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Abstract: Objectives: The present study examined whether the combination of self-reported mobility decline
(SR-MD) and cognitive decline (SR-CD) was associated with mortality and new long-term care insurance (LTCI)
service certifications based on sex and age. Design: A prospective cohort study. Setting and Participants: We
analyzed cohort data from a sample of older adult residents in Kami Town, Japan. The response rate was 94.3%,
and we followed 5,094 older adults for 3 years. Full analyses were conducted on 5,076 participants. Measures: A
total of four groups were determined through self-reported responses on the Kihon Checklist for SR-MD (a score
of 3 or more on 5 items) and SR-CD (a score of 1 or more on 3 items): non-SR-cognitive frailty, non-SR-MD &
SR-CD, SR-MD & non-SR-CD, and SR-cognitive frailty. Results: Main outcomes included mortality (n = 262)
or new certifications for LTCI services (n = 708) during the 3-year period. Excluding overlapping, this included
845 older adults (16.6%). Among men, prevalence of non-SR-cognitive frailty, non-SR-MD & SR-CD, SR-MD
& non-SR-CD, and SR-cognitive frailty (SR-MD & SR-CD) was 48.2%,26.4%,11.5%, and 13.8%, respectively.
Respective rates for women were 45.7%, 15.5%, 23.1%, and 15.7%. Multivariate analyses revealed that for men,
SR-MD & non-SR-CD significantly affected adverse health outcomes, leading to earlier negative outcomes
relative to the non-SR-MD & SR-CD group. For women, non-SR-MD & SR-CD and SR-MD & non-SR-CD had
similar slopes. Conclusions: The impact of SR-MD or SR-CD on adverse health outcomes differed as a function
of age and sex. Thus, we need to consider preventive approaches according to these specific target group features.
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Background

Living in harmony with physical, mental, and/or cognitive
malfunction is challenging not only for older adults but also for
local communities and Japan as a whole (1). Given that there
is no widely accepted definition for mobility disorder, current
estimates regarding the presence of mobility disorder range
between 6% and 68% among community-dwelling older adults
(2-5). Furthermore, mobility disorder is a consistent risk factor
for falls, (6-10) disability (6, 7, 11), reduced health-related
quality-of-life (12-14), hospitalization (including nursing home
admission) (6,7), and mortality (6, 7, 11, 15-17). Mobility
disorder is also associated with the following factors: decreased
gait speed at one’s usual pace (6, 7), decreased balance (6, 16)
,polypharmacy (6, 18), and having multimorbidity and severity
of individual disease (6, 19, 20).

Similarly, the presence of cognitive impairment ranges
between 12% and 40% among community-dwelling older
adults (2, 3, 21-24). Cognitive impairment is also a consistent
risk factor for dementia (3, 25), disability (7, 26), falls (27),
reduced health-related quality-of-life (14), hospitalization
(including nursing home admission) (3, 7), and mortality
(6,7, 21). However, it is also possible to reverse cognitive
impairment to no-cognitive impairment (28, 29).

Furthermore, comorbid physical frailty (phenotype model)
and cognitive impairment (clinical dementia rating = 0.5;
excluded the presence of definite dementia and cognitive
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impairment due to neurodegenerative disorders) was defined as
“cognitive frailty” by the International Academy of Nutrition
and Aging and the International Association of Gerontology
and Geriatrics (30, 31). Arai and colleagues (31) described
the following based on previous cross-sectional studies (21,
22, 32); the prevalence of cognitive frailty is estimated to
be 1% to 5% by the original definition (physical frailty +
clinical dementia rating = 0.5 or mild cognitive impairment) in
community-dwelling older adults, although it differs depending
on the operational definitions and the study subjects (e.g., the
prevalence of cognitive frailty by Delrieu and colleagues (33)
was 22%, because prefrailty was included in cognitive frailty).
However, Shimada and colleagues (34) considered the criteria
of cognitive frailty with low prevalence rates, which increased
the risk of false-negative results, to be unsuitable for primary
screening in the community; they then revised the prevalence
of cognitive frailty to 9.8%. Therefore, the definition and
prevalence of cognitive frailty may have not yet completely
reached a consensus. One of the reasons is that the topic
depends on the tool used for measurement by the researcher and
the country (35).

Arai and colleagues31 described the following based on the
previous longitudinal studies (36-40): although the consensus
of major outcomes of cognitive frailty is not determined,
major outcomes that should be taken into account are incident
dementia (36, 38-40), disability (37, 38), and mortality (37, 38).
Other studies assessing cognitive frailty have revealed robust
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associations between physical frailty and cognitive impairment
with activities of daily living (ADLs) and instrumental
activities of daily living (I-ADLs), poor quality of life (37)
and hospitalization (2, 3) more strongly than results for each
condition individually. From the above, it is clear that cognitive
frailty is widely observed among older adults; it increases with
age and is strongly predictive of adverse health outcomes.

