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Abstract: Objectives: Previous studies have reported a relationship between low protein intake and cognitive
decline and have suggested that this association may be related to specific amino acid intake. However, the
effects of amino acid intake on the maintenance of cognitive function have yet to be clarified. We examined
the longitudinal association between dietary amino acid intake and cognitive function in community-dwelling
older adults. Design: Longitudinal epidemiological study. Setting: Community-based setting. Participants: This
study comprised 427 study participants aged 60—82 years with no cognitive decline, defined as a Mini-Mental
State Examination (MMSE) score of >27 at baseline, who also participated in a follow-up. The average and
standard deviation of the follow-up period was 8.2 + 0.3 years. Measurements: Dietary intake was assessed using
three-day dietary records at baseline. Participants were classified into quartiles (Q1-Q4) based on the intake of
19 amino acids for males and females. Next, we classified participants into Q1 and Q2-Q4 groups. Cognitive
function was assessed using the MMSE both at baseline and at follow-up. Multivariable logistic regression
models were used to estimate odds ratios (ORs) and 95% confidence intervals (ClIs) for the associations between
the Q1 group and cognitive decline (MMSE <27), using the Q2-Q4 group as a reference group. Covariates were
age, sex, body mass index, years of education, severity of depressive symptoms, history of lifestyle diseases
(hypertension, dyslipidemia, diabetes mellitus, stroke, and ischemic heart disease), energy intake (kcal/d), protein
intake (g/d), and MMSE score at baseline. Results: Cognitive decline was present in 133 (31.1%) participants.
After adjustment for covariates, including total protein intake, the ORs (95% CIs) for cognitive decline were 2.40
(1.21-4.75) for lysine, 2.05 (1.02-4.09) for phenylalanine, 2.18 (1.09—4.34) for threonine, and 2.10 (1.06-4.15)
for alanine. Conclusion: The results suggest that lysine, phenylalanine, threonine, and alanine intake is important
for the maintenance of cognitive function in older people, independent of total protein intake.
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Abbreviations: AD: Alzheimer’s disease; BMI: body mass index; BSE: bovine spongiform encephalopathy;
CES-D: Center for Epidemiologic Studies Depression Scale; CI: confidence interval; MCI: mild cognitive
impairment; MMSE: Mini-Mental State Examination; NILS-LSA: National Institute for Longevity Sciences —
Longitudinal Study of Aging; OR: odds ratio; Q: quartiles; SD: standard deviation.

Introduction

It has been reported that there are 47 million cases of
Alzheimer’s disease (AD) and related dementia worldwide and,
with an aging population, this number is expected to increase
to >131 million by 2050 (1). AD has a long preclinical phase,
as neuronal and neurobiological degeneration can occur for
several years before noticeable symptoms of cognitive decline
are apparent (2). Therefore, precautions against cognitive
decline should be taken at an earlier stage.

Lifestyle factors may have an effect on this long-term
neurobiological degeneration that occurs prior to the onset of
noticeable AD symptoms, and patients with lifestyle diseases
such as diabetes mellitus and cardiovascular disease have
been reported to have a high incidence of dementia (3). A
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person’s dietary habits can be a major preventive factor in
relation to lifestyle diseases and dementia and, among dietary
factors, daily protein intake has been shown to be important for
maintaining cognitive function in older adults (4-6). A recent
study reported that older people with high protein intake were
found to have had low amyloid-B accumulation in their brains
(7). This positive association may be due to specific amino acid
intake required for neurotransmitter synthesis (8, 9). This is
because adequate quality dietary protein, evaluated by a balance
in essential amino acids including amino acids synthesizing
neurotransmitters, involves higher utilization of amino acids
in the body, while inadequate quality dietary protein involves
lower utilization of amino acids in the body, and therefore,
more protein must be consumed (10). Considering these
previous findings, a lack of specific dietary amino acids may
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be related to cognitive decline. However, the effects of specific
amino acid intake or protein quality on cognitive function
have yet to be clarified. Therefore, we aimed to explore the
longitudinal association between dietary amino acid intake and
cognitive decline in community-dwelling older adults.

