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ABSTRACT: The prevalence of age-related diseases such as dementia and cognitive disorders is rapidly increasing. This
study aimed to identify the dietary patterns associated with mild cognitive impairment (MCI) in adults aged over 50 years.
This cross-sectional study investigated dietary patterns associated with cognitive function among older adults hospitalized
in Gwangju province. Global cognitive function was assessed using the Mini-Mental State Examination. Diet information
was obtained using a food frequency questionnaire with 112 food items and 24-h dietary recall. Using a principal compo-
nent analysis, we identified three dietary patterns, “legumes and vegetables”, “beverage and nuts”, and “white rice”. The
“beverage and nuts” pattern was inversely associated with the prevalence of high MCI after adjusting for covariates (third
vs. first tertile, adjusted odds ratio: 0.333; 95% confidence interval: 0.133~0.831; P<0.05). The white rice pattern was as-
sociated with the prevalence of MCI in the crude analysis. However, after adjusting for all confounding factors, no associ-
ation was found. The “beverage and nuts” pattern was inversely associated with the prevalence of MCL. In the future, lon-
gitudinal population-based studies and randomized clinical trials are required to confirm the effect of potential dietary

patterns on cognitive impairment and reveal the underlying mechanism of their association.
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INTRODUCTION

The prevalence of age-related diseases, such as dementia
and cognitive impairment, is rapidly increasing world-
wide. In 2013, the World Health Organization reported
that there were about 47.5 million patients with demen-
tia globally in 2010, with 7.7 million patients newly diag-
nosed each year (Wimo et al., 2013). As a result, the cost
of dementia worldwide is estimated to be 604 billion dol-
lars per year (Wimo et al., 2013). In a study of 9,485 Ko-
reans conducted in 2010 and 2011, the prevalence of de-
mentia and mild cognitive impairment (MCI) in partici-
pants aged over 65 years was 5.4% and 4.3%, respectively
(Jang et al., 2014). MCl is considered to be the transition-
al state between the expected cognitive decline of normal
aging and dementia progression (Albert and Blacker,
2006). Although people with MCI have a greater risk of
dementia, many studies have reported that it is possible
to prevent progression to dementia by controlling environ-
mental factors such as dietary habits, exercise, and chron-
ic disease management (Eshkoor et al., 2015; Jiang et al.,

2017). Several studies have recently investigated the as-
sociations between cognitive function and dietary factors,
including certain foods and nutrients (Panza et al., 2015;
Jiang et al., 2017). Adequate consumption of omega-3
fatty acids (Cederholm et al., 2013), fruits and vegetables
(Dong et al., 2016; Jiang et al., 2017), dairy products
(Ogata et al., 2016), and moderate alcohol consumption
(Xu et al., 2017) have been reported to have protective
effects against disease. However, the association between
dietary factors and the risk of cognitive impairment and
dementia remains unclear (Panza et al., 2015; Kesse-
Guyot et al., 2016; Smith and Blumenthal, 2016).
Recently, dietary patterns have been used to examine
how diseases can be prevented and disease conditions im-
proved (Ozawa et al., 2013; Kim et al., 2015; van de Rest
et al., 2015; Shin et al., 2018). As we consume a number
of different types of food, rather than a single type of
food, it seems reasonable to investigate the effects of di-
etary patterns on disease. Thus, research using dietary
patterns, considering the interaction and synergy of nu-
trients in foods, is valid for disease prevention studies
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(Hoffmann et al., 2004; Ozawa et al., 2013; Kim et al.,
2015). Accelerated economic development and global-
ization have changed traditional Korean dietary patterns.
This change has resulted in Koreans consuming fewer
food crops, such as rice, but increased amounts of bread,
meat, and seafood (Lee and Cho, 2014). Thus, over time,
the diet of Koreans has become more westernized. West-
ern dietary habits are known to affect the incidence of and
mortality due to chronic diseases such as metabolic syn-
drome and cardiovascular disease (Lee and Cho, 2014).
Thus, it is necessary to investigate the current daily diet-
ary patterns of Koreans.

Factor analysis, cluster analysis, reduced rank regres-
sion, and partial least-squares regression have been used
to identify dietary patterns. A factor analysis is a statisti-
cal technique that considers the correlation between var-
iables, reduces the order of variables through common
underlying dimensions, and generally uses a principal
component analysis (PCA) (Hoffmann et al., 2004).

This study aimed to identify the dietary patterns of eld-
erly Koreans with MCI using a PCA and determine their
impact on cognitive function so as to contribute to the
provision of healthy dietary guidelines.

