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Mediating role of instrum
ental activities of daily
living ability on cognitive function of older adults
living alone
A 4-year longitudinal study from the Kasama study
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Abstract
The aim of this study was to clarify the effect of living alone on the cognitive function of older people and the mediating effect of
instrumental activities of daily living (IADL) ability.
The data for a final sample of 3276 participants aged 65years and above who did not require long-term care at the baseline were

used from a 4-year prospective cohort study conducted in Kasama City, Japan. Demographic data including age, sex, and
depression at baseline were used as covariates. The Kihon checklist evaluated the IADL ability at baseline and cognitive function at
follow-up. The characteristics of those living alone and with others were compared using the student t test and x2 test. The effect of
living alone on cognitive function was analyzed using logistic regression analysis. Mediation analyses determined the mediating
effects of IADL.
A total of 325 participants were living alone; they were significantly older than those living with others, more likely to be female, not

provide emotional support, and have low physical function, more severe depression, and lower IADL disability. Living alone had a
significantly lower risk of cognitive decline at follow-up than living with others. The mediation analysis revealed that IADL disability at
follow-up was significantly associated with cognitive decline. Thus, greater IADL ability decreased cognitive decline risk.
Older people living alone had a significantly lower risk of cognitive decline, and cognitive function significantly mediated IADL ability.

Health support for enhancing IADL abilities may help older people living alone maintain good cognitive function.

Abbreviations: BMI = body mass index, CI = confidence interval, DV = dependent variable, IADL = instrumental activities of daily
living, IV= independent variable, KCL= Kihon check list, MCI=mild cognitive impairment, MV=mediation variable, OR= odds ratio,
Ref = reference.
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1. Introduction
In Japan, the number of older people living alone has been
increasing rapidly due to changes in household composition. In
particular, there is a growing aging and lifetime unmarried
population. These figures will continue to increase, and it is
estimated that more than one-third of households with older
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people will become single households by 2030. The proportion of
older people living alone is an increasing, and major problem in
Japan and around the world.
Previous studies revealed that older people living alone have

a higher risk of depression than those living with others.[1,2]

However, there are few reports on cognitive function. For
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example, previous reports from a 2-year longitudinal study of
1498 individuals (430 individuals who lived alone) indicated that
older people living alone were not associated with poor cognitive
function.[3] The Finland, Italy, the Netherlands Elderly (FINE)
Study reported in a 10-year longitudinal study of 1030 males (88
individuals who lived alone) that older people living alone had
more prominent cognitive decline than those living with others.[4]

However, previous studies had issues, such as being limited to
male participants only, having a short follow-up period, and
recruiting a small sample of older living alone. In addition, no
consensus was obtained about the effects of older people living
alone on cognitive function, and no study has been conducted on
elderly Japanese people. Therefore, our group conducted a postal
survey of 10,339 community-dwelling people aged≥65years and
conducted a cross-sectional study comparing physical function,
cognitive function, and depression among older people living
alone and those living with others. The results showed that on the
one hand, older people living alone were significantly more likely
to have depression; however, on the other hand, they were
significantly less likely to have cognitive decline, and there was no
difference in physical function.[5]

There is evidence from many previous studies that older people
living alone have a higher risk of depression. However, why is the
cognitive function of the older people living alone better? Living
alone is consistently identified as a risk for dementia.[6,7] Ultimately,
the current evidence for cognitive outcomes among older people
living alone may not necessarily have a negative effect. Under these
circumstances,webelieve thatoneof the reasons this grouphas good
cognitive function is its instrumental activity of daily living (IADL)
ability. Previous studies have reported that older people living alone
maintain good IADL ability.[8,9] IADL abilities are routine activities,
but they are more goal-oriented and related to complex and higher
functional abilities such as preparing a meal, handling finances,
shopping, and other activities.[10–12] It has also been reported that a
lower IADL ability is associated with mild cognitive impairment.
Therefore, IADL ability may be associated with cognitive
function.[13,14] In addition, older people living alone cannot live
without IADL on their own. These results suggest that older people
living alone have a lower rate of cognitive decline compared to those
living with others. Thus, a higher IADL ability may contribute to
better cognitive function in older individuals living alone.
However, the effects of living alone on cognitive function have

not been considered longitudinally in Japan, and there has been
no study on whether IADL ability can be a mediating factor.
Older people living alone may have better cognitive function, but
they also have a rapid decline in function when a disability or
illness occurs when compared to those living with others.[15]

