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Abstract

Background: Cognitive dysfunction caused by aging is becoming increasingly significant, and despite increasing global
attention to the prevention and treatment of cognitive impairment, effective treatment methods remain elusive, so
changing lifestyle and dietary interventions are particularly important.

Objective: The aim of this study was to explore the effects of dietary protein intake on cognitive ability in the people aged
over 60 years, and to provide new insights for the prevention and improvement of cognitive dysfunction in the elderly.
Methods: We conducted a cross-cutting study of 2649 older adults in the National Health and Nutrition Examination
Survey database between 2011 and 2014, employing weighted logistic regression analysis to investigate the relationship
between protein intake at three meals and cognitive capacity.

Results: In the fully adjusted model, compared to those in the lowest quantile, participants in the highest quintile of din-
ner protein intake had a lower risk of low cognitive performance (OR=0.66, 95% CI 0.44-0.98 for Consortium to
Establish a Registry for Alzheimer’s Disease; OR =0.64, 95% Cl 0.39-0.95 for Digit Symbol Substitution Test; OR =
0.56, 95% Cl 0.36—0.88 for Composite z-score).

Conclusions: Our study suggests that cognitive performance may be related to dinner protein intake but not breakfast
protein intake.
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Introduction interventions play an important part in the prevention or allevi-
ation of cognitive performance.>°

Protein is an essential macronutrient that is vital for
maintaining normal human function. It plays a crucial role
of the elderly is gradually becoming one of the major issues i maintaining muscles and organs, tissue/cell repair, and
in human society." The disabilities and substantial lifelong the production of neurotransmitters, among other

Nowadays, with the increasing life expectancy of people, the
global population aging is intensifying, and cognitive decline
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physiological functions.” It is well known that protein
intake can help stay healthy in older adults, particularly in
promoting body function.®® The elderly who consume
more protein than the Recommended Dietary Allowance
tend to have better physical function and greater muscle
strength.9 The intake of animal protein is inversely asso-
ciated with all-cause mortality and cardiovascular mortality
in the elderly.'® Older adults consuming adequate protein is
also positively associated with memory function and
reduces the risk of cognitive impairment. Although exten-
sive research has explored various dietary strategies to
prevent the onset of dementia in the elderly, conclusive
results remain limited.""

The human body’s metabolism and circadian systems have
a complex interrelationship, where disturbances in one system
can affect the other. Studying the impact of meal timing by
aligning elements of nutritional research with chronobiology
(chrono-nutrition), may have significant implications for redu-
cing the prevalence of chronic diseases.'* At present, there is a
lack of research on the relationship between protein intake
timing and cognitive function. Therefore, our study selected
two cycles of National Health and Nutrition Examination
Survey (NHANES), namely NHANES 2011-2012 and
2013-2014. Because these two NHANES cycles included
specific cognitive function tests. Our research was limited to
2649 adults aged 60 and above to assess the relationship
between protein intake at three meals and low cognitive
performance.

Methods

Data sources and study population

In this cross-sectional study, all participant data was
sourced from the NHANES database. The NHANES is a
research program designed to assess the health and nutri-
tional status of adults and children in the United States. It
combines interviews with physical examinations, employ-
ing a sophisticated, stratified, multistage sampling design
to select a representative sample of the non-institutionalized
U.S. population.'® The NHANES protocol was approved by
the National Center for Health Statistics (NCHS) Research
Ethics Review Board. All the NHANES participants were
provided with informed consent.

In this study, we selected two cycles of the NHANES
dataset, specifically 2011-2012 and 2013-2014, as cogni-
tive function tests were only conducted during these
periods. A total of 19,931 individuals participated in
NHANES from 2011 to 2014. Our analysis was restricted
to 2934 individuals aged 60 and above who completed
the cognitive tests. After further excluding those with
missing dietary data or abnormal energy intake (less than
500 or more than 5000 kcal/day for women, and less than
500 or more than 8000 kcal/day for men), a total of 2649
participants were included in the final analysis (Figure 1).