MATERIALS AND METHODS

Study design and participants

Data of 324 older adults aged over 50 years hospitalized
in Gwangju Sun-Han Hospital were collected through a
face-to-face interview with questionnaires from July 2017
to March 2018. We excluded participants with very high
or low total energy intake levels (<500 or >3,500 kcal),
those who were on diet therapy within the last year (as
this would change their daily dietary patterns), or those
with a severe mental disorder, metabolic diseases, cancer,
alcohol abuse, Parkinson’s disease, and/or Alzheimer’s
disease. Two hundred and seventy-five participants, in-
cluding 104 males and 171 females, completed all of the
questionnaires, including a Mini-Mental State Examina-
tion (MMSE), short-form geriatric depression scales, 24-h
dietary recall, and a semi-quantitative food frequency
questionnaire (SQ-FFQ). This study complied with the
tenets of the Declaration of Helsinki, and all procedures
involving human participants were approved by the In-
stitutional Review Board of Chonnam National Univer-
sity (1040198-180731-HR-071-01). All participants who
participated in our study signed a consent form.

Dietary assessment

Data were obtained by trained dietitians who interviewed
all the participants face-to-face. If necessary, patients’
caregivers helped with the completion of the dietary in-
take survey.

A food and nutrient intake survey was conducted using
only the 24-h dietary recall method considering the age
of the participants and SQ-FFQ with 112 food items. The
FFQ examines the food intake of participants, assuming
that their dietary habits do not change frequently. The
24-h dietary recall method provides more accurate infor-
mation on the food that participants have consumed. It
has been reported that using the two methods in parallel
makes it possible to capture dietary habits more accurate-
ly (Freedman et al., 2018). The SQ-FFQ has been reported
to be valid and reproducible previously (Feskanich et al.,
1993). Participants were asked to check each of the nine
frequency ranges from “none” to “three times a day” for
food and beverages. Daily food intake derived from the
FFQ was calculated by multiplying the food intake fre-
quency of each standard serving size. The daily nutrient
intake was calculated by multiplying the intake frequency
and standard portion size according to CAN-PRO version
4.0 (Computer-Aided Nutritional Analysis Program, the
Korea Nutrition Society, Seoul, Korea).

Cognitive function assessment

We used the MMSE tool, a global test (Huang et al.,
2009), to measure cognitive function. The MMSE in-
cludes 30 items covering the following fields: time and
place orientation, memory registration and recall, atten-
tion and calculation, language function, and understand-
ing and judgment. Scores were corrected according to
education level and ranged from 0 to 30. Higher MMSE
scores indicate better cognitive function. Participants
were assigned to the MCI group if their MMSE score was
19~24 and to the normal group if their MMSE score was
25~30, according to the MCI clinical diagnosis cut-off
value mentioned in a previous study (Huang et al., 2009).
The sensitivity and accuracy of a score below 24 on the
MMSE, defined as cognitive impairment, is 80~90% and
80~100%, respectively (Tombaugh and McIntyre, 1992).
Finally, the Sun-Han medical staft confirmed the diagno-
sis of the participants with MCI. The short geriatric de-
pression scale (SGDS) developed in 1986 is a tool used
for screening older adults for symptoms of depression
(Greenberg, 2007). This self-reported screening tool con-
sists of 15 questions that can be completed quickly us-
ing “yes” or “no” answers, making it useful in the com-
munity setting. A score of 0~4 is not typically a cause for
concern, 5~ 8 suggests mild depression, 9~11 suggests
moderate depression, and 12~ 15 suggests severe depres-
sion (Greenberg, 2007). The SGDS tool has been reported
to identify 92% of people with depression (Sheikh and
Yesavage, 1986).

PCA and identification of dietary patterns
Dietary patterns were generated by utilizing the PCA for
21 predefined food groups (Khosravi et al., 2015; Kim et
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al., 2015; Table 1). In this study, the food items were
combined into food groups based on their nutrient con-
tents and uses. Besides, we divided the vegetable group
into salty vegetables and vegetables to consider whether
the salt difference had any impact.

A principal component and factor analysis is a nutri-
tional epidemiology method that derives dietary patterns
by distinguishing one or more factors based on foods that
tend to (or are not) ingested by the same subject (Osler
et al., 2002; Schulze et al., 2003). The PCA explains the
frequency of various foods or food groups consumed by
the individual as a linear function of the principal com-
ponents. That is, the first principal component accounts
for the maximum amount of variation among individuals.
The second principal component is derived from the or-
thogonal rotation of the first principal component and
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accounts for the maximum amount of variance among the
factors. Finally, the PCA identifies dietary patterns by
analyzing the intake frequency based on the correlation
matrix of the foods included in the survey (Schulze et
al., 2003).

