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ABSTRACT

The number of individuals with age-related mild cognitive impairment and subsequent dementia has
inevitably increased with the rise in population aging. It is important to maintain cognitive function or
decelerate declines in cognitive function. However, the evidence on lifestyle-based factors associated with
this decline is lacking. Here, we investigated modifiable lifestyle-based factors associated with chronological
cognitive decline in cognitively healthy adults aged 260 years (Mini-Mental State Examination [MMSE]
score 227). This case-control study enrolled 363 participants who were divided into two groups based
on annual declines in MMSE score: 40 cases with an MMSE score decline of 0.5 points/year and 323
controls with maintained MMSE scores. Smoking, lower social functioning scores on the 36-Item Short
Form Health Survey version 2, higher Pittsburgh Sleep Quality Index (PSQI) global scores, and sleep
disorders were significantly associated with a decline in MMSE scores. Multivariate logistic regression
analysis revealed higher age, current smoking status, and either higher PSQI global scores or sleep
disorders to be independently associated with MMSE score decline. In conclusion, the present study
identified aging, smoking, and sleep quality as factors associated with a greater decline in MMSE scores
in cognitively healthy individuals. Our findings highlight the potential importance of lifestyle factors in
preventing cognitive decline.
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Abbreviations:

CI: confidence interval

MCI: mild cognitive impairment

MMSE: Mini-Mental State Examination

OR: odds ratio

PSQI: Pittsburgh Sleep Quality Index

SF: social functioning

SF-36: 36-Item Short Form Health Survey version 2
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INTRODUCTION

Cognitive dysfunction, such as dementia, is common among older individuals worldwide and
is a major public health concern.! Although some dementias are treatable, such as dementia
caused by chronic subdural hematoma, almost all cognitive decline results from age-related
irreversible neurodegeneration or cerebrovascular lesions. Indeed, the ever-increasing number of
people with dementia associated with the global aging of the population has attracted public
health attention.? Between 1999 and 2014, the estimated prevalence of dementia among individuals
aged 265 years increased from 681.9 to 2,029.5 per 100,000 population, respectively.>* By 2050,
individuals aged 260 years are predicted to account for 35% of the European population, 28%
of the North American population, and 24% of the Asian population.® In Japan, considering
its hyper-aged society, individuals aged >60 years have been predicted to account for 42% of
the total population by 2050.° Given this evidence on continued global population aging, the
prevalence of age-dependent dementia is expected to increase in the future.

Mild cognitive impairment (MCI) is defined as an intermediate prodromal condition that
progresses from normal cognitive function to dementia.® Individuals with MCI more closely
resemble patients with Alzheimer’s disease than healthy individuals in terms of memory. The
rate at which patients with MCI develop dementia per year (approximately 12%) is significantly
higher, than that at which healthy individuals develop MCI or dementia per year (1-2%).” In
addition, a meta-analysis of 41 cohort studies supported the difference in the conversion rate
to dementia between healthy and MCI individuals.® In other words, prevention of MCI would
contribute significantly to reducing the incidence of dementia. Patients with MCI are mostly
asymptomatic, and the diagnosis of MCI mainly depends on volunteer screening tests, such as
the Mini-Mental State Examination (MMSE). For this reason, the factors associated with the
development of MCI should be investigated in detail.

Preventive medicine is highly important in terms of individual quality of life and health
economic aspects. Prevention against dementia is especially important because it requires social
support, and effective pharmacological treatments that dramatically improve MCI or dementia
are lacking to date. Currently, abundant evidence has identified risk factors for cognitive decline
and the development of dementia, including dietary patterns,’ excessive alcohol consumption,'
and sleep problems."" However, to date, few studies have focused on the risk factors for the
conversion from normal cognitive function to the onset of MCI.

Therefore, we conducted a case-control study to explore modifiable lifestyle factors associated
with cognitive function decline in individuals with normal cognitive function.
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MATERIALS AND METHODS

Study subjects and design

This case-control study was performed as a part of an ongoing observational study to explore
factors associated with cognitive dysfunction. In the original study, residents living in the Iwaki
District in Aomori Prefecture were invited to the Iwaki Health Promotion Project annually since
2005.1213 Approximately 1,000 subjects attended health check-ups annually. Since the final goal
was to extend life expectancy, we measured a comprehensive range of items (approximately
2,000 items in total), including invasive and noninvasive clinical laboratory parameters, body
composition parameters, lifestyle, medications, exercise capacity, and cognitive ability, including
the MMSE (since 2008). Subjects who underwent a health check-up between 2008 and 2015
and met the definition of a case or control were included. From 2008 to 2015, 2,373 individu-
als participated in a health check-up at least once. The mean number of times each subject
participated in health check-ups was 3.29.