Protein intake at three meals

In each NHANES cycle, participants provided detailed
dietary intake information through two 24-h dietary
recall interviews. The first dietary recall interview was
collected in person at the Mobile Examination Center,
and the second interview was conducted by telephone
between 3 to 10 days later. Protein intake at breakfast,
lunch, and dinner was calculated using the variable
“Name of eating occasion,” where ‘“Breakfast” and
“Desayuno” were defined as breakfast; “Lunch”
and “Almuerzo” as lunch; and “Dinner,” “Supper,” and
“Cena” as dinner. The protein intake per meal (g) for
each participant was based on the average of the two
24-h dietary recalls, and for those who only participated
in a single dietary interview, the protein intake was taken
from that single instance.

Cognitive assessment

Between 2011 and 2014, a series of cognitive function tests
were conducted on adults aged 60 and above in NHANES.
These included the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) Word Learning subtest,
the Animal Fluency Test (AFT), and the Digit Symbol
Substitution Test (DSST). These tests were utilized to
examine the association between cognitive function and
numerous medical conditions and risk factors measured
during the NHANES examination.

The CERAD Word Learning subtest (CERAD W-L)
assesses immediate and delayed learning ability for new
verbal information (memory sub-domain).'* The test con-
sists of three consecutive learning trials and a delayed
recall. During the learning trials, participants were asked
to read 10 unrelated words aloud and then recall them to
the best of their ability, with a maximum score of 10 pos-
sible on each trial. The delayed word recall occurred after
the other two cognitive exercises (AFT and DSST),
approximately 8—10 min after the word learning experiment
began. The final score is the sum of the three consecutive
learning trials and the delayed recall trial.

The AFT measures absolute verbal fluency, which is a
component of executive function.15 Scores were used to
distinguish between people with normal cognitive function,
those with mild cognitive impairment, and those with more
severe cognitive impairment, such as Alzheimer’s disease.
Participants were asked to name as many animals as pos-
sible within one minute, with each correctly named
animal earning one point, and the final AFT score is the
total number of correctly named animals.

The DSST is a performance module in the Wechsler
Adult Intelligence Scale (WAIS III). It assesses processing
speed, sustained attention and working memory. It assesses
processing speed, sustained attention and working memory.
This exercise is done with a piece of paper with a key on it
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Figure |. Flow chart of the selection of eligible participants.

with 9 numbers and symbols paired inside. Participants had
2 min to copy the corresponding symbol in one of 133
boxes next to the number. The final score is the total
number of correct matches.

Currently, there are no standard cutoff points for identi-
fying low cognitive performance in the CERAD, Animal
Fluency, and DSST tests. Therefore, we used the 25th per-
centile (the lowest quartile) of the scores as the cutoff point,
which is consistent with methods used in published litera-
ture.'®"!8 In addition, we standardized scores on the three
tests and then averaged them to obtain a composite cogni-
tive Z score that more fully reflects cognitive function.19
The cutoff values for low cognitive performance in the
four levels are 20, 13, 33, and —0.5626059, respectively.
The participants were divided into two groups: those with
scores above the threshold defined as normal cognitive per-
formance, and those below the threshold defined as low
cognitive performance.

Covariates

In addition to the protein intake at three meals, we also
studied some other confounding factors including age
(60—69 years and >70 years), gender (male and female),
race (Mexican American, other Hispanic, Non-Hispanic
White, Non-Hispanic Black and other races), educational
level (below high school, high school and above), marital
status (Married, living with partner and others), poverty—
income ratio (<0.99 and >1), body mass index (BMI)
(underweight: <18.5 kg/m2, normal: 18.5 to 25 kg/m2,
overweight: 25 to <30 kg/m2, obesity: > 30 kg/m?), drink-
ing (having at least 12 alcohol drinks per year or not) and