Participants and Methods

Study participants

We used data derived from the National Institute for
Longevity Sciences — Longitudinal Study of Aging (NILS-
LSA), a community-based study involving community-dwelling
older adults (11). NILS-LSA participants were recruited from
a population aged >40 years in Obu City and Higashiura Town
in Aichi Prefecture, Japan, using stratified random sampling
according to age and sex. Participants were followed up every
two years from the first wave (between November 1997 and
April 2000) to the seventh wave (between July 2010 and July
2012).

In this study, we selected participants who were aged =60
years at the time of the third wave (between May 2002 and
May 2004, defined as the baseline study) and who had also
participated in the seventh wave (defined as the follow-up
study), because the Mini-Mental State Examination (MMSE)
scores (explained below) were available for those aged =60
years in the NILS-LSA database. There were two reasons for
setting the third wave as the baseline. First, few cognitive
function measurements were taken in the first wave. Second,
there was a reduction of meat consumption due to the British
bovine spongiform encephalopathy (BSE) outbreak in some
countries, including Japan, during the second wave (between
April 2000 and May 2002) (12). Meat is the main source of
amino acids, and Japanese meat consumption had been affected
due to the BSE outbreak; therefore, the second wave was
considered to be unsuitable to evaluate the usual dietary intake.

In total, 1202 participants met the age requirements for
the baseline study and, of these, 626 participants partook in
the follow-up study. Participants who exhibited cognitive
decline at baseline (defined as having an MMSE score of <27
(13-15), [n = 165]) or those who had not had their cognitive
function assessed (n = 8) were excluded. Participants who had
not submitted dietary records (n = 15) or those with missing
data for covariates (n = 11) were also excluded. Finally, 427
participants (mean + standard deviation age, 67.2 + 5.4 years;
males, n = 205; females, n = 222) were analyzed in this study
(Figure 1).

Ethical considerations

All participants provided written informed consent before
study participation. The study was conducted in accordance
with the Declaration of Helsinki, and the Ethics Committee
of Human Research at the National Center for Geriatrics and
Gerontology, Japan (No. 1115-3), and the Ethics Committee
of Ajinomoto Co., Inc. (No. 2017-032) approved the study
protocol.

Figure 1
Participant flowchart

Participants aged 260 years at the time of the bascline study
n=1202

‘ Participants in the baseline and follow-up study ‘
n=0626

Dropout, n = 576

MMSE missing, n = 8
Cognitive decline at bascline, n = 165

Non-cognitive decline at bascline
n=453

Incomplete data
- Had not submitted dietary records, n = 15
- Missing covariate data, n =11

Analysis set
n=427

Participants who met the age requirements for the baseline study (n = 1202) and who also
participated in the follow-up study (n = 626) were included. Those with cognitive decline at
baseline (n = 165) or those who had not had their cognitive function assessed (n = 8) were
excluded. We also excluded participants that had not submitted dietary records (n = 15) or
had missing data for covariates (n = 11). Finally, data from 427 participants were analyzed
in this study.

Dietary assessment

Dietary intake was assessed using a three-day dietary record
after participation in the baseline study. Dietary records were
recorded for three continuous days (two weekdays and one
weekend day), and participants completed the records at home
and returned them within a month (16). For the dietary record,
each food item was weighed using kitchen scales (1-kg kitchen
scales; Sekisui Jushi, Tokyo, Japan) before being cooked.
Simultaneously, a disposable camera (27 shots; Fuji Film,
Tokyo, Japan) was used to take photos of meals before and after
eating. These photos were used by dietitians to help complete
food consumption estimates for data missing from the dietary
records of participants. Dietitians telephoned participants to
resolve any discrepancies or to obtain further information when
necessary. Daily mean nutrients, including amino acids, and
energy intake were calculated from the average intake derived
from the three-day dietary records according to “The Standard
Tables of Foods Composition in Japan” (17). Participants were
classified into quartiles (Q1-Q4) based on their intake of 19
amino acids at baseline, and this was determined separately for
males and females.