In the present study, a self-completion questionnaire survey,
which is one of the optimal methods for assessing public
health activities, was used; they are less of a burden for the
participants (less invasive, less time required, less movement
to the measuring place) and to be easily answered for most
older adults. It is one of the least expensive and most effective
methods of collecting participant-based outcomes for health
care researchers. The research question of the present study
focused on whether a prognosis differs depending on self-
reported-mobility decline (SR-MD) and self-reported-cognitive
decline (SR-CD), individually or in combination. Additionally,
we sought to clarify whether age and sex influenced the effects
of SR-MD and/or SR-CD on mortality and new long-term care
insurance (LTCI) service requirement certifications in Japan.

Materials and methods

Study setting and participants

Data were derived from a prospective cohort study. A
baseline survey was conducted in April 2013 that comprised
self-administered questionnaires mailed to 5,401 community-
dwelling adults aged 65 years and older, excluding individuals
who already had an LTCI service requirement certification
(n = 1,283), in Kami Town, Japan. The mailed response
rate was 73.2% (n = 3,952). Those who did not return the
questionnaires by mail were then visited at home by nursing
staff to retrieve the survey. The total number of mail and
home visit respondents was 5,094 (94.3%). We further
excluded individuals who did not answer more than half of
the questionnaire items (n = 18). Thus, a sample of 5,076 older
adults was available for full analyses, and multiple imputation
procedures were used to account for missing data.

This study was conducted in accordance with the guidelines
proposed by the Declaration of Helsinki, and the study protocol
was reviewed and approved by the Ethics Committee of our
University Graduate School of Medicine (approved in August
2012; No. E1457).

Measures (questionnaire items)

The Kihon Checklist (KCL) was used as a frailty screening
index and comprised 25 items (yes/no) divided into seven
categories: physical strength, nutrition, eating, socialization,
memory, mood, and I-ADLs based on self-report. The cutoff
for frailty was 8 points based on the total KCL score (sum
of all 25 items) (41), and the following five domains were
classified: SR-MD, SR-CD, SR-oral frailty, SR-isolation, and
SR-depressive mood. The KCL was shown as one of the models

that covers multiple geriatric syndromes presently being used
successfully by primary care professionals in the community
(42). The KCL is reported to be an accurate self-reported
diagnostic test among the instruments for screening community-
dwelling older people for frailty (43). Additionally, the KCL
was shown to be highly correlated with the 32-Frailty Index and
the 68-Frailty Index as cumulative deficit models, a significant
predictor of LTCI certification and/or mortality, and compatible
with Frailty Index in the risk prediction (44). However, the
KCL consists of smaller numbers of items than the standard
32-Frailty Index and the 68-Frailty Index. In addition, the KCL
consists of all self-reported items and can be administered by
non-health care professionals or by mail, email, or phone (44).
Furthermore, it has been validated for predicting frailty and
disability over a 2-year follow-up period (45).

The SR-MD index comprised five items (yes/no) such as
“Do you normally climb stairs without using a handrail or
wall for support?”, “Do you normally stand up from a chair
without any aid?”, “Do you normally walk continuously for
15 minutes?”, “Have you experienced a fall in the past year?”,
and “Do you have a fear of falling while walking?” An answer
indicating a negative state was given 1 point; a score of 3 or
more was indicative of SR-MD. The sensitivity and specificity
of the SR-MD using the KCL for LTCI over the 12 months
were 62.7% and 77.6%, respectively.4 Moreover, the negative
answers to SR-MD using the KCL were found to be the best
predictors for the certification for LTCI over the next 24
months (46).

The SR-CD index comprised three items (yes/no) as follows:
“Do your family or your friends point out your memory loss?”,
“Do you make a call by looking up phone numbers?”, and
“Do you find yourself not knowing today’s date?”. As with
SR-MD, an answer indicating a negative state was given 1
point, and any participant who gave an answer indicating a
negative state to any of the three items was considered to have
SR-CD. The sensitivity and specificity of the SR-CD using the
KCL for LTCI over the 12 months were 71.4% and 61.6%,
respectively (4). Additionally, the sensitivity and specificity
of the SR-CD using the KCL for the incidence of dementia
using the Dementia Scale (Degree of Independence in Daily
Living for Elderly with Dementia), as per doctors’ reports
during the 5.7-year study period, were 60.2% and 65.1%;47 in
another paper, those same measures were 71.4% and 61.6%,
respectively (4).

From the above preceding studies, SR-MD and SR-CD
using the KCL may be regarded as simple self-report screening
tools that identify frailty and may avoid costs and unnecessary
assessment.

