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Abstract.
Background: The relationship between coping in mid- to late life and cognitive functions remains unclear.
Objective: To investigate the relationship between habitual coping behaviors of a large Japanese population in their mid- to
late-lives and their risk of cognitive decline 15 years later.
Methods: Overall 1,299 participants were assessed for coping behaviors (in 2000) and cognition (2014–2015). We used the
Stress and Coping Inventory to assess the frequency of six coping behaviors (i.e., consulting, planning, positive reappraisal,
avoidance, fantasizing, and self-blame). Logistic regression analyses were conducted to examine odds ratios (ORs) for the
diagnosis of mild cognitive impairment (MCI), MCI subtypes (single- and multiple-domain MCI), and dementia for coping
behaviors.
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Results: Among the eligible 1,015 participants (72.6 [SD = 5.5] years old in 2014–2015), the numbers for cognitively
normal, single-domain MCI, multiple-domain MCI, and dementia were 650 (64.0%), 116 (11.4%), 213 (21.0%), and 36
(3.5%), respectively. Among the six coping behaviors, avoidant coping was significantly associated with noticeable cognitive
decline (multiple-domain MCI and dementia). This association remained significant after adjusting for sex, age, education,
diagnosis of current major depressive disorder, past history of ischemic heart disease, diabetes, regular alcohol consumption,
and smoking (OR = 2.52, 95% CI = 1.23 to 5.15). No significant association with other coping behaviors was found.
Conclusion: Avoidant coping in mid- and late life is associated with cognitive decline among older people.

Keywords: Avoidance behavior, cognitive decline, cognitive dysfunction, coping behavior, coping strategy, dementia, mild
cognitive impairment, mild cognitive impairment subtype, multiple-domain MCI, psychological adaptation

INTRODUCTION

The number of individuals with dementia and cog-
nitive impairment is rapidly increasing due to global
aging. Researchers have been pursuing the way to
treat dementia, but there is still no approved pharma-
cological intervention to reverse cognitive decline.
Thus, emphasis has been placed on reducing cog-
nitive disorders’ modifiable risks such as smoking,
excessive alcohol consumption, physical inactivity,
and infrequent social contact [1]. Recently, stress has
been implicated as a potential mechanism of neurode-
generative pathology [2]. Regarding epidemiological
studies, current meta-analysis suggests that posttrau-
matic stress disorder is a risk of cognitive decline [3].
Coping behaviors could also regulate psychological
stress [4], which has been widely studied as affecting
cognitive functions [5–7]. For example, appropriate
coping can protect against stress-related neurodegen-
eration [8, 9]. Conversely, continuous maladaptive
coping could result in functional brain network alter-
nation and structural changes such as nerve cell
damage [10, 11]. In this way, a coping strategy that
modifies both lifestyle and stress-related neuronal
changes may affect the risk of cognitive decline [5].

As of the time of this research, only a small num-
ber of studies have shown the effect of coping on
long-term cognitive prognosis, and they have done so
only in particular populations such as younger adults
[12]. These effects include multiple sclerosis [13] and
schizophrenia [14]. Although these studies showed
that excessive use of avoidant and effortful coping
predicted future cognitive decline and was associ-
ated with reappraisal and religious coping with better
cognitive function [12, 13], the focus of these previ-
ous studies was not cognitive decline in later life.
Moreover, the short-term associations may suggest
the opposite of the causal relationship between cop-
ing and cognitive functions [15]. As far as we know,
no studies have investigated the influence of cop-

ing on the development of cognitive decline among
older people. Particularly, multiple-domain MCI has
a greater impact on older people’s QOL and creates a
higher risk of dementia than single-domain MCI [16].
Therefore, using a large population cohort, we inves-
tigated the relationship between older adults’ coping
behaviors in their mid- to late-lives and the risk of
MCI subtypes and dementia.

METHODS

Study design, setting, and participants

This study, which began in 1990–1993, was con-
ducted as a subgroup of the Japan Public Health
Center-based Prospective (JPHC) study. A total
of 140,420 participants (68,722 men and 71,698
women) were longitudinally studied to explore the
evolution of multi-illness risk factors in mid-life [17].
Participants who were 40–59 years old in 1990 and
40–69 years old in 1993 were surveyed using a
questionnaire at baseline and at 5- to 10-year follow-
ups (response rate 74%–81%). The present study’s
population comprised 12,219 (6,172 men and 6,047
women) residents in the Saku Public Health Center
catchment area (Nagano Prefecture) (Fig. 1). A ques-
tionnaire survey on coping, physical complications,
and lifestyle information, including smoking status,
drinking status, and living arrangements, was con-
ducted in 2000 (10-year follow-up survey). This is the
starting point of the present study. We sent an invi-
tation letter for this mental health screening to 8,827
participants in 2014–2015 after excluding those who
subsequently moved out of the study area, died, or
did not respond to the questionnaires after 1990. Of
the 1,299 who responded, 41 people who did not par-
ticipate in the survey in 2000 (starting point; 10-year
follow-up survey) were excluded. Thus, we were able
to obtain the data of 1,258 participants. In 2014–2015
we interviewed them on the history of their formal
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Fig. 1. Derivation of the analytic sample.

education. We excluded participants with a history of
stroke (ischemic stroke, hemorrhagic stroke, and sub-
arachnoid hemorrhage) (n = 14) in the 2000 survey
because individuals with cerebral vascular disorder
may already have some cognitive impairment at the
baseline. After excluding those with missing educa-
tion values (n = 17) and coping behavior (n = 212), the
final analysis was performed on 1,015 participants.

All participants provided written informed consent
at the time of the mental health screening survey in
2014–2015, in accordance with the Declaration of
Helsinki. If the participants were unable to under-
stand the research because of cognitive decline, we
obtained consent from their substitutes, such as fam-
ily members or caregivers. The Institutional Review
Board of the National Cancer Center, Japan and Keio
University School of Medicine approved the study.
We used the STROBE case-control checklist when
writing our report [18].

Coping assessments

A coping inventory was used at the starting point
in 2000 to assess how participants cope with difficult
problems. We used the validated Japanese version of
the Stress and Coping Inventory [19]. The Stress and

Coping Inventory measures coping with responses
to stresses with 25 items, of which we selected six
questions, two for each of the three extracted fac-
tors, with a factor loadings value of 0.5 or higher.
This subset of coping questionnaires has previously
been used as the main exposure in prospective studies
on outcomes such as cardiovascular disease, suicide,
and cancer in the JPHC study [20–22]. The inven-
tory was constructed to assess six coping behaviors:
consulting, planning, positive reappraisal, avoidance,
fantasizing, and self-blame. Such coping behaviors
were assessed through the questions. Participants
responded to the question, “How do you handle
various problems and events that you experience
daily?” by indicating the extent to which they used
the following six specific coping behaviors: (1) con-
sult with someone (consulting); (2) make a plan
and carry it out (planning); (3) endeavor to find the
positive side of the situation (positive reappraisal);
(4) avoid the problem or event and do something
else (avoidance); (5) hope or fantasize about being
able to change the problem (fantasizing); and (6)
blame and criticize oneself (self-blame). Each of the
responses consisted of five options (hardly ever, occa-
sionally, sometimes, often and fairly often). Coping
behaviors were subsequently converted into binary
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variables in accordance with a previous publica-
tion [21]. Answers belonging two categories, fairly
often or often, corresponded to participants who reg-
ularly adopted such particular behaviors. Conversely,
responses belonging to the three categories of some-
times, occasionally, or hardly ever indicated that the
participant did not regularly use a particular behavior
to solve daily problems. The scores for each coping
strategy (1 = often or fairly often and 0 = sometimes,
occasionally, or hardly ever) were summed up two
broad coping strategies to assess the effect of coping
strategies (approach-oriented: consulting, planning,
and positive reappraisal; avoidance-oriented: avoid-
ance, fantasizing, and self-blame).