Assessment of cognitive function

Cognitive function was assessed using the Japanese
version of the MMSE (18), which was implemented by a
trained psychologist or by psychology graduate students both
at baseline and at follow-up. The MMSE was developed in
1975 (19) and has been used worldwide in clinical practice
and research (20). The MMSE score ranges from 0 to 30, with
higher scores indicating better cognitive function. An MMSE
score of <27 was used as the cut-off of cognitive decline in
this study. Recent studies have shown that an MMSE score of
<27 is indicative of mild cognitive impairment (MCI), with a
sensitivity of 45%—-60% and a specificity of 65%-90% (13-15).
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Table 1
Baseline characteristics of the non-cognitive decline and cognitive decline groups after 8 years'

Variable Non-cognitive decline Cognitive decline p-value
n 294 133
Male, n (%) 132(44.9)* 73(54.9) 0.056
Age,y 66.4+5.13 69.0+5.7 <0.001
BMI, kg/m? 229+2.7 233429 0.124
CES-D, range: 0-60 6.6+6.8 6.9+6.9 0.727
Years of education, y 12.1£2.5 11.1+2.9 <0.001
MMSE, range: 0-30 29.0+0.8 28.9+0.8 0.043
Hypertension, n (%) 104(354) 49(36.8) 0.770
Dyslipidemia, n (%) 79(26.9) 26(19.5) 0.104
Diabetes mellitus, n (%) 23(7.8) 17(12.8) 0.103
Stroke, n (%) 11(3.7) 6(4.5) 0.706
Ischemic heart disease, n (%) 19(6.5) 8(6.0) 0.860
Energy, kcal/d 2040.8+375.0 2080.5+414.3 0.328
-Males 2244 3+ 366.2 2262.4+403.9 0.745
-Females 1875.0+291.9 1859.3+307.1 0.726
Protein, g/d 78.9+15.6 82.5+179 0.034
-Males 85.7+33.8 85.2+394 0.377
-Females 72.7£35.6 75.4+46.0 0.187
Fat, g/d 53.7+140 533149 0.818
-Males 57.2+152 54.9+15.0 0.291
-Females 50.8+12.2 51.4+14.7 0.739
Carbohydrate, g/d 292.3+58.0 300.2+67.8 0.217
-Males 314.2+62.9 327.5+68.2 0.162
-Females 274 4+46.7 267.0+£50.5 0.304
Macronutrient energy ratio
Protein-energy ratio, % 15.5¢2.0 16.0+2.3 0.043
Fat-energy ratio, % 23.7+4.5 23.1+4.8 0.242
Carbohydrate-energy ratio, % 57.5+6.2 57.8+6.2 0.648

1. Chi-square test for categorical variables and t-test for continuous variables. CES-D, The Center for Epidemiologic Studies Depression Scale; MMSE, Mini-Mental State Examination;
2. Percentage (all values for categorical variables); 3. Mean + SD (all values for continuous variables)

Given developing preventive measures for cognitive decline
from an early stage is desirable, we chose a cut-off MMSE
score of 27.

The participants were classified into the cognitive decline
group if the MMSE score was <27 at follow-up, despite an
MMSE score of >27 at baseline.

Other measurements

The body mass index (BMI) was calculated as weight (kg)
divided by height (m) squared using anthropometric data.
The participants’ medical history in terms of hypertension,
ischemic heart disease, dyslipidemia, diabetes mellitus, and

stroke and years of education were assessed using self-reported
questionnaires. The severity of depressive symptoms was
assessed using the self-reported Center for Epidemiologic
Studies Depression Scale (CES-D, range: 0—60, with higher
scores indicating more severe depression) (21). These variables
were extracted at baseline and used as covariates.

Statistical analysis

The baseline characteristics of the non-cognitive decline
group and the cognitive decline group at follow-up (i.e., after
8 years) were compared using 2 tests or t-tests. Participants
were classified into the following two groups based on their
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Table 2

Baseline protein intake (g/d) and amino acid intake (mg/d) of the Quartile 1 and Quartile 2-4 groups according to sex (n = 427)!

