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1 | INTRODUCTION

Cognitive functions such as memory, thought, learning, and deci-
sion-making decline with age in a linear or quadratic fashion (Baltes &
Lindenberger, 1997; Park et al., 1996). According to a worldwide report,
46.8 million people suffer from dementia, and this number is estimated
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toreach 131.5 millionin 2050 (Alzheimer’s Disease International, 2015).
In particular, the number of newly diagnosed cases of dementia in
Asia is growing rapidly, currently accounting for approximately 50%
of the global incidence (Alzheimer’s Disease International, 2015).
Furthermore, the incidence of Alzheimer’s disease (AD) is higher in
women than men, which is likely associated with estrogen depletion
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in the postmenopausal period, as estrogen regulates neurotrophin
signaling and neurotransmission and protects against oxidative stress
and inflammation in the brain (Brann, Dhandapani, Wakade, Mahesh,
& Khan, 2007; Gurvich, Hoy, Thomas, & Kulkarni, 2018; Markou, Duka,
& Prelevic, 2005; Vifa & Lloret, 2010). Several studies have shown
that the menstrual period affects verbal memory (Rosenberg & Park,
2002), with high estradiol levels being associated with good cognitive
function (Gholizadeh, Sadatmahalleh, & Ziaei, 2018). Additionally,
there are several reports that peri- and postmenopausal women have
significantly more memory problems than premenopausal women. For
example, subjective memory decline was observed in 62%-70% of
postmenopausal women (Betti et al., 2001; Sullivan Mitchell & Fugate
Woods, 2001), and the prevalence of subjective memory complaints in
peri- and postmenopausal women was over three times greater than
that in premenopausal women (Devi, Hahn, Massimi, & Zhivotovskaya,
2005).

Combined with the fear of the adverse effects of hormone thera-
pies,suchascancerand cardiovascular disease, thereis growing demand
for nutraceutical supplements that could improve cognitive factors.
Nutrients such as vitamins, trace elements, amino acids, and fatty acids
are essential for brain structure and function (Bourre, 2006a, 2006b;
Fernstrom, 1669). For example, vitamin B, plays a key role in brain
energy metabolism via glucose consumption; its deficiency causes
peripheral and central nervous system disorders, such as the well-
known beriberi and Wernicke-Korsakoff syndromes (Bourre, 2006a).
A lack of zinc, which has neuromodulatory properties, is attributed to
memory and learning impairment (Bourre, 2006a). Impaired copper
(Cu) homeostasis in the brain is associated with neurodegeneration,
such as Menkes disease and Wilson's disease (Scheiber, Mercer, &
Dringen, 2014). Lowered consumption of tyrosine, an essential amino
acid, and a precursor for catecholamine neurotransmitters including
dopamine, a regulator of cognitive function (Previc, 1999), is associ-
ated with cognitive dysfunction (Hensel et al., 2019). Docosahexaenoic
acid, a known n-3 fatty acid component of the myelin involved in signal
transduction, has also been reported to enhance cognitive function
(Cole & Frautschy, 2010). Moreover, there are several reports on the
effect of nutritional supplements, including vitamin E and n-3 fatty
acids, on cognitive function in elderly adults, mild cognitive impair-
ment, and AD (Farina, Llewellyn, Isaac, & Tabet, 2017; Fraga, Carvalho,
Caramelli, de Sousa, & Gomes, 2017). However, the effects of the di-
etary intake of nutrients on memory in the peri- and postmenopausal
periods have not yet been fully elucidated.

In the present study, we investigated the associations between
the severity of subjective forgetfulness and the dietary consumption

of a variety of nutrients in Japanese middle-aged and senior women.