Ethical statement

The study protocol adhered to the guidelines of the Declaration of Helsinki and was approved
by the Institutional Review Board of the Hirosaki University School of Medicine (2021-166),
Human Genome and Gene Analysis Research Ethics Committee of Nagoya University (2016-
0137), and Ethics Committee of Tokyo Medical and Dental University (M2020-186). All subjects
provided written informed consent.

Definitions of cases and controls

The case and control groups were defined post hoc based on our dataset. Figure 1 shows the
selection process of the study subjects. First, participants <60 years of age were excluded from this
observation because the clinical characteristics of younger patients with dementia and individuals with
age-dependent cognitive decline are different'*!> Second, we defined baseline as the time of the first
health check-up for each subject. To exclude subjects with MCI at baseline, we excluded those with
an initial MMSE score of <27.'° To consider the learning effect of repeated MMSE administration,
only subjects who completed the MMSE at least three times were included (all subjects were
followed for at least 2 years). Furthermore, 33 subjects with >1 missing value for lifestyle factors
were excluded. Finally, 363 subjects (male: 119; female: 244) were included in the study.

For the remaining 363 subjects, we evaluated the chronological change in MMSE scores as
a risk marker for cognitive decline during the observation periods for each subject. The change
in MMSE scores was calculated based on the following formula: (baseline MMSE score — last
MMSE score)/observation period (point/year). Based on this change, each subject was classified
into either the case or control group. Generally, MMSE scores for individuals with normal
cognitive function fluctuate only negligibly,” and their gradient steepens with increasing risk of
cognitive decline by aging. The average slopes of annual decline in MMSE scores at ages 41
years and 84 years were —0.04 points/year (95% confidence interval [CI]: —0.05, —0.03) and
—0.53 points/year (95% CI: —-0.55, —0.50), respectively.!” In this study, a decrease in the MMSE
score of >0.5 points/year was set as the cutoff value for classifying cognitive decline. As such,
subjects whose MMSE scores declined by at least 0.5 points/year from baseline were added to
the case group, while those who did not meet this criterion were assigned to the control group.
Finally, 40 and 323 individuals were classified as cases and controls, respectively.

For sensitivity analysis, we performed an analysis using age- and sex-matched data. Case and
control subjects were matched individually according to their sex and age; a total of 37 cases
and 37 control subjects were included in the analysis.
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People who participated in a health check-
up at least once between 2008 and 2015
N =2,373

Exclusion
» Subjects aged < 60 years (N = 1,295)
» Subjects completed the MMSE fewer than
three times (N = 548)
*  MMSE score of < 27 at baseline (N = 136)
* Subjects with at least one missing value
for lifestyle factors (N = 31)

Decline in MMSE score

of 20.5 per year No

Cases Controls
N =40 N =323

\_'_1

[Age and sex matching ]

!—‘—\

Cases #2 Controls #2
N =37 N =37

Fig. 1 Participant flowchart
MMSE: Mini-Mental State Examination

Administration of the MMSE

The subjects’ global cognitive status was evaluated using the MMSE. This test assesses ori-
entation to place and time, short-term memory, episodic long-term memory, subtraction, sentence
construction ability, and oral language ability.”® The maximum score was 30. The cutoff point
for MCI has been generally set to 27. We used the Japanese version of the MMSE, which has
been confirmed to be reliable and valid.”

Measurement of anthropometric variables and lifestyle factors

All data were obtained from the Iwaki Health Promotion Project. We obtained data on height
and weight, which were used to calculate the body mass index. Lifestyle factors, such as smok-
ing status, alcohol consumption, exercise habits, family structure, health-related quality of life,
and sleep were included among the items annually assessed between 2008 and 2015. Data on
smoking status, alcohol consumption, exercise habits, number of family members living together,
and marital status were obtained through self-report questionnaires.

