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Background and Objectives: Energy provided by macronutrients plays a key role in healthy aging. This study
therefore explored the association between macronutrients and cognitive function in elderly populations in rural
areas of Qingdao, China. Methods and Study Design: This study included 1,504 participants over the age of 65
recruited from Licha Town, Qingdao City, China. Dietary intake was measured using the Food Frequency
Questionnaire, and cognitive function was assessed using the Mini-Mental State Examination. Logistic regression
models were used to evaluate the association between dietary macronutrient intake and cognitive function. In
addition, restricted cubic bars were applied to determine the dose-response relationship between macronutrient
ratios and cognitive performance. Results: A total of 877 adults over the age of 65 were included. After adjusting
the weighted multiple variables, significant positive associations were revealed between protein and moderate
carbohydrate intake and cognitive ability, but a negative association between fat intake and cognitive performance
was identified. After calculating the daily energy supply ratio, similar associations were revealed between fat and
protein intake and cognitive function. Furthermore, the ratio of proteins to carbohydrates had a U-shaped
relationship with cognitive function (pnoniineariy=0.674), whereas the ratio of proteins to fats was L-shaped with
lower cognitive function (pnonlinearity<0.001). Compared with the lowest quartile of the ratio of protein to fat intake,
the weighted adjusted OR (95% CI) of the highest quartile was 0.509 (0.314, 0.827) for low cognitive performance.
Conclusions: With an adequate carbohydrate supply, appropriately increasing dietary protein intake and reducing

fat intake might benefit the cognitive function of elders in rural areas.
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INTRODUCTION

Improvements in socioeconomic conditions and medical
treatment have resulted in a larger aging population
globally, inevitably leading to increased health problems.
The aging process is one of physiological decline,
including in muscle, bone, and cognitive function.
Cognitive function plays a key role in the health and living
standards of the elderly population.! Mild cognitive
impairment (MCI) is a common disease in the senior
population. It is characterized by a decline in memory,
attention, and cognitive function and is considered a
transitional stage of evolutionary dementia with a
conversion rate of 10%—15% per year.? Alzheimer disease
(AD), also a form of dementia, is becoming a global health
problem as the elderly population continues to increase.’
Census data has predicted that by 2050, 13.8 million
people in the United States alone will be diagnosed with
AD.* The progression from cognitive decline to AD is a
continuous irreversible process, thus taking steps to reduce
or delay the onset of MCI and dementia is crucial. Because
no definitive treatment for MCI or dementia currently
exists, identifying lifestyle and other risk factors affecting

cognitive function is essential for the prevention and
treatment of AD.®

Dietary patterns and the intake of nutrients are reported
to be closely associated with cognitive function. Food
nutrients, such as long-chain omega-3 polyunsaturated
fatty acids (n3-PUFA) and polyphenols including
resveratrol and flavonoids, are likely to be beneficial to
cognitive function.®® In addition, a study based on the
National Health and Nutrition Examination Survey
revealed that dietary and total zinc, copper, and selenium
intake were inversely associated with the prevalence of
low cognitive performance, suggesting that dietary nutri-
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tion intervention might prevent cognitive decline.!”

Currently, the focus in nutrition is returning on energy
and macronutrients. Carbohydrates, proteins, and fats are
the three essential energy-yielding nutrients for physical
functions, and they play a key role in many biological
processes. As structural and cell surface components, they
are involved in essential cell recognition processes and
metabolism.!! Carbohydrates are the main energy source,
providing energy for brain activity.'> Amino acids in
proteins are precursors of key neurotransmitters and play a
vital role in neuromodulation,'® and a meta-analysis of
randomized controlled trials determined that fatty acids,
such as n3-PUFA, could be mildly beneficial for
improving memory function in older adults without
dementia.® By contrast, multiple studies have
demonstrated that high fat intake leads to the excessive
production of circulating free fatty acids and inflammation
throughout the body, which adversely affects cognitive
function.'*!> A study also reported that high protein intake
was significantly associated with the increased frequency
of MCIL. ¢

Carbohydrates, proteins, and fats interact to maintain
normal cognitive function; thus, some studies have
attempted to analyze their association with cognitive
function by calculating the proportion of energy provided
by each of them.!®!” However, epidemiological data on the
association between macronutrients and cognitive decline
in regions with a relatively low economic level, such as
rural areas in China, remain limited. Therefore, we
conducted a cross-sectional study to explore the
association between macronutrients and cognitive function
in the elderly population in a rural area of Qingdao, China.
In addition, we estimated the percentage of energy supply
in macronutrients, calculated the ratios of pairs of
macronutrients based on energy intake, and explored
potential dose—response relationships.