2 | MATERIALS AND METHODS
2.1 | Study population

In this cross-sectional study, we analyzed the first-visit medical re-

cords of 700 Japanese women enrolled in the Systematic Health and
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Nutrition Education Program conducted at the menopause clinic of
Tokyo Medical and Dental University from January 2009 to August
2017. This program aimed to promote the psychological and physi-
cal health of women according to a comprehensive assessment of
general physical and mental health status and lifestyle via physical
examinations and various questionnaires. All the women who par-
ticipated in this program visited the clinic for treatment of meno-
pausal symptoms. Of the 700 participants, 382 women aged 40 or
over completed both the Menopausal Health-Related Quality of Life
Questionnaire (MHR-QOL) and the brief-type self-administered diet
history questionnaire (BDHQ), evaluating the severity of subjective
forgetfulness and dietary habits, respectively. Thirty-nine partici-
pants whose menopausal status was unclear due to a hysterectomy
(and unilateral oophorectomy), 57 participants who had received
hormone therapy, and 41 participants who had received psycho-
tropic drugs such as hypnotics, antidepressants, and anxiolytics
were excluded. For the remaining 245 participants, we investigated
the associations between the severity of subjective forgetfulness
and their dietary consumption of various nutrients.

The research protocol was reviewed and approved by the Tokyo
Medical and Dental University Review Board, and written informed
consent was obtained from all participants. All study procedures

were conducted in accordance with the Declaration of Helsinki.

2.2 | Measurements
2.2.1 | Menopausal status

The women were classified as pre- or postmenopausal if they had
a regular period or no menstruation in the past 12 months, respec-
tively. Perimenopausal status was assigned to those who had a men-
struation within the past 12 months but had missed periods or had

had an irregular cycle during the past 3 months.

2.2.2 | Physical assessments

The body composition of participants, including height, weight, body
mass index (BMI), fat mass, lean body mass, muscle mass, water mass,
basal metabolism, and visceral fat level, was measured using a body
composition analyzer (MC190-EM; Tanita). The participants’ waist
and hip circumferences were measured, and their waist-to-hip ratios
were evaluated. Resting energy expenditure was calculated based
on respiratory volume using an indirect calorimeter (Metavine-V
VMB-005N; Vine). Their body temperature was measured with a
thermometer. We also assessed cardiovascular parameters such as
blood pressure, heart rate, cardio-ankle vascular index, and ankle-
brachial pressure index (VS-1000; Fukuda Denshi). Physical fitness
tests for power, reaction time, and flexibility were also conducted.
Hand-grip strength was measured twice for each hand with a hand
dynamometer (Yagami) to calculate average hand-grip strength

(kgf) using the larger value from each hand. The ruler drop test was
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performed to evaluate reaction time using a wooden ruler 60 cm in
length and weighing 110 g (Yagami). Seated participants, fixing their
arms on a desk and outstretching their fingers from the edge of the
desk, attempted to catch the ruler, whose bottom was hung between
their thumbs and index fingers by an examiner, as quickly as possible
when it was dropped. The scale on the ruler was used to measure
where the participants gripped. After the test was repeated seven
times and the largest and smallest values were omitted, the aver-
age reaction time (cm) was calculated from the remaining five values.
The sit-and-reach test as an assessment of flexibility was performed

using a reach box while sitting (Yagami).

2.2.3 | Lifestyle characteristics

Lifestyle factors such as frequency of smoking (none, fewer than
20, more than 20 cigarettes per day), consumption of alcohol (never,
sometimes, daily) and caffeinated drinks (none, once or twice, three
or more times per day), and regular exercise habits (yes, no), were

assessed via a medical interview.

2.2.4 | Questionnaire

The MHR-QOL (Table S1) comprises four domains: physical health,
mental health, life stratification, and social involvement. It is a modi-
fication of the Women’s Health Questionnaire and others (Hanson,
Isacsson, Janzon, & Lindell, 1989; Hunter, Battersby, & Whitehead,
1986; van Keep & Kellerhals, 1974) that was developed and vali-
dated in our clinic (Hirose et al., 2016; Terauchi et al., 2010, 2011,
2012, 2015; Terauchi, Hirose, Akiyoshi, Kato, & Miyasaka, 2017).
Its 4-point Likert scale for physical and psychological symptoms is
based on symptom frequency. Respondents indicate the degree of
agreement or disagreement with statements about life satisfaction
and social involvement on a 2- or 4-point Likert scale. According to
the participants’ responses, the severity of their subjective forgetful-
ness was rated as none, mild, moderate, or severe based on frequency
(none, zero to one time per month; mild, one to two times per week;
moderate, three to four times per week; severe, almost every day). In
the present study, those with no or mild forgetfulness were defined
as “unforgetful” and those with moderate or severe forgetfulness as
“forgetful.” We added up the scores for somatic symptoms (six items),
vasomotor symptoms (two items), insomnia symptoms (two items),

life satisfaction (five items), and social involvement (12 items) to

produce a score for each subcategory, with a high score representing
good health and a high level of satisfaction and social engagement.