Mental assessment

In 2014–2015, experienced neuropsychologists
performed mental health screening and assessment
of cognitive functions. We conducted four tests to
assess participants’ mental health. First, the Mini-
Mental State Examination (MMSE), which is used
extensively in clinical and research settings to mea-
sure cognitive impairment [23]. Second, the Wechsler
Memory Scale Revised (WMS-R) logical memory
I/II subtest [24], which was designed to measure
verbal episodic memory. Third, the clock drawing
test [25], which is used to assess several cognitive
functions such as spatial dysfunction and execu-
tive functions. Finally, the Clinical Dementia Rating
(CDR) Scale [26], which is a comprehensive scale
used to quantify the severity of dementia’s symptoms.
In addition, we used the Center for Epidemio-
logic Studies Depression Scale (CES-D) [27], and
the Patient Health Questionnaire-9 (PHQ-9) [28] to
assess the participants’ depressive symptoms. More-
over, educational background and education year
were assessed through the questionnaire prior to men-
tal health screening. Obtained data were confirmed at
the screening in 2014–2015.

All participants were categorized as cognitively
normal, with MCI, or with dementia according to
the criteria used in the Japan Alzheimer’s Disease
Neuroimaging Initiative project [29]. Particularly,
mild MCI was defined as amnestic MCI, which was
originally presented by Petersen et al [30]. Partic-
ipants who were categorized into those with MCI
were further categorized into two sub-categories:
single-domain MCI (i.e., participants who showed
only memory impairment manifested by the logical
memory subset test) and multiple-domain MCI (i.e.,
participants who showed either a decline in the clock

drawing test or CDR ≥ 0.5 in at least one of the cate-
gories of orientation, judgment and problem solving,
community affairs, home and hobbies, and personal
care in addition to memory impairment) [31]. We
defined multiple-domain MCI as one of the cutoffs for
cognitive decline. This is because multiple-domain
MCI has a higher risk of conversion to dementia
than single-domain MCI [16]. Memory impairment
was assessed based on whether the participant’s score
was below the education-adjusted cut-off level in the
WMS-R Logical Memory II subtest (i.e., the score
for education for 0–9 years was 2, for 10–15 years
was 4, and for > 15 years was 8). The MMSE cut-off
point for dementia was 23.

Finally, a trained psychiatrist, blinded to the results
of the coping inventory questionnaire, determined the
final diagnosis by combining the neuropsychological
assessment and the scales of depressive symptoms
with a clinical interview. The psychiatrist diagnosed
dementia, MCI, and major depressive disorder in
accordance with the Diagnostic and Statistical Man-
ual of Mental Disorders, 4th Edition’s criteria [32].

Statistical analysis

We used the chi-square test or Fisher’s exact test
for categorical variables and t-test for continuous
variables to compare the participants’ characteristics
by coping behavior. For the main result, we con-
ducted logistic regression analyses to calculate odds
ratios (ORs). We used 95% confidence intervals (CIs)
for total MCI and dementia (reference was set as
cognitively healthy) for each coping behavior. Fur-
thermore, we calculated the OR and 95% CI for the
total multiple-domain MCI and dementia (reference
was set as normal and single-domain MCI) for each
coping behavior. We used the subjective frequency of
each coping behavior, examined the p-value for trends
in the frequency and odds of cognitive decline, and
then applied the binary variables. In calculating each
OR and 95% CI, each coping behavior was exam-
ined individually on the original five categories of
hardly ever, occasionally, sometimes, often and fairly
often and then mutually adjusted in binary variables.
The linear trend for five categories was assessed
by assigning ordinal values to each coping category
as continuous values. First, we performed logistic
regression models adjusted for sex, age (years), and
education (junior high school, high school, and col-
lege/other) (Model 1). We made further adjustments
to diagnose the current major depressive disorder,
past history of ischemic heart disease (ischemic heart
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disease or angina), diabetes mellitus, alcohol con-
sumption (regular, not regular), and smoking (current,
past/never) (Model 2). We made such adjustments
because these diseases or disorders are known to be
risk factors for dementia [1]. We categorized cur-
rent smokers and regular alcohol consumers in 2000
as having smoking and drinking habits, respectively.
Regular alcohol consumption refers to consuming
alcohol one day per week or more. We then exam-
ined Spearman’s rank correlation coefficients (cut-off
value: |r|>0.3) to confirm multi-collinearity among
covariates.

Additionally, we summed the number of approach-
oriented (consulting, planning, and positive reap-
praisal) and avoidance-oriented (avoidance, fan-
tasizing, and self-blame) coping behaviors each
participant used and applied those numbers to cal-
culate the odds of cognitive decline using logistic
regression analysis. To examine the difference in the
effect of coping according to age, we also stratified
the participants’ age (50–59 and 60-70) at the time
of coping assessment and calculated the p-value for
interaction by age and coping style. We excluded
participants with missing values for each variable
from the analysis. Moreover, we performed sensitiv-
ity analysis using the same logistic models, excluding
participants diagnosed with major depressive dis-
orders. They were excluded because they could be
classified as participants with pseudo-dementia. Fur-
thermore, we compared the demographic factors in
2000 of those who participated in the 2014-2015
survey and those who did not. All p-values were two-
sided, and statistical significance was set at a p-value
less than 0.05 except for the p-values of the Hosmer-
Lemeshow test, which were above 0.05 for all the
logistic regression analyses. We conducted all statis-
tical analyses using SPSS version 24 (IBM Corp.,
Armonk, NY, USA).

Data availability

The principal author has full access to the
data used in the analyses of the manuscript.
Qualifying researchers may request access to a
minimal dataset if they comply with certain require-
ments. Please follow the instructions provided at
https://epi.ncc.go.jp/en/jphc/805/8155.html.

RESULTS

Of the 1,015 participants eligible for analy-
sis, 42.9% (n = 435) were men. The mean age in

2000 (starting point) was 57.5 (standard deviation
[SD] = 5.4) years (ranging from 50–70 years). A total
of 85 (8.4%) out of 1,015 participants were diag-
nosed with major depressive disorder. The number of
participants categorized as cognitively healthy, with
single-domain MCI, with multiple-domain MCI, and
with dementia in the 2014–2015 survey were 650
(64.0%), 116 (11.4%), 213 (21.0%), and 36 (3.5%),
respectively. Tables 1A and 1B present the partic-
ipants’ characteristics according to specific coping
behaviors (n = 1,015). The proportion of single-
domain MCI was higher in the utilizers of planning
coping (p < 0.01) and the non-utilizers of fantasiz-
ing coping (p = 0.048). Meanwhile, the proportion of
dementia was lower in the utilizers of consult coping
(p = 0.048).

Moreover, an attrition analysis that assesses differ-
ences in sociodemographic factors and coping at the
2000 assessment between participants who did and
did not participate in the 2014-2015 assessment is
shown in Supplementary Table 4. The participants
were younger, less likely to have diabetes melli-
tus, and fewer were smokers than non-participants.
In addition, participants applied more planning and
positive reappraisal to their coping behaviors (Sup-
plementary Table 4).