METHODS

Research participants

The cross-sectional study was conducted from January to
July 2019 in Licha Town, Qingdao City, China. In this
survey, researchers underwent uniform training and
recruited 1,504 participants through face-to-face
interviews. The inclusion criteria were as follows: People
aged over 65, lived in the area for at least a year, were
capable of self-managing daily life, without self-
recognized cognition dysfunction and willing to participate
in the study. Exclusion criteria for the participants were as
follows: Individuals with severe illnesses (e.g., cancer,
severe psychiatric disorders, recent history of heart or
respiratory failure, chronic renal or liver failure);
individuals with conditions known to influence cognitive
function (e.g., alcohol abuse, cerebral apoplexy and
infraction); individuals with neurological disease (e.g., AD,
Parkinson’s disease (PD)) or long-term frequent intake of
antidepressants and other medications for neurological
diseases; individuals lack of information on cognitive
function and dietary intake. The study protocol was
approved by the Medical Research Ethics Committee of
Qingdao Center for Disease Control and Prevention (ID
SPAQ-2016-125), and all participants were provided with
written informed consent during the survey period and

allowed to terminate their participation any time.
Ultimately, 877 participants (395 men and 482 women)
were included in this study.

Assessment of dietary intake

Dietary intake was measured by 97-item (such as whole
grain, red meat, pork, beef, mutton, chicken, fish,
vegetables, milk, eggs, fruit, nuts, cooking oil, soybeans
and their products) Food Frequency Questionnaire (FFQ)
and the dietary intake data was assessed through face-to-
face recall interviews. The frequency (daily, weekly,
monthly, or yearly) and how much they ate were studied.
Based on the Chinese Food Ingredients Table (6th edition),
the nutrient intake was converted using a nutrition
calculator. The residual method was used to adjust the
energy of each nutrient.

Assessment of cognitive function

Cognitive function was evaluated by the Chinese version
of the Mini Mental State Examination (MMSE), which
possessed good validity and reliability in cognitive
screening and was applicable to the preferred scale for
dementia screening.'® As a cognitive screening test,
MMSE is easy to operate and widely used. The scale
includes the following 7 aspects: time orientation (5
points), location orientation (5 points), immediate memory
(3 points), attention and calculation ability (5 points),
delayed memory (3 points), language (8 points) and visual
space (1 point). In this study, time and place orientation
assessment required participants to tell the year, month,
day, season and day of the week on the test day as
accurately as possible, and to tell their city, district or
county, street or township, community or village, and
several floors as far as possible. The scores for each section
were expressed in exact quantities that can be answered,
ranging from 0 to 5. The immediate memory assessment
required participants to repeat all three items after the
questioner had said their names, with scores ranging from
0 to 3 on the correct number of items they could answer.
The attention and calculation ability assessments asked
participants to subtract 7 from 100 and say what was the
result of each calculation, with scores on a scale of 0 to 5
expressed as the correct number of answers. The delayed
memory assessment asked participants to repeat three of
the things you have said before, with scores ranging from
0 to 3. For language assessment, participants were asked to
performed as the instructions they heard, identify the items
and name them correctly, with scores ranging from 0 to 8.
The visual space assessment required participants to
imitate the example diagram for drawing, and the score
was based on the degree of characteristic fit of the
simulated picture, and the score was 1. With a total score
between 0 and 30, the higher the scores suggested the
better the cognitive function. As is known, the MMSE is
strongly influenced by educational background and
varying cut-offs stratified by educational level are
recommended for the purpose of improving the
effectiveness of the screening. Consequently, the
assessment criteria for cognitive impairment were: <17 for
illiteracy individuals, <20 for individuals with 1-6 years of
education, and <24 for individuals with 7 or more years of
education. Meanwhile, a neurologist participated in our
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survey and assisted our cognitive evaluation with his
clinical experience.

Covariates

We selected covariables based on the literature, MMSE
scores and potential risk factors for cognitive function.
This research included the self-reported questionnaire
research of individuals’ age, sex, educational level, income,
smoking, drinking, history of chronic disease (diabetes,
hypertension, dyslipidemia, heart problems and gout),
Body mass index (BMI) and physical activities. BMI was
calculated as the weight (kg) / height (m?). Mini Nutritional
Assessment Short Form (MNA-SF) was used to measure
nutritional status, with score ranging from 0 to 14 and a
higher score indicating better nutritional status.