The BDHQ was developed to assess the intake frequency over
the previous month of 61 food items in the typical Japanese diet,
including beverages and seasonings. Based on the information
provided in response, the daily consumption of 96 nutrients, after
adjustment for total calorie intake, was estimated by an ad hoc com-
puter algorithm. The BDHQ was validated by comparison with di-
etary records using a semi-weighed method (Kobayashi et al., 2011,
2012). In the present study, we focused on 43 major nutrients with
high validity (Table S2).

The Hospital Anxiety and Depression Scale (HADS), a reliable
screening instrument for anxiety and depression, was developed to
assess the psychological health of patients with physical symptoms
(Zigmond & Snaith, 1983). The HADS contains seven items each for anxi-
ety and depression, and participants respond to these items on a 4-point
Likert scale. Participants who scored 8-10 were considered to likely be
experiencing anxiety or depression, while those who scored 11-21 were
considered to definitely be experiencing anxiety or depression.

2.3 | Statistical analysis

Continuous variables are presented as mean +* standard deviation.
The required sample size was estimated at 250, calculated as 10
times the number of independent variables, estimated at 10, divided
by the prevalence of forgetfulness, estimated at 0.4. The Kruskal-
Wallis test, Mann-Whitney test, and chi-squared test were used to
evaluate the difference between groups. Multicollinearity between
variables was identified using cutoff points for Pearson or Spearman
correlation coefficients of |R| > .9. The relationship between the
severity of subjective forgetfulness and daily consumption of nu-
trients was analyzed using multivariate logistic regression analysis
after adjustment for age, BMI, and the background factors related
to forgetfulness obtained through the analysis. p values of <.05 were
considered statistically significant. All statistical analyses were per-
formed with GraphPad Prism version 5.02 (GraphPad Software) and
JMP version 12 (SAS Institute Inc).

3 | RESULTS

The average age of the 245 study participants was 53.4 + 6.8 years
(mean * standard deviation). The percentages of women with none,

TABLE 1 Percentage of women

C\:Ifzr:;mants :\,/I\lu:dil:z;ged Senior (N = 79) bothered by forgetfulness
Frequency of forgetfulness n % n % n %
0-1 times a month (none) 82 33.5 56 337 26 329
1-2 times a week (mild) 87 35.5 57 34.3 30 38.0
0-3 times a week (moderate) 39 15.9 28 16.9 11 13.9
Almost every day (severe) 37 151 25 151 12 15.2
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TABLE 2 Comparison of participant characteristics between the severity categories of subjective forgetfulness