Tables 2A and 2B show the association between the
frequency of coping behavior and cognitive decline
evaluated in the multiple logistic regression models
using original five categories. Further, and each cop-
ing behavior was analyzed individually. Both tables
show statistically significant increases in the ORs of
cognitive decline combined with MCI and demen-
tia (Table 2A) and cognitive decline combined with
multiple-domain MCI and dementia (Table 2B) in
participants who responded “often” regarding avoid-
ance coping behavior; however, point estimates for
ORs were lower for cognitive decline combined
with MCI and dementia (3.36 versus 2.22 in Model
2). There was a statistically significant trend that
more frequent use of avoidant coping behavior was
associated with increased odds of cognitive decline
combined with multiple-domain MCI and dementia
(Table 2B) (p = 0.04 for Model 2). There was no such
significant trend for the other five coping behaviors
(i.e., consulting, planning, positive reappraisal, fan-
tasizing, and self-blame).

Tables 3A and 3B present the association between
coping behavior and cognitive decline evaluated in
the multiple logistic regression models. In this anal-
ysis, the use of each coping behavior was converted
in a dichotomous manner, and all coping behaviors

https://epi.ncc.go.jp/en/jphc/805/8155.html
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Characteristics according to coping behaviors (n = 1,015)

Coping behavior Consulting Planning Positive reappraisal

Yes No p Yes No p Yes No p

Sample size, n (%) 96 (9.5) 919(90.5) 295(29.1) 720(70.9) 276(27.2) 739(72.8)
Basic Information from 2014-2015 survey
Men, n (%) 25 (26.0) 410(44.6) <0.01 138(46.8) 297(41.3) 0.11 109(39.5) 326(44.1) 0.19
Age(mean years ± SD) 71.6 ± 5.0 72.7 ± 5.5 0.043 73.1 ± 5.3 72.4 ± 5.5 0.27 72.8 ± 5.4 72.5 ± 5.5 0.72
Education, n (%)
Junior high school 24 (25.0) 242(26.3) 0.02 61 (20.7) 205(28.5) <0.01 58 (21.0) 208(28.1) <0.01
High school 45 (46.9) 524(57.0) 166(56.3) 403(56.0) 151(54.7) 418(56.6)
College/others 27 (28.1) 153(16.6) 68 (23.1) 112(15.6) 67 (24.3) 113(15.3)
Questionnaire survey in 2000
Complications, n (%)
Angina 0 (0) 11 (1.2) 0.28 5 (1.7) 6 (0.8) 0.23 3 (1.1) 8 (1.1) 1.00
IHD 0 (0) 9 (1.0) 0.33 2 (0.7) 7 (1.0) 0.65 3 (1.1) 6 (0.8) 0.68
Diabetes mellitus 2 (2.1) 27 (2.9) 0.63 5 (1.7) 24 (3.3) 0.16 5 (1.8) 24 (3.2) 0.22
Drinking status n (%)
Current 55 (57.3) 522(56.8) 0.60 179(60.7) 398(55.3) 0.45 159(57.6) 418(56.6) 0.90
Past 2 (2.1) 8 (0.9) 3 (1.0) 7 (1.0) 3 (1.1) 7 (0.9)
Never 39 (40.6) 384(41.8) 112(38.0) 311(43.2) 112(40.6) 311(42.1)
Smoking status, n (%)
Current 12 (12.5) 154 (16.8) 0.20 54 (18.3) 112(15.6) 0.47 46 (16.7) 120(16.2) 0.63
Past 10 (10.4) 152 (16.5) 50 (16.9) 112(15.6) 39 (14.1) 123(16.6)
Never 74 (77.1) 611(66.5) 191(64.7) 494(68.6) 191(69.2) 494(66.8)
Living arrangements, n (%)
With spouse 83 (86.5) 799(86.9) 0.89 258(87.5) 624(86.7) 0.74 239(86.6) 643(87.0) 0.86
With children 54 (56.3) 515(56.0) 0.97 151(51.2) 418(58.1) 0.045 145(52.5) 424(57.4) 0.17
With parents 31 (32.3) 241(26.2) 0.20 71 (24.1) 201(27.9) 0.21 74 (26.8) 198(26.8) 1.00
Living alone 3 (3.1) 24 (2.6) 0.77 9 (3.1) 18 (2.5) 0.62 13 (4.7) 14 (1.9) 0.013
Mental health screening from 2014-2015
CES-D (mean ± SD) 6.2 ± 5.7 6.3 ± 6.1 0.34 5.4 ± 5.6 6.7 ± 6.2 0.16 5.1 ± 5.4 6.8 ± 6.2 <0.01
PHQ-9 (mean ± SD) 2.5 ± 2.7 2.5 ± 2.8 0.69 2.2 ± 2.4 2.7 ± 3.0 <0.01 2.1 ± 2.3 2.7 ± 3.0 <0.01
MMSE (mean ± SD) 28.2 ± 1.6 27.7 ± 2.2 <0.01 27.8 ± 2.2 27.7 ± 2.1 0.82 27.8 ± 2.1 27.7 ± 2.2 0.91
MDD, n (%) 8 (8.3) 77 (8.4) 0.99 16 (5.4) 69 (9.6) 0.03 15(5.4) 70(9.5) 0.04
Cognitive function diagnosis, n (%) statdiagnosis, n (%)ding1
Normal 65 (67.7) 585(63.7) 0.43 180(61.0) 470(65.3) 0.20 182(65.9) 468(63.3) 0.44
MCI 31 (32.3) 298(32.4) 0.98 107(36.3) 222(30.8) 0.09 86 (31.2) 243(32.9) 0.60
Single-domain MCI 10 (10.4) 106(11.5) 0.74 47 (15.9) 69 (9.6) <0.01 38 (13.8) 78 (10.6) 0.15
Multiple-domain MCI 21 (21.9) 192(20.9) 0.82 60 (20.3) 153(21.3) 0.75 48 (17.4) 165(22.3) 0.09
Dementia 0 (0) 36 (3.9) 0.048 8 (2.7) 28 (3.9) 0.36 8 (2.9) 28 (3.8) 0.50

IHD, Ischemic heart disease; SD, standard deviation; MMSE, Mini-Mental State Examination; CES-D, Center for Epidemiologic Studies Depression Scale; PHQ-9, Patient Health Questionnaire-9;
MDD, major depressive disorder; Normal, cognitively normal; MCI, mild cognitive impairment, *p < 0.05 is shown in bold.



