xue B et al
Evaluation for the effects of nutritional education on
Chinese elite male young soccer players: The application of
adjusted dietary balance index (DBI). J Exerc Sci fit. 2020;
18:1-6. doi: 10.1016/j.jesf. 2019.08.004.

9. Pichitpunpong C, Thongkorn S, Kanlayaprasit S, Yuwattana
W, Plaingam W, Sangsuthum S et al. Phenotypic
subgrouping and multi-omics analyses reveal reduced
diazepam-binding inhibitor (DBI) protein levels in autism



Dietary patterns and cognition of older adults

261

20.

21.

22.

23.

spectrum disorder with severe language impairment. PLoS
One. 2019;14:¢0214198. doi: 10.1371/journal.pone.02141
98.

. Xu X, Hall J, Byles J, Shi Z. Assessing dietary quality of

older Chinese people using the Chinese Diet Balance Index
(DBI). PLoS One. 2015;10:¢0121618. doi: 10.1371/journal.
pone.0121618.

. Zhuo S, Zhang B, Xu Y, Zhou X, Huang L, Sun L, Su Y.

Relation between dietary patterns and insulin resistance in
40-59 years old Guangzhou adults. Chinese Journal of
Preventive Medicine. 2008;42:748-52. doi: 10.1002/cjoc.
200890146. (In Chinese)

. van de Rest, Berendsen AA, Haveman-Nies A, de Groot LC.

Dietary patterns, cognitive decline, and dementia: A
systematic review. Adv Nutr. 2015;6:154-68. doi: 10.3945/
an.114.007617.

. Rees K, Takeda A, Martin N, Ellis L, Wijesekara D, Vepa A,

Das A, Harley L, Stranges S. Mediterranean-style diet for
the primary and secondary prevention of cardiovascular
disease. Cochrane Database Syst Rev. 201;3:CD009825. doi:
10.1002/14651858.CD009825.pub3.

. Valls-Pedret C, Sala-Vila A, Serra-Mir M, Corella D, Torre

Rdl, Martinez-Gonzalez MA et al. Mediterranean diet and
age-related cognitive decline: A randomized clinical trial.
JAMA Intern Med. 2015;175:1094-103. doi: 10.1001/
jamainternmed.2015.1668.

. Zbeida M, Goldsmith R, Shimony T, Vardi H, Naggan L,

Shahar DR. Mediterranean diet and functional indicators
among older adults in non-Mediterranean and Mediterranean
countries. J Nutr Health Aging. 2014;18:411-8. doi: 10.
1007/312603-014-0003-9.

. Pot G, Stephen A, Dahm C, Key T, Cairns B, Burley V et al.

Dietary patterns derived with multiple methods from food
diaries and breast cancer risk in the UK Dietary Cohort
Consortium. Eur J Clin Nutr. 2014;68:1353-8. doi: 10.
1038/ejen.2014.135.

. Frost GS, Brynes AE, Bovill-Taylor C, Dornhorst A. A

prospective randomised trial to determine the efficacy of a
low glycaemic index diet given in addition to healthy eating
and weight loss advice in patients with coronary heart
disease. Eur J Clin Nutr. 2004;58:121-7. doi: 10.1038/sj.
ejen.1601758.

. Yannakoulia M, Kontogianni M, Scarmeas N. Cognitive

health and Mediterranean diet: just diet or lifestyle pattern?
Ageing Res Rev. 2015;20:74-8. doi: 0.1016/j.arr.2014.10.
003.

. Xu R, Gao T, Cai J, Zhang H, Zhou H, Ding K, Chen L,

Zhong F, Ma A. Food consumption and mild cognitive
impairment in Qingdao rural elderly: A cross-sectional study.
Asia Pac J Clin Nutr. 2020;29:867-75 doi: 10.6133/apjcn.
202012_29(4).0023.

Thorpe MG, Milte CM, Crawford D, McNaughton SA. A
comparison of the dietary patterns derived by principal
component analysis and cluster analysis in older Australians.
Int J Behav Nutr Phys Act. 2016;13:30. doi: 10.1186/
$12966-016-0353-2.