Therefore, older people living alone need to prioritize preventa-
tive care. The aim of this study was to clarify the effect of living
alone on cognitive function of older people using a 4-year
longitudinal study and to clarify the mediating effect of IADL
ability. This study is very important in examining health support
methods for preventing cognitive decline among older people
living alone, especially given that their numbers will continue to
increase in the future.
2. Materials and methods

2.1. Participants and data collection

This study was a 4-year prospective cohort study the “Kasama
Study” conducted in Kasama City, Ibaraki Prefecture, Japan.
2

Kasama City is a rural, agricultural area and is categorized as a
flatland agricultural region and intermediate agricultural region.
See the previous study for a detailed explanation of the Kasama
study.[16]

Figure 1 shows the flowchart of the participant. Participants
in this prospective cohort study were all aged≥65years who were
not certified as requiring long-term care as of June 2013. In June
2013, a self-administered questionnaire baseline survey was
mailed to 16,870 community-dwelling older people. Responses
were obtained from 10,339 persons (recovery rate: 61.1%). After
that, we excluded those who died, had an incident of functional
disability, ormoved out of the city during the follow-up period. In
August 2017, a follow-up survey with the same content was
conducted among 8418 participants. As a result, responses were
obtained from 6279 people. Of these, an additional 3003
participants were excluded: those who had missing data in
household composition at the baseline survey; those who had a
change in household composition at the baseline survey and at
the follow-up survey; those who had a history of dementia, or
psychiatric disorder at the baseline survey; those who had
cognitive decline at the baseline survey; and those who filled out
incomplete questionnaires. In the end, 3276 participants were
included in the final analysis. All participants were informed of
the details of the study and provided informed consent. This
study protocol was approved by the Ethical Committee of the
University of Tsukuba.

2.2. Measurement variables

Demographic data including sex, age, educational history,
subjective economic status, body mass index (BMI), receiving
and providing emotional support, physical function, and
depression at baseline were used as covariates. Subjective
economic status was assessed with the question, “How do you
feel about your current economic situation?” Answers were
obtained using the 5 items “Very difficult,” “Slightly difficult,”
“Normal,” “Somewhat rich,” and “Very rich.” Receiving and
providing emotional support was evaluated using 2 items in the
Kihon Check List (KCL),[17] a comprehensive, self-reported
health checklist developed by the Japanese Ministry of Health,
Labour and Welfare. The 2 items were as follows: “Do you ever
visit a friend’s home?” and “Do you have someone with whom
you can talk when you are in trouble?” Physical function was
evaluated using the 5 items of “Physical function” (score 0–5) in
the Kihon Check List.[17] The 5 items were as follows: “Are you
able to go upstairs without using handrails or the wall for
support?”; “Are you able to stand up from a sitting position
without support?”; “Are you able to walk continuously for 15
minutes?”; “Have you experienced a fall in the past year?”; and
“Do you feel anxious about falling when you walk?” The
category “Low physical strength” referred to older people who
had ≥3 negative responses.” Depression was evaluated using the
5 items of “Depression” (score 0–5) in the KCL.[17] The 5 items
were as follows, and participants recalled information from the
previous 2 weeks: “You feel no sense of fulfillment in your life,”
“You cannot enjoy things that you enjoyed before,” “Things that
you could do easily before are now difficult,” “You do not feel
that you are a useful person,” and “You feel exhausted for no
apparent reason.” The term “depression” referred to older
people who had ≥2 negative responses.”
Living arrangement was categorized as living alone or living

with others. IADL ability at baseline was evaluated using the 3



10,339 respondents

Baseline survey 
in June 2013

16,870 community-dwelling older 
people

Follow-up survey 
in August 2017

1921 excluded 
Death (n= 628)
Incident of functional disability (n= 1206)
Moved out of city (n= 87)

8418 follow-up participant

6279 respondents

The subjects of analysis
n= 3276

3003 excluded 
Change in household composition at the baseline 
survey and at the follow-up survey  (n= 368)
Those who had a history of dementia or  
psychiatric disorder (n= 54)
Those who had cognitive decline at the baseline  
survey (n= 1943)
Those who filled out incomplete questionnaires 
(n= 932)

Figure 1. Flowchart of the participants.
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items of “IADL ability” (score 0–3) in the KCL.[17] The 3 items
were as follows: “Do you use public transportation (bus or train)
to go out on your own?”; “Do you shop for daily necessities?”;
and “Do you manage financial matters such as savings or
deposits by yourself?” Based on those responses, “IADL
disability” referred to older people who had ≥1 negative
response(s).[18]