R
.Shikim

oto
etal./C

oping
and

R
isk

ofM
C

I
Subtypes

and
D

em
entia

1091
Table 1B

Characteristics according to coping behaviors (n = 1,015)

Coping behavior Avoidance Fantasizing Self-blame

Yes No p Yes No p Yes No p

Sample size, n (%) 39 (3.8) 976(96.2) 83 (8.2) 932(91.8) 49 (4.8) 966(95.2)
Basic Information from 2014-2015 survey
Men, n (%) 14 (35.9) 421(43.1) 0.37 28 (33.7) 407(43.7) 0.08 21 (42.9) 414(42.9) 1.00
Age(mean years ± SD) 72.2 ± 5.3 72.6 ± 5.5 0.71 73.2 ± 5.4 72.5 ± 5.5 0.86 74.4 ± 5.9 72.5 ± 5.4 0.28
Education, n (%)
Junior high school 7 (17.9) 259(26.5) 0.41 27 (32.5) 239(25.6) 0.29 16 (32.7) 250(25.9) 0.53
High school 23 (59.0) 546(55.9) 45 (54.2) 524(56.2) 24 (49.0) 545(56.4)
College/others 9 (23.1) 171(17.5) 11 (13.3) 169(18.1) 9(18.4) 171(17.7)
Questionnaire survey in 2000
Complications, n (%)
Angina 0 (0) 11 (1.1) 0.51 0 (0) 11 (1.2) 0.32 1 (2.0) 10 (1.0) 0.51
IHD 0 (0) 9 (0.9) 0.55 1 (1.2) 8 (0.9) 0.75 0 (0) 9 (0.9) 0.50
Diabetes mellitus 0 (0) 29 (3.0) 0.28 3 (3.6) 26 (2.8) 0.67 1 (2.0) 28 (2.9) 0.73
Drinking status, n (%)
Current 19 (48.7) 558(57.2) 0.16 36 (43.4) 541(58.0) 0.04 24 (49.0) 553(57.2) 0.56
Past 1 (2.6) 9 (0.9) 2 (2.4) 8 (0.9) 1 (2.0) 9 (0.9)
Never 18 (46.2) 405(41.5) 44 (53.0) 379(40.7) 24(49.0) 399(41.3)
Smoking status, n (%)
Current 6 (15.4) 160(16.4) 0.99 13 (15.7) 153(16.4) 0.71 8 (16.3) 158(16.4) 0.88
Past 6 (15.4) 156(16.0) 10 (12.0) 152(16.3) 6 (12.2) 156(16.1)
Never 27 (69.2) 658(67.4) 60 (72.3) 625(67.1) 35 (71.4) 650(67.3)
Living arrangements, n (%)
With spouse 36 (92.3) 846(86.7) 0.31 65 (78.3) 817(87.7) 0.02 40(81.6) 842(87.2) 0.26
With children 22 (56.4) 547(56.0) 0.96 41 (49.4) 528(56.7) 0.20 27(55.1) 542(56.1) 0.89
With parents 9 (23.1) 263(26.9) 0.59 18 (21.7) 254(27.3) 0.27 8(16.3) 264(27.3) 0.09
Living alone 2 (5.1) 25 (2.6) 0.33 6 (7.2) 21 (2.3) <0.01 1 (2.0) 26 (2.7) 0.78
Mental health screening from 2014-2015
CES-D (mean ± SD) 8.0 ± 7.4 6.2 ± 6.0 0.13 8.8 ± 7.7 6.1 ± 5.9 <0.01 10.9 ± 6.3 6.1 ± 6.0 0.70
PHQ-9 (mean ± SD) 4.2 ± 3.6 2.5 ± 2.8 <0.01 3.7 ± 3.3 2.4 ± 2.8 <0.01 3.9 ± 3.1 2.5 ± 2.8 0.07
MMSE (mean ± SD) 27.4 ± 2.3 27.7 ± 2.1 0.35 27.7 ± 2.2 27.7 ± 2.1 0.74 27.4 ± 2.3 27.7 ± 2.1 0.89
MDD, n (%) 5 (12.8) 80 (8.2) 0.31 19 (22.9) 66 (7.1) <0.01 11(22.4) 74(7.7) <0.01
Cognitive function diagnosis, n (%) statdiagnosis, n (%)ding2
Normal 22 (56.4) 628(64.3) 0.31 58 (69.9) 592(63.5) 0.25 29 (59.2) 621(64.3) 0.47
MCI 15 (38.5) 314(32.2) 0.41 21 (25.3) 308(33.0) 0.15 18 (36.7) 311(32.2) 0.51
Single-domain MCI 2 (5.1) 114(11.7) 0.21 4 (4.8) 112(12.0) 0.048 4 (8.2) 112(11.6) 0.46
Multiple-domain MCI 13 (33.3) 200(20.5) 0.053 17 (20.5) 196(21.0) 0.91 14 (28.6) 199(20.6) 0.18
Dementia 2 (5.1) 34 (3.5) 0.59 4 (4.8) 32 (3.4) 0.51 2 (4.1) 34 (3.5) 0.84

IHD, Ischemic heart disease; SD, standard deviation; MMSE, Mini-Mental State Examination; CES-D, Center for Epidemiologic Studies Depression Scale; PHQ-9, Patient Health Questionnaire-9;
MDD, major depressive disorder; Normal, cognitively normal; MCI, mild cognitive impairment, *p < 0.05 is shown in bold.
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Table 2A
Odds ratio and 95% confidence intervals for MCI and dementia with cognitive healthy as reference values according to the original scale of coping behaviors (n = 1015)

Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡
Number OR p for OR p for Number OR p for OR p for Number OR p for OR p for

(case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend

Consulting someone (Scale) Planning (Scale) Positive reappraisal (Scale)

Total (n = 1,015)

Hardly ever 83/213 1.00 0.89 1.00 0.84 60/177 1.00 0.44 1.00 0.39 42/127 1.00 0.72 1.00 0.69

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 158/425 1.05 (0.74-1.49) 1.05 (0.74-1.50) 98/275 1.11 (0.74-1.67) 1.10 (0.73-1.65) 92/259 1.24 (0.78-1.97) 1.23 (0.78-1.96)

Sometimes 93/281 0.97 (0.66-1.42) 0.95 (0.65-1.40) 92/268 1.06 (0.70-1.60) 1.06 (0.70-1.60) 137/353 1.32 (0.85-2.04) 1.30 (0.84-2.02)

Often 23/79 0.84 (0.47-1.50) 0.84 (0.47-1.50) 102/258 1.27 (0.84-1.92) 1.28 (0.85-1.94) 75/233 1.03 (0.64-1.65) 1.02 (0.64-1.65)

Fairly often 8/17 1.64 (0.59-4.53) 1.62 (0.58-4.51) 13/37 0.97 (0.45-2.09) 0.98 (0.45-2.10) 19/43 1.60 (0.77-3.30) 1.63 (0.79-3.37)

50-59 y (n = 660)

Hardly ever 41/119 1.00 0.68 1.00 0.67 34/115 1.00 0.85 1.00 0.87 25/81 1.00 0.96 1.00 0.91

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 71/261 0.80 (0.50-1.29) 0.81 (0.50-1.31) 60/184 1.16 (0.69-1.93) 1.17 (0.70-1.95) 58/187 1.07 (0.60-1.90) 1.09 (0.61-1.94)

Sometimes 63/208 0.93 (0.57-1.52) 0.93 (0.57-1.52) 47/181 0.84 (0.49-1.43) 0.85 (0.50-1.45) 66/221 0.99 (0.56-1.74) 1.02 (0.58-1.80)

Often 19/63 0.96 (0.49-1.90) 0.97 (0.49-1.91) 50/156 1.13 (0.66-1.93) 1.15 (0.67-1.97) 37/146 0.82 (0.44-1.52) 0.84 (0.45-1.56)

Fairly often 4/9 1.75 (0.43-7.01) 1.81 (0.45-7.27) 7/24 0.85 (0.32-2.26) 0.82 (0.30-2.20) 12/25 2.08 (0.82-5.29) 2.15 (0.84-5.50)