Male (n = 205)

Female (n = 222)

Q1

Q2-Q4

Variable Q12 Q2-Q4

Protein 66.2 (33.8-74.8) 92.8 (74.9-161.6)
Isoleucine 2505.5 (1287.5-2838.2) 3514.8 (2840.1-6470.9)
Leucine 4565.9 (2247.4-5154.2) 6301.8 (5163.5-11657.5)
Lysine 3478.0 (1599.8-4099.3) 5195.2 (4132.7-10022.3)
Methionine 1318.9 (720.6-1481.7) 1862.8 (1488.3-3240.8)
Cystine 942.8 (422.3-1038.6) 1252.9 (1038.8-1966.3)
Phenylalanine 2728.2 (1271.6-3052.9) 3741.2 (3067.7-6773.6)
Tyrosine 2137.7 (1039.8-2364.9) 2927.1 (2373.6-5558.4)
Threonine 2310.2 (1219.2-2601.2) 3251.5 (2602.5-5972.3)
Tryptophan 725.2 (350.8-801.8) 998.7 (804.3-1819.3)
Valine 3036.9 (1547.9-3418.7) 4173.7 (3430.6-7636.8)
Histidine 1753.1 (961.7-2074.8) 2648.7 (2079.2-5127.5)
Arginine 3489.8 (1795.9-3991.0) 4930.9 (3995.4-8450.2)
Alanine 2896.1 (1612.1-3293.6) 4078.6 (3297.6-6889.2)

Aspartic acid

Glutamic acid

5412.8 (2772.0-6173.9)

11131.8 (4835.9-12685.9)

7775.0 (6197.1-13836.2)

15435.3 (12704.1-27667.9)

3656.3 (2968.5-5946.2)
4614.8 (3748.7-9022.7)
3915.1 (3198.2-7051.4)

57.2 (35.6-63.9)
2202.1 (1347.5-2377.4)
4020.1 (2453.7-4293.8)
3010.3 (1865.9-3352.6)

1111.6 (688.4-1231.7)
809.7 (536.5-880.3)
2396.9 (1504.9-2595.8)
1841.4 (1139.2-1993.8)
1986.5 (1254.7-2183.3)
625.8 (391.0-680.7)
2643 .8 (1581.7-2852.1)
1467 4 (926.8-1660.9)
29715 (1997.9-3282.2)
24443 (1584.4-2688 4)
46748 (3025.6-5192.3)

10147.6 (5695.7-11041.8)

2203.3 (1497.6-2423 4)
2966.4 (1738.5-3342.2)
2498.5 (1516.7-2696.1)

79.2 (64.0-114.7)
3011.2 (2378.8-4698.1)
5418.7 (4298.5-8376.0)
4460.6 (3364.6-7156.9)
1572.5 (1236.4-2492.7)

1048.2 (883.9-1644.3)
3186.5 (2600.3-4879.0)
2468.7 (1996.4-3869.0)
2768.8 (2195.0-4313.9)

843.2 (681.7-1318 4)
3582.2 (2854.2-5595.3)
2167.5 (1661.4-3981.0)
41024 (3291.9-6171.7)
3447.1 (2689.1-5249.9)
6631.8 (5213.4-10021.1)

13276.8 (11059.0-20754.0)
3055.2 (2430.2-4811.3)
40613 (3349.2-6542.5)
3328.0 (2698.5-4988.7)

Glycine 2598.1 (1309.9-2965.0)
Proline 3365.1 (1270.8-3739.4)
Serine 2875.0 (1381.6-3185.8)
Hydroxyproline 79.4 (0.0-101.4)

194.4 (101.6-420.5)

56.2 (0.0-77.3) 148.1 (77.3-428.2)

1. Median, range; 2.Q, quartile

amino acid intake: quartile 1 (Q1) and quartiles 2 to 4 (Q2-
Q4). The baseline amino acid intake concerning groups Q1 and
Q2-Q4 are described using descriptive statistics for males and
females. Multivariable logistic regression models were used
to estimate odds ratios (ORs) and 95% confidence intervals
(ClIs) for associations between amino acid intake and cognitive
decline using the Q2-Q4 group as the reference group. Model
1 was adjusted for age, sex, BMI, years of education, CES-D
score (as a continuous variable), history of lifestyle diseases
(hypertension, dyslipidemia, diabetes mellitus, stroke, and
ischemic heart disease), and MMSE score (as a continuous
variable) at baseline; Model 2 was adjusted for baseline total
energy intake (kcal/d) in addition to the variables in Model 1;
and, Model 3 was adjusted for baseline total protein intake (g/d)
in addition to the variables in Model 1. The covariates added
were factors previously reported to affect cognitive function
(3). After these statistical analyses, we additionally analyzed
the association between amino acids and food by Pearson
correlation analysis, to investigate what food intake was related
to amino acid intake.