None (N = 82) Mild (N = 87) Moderate (N = 39) Severe (N = 37) (’/alue
Age, years 52.9 (6.9) 53.7 (6.5) 54.0(7.0) 53.1(7.1) .615°
Menopausal status, %
Pre/peri/postmenopausal 28.0/12.2/59.8 23.0/18.4/58.6 25.6/20.5/53.9 29.7/16.2/54.1 .880°
Body composition
Height, cm 157.7 (6.0) 156.6 (5.9) 155.2(6.4) 157.4 (4.9) .138°
Weight, kg 54.7 (9.1) 54.3(9.8) 54.6 (10.7) 53.8(9.4) .989?
Body mass index, kg/m? 22.0(3.5) 22.2(3.9) 22.6(3.7) 21.7 (3.4) .602°
Waist-hip ratio 0.88(0.06) 0.88(0.06) 0.88(0.06) 0.87(0.07) 5792
Fat mass, kg 15.9 (6.6) 16.1(7.3) 16.4 (7.5) 15.4(6.4) .951°
Lean mass, kg 38.8(3.7) 38.2(3.5) 38.2(3.9) 38.4(3.9) 6142
Muscle mass, kg 36.5(3.4) 36.0(3.2) 36.0(3.6) 36.2 (3.6) .623?
Water mass, kg 28.0(3.4) 27.6(3.2) 27.9 (3.4) 27.7 (3.6) .909?
Basal metabolism, MJ/day 4.70(0.52) 4.63(0.51) 4.64(0.59) 4.64(0.55) .723°
Viceral fat level 5.3(2.7) 5.5(2.8) 5.6 (3.0) 4.9 (2.4) .783°
Resting energy expenditure, 6.95(1.85) 6.92(1.98) 7.01 (1.86) 6.94 (1.55) 980
MJ/day
Body temperature, °C 36.0(0.9) 36.1(0.4) 36.2(0.6) 36.2(0.5) 481°
Physical fitness test
Hand-grip strength, kg 26.5(4.1) 24.8 (5.4) 24.5 (4.6) 24.8 (4.8) .105°
Ruler drop test, cm 22.2 (4.0) 22.9(4.1) 23.9 (4.6) 23.7 (4.2) 166°
Toe touch test, cm 36.5(10.7) 35.4(9.8) 36.2(7.2) 34.7 (12.3) .759%
Cardiovascular parameters
Systolic blood pressure, mmHg 125.8(18.0) 127.4 (18.0) 126.3(18.1) 122.2 (16.9) 7332
Diastolic blood pressure, mmHg  76.2 (11.0) 76.0(12.4) 74.8 (13.5) 73.0(12.4) 5842
Heart rate, min™ 78.0(13.2) 79.2(13.2) 78.2(10.8) 75.3(11.8) .208%
Cardio-ankle vascular index 7.62 (0.69) 7.54 (0.82) 7.70(0.81) 7.54(0.87) 7922
Ankle-brachial pressure index 1.11(0.06) 1.11(0.05) 1.11(0.07) 1.11(0.08) .810°
Lifestyle factors
Smoking, %
None/fewer than 20/20 or 90.2/6.1/3.7 93.1/3.4/3.4 94.9/2.6/2.6 94.6/0.0/5.4 7640
more cigarettes per day
Drinking, %
Never/sometimes/daily 69.5/22.0/8.5 62.1/28.7/9.2 64.1/25.6/10.3 62.2/27.0/10.8 967°
Caffeine, %
Never/1-2 times/3 or more 11.0/31.7/57.3 10.5/26.7/62.8 10.3/43.6/46.2 5.4/37.8/56.8 .563°
times per day
Exercise, %
Yes/no 53.7/46.3 51.2/48.8 51.3/48.7 35.1/64.9 .288P
Menopausal Health-Related Quality of Life Questionnaire
Somatic symptom score 15.7 (3.8) 13.7 (3.4) 12.4 (4.3) 11.7 (3.7) <.001°
(0-18 points)
Vasomotor symptom score 4.4(2.1) 3.6(2.1) 3.4(2.4) 3.7(2.1) 0242
(0-6 points)
Insomnia symptom score 4.5(1.9) 4.3(1.8) 3.5(2.1) 3.3(2.2) .002°2
(0-6 points)

(Continues)
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TABLE 2 (Continued)
p-
None (N = 82) Mild (N = 87) Moderate (N = 39) Severe (N = 37) Value
Life satisfaction score (0-15 9.2 (3.6) 7.6 (2.9) 6.7 (3.8) 6.2 (3.0) <.001°
points)
Social involvement score 9.9 (2.9) 9.3(2.7) 9.4 (3.5) 8.9 (3.0) 2722
(0-16 points)
Hospital Anxiety and 9.7 (5.6) 14.2 (5.5) 16.1 (6.6) 15.5(7.2) <.001?2
Depression Scale
Anxiety subscale score 5.3(3.2) 7.4 (3.0) 8.2(3.8) 7.8 (4.0) <.001°
Depression subscale score 4.3(3.1) 6.8(3.3) 7.9 (3.4) 7.7 (3.9) <.001°

Note: Values are mean (standard deviation) or percentage.
@Kruskal-Wallis test.
bChi-squared test.

mild, moderate, and severe subjective forgetfulness were 33.5%,
35.5%, 15.9%, and 15.1%, respectively (Table 1). The relevant back-
ground characteristics are presented in Table 2. The forgetful partic-
ipants complained of physical and psychological symptoms such as
somatic and vasomotor problems, insomnia, anxiety, and depression
more frequently than the unforgetful ones, and their life satisfac-
tion was significantly lower. We first assessed the nutrients whose
intake differed significantly between the four groups of subjective
forgetfulness severity, finding no nutrient to be significantly associ-
ated with forgetfulness in the whole group.