60-70 y (n = 355)

Hardly ever 42/94 1.00 0.58 1.00 0.47 26/62 1.00 0.14 1.00 0.14 17/46 1.00 0.59 1.00 0.61

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 87/164 1.54 (0.91-2.59) 1.52 (0.90-2.59) 38/91 1.07 (0.55-2.09) 1.02 (0.51-2.02) 34/72 1.64 (0.76-3.54) 1.58 (0.73-3.44)

Sometimes 30/73 0.97 (0.52-1.84) 0.92 (0.48-1.76) 45/87 1.60 (0.82-3.15) 1.55 (0.79-3.07) 71/132 2.16 (1.07-4.38) 2.04 (1.004-4.15)
Often 4/16 0.45 (0.13-1.52) 0.42 (0.12-1.46) 52/102 1.54 (0.80-2.97) 1.50 (0.78-2.91) 38/87 1.49 (0.70-3.16) 1.45 (0.68-3.08)

Fairly often 4/8 1.61 (0.37-6.99) 1.52 (0.34-6.75) 6/13 1.20 (0.35-4.16) 1.26 (0.36-4.38) 7/18 1.09 (0.35-3.43) 1.11 (0.35-3.50)

p for interaction by age group* 0.53 0.58 0.058 0.07 0.18 0.20
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Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡
Number OR p for OR p for Number OR p for OR p for Number OR p for OR p for

(case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend

Avoidance (Scale) Fantasizing (Scale) Self-blame (Scale)

Total (n = 1,015)

Hardly ever 151/420 1.00 0.40 1.00 0.41 112/319 1.00 0.73 1.00 0.89 137/368 1.00 0.999 1.00 0.82

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 136/383 1.05 (0.78-1.42) 1.05 (0.78-1.41) 132/375 1.06 (0.77-1.46) 1.05 (0.76-1.46) 141/412 0.97 (0.71-1.31) 0.94 (0.69-1.28)

Sometimes 61/173 1.08 (0.74-1.59) 1.08 (0.73-1.58) 96/238 1.36 (0.95-1.94) 1.35 (0.94-1.93) 67/186 1.00 (0.69-1.46) 0.98 (0.67-1.44)

Often 16/31 2.25 (1.06-4.79) 2.22 (1.04-4.75) 20/63 0.87 (0.48-1.57) 0.80 (0.43-1.46) 18/40 1.24 (0.63-2.43) 1.18 (0.60-2.33)

Fairly often 1/8 0.26 (0.03-2.17) 0.27 (0.03-2.28) 5/20 0.63 (0.22-1.81) 0.59 (0.20-1.71) 2/9 0.47 (0.09-2.41) 0.40 (0.08-2.08)

50-59 y (n = 660)

Hardly ever 74/256 1.00 0.49 1.00 0.48 57/201 1.00 0.24 1.00 0.28 61/224 1.00 0.32 1.00 0.34

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 80/258 1.16 (0.79-1.71) 1.17 (0.79-1.72) 69/251 0.97 (0.64-1.48) 0.96 (0.63-1.47) 93/299 1.26 (0.85-1.86) 1.26 (0.85-1.86)

Sometimes 34/120 1.04 (0.63-1.69) 1.04 (0.63-1.70) 58/158 1.50 (0.95-2.36) 1.48 (0.94-2.34) 37/113 1.42 (0.86-2.34) 1.43 (0.87-2.37)

Often 10/21 2.54 (1.01-6.37) 2.53 (1.01-6.36) 11/40 0.97 (0.45-2.08) 0.92 (0.43-2.01) 7/18 1.72 (0.63-4.70) 1.70 (0.62-4.68)

Fairly often 0/5 0.00 0.00 3/10 1.26 (0.31-5.09) 1.20 (0.29-4.92) 0/6 0.00 0.00

60-70 y (n = 355)

Hardly ever 77/164 1.00 0.47 1.00 0.52 55/118 1.00 0.45 1.00 0.34 76/144 1.00 0.33 1.00 0.15

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 56/125 0.96 (0.60-1.55) 0.95 (0.58-1.53) 63/124 1.23 (0.74-2.06) 1.25 (0.74-2.11) 48/113 0.67 (0.40-1.10) 0.59 (0.35-1.00)

Sometimes 27/53 1.30 (0.69-2.45) 1.26 (0.66-2.41) 38/80 1.14 (0.64-2.03) 1.12 (0.62-2.02) 30/73 0.65 (0.36-1.15) 0.58 (0.32-1.04)

Often 6/10 1.83 (0.49-6.84) 1.75 (0.47-6.55) 9/23 0.77 (0.30-1.97) 0.65 (0.25-1.72) 11/22 0.89 (0.36-2.20) 0.77 (0.30-1.95) 0.82

Fairly often 1/3 0.55 (0.05-6.37) 0.61 (0.05-7.00) 2/10 0.35 (0.07-1.73) 0.33 (0.07-1.71) 2/3 1.70 (0.15-19.92) 1.06 (0.09-12.59)

p for interaction by age group* 0.26 0.27 0.96 0.96 0.94 0.96

Each coping behavior was independently analyzed. The p-values of the Hosmer-Lemeshow test were above 0.05 for all the analyses. Model 1. Adjusted for sex, age, and education. Model 2.
Adjusted for sex, age, education, depression, ischemic heart disease, diabetes mellitus, regular alcohol consumption, and smoking habit.
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Table 2B
Odds ratio and 95% confidence intervals for multiple-domain MCI and dementia with cognitively healthy and single-domain MCI as reference values according to the original scale of coping

behaviors (n = 1015)

Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡
Number OR p for OR p for Number OR p for OR p for Number OR p for OR p for

(case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend

Consulting someone (Scale) Planning (Scale) Positive reappraisal (Scale)

Total (n = 1,015)
Hardly ever 57/213 1.00 0.89 1.00 0.93 48/177 1.00 0.50 1.00 0.58 28/127 1.00 0.91 1.00 0.87

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 108/425 1.06 (0.72-1.56) 1.07 (0.72-1.58) 67/275 0.91 (0.58-1.42) 0.90 (0.59-1.42) 63/259 1.32 (0.78-2.23) 1.32 (0.78-2.24)
Sometimes 63/281 1.05 (0.68-1.61) 1.04 (0.67-1.61) 66/268 0.97 (0.62-1.52) 0.97 (0.62-1.52) 102/353 1.50 (0.92-2.46) 1.48 (0.90-2.43)
Often 16/79 0.97 (0.50-1.87) 0.98 (0.51-1.90) 61/258 0.89 (0.56-1.41) 0.92 (0.58-1.45) 42/233 0.86 (0.50-1.50) 0.87 (0.50-1.52)
Fairly often 5/17 1.21 (0.39-3.73) 1.16 (0.37-3.66) 7/37 0.64 (0.26-1.58) 0.64 (0.26-1.60) 14/43 1.98 (0.90-4.35) 2.04 (0.93-4.50)
50-59 y (n = 660)
Hardly ever 30/119 1.00 0.95 1.00 0.997 27/115 1.00 0.12 1.00 0.14 16/81 1.00 0.60 1.00 0.55