Statistical analyses were performed using Statistical Analysis
System version 9.3 (SAS Institute, Cary, NC, USA). Statistical

significance was indicated using two-sided P-values set at
<0.05. The multiplicity was not adjusted. The effects of the
amino acids were assessed using both the OR estimates and the
statistical results; because the sample size was not based on a
verification undertaken in this epidemiological study.

Results

Of 427 participants, the mean + standard deviation (SD)
follow-up period was 8.2 + 0.3 years, and 48.0% of participants
were male. The mean + SD for age at baseline was 67.1 + 5.2
years for males and 67.3 + 5.6 years for females. The mean +
SD of the MMSE score at baseline was 29.0 + 0.8.

Table 1 shows the baseline characteristics of the non-
cognitive decline and cognitive decline groups after 8 years.
Of 427 participants, 133 (31.1%) showed a cognitive decline
at follow-up study. There was a significantly lower MMSE
score at baseline in the cognitive decline group (28.9 + 0.8)
than in the non-cognitive decline group (29.0 + 0.8; P =0.043).
Supplemental Table 1 shows the baseline amino acid intakes of
the non-cognitive decline and cognitive decline groups after 8
years.
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Table 3
Multivariable-adjusted associations between the intakes concerning 19 amino acids and the risk of cognitive decline (n = 427)’

Model 12 Model 23 Model 3*

Variable Cases’,n (%) OR 95% CI  p-value OR 95% CI  p-value OR 95% CI  p-value
Protein 32(30.2) 0.82 049-137 0.440 0.87  048-1.56 0.637 - - -
Isoleucine 36(34.0) 098 0.59-1.63 0.941 .10 0.62-1.97 0.743 1.88 095-3.73  0.069
Leucine 36(34.0) 096 0.58-1.58 0.858 1.07  0.60-1.91 0.829 182 092-3.62 0.086
Lysine 38(35.8) 1.13  0.68-1.88 0.628 129  0.74-2.27 0.371 240 121475 0012
Methionine 36(34.0) 099 0.59-1.64 0.962 1.09  0.62-1.92 0.761 185 094362 0075
Cystine 38(35.8) 101 0.61-1.68 0.961 1.17  0.65-2.12 0.607 194  099-3779  0.054
Phenylalanine 37(34.9) 1.01  0.61-1.67 0979 1.15  0.64-2.07 0.640 205 102409 0.043
Tyrosine 36(34.0) 095 057-1.57 0.827 105  0.59-1.88 0.868 176 0.89-349  0.104
Threonine 37(34.9) 1.05 0.64-1.75 0.837 121  0.68-2.16 0518 2.18  1.09-434  0.027
Tryptophan 36(34.0) 098  0.59-1.62 0.925 .10 0.61-1.95 0.759 1.88 095-372  0.070
Valine 36(34.0) 093 0.56-1.55 0.787 103 0.58-1.85 0912 174  088-346  0.112
Histidine 34(32.1) 091 0.54-152 0.713 098  0.56-1.73 0.949 1.54  0.79-299 0202
Arginine 32(30.2) 0.78 047-1.30 0.342 0.82  046-145 0.486 123 0.63-242  0.542
Alanine 36(34.0) 105 0.63-1.74 0.850 1.19  0.67-2.10 0.552 210  1.06-4.15 0.033
Aspartic acid 34(32.1) 090 0.54-1.51 0.697 098  0.56-1.73 0.944 159 081-3.12  0.178
Glutamic acid 34(32.1) 0.81 0.49-1.36 0.429 0.86  0.48-1.56 0.624 126 0.66-242 0482
Glycine 34(32.1) 0.87 0.52-145 0.590 094  0.52-1.68 0.833 148 076290 0.253
Proline 38(35.8) 1.06  0.65-1.76 0.807 122 0.69-2.14 0.502 1.78 096-331  0.067
Serine 37(34.9) 1.01  0.61-1.67 0.978 1.15  0.64-2.06 0.646 197 1.00-390 0.051
Hydroxyproline 31(29.2) 0.77 0.46-1.29 0.320 0.79 047-1.34 0.385 096 055-1.69  0.887