Statistical analysis

If the continuous variables were normally distributed, the
data was presented by mean and standard deviation (SD),
otherwise by median and quartile range (IQR). According
to the distribution of continuous variables, factorial design
ANOVA analyses or Wilcoxon rank sum test were used to
compare the average of continuous variables between the
MCI group and the normal group. Pearson's Chi-square test
or Fisher's Exact test were used to compare the distribution
of category variables between the cognitively
underperforming group and the cognitively normal group.
Proteins, fats, carbohydrates, protein to fat ratio, protein to
carbohydrate ratio, and fat to carbohydrate ratio were
classified as quartiles and the higher the quartile, the higher
the intake. Logistic regression analysis was used to study
the relationship between macronutrients and cognitive
function, and the intake of the lowest quartile was used as
a reference. Rough models did not adjust any confounding
factors, multivariate adjustment model for age (years), sex,
marital status, smoking, drinking, chronic disease, BMI,
physical activities and energy.

We used restricted cubic plot to further investigate the
dose-response relationship between the ratios of
macronutrient intake and low cognitive function after
adjusting for the confounders. A multivariate linear
regression model was established to analyze the MCI with
multivariate adjusted ORs as the dependent variable and
the ratios between macronutrients as the independent
variable. All statistical analyses were performed using
SPSS software (version 26.0) and Stata 15.0 (Stata
Corporation, College Station, TX, USA). All the statistical
analyses were performed at the conventional two-tailed
alpha level of 0.05.

RESULTS

Dietary patterns and characteristics of the population by
cognitive performance status

The dietary patterns of the elderly population in the rural
area studied are presented in Supplementary Table 1. The
consumption of grains, vegetables, red meat and poultry,
eggs, beans, and nuts met dietary guideline
recommendations, the consumption of plant oils was
considerably higher than that recommended, but the
consumption of whole grains, potatoes, and fruit was
positively associated with cognitive function at Q2 and
higher quantiles (Q3, Q4), respectively. slightly less than

that recommended. The local elderly population seldom
ate aquatic products.

Sample characteristics in relation to various measures of
low cognitive performance are summarized in Table 1.
Differences in sex, age, marital status, MNA, calf-
circumference, and activity time between those with MCI
and those with normal cognitive function were significant
(»<0.001). Men (p=0.041), those of older age (p<0.001),
and people who were unmarried or widowed were more
likely to have poor cognitive performance. Compared with
people with normal cognitive function, people with lower
cognitive ability were more likely to have smaller calf and
hip circumferences, higher rates of poor nutrition, and less
daily activity.

Association between intake of macronutrients and the
risk of MCI

Elderly people with normal cognitive performance
consumed significantly more energy and macronutrients
than those with MCI (Table 1). A higher percentage of fat
energy supply was observed in elderly people with MCI,
but this result was nonsignificant (p=0.116). The dietary
intake of macronutrients was divided into four quartiles
(Q1-Q4). Table 2 summarized the association between
macronutrients and cognitive function. The OR with a 95%
CI for cognitive function demonstrated that dietary protein
intake was significantly positively associated with
cognitive function. However, dietary fat intake was not
significantly associated with cognitive function, but a
higher intake of dietary carbohydrates (Q3, Q4) was
significantly positively associated with cognitive function.
After adjusting for potential confounders (age, sex,
marriage, smoking, alcohol consumption, hypertension,
diabetes, coronary heart disease, gout, dyslipidemia, daily
activity time, and BMI), the same associations with
cognitive function were identified for proteins, fats, and
carbohydrates. After adjusting for energy, dietary protein
intake was significantly positively associated with
cognitive function. For dietary fat intake, the OR (95%CI)
of Q2 was 1.614 (1.010-2.579), and the OR (95%CI) of
Q3 was 1.823 (1.093-3.041). The OR (95%CI) of Q3 for
carbohydrate intake was 0.528 (0.290-0.963).

With regard to percentages of energy supply
(Supplementary Table 2), high protein energy supply ratios
were positively associated with cognitive function, but the
association was not linear. A high fat (Q4) energy supply
ratio was negatively associated with cognitive function. No
significant association between carbohydrate energy
supply and cognitive function was identified.