smoking status (never smoked or smoked <100 cigarettes
in life, smoked >100 cigarettes in life),20 fruit intake
(low/high) and vegetable intake (low/high) were deter-
mined by the median of the total intake of the participants,
exercise (having engaged in recreational moderate and vig-
orous physical activity in the past 30 days or not), diabetes
(yes/no), cardiovascular disease (yes/no), depression (yes/
no). Participants were considered to have diabetes when
they met any of the following criteria: (a) hemoglobin
AIC level >6.5%; (b) self-reported physician diagnosis.
Participants were identified as having a history of cardio-
vascular disease if they self-reported being told by a
doctor that they had congestive heart failure, coronary
artery disease, angina, a heart attack, stroke, hypertension,
or high cholesterol levels.”! Depression is determined
through the Patient Health Questionnaire, which is a nine-
item screening tool used to assess the frequency of depres-
sive symptoms over the past two weeks. Each question has
four response categories: “Not at all”, “Several days”,
“More than half the days”, and “Nearly every day”.
Responses are scored on a scale of 0 to 3, and the final
result corresponds to the sum of the scores (ranging from
0 to 27). A score of 10 or above is defined as indicative
of depression.?'

Statistical analyses

In this study, all participants were categorized into two
groups: low cognitive performance and normal cognitive
performance. We conducted a descriptive analysis
between the two groups, with categorical variables pre-

sented as numbers and percentages. “n” represents the
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unweighted count, and “(%)” indicates the weighted per-
centage. The comparison between the low cognitive per-
formance and normal cognitive performance groups was
performed using the chi-squared (Xz) test. Continuous vari-
ables, which were non-normally distributed, are expressed
as medians and interquartile ranges. The Mann-Whitney
U test was selected to compare the low cognitive perform-
ance group with the normal cognitive performance group.
Missing values of the data are interpolated using the
“missForest” package.

We categorized the protein intake from three meals into ter-
tiles (Q) (Q1: below the 33rd percentile, Q2: from the 33rd to
the 66th percentile, Q3: above the 66th percentile), with Q1
serving as the reference group. We treated cognitive perform-
ance as a binary variable and conducted a weighted logistic
regression analysis to explore the relationship between
protein intake from three meals and cognitive performance.
Model 1 was unadjusted for any confounding factors; Model
2 was adjusted for age and gender; Model 3 further adjusted
for race, education level, marital status, poverty income ratio,
body mass index, alcohol consumption, smoking status, dia-
betes, cardiovascular disease, and depression. Then we used
a restricted cubic spline with three knots located at the 5th,
50th, and 95th percentiles of the exposure distribution to
assess the dose-response relationship between protein intake
and cognition. Subsequently, we conducted stratified analyses
by age, gender, and BMI to draw more targeted conclusions.
Additionally, we performed sensitivity analyses before and
after removing missing values to assess the robustness of our
results. All statistical analyses in this study were performed
with R 4.4.1. A two-sided p < 0.05 was considered statistically
significant.

Results

Baseline characteristics

Among all participants, individuals with low cognitive
performance and normal cognitive performance in the
CERAD test, AFT, and DSST showed significant differ-
ences in age, race, education level, marital status, poverty
income ratio, alcohol use, vegetable intake, exercise and
the distribution of protein intake at lunch and dinner (p <
0.05) (Table 1). It can be observed from the table that
those who reported low cognitive performance were
more likely to be older, have lower education levels,
lower poverty income ratio, lower vegetable intake,
lack of physical activity and lower protein intake at
lunch or dinner. In contrast, non-Hispanic whites,
married individuals, and alcohol users had lower rates
of low cognitive performance. For the AFT and DSST,
the prevalence of diabetes, cardiovascular diseases, and
depression was higher among individuals with low cogni-
tive performance compared to those with normal cogni-
tive performance.