1. Multivariable logistic regression models were used to estimate ORs and 95% Cls for the associations between the intakes of 19 amino acids and cognitive decline using the Quartile 2-4
group as the reference group; 2. Model 1: adjusted for MMSE (score), age (y), sex, BMI (kg/m?), years of education (y), CES-D (score), history of hypertension, dyslipidemia, diabetes
mellitus, stroke, and ischemic heart disease at baseline; 3. Model 2: adjusted for energy intake (kcal/d) in addition to the variables in Model 1; 4. Model 3: adjusted for protein intake (g/d)
in addition to the variables in Model 1; 5. Participants with cognitive decline 8 years later in the Quartile 1 group; Abbreviations: CES-D, The Center for Epidemiologic Studies Depression

Scale; CIs, confidence intervals; MMSE, Mini-Mental State Examination; ORs, odds ratios

Table 2 shows the protein intake (g/d) and amino acid intake
(mg/d) of the Q1 and Q2-Q4 groups at baseline. The median,
maximum, and minimum values in each group were used to
examine the range of amino acid intake in the two groups. Of
the 19 amino acids, glutamic acid was the most consumed, and
hydroxyproline was the least consumed. The intake of all amino
acids was higher in males than in females.

Table 3 shows the multivariable-adjusted associations
between the intake of the 19 amino acids and the risk of
cognitive decline. There were significant associations between
the intakes of four amino acids and cognitive decline after 8
years. After adjustment for potential covariates and total protein
intake, the adjusted ORs (95% ClIs) for cognitive decline were
2.40 (1.21-4.75) for lysine, 2.05 (1.02—4.09) for phenylalanine,
2.18 (1.09-4.34) for threonine, and 2.10 (1.06—4.15) for alanine
when comparing the Q1 and Q2-Q4 groups.

Discussion

To our knowledge, this longitudinal study is the first
epidemiological study to show that a low intake of lysine,
phenylalanine, threonine, and alanine lead to cognitive decline,
independent of total protein intake, in community-dwelling
older adults. In this study, an MMSE score of <27 was used
as the cut-off to indicate cognitive decline. An MMSE cut-off
score of <23 is usually used to detect suspected dementia (20).
One systematic review reported that the annual progression
rates from MCI to AD ranged from 5.4% to 11.5% per person/
year in community settings (22). Given that people with MCI
have a high risk of dementia (23), preventive measures for
cognitive decline should ideally be implemented from an early
stage. Considering that the NILS-LSA is a longitudinal nutrition
epidemiological study for local residents, a cut-off MMSE score
of 27/28 was considered reasonable.

Our results observed that a lower proportion of lysine,
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phenylalanine, threonine, and alanine contained in the total
protein was associated with cognitive decline, even when an
individual’s protein intake is the same. These findings suggest
that people who had lower intake of four amino acids are at risk
of future cognitive function decline, even if their daily protein
intake was sufficient. Neurobiological changes have a long
latent phase prior to cognitive symptoms becoming noticeable
(2). The intake of proteins that are abundant in these four amino
acids may affect cognitive decline, especially if this is started as
early as possible.

The adjusted ORs of cognitive decline were =2.0 for the
low intakes of lysine, phenylalanine, threonine, and alanine.
One recent review showed that the relative risk of potentially
modifiable risk factors for dementia, such as hypertension
and diabetes mellitus, were 1.4—1.9 (3), and our results were
comparable to these risk ratios.