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 46/261 0.74 (0.43-1.27) 0.77 (0.45-1.33) 42/184 0.99 (0.56-1.75) 1.00 (0.57-1.77) 37/187 1.16 (0.59-2.29) 1.23 (0.62-2.43)
Sometimes 38/208 0.81 (0.46-1.41) 0.83 (0.47-1.45) 29/181 0.67 (0.37-1.23) 0.68 (0.37-1.26) 45/221 1.19 (0.62-2.30) 1.26 (0.65-2.46)
Often 13/63 1.02 (0.47-2.20) 1.04 (0.48-2.25) 27/156 0.74 (0.40-1.37) 0.77 (0.41-1.43) 22/146 0.88 (0.42-1.85) 0.93 (0.44-1.95)
Fairly often 2/9 0.93 (0.18-4.91) 1.01 (0.19-5.39) 4/24 0.56 (0.17-1.83) 0.52 (0.16-1.72) 9/25 2.63 (0.95-7.25) 2.73 (0.98-7.62)
60-70 y (n = 355)
Hardly ever 27/94 1.00 0.76 1.00 0.83 21/62 1.00 0.48 1.00 0.46 12/46 1.00 0.67 1.00 0.71

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 62/164 1.53 (0.87-2.69) 1.57 (0.89-2.79) 25/91 0.76 (0.37-1.56) 0.75 (0.36-1.56) 26/72 1.62 (0.71-3.70) 1.59 (0.69-3.69)
Sometimes 25/73 1.45 (0.73-2.86) 1.42 (0.71-2.84) 37/87 1.53 (0.76-3.08) 1.50 (0.74-3.04) 57/132 2.04 (0.96-4.34) 1.98 (0.92-4.25)
Often 3/16 0.56 (0.14-2.16) 0.56 (0.14-2.22) 34/102 1.11 (0.56-2.20) 1.10 (0.55-2.22) 20/87 0.87 (0.38-2.02) 0.87 (0.37-2.04)
Fairly often 1.53 (0.33-7.12) 1.43 (0.28-7.26) 3/13 0.75 (0.18-3.13) 0.80 (0.19-3.38) 5/18 1.32 (0.38-4.57) 1.35 (0.39-4.73)
p for interaction by age group* 0.58 0.68 0.21 0.23 0.98 0.94
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Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡
Number OR p for OR p for Number OR p for OR p for Number OR p for OR p for

(case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend (case/all) (95%CI) trend (95%CI) trend

Avoidance (Scale) Fantasizing (Scale) Self-blame (Scale)

Total (n = 1, 015)
Hardly ever 99/420 1.00 0.03 1.00 0.04 68/319 1.00 0.19 1.00 0.34 89/368 1.00 0.43 1.00 0.74

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 89/383 1.07 (0.76-1.50) 1.04 (0.74-1.47) 96/375 1.32 (0.91-1.90) 1.29 (0.89-1.86) 97/412 1.06 (0.75-1.49) 1.01 (0.72-1.43)
Sometimes 46/173 1.37 (0.89-2.09) 1.34 (0.88-2.06) 64/238 1.47 (0.98-2.20) 1.45 (0.96-2.18) 47/186 1.13 (0.74-1.72) 1.07 (0.69-1.64)
Often 14/31 3.54 (1.63-7.68) 3.36 (1.54-7.34) 16/63 1.19 (0.62-2.28) 1.00 (0.51-1.97) 15/40 1.69 (0.83-3.44) 1.51 (0.73-3.11)
Fairly often 1/8 0.45 (0.05-3.97) 0.50 (0.06-4.33) 5/20 1.21 (0.41-3.58) 1.09 (0.36-3.27) 1/9 0.33 (0.04-2.87) 0.26 (0.03-2.32)
50 − 59 y (n = 660)
Hardly ever 48/256 1.00 0.18 1.00 0.18 31/201 1.00 0.08 1.00 0.11 36/224 1.00 0.15 1.00 0.19

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 50/258 1.16 (0.74-1.83) 1.16 (0.74-1.84) 53/251 1.51 (0.92-2.49) 1.49 (0.90-2.46) 64/299 1.53 (0.96-2.43) 1.54 (0.96-2.45)
Sometimes 23/120 1.18 (0.67-2.09) 1.18 (0.66-2.09) 34/158 1.58 (0.91-2.74) 1.58 (0.91-2.76) 24/113 1.63 (0.90-2.93) 1.62 (0.89-2.95)
Often 8/21 3.45 (1.31-9.13) 3.37 (1.27-8.97) 8/40 1.40 (0.58-3.39) 1.30 (0.53-3.18) 5/18 2.14 (0.70-6.59) 2.04 (0.65-6.34)
Fairly often 0/5 0.00 0.00 3/10 3.06 (0.74-12.70) 2.82 (0.67-11.91) 0/6 0.00 0.00
60 − 70 y (n = 355)
Hardly ever 51/164 1.00 0.06 1.00 0.10 37/118 1.00 0.99 1.00 0.71 53/144 1.00 0.79 1.00 0.41

(Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Occasionally 39/125 0.96 (0.57-1.60) 0.92 (0.54-1.55) 43/124 1.10 (0.63-1.90) 1.10 (0.63-1.93) 33/113 0.67 (0.39-1.15) 0.59 (0.34-1.03)
Sometimes 23/53 1.73 (0.90-3.33) 1.61 (0.82-3.14) 30/80 1.31 (0.71-2.41) 1.25 (0.67-2.32) 23/73 0.79 (0.43-1.46) 0.69 (0.37-1.29)
Often 6/10 3.89 (1.02-14.79) 3.46 (0.90-13.320) 8/23 0.97 (0.37-2.57) 0.76 (0.27-2.10) 10/22 1.35 (0.54-3.41) 1.10 (0.42-2.89)
Fairly often 1/3 0.83 (0.07-9.62) 0.93 (0.08-10.73) 2/10 0.48 (0.09-2.50) 0.45 (0.08-2.41) 1/3 0.58 (0.05-6.92) 0.41 (0.03-5.30)
p for interaction by age group* 0.42 0.49 0.65 0.60 0.64 0.53

Each coping behavior was independently analyzed. The p-values of the Hosmer-Lemeshow test were above 0.05 for all the analyses. Model 1. Adjusted for sex, age, and education. Model 2.
Adjusted for sex, age, education, depression, ischemic heart disease, diabetes mellitus, regular alcohol consumption, and smoking habit.
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Table 3A
Odds ratio and 95% confidence intervals for MCI and dementia with cognitively healthy as the reference values according to coping behaviors

by age group (50-59 years and 60-70 years) (n = 1,015)