To extract the dietary patterns, we classified 112 food
items into 21 food groups with reference to similar nutri-
ent profiles and previous studies: white rice, multigrain
rice, flour-based food, rice-cakes, bread, soup and stew,
legumes, eggs, red meat and processed meat, poultry, fish,
vegetables, salty vegetables, seaweed, fruit, dairy prod-
ucts, coffee and tea, beverages, nuts, snacks, and alcohol.
The number of dietary patterns (referred to as derived
factors) was determined using an eigenvalue of >1.25
and scree plot (Schulze et al., 2003). Furthermore, the
factors were rotated with an orthogonal transformation

Table 1. Food grouping used in the dietary intake analysis

Food groups

Food items

White rice
Multigrain rice
Flour-based foods

Rice-cake
Bread

Soup and stew

Legume

Eggs

Red meats and
processed meats

Poultry
Fish

Vegetables

Salty vegetables
Seaweeds

Fruits

Dairy products
Coffee and tea
Beverages
Nuts

Snack

Alcohol

Cooked white rice, fried rice, cooked rice with assorted mixtures, rice rolled in laver, curry and rice, cereal
Cooked rice with other grains and legumes

Instant noodles, instant cup noodles, noodles, kalguksu, udong, Chinese black bean noodles, spicy seafood
noodle soup, cold noodles, dumpling (steamed or fried)

Plain steamed rice-cake, steamed rice-cake with red bean, cubed rice-cake with soybean powder, plain
cubed rice cake, seasoned bar rice-cake

Loaf bread, sweet red-beans buns, steamed sweet red-bean buns, cream buns, sponge cake (castella), cake,
chocopie

Rice-cake soup, beef born and meat potage, potato and pork rib soup, loach stew, frozen Alaska pollack
stew, spicy seafood stew, sea mustard soup, dried Alaska pollack soup, beef soup, spicy beef soup, radish
soup, bean paste soup, bean paste stew, fermented soybean stew, kimchi stew, stir-fried kimchi, spicy
sausage stew, bean curd stew, soft bean curd stew

Bean curd, bean curd boiled in soy sauce, pan-fried bean curd, soybean boiled in soy sauce

Fried egg, fried egg roll, boiled egg, steamed egg

Pizza, hamburger, sandwich, grilled pork belly, boiled pork, stir-fried pork (sweet, spicy), grilled pork ribs,
steamed pork ribs, grilled beef, stir-fried beef, sweet and sour pork, pork cutlet, ham, pork roll

Korean traditional chicken soup, stir-fried chicken, chicken boiled with soy sauce, fried chicken, grilled duck

Mackerel, saury (grill, boiled with soy sauce), hairtail, croaker (grill, boiled with soy sauce), anchovy, stir-fried
anchovy, squid (raw, boiled, stir-fried), dried shredded squid (stir-fried, seasoned), dried squid, crab
preserved in soy or spicy sauce, salted shrimp, squid and clam, fish ball (stir-fried, soup)

Stir-fried potatoes, potatoes boiled with soy sauce, steamed potatoes, grilled potatoes, steamed sweet
potatoes, grilled sweet potatoes, steamed corn, grilled corn, bean sprout (seasoned, soup), seasoned mung
bean sprout, seasoned spinach, seasoned bellflower (boiled or not), pumpkin (seasoned, pan-fried),
seasoned other vegetables, cucumber (seasoned, raw), radish (seasoned, pickled, dried), vegetables salad,
seasoned green onion, seasoned Chinese chive, raw vegetables (lettuce, sesame, Chinese cabbage,
pumpkin leaf), green pepper, boiled broccoli, boiled cabbage, garlic, lotus roots boiled with soy sauce,
burdock boiled with soy sauce, Korean pancake (Chinese chive pancake, kimchi pancake), stir-fried
vegetable and noodles, stir-fried mushroom, soybean paste sauce

Korean cabbage kimchi, other kimchi, pickle

Grilled laver, raw laver, seasoned laver, seasoned green laver, seasoned brown seaweed, stir-fried sea
mustard stems

Strawberry, tomato, cherry tomato, melon, water melon, peach, grape, apple, pear, persimmon, dried
persimmon, tangerine, banana, orange, kiwi

Milk (low fat, normal), liquid type yogurt, curd type yogurt, soybean milk

Coffee, green tea

Soft drink (cola, soda, fruit juice soda), fruit juice, grain powder beverage, rice beverage
Peanut, chestnut

Snack, cookie, cracker, chocolate, ice cream, ices

Soju, beer, rice wine

This study reorganized the foods containing similar nutrients into new groups based on previous studies (Khosravi et al., 2015;

Kim et al., 2015).
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using a varimax rotation to achieve a simpler structure
with easier interpretability (Kline, 1994). We considered
the food groups with an absolute factor loading >0.2 to
be significant in the calculation of pattern scores because
the food items included in these food groups appeared
to have a strong association with the identified factors
(Kline, 1994; McCann et al., 2001). The factor scores
were calculated by summing each subject’s intake of the
21 food groups weighted by the factor loadings. Each di-
etary pattern score was categorized by tertile, with a
higher tertile indicating better adherence. We labeled the
dietary pattern according to the food with the highest
factor loadings.