Cognitive function at follow-up was evaluated using the 3
items of the “Cognitive function” (score 0–3) in the KCL.[17,19,20]

The 3 items were as follows: Do others point out your
forgetfulness or tell you “You always ask the same thing;”
“When you want to make a call, do you usually search for the
telephone number and call on your own?”; and “Do you
sometimes not knowwhat the date is?”Here, “cognitive decline”
referred to older people who had one or more negative
responses.” This evaluation method has been confirmed to
relate to the onset of dementia in previous studies.[20]
2.3. Statistical analysis

We performed a normality test on the baseline continuous
variables, and we confirmed that they were not normally
distributed. Therefore, we calculated medians, maximums, and
minimums for the continuous variables as well as the frequencies
and percentages for categorical variables at baseline. The Mann–
Whitney t test and x2 test were used to compare the character-
istics of those living alone and those living with others. To
examine the effect of living alone on cognitive function for older
people, we performed a logistic regression analysis with cognitive
3

decline at follow-up as a dependent variable and living
arrangement as an independent variable. Next, mediation
analyses were used to determine whether IADL ability mediates
the association of living arrangement with cognitive decline.
Mediation analysis was performed according to the method of
Baron and Kenny.[21] First, the association of living arrangement
with cognitive decline at follow-up was examined with logistic
regression (total effect). This step was similar to the analysis that
examined the effect of living alone on cognitive function for older
people. Second, the association between living arrangement and
IADL disability was tested by using a logistic regression analysis.
Third, we performed a logistic regression analysis that included
living arrangement and IADL disability simultaneously as
dependent variables, and cognitive decline at follow-up as
dependent variables (direct effect). Fourth, the Sobel test was used
to examine indirect effect, and IADL ability was considered a
mediator when there was a significant indirect effect. We used 2
models in this study: a crude model and adjusted model. The
latter was adjusted for age (continuous), sex (categorical),
education history (categorical), subjective economic status
(categorical), BMI (continuous), providing and receiving emo-
tional support (categorical), low physical strength (categorical),
and depression (categorical) using the baseline survey. These
covariates were selected as potential factors from previous
studies.
Student t test, x2 test, and logistic regression analyses were

performed using IBM SPSS 25.0 (IBM Corp., Armonk, NY). The
Sobel test was conducted by using an interactive calculation tool
for mediation tests (http://quantpsy.org/sobel/sobel.htm). In all
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Table 1

Participants’ characteristics.

Living alone (n=325) Living with others (n=2951)
% (n) %(n) P

Age, y, median (max-min) 73 (65–94) 71 (65–97) <.001
Female 71.1 (231) 49.9 (1473) <.001
Education history (≧high school) 70.8 (230) 74.9 (1473) .106
Subjective economic status (poor) 16.0 (52) 13.5 (399) .218
Body mass index, kg/m2, median (max–min) 22.8 (14.3–34.7) 22.9 (14.5–35.8) .430
Medical history
Diabetes (have) 10.5 (34) 13.0 (384) .191
Stroke (have) 3.4 (11) 2.6 (78) .435

Providing emotional support (no) 12.9 (42) 7.1 (209) <.001
Receiving emotional support (no) 5.5 (18) 6.0 (176) .758
Low physical function (have) 14.5 (47) 10.0 (296) .013
Depression (have) 16.0 (52) 11.8 (348) .028
IADL disability (have) 8.0 (26) 18.3 (540) <.001
Cognitive decline

∗
(have) 20.3 (66) 24.9 (735) .067

IADL = instrumental activities of daily living.
∗
Result of follow-up period.
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analyses, a P value of <.05 was considered to indicate statistical
significance.
3. Results

The comparison of characteristics between those living alone and
those living with others is shown in Table 1. The number of
people living alone was 325 persons (10.0%), and as a group,
they were significantly older than those living with others, and
significantly more likely to be female, not providing emotional
support, with low physical strength, and depressed. However,
those living alone had a significantly lower IADL disability than
those living with others.
Table 2 shows the effect of living alone on cognitive function.

In the crude model, those living alone had a lower risk of
cognitive decline 4 years later than those living with others, but
there was no statistically significant difference (odds ratio [OR] =
0.77; 95% confidence interval [CI], 0.58–1.02; P= .068). In the
adjusted model, living alone had a significantly lower risk of
cognitive decline 4 years later than living with others (OR=0.70;
95% CI 0.53–0.93; P= .016), and this result was the total effect
of living alone on cognitive decline.
Table 3 summarizes the results of mediation analysis for

cognitive decline at follow-up. Figure 2 shows the results of the
adjusted model. In the adjusted model, there was a significant
association between living arrangement and IADL disability at
follow-up (OR=0.54; 95% CI 0.35–0.83; P< .001). Analysis of
direct effects showed significant association between living
Table 2

The effect of living alone on cognitive decline.