Association between ratios of macronutrient intake and
the risk of MCI

To further analyze the association between macronutrients
and cognitive function, we calculated the ratio of pairs of
macronutrients based on energy intake, as presented in
Table 3. The OR of the 95% CI for cognitive function
indicated that the highest ratio (Q4) of fats to
carbohydrates exhibited a negative association with
cognitive function. The ratios of proteins to carbohydrates
and proteins to fats were significantly positively associated
with cognitive function at Q2 and higher quantiles (Q3,
Q4), respectively.
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Table 1. Characteristics of the population by cognitive performance status

Normal cognitive

MCI P
performance

Number 671 206
Gender, Male, n (%) 315 (46.9) 80 (38.8) 0.041
Age (years) 71.54 (5.59) 74.78 (6.69) <0.001
Education, n (%) <0.001

Illiteracy 252 (37.6) 129 (62.6)

Primary school 253 (37.7) 57 (27.7)

Secondary school and above 166 (24.7) 20 (2.3)
Marital status, n (%) <0.001

Spinsterhood 4(0.5) 49(1.9)

Married 529 (78.8) 130 (63.1)

Widowed 138 (20.6) 72 (35.0)
Smoking, n (%) 176 (26.2) 45 (21.8) 0.205
Alcohol drinking, n (%) 184 (27.4) 45 (21.8) 0.111
MNA, n (%) <0.001

Good nutritional status 553 (82.4) 148 (71.8)

Underlying malnutrition 117 (17.4) 52 (25.2)

Malnutrition 1(0.1) 6(2.9)
BMI, kg/m? 24.6 (3.84) 24.5(3.50) 0.177
Calf circumference, cm 34.2 (3.64) 32.6(3.09) <0.001
Waist circumference, cm 91.5(36.8) 89.8 (9.13) 0.511
Hip circumference, cm 97.6 (8.47) 96.1 (£8.55) 0.031
Chronic disease history, n (%) 0.199

0 295 (44.4) 81 (41.1)

1 255 (38.4) 69 (35.0)

2 81(12.2) 37 (18.8)

3 20 (3.0) 5(2.5)

>3 13 (2.0) 5(2.5)
Physical activity, h/d 2.54(1.97) 2.00(1.77) 0.001
Energy intake, kcal/d 2088 (812) 1760 (769) <0.001
Protein intake, g/d 81.0(38.3) 62.44 (31.9) <0.001

Animal sources, g/d 21.6 (16.6) 15.3(11.7) <0.001

Plant sources, g/d 59.8 (36.6) 48.3 (32.2) 0.056
Fat intake, g/d 73.3 (40.6) 65.3(38.1) 0.002

Animal sources, g/d 21.8(20.9) 14.35 (14.6) <0.001

Plant sources, g/d 51.6(30.4) 46.8 (26.8) 0.002
Carbohydrate intake, g/d 277 (129) 231 (127) <0.001
Fiber intake, g/d 20.3(9.75) 16.2 (9.34) <0.001
Protein/energy, % 15.5(3.9) 14.3 (4.4) <0.001
Fat/energy, % 31.9(12.5) 34.4(14.9) 0.006
Carbohydrate/energy, % 52.7(11.8) 51.4(13.9) 0.116

After adjusting for potential confounding factors (age,
sex, marriage, smoking, alcohol consumption,
hypertension, diabetes, coronary heart disease, gout,
dyslipidemia, daily activity time, and BMI), similar results
were observed. After adjusting for energy, the ratio of
proteins to fats was positively associated with cognitive
function, and the ratio of proteins to carbohydrates
exhibited a positive association with cognitive function at
Q2 and Q3 quantiles. No significant association was
identified in the fats to carbohydrates ratio.

To further and clearly reflect the dose—response
relationships, a restricted cubic spline analysis was used,
as depicted in Figure 1. The relationship between the ratio
of fat to carbohydrate energy intake and cognitive function
was not significant. For low cognitive function, we
identified an L-shaped association with the ratio of
proteins to fats and a U-shaped association with the ratio
of proteins to carbohydrates. The prevalence of low
cognitive function decreased with an increase in the
protein to fat energy intake ratio in a linear dose-dependent
manner (Pnonlinearity<<0.001), and with an increase in the

protein to carbohydrates ratio, a nonlinear dose-dependent
relationship (Pronlincariy=0.674) was observed. The MCI OR
values exhibited a decreasing and then increasing trend.

DISCUSSION

Summary of the main findings

In this population-based cross-sectional study of older
adults, we analyzed the association between three
macronutrients (carbohydrates, proteins, and fats) and
cognitive function. After adjusting for influencing
confounders, these macronutrients were significantly
associated with cognitive ability. Moreover, the ratio of
proteins to fats, based on energy intake, exhibited a
significant dose—response association with the cognitive
performance of the elderly population.