Based on the total scores for SR-MD and SR-CD,
participants were categorized into one of four groups as
follows: non-SR-cognitive frailty, non-SR-MD & SR-CD,
SR-MD & non-SR-CD, and SR-cognitive frailty.
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Table 2

<Overall> SR-MD &SR-CI status predictions for new LTCI service requirement certifications or mortality during the 3-year
follow-up period

Total n Case n (%) Univariate Multivariatet Multivariate: Survival time (day)  Log-rank
HR (95% CI) Model 1 Model 2 mean + SD
HR (95% CI) HR (95% CI)
Overall 50760 845.0 (16.6) 10039+ 33
non-SR-MD 33902 3270 (9.6) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10490+ 29 <0.001
SR-MD 16858 518.0(30.7)  3.69(3.21-425) 242(209-2.81) 1.83(153-2.18) 9130+ 7.8
non-SR-CD 33022 407.2 (12.3) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10313+ 35 <0.001
SR-CD 17738 4378 (24.7)  2.17(1.89-249) 1.75(1.52-2.00) 1.50 (1.28-1.77) 9527+ 69
non-SR-cognitive frailty 23742 1778 (1.5) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10593+ 3.0 <0.001
non-SR-MD & SR-CD 10160 1492 (147)  202(1.62-251) 1.75(141-2.18) 1.52(1.18-1.96) 10248+ 63
SR-MD & non-SR-CD 9280 2294 (247)  3.66(301-446) 248(203-303) 1.84(146-233) 959.6+ 9.2
SR-cognitive frailty 7578 288.6(380) 636(527-7.69) 3.65(300-445) 2.65(2.08-3.37) 856.0 +13.1
65 - 74 years old 22740 129.0 (5.7) 10662+ 29
non-SR-MD 18466 74.6 (4.0) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10758+ 2.6 <0.001
SR-MD 4274 54.4(12.7) 331(232-472) 337(234-483) 199(126-3.14) 1,025.1 £10.5
non-SR-CD 16302 768 (4.7) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10713+ 3.1 0,002
SR-CD 6438 522 (8.1) 175(123-250) 1.68(1.18-240) 1.37(0.90 - 2.09) 10534+ 6.7
non-SR-cognitive frailty 13640 458 (34) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10783+ 29 <0.001
non-SR-MD & SR-CD 4826 28.8 (6.0) 180(1.12-2.87) 1.68(1.05-2.69) 1.58(091-276) 10686+ 59
SR-MD & non-SR-CD 266.,2 31.0 (11.6) 361(226-577) 3.63(226-583) 232(131-4.09) 10354 £11.9
SR-cognitive frailty 1612 234 (145) 4.64(279-770) 449(270-747) 242(128-459) 1,008.0 +20.0
75 - 84 years old 21970 441.0 (20.0) 987.0+54
non-SR-MD 13048 174.4 (13.4) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1,0335+52 <0.001
SR-MD 8922 266.6(29.9)  2.54(210-3.09) 247(203-301) 1.87(148-236) 919.0 £10.5
non-SR-CD 13546 214.8 (15.9) 1.00 (ref.) 1.00 (ref.) 1.00 ( (ref.) 10150+ 59 <0.001
SR-CD 8424 226.2 (26.9) 1.82(1.51-220) 1.79(148-2.16) 1.56(1.25-1.94) 942.0 £10.2
non-SR-cognitive frailty 864 4 93.4(10.8) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10473+ 5.6 <0.001
non-SR-MD & SR-CD 4404 81.0 (18.4) 176 (131-238) 1.68(125-228) 1.41(1.00-2.00) 1,006.2 £10.6
SR-MD & non-SR-CD 4902 1214(24.8) 253(193-332) 241(183-3.17) 1.73(127-238) 957.8 £12.6
SR-cognitive frailty 4200 1452 (346) 4.06(3.12-528) 3.79(291-492) 274(199-3.76) 871.6 +174
85 years old and more 605,0 275.0 (45.5) 830.2+14.3
non-SR-MD 2388 78.0 (32.7) 1.00 (ref.) 1.00 ((ref.) 1.00 (ref.) 927.0 +18.4 <0.001
SR-MD 366.,2 197.0(53.8) 202(156-2.63) 193(148-251) 145(1.04-2.02) 767.0 £19.8
non-SR-CD 3174 115.6 (36.4) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 8953 +17.8 <0.001
SR-CD 287.6 1594 (554)  182(143-231) 174(137-222) 144(1.03-201) 75824223
non-SR-cognitive frailty 1458 38.6 (26.5) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 9529 +22.6 <0.001
non-SR-MD & SR-CD 93,0 394 (424) 172(109-272) 186(1.18-294) 1.72(1.00-295) 886.6 +32.0
SR-MD & non-SR-CD 1716 77.0 (44.9) 192(130-284) 200(135-296) 1.63(1.02-2.60) 846.5 +26.3
SR-cognitive frailty 194.6 120.0 (61.7)  3.28(227-4.73) 3.00(207-433) 2.16(135-347) 696.5 +28.3