Model 1† Model 2‡
Total (n = 1015) Number OR (95%CI) p for interaction OR (95%CI) p for interaction

by age group* by age group*

Occurrence of MCI and dementia with cognitively healthy as reference value
Coping behaviors (Case/Non-case)
Consulting someone (31/65) 96 0.94 (0.58- 1.52) 0.24 0.95 (0.59- 1.54) 0.21
Planning (115/180) 295 1.27 (0.92- 1.74) 0.32 1.29 (0.93- 1.77) 0.35
Positive reappraisal (94/182) 276 0.82 (0.59- 1.15) 0.90 0.83 (0.60- 1.17) 0.91
Avoidance (17/22) 39 1.64 (0.83- 3.25) 0.93 1.65 (0.83- 3.27) 0.93
Fantasizing (25/58) 83 0.72 (0.43- 1.22) 0.41 0.67 (0.39- 1.14) 0.39
Self-blame (20/29) 49 1.13 (0.61- 2.12) 0.60 1.08 (0.58- 2.04) 0.62
50-59 y (n = 660)
Consulting someone (23/49) 72 1.16 (0.66- 2.03) 1.17 (0.66- 2.05)
Planning (57/123) 180 1.13 (0.74- 1.72) 1.14 (0.75- 1.74)
Positive reappraisal (49/122) 171 0.87 (0.56- 1.34) 0.87 (0.56- 1.34)
Avoidance (10/16) 26 1.70 (0.73- 3.98) 1.71 (0.73- 4.00)
Fantasizing (14/36) 50 0.92 (0.47- 1.81) 0.89 (0.45- 1.76)
Self-blame (7/17) 24 0.88 (0.34- 2.26) 0.85 (0.33- 2.19)
60-70 y (n = 355)
Consulting someone (8/16) 24 0.64 (0.26- 1.60) 0.62 (0.24- 1.56)
Planning (58/57) 115 1.41 (0.85- 2.33) 1.41 (0.85- 2.35)
Positive reappraisal (45/60) 105 0.75 (0.44- 1.28) 0.79 (0.46- 1.35)
Avoidance (7/6) 13 1.66 (0.52- 5.34) 1.66 (0.52- 5.35)
Fantasizing (11/22) 33 0.57 (0.25- 1.31) 0.50 (0.21- 1.18)
Self-blame (13/12) 25 1.43 (0.60- 3.43) 1.31 (0.54- 3.18)

Coping behaviors were dichotomized into yes or no; hardly ever, occasionally, and sometimes as “no” and often and fairly often as “yes.” Each coping
behavior was mutually adjusted. The p-values of the Hosmer-Lemeshow test were above 0.05 for all the analyses. † Model 1. Adjusted for sex, age, and
education; ‡ Model 2. Adjusted for sex, age, education, depression, ischemic heart disease, diabetes mellitus, regular alcohol consumption, and smoking
habit. OR, odds ratio; CI, confidence interval. Significance is shown in bold.
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were mutually adjusted. Overall, there was no sig-
nificant difference in the ORs according to coping
behaviors in each adjusted model concerning cog-
nitive decline combined with MCI and dementia
(Table 3A). Conversely, the use of avoidant coping
had higher odds of cognitive decline combined with
multiple-domain MCI and dementia after adjusting
for sex, age, and years of education (OR = 2.54, 95%
CI = 1.25 to 5.18) (Table 3B). This significance was
maintained in Model 2 (OR = 2.52, 95% CI = 1.23
to 5.15). The five coping behaviors (i.e., consulting,
planning, positive reappraisal, fantasizing, and self-
blame) showed no significant association with any
cognitive decline. This includes MCI and dementia
as well as multiple-domain MCI and dementia. The
interaction between age and coping behaviors was
examined in the converted dichotomous scale. The
results are presented in Table 3A and 3B, respec-
tively. There was no significant interaction between
age and any of the investigated coping behaviors.
However, the use of positive reappraisal had signif-
icantly reduced odds of cognitive decline combined
with multiple-domain MCI and dementia in a sub-
group of participants who were aged 60 to 70 at the
time of coping assessment (OR = 0.50, 95% CI = 0.27
to 0.91 in Model 2).

Additionally, to evaluate robustness excluding the
effects of depression, we also conducted sensitiv-
ity analysis of the participants’ sub-groups excluding
depression (Supplementary Table 2). Avoidance cop-
ing was also associated with higher odds of the
combination of multiple-domain MCI and demen-
tia in model 2 (OR = 2.37, 95% CI = 1.09 to 5.15)
after excluding individuals diagnosed with a major
depressive disorder (n = 85, 8.4%). There was no sig-
nificant difference in ORs according to the other
coping behaviors and cognitive decline (Supplemen-
tary Table 2).

Supplementary Table 3 presents the odds ratios and
95% confidence intervals for cognitive impairment
according to coping strategies. There were no sig-
nificant differences in the ORs according to coping
strategies and cognitive decline.

DISCUSSION

This study was meaningful in that to the best of
our knowledge, this is the first study to investigate
whether coping behavior is associated with future
cognitive decline in older people from among the
general population in a cohort study that is vali-

dated over a relatively long period. Furthermore, the
strength of this study is that we examined and cat-
egorized the types of cognitive decline in a detailed
and structured manner. In this study, frequent use of
avoidant coping behavior of people in their mid- and
later-lives was associated with increased odds of cog-
nitive decline. This includes multiple-domain MCI
as an MCI subtype and dementia, regardless of other
lifestyle factors. Frequent use of avoidant coping was
also associated with higher odds of multiple-domain
MCI and dementia in the subgroup that excluded
individuals with major depressive disorder.

Avoidant-oriented coping is a cognitive and emo-
tional activity away from threat and disengagement
from goal attainment [33]. The latter has been con-
sidered a mediating factor of psychiatric disorders
such as depression, post-traumatic stress disorder,
and alcohol dependency in many studies, includ-
ing meta-analytic reviews [34, 35]. Additionally,
some cross-sectional studies have reported that cog-
nitive functions, such as autobiographical memory
retrieval, are associated with avoidance [36]. In one
of the few longitudinal studies, avoidant coping had
a negative effect on cognitive functions of people
with multiple sclerosis after three years [13]. Sev-
eral perspectives can explain these effects of avoidant
coping on cognition. First, avoidant coping modifies
the acute response to extreme stress which is may
damage to the structure and function of the brain
such as by damaging the hippocampus [5]. Second,
studies have also reported the influence of avoidant
coping in the functional network alteration of specific
brain regions [9, 37]. Interestingly, even in clinical
settings, excessive use of avoidance causes rumina-
tive thinking, which is an uncontrollable negative
thought of self. It likewise causes the dysregulation
of the meta-memory system [38]. These facts sug-
gest that habitual or excessive use of avoidant coping
alters the mechanism of the brain. Also, avoidance
may increase the risk of dementia by affecting their
lifestyle such as social isolation or cognitive inac-
tivity. Therefore, it may be plausible that continuous
avoidant coping behavior affect long-term cognitive
prognosis through a multifaceted mechanism.

Other coping behaviors reported in previous stud-
ies were effortful [12], reappraisal, and religious
coping [13, 14]. Notably, we found reduced odds of
cognitive decline (multiple-domain MCI plus demen-
tia) in participants who used positive reappraisal in
the subgroup aged 60-70 at the time of coping assess-
ment. As we did not find any significant interaction
between age and coping behavior, it may be chance
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Table 3B
Odds ratio and 95% confidence intervals for multiple-domain MCI and dementia with cognitively healthy and single-domain MCI as the references

value according to coping behaviors by age group (50-59 years and 60-70 years) (n = 1015)