Energy and nutrient intake using the 24-h recall method
Nutrient intakes were estimated by multiplying the in-
take frequency and standardized portion size for each
food. The amount of nutrients contained per gram of food
was obtained from CAN-PRO version 4.0. Daily nutrient
intakes of participants were the sum of their intake of the
112 food items. Macro- and micronutrient intakes were
adjusted for in the total energy intake using the residual
method. Considering the age of the participants, the die-
tary survey was performed using ancillary equipment such
as a measuring cup, photographs of the prescribed amount
of food, and tableware. The nutrient variables were used
as continuous data of the daily intake of total energy
(kcal/d), carbohydrates (g/1,000 kcal), fat (g/1,000 kcal),
protein (g/1,000 kcal), saturated fatty acid (g/1,000 kcal),
monounsaturated fatty acid (MUFA; g/1,000 kcal), poly-
unsaturated fatty acid (PUFA; g/1,000 kcal), fiber (g/
1,000 kcal), water (g/1,000 kcal), B-carotene (ug retinol
equivalent/1,000 kcal), vitamin E (mg/1,000 kcal), vita-
min C (mg/1,000 kcal), thiamin (mg/1,000 kcal), niacin
(mg/1,000 kcal), vitamin B6 (mg/1,000 kcal), folate (ug/
1,000 kcal), vitamin B12 (mg/1,000 kcal), calcium (mg/
1,000 kcal), and cholesterol (mg/1,000 kcal).

Covariates

We interviewed all the participants face-to-face. The par-
ticipants were informed that their data would be handled
confidentially. The survey was conducted as quickly as
possible due to the age of the participants.

Participants’ general characteristics such as age, sex,
education level, inhabitation, self-measured health status
level, prescribed medications, self-reported dental condi-
tion level, and sleep duration were collected. Further-
more, the following information was collected: alcohol
consumption status (if less than 12 times per year with
less than one glass per drink then the participant was
classified as no, former, and current drinkers was classi-
fied as a yes), smoking status (never was classified as no,
former, and current smokers were classified as yes), phys-
ical activity in leisure time (no, usually, and yes), break-

fast frequency/week, and nutritional supplements. Partic-
ipants had standardized anthropometric measures taken
by trained nurses. Body mass index was calculated as a
participant’s body weight in kilograms divided by their
height in meters squared. A trained nurse measured each
participant’s blood pressure using an automatic blood
pressure monitor (HBP-9020, Omron Healthcare Co.,
Ltd., Kyoto, Japan) after allowing the participant to rest
for 5 min beforehand. Then, subject’s blood pressure
was repeatedly measured, with their arms and back in a
straight line and their arms in line with their heart.

Statistical analysis

Categorical variables were expressed as frequency and
percentage (%), and continuous variables as mean=+stand-
ard deviation. We investigated the association between
cognitive function and dietary patterns using a logistic re-
gression analysis. Dietary patterns were determined us-
ing a factor analysis and PCA. We considered the corre-
lation between the measured variables and extracted the
factors by examining the calculated correlation matrix.
Factor loading was calculated from the extracted factors.
To simplify the column of the factor matrix, varimax ro-
tation was performed.

The effect of each dietary pattern on cognitive function
as the tertile increases from T1 to T3 was estimated us-
ing the odds ratio. The confounding factors of the analy-
sis were as follows: sex, age, inhabitation, education, self-
reported dental condition, sleep duration, alcohol con-
sumption status, smoking status, physical activity in lei-
sure time, nutritional supplements, and the SGDS varia-
ble to analyze the risk of MCI with each dietary pattern
score (Model 1). A P-value of <0.05 was considered sta-
tistically significant. All statistical analyses were per-
formed using SPSS version 18.0 (IBM Corp., Armonk,
NY, USA).

RESULTS

General and anthropometric characteristics of the
participants according to the MMSE score

According to the MMSE score, the general and anthro-
pometric characteristics of participants were analyzed and
are presented in Table 2. Participants with MCI (70.5
years) tended to be older than normal participants (63.8
years). Normal participants were more highly educated
than the participants with MCI. Furthermore, 75.5% of
normal participants and 55.7% of the participants with
MCI lived alone. In addition, 32.9% of participants with
MCI responded that their health status was poor. Sleep
duration was shorter in participants with MCI (4~6 h/d)
than normal participants (6~8 h/d). Participants who
self-reported SGDS=12 were more likely to be in the
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Table 2. General characteristics of participants according to MMSE score