The results across 5 imputed data sets were combined by multiple imputation; Percent shows the percentage occupied by case in the total number of people in each item; iModel 1:
Adjusted for sex and age; £ Model 2: Adjusted for sex, age, living alone, SR-IADL decline, SR-isolation, SR-oral frailty, SR-polypharmacy, SR-serious disease, responded method to
survey and self-rated economic.
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QOutcomes

The two main outcomes were mortality and new LTCI
service requirement certifications (which indicates onset of
a new disability during the 3 years following the baseline
survey). Essentially, as a disability incident, we should use
new LTCI service initiation instead of new LTCI service
requirement certifications; however, in this research, we could
not acquire these data. This information was collected from the
local government office in Kami Town. When either of these
outcomes appeared, we stopped the observation period for that
respondent and calculated the survival time up to that point.
However, if these outcomes overlapped during the observation
period (i.e., death after a new LTCI service requirement
certification or change in level to an LTCI service certification),
we chose the outcome that emerged first (i.e., duplicates were
not counted). We also accounted for individuals who moved
away from Kami Town during the observation period.

Additional variables considered in the analyses

Based on prior cognitive frailty research (including
frailty), the following variables were identified as potential
covariates in our main analyses: sex (5, 6, 15, 48, 49), age
(6, 21, 48-50), living alone (15, 51), IADL decline (3, 6,
51) depressive mood (6, 51-53), isolation (6), oral frailty
(54, 55), polypharmacy (6, 18, 51), multimorbidity and
severity of individual disease (6, 19, 20), self-rated health (6,
49, 51, 56), self-rated economic status (6, 55), and familiar
community activity (57, 58). SR-Serious disease was used as an
alternative to multimorbidity and severity of individual disease.
SR-Serious disease implies more than one of the following:
1) heart attack or cerebrovascular disease within 6 months; 2)
serious hypertension; 3) diabetes complications; 4) abnormal
electrocardiogram within 1 year; 5) ordered to limit physical
activities; 6) severe shortness of breath; or 7) hospitalization
for 1 week or longer within 3 months. Although the previous
study did not show in which the responded method to survey
and cognitive frailty were directly related, was added to one
of the confounding factors. These items were recommended
by the Ministry of Health, Labor and Welfare as an additional
item to KCL from the previous year in this survey (59). For this
reason, it is predicted that participants’ characteristics such as
age, degree of interest in health, and health condition would be
different between postal-mail self-return and interview surveys
conducted by home-visits (60-62). Unfortunately, however,
marital status (6), household income (6,49), social network
(51), education level (49, 50), sensory impairments (vision,
hearing) (6), and malnutrition (63) could not be adjusted, as
these were not included in the baseline survey.

Statistical analyses

Participants’ baseline characteristics were compared based
on sex and age group. In subsequent analyses, survival time was
defined as the time between enrollment (the date of the baseline
survey) and either death, new LTCI service requirement

certification, or end of the follow-up period (March 31, 2016).
Additionally (49). participants moved out during the follow-up
period. We retained their data and treated their move away date
as the survival end point.

Kaplan-Meier survival curves were calculated for the group
newly determined to be at risk for mortality or in need of LTCI
services. Analyses were stratified by the 4 SR-MD and SR-CD
groups. Cox proportional hazards models were conducted to
estimate hazard ratios (HRs), and 95% confidence intervals
(95% ClIs) regarding relationships between the four SR-MD
and SR-CD groups and mortality or LTCI service requirement
certification across univariate and multivariate analyses.
Multivariate analyses were performed for each covariate, and
adjustments for age and sex were made in Model 1. In Model
2 of the multivariate analysis, adjustments were made for age,
sex, living alone, SR-IADL decline, SR-isolation, SR-oral
decline, SR-polypharmacy, SR-serious disease, responded
method to survey and self-rated economic status. The following
three factors that were found to be weakly related to multiple
confounding factors were excluded: SR-depressive mood, self-
rated health, and SR-familiar community activity.

All analyses were conducted using SPSS software (SPSS
version 24.0 and missing values; Inc, Tokyo). The significance
threshold was set at P < 0.05.

Results

Participants’ mean age was 75.9 years, and 58.4% were
women. For men, the prevalence of non-SR-cognitive
frailty, non-SR-MD & SR-CD, SR-MD & non-SR-CD, and
SR-cognitive frailty were 48.2%, 26.4%, 11.5%, and 13.8%,
respectively. These rates were 45.7%, 15.5%, 23.1%, and
15.7%, respectively, among women. In addition, the rates of
each condition/combination increased as a function of age for
both men and women (Table 1).