Energy is essential for living things to maintain their
basic functions. The total amount of macronutrients and
the proportion of energy supply are closely related to a
variety of physical functions, such as cardiovascular
function, cognitive function, exercise ability, and basic
metabolism.'*?° As one of the three productive nutrients,
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Table 2. Population odds ratios (95% confidence intervals) of cognitive performance status by quartiles of macronutrient intakes

Variables (g/d) Normal MCI Modelt Model} Model}
Protein
Q1 (lowest-52.4) 135 85 1 (reference) 1 (reference) 1 (reference)
Q2 (52.4-72.3) 174 45 0.411 (0.268, 0.629) 0.406 (0.259, 0.635) 0.437 (0.266, 0.719)
Q3 (72.3-97.7) 175 45 0.408 (0.267, 0.625) 0.430 (0.275, 0.670) 0.485 (0.275, 0.856)
Q4 (97.7-highest) 187 31 0.263 (0.165, 0.420) 0.285 (0.174, 0.465) 0.354 (0.160, 0.784)
Fat
Q1 (lowest-42.2) 164 56 1 (reference) 1 (reference) 1 (reference)
Q2 (42.2-62.0) 161 59 1.073 (0.701, 1.642) 1.165(0.747, 1.817) 1.614 (1.010, 2.579)
Q3 (62.0-95.0) 167 51 0.894 (0.578, 1.384) 1.043 (0.659, 1.651) 1.823 (1.093, 3.041)
Q4 (95.0-highest) 179 40 0.654 (0.414, 1.034) 0.786 (0.486, 1.273) 1.799 (0.995, 3.251)
Carbohydrate
Q1 (lowest-173) 144 75 1 (reference) 1 (reference) 1 (reference)
Q2 (173-252) 161 59 0.704 (0.468, 1.059) 0.723 (0.472, 1.108) 0.868 (0.538, 1.402)
Q3 (252-339) 183 36 0.378 (0.240, 0.594) 0.386 (0.241, 0.617) 0.528 (0.290, 0.963)
Q4 (339-highest) 183 36 0.378 (0.240, 0.594) 0.401 (0.249, 0.646) 0.695 (0.310, 1.561)

fCrude model did not adjust any confounders.

fAdjusted for age (years), gender, marital status, smoking status, alcohol drinking, chronic diseases, BMI and the activity time.

$Adjusted for age (years), gender, marital status, smoking status, alcohol drinking, chronic diseases, BMI, the activity time and the total energy.

Table 3. Population odds ratios (95% confidence intervals) of cognitive performance status by quartiles of macronutrient intakes’ ratio

MCI

Model

Model*

Model®

Variables (g/d) Normal
Protein
Q1 (lowest-0.24) 151
Q2 (0.24-0.29) 182
Q3 (0.29-0.37) 169
Q4 (0.37-highest) 169
Fat
Q1 (lowest-0.36) 178
Q2 (0.36-0.56) 169
Q3 (0.56-0.93) 167
Q4 (0.93-highest) 157
Carbohydrate
Q1 (lowest-0.35) 151
Q2 (0.35-0.52) 168
Q3 (0.52-0.76) 171
Q4 (0.76-highest) 181

68
37
50
51

43
47
53
63

68
52
48
38

1 (reference)

0.451 (0.286, 0.711)
0.657 (0.429, 1.006)
0.670 (0.438, 1.024)

1 (reference)

1.151(0.724, 1.831)
1.314 (0.834, 2.069)
1.661 (1.066, 2.587)

1 (reference)

0.687 (0.450, 1.049)
0.623 (0.406, 0.958)
0.466 (0.297, 0.733)

1 (reference)

0.436 (0.271, 0.701)
0.647 (0.414, 1.010)
0.764 (0.490, 1.190)

1 (reference)

1.167 (0.721, 1.887)
1.351 (0.843, 2.166)
1.755 (1.108, 2.780)

1 (reference)

0.657 (0.420, 1.027)
0.592 (0.377, 0.929)
0.457 (0.285, 0.734)

1 (reference)

0.403 (0.249, 0.653)
0.605 (0.384, 0.952)
0.690 (0.439, 1.085)

1 (reference)

1.045 (0.641, 1.703)
1.256 (0.777, 2.030)
1.542 (0.964, 2.466)

1 (reference)

0.620 (0.393, 0.978)
0.566 (0.358, 0.896)
0.496 (0.307, 0.801)

fCrude model did not adjust any confounders.

fAdjusted for age (years), gender, marital status, smoking status, alcohol drinking, chronic diseases, BMI and the activity time.