MMSE
Characteristics Total 19~24 =25 P-value
(n=275) (n=79) (n=196)
Sex 0.606
Men 104 (37.8) 28 (35.4) 76 (38.8)
Women 171 (62.2) 51 (64.6) 120 (61.2)
Age (yrs) 65.719.4 70.5+95 63.819.2 <0.001
50~64 130 (47.3) 19 (24.1) 111 (56.6)
65~74 97 (35.3) 35 (44.3) 62 (31.6)
>75 48 (17.5) 25 (31.6) 23 (11.7)
Education <0.001
Illiterate 115 (41.8) 49 (62.0) 66 (33.7)
Junior high school 42 (15.3) 6 (7.6) 36 (18.4)
High school 80 (29.1) 19 (24.1) 61 (31.1)
Above 38 (13.8) 5 (6.3) 33 (16.8)
Inhabitation 0.001
Alone 192 (69.8) 44 (55.7) 148 (75.5)
With spouse 83 (30.2) 35 (44.3) 48 (24.5)
Self-reported health status” 0.024
Poor 4 (23.8) 26 (32.9) 8 (20.0)
Good or fair 205 (76.2) 53 (67.1) 152 (80.0)
Medication (yes) 205 (74.5) 68 (86.1) 137 (69.9) 0.005
Current disease (yes) 195 (70.9) 62 (78.5) 133 (67.9) 0.079
Self-reported dental condition 0.145
Very good or good 184 (66.9) 58 (73.4) 126 (64.3)
Very poor or poor 91 (33.1) 21 (26.6) 70 (35.7)
Sleep duration (h/d) 0.002
<4 17 (6.2) 11 (13.9) 6 (3.1)
4~6 126 (45.8) 40 (50.6) 86 (43.9)
6~8 121 (44.0) 26 (32.9) 95 (48.5
>8 11 (4.0 2 (2.5) 9 (4.6)
Alcohol consumption (yes) 107 (38.9) 23 (29.1) 86 (43.9) 0.024
Smoking (yes) 213 (77.5) 66 (83.5) 147 (75.0) 0.125
Physical activity in leisure time 0.083
No 131 (47.6) 46 (58.2) 85 (43.4)
Usually 88 (32.0) 20 (25.3) 68 (34.7)
Yes 56 (20.4) 13 (16.5) 43 (21.9)
Breakfast frequency (weekly, times) 0.969
5~7 257 (93.5) 74 (93.7) 183 (93.4)
3~4 10 (3.6) 3(3.8) 7 (3.6)
<2 8 (2.9) 2 (2.5) 6 (3.1)
Nutritional supplements (usually or yes) 229 (83.3) 63 (79.7) 166 (84.7) 0.320
SGDS" <0.001
Normal (<4) 197 (76.4) 32 (47.8) 165 (86.4)
Mild or moderate (5~11) 40 (15.5) 20 (29.9) 20 (10.5)
Severe (>12) 21 (8.1) 15 (22.4) 6 (3.1)
BMI (kg/m?) 23.713.8 23.6£3.6 238139 0.702
SBP (mmHg) 117.4£129 120.1£14.7 116.4£11.0 0.024
DBP (mmHg) 758115 778125 75.0£10.4 0.056

Values are expressed as the number of participants for each category (%) or meanzxstandard deviation.

MMSE, mini-mental state examination; SGDS, short geriatric depression scale; BMI, body mass index: SBP, systolic blood pressure;
DBP, diastolic blood pressure.

YThe response base differs because there are cases of irrelevant responses or no responses.

P-values were obtained from chi-square test for categorical variables.

MCI group (22.4%) than the normal group (3.1%). Sys-  Factor loadings and dietary patterns from the PCA

tolic blood pressure was higher in the MCI group (120.1  Based on the scree plot, we derived three dietary patterns

mmHg) than the normal group (116.4 mmHg). with eigenvalues of >1.6, 46.85% of the cumulative ex-
plained variation among the 21 food groups. Table 3 and
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Table 3. Factor loadings and variation in food groups, and diet-
ary patterns from principal component analysis

Food groups Factor 1" Factor 22 Factor 3
Legume 0.835 - -
Vegetables 0.775 - —
Seaweeds 0.770 — -
Soup and stew 0.711 — —
Eggs 0.648 - —
Fish 0.623 - -
Poultry 0.564 - -
Red meats and 0.513 - -

processed meats
Beverages — 0.711 —
Nuts - 0.609 -
Snack - 0.604 -
Fruits — 0.559 -
Rice-cake - 0.474 —
Coffee and tea - 0.393 —
Bread - 0.298 -
Salty vegetables - —0.257 -
White rice — - 0.662
Flour-based foods - - 0.629
Alcohol - - 0.563
Dairy products - - —0.485
Multigrain rice - - —0.430
Eigenvalue 6.137 2.041 1.661
Cumulative 21.347 35.302 46.854

explained variation

Kaiser-Meyer-0lkin=0.821,

and df=210, and Sig=0.000.
The following factors had loadings >]0.20| are shown in the
table. The score for each dietary pattern was estimated from
the 21 predefined food groups.

Legume and vegetables pattern include legume, vegetables,
seaweeds, soup and stew, eggs, fish, poultry, red meats and
processed meats.

1)”Legume and vegetables” pattern was positively characterized
by high consumption of legume, vegetables, seaweeds, soup
and stew, eggs, fish, poultry, and red meats and processed
meat.

2)”Beverage and nuts” pattern was positively characterized by
high consumption of beverages, nuts, sweet foods, fruits,
rice-cake, coffee and tea, and bread.

3“White rice” pattern was characterized by higher consumption
of white rice, flour-based foods and alcohol and lower con-
sumption of dairy products, and multigrain rice.