The association between protein intake at three
meals and cognitive performance

Table 2 demonstrates the correlation between protein
intake at breakfast, lunch, and dinner and cognitive per-
formance. This study used three models. After adjusting
for age, gender, race, educational level, marital status,
poverty—income ratio, body mass index (BMI), history
of alcohol use, history of smoking, fruit intake, vegetable
intake, exercise, diabetes, cardiovascular disease, and
depression (Model 3), the multivariable logistic regres-
sion analysis (Model 3) showed that for the AFT, com-
pared to the lowest quantile of lunch protein intake,
those in the highest quantile had a lower risk (OR=
0.63, 95% CI 0.43-0.93) of low cognitive performance;
for the CERAD Test and Digit Symbol Test, participants
in the highest quantile of dinner protein intake had a
lower risk (OR =0.66, 95% CI 0.44-0.98 for CERAD;
OR =0.64,95% CI10.39-0.95 for DSST) of low cognitive
performance. For the comprehensive evaluation of cogni-
tion, participants in the highest quantile of dinner protein
intake had a lower risk (OR =0.56, 95% CI 0.36-0.88 for
dinner) of low cognitive performance. These results indi-
cate that protein intake at lunch is associated with AFT
performance. Protein intake at dinner is correlated with
scores on the CERAD test and the Digit Symbol Test.
In contrast, protein intake at breakfast shows no associ-
ation with low cognitive performance. The association
between dinner protein intake and cognitive performance
was displayed in Figure 2. In sensitivity analyses, the
composite z-score and lunch, dinner protein intake were
still relevant, and the correlation between dinner protein
intake and scores on the CERAD and DSST remained
significant, while the association between lunch protein
intake and the CERAD was not (Supplemental
Table 1). Additionally, the trends of the Restricted
Cubic Splines (RCS) curve suggest that dinner protein
intake may be negatively associated with lower cognitive
performance (Figure 3).

Stratified analyses by age, gender, and BMI

In this study, we also conducted stratified analyses by
age, gender, and BMI. The results are shown in
Supplemental Table 2. We found that the relationship
between dinner protein intake and CERAD, DSST test,
and Composite z-score still holds when stratified by
age, gender, and BMI levels. The results indicate that
for individuals over the age of 70, males, and those
with a BMI in the range of 25-30 kg/m?, there is a signifi-
cant association between dinner protein intake and cogni-
tive ability. The association between dinner protein
intake and cognitive performance may be more robust
for these individuals.
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N Model1 Model2 Model3

Variable OR(95% CI)* P1 OR(95% CI)* P2 OR(95% CI)* p3
CERAD Test i i

Dinner protein intake : :

Q1 Ref ‘ Ref Ref ;

Q2 0.81(0.58-1.13) — 0.1993  0.78(0.56-1.09) 0.1389  0.92(0.64-1.32) —— 0.6075
Q3 0.63(0.44-0.89) —=— ! 0.0109 0.54(0.38-0.78) 0.0020 0.66(0.44-0.98) —=—! 0.0402
P for-trend ; 0.0103 0.0017 : 0.0294
Animal Fluency Test ; :

Dinner protein intake : :

Q1 Ref : Ref Ref :

Q2 0.75(0.62-0.91) —— 0.0053 0.77(0.64-0.93) 0.0084 0.94(0.72-1.22) -— 0.5783
Q3 067(0.50-0.89) —=— | 0.0080 0.70(0.51-0.98) 0.0363 0.88(0.58-1.34) —— 0.5194
P for-trend ; 0.0148 0.0510 : 0.5252
Digit Symbol Test ; :

Dinner protein intake : :

Q1 Ref 3 Ref Ref 5

Q2 0.65(0.50-0.83) —— ‘ 0.0012 0.65(0.51-0.83) 0.0014 0.87(0.69-1.10) + 0.2202
Q3 0.48(0.35-0.65) —=— 3 0.0000 0.47(0.33-0.67) 0.0001 0.64(0.39-0.95) ——=—| 0.0327
P for-trend : 0.0000 : 0.0002 : 0.0302
Composite z-score

Dinner protein intake

a1 Ref 3 Ref 3 Ref :

Q2 0.66(0.50-0.86) — : 0.0031  0.65(0.50-0.84) — ‘ 0.0017  0.85(0.60-1.22) 4'—% 0.3263
Q3 0.46(0.32-0.65) —=— 1 0.0001 0.43(0.29-0.63) —=— 1 0.0001 0.56(0.36-0.88) —=—— : 0.0167
P for-trend ) 0.0001 ) 0.0001 | 0.0138

0.25 1 1.75 0.25 1 1.75 0.25 1 1.75

Figure 2. Ors and 95% ClI for the association of dinner protein intake with cognitive performance.
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Table I. Continued.