Smoking status was assessed using this question: “Please select the following options regarding
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your current smoking status”; the subjects had three choices: current, ever, and never/chance.
Regarding alcohol consumption, the question was “Please select from the following options
regarding your drinking status throughout the year”; the subjects had three choices: current, ever,
and nothing (including several times a month at banquets). Based on this response, the subjects
were classified into three categories: current, ever, and never/chance. The subjects were asked
about exercise habits in a five-choice format with the questions “Do you exercise or play sports
regularly outside?” and “Do you exercise or play sports regularly outside even in winter?” The
subjects selected from the following five categories: rarely, once per week, two to three times
per week, four to five times per week, or almost every day. The subjects who answered “rarely”
were classified as having no exercise habit, whereas the remaining subjects were classified as
having an exercise habit.

Measurement of health-related quality of life

Health-related quality of life was assessed using the 36-Item Short Form Health Survey version
2 (SF-36). The SF-36, a self-administered questionnaire used to measure health-related quality
of life, comprises 36 items and 8 subscales.”’ We used the Japanese version of the SF-36.2!'%2
The score for each subscale is obtained by calculating the mean score for all items in the
specific subscale. Each scale is represented by a score ranging from 0 to 100, with a higher
score indicating a higher health-related quality of life. The physical subscales include physical
functioning, role limitations attributable to physical problems, body pain, and general health. The
mental subscales include vitality, social functioning (SF), role limitations attributable to emotional
problems, and mental health.

Administration of the Pittsburgh Sleep Quality Index

The subjects were assessed using the Pittsburgh Sleep Quality Index (PSQI), a self-report
measuring subjective sleep quality over the past 4 weeks that consists of 18 questions.” The 18
items of the PSQI consist of 7 components, namely, sleep quality, sleep latency, sleep duration,
sleep efficiency, sleep disturbance, sleep medication, and daytime dysfunction, with scores ranging
from O to 3, which are summed to yield a global score. The higher the score, the worse the
quality of sleep. Sleep disorder was defined by a PSQI global score of >6. Furthermore, scores for
each of the seven PSQI components were calculated. We used the Japanese version of the PSQI.?*

Statistical analyses

The distributions of continuous and categorical variables at baseline were compared between
the case and control groups using Student’s z-test and Fisher’s exact test, respectively.

We defined a decline in the MMSE score as a reduction of at least 0.5 points per year in
the MMSE score from baseline to the last visit. We performed univariate logistic regression
analysis to assess the association between a decline in the MMSE score and other baseline
variables. Continuous variables included age, body mass index, number of family members,
SF-36 scores, PSQI global score, and those subscores at baseline. Binary variables included
biological sex, the presence of routine smoking habits, routine alcohol habits, exercise habits,
exercise habits in winter, having a spouse, and sleep disorders at baseline. We also performed
multivariate logistic regression analysis with adjustment for age and sex as typical demographics
to assess the association among the decline in the MMSE scores and each of these variables at
baseline. Pearson’s correlation coefficient was calculated to assess the correlation between SF-36
and PSQI global scores.

Regarding sensitivity analysis, we performed a conditional logistic regression analysis to
compare the age- and sex-matched datasets.
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All statistical analyses were performed using R version 4.0 (http://www.r-project.org/). A
P-value of <0.05 was considered statistically significant. Multiple testing correction was not
performed because all hypotheses were considered independently.?

RESULTS

Baseline characteristics

Based on the health check-up data from 2008 to 2015, we identified 40 case subjects and 323
control subjects among the 2,373 subjects with at least one check-up during the study period.
The baseline characteristics of the study subjects are listed in Table 1. The MMSE scores at
baseline were not significantly different between the case and control groups. In the case group,
the median MMSE score decline was 0.67 points/year (interquartile [IQR]: 0.50 to 1.00) and 21
(52.5%) subjects were considered to have potential MCI, with an MMSE score of <27, during
the observation period. Contrastingly, the median MMSE score decline in the control group
was 0 points/year (IQR: —0.14 to 0.14), and only five (1.5%) subjects were considered to have
potential MCI during the observation period.

The mean age and PSQI global score values were significantly higher in the case group than
in the control group. Subjects with sleep disorders were almost 3 times more likely to show
a higher MMSE score decline than those without sleep disorders. As subscales of the PSQI,
the mean sleep quality and sleep medication scores significantly differed between the case and
control groups.