Bartlett’'s test results=2,270.582,

Fig. 1 illustrate the factor loadings (=]0.20|), which
characterize each dietary pattern. The first dietary pat-
tern, “legumes and vegetables”, was positively character-
ized by a high consumption of legumes, vegetables, sea-
weed, soup and stew, eggs, fish, poultry, red meat, and
processed meat (Fig. 1). Furthermore, the second dietary
pattern (mix of healthy and unhealthy food groups), “bev-
erage and nuts”, was positively characterized by a high
consumption of beverages, nuts, sweet foods, fruit, rice-
cakes, coffee and tea, and bread (Fig. 1). The “white rice”
pattern was characterized by a high consumption of white
rice, flour-based food, and alcohol, and a low consump-
tion of dairy products and multigrain rice (Fig. 1).

—&— Legume and vegetables pattern
—a— Beverage and nuts pattern
White rice pattern

L Legume
Multigrain rice 1 Vegetables

Dairy products 0:8 Seaweeds
Alcohol Soup and stew
Flour-based foods r’.\\ Eggs
White rice -\\ Fish
Salty vegetables ? Y\2 Poultry

Red meats and
processed meat

Soft drinks

. and beverages
Rice-cake Nuts

Fruits  Snack

Bread

Coffee and tea

Fig. 1. Radar graph of factor loadings characterizing 3 dietary
patterns. Factor scores were calculated by summing the 21
food groups’ intake frequency weighted by the factor loading.

Characteristics of participants with different dietary
patterns

Table 4 and Fig. 2 presents the characteristics of partici-
pants according to the derived dietary pattern score ter-
tile. The level of education and physical activity increased
across the tertiles of the “beverage and nuts” pattern.
However, the self-perceived dental condition was very
poor or poor in higher tertiles in this dietary pattern. Self-
reported depressive symptom scores were lower in T3
(score: 3.4) than in T1 (score: 4.6), and participants with
severe status (score: >12) were less prevalent in T3
(7.4%) than T1 (18.1%). The MMSE score was higher in
higher tertiles (T1 score: 26.0 vs. T3 score: 28.1). As the
tertile increased in the “white rice” pattern, the distri-
bution of males and participants =75 years was au-
gmented. The proportion of participants who slept <4
h/d increased from T1 to T3. The proportion of former
and current smokers was higher in T1 (82.4%). As the
tertile increased, the self-reported SGDS score (Tl score:
2.6 vs. T3 score: 4.5) increased, and the MMSE score (Tl
score: 28.0 vs. T3 score: 25.9) decreased. The anthropom-
etric characteristics of participants were not significant
in all patterns.

Energy and nutrient intake level according to the dietary
pattern

Energy and nutrient intakes according to each dietary
pattern score tertile are presented in Table 5. The nutri-
ent intake of the legumes and vegetable pattern did not
show any significant difference according to the tertile.
B-Carotene, vitamin C, and folate significantly increased
as the “beverage and nuts” pattern score increased from
T1 to T3 (P<0.05). There was no significant difference in
other nutrients by tertile in the white rice pattern except
for thiamin.
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Fig. 2. Percentage of mild cognitive

Legume and vegetables pattern
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Beverage and nuts pattern

impairment prevalence across the
tertiles of dietary pattern score. The
prevalence of adult patients over
aged 50 years with mild cognitive
impairment decreased with an in-
crease in the “beverage and nuts”
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|424  pattern score, from the lowest ter-

White rice pattern
19.8

tile (42.4%) to the highest tertile
(17.6%). However, as the white rice

5 10

15 20

o 4

Percentage of mild cognitive impairment prevalence

Intake frequency of food groups and food items according
to the dietary pattern

Table 6 shows the intake level over the last year by food
group as surveyed using the SQ-FFQ as the tertile of the
dietary pattern score. In the legumes and vegetable pat-
tern, the intake of white rice, rice-cake, soup and stew,
legumes, eggs, red meat and processed meat, poultry,
fish, vegetables, seaweed, fruit, dairy products, and nuts
increased significantly in higher tertiles. In the “beverage
and nuts” pattern, the intake of 20 food groups except
for vegetables showed a significant difference according
to the pattern score tertile. The subjects of the “beverage
and nuts” pattern had a low level of vegetables intake,
then the intake of salty vegetables was low according to
tertile increased. Except for white rice, soup and stew,
and legumes, the food group intake frequency was in-
creased significantly between T1 to T3. This pattern was
characterized by intake snacks such as drinks, nuts,
sweets, fruits, rice cakes, coffee, tea, and bread, which
resulted in a decrease of salty vegetables with high salt
content as tertile increased. In the white rice pattern, the
intake frequency of white rice, flour-based food, eggs, red
meat and processed meat, poultry, and fish increased sig-
nificantly with increasing tertile. On the other hand, the
intake frequency of multigrain rice, fruit, and dairy prod-
ucts, decreased significantly as the tertile increased from
T1 to T3.