Milte CM, McNaughton SA. Dietary patterns and successful
ageing: a systematic review. Eur J Nutr. 2016;55:423-50.
doi: 10.1007/s00394-015-1123-7.

Shim YS, Yang DW, Kim HJ, Park YH, Kim SY.
Characteristic ~ differences in the mini-mental state
examination used in Asian countries. BMC Neurol. 2017;
17:141. doi: 10.1186/s12883-017-0925-z.

Katzman R, Zhang M, Ouang YQ, Wang Z, Liu W, Yu E,
Wong S, Salmon D, Grant I. A Chinese version of the Mini-
Mental State Examination; impact of illiteracy in a Shanghai

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

dementia survey. J Clin Epidemiol. 1988;41:971-8. doi: 10.
1016/0895-4356(88)90034-0.

Xu X, Xiao S, Rahardjo TB, Hogervorst E. Tofu intake is
associated with poor cognitive performance among
community-dwelling elderly in China. J Alzheimers Dis.
2015;43:669-75. doi: 10.3233/JAD-141593.

Zhang Y, Guan Y, Shi Z, Yue W, Liu S, Liu S et al. Sex
differences in the prevalence of and risk factors for
cognitive impairment no dementia among the elderly in a
rural area of northern China: A population-based cross-
sectional study. Neuroepidemiology. 2019;52:25-31. doi: 10.
1159/000493141.

Teixeira B, Afonso C, Sousa AS, Guerra RS, Santos A,
Borges N, Moreira P, Padrdo P, Amaral T. Adherence to a
Mediterranean Dietary Pattern status and associated factors
among Portuguese older adults: Results from the Nutrition
UP 65 cross-sectional study. Nutrition. 2019;65:91-6. doi:
10.1016/j.nut.2019.03.005.

Ding D, Zhao Q, Guo Q, Meng H, Wang B, Luo J, Mortimer
J, Borenstein A, Hong Z. Prevalence of mild cognitive
impairment in an urban community in China: A cross-
sectional analysis of the Shanghai Aging Study. Alzheimers
Dement. 2015;11:300-9.¢2. doi: 10.1016/j.jalz.2013.11.002.
Mattei J, Sotos-Prieto M, Bigornia SJ, Noel SE, Tucker KL.
The Mediterranean diet score is more strongly associated
with favorable cardiometabolic risk factors over 2 years than
other diet quality indexes in Puerto Rican adults. J Nutr.
2017;147:661. doi: 10.3945/jn.116.245431.

Solfrizzi V, Custodero C, Lozupone M, Imbimbo BP,
Valiani V, Agosti P et al. Relationships of dietary patterns,
foods, and micro- and macronutrients with Alzheimer's
disease and late-life cognitive disorders: A systematic
review. J Alzheimers Dis. 2017;59:815-49. doi: 10.3233/
JAD-170248.

Gillis C, Mirzaei F, Potashman M, Ikram MA, Maserejian N.
The incidence of mild cognitive impairment: A systematic
review and data synthesis. Alzheimers Dement (Amst).
2019;11:248-56. doi: 10.1016/j.dadm.2019.01.004.
Martinez-Lapiscina E, Clavero P, Toledo E, San Julian B,
Sanchez-Tainta A, Corella D, Lamuela-Raventés R,
Mmartinez J, Martinez-Gonzalez M. Virgin olive oil
supplementation and long-term cognition: the PREDIMED-
NAVARRA randomized, trial. J Nutr Health Aging. 2013;
17:544-52. doi: 10.1007/s12603-013-0027-6.

Zhang Y, Chen J, Qiu J, Li Y, Wang J, Jiao J. Intakes of fish
and polyunsaturated fatty acids and mild-to-severe cognitive
impairment risks: a dose-response meta-analysis of 21
cohort studies. Am J Clin Nutr. 2016;103:330-40. doi: 10.
3945/ajen.115.124081.