Table 1 Baseline characteristics of the study subjects

Variable (IIC(;nI;';);) (ncjsjo) P value

Age (years) 64.8 £5.2 68.3 £ 6.8 <0.001
Male, n (%) 105 (32.5) 14 (35.0) 0.725
MMSE score 29.1 £ 1.0 29.4 + 0.8 0.111
BMI (kg/m?) 233 £ 29 229 + 3.6 0.418
Smoking, n (%)

Never 257 (79.6) 29 (72.5) 0.163

Current 26 (8.0) 7 (17.5)

Ever 40 (12.4) 4 (10.0)
Drinking, n (%)

Never/Chance 200 (61.9) 26 (65.0) 0.946

Current 113 (35.0) 13 (32.5)

Ever 10 (3.1) 1 (2.5
Exercise habit, n (%) 118 (36.5) 17 (42.5) 0.490
Exercise habit in winter, n (%) 109 (33.7) 18 (45.0) 0.164
Has a spouse, n (%) 247 (76.5) 25 (62.5) 0.080
Number of family members 3.6 + 1.8 34 + 19 0.483
SF-36

PF 83.3 + 164 83.4 £ 17.6 0.991

RP 89.8 + 16.5 86.4 + 20.8 0.237
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BP 73.1 = 21.9 724 £ 26.5 0.850
GH 61.6 + 164 61.3 + 19.7 0.934
VT 68.3 + 17.6 72.5 = 19.1 0.161
SF 925 + 14.5 87.5 + 21.9 0.057
RE 923 + 15.7 89.0 + 20.0 0.218
MH 78.3 = 16.7 76.3 + 194 0.480

PSQI global score 29 +£22 4.1 + 34 0.004

Components

Sleep disorder, n (%) 37 (11.5) 12 (30.0) 0.005
1—sleep quality 0.7 = 0.6 09 = 0.7 0.026
2—sleep latency 0.5 +0.8 0.8 £ 0.9 0.032
3—sleep duration 0.7 £ 0.8 0.8 £ 0.9 0.563
4—sleep efficiency 0+02 0.1 = 0.5 0.058
S5—sleep disturbances 0.5 = 0.6 0.6 = 0.6 0.250
6—sleep medication 0.2 £ 0.6 04 £ 1.0 0.023
7—daytime dysfunction 0.3 £ 0.6 0.5 £ 0.7 0.236

Continuous data are presented as the mean =+ standard deviation. Differences in characteristics be-
tween the case and control groups were evaluated using Student’s #-test or Fisher’s exact test.
BMI: body mass index

BP: bodily pain

GH: general health

MH: mental health

MMSE: Mini-Mental State Examination

PF: physical functioning

PSQI: Pittsburgh Sleep Quality Index

RE: role emotional

RP: role physical

SF: social functioning

SF-36: 36-Item Short Form Health Survey version 2

VT: vitality

Association among lifestyle factors and the decline in MMSE scores

We performed a simple logistic regression analysis to assess the association between a decline
in the MMSE score and each baseline variable. Table 2 shows the results of this analysis. Age
was most significantly associated with a decline in MMSE scores (odds ratio [OR] 1.11, 95%
CI 1.05-1.17, P < 0.001). We also found a significant association between the PSQI global
score and its subscale scores, such as sleep quality, sleep latency, and sleep medication, and the
decline in MMSE scores (Table 2).

Nagoya J. Med. Sci. 87. 105-121, 2025 111 doi:10.18999/nagjms.87.1.105



Masahiro Nakatochi et al

Table 2 Results of the logistic regression analysis with the decline in the MMSE score

Univariate logistic

Multivariate logistic

Variable Reference regression regression
OR (95% CI) P value OR (95% CI) P value

Age - (1.015'—11].17) <0.001 - B
Sex (male) Female (0.4(;'5319.78) 0.752 - -
BMI - (0.8(;?15.07) 0417 (0.8%—916.08) 0455
Smoking (current) Never/Ever (0.9%§f62.01) 0.056 (1.25;61}).1 6) 0.015
Drinking (current) Never]gszrancer/ (. 4(4)319.80) 0.756 (0.306.§27.13) 0.764
Exercise habit (yes) No (. 6163;3.50) 0.462 (. 616—3;) 57) 0.452
](Ey);esr)dse pebit n winer No (0.813f;.12) 0.162 (0.719.;536.08) 0-200
Has a spouse (yes) No (0.9}8.—935.89) 0.058 (0.711'_5;34) 0.275
ey - (0.7(;'?13 13 0483 (0.7%2915.15) 0.623
SF-36