$Adjusted for age (years), gender, marital status, smoking status, alcohol drinking, chronic diseases, BMI, the activity time and the total energy.
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Figure 1. Restricted cubic spline model of the ORs of low cognitive performance (MCI) with ratios of nutrient intake for productivity,
adjusted for age (years), gender (male, or female), BMI, smoking status, alcohol drinking, occupation, marriage, total daily energy intake
(kcal/d). The solid lines represent the ORs, and dashed lines represent the 95% CIs. b) pnonlinearity = 0.674; ¢) Pronlinearity <0.001,

proteins, such as those in lean meat and milk, play a key
role in the maintenance of the human body’s functions and
health, and numerous studies have reported an association
between dietary protein intake and cognitive function.
Data on the US population aged 60 and older demonstrated
positive associations between dietary protein intake and
performance in a variety of cognitive domains. In addition,
Roberts et al observed a significant association between
dietary protein intake amounting to 16% to 20% of total
energy intake and a reduced risk of MCI or dementia.?! Our
study also demonstrated that higher dietary protein intake
was associated with improved cognitive function.??
Tryptophan and tyrosine are precursors of key
neurotransmitters that regulate cognitive function by
influencing the synthesis and release of serotonin (5-
hydroxytryptophan) and catecholamine neurotransmitters
(dopamine, norepinephrine, and epinephrine).?> Animal
and human studies have demonstrated that tryptophan
deficiency reduces signaling to serotonin receptors and
tyrosine weakens dopamine function, leading to
impairment in some areas of cognition.?*?* Providing
tryptophan and tyrosine supplements might have beneficial
effects on emotional functioning and cognitive tasks in
older adults.?® In addition, several amino acids, such as
arginine (nitric oxide and polyamines), histidine
(histamine), and serine (phosphatidylserine), act as

neuromodulators  that affect cognitive function.?’
Moreover, malnutrition and weakness could lead to
cognitive decline, and proteins could improve and prevent
these conditions.?® Therefore, we hypothesized that dietary
proteins might prevent cognitive decline by improving
nutritional status and vulnerability.?’ Studies have also
demonstrated that the overconsumption of protein might be
harmful to cognition, which is not consistent with our
results.'® However, our results demonstrated that Q3 of the
protein energy supply ratio performed the best cognitive
function, indicating that not the higher the protein intake is,
the better cognitive performance is. The elderly population
in the rural areas surveyed was still largely reliant on the
crops they grew for their diet, and with their proteins
derived primarily from grains, they required a higher
protein intake to maintain cognitive function. But that did
not mean that more protein was better. Overconsumption
should also be avoided.

Fats are another major source of energy for the body and
produce heat to protect the body from the cold. Many
studies have verified the relationship between dietary fat
intake and total intake with cognition function. Prospective
population studies have demonstrated that the intake of
total fat, high saturated fat, and cholesterol increase the risk
of dementia. Total fat is particularly associated with
vascular dementia because of its impact on cardiovascular
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structure and function, and thus, it is associated with AD.
A randomized controlled clinical trial revealed that
attention, speed, and mood were impaired in a group of
young men (age: 22+1 years) who received a high-fat, low-
carbohydrate diet for five days, suggesting that a high-fat
diet might be harmful to the brains of healthy individuals.*
In animal studies, rats on a long-term high-fat diet
developed hippocampal microvascular insulin resistance
and significantly reduced cognitive function.’! As human
and animal studies have demonstrated, this mechanism
might be responsible for the increased risk of MCI caused
by high fat intake. These studies are consistent with our
findings that a high-fat diet is significantly negatively
associated with cognitive function; the intake of
unsaturated fat is also reported to be negatively associated
with such function. Eating fish or foods containing
polyunsaturated fatty acids could reduce this risk, such as
in the “Mediterranean diet.” N-3 fatty acids are known to
be beneficial for neuroprotection,® but the intake of these
fatty acids by the rural elderly population we surveyed was

relatively low because of the low intake of aquatic products.

We therefore hypothesized that the overconsumption of
oils might be responsible for the increased risk of MCL

Carbohydrates are the largest productive nutrient and
play a key role in the body’s energy supply, making them
essential for the prevention and treatment of cognitive
diseases -they provide the nervous system with glucose,
which is required continuously for normal function. A
study of nutritional strategies for optimizing the cognitive
function of the aging brain noted that adequate
carbohydrate intake is critical to brain function because
glucose is the main energy source for the brain. The brain
requires about 25% of the total glucose energy consumed
despite only comprising 2% of total body weight.>* By
contrast, a chronic excess of glucose consumption could
lead to reduced synaptic plasticity and high levels of
inflammation, which might contribute to cognitive
deficits.* Notably, cognitive fatigue is common in older
adults, which might be due to a decline in neuronal glucose
utilization with age, possibly as the result of reduced brain
sensitivity to insulin.?