Next, we performed a post hoc analysis of the 245 participants
divided into two age-based groups, middle-aged (40-54 years,
N = 166), and senior (55 years or over N = 79), and evaluated the rela-
tionship between severity of subjective forgetfulness and dietary in-
take of nutrients in each group. The rates of subjective forgetfulness
and the characteristics of each group are shown in Tables 1 and 3,
and Table S3. The senior group had a significantly higher waist-to-hip
ratio and visceral fat level and lower basal metabolism and vascular
health, while the middle-aged group had more severe physical and
mental symptoms and lower levels of satisfaction and social involve-
ment (Table 3). Moreover, the senior women consumed significantly
more nutrients (except the following 11: fat, animal and vegetable
fat, carbohydrates, retinol, saturated fatty acids, monounsaturated
fatty acids, polyunsaturated fatty acids, cholesterol, n-6 fatty acids,
and alcohol) than the middle-aged women despite no difference
between the groups in total energy intake (p = .174) (Table 4). No
nutrient was significantly related to the severity of subjective forget-
fulness in the middle-aged group. However, in the senior group, the
daily intake of potassium, magnesium, Cu, and vitamin B, differed
significantly among the four severity groups (potassium, p = .036;
magnesium, p =.036; Cu, p =.016; vitamin B, p = .029). Participants
with more severe forgetfulness consumed more of these nutrients.
There was no multicollinearity among these four nutrients. Next, we
investigated the background factors that differed significantly be-
tween the four severity groups in senior women. The results showed
that reaction time and the scores for somatic symptoms, life satis-

faction, social involvement, anxiety, and depression were found to

be related to forgetfulness. There was no multicollinearity between
these background factors. We used these six background factors as
independent variables. Multivariate logistic regression analysis was
conducted to identify the association between the intake of selected
nutrients (potassium, magnesium, Cu, and vitamin B1) and the se-
verity of subjective forgetfulness. After adjustment for the selected
four nutrients (Model 1), for age and BMI (Model 2), and for age,
BMI, and the related background factors (Model 3), an association
between higher dietary consumption of Cu (10 mg/kJ) and the se-
verity of subjective forgetfulness in the senior group was found
(Table 5; Model 2, adjusted odds ratio [AOR] = 1.17, Cl = 1.03-1.35,
p =.021; Model 3, AOR = 1.25, Cl = 1.08-1.50, p = .006).

4 | DISCUSSION

In this cross-sectional study, severity of subjective forgetfulness was
found to be significantly associated with a high Cu consumption in
Japanese senior women. We also found differences in background
characteristics such as body composition, physical and psychological
symptoms, and vascular health between the two age groups, indicat-
ing that our findings could be affected by these distinctions.

The main dietary sources of Cu, an essential trace element, are
seafood, nuts, and soybeans. Most (~95%) serum Cu is tightly bound
to caeruloplasmin, a glycoprotein produced in the liver and related
to Cu and iron metabolism, and small amounts of Cu comprise Cu
bound to albumin, small peptides and amino acids, often called non-
caeruloplasmin-bound Cu or free Cu, which can reach the brain via
the blood-brain barrier because of low molecular weight. Cu plays
a key role in redox reactions via Cu-dependent enzymes such as su-
peroxide dismutase, cytochrome c oxidase, ceruloplasmin, dopamine
beta-hydroxylase, and peptidylglycine o-hydroxylating monooxy-
genase, contributing to antioxidative defense, iron and energy me-
tabolism, and neurotransmitter and neuropeptide synthesis. On the
other hand, Cu overload leads to raised nonbound caeruloplasmin Cu,
causing increased oxidative stress and cell damage (Liao et al., 2019).