PE - (0.91;'9?.02) 0.991 (0.919'?11.04) 0.228

RP - (0.9%—919.01) 0.239 (0.9%_919.01) 0415

BP - (0.9%3?.01) 0.850 (0.919??01) 0.996

GH - 090y 094 ossaon 0

VT - 0ston 0162 0scton 02

SE - (0.9(;'—918 o0y 0063 (0.9%—9?.00) 0.048

RE - (0.9%1?01) 0-221 (0.9%—919 on 042

MH - 09T a0y 0479 o9t oy 0314
PSQI global score - (1.0]5'_]18.33) 0.006 (1.02'71332) 0.008
Sleep disorder (yes) No (1'535'_371'07) 0.002 (1'325'_925 4) 0.007
Components

1—sleep quality - (1'016'_7;98) 0.028 (1_117'_9;32) 0.011
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1.48 1.33

2—sleep latency - (1.03-2.14) 0.035 (0.91-1.95) 0.135
3—sleep duration - (0.716.—112.67) 0.562 (0.811.—2?94) 0.251
4—sleep efficiency - (0.829353. 62) 0.088 (. 618.7—4%.32) 0.251
5—sleep disturbances - (0.719.fg.48) 0.250 (0.713'_321.35) 0.370
6—sleep medication - (1.013312) 0.030 (1.01).?;.08) 0.050
7—daytime dysfunction - (0.812'326'27) 0.238 (0.818.?28. 49) 0.141

The odds ratios (ORs), confidence intervals (Cls), and P values were calculated using logistic regression
analysis. Multivariate logistic regression was performed with adjustment for age and sex. Abbreviations
are explained in the footnote to Table 1.

Next, we performed a multivariate logistic regression analysis with adjustment for age and sex
and found that current smoking status was 3.6 times more likely to be associated with a higher
MMSE score decline than never- or ever-smoking status (OR 3.61, 95% CI 1.28-10.16, P =
0.015). Regarding the SF-36, a lower SF score was associated with a higher decline in MMSE
scores (OR 0.98, 95% CI 0.96-1.00, P = 0.048). A higher PSQI global score was associated with
a higher decline in MMSE scores (OR 1.18, 95% CI 1.04-1.32, P = 0.008). Subjects with sleep
disorders showed a three-fold higher decline in the MMSE score than that in those without (OR
2.98, 95% CI 1.35-6.54, P = 0.007). Among subscale scores of PSQI, higher scores for sleep
quality and sleep medication were associated with a higher decline in MMSE scores.

We performed an additional multivariate logistic regression analysis, including the aforemen-
tioned variables, to confirm those independently associated with a significant decline in MMSE
scores. Table 3 shows the results of a multivariate logistic regression analysis of age, smoking,
the SF score of the SF-36, and the PSQI global score. We found that age, smoking, and the
PSQI global score were independently associated with a decline in the MMSE score; however,

Table 3 Multivariate logistic regression analysis of the association between a decline in the MMSE score
and age, smoking status, social functioning score on the SF-36, and the PSQI global score

Variable OR (95% CI) P value
Age 1.12 (1.06-1.19) <0.001
Current smoking (vs never/ever smoking) 3.93 (1.48-10.45) 0.006
SF-36 SF 0.99 (0.97-1.00) 0.145
PSQI global score 1.16 (1.03-1.31) 0.018

CI: confidence interval

MMSE: Mini-Mental State Examination

OR: odds ratio

PSQI: Pittsburgh Sleep Quality Index

SF: social functioning

SF-36: 36-Item Short Form Health Survey version 2
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Table 4 Multivariate logistic regression analysis of the association between a decline in the MMSE score
and age, smoking status, social functioning score on the SF-36, and sleep disorder

Variable OR (95% CI) P value
Age 1.12 (1.05-1.18) <0.001
Current smoking (vs never/ever smoking) 3.79 (1.43-10.06) 0.007
SF-36 SF 0.99 (0.97-1.00) 0.127
Sleep disorder 2.66 (1.18-5.96) 0.018

CI: confidence interval

MMSE: Mini-Mental State Examination

OR: odds ratio

SF: social functioning

SF-36: 36-Item Short Form Health Survey version 2

the SF score showed no such association. Table 4 shows the results of a multivariate logistic
regression analysis that included age, smoking, the SF score of SF-36, and sleep disorders.
This result also indicated that age, smoking, and sleep disorders, but not the SF score, were
independently associated with a decline in the MMSE score. We assessed the correlation between
the PSQI global score and SF score and found a significant negative correlation between these
variables (r = —0.262, P < 0.001).