Digit Symbol Test

Animal Fluency Test

CERAD test

Normal Cognitive Low Cognitive

Performance

Normal Cognitive Low Cognitive

Performance

Number of Normal Cognitive Low Cognitive

Performance

p

Performance

p

Performance

Subjects (N) Performance

Variables

<0.0001
0.0007

240 (38.01)
539 (86.52)

0.0012 484 (20.58)

0.0298

260 (31.54)

0.2884 464 (20.74)

0.1128

195 (25.37)
510 (82.39)

2501 529 (22.45)

Diabetes (%)

1600 (78.44)

636 (83.06)

1503 (78.64)

1629 (78.91)

2644

Cardiovascular

disease (%)
Depression (%)

<0.0001
0.2481

100 (24.10)
11.204

161 (10.26)
11.420

0.0307
0.1644

107 (16.67)

10.735

154 (11.04)
11.516

0.5103

74 (13.67)

187 (11.92)
11.510

1689
2649

0.6745

10.735

Breakfast protein

(5.976,16.339)

(6.504,17.459)
14.707

18.712

(6.198,16.625)

14.702

(6.520,17.603)

19.115

(6.737,16.718)

15.146

(6.356,17.397)

18.732

intake (g/day)
Lunch protein intake 2649

<0.0001

0.0002

0.0281

(5.752,25.003)

(9.561,29.099)
25.187

0.0228 30.237

(6.152,24.560)

(6.116,26.263) (9.901,29.632)
30.075 27.604

29.292

(9.905,29.222)

29.730

(g/day)
Dinner protein intake 2649

<0.0001

0.016l

(13.852,35.694)

(20.835,42.201)

(16.742,39.353)

(16.833,37.931) (20.622,41.998)

(20.604,42.203)

(g/day)
Continuous and categorical variables are presented as weighted means (SD) and weighted percentages (SD) respectively.

NHANES: National Health and Nutrition Examination Survey.

Discussion

This study primarily analyzed the relationship between
protein intake at three meals and cognitive performance
among individuals over 60 years old in the NHANES
dataset. We found that protein intake at dinner had the
most significant impact on cognitive performance, followed
by lunch, while breakfast had essentially no effect. A pos-
sible “L-shaped” dose-response relationships between
dinner protein intake and the CERAD test were also
detected (Supplemental Figure 1). In the RCS curve, no
harmful effects associated with protein intake were
observed, which may also imply that the protein intake in
the people of this age group is far from sufficient. After
stratified analysis by age, gender, and BMI, these results
were still present in individuals aged 60-70, women, and
those with a BMI between 25 and 29.9.

An increasing number of preclinical and clinical
studies on healthy individuals in the early stages of cog-
nitive decline have demonstrated the beneficial effects of
nutrition on cognitive function.?” Current evidence sug-
gests that nutrients can affect neuroinflammatory pro-
cesses leading to neurodegeneration in animals and
exert greater biological effects through synergistic
actions. However, data from these studies are still
lacking, and the mechanisms are not yet clear.”> Most
previous studies have reported a positive correlation
between protein intake in the elderly and overall cogni-
tive function, while others have reported null results.>*~
27 A protein drink and placebo intervention for up to 24
weeks in frail or prefrail elderly subjects found that
protein drinks improved the reaction time performance
of these elderly subjects, although there was no differ-
ence in cognitive function improvement.”® Of course,
such results do not directly negate the efficacy of
protein for cognitive improvement, as subtle effects of
nutrients can accumulate over decades, and improve-
ments in reaction time are already noteworthy.*? In a
6-year cohort study of community-dwelling elderly,
dietary protein intake was positively correlated with
memory test scores, which is highly consistent with our
findings.”® Similar conclusions have been drawn in
several large population studies, where higher protein
intake compared to isocaloric carbohydrates was found
to reduce the incidence of subjective cognitive
decline.®® Similar conclusions have been reached in
several studies of macronutrients and energy intake
about cognition and dementia.'*" These studies empha-
size that dietary protein intake in the elderly has some
improvement in cognitive function.