Although all three macronutrients are associated with
cognitive function, their proportions might be of more
importance to cognitive function with respect to meeting
energy requirements. Ding et al revealed a high percentage
of energy intake from fats and proteins with low-energy
intake from carbohydrates might be associated with
cognitive decline.!® We also analyzed the association
between the energy supply ratio of macronutrients and
cognitive function. Because the effect of the relationship
among the three nutrients on cognition is not well
understood, we calculated the ratio of pairs of productive
nutrients based on energy intake and evaluated the dose—
response relationship between cognitive function and these
ratios. We determined that the energy ratio of fats to
carbohydrates had no significant effect on cognitive
function. This result indicates that neither high-
carbohydrate and low-fat nor high-fat and low-
carbohydrate diets are strongly associated with cognitive
function. However, the energy ratios of proteins to
carbohydrates and proteins to fats were revealed to have a
significant effect on cognitive function, indicating that

proteins might play a key role in cognitive function in the
elderly population. As for the ratio of proteins to
carbohydrates, we observed that the OR value decreased
gradually with the increase in the ratio of proteins to
carbohydrates within a certain range. When the ratio
continued to increase, the OR value began to rise. We
speculated that though proteins are beneficial for cognitive
function, a high level of protein with a low-carbohydrate
diet was not superior to the ratio at a moderate level.
Notably, the energy ratio of proteins to fats exhibited a
lincar dose—response relationship with  cognitive
performance, suggesting that a higher amount of proteins
relative to fats is more conducive to the maintenance of
cognitive function with the same energy supply. As
discussed previously, the fat intake of the elderly
population in rural areas is mainly saturated fatty acids and
n-6 polyunsaturated fatty acids (vegetable oil), and the
intake of n-3 PUFA is low. However, the elderly
population in rural areas might consume a certain amount
of plant protein. The phytochemicals in plant-based food
might help protect cognitive function; hence, a higher
energy ratio of proteins to fats would benefit cognitive
function. When this ratio increases, however, the OR value
for MCI flattens, suggesting that too high a protein to fat
ratio might not result in improved cognitive performance.
In addition, the ratio of proteins to carbohydrates indicates
that a diet too low in carbohydrates would also not improve
cognitive performance; thus, the carbohydrate energy
supply is essential for maintaining cognitive function. This
is somewhat consistent with the macronutrient
composition of healthy dietary patterns we reported
previously, which was based on the consumption of rice
and flour, red meat, poultry, vegetables, aquatic products,
and fruits, which protect against cognitive dysfunction.’’
Therefore, we speculated that to maintain a sufficient
carbohydrate energy supply, increasing the ratio of
proteins to fats might be beneficial to the maintenance of
cognitive function in the elderly population in rural areas.

In addition to the intake of macronutrients, we identified
other potential risk factors for MCI in this study. Because
of differences in socioeconomic status, physiological
status, and access to health services, women have a
significant cognitive disadvantage over men.*® Moreover,
studies have revealed that aerobic exercise could increase
the volume of the hippocampus in later life and have a
positive effect on memory performance, which is
consistent with our findings.*

Advantages and limitations

Our study has several advantages. A major advantage is
that we evaluated the association between macronutrients
and cognitive function in a rural elderly population and
also explored the association between their macronutrient
ratios and cognitive function. The inverse relationship
between “ratio of protein to fat intake” and low cognitive
performance remained significant after adjustments for
major confounders. In addition, we used restricted cube
splines to investigate the dose-response relationship
between each ratio and cognitive performance. Finally,
combined with the results of our previous studies, we
determined that lower consumption of coarse cereals,
potatoes, fruits, red meat and poultry, eggs, and nuts was



Macronutrient intakes and cognitive function 125

eggs, and nuts

Less consumption of coarse cereals,
potatoes, fruits, red meat and poultry,

Rural diets in Dietary patterns

Qingdao, China

via factor analysis

healthy dietary pattern based on the
consumption of rice and flour, red meat,
poultry, vegetables, seafood and fruits

Could benefit for Cognitive function

of the elderly

Ensure energy supply of carbohydrate-rich food
Increase intake of high-quality protein food
Decrease intake of oil-rich food

Figure 2. The association between rural diets and cognitive function in the elderly in Qingdao, combining with our previous work.

not conducive to cognitive function in the elderly
population in rural areas in Qingdao. We also analyzed
dietary patterns through a factor analysis and determined
that healthy dietary patterns based on the consumption of
rice and flour, red meat, poultry, vegetables, aquatic
products, and fruits could benefit cognitive performance.
In this study, we focused on energy-productive
macronutrients and further analyzed the macronutrient
intake characteristics of the diet of elderly people in rural
areas, providing appropriate recommendations; we have
clarified the association between diet and the cognitive
function of the elderly population in the rural areas of
Qingdao (Figure 2).