During the 3 years of follow-up after the baseline survey of
the participants, 708 participants obtained new LTCI service
certifications and 262 died. Excluding overlapping, our main
sample for assessing adverse health outcomes included 845
older adults (16.6%). Collapsing across gender, each of the 4
condition combinations influenced adverse health outcomes in
the following order regarding relationship strength: non-SR-
cognitive frailty, non-SR-MD & SR-CD, SR-MD & non-SR-
CD, and SR-cognitive frailty; each HR (95%CI) adjusted age
and sex was 1.0(ref.), 1.8(1.4-2.2), 2.5(2.0-3.0), and 3.7(3.0-
4.5), respectively. Moreover, as age increased, the HRs for each
group increased. Moreover, in all age groups, most trends of
non-SR-cognitive frailty, non-SR-MD & SR-CD, SR-MD &
non-SR-CD, and SR-cognitive frailty, in that order, nearly did
not change, even after adjusting for many confounding factors
as in model 2 (Table 2).

Similarly, in men each HR (95%CI) adjusted by age
was 1.0(ref.), 1.3(0.9-1.7), 2.9(2.2-4.0), and 3.3(2.5-4.4),
respectively. There was no significant difference in non-SR-
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Table 3

< Men > SR-MD & SR-CT status predictions for new LTCI service requirement certifications or mortality during the 3-year
follow-up period

Total Case n (%) Univariate Multivariatef Multivariate:: Survival time Log-rank
HR (95% CI) Model 1 HR Model 2 HR mean * SD P value
(95% CI) (95% CI)
< Men > Overall 21130 369.0 (17.5) 10038 + 5.1
non-SR-MD 15768 164.6 (10.4) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10478 + 4.1 <0.001
SR-MD 5362 204.4 (38.1) 445(3.62-548) 2.82(226-3.51) 2.07 (1.59 -2.69) 8740 £14.6
non-SR-CD 1262,6 176.8 (14.0) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10242+ 58 <0.001
SR-CD 8504 192.2 (22.6) 1.70 (1.39-2.09) 137 (1.12-1.69) 1.26 (098 - 1.60) 9734+ 9.1
non-SR-cognitive frailty 10183 93.8 (9.2) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10519+ 50 <0.001
non-SR-MD & SR-CD 5580 70.8 (12.7) 140 (1.03-191) 1.28(094-1.74) 1.16 (0.81-1.67) 10404+ 73
SR-MD & non-SR-CD 2438 83.0 (34.0) 436(324-587) 294 (2.17-397) 197 (1.38-2.80) 908.4 +19.9
SR-cognitive frailty 2924 1214 (41.5) 572(436-751) 327(246-435) 245(1.73-347) 845.1 £20.8
< Men > 65 - 74 years old 9740 580 (6.0) 10655+ 44
non-SR-MD 8472 370 (44) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10760 + 3.6 <0.001
SR-MD 1268 21.0 (16.6) 4.13(241-705) 4.10(240-701) 258(132-507) 995.1 £22.9
non-SR-CD 6454 330 (5.1) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10685+ 5.1 0,127
SR-CD 3286 250 (7.6) 1.51(0.89-253) 1.50 (0.89-2.51) 1.11 (0.58 - 2.11) 1,059.6 + 84
non-SR-cognitive frailty 5792 240 (4.1 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10745+ 4.7 <0.001
non-SR-MD & SR-CD 2680 130 (4.9 1.17 (0.60-2.27) 1.16 (0.59-2.26) 0.91(0.39-2.10) 10794+ 54
SR-MD & non-SR-CD 66,2 9.0 (13.6) 349(1.62-750) 343(159-738) 2.10(0.82-535) 10162 £27.6
SR-cognitive frailty 60,6 12.0 (19.8) 5.33 (2.66 -10.68) 5.32(2.66-10.67) 2.89(1.18-7.11) 972.0 £37.1
<Men > 75 - 84 years old 9220 206.0 (22.3) 9820+ 8.3
non-SR-MD 632,6 94.6 (15.0) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10298+ 74 <0.001
SR-MD 2894 111.4 (38.5) 3.06(232-4.04) 2.82(2.13-3.74) 2.17(1.56-3.04) 8773 +19.4
non-SR-CD 5164 99.0 (19.2) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1,006.6 £ 9.6 0,006
SR-CD 405.6 107.0 (26.4) 146 (1.11-192) 144 (1.10-1.90) 126 (091-1.74) 950.7 £14.1
non-SR-cognitive frailty 382.8 53.0(13.8) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1,037.8 + 8.8 <0.001
non-SR-MD & SR-CD 249 8 41.6 (16.7) 1.23(0.82-1.86) 1.23(0.82-1.85) 1.04 (0.65-1.68) 10176 £13.1
SR-MD & non-SR-CD 1336 46.0 (34.4) 2.86(1.93-425) 2.62(1.76-3.90) 1.79(1.13-2.385) 917.7 £25.6
SR-cognitive frailty 1558 65.4 (42.0) 379 (2.63-547) 351(243-506) 258 (1.65-4.03) 8429 +28.3
< Men > 85 years old and more 2170 105.0 (48.4) 818.2£23.6
non-SR-MD 97,0 33.0(34.0) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 918.9 +28.9 <0.001
SR-MD 1200 72.0 (60.0) 228 (1.51-344) 2.14(141-324) 1.35(0.80-2.28) 736.2 £34.0
non-SR-CD 100.8 44.8 (44.4) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 830.0 £34.8 0,364
SR-CD 1162 60.2 (51.8) 1.19(0.81-1.76) 1.18 (0.80-1.74) 1.27(0.78 -2.07) 808.1 £32.2
non-SR-cognitive frailty 56,8 16.8 (29.6) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 916.7 +40.3 0,001
non-SR-MD & SR-CD 40,2 16.2 (40.3) 1.35(0.68-2.69) 143(0.72-2.385) 1.94(0.87-4.33) 922.1 #4122
SR-MD & non-SR-CD 440 28.0 (63.6) 2.88(1.57-528) 2.83(1.54-520) 1.87(0.89-3.90) 716.8 £56.0
SR-cognitive frailty 76,0 44.0 (57.9) 247 (140-434) 232(131-4.09) 1.75(0.87-3.53) 7474 +42.6