Adjusted odds ratio (AORs) for MCl by tertile of each
dietary pattern score

The AOR and the 95% CI for MCI by the tertile of each
dietary pattern score are shown in Table 7. The “legu-
mes and vegetable” pattern was not significantly associ-
ated with the risk of developing MCI in the crude or ful-
ly adjusted Model 1 (adjusted for sex, age, inhabitation,
education, current disease, self-reported dental condition,
sleep duration, alcohol consumption status, smoking sta-
tus, physical activity in leisure time, nutritional supple-
ments, and SGDS). The “beverage and nuts” pattern was
associated with reduced odds of high MCI after fully ad-
justing for covariates (Model 1) [T3 vs. T1, AOR: 0.333;
95% confidence interval (CI): 0.133~0.831; P<0.05].

25

30 35 40 45 pattern score increased, the preva-

lence of mild cognitive impairment
increased.

The white rice pattern was associated with increased odds
of high MCI in the crude analysis (T3 vs. T1, odd ratio:
2.984; 95% CI: 1.541 ~5.780; P<0.01).

DISCUSSION

We identified the “legumes and vegetables”, “beverage
and nuts”, and “white rice” patterns among participants
aged =50 years. The “beverage and nuts” pattern was
negatively associated with the prevalence of high MCI,
independent of education, self-reported dental condition,
physical activity in leisure time, nutritional supplements,
and SGDS. In contrast, the white rice pattern was posi-
tively associated with a risk of mild impairment, inde-
pendent of sex, age, inhabitation, sleep duration, smok-
ing status, and SGDS.

It has become increasingly important to consider the
relevance of dietary patterns that reflect overall diet and
dietary behavior to prevent and delay age-related cogni-
tive decline. Previous systematic reviews and meta-anal-
yses have shown the role of dietary patterns in cognitive
function (Allés et al., 2012; Singh et al., 2014; van de
Rest et al., 2015; Petersson and Philippou, 2016). Fur-
thermore, Mediterranean diet (Valls-Pedret et al., 2015),
Mediterranean-Dietary Approaches to Stop Hypertension
(DASH) and Mediterranean-DASH Intervention for Neu-
rodegenerative Delay diets (McEvoy et al., 2017) are as-
sociated with significantly better cognitive function and
reduced risk of cognitive impairment. In the Melbourne
Collaborative Cohort Study, fruit intake was positively
associated with successful aging, including mental health
and physical function, while meat/fat patterns were neg-
atively associated (Hodge et al., 2014).

Based on these previous studies, the dietary patterns
that affect cognitive function using multiple approaches
were derived. In general, intake of more fruit, vegetables,
fish, nuts, and higher fat dairy products have been found
to have a beneficial effect on cognitive function.

The Whitehall II prospective cohort study evaluated
that inflammatory diet patterns were associated with in-
creased cognitive decline (Ozawa et al., 2017). Previous
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Table 7. Adjusted odds ratios (AOR) for mild cognitive impairment
Crude Model 1
Dietary patterns MCI (n)/Total (n)
OR"M 95% CI1" AOR"? 95% CI"
Legume and vegetables pattern
Tertile1 24/91 Reference Reference
Tertile2 32/93 1.464 0.778~2.757 1.175 0.587~2.351
Tertile3 23/91 0.944 0.486~1.834 0.949 0.466~1.935
P for trend 0.870 0.931
Beverage and nuts pattern
Tertile1 39/92 Reference Reference
Tertile2 24/92 0.480* 0.257~0.894 0.833 0.370~1.876
Tertile3 16/91 0.290*** 0.147~0.572 0.333* 0.133~0.831
P for trend <0.001 0.014
White rice pattern
Tertile1 18/91 Reference Reference
Tertile2 22/92 1.275 0.630~2.577 0.975 0.399~2.382
Tertile3 39/92 2.984** 1.541~5.780 1.876 0.750~4.6%90
P for trend 0.001 0.094

YLogistic regression analysis were used to estimate the OR and 95% CI of MCI based on increasing the pattern score tertiles.

J0R: without adjusting (crude).

IA0R: adjusted for sex, age, inhabitation, education, self-reported dental condition, sleep duration, alcohol consumption status,
smoking status, physical activity in leisure time, nutritional supplement, short geriatric depression scale (SGDS) (Model 1).

*P<0.05, **P<0.01, ***P<0.001.

MCI, mild cognitive impairment; OR, odds ratio: CI, confidence interval.

studies have assessed the role of these food groups on
cognitive function (Gémez-Pinilla, 2008; Barbour et al.,
2014; Solfrizzi et al., 2017). Flavonoid-rich fruits (Polidori
et al., 2009) and nuts rich (in vitamins, minerals, MUFA,
and PUFA (Barbour et al., 2014; Solfrizzi et al., 2017)
that affect glucose metabolism, insulin resistance, and
inflammatory mediators have been reported to have an
impact on overall cognitive performance. Thus, the effect
of fruit on cognitive function is not consistent. A study
reported that fruit intake is associated with an increased
risk of cognitive impairment due to high glycemic index
and presence of simple sugars (Staubo et al., 2017).