Circadian clocks play a key role in guiding and main-
taining the endocrine and metabolic pathways required
for homeostasis, and food or nutrient intake can reset
circadian clocks through various signaling pathways,
making the timing of food intake profoundly influential
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Table 2. The association between protein intake at three meals and cognitive performance.

Model | Model 2 Model 3
Variables Breakfast protein intake ~ OR (95%Cl) p OR (95%Cl) ) OR (95%Cl) p
CERAD Test Ql Ref Ref Ref
Q2 .24 (0.94-1.62) 0.1220 1.04 (0.81-1.33) 0.7710  1.08 (0.81-1.45)  0.5481
Q3 0.98 (0.72-1.35)  0.9220 0.83 (0.61-1.12) 02140  0.86 (0.60—-1.21)  0.3342
p for-trend 0.8020 0.1840 0.2799
Animal Fluency Test QI Ref Ref Ref
Q2 0.93 (0.66—-1.31)  0.649 0.81 (0.59-1.12)  0.1885 0.83 (0.60-1.14) 0.2162
Q3 0.77 (0.56-1.07)  0.112 0.74 (0.54-1.02)  0.0668 0.73 (0.50-1.07)  0.0934
p for-trend 0.1010 0.0695 0.0922
Digit Symbol Test Ql Ref Ref Ref
Q2 0.93 (0.63-1.37)  0.7050  0.79 (0.56-1.13)  0.1887  0.89 (0.60-1.33)  0.5340
Q3 0.78 (0.59-1.03) 0.0760  0.73 (0.54-0.98) 0.0364 0.77 (0.52-1.14)  0.1626
p for-trend 0.0669 0.0393 0.1541
Composite z-score Ql Ref Ref Ref
Q2 1.13 (0.76-1.69)  0.5260  0.94 (0.67-1.32) 0.7164  1.04 (0.72-1.51)  0.8197
Q3 0.84 (0.62—1.13) 02340  0.75 (0.54-1.03) 0.0748 0.78 (0.54-1.12)  0.1546
p for-trend 0.1760 0.0660 0.1240
Model | Model 2 Model 3
Variables Lunch protein intake ~ OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p
CERAD Test Ql Ref Ref Ref
Q2 0.64 (0.46-0.90) 0.0108  0.65 (0.46-0.93)  0.0209  0.77 (0.52-1.14)  0.1601
Q3 0.55 (0.35-0.88)  0.0152  0.54(0.33-0.89) 0.0184  0.69 (0.44-1.07)  0.0882
p for-trend 0.0196 0.0221 0.0940
Animal Fluency Test Ql Ref Ref Ref
Q2 0.75 (0.59-0.95)  0.0189  0.77 (0.61-0.98)  0.0312  0.96 (0.72-1.28)  0.7463
Q3 0.48 (0.35-0.66)  0.0001 0.50 (0.37-0.67)  0.0001 0.63 (0.43-0.93)  0.0234
p for-trend 0.0000 0.0001 0.0180
Digit Symbol Test Ql Ref Ref Ref
Q2 0.69 (0.54-0.88)  0.0043  0.72 (0.56-0.91)  0.0076 1.06 (0.80-1.39)  0.6616
Q3 0.51 (0.39-0.67)  0.0000  0.54 (0.41-0.71)  0.0001 0.80 (0.49-1.32)  0.3373
p for-trend 0.0000 0.0001 0.3215
Composite z-score Ql Ref Ref Ref
Q2 0.73 (0.55-0.98)  0.0391 0.76 (0.56—1.04)  0.0841 1.07 (0.66—1.72)  0.7659
Q3 0.49 (0.38-0.65)  0.0000  0.51 (0.38-0.67)  0.0000  0.72 (0.49-1.06)  0.0904
p for-trend 0.0001 0.0000 0.0777
Model | Model 2 Model 3
Variables
Dinner protein intake ~ OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p
CERAD Test Ql Ref Ref Ref
Q2 0.81 (0.58-1.13)  0.1993 078 (0.56-1.09)  0.1389  0.92 (0.64-1.32)  0.6075
Q3 0.63 (0.44-0.89) 0.0109  0.54 (0.38-0.78)  0.0020  0.66 (0.44-0.98)  0.0402
p for-trend 0.0103 0.0017 0.0294
Animal Fluency Test Ql Ref Ref Ref
Q2 0.75 (0.62-0.91)  0.0053  0.77 (0.64-0.93)  0.0084  0.94 (0.72-1.22)  0.5783
Q3 0.67 (0.50-0.89) 0.0080 0.70 (0.51-0.98) 0.0363  0.88 (0.58-1.34) 05194
p for-trend 0.0148 0.0510 0.5252
Digit Symbol Test Ql Ref Ref Ref
Q2 0.65(0.50-0.83) 0.0012 0.65(0.51-0.83) 0.0014  0.87(0.69-1.10) 0.2202
Q3 0.48 (0.35-0.65)  0.0000  0.47 (0.33-0.67)  0.0001 0.64 (0.39-0.95)  0.0327
p for-trend 0.0000 0.0002 0.0302
Composite z-score Ql Ref Ref Ref
Q2 0.66 (0.50-0.86)  0.0031 0.65 (0.50-0.84) 0.0017  0.85(0.60-1.22)  0.3263
Q3 0.46 (0.32-0.65)  0.0001 0.43 (0.29-0.63)  0.0001 0.56 (0.36-0.88)  0.0167
p for-trend 0.0001 0.0001 0.0138