It is well-known that Cu excess in Wilson’s disease and Cu deficiency
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TABLE 3 Comparison of the characteristics of middle-aged and senior women

Middle-aged (N = 166) Senior (N = 79) p-Value
Age, years 49.6(2.9) 61.4 (5.4) <.0012
Menopausal status, %
Pre/peri/postmenopausal 38.6/23.5/38.0 0.0/1.3/98.7 <.001°
Body composition
Height, cm 157.5(5.8) 155.5 (6.0) .019°
Weight, kg 55.1(10.0) 53.0(8.6) 2127
Body mass index, kg/m2 22.2(3.8) 21.9 (3.2) .8052
Waist-hip ratio 0.87 (0.06) 0.89 (0.06) .005%
Fat mass, kg 16.4 (7.4) 15.1(5.8) .358°2
Lean mass, kg 38.7 (3.6) 37.8(3.8) 1612
Muscle mass, kg 36.5(3.3) 35.7 (3.5) 1612
Water mass, kg 27.9 (3.3) 27.5(3.3) .295°
Basal metabolism, MJ/day 4.71(0.53) 4.54(0.52) .035?
Viceral fat level 5.2(2.9) 5.8(2.3) .012?2
Resting energy expenditure, MJ/day 7.03(1.88) 6.78 (1.77) 4552
Body temperature, °C 36.2(0.7) 36.0(0.5) .003?
Physical fitness test
Hand-grip strength, kg 25.4 (5.0) 25.1(4.3) 4322
Ruler drop test, cm 22.8 (4.0) 23.2 (4.4) .512°
Sit-and reach test, cm 34.9 (9.8) 37.8 (10.5) .021°
Cardiovascular parameters
Systolic blood pressure, mmHg 125.9 (17.4) 125.9 (18.8) 7642
Diastolic blood pressure, mmHg 76.0(12.0) 74.1 (12.3) 2347
Heart rate, min™* 79.4 (13.5) 75.3(10.0) 0667
Cardio-ankle vascular index 7.41(0.71) 8.00(0.79) <.001°
Ankle-brachial pressure index 1.11 (0.06) 1.11 (0.07) .898?
Lifestyle factors
Smoking, %
None/fewer than 20/20 or more 92.2/4.8/3.0 93.7/1.3/5.1 .291°
cigarettes per day
Drinking, %
Never/sometimes/daily 59.6/30.1/10.2 75.9/16.5/7.6 .039°
Caffeine, %
Never/1-2 times/3 or more times per 8.4/36.1/55.4 12.8/25.6/61.5 .205°
day
Exercise, %
Yes/no 41.0/59.0 67.9/32.1 <.001°
Menopausal Health-Related Quality of Life Questionnaire
Somatic symptom score (0-18 points) 13.1 (4.0) 15.3(3.6) <.001?
Vasomotor symptom score (0-6 points) 3.5(2.2) 4.5(1.9) <.001?
Insomnia symptom score (0-6 points) 3.9(2.1) 4.5(1.8) .066°
Life satisfaction score (0-15 points) 7.2 (3.4) 9.1 (3.3) <.001°
Social involvement score (0-16 points) 9.1(2.9) 10.3 (2.8) .003?
Hospital Anxiety and Depression Scale 14.3 (6.4) 11.0(6.1) <.001°
Anxiety subscale score 7.3 (3.5) 6.1 (3.5) .013°
Depression subscale score 6.9 (3.6) 4.9(3.2) <.001?

Note: Values are mean (standard deviation) or percentage.
2Mann-Whitney test
bChi-squared test.
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TABLE 4 Comparison of the daily intake of nutrients between the middle-aged and senior female participants

Nutrients

Total energy, MJ

Protein, %E

Animal protein, %E
Vegetable protein, %E
Carbohydrate, %E
Soluble dietary fiber, g/MJ
Insoluble dietary fiber, g/MJ
Dietary fiber, g/MJ

Fat, %E

Animal fat, %E

Vegetable fat, %E
Saturated fatty acid, %E
Monounsaturated fatty acid, %E
Polyunsaturated fatty acid, %E
Cholesterol, mg/MJ

n-3 fatty acid, %E

n-6 fatty acid, %E

Ash, g/MJ

Sodium, mg/MJ
Potassium, mg/MJ
Calcium, mg/MJ
Magnesium, mg/MJ
Phosphorus, mg/MJ

Iron, mg/MJ

Zinc, mg/MJ

Copper, mg/MJ
Manganese, mg/MJ
Retinol, pg/MJ
p-Carotene, pg/MJ
Retinol equivalent, pg/MJ
Vitamin D, ug/MJ
a-Tocopherol, mg/MJ
Vitamin K, pg/MJ
Vitamin B,, mg/MJ
Vitamin B,, mg/MJ
Niacin, mgNE/MJ
Vitamin B,, mg/MJ
Vitamin B, ,, pg/MJ

Folic acid, pg/MJ
Pantothenic acid, mg/MJ
Vitamin C, mg/MJ
Daidzein, mg/MJ
Genistein, mg/MJ
Alcohol, %E

Note: Values are mean (standard deviation).
Abbreviation: NE, niacin equivalent.