In our study, “beverage and nuts” pattern, which is
characterized by a high consumption of beverages, nuts,
sweet foods, fruit, rice-cakes, coffee, tea, and bread, con-
sisted of a combination of healthy and unhealthy food
groups, such as in the study by Chan et al. (2013). At the
current research level, it is not easy to interpret the rele-
vance of our “beverage and nuts” pattern on cognitive
function.

A recent systematic review of several cross-sectional
studies and longitudinal population-based studies sug-
gested that coffee and tea intake had a protective effect
on cognitive impairment in older people. Although there
were some limitations (such as using a dose-response
analysis and cognitive domains), this review reported that
this association was stronger in females than in males
(Panza et al., 2015). Barbour et al. (2014) examined the
effects of nut consumption on blood pressure, glucose
regulation, endothelial vasodilator function, arterial com-
pliance, inflammatory biomarkers, and cognitive function

through several epidemiological or intervention studies.
The effect of nut intake on cognitive function was found
to be limited (Barbour et al., 2014). Therefore, we con-
sider that more evidence from controlled intervention
clinical trials is needed before determining whether nuts
are beneficial. As is known, beverages such as soft drinks
(cola, soda, and fruit juice soda), fruit juice, grain pow-
der beverages, and rice beverages and snacks, such as
cookies, crackers, chocolate, and ice cream, have a high
sugar content. So far, there have been controversial re-
sults between studies on the effect that the consumption
of beverages on cognitive function (Kakutani et al., 2019).
An in-depth investigation is needed that takes into ac-
count different types of beverage.

As reviewed by Stephan et al. (2010) metabolic changes
increase the risk of metabolic syndrome and may eventu-
ally increase cognitive decline (Yaffe et al., 2004). These
results show that the positive effects of the “beverage and
nuts” pattern on cognitive impairment might be due to
the combined and synergistic results of various compo-
nents, rather than simply a food component.

As shown Table 5, compared to the two other dietary
patterns, the “beverage and nuts” pattern showed that
B-carotene, vitamin C, and folate intake were significant-
ly increased as the pattern score grows. The intake levels
of B-carotene, vitamin C, and folate in the “beverage and
nuts” pattern met the dietary intake levels recommended
in the Dietary Reference Intakes for Koreans (Kim et al.,
2015). A previous study reported that vitamin B and fol-
ic acid intake, which lowers plasma homocysteine levels,
is associated with improved overall cognitive function and
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memory (Kim et al., 2014; Agnew-Blais et al., 2015).
Staubo et al. (2017) confirmed that -carotene intake is
associated with cognitive function using dorsolateral, pre-
frontal, and temporal pole computed tomography. Li et
al. (2012) also demonstrated that vitamin C and B-car-
otene have protective effects against the risk of Alzhei-
mer’s disease. However, since not all of the food con-
sumed is absorbed into the body, further studies are war-
ranted to explore the relationship between the intake of
antioxidant nutrients (vitamin C and B-carotene), which
increases in concentration with the rising “beverage and
nuts” pattern and plasma concentration.

In our study, the white rice pattern was found to be
positively associated with increased cognitive decline in
the crude analysis, but not after being fully adjusted. Ac-
cording to Korczak et al. (2016) inadequate intake of
grain-based foods (namely, higher white rice intake and
lower whole-grain intake) results in unbalanced mineral
levels and insufficient intake of antioxidant nutrients,
which is associated with an increased risk of developing
MCIL. It is believed that Koreans have unique dietary pat-
terns, and the types of foods that make up the patterns
are so diverse that it may be difficult to obtain consistent
results on disease effects. We found no association be-
tween the legumes and vegetable pattern and cognitive
impairment.

Our study has several limitations. First, we conducted
a cross-sectional study that examined the dietary pattern
and cognitive function for a specific period using a PCA
analysis (a posteriori approach). In brief, cross-sectional
studies cannot include all possible diet categories and
cannot measure all aspects of the diet with absolute pre-
cision. We calibrated residual confounding factors in the
analysis to minimize potential limitations. Second, our
results cannot be generalized as our study participants
were not a representative sample of Koreans over 50 years
old. Despite the limitations stated, our study is mean-
ingful as it is the first to analyze the relationship between
cognitive status and dietary patterns of participants over
50 years old living in Gwangju province. Moreover, PCA
analysis used in our study is widely used to derive diet-
ary patterns in nutrition epidemiology, and our dietary
patterns were similar to those obtained in previous stud-
ies that used a PCA analysis (Chan et al., 2013; Kim et
al.,, 2015).

In conclusion, the present cross-sectional study identi-
fied three dietary patterns, “legumes and vegetables”,
“beverages and nuts”, and “white rice”. The “beverage
and nuts” pattern, which is characterized by a high con-
sumption of beverages, nuts, sweet foods, fruit, rice-
cakes, coffee, tea, and bread, was negatively associated
with the prevalence of high MCI among Korean adults
over 50 years old. In the future, longitudinal population-
based studies and randomized clinical trials are required

to confirm the effect of potential dietary patterns on cog-
nitive impairment and to reveal the underlying mecha-
nism of their association.
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