Model 1† Model 2‡
Total (n = 1015) Number OR (95%CI) p for interaction OR (95%CI) p for interaction

by age group* by age group*

Occurrence of multiple-domain MCI and dementia with cognitively healthy and single-domain MCI as reference value
Coping behaviors (Case/Non-case)
Consulting someone (21/75) 96 0.98 (0.57- 1.69) 0.28 0.99 (0.57- 1.72) 0.22
Planning (68/227) 295 1.03 (0.71- 1.48) 0.50 1.05 (0.73- 1.51) 0.54
Positive reappraisal (56/220) 276 0.69 (0.47- 1.02) 0.21 0.72 (0.49- 1.06) 0.22
Avoidance (15/24) 39 2.54 (1.25- 5.18) 0.81 2.52 (1.23- 5.15) 0.82
Fantasizing (21/62) 83 0.98 (0.56- 1.74) 0.40 0.85 (0.48- 1.54) 0.34
Self-blame (16/33) 49 1.23 (0.63- 2.41) 0.63 1.14 (0.58- 2.26) 0.64
50-59 y (n = 660)
Consulting someone (15/57) 72 1.26 (0.65- 2.43) 1.26 (0.65- 2.44)
Planning (31/149) 180 0.79 (0.47- 1.31) 0.80 (0.48- 1.35)
Positive reappraisal (31/140) 171 0.95 (0.57- 1.59) 0.95 (0.57- 1.59)
Avoidance (8/18) 26 2.30 (0.93- 5.71) 2.31 (0.92- 5.77)
Fantasizing (11/39) 50 1.26 (0.60- 2.65) 1.18 (0.55- 2.52)
Self-blame (5/19) 24 0.86 (0.29- 2.52) 0.80 (0.27- 2.38)
60-70 y (n = 355)
Consulting someone (6/18) 24 0.65 (0.24- 1.80) 0.65 (0.23- 1.84)
Planning (37/78) 115 1.32 (0.77- 2.27) 1.32 (0.77- 2.27)
Positive reappraisal (25/80) 105 0.47 (0.26- 0.85) 0.50 (0.27- 0.91)
Avoidance (7/6) 13 3.52 (1.06- 11.68) 3.39 (1.02- 11.31)
Fantasizing (10/23) 33 0.78 (0.32- 1.87) 0.65 (0.26- 1.62)
Self-blame (11/14) 25 1.68 (0.69- 4.10) 1.52 (0.61- 3.80)

Coping behaviors were dichotomized into yes or no; hardly ever, occasionally, and sometimes as “no” and often and fairly often as “yes.” Each coping
behavior was mutually adjusted. The p-values of the Hosmer-Lemeshow test were above 0.05 for all the analyses. † Model 1. Adjusted for sex, age, and
education; ‡ Model 2. Adjusted for sex, age, education, depression, ischemic heart disease, diabetes mellitus, regular alcohol consumption, and smoking
habit. OR, odds ratio; CI = confidence interval. Significance is shown in bold.
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or even reverse causation. However, one study of
younger adults with a long follow-up period reported
that effortful coping, which differs from avoidance,
was associated with future cognitive decline [12].
The possibility remains the magnitude of the effect of
coping behaviors differs by age, which also warrants
further study.

The approach-oriented strategies (corresponding
to consulting, planning, and positive reappraisal cop-
ing in this research) are another common coping
framework. These strategies are oriented toward the
threats and are generally seen as more adaptive than
avoidance coping [12]. The present study did not
observe any significant difference between approach
oriented-coping and cognitive decline in adjusted
models. This non-significance may be explained
by the inverse causal bias or the differences in
age. Moreover, adaptive coping strategies have been
reported to have less effect on psychopathology
than maladaptive coping strategies [39], which sug-
gests the possibility that future studies with larger
sample sizes might be able to detect a significant
effect.

Coping and perceived stress are the opposite
sides of the same coin. Perceived stress itself has
been regarded as a risk factor for neurodegenera-
tive diseases, including dementia [2]. In observational
studies, perceived stress has been associated with an
increased risk of cognitive decline [40, 41], and this
association has been confirmed in meta-analyses [42,
43]. Our results highlight coping that may mediate
stress and cognitive function and provide a perspec-
tive that complements the context of these previous
studies.

We defined multiple-domain MCI as one of the
cutoffs for cognitive decline. Although MCI is some-
times regarded as a pre-stage of dementia, it is
difficult to distinguish it from normal or pathologi-
cal and clinical dementia. Reversing from MCI to a
normal diagnosis by standardized criteria was fairly
common among the participants (about 16% per year)
[44]. Moreover, the early MCI group included a
large proportion of false-positive diagnostic errors
[45]. Against this background, a more comprehensive
typology of MCI was proposed classifying individ-
uals according to the extent of their deficits (single-
versus multiple-domain) [31]. From the MCI sub-
types, multiple-domain MCI has been reported to
have a higher risk of conversion to dementia than
single-domain MCI [16]. Thus, we defined multiple-
domain MCI as one of the cutoffs for cognitive
decline.

This study has several limitations. First, we have
no baseline comparison for determining that there
was cognitive decline, which means we could not
remove the possibility that some of our participants
already had cognitive decline at that time, espe-
cially mild cognitive decline. According to a previous
study, the age-stratified prevalence of amnestic MCI
under the age of 65 is 1.03 to 5% and not neces-
sarily age-dependent [46]. As stated in the results,
the percentages of participants who were categorized
into single-domain MCI, multiple-domain MCI, and
dementia in our study were 11.4%, 21.0%, and 3.5%,
respectively. We believe that we can safely assume
that a certain number of participants experienced cog-
nitive decline during the follow-up period. In addition
to the lack of data on cognitive function at the start of
the study, it is also important to note that we did not
collect information regarding the participants’ neu-
rological condition other than stroke, for example,
Parkinson’s disease, which is also relatively common
(1% of the population above 60 years) [47] and is
related to cognitive decline. In addition, we noted
that the characteristics at the 10-year follow-up ques-
tionnaire of participants and non-participants in the
current survey were slightly different (Supplemen-
tary Table 4). Moreover, the severity of dementia
included in this study was relatively mild and might
not represent the whole population with demen-
tia. The prevalence of dementia in this study was
3.5%. According to a meta-analysis, the prevalence
of dementia in Japan ranges from 2.9 to 12.5% in
older people [48]. Considering that the participants
were required to visit the survey center, those who
already had dementia or had physical disabilities
might not have been able to participate. However,
we consider it unlikely that those who could not
participate in the study due to life-restricting func-
tional decline would have vastly different risk profiles
from participants with mild cognitive decline, con-
sidering the progressive nature of the illness. As for
the assessment of coping behaviors in 2000, out of
the 219 cases who did not complete the Stress and
Coping Inventory, 12.8% (n = 28) were diagnosed
with dementia in 2014-2015. Such value is more
than three times the 3.5% of the eligible participants.
This makes us suspect that the incompletion of ques-
tionnaire itself might reflect lower cognitive ability
such as executive function and can be a potential
risk factor of future cognitive decline, which war-
rants further study. Third, the answering method is
subjective and may deviate from an objective coping
style. Although coping shows moderate temporal and
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cross-situational stability [49], it may reflect some
situational variability. Last, as we did not measure
coping during the 2014–2015 survey, there is a possi-
bility that change of coping style over time had some
effect on cognitive function.

In conclusion, our study indicated that avoidant
coping behavior in midlife, but not others, is asso-
ciated with increased risk of noticeable cognitive
decline in later life. Unlike personality traits, cop-
ing behavior is regarded as a relatively modifiable
factor through interventions. Considering the current
success of expanded indication and diversification
of psychotherapy such as CBT, our results might
be able to present the hypothesis that coping could
be a potential target of psychological intervention
to prevent future cognitive decline. Further investi-
gation with more detailed observational studies or
intervention studies is warranted to confirm and gen-
eralize the findings. Considering the increasing social
and economic burden of dementia in aging countries,
preventing cognitive decline is crucial. Our findings
provide a rationale for further examination of the
effect of coping in the prevention of cognitive decline
and as a possible target of psychological intervention.
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