Results of analyses using age- and sex-matched datasets

For the sensitivity analysis, we created age- and sex-matched datasets from the original dataset
(Fig. 1). After individual matching (1:1), we obtained 37 cases and 37 control subjects. The
baseline characteristics of the matched datasets are listed in Table 5. The age and sex distribu-
tions perfectly matched between the case and control groups. The MMSE scores at baseline
were not significantly different between the case and control groups. The mean values of the
PSQI global scores were significantly higher in the case groups than in the control group. The
proportion of subjects with a sleep disorder in the case group was significantly higher than that
in the control group.

We performed conditional logistic regression analysis to assess the association between a
decline in MMSE scores and each baseline variable using the matched dataset (Table 6). For
the SF-36, a lower SF score was associated with a higher decline in the MMSE score (OR
0.95, 95% CI 0.91-1.00, P = 0.034). A higher PSQI global score was associated with a higher
decline in the MMSE score (OR 1.40, 95% CI 1.06-1.83, P = 0.017). This assessment could
not be performed for smoking status due to the low number of current smokers.
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Table 5 Baseline characteristics of the age- and sex-matched dataset

Variable (go:tg(;l) (nC:S§7) P value
Age (years) 67.5 £ 6.5 67.5 £ 6.5 1.000
Male, n (%) 11 (29.7) 11 (29.7) 1.000
MMSE score 29.1 = 1.1 29.5 £ 0.7 0.051
BMI (kg/m?) 23 + 24 23 + 3.7 0.938
Smoking, n (%)
Never 31 (83.8) 28 (75.7) 0.045
Current 1 (2.7) 7 (18.9)
Ever 5 (13.5) 2 (54
Drinking, n (%)
Never/Chance 22 (59.5) 25 (67.6) 0.712
Current 13 (35.1) 11 (29.7)
Ever 2 (54) 1 (2.7
Exercise habit, n (%) 9 (24.3) 15 (40.5) 0.214
Exercise habit in winter, n (%) 7 (18.9) 15 (40.5) 0.074
Has a spouse, n (%) 23 (62.2) 22 (59.5) 1.000
Number of family members 35+ 1.7 34«19 0.697
SF-36
PF 83 + 144 82.7 = 18.1 0.944
RP 90.5 = 14.9 853 = 213 0.225
BP 74.4 + 20.8 71.6 = 27.2 0.629
GH 63 £ 16 59.8 £ 19.1 0.438
VT 68.8 = 159 70.6 + 18.6 0.646
SF 95.6 = 11.5 86.5 = 22.5 0.031
RE 89.6 £ 17.3 88.1 = 20.6 0.722
MH 79.5 £ 149 75.7 £ 19.5 0.352
PSQI global score 25+19 42 £ 35 0.010
Components
Sleep disorder, n (%) 5 (13.5) 12 (32.4) 0.096
1—sleep quality 04 = 0.6 09 = 0.7 0.001
2—sleep latency 04 £ 0.7 0.8 + 0.9 0.021
3—sleep duration 0.5 = 0.6 0.8 £ 1.0 0.123
4—sleep efficiency 0.1 £ 0.2 0.1 £0.5 0.400
5—sleep disturbances 0.6 £ 0.5 0.6 + 0.6 0.840
6—sleep medication 0.2 £ 0.7 0.5 += 1.0 0.187
7—daytime dysfunction 03 = 0.5 0.5 £ 0.7 0.262

Abbreviations are explained in the footnote to Table 1.
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Table 6 Results of the conditional logistic regression analysis with the decline
in MMSE score using the age- and sex-matched datasets