The results across 5 imputed data sets were combined by multiple imputation; Percent shows the percentage occupied by case in the total number of people in each item; T Model 1:
Adjusted for age. ¥ Model 2: Adjusted for sex, age, living alone, SR-IADL decline, SR-isolation, SR-oral frailty, SR-polypharmacy, SR-serious disease, responded method to survey and

self-rated economic.
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MD & SR-CD among the four groups in all age groups of men.
Furthermore, particularly in men aged 85 years old and older,
the SR-MD & non-SR-CD combination was more minimally
influential on adverse health outcomes than SR-cognitive frailty
(Table 3).

Figure 1
Kaplan-Meier survival curves according to the adverse health
outcomes during three years, with the participants stratified into
four groups based on self-reported-mobility decline and self-
reported-cognitive decline by sex and age group
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Adjusted for sex, age, living alone, self-reported-IADL decline, self-reported-isolation,
self-reported-oral frailty, self-reported-polypharmacy, self-reported-serious disease,
responded method to survey and self-rated economic.

Similarly, in women, each HR (95%CI) adjusted by age
was 1.0(ref.), 2.5(1.8-3.4), 2.4(1.8-3.2), and 4.1(3.1-5.4),
respectively. With the exception of the 65-74-year-old group
among women, non-SR-MD & SR-CD more strongly affected
adverse health outcomes than did SR-MD & non-SR-CD. In all
age groups, women showed higher scores than did men (Table
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Table 4

< Women > SR-MD &SR-CI status predictions for new LTCI service requirement certifications or mortality during the 3-year
follow-up period