2Mann-Whitney test.

ODAI ET AL.

Middle-aged (N = 166)
6.95(1.92)
15.5(3.1)

8.7(3.2)
6.8 (1.3)
52.8(8.2)
0.46(0.16)
1.25(0.40)
1.76 (0.59)
28.2(5.7)
12.6 (4.1)
15.7 (3.8)
7.7 (1.9)
10.0(2.3)
6.8 (1.5)
43.9 (15.3)
1.3(0.4)
54(1.2)
2.50(0.47)

550.0 (111.0)

369.3 (104.0)
78.8(27.2)
35.4(8.4)

142.3 (31.2)

1.09 (0.28)

1.09(0.18)

0.15 (0.03)

0.42(0.15)

53.1(31.7)
582.2(375.2)

101.9 (46.7)
1.66(1.12)
1.05(0.27)
49.0 (25.6)
0.11 (0.02)
0.19 (0.05)
2.30(0.61)
0.17 (0.04)
1.14 (0.54)
49.0 (18.7)
0.90(0.1)
16.9(7.7)
2.01(1.3¢6)
3.50(2.29)

2.7 (6.1)

Senior (N = 79)
7.27 (1.96)
17.6 (2.5)

10.4 (2.8)
7.2(1.3)
52.4(7.1)
0.56 (0.16)
1.53(0.43)
2.17 (0.59)
27.7 (4.9)
13.3(3.9)
14.4 (3.4)

7.5 (2.0)
9.6 (2.0)
6.8(1.2)
47.2 (15.1)
1.5(0.4)
5.3(1.0)
2.90(0.54)

618.8 (146.5)

446.9 (94.7)
97.8(29.9)
41.8 (7.2)

164.9 (28.8)
1.30(0.24)
1.18 (0.15)
0.17 (0.02)
0.49 (0.13)
53.8(29.7)

768.9 (400.1)

118.2(38.9)

2.41(1.41)
1.17(0.23)

60.9 (28.3)
0.12(0.02)
0.21(0.04)
2.61(0.51)
0.21(0.04)
1.51 (0.64)
61.7 (18.4
1.01(0.15
22.8(7.6)

2.44(1.16)
4.13(1.95)
2.0(5.7)

)
)

p-Value®

174
<.001
<.001

.020

561
<.001
<.001
<.001

.502

165

.009

120

.130

.874

.054
<.001

.333
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

oS3l
<.001

.002
<.001
<.001

.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

.006

.005

.001
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TABLE 5 Relationship between daily intake of copper (10 mg/kJ)
acid and severity of subjective forgetfulness

Nutrient OR 95% ClI \p/alue
Model 1 Potassium (g/kJ) 0.63 0.25-1.54 312
Magnesium (mg/kJ) 1.00 0.99-1.01 748
Copper (10 mg/kJ) 1.34 1.11-1.66 .004
Vitamin B, (mg/kJ) 2.15 0.21-20.27  .500
Model 2 Copper (10 mg/kJ) 1.17 1.03-1.35 .021
Model 3 Copper (10 mg/kJ) 1.25 1.08-1.50 .006

Note: Model 1: multivariate logistic regression model, adjusted for the
selected nutrients. Model 2: multivariate logistic regression model,
adjusted for age and body mass index. Model 3: multivariate logistic
regression model, adjusted for age, body mass index, and the related
background factors.

Abbreviations: Cl, confidence interval; OR, odds ratio.

in Menkes disease causes neurological disorders. Therefore, Cu lev-
els in the brain are strictly regulated. Additionally, many studies have
reported associations between Cu metabolism and neurodegener-
ative diseases, such as AD, Parkinson's disease, and Huntington's
disease (Bagheri, Squitti, Haertlé, Siotto, & Saboury, 2018; Scheiber
et al.,, 2014). However, there has been no consistency among studies
on the relationship between Cu and these diseases, so the exact role
of Cu in these diseases has not been fully elucidated.