Variable Reference OR (95% CI) P value
1.01
BMI - (0.87-1.16) 0.939
Smoking (current) Never/ever NC NC
s 0.71
Drinking (current) Never/chance/ever (0.23-2.25) 0.566
. . 2.20
Exercise habit (yes) No (0.76-6.33) 0.144
. .. . 3.00
Exercise habit in winter (yes) No (0.97-9.30) 0.057
1.10
Has a spouse (yes) No (0.47-2.59) 0.827
. 0.96
Number of family members - (0.77-1.20) 0.734
SF-36
1.00
PE - ©097-1.03 97
0.98
RP - ©95-1o1y 197
0.99
BP - ©97-1.02) 037
0.99
GH - 096-1.02) 0438
1.01
VT - ©98-104 0608
0.95
SE - ©91-1.00) 0034
0.99
RE - 097-1.02) 0084
0.98
MH - ©95-101) 0
1.40
PSQI global score - (1.06-1.83) 0.017
. 3.33
Sleep disorder (yes) No 0.92-12.11) 0.067
Components
. 2.95
l—sleep quality - (1.29-6.76) 0.011
2.63
2—sleep latency - (1.12-6.19) 0.027
. 1.65
3—sleep duration - (0.88-3.13) 0.121
. 1.69
4—sleep efficiency - (0.45-6.32) 0.434
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. 0.92
S5—sleep disturbances - (0.42-2.02) 0.842
L 1.54
6—sleep medication - (0.81-2.94) 0.192
7—daytime dysfunction - 1.66 0.259
Y Y (0.69-3.97) '

BMI: body mass index

BP: bodily pain

CI: confidence interval

GH: general health

MH: mental health

MMSE: Mini-Mental State Examination
NC: not calculated

OR: odds ratio

PF: physical functioning

PSQI: Pittsburgh Sleep Quality Index
RE: role emotional

RP: role physical

SF: social functioning

SF-36: 36-Item Short Form Health Survey version 2
VT: vitality

DISCUSSION

Identifying modifiable risk factors for pre-MCI stages holds promise for earlier intervention
for dementia and MCI. This case-control study used longitudinal health check-up data from
Japanese community residents to explore lifestyle-related risk factors that contribute to cognitive
decline, as reflected by the MMSE score. Our present results demonstrated that the decline in
the MMSE score was independently associated with age, smoking status, the SF score of the
SF-36, the PSQI global score, and sleep disorder status. Given that the subjects in this study
had normal cognitive function at baseline, our results show that in addition to age, SF scores,
and sleep disorders, lifestyle factors with modifiable aspects, such as smoking habits and sleep
quality, may also be associated with the maintenance of cognitive function or deceleration of
cognitive decline.

Many observational studies have demonstrated the negative effects of smoking on cognitive
function. Ohara et al reported that the risk of all-cause dementia was significantly greater in
current smokers than in never-smokers (hazard ratio [HR] 2.28, 95% CI 1.49-3.49) in late
or mid-life in a Japanese population residing in the southern part of Japan.'” Kawakami et al
reported that higher smoking levels were dose-dependently associated with a higher HR (adjusted
P for trend = 0.0105), with the >20 cigarettes/day group having a significantly higher adjusted
HR (1.80) in middle-aged and older Japanese individuals.?® A meta-analysis that incorporated 37
studies also supported the results of our study, demonstrating that smoking is associated with the
risk of all-cause dementia.”’” In contrast, epidemiological evidence suggests that smoking has a
protective effect on cognitive function.?® Additionally, nicotine could enhance neurotransmission
and improve performance on certain cognitive tests.” Thus, no clear consensus has yet been
reached on the association between smoking habits and cognitive function. In this study, we
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confirmed that current smoking was significantly associated with a higher decline in the MMSE
score. Our results suggest that smoking habits may accelerate cognitive decline, at least in the
very early stages of cognitive decline during the conversion from normal cognitive function to
MCI. However, we could not elucidate the detailed mechanism of the association between smok-
ing and cognitive decline, since this was a non-interventional observational study. It is possible
that smoking contributes to cerebrovascular disease, which in turn is associated with dementia,
although smoking may not directly contribute to the development of the amyloid plaques and
tau tangles that characterize Alzheimer’s disease.® Further research is necessary to investigate
whether quitting smoking can prevent cognitive decline.