Total Case Univariate Multivariatef Multivariate:: Survival time (day) Log-rank
n n (%) HR (95% CI) Model 1 Model 2 mean * SD P value
HR (95% CI) HR (95% CI)
< Women > Overall 29630  476.0(16.1) 10039 + 44
non-SR-MD 18134 1624 (9.0) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1,050.0 + 4.0 <0.001
SR-MD 11496  313.6(273) 346(286-4.19) 2.17(1.78-2.64) 1.65(1.30-2.09) 9312+ 92
non-SR-CD 2039.6 230.4 (11.3) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10357+ 4.3 <0.001
SR-CD 9234 2456 (26.6)  2.61(2.18-3.13) 209 (1.74-251) 1.75(140-2.17) 933.7 £10.3
non-SR-cognitive frailty 13554 840 (62) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10649 + 3.7 <0.001
non-SR-MD & SR-CD 4580 784 (17.1) 290(2.13-395) 248 (1.82-338) 211(147-3.04) 1,0059 £10.8
SR-MD & non-SR-CD 6842 1464 (214)  376(2.88-4.93) 240(1.83-3.16) 1.87(1.36-2.58) 977.8 +10.1
SR-cognitive frailty 4654 1672(359)  7.19(5.53-9.37) 4.10(3.12-5.38) 2.92(2.09-409) 862.8 £16.8
< Women > 65 - 74 years old 13000 710 (5.5) 10668 + 3.9
non-SR-MD 999 4 376 (3.8) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10755 + 3.8 <0.001
SR-MD 300.6 334 (11.1) 3.06(1.90-493) 2.88(1.78-4.64) 1.55(0.84-2.84) 1,037.7 £114
non-SR-CD 984.8 438 (44) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1073.1+ 38 0,005
SR-CD 3152 272 (8.6) 199 (1.23-323) 1.82(1.12-295) 1.56 (0.89-2.75) 1,047.0 £10.5
non-SR-cognitive frailty 7848 21.8 (2.8) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1,081.1 + 3.6 <0.001
non-SR-MD & SR-CD 2146 158 (74) 273 (141-526) 249(129-4.382) 2.75(129-585) 10552 +11.3
SR-MD & non-SR-CD 200,0 22.0 (11.0) 4.10(221-7.62) 3.87(2.08-7.19) 243(1.16-5.10) 1,041.7 £12.9
SR-cognitive frailty 100,6 11.4(11.3) 428(2.05-893) 3.83(1.83-8.00) 1.87(0.73-4.78) 1,029.7 +22.7
< Women > 75 - 84 years old 12750  2350(184) 990.7 + 7.1
non-SR-MD 6722 79.8 (11.9) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 10369+ 7.3 <0.001
SR-MD 6028 1552(257) 243(1.85-3.19) 2.19(1.67-2.88) 1.68(1.22-2.32) 939.0 £12.4
non-SR-CD 8382 115.8 (13.8) 100( ref. ) 1.00( ref. ) 1.00(  ref. ) 10202+ 75 <0.001
SR-CD 436.8 119.2 (27.3) 2.15(1.66-2.78) 2.14(1.65-2.78) 1.86 (1.37-2.52) 9339 +14.7
non-SR-cognitive frailty 4816 404 (84) 1.00(  ref. ) 1.00(  ref. ) 1.00(  ref. ) 10549+ 72 <0.001
non-SR-MD & SR-CD 1906 394 (20.7) 258 (1.65-4.03) 256 (1.64-401) 2.13(1.28-3.56) 991.1 £17.8
SR-MD & non-SR-CD 356.6 754 (21.1) 2.75(1.88-4.03) 245(1.67-3.59) 1.82(1.18-2.81) 973.1 144
SR-cognitive frailty 2462 79.8 (32.4) 4.61(3.14-6.75) 421(2.87-6.18) 299 (191-470) 889.7+21.8
< Women > 85 years old and more 3880 170.0 (43.8) 836.9 +18.1
non-SR-MD 1418 450 (31.7) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 932.5+23.8 <0.001
SR-MD 2462 125.0 (50.8) 1.92(1.37-2.70) 1.82(1.29-2.56) 144(092-225) 781.8 £24.3
non-SR-CD 216.,6 70.8 (32.7) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 925.6 £20.1 <0.001
SR-CD 1714 99.2 (57.9) 2.29(1.69-3.12) 2.17(159-295) 1.52(1.03-224) 724.5 +30.2
non-SR-cognitive frailty 89,0 21.8 (24.5) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 976.1 £26.1 <0.001
non-SR-MD & SR-CD 528 23.2(43.9) 204 (1.11-372) 227(124-4.16) 1.53(0.73-323) 859.5 +46.1
SR-MD & non-SR-CD 127.,6 49.0 (38.4) 1.72(1.03-2.86) 1.80 (1.08 -3.00) 1.50 (0.80-2.79) 890.5 +28.5
SR-cognitive frailty 118.,6 76.0 (64.1) 3.94(243-6.37) 3.57(220-5.79) 242(125-471) 663.9 +37.3

The results across 5 imputed data sets were combined by multiple imputation; Percent shows the percentage occupied by case in the total number of people in each item; TModel 1:
Adjusted for age; £ Model 2: Adjusted for sex, age, living alone, SR-IADL decline, SR-isolation, SR-oral frailty, SR-polypharmacy, SR-serious disease, responded method to survey and

self-rated economic.
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4).

Figure 1 shows the Kaplan-Meier survival curves according
to mortality or new LTCI service requirement certification
during the 3-year follow up, with participants stratified into
four groups based on SR-MD and SR-CD. In the groups aged
65-74 years and 75-84 years among men, the survival curves
of non-SR-cognitive frailty and non-SR-MD & SR-CD showed
somewhat gentle downward slopes. However, in the age group
of 85 years and older among men, the rate of deterioration of
the three groups other than non-SR-cognitive frailty showed a
very similar trend, was faster than non-SR-cognitive frailty at
a remarkably gradient descent. In the group aged 65-74 years
among women, the rate of deterioration of the three groups
other than the non-SR-cognitive frailty group showed a very
similar trend. However, in the group aged 75-84 years and 85
years and older among women, non-SR-MD & SR-CD and
SR-MD & non-SR-CD had similar slopes.