Protein intake and cognitive performance; Reference (Ref.); Model | did not adjust for any confounders; Model 2 adjusted for age and gender;
Model 3 adjusted for age and gender, race, educational level, marital status, poverty—income ratio, body mass index (BMI), alcohol use, smoking
status, fruit intake, vegetable intake exercise, diabetes, cardiovascular disease and depression.
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on physiological functions.*>** Our study is the first to
further discuss the impact of protein intake timing on
cognition, emphasizing the importance of dinner
protein intake to prevent adverse outcomes associated
with low cognitive function, especially in the 60-70
age group, women, and individuals with a BMI of 25—
29.9. This conclusion highlights the potential role of cir-
cadian rhythms in the relationship between diet and cog-
nitive performance, as sleep affects digestion, which
may be related to sleep duration and the interval
between mealtime and bedtime. In the future, we can
seek new models to integrate sleep status with various
temporal dietary patterns to explore the relationship
between chrono-nutrition and cognition. In addition,
this conclusion also provides new ideas for related
research, for instance, we can identify the optimal
timing for taking dietary supplements and vitamins asso-
ciated with cognitive performance. This could involve
investigating how the efficacy of these supplements
and vitamins might vary depending on the time of day
they are consumed.

Of course, this study has certain limitations. First, although
the CERAD test has high sensitivity and specificity in asses-
sing mild cognitive impairment and early Alzheimer’s
disease, it is mainly used to evaluate individuals with
Alzheimer’s disease or cognitive impairment. In this study,
however, our subjects were community-dwelling individuals
aged 60 and above. Future studies may consider using other
assessment tools more suitable for healthy older adults, such
as the Montreal Cognitive Assessment. Second, although
our results indicate that increased protein intake is beneficial
for good cognitive outcomes, it is widely believed that a high-
protein diet is harmful to individuals with renal insufficiency.
However, there is no evidence to suggest that high protein
intake is harmful to healthy individuals.** Therefore, indivi-
duals with kidney disease should be cautious when consider-
ing increasing their protein intake. Finally, measurement errors
in diet and other information are inevitable, and participants’
daily dietary habits may differ from the self-reported 24-h
dietary recall data, which could lead to misestimation of the
associations. Due to the cross-sectional design of this study,
the inference of causal relationships is limited. Future research
should include new pilot studies to enhance the stability of the
conclusions.
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