We found that a higher PSQI global score was associated with a higher decline in the MMSE
score. Moreover, subjects with a sleep disorder had a higher decline in the MMSE score than
those without. Among the component scores of the PSQI, higher scores in sleep quality and
sleep medication were associated with a decline in the MMSE score. Consistently, higher scores
for other components were also linked to a higher decline in the MMSE score, although not
significantly. Overall poor sleep quality is likely to be associated with cognitive decline. Sleep
problems have been reportedly associated with dementia for over 50 years.’! Ohara et al reported
that short sleeping hours (<5.0 h) and long sleeping hours (>10 h) were significantly associated
with the incidence rate of dementia (short: HR 2.64, 95% CI 1.38-5.05, long: HR 1.67, 95%
CI 1.07-2.60)*? in an older Japanese population. Nakakubo et al reported that the incidence
of cognitive decline differed among groups with varied sleeping hours (short, 15.9%; medium,
11.9%; long, 20.1%; P = 0.001) among 3,151 community-dwelling older Japanese individuals.*
Recently, a meta-analysis, including 51 eligible cohorts, revealed that 10 different sleep-related
exposures, including insomnia, fragmentation, daytime dysfunction, prolonged latency, rapid eye
movement sleep behavior disorder, and excessive time in bed, were associated with a higher
risk of all-cause cognitive disorders.!" Poor sleep quality increases brain amyloid [ deposition
in older adults without evidence of dementia’* These results support the validity of our findings.
Therefore, poor sleep quality is a risk factor for the early stages of cognitive dysfunction, MCI,
and dementia.

In this study, a lower SF score was associated with a higher decline in the MMSE score after
adjustment for age and sex. The SF score of the SF-36 indicates the degree of social interaction,
with a higher score corresponding to having more social interaction. Individuals living alone and
those without any close social ties have a high relative risk of developing dementia.*> These
results are consistent with our findings. However, in a multivariate logistic regression analysis that
included other significant variables, the association between the SF score and a decline in the
MMSE score was no longer significant. This may be attributed to a decrease in the quality of
sleep, which in turn decreases quality of life according to the SF score as a significant negative
correlation between the SF scores and PSQI scores was confirmed in the correlation analysis.
A number of epidemiological studies have reported that insomnia affects all aspects of social
functioning,***® and it is also associated with depression and chronic pain.?** Sleep problems
may be related to an individual’s social quality of life due to multifaceted factors that encompass
physical and mental health.

We identified significant differences in age between the case and control groups. Aging is
a risk factor for cognitive decline; therefore, we performed the same analysis using both the
age- and sex-matched datasets. Sensitivity analyses using small samples adjusted for age and sex
also showed that the PSQI global score and SF score of the SF-36 questionnaire were associated
with the annual decline in the MMSE score as well as the unadjusted analysis, implying that
poor social behavior and sleep quality may be robust predictors of very early cognitive decline.
Conversely, smoking status was not confirmed, possibly because matching reduced the sample
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size of current smokers.

However, some limitations of the present study should be acknowledged. The study was
exploratory in nature, and our findings were not validated in independent cohorts. The sample
size for this study was small, especially the number of current smokers in the case group (only
11 subjects with smoking habits). Therefore, future independent multi-center observational studies
are warranted to validate our findings; in particular, the contribution of smoking to the decline
in MMSE scores must be verified by independent studies. The cognitive function assessment in
this study was simplified based solely on the MMSE. To strengthen the findings obtained in
the present study, future validation studies should also comprehensively use other measures of
cognitive decline (eg, amyloid imaging). Furthermore, the study had a case-control design and
therefore cannot establish a cause-and-effect relationship between sleep and a slight decline in
the MMSE score. Therefore, future studies must evaluate such associations in prospective cohorts.
According to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, dementia
and MCI can be divided into multiple types, according to etiology, such as that associated with
Alzheimer’s disease, Lewy body dementia, and frontotemporal dementia.*' In this study, cognitive
decline was assessed only using MMSE score decline; hence, further studies are warranted to
determine the specific type of dementia associated with the identified factors.

CONCLUSIONS

The current findings among residents living in Japan demonstrated associations between a
higher decline in MMSE score and higher age, current smoking status, lower social functioning
scores on the SF-36, higher PSQI global scores, or sleep disorders. These variables associated
with a decline in the MMSE score include modifiable lifestyle factors, such as smoking habits,
social functioning, and sleep disorders, which may be important in preventing cognitive decline.
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