The potential limitations of our research should be
acknowledged. First, this was a cross-sectional study, and
the risk of unmeasured confounders from a large number
of dietary, environmental, and lifestyle factors was high;
we were thus unable to determine a causal relationship
between dietary intake and poor cognitive performance.
Further prospective cohort studies are necessary to confirm
temporal relationships because individuals with the lowest
cognitive performance might make poor decisions about
their metabolic or activity status, and therefore, they might
have lower levels of nutrient intake. Second, our dietary
data were collected using the FFQ. Although this
instrument is considered to have high validity, recall bias
might exist in the self-reported dietary intake. Third,
hypertension and diabetes were self-reported, which may
lead to information bias. Moreover, this study only
analyzed and discussed the energy supply ratio between
macronutrients without further distinguishing the sources
of the nutrients. To better understand the underlying
mechanisms, macronutrients from different food sources
should be analyzed separately. Finally, because the
participants were recruited only from the rural area of
Qingdao, any generalizations from the results of this study
to other places and ethnic groups should be treated with
caution.

Conclusions

Our study indicated that a dietary pattern with a high ratio
of proteins to fats was negatively associated with the risk
of MCI in older adults, and an L-type dose—response

relationship was detected. Moreover, the relationship
between moderate carbohydrate intake and the
maintenance of cognitive function should not be
disregarded. This result suggests that elderly people should
increase their intake of high-quality protein-rich foods and
decrease their intake of oil-rich foods by enriching their
food sources and dietary structure while also ensuring an
energy supply of carbohydrate-rich food such as grains,
which might be of significance for the maintenance of
cognitive function. However, because this was a cross-
sectional study, further prospective cohort studies and
research into the mechanisms involved are required to
verify these findings. These findings could be valuable for
guiding the elderly population in selecting an appropriate
diet with balanced nutrition and benefits for their cognitive
function.
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Supplementary table 1. Dietary patterns of the elderly in rural area of Qingdao

Food groups, g/d Local senior citizens Dietary Guidelines for Chinese residents (2016)

Grains and potatoes 357 (150, 664) 250-400
Whole grains and legumes 42.9 (0, 157) 50-150
potatoes 14.3 (0, 57.1) 50-100
vegetables 446 (297) 300-500
fruits 140 (0, 200) 200-350
Red meat and poultry 46.4 (8.57, 95.7) 40-75
aquatic products 1.61 (0, 15.0) 40-75
eggs 42.0(14.3, 50.0) 40-50
Milk and milk products 17.0 (0, 104) 300
Beans and nuts 26.5(0,43.9) 25-35
oils 65.5(38.5) 25-30

Supplementary table 2. Population odds ratios (95% confidence intervals) of cognitive performance status by
quartiles of macronutrients energy supply ratios

Variables (g/d) Normal MCI Modelt Model}
Protein
Q1 (lowest-12.5) 135 74 1 (reference) 1 (reference)

Q2 (12.5-14.9) 168 56 0.610 (0.427, 0.873) 0.581 (0.402, 0.839)

Q3 (14.9-17.4) 184 36 0.363 (0.245, 0.538) 0.357 (0.239, 0.533)

Q4 (17.4-highest) 175 45 0.475 (0.327, 0.690) 0.475 (0.324, 0.697)
Fat

Q1 (lowest-22.9) 172 43 1 (reference) 1 (reference)

Q2 (22.9-31.1) 166 53 1.273 (0.860, 1.885) 1.227(0.822, 1.831)

Q3 (31.1-41.1) 165 54 1.321 (0.894, 1.952) 1.312 (0.880, 1.956)

Q4 (41.1-highest) 158 61 1.547 (1.053,2.271) 1.549 (1.045, 2.298)
Carbohydrate

Q1 (lowest-44.3) 157 60 1 (reference) 1 (reference)

Q2 (44.3-53.2) 170 47 0.731 (0.502, 1.067) 0.703 (0.478, 1.036)

Q3 (53.2-61.5) 170 49 0.766 (0.527, 1.113) 0.770 (0.525, 1.130)

Q4 (61.5- highest) 165 53 0.849 (0.587, 1.228) 0.823 (0.563, 1.202)

fCrude model did not adjust any confounders.

fAdjusted for age (years), gender, marital status, smoking status, alcohol drinking, chronic diseases, BMI and the activity time.