Discussion

First, we compared SR-MD and mobility disorder prevalence
in our study with those reported in previous studies and
tried to interpret the results. The prevalence of poor physical
performance battery (SPPB<8; percentage of population)
for men and women was 6-17% and 9-29%, respectively.5
Similarly, difficulties in climbing a single flight (10 steps) of
stairs without resting or walking 400m was experienced by
12%-40% men and 22%-68% women.5 In that survey, the same
measurement tool was used, and the research targeted almost
the same male-female and age stratification ratio. However, it
reported that each prevalence rate had a very broad range in
five regions (5). On the other hand, regarding the prevalence
of SR-MD determined through a self-reporting tool showed
that difficulty in at least one of five mobility-related activities
of daily living was experienced by 13%-30% men and 20%-
45% women.5 The prevalence of SR-MD using the KCL in
another community was 24%, but gender-specific-data were
not shown.4 In other words, it is difficult to compare mobility
disorder based on physical performance measurement in the
present study, but it is almost the same as the proportion of
SR-MD of at least the preceding study.

The self-reported questionnaire survey is not stronger than
interview survey, but there is a tendency for participants to
provide socially desirable response (64). In a survey on general
frailty, women had a higher frailty score in self-reported
measures, and men scored higher in test-based health measures
(48). Likewise, women experienced faster accumulation of
self-reported disability, but slower declines in the measured
physical capacity than men (15). When it is socially desirable
that older people are not mobility disorder, the characteristics
of the self-reported survey are considered to be applicable to
SR-MD for men. Moreover, our study found that women report
more SR-MD than men do. This is because women were more
likely to make the transition from having no disability to mild

disability, but less likely to make the transitions from having
mild to no disability and from both mild and severe disability to
death (15).

Second, we compared SR-CD and cognitive impairment
prevalence found in our study with those reported in previous
studies and tried to interpret the results. The prevalence of
SR-CD using the KCL was 40%, remarkably higher than that
in other surveys (5). However, the prevalence of cognitive
impairment was measured with famous tools such as Mini-
Mental State Examination (12-24%) (2, 3, 21). The sensitivity
and specificity of SR-CD using the KCL were 60-71% and
62-65%, respectively (4, 47). These results could be considered
to some extent as a public health screening tool (4, 46, 47). On
the other hand, we must seriously consider the possibility of
about 30%-40% differential misclassification, and this issue is
one of the key limitations of the present study. In some of the
neuropsychological tests, including tests of language ability to
judge cognitive impairment, women display better results than
do men. This result would support our analysis (37). However,
age and education are more potent variables than are race
and gender influencing performance on these language tests
(50). In our analysis, education could not be controlled for.
Furthermore, the prevalence of cognitive impairment among
men was higher than that among women, contradicting the
finding that about two-thirds of Alzheimer’s disease patients
are women (65). This sex difference may be due to the fact that
women generally have a long lifespan. In addition, the effects
of sex hormones in the early developmental stages may lead
to inherent fragility of the female brain making them more
vulnerable to developing Alzheimer’s disease during older
adulthood (65). The SR-CD in men was already over 30%
in the 65-74 year-old group; perhaps this could be because
that men are more likely to have anxiety about dementia than
women; we need to explore background factors deeply in the
future.

Third, it is harder for people to detect SR-CD than SR-MD
in themselves, and family members may not be aware
of the surrounding people; thus, the timing of LTCI system
application may be delayed. Moreover, we cannot deny the
possibility that sex difference in resistance to nursing care
insurance application was affected.

The strength of our research is as follows. First, we have
clarified whether the four groups that combined SR-cognitive
frailty follow similar trajectories over time or whether the
patterns of change differ by age and sex. It is important that, in
addition to each impairment, we consider whether individuals
can continue to perform physical and cognitive activities in
order to examine their overlapping influence on adverse health
outcomes (52, 66). In particular, it was suggested that for
men, we should take a preventive approach to SR-MD, which
strongly influences adverse health outcomes. In addition, it
is necessary to explore the reasons for SR-CD, which had a
high prevalence rate from the middle-aged individuals, and
investigate effective approaches for the young adults.
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The second strength of our research is that participants from
the present study covered a wider sample, which included
94% of community dwelling-older adults within a Japanese
rural municipality, and effective response rate was very high.
Therefore, the present study might have more accurately
observed frailty rates relative to previous work, which analyzed
the data of participants who had high health consciousness,
desirable health behavior, and maintained ADL.

The present study has the following limitations. First, the
screening test used for assessing SR-cognitive frailty was self-
reported questionnaire; no physical test, and no blood test.
Second, we examined only one town in a rural area, then might
be influenced by regional characteristics (67).

Future longitudinal research with a longer follow-up
period could be analyzed with mortality or the stratified LTCI
certification based on the grade of services.

Conclusiions and implications

The present results revealed a moderating role of age and
sex on the impact of SR-MD and/or SR-CD on adverse health
outcomes among community-dwelling older adults. Based on
this information, we need to consider preventive approaches
as a function of these various moderators in order to facilitate
positive health and well-being in late life.
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