The association between these specific amino acids and
cognitive function could be explained in several ways. Lysine
is an essential amino acid and is transported through the
blood-brain barrier (24). Lysine deficiency suppresses growth
hormone secretion (25), and a growth hormone decrease leads
to cognitive decline (26). Our findings suggest that low lysine
intake was associated with cognitive decline after 8 years
in older adults. In a sub-analysis of the present study (data
not shown), a moderate correlation was observed between
lysine intake and seafood consumption (r = 0.575) and meat
consumption (r = 0.357). One previous study suggested that a
dietary pattern of low rice intake is associated with a reduced
risk of dementia in the general Japanese population (27). Lysine
is a first-limiting amino acid in some cereal grains, such as
wheat and rice (28), and lysine insufficiency is likely to occur
when protein sources are biased towards such cereal grains.

Phenylalanine is a precursor for tyrosine and the
neurotransmitters, dopamine, norepinephrine, and epinephrine
(29). Phenylalanine can pass through the blood-brain barrier
into the brain (30), and cannot be synthesized in the body;
therefore, people need to consume it in their daily diet. In
patients with AD, plasma phenylalanine levels have been found
to be decreased (31) and increased in the cerebrospinal fluid
(32, 33). Our findings suggest that low phenylalanine intake
was associated with cognitive decline after 8 years in older
adults. We found a moderate correlation between phenylalanine
intake and the consumption of pulses including soybeans (r
= 0.393), seafood (r = 0.458), and dairy products (r = 0.363).
A previous study reported that a high intake of soybean, soy
products, and dairy products reduced the risk of dementia (27).
Therefore, a higher phenylalanine intake from these foods may
be important for maintaining cognitive function in older adults.

Threonine is an essential amino acid that also crosses the
blood-brain barrier (34). In the present study, low threonine
intake was associated with cognitive decline after 8 years in
older adults. A moderate correlation was observed between
threonine intake and seafood consumption (r = 0.550).
However, no studies have clarified the relationship between

threonine and cognitive function; therefore, further research is
needed.

Alanine is one of the glucogenic amino acids that is required
for gluconeogenesis. In the present study, low alanine intake
was associated with cognitive decline after 8 years in older
adults. There was a moderate correlation between alanine intake
and consumption of seafood (r = 0.603) and meat (r = 0.373).
However, there is a lack of research investigating the effect
of alanine intake on cognitive function, and future studies are
therefore needed.

Our findings and those of several studies on dietary patterns
(27, 35, 36) suggest that diet quality, such as a high dietary
diversity, may be important to prevent cognitive decline. In
this longitudinal study, a low intake of specific amino acids
that was associated with cognitive decline was related to low
consumption of seafood, meat, dairy products, and pulses.
These foods contain high-quality protein, being rich in many
kinds of amino acids including essential amino acids (28).
Our previous study showed that people with higher dietary
diversity consumed more seafood, dairy products, and pulses
(35). Therefore, increasing the intake of lysine, phenylalanine,
threonine, and alanine through the consumption of various
foods, including high-quality protein foods, could help to
maintain cognitive function in older people.

This study had some limitations. First, only participants
who were able to participate in both the baseline study and
the follow-up study were selected, and those who dropped out
during the study were excluded. Therefore, the participants
may be biased towards healthier people who could continue
their participation in the NILS-LSA survey. However, the
food intake of participants was similar to that reported by
the National Health and Nutrition Survey (37), which was
conducted by the Japanese government and, therefore, reflects
the actual food intake among community-dwelling Japanese
people. Second, amino acid intake was only assessed at
baseline. Dietary habits may change frequently as a result of
factors related to aging (38). Third, a definitive diagnosis of
dementia could not be made because cognitive function was
only assessed using the MMSE. Fourth, the association between
amino acid intake and cognitive decline may have been affected
by other nutrients because these amino acids are also related
to several other food intakes including seafood. Particularly,
seafood was moderately correlated with all four amino acids
associated with cognitive decline in this study. A previous
review showed that higher consumption of fish rich in omega-
3 fatty acids can prevent dementia (39). However, we did not
evaluate the effect of other nutrients in this study.

In conclusion, our study findings indicated that low intakes
of lysine, phenylalanine, threonine, and alanine were associated
with cognitive decline, following multivariate adjustments
including total protein intake, after 8 years in community-
dwelling older people. Specific amino acid intake could be
important, independent of total protein intake, for maintaining
cognitive functioning in older people.
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