Okubo H, Inagaki H, Gondo Y, Kamide K, Ikebe K, Masui
Y et al. Association between dietary patterns and cognitive
function among 70-year-old Japanese elderly: a cross-
sectional analysis of the SONIC study. Nutr J. 2017;16:56.
doi: 10.1186/s12937-017-0273-2.

Shakersain B, Santoni G, Larsson SC, Faxén-Irving G,
Fastbom J, Fratiglioni L, Xu W. Prudent diet may attenuate
the adverse effects of Western diet on cognitive decline.
Alzheimers Dement. 2016;12:100-9. doi: 10.1016/j jalz.
2015.08.002.

Staubo SC, Aakre JA, Vemuri P, Syrjanen JA, Mielke MM,
Geda YE et al. Mediterranean diet, micronutrients and
macronutrients, and MRI measures of cortical thickness.
Alzheimers Dement. 2017;13:168-77. doi: 10.1016/jjalz.
2016.06.2359.

Granic A, Davies K, Adamson A, Kirkwood T, Hill TR,
Siervo M, Mathers JC, Jagger C. Dietary patterns high in red
meat, potato, gravy, and butter are associated with poor



262

K Ding, H Zhou, T Gao, R Xu, L Chen, J Cai, H Zhang, F Zhong and A Ma

37.

38.

39.

40.

cognitive functioning but not with rate of cognitive decline
in very old adults. J Nutr. 2016;146:265-74. doi: 10.3945/
jn.115.216952.

Yin Z, Chen J, Zhang J, Ren Z, Dong K, Kraus VB et al.
Dietary patterns associated with cognitive function among
the older people in underdeveloped regions: Finding from
the NCDFaC Study. Nutrients. 2018;10:464. doi: 10.3390/
nul0040464.

Chen YC, Jung CC, Chen JH, Chiou JM, Chen TF, Chen YF,
Tang SC, Yeh SJ, Lee MS. Association of dietary patterns
with global and domain-specific cognitive decline in
Chinese elderly. J] Am Geriatr Soc. 2017;65:1159-67. doi:
10.1111/jgs.14741.

Chan R, Chan D, Woo J. A cross sectional study to examine
the association between dietary patterns and cognitive
impairment in older Chinese people in Hong Kong. J Nutr
Health Aging. 2013;17:757-65. doi: 10.1007/s12603-013-
0348-5.

Mangialasche F, Solomon A, Kareholt I, Hooshmand B,
Cecchetti R, Fratiglioni L, Soininen H, Laatikainen T,
Mecocci P, Kicipelto M. Serum levels of vitamin E forms

41.

42.

44.

and risk of cognitive impairment in a Finnish cohort of older
adults. Exp Gerontol. 2013;48:1428-35. doi: 10.1016/j.exger.
2013.09.006.

Morris MS, Jacques PF, Rosenberg IH, Selhub J. Folate and
vitamin B-12 status in relation to anemia, macrocytosis, and
cognitive impairment in older Americans in the age of folic
acid fortification. Am J Clin Nutr. 2007;85:193-200. doi: 10.
1093/ajen/85.1.193.

Agnew-Blais JC, Wassertheil-Smoller S, Kang JH, Hogan
PE, Coker LH, Snetselaar LG, Smoller W. Folate, vitamin
B-6, and vitamin B-12 intake and mild cognitive impairment
and probable dementia in the Women's Health Initiative
Memory Study. J Acad Nutr Diet. 2015;115:231-41. doi:
10.1016/j.jand.2014.07.006.

. Mcnaughton SA, Ball K, Crawford D, Mishra GD. An index

of diet and eating patterns is a valid measure of diet quality
in an Australian population. J Nutr. 2008;138:86-93. doi:
10.1093/jn/138.1.86.

He Y, Fang Y, Xia J. Update of the Chinese diet balance
index: DBI 16. Acta Nutrimenta Sinica. 2018;40:526-30.
doi: 10.13325/j.cnki.acta.nutr.sin.2018.06.003. (In Chinese)