Alzheimer's disease is an irreversible progressive disease char-
acterized by neurofibrillary tangles and senile plaque (B-amyloid
deposits). Significantly lowered Cu levels in the hippocampus in AD
patients have been reported (Deibel, Ehmann, & Markesbery, 1996;
Xu et al., 2016). A meta-analysis found Cu depletion in several
brain regions in patients with AD (Schrag, Mueller, Oyoyo, Smith,
& Kirsch, 2011). In contrast, several reports have found a high
accumulation of Cu in senile plaque related to amyloid formation
(Lovell, Robertson, Teesdale, Campbell, & Markesbery, 1998; Miller
et al., 2006). Squitti et al. (2014) showed nonbound caeruloplasmin
Cu to be a predictor of the development of AD in patients with mild
cognitive impairment. They also reported that serum Cu levels and
nonbound ceruloplasmin Cu levels in AD patients were greater than
those in a healthy control group (Squitti et al., 2018). Moreover,
James et al. (2012) demonstrated that deranged Cu metabolism in
AD was responsible for oxidative stress. Chen et al. (2019) also re-
ported that Cu exposure disturbed brain function in wild-type mice
and exacerbated neurodegenerative changes in AD model mice,
suggesting that Cu overload could induce mitochondrial and syn-
aptic dysfunctions, some of the early changes seen in the course of
AD (Lin et al., 2016).

Similarly, there have been several reports on the association
between Cu and cognitive function. A cross-sectional study of 188
Chinese people aged 65 years or over associated high plasma Cu lev-
els with cognitive dysfunction (Smorgon et al., 2004). In a cohort
study of 1,451 residents (629 men and 849 women) aged 60 years
or over, inverse correlations between plasma Cu concentrations

and long- and short-time recall were observed only in women (Lam
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et al,, 2008). Salustri et al. (2010) found that serum levels of non-
bound caeruloplasmin Cu were negatively correlated with cognitive
function in 64 healthy women over 50 years old. Furthermore, in
a prospective study of 3,718 male and female local residents aged
65 years or over, cognitive function in those with a high intake of
saturated and trans fats declined rapidly via increased Cu intake
(Morris et al., 2006). An animal study also demonstrated that Cu
consumption induced p-amyloid accumulation and impairment of
memory and learning in cholesterol-fed rabbits, suggesting that
Cu obstructs p-amyloid clearance and accelerates its accumulation,
caused by elevated brain cholesterol (Sparks & Schreurs, 2003). Our
findings of an association between increased Cu intake and subjec-
tive forgetfulness only in senior women might indicate that changes
in lipid metabolism caused by estrogen depletion modify the effects
of Cu intake on cognitive function in elderly women. According to
the National Health and Nutrition Survey 2017 conducted in Japan,
the mean consumption of Cu gradually increased with advancing age
in adult women (Ministry of Health, Labor, & Welfare, Japan, 2019).
Among our study participants, the mean daily Cu intake in the senior
group was significantly higher than that in the middle-aged group, so
our results might be affected by this difference.

One of the major limitations of our study was the small and nar-
row study population, making it difficult to generalize our findings to
a wider population. Second, because of the cross-sectional nature
of our study, any causal relationship remains unclear. Moreover, we
did not evaluate objective measures of cognitive function or assess
the participants’ serum concentrations of Cu, nor did we investigate
several influential factors on cognitive function, such as the usage
of supplements and cognitive training, and on Cu metabolism in-
cluding gastrointestinal disorders and renal failure. Additionally, the
statistical significance of the results could have occurred by chance
because of the analysis of multiple variables. Finally, the BDHQ, a
method to determine the frequency of food eaten, was based on
food recall and provided information only for the listed foods and
beverages. Further studies should determine the exact effect of Cu
intake on cognitive function.

In conclusion, in this study, high consumption of Cu was posi-
tively associated with the severity of subjective forgetfulness in
Japanese senior women. Therefore, decreasing Cu intake could help

ameliorate this symptom for this population.
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