Crude model

OR 95% CI

Living with others Ref.
Living alone 0.77 0.58–1.02

CI = confidence interval, OR = odds ratio, Ref = reference.
Adjusted model was adjusted for age, sex, education history, subjective economic status, body mass index
function, and depression.

4

arrangement and cognitive decline at follow-up (OR=0.70;
95% CI 0.53–0.93; P= .033), IADL disability at follow-up was
significantly associated with cognitive decline at follow-up (OR=
1.34; 95% CI 1.09–1.66; P= .005)—that is, living arrangement
was significantly associated with cognitive decline at follow-up in
this model, a greater IADL ability correlated with a decreased
cognitive decline risk. In the adjusted model, the Sobel test for
indirect effect was statistically significant (P= .001). The results
of the mediation analysis of the crude model were similar to those
of the adjusted model.

4. Discussion and conclusions

This study investigated the effect of living alone on cognitive
function among Japanese older people using a large-scale survey
and examined the mediating effect of IADL ability. The results
showed that living alone correlated with a significantly lower
odds ratio for cognitive decline at follow-up at 4 years compared
to those living with others. In addition, we found that cognitive
function mediates IADL ability. To date, there have been few
longitudinal studies of cognitive function among older people
living alone, and no study has been conducted on Japanese older
people. Therefore, this is the first study to clarify whether IADL
ability mediates the maintenance of cognitive function among
older people who live alone.
Previous cross-sectional studies have shown that older people

living alone have a significantly lower odds ratio for cognitive
decline.[5] Our results support previous studies. In addition, a
Adjusted model

P OR 95% CI P

Ref.
.068 0.70 0.53–0.93 .016

, medical history (diabetes, stroke), providing emotional support, receiving emotional support, physical



Table 3

Mediation model for living arrangement and instrumental activities of daily living.

Living alone (IV) →
IADL disability (MV)

IADL disability (MV) →
Cognitive decline (DV)

Living alone (IV),
IADL disability (MV) →
Cognitive decline (DV) Sobel test P

OR 95%CI P OR 95%CI P OR 95%CI P
Crude model 0.39 0.26–0.59 P< .001 1.54 1.26–1.88 P< .001 0.80 0.61–1.07 .132 .002
Adjusted model 0.54 0.35–0.83 P< .001 1.34 1.09–1.66 .005 0.70 0.53–0.93 .033 .001

CI = confidence interval; DV = dependent variable; IADL = instrumental activities of daily living; IV = independent variable; MV = mediation variable; OR = odds ratio.
Adjusted model was adjusted for age, sex, education history, subjective economic status, body mass index, medical history (diabetes, stroke), providing emotional support, receiving emotional support, physical
function, and depression.
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better study design, such as a longitudinal study, suggested that
older people living alone might have a decreased risk of cognitive
decline. Previous studies have suggested that older people living
alone had better IADL ability.[8,9] IADL ability is a higher level of
function than activities of daily living, and in recent years, it has
also been reported to be associated with mild cognitive
impairment,[13,14] which is considered the preliminary stage of
dementia. Among those living with others, even if they do not
perform IADL activities alone, someone can do it for them.
However, if older people living alone cannot perform IADL
activities, they cannot conduct their daily lives. In fact, older
people living alone had a significantly higher rate of good IADL
abilities than those living with others in this study. Therefore, it is
possible that the older people who live alone had good cognitive
function because theymaintained good IADL ability compared to
those living with others. In addition, mediation analysis showed
that IADL ability was significantly mediated for the effect of
living alone on cognitive function for older people. Therefore,
older people living alone should perform minimum IADL to live
and maintaining their IADL ability may have an indirect effect of
maintaining cognitive functions better than those living with
others.
This study also had several limitations. First, this study

included individuals who were able to respond to a questionnaire
survey over the 2 measurement periods at the baseline and 4-year
follow-up. It can be speculated that the participants of this study
had cognitive function levels that allowed them to answer the
questionnaire, and a certain number of participants had cognitive
Living alone

IADL dis

Independent variable

Mediation V

OR = 0.70 [95% 
P = .033 

Sobel test,

OR = 0.54 [95% CI: 0.35-0.83]
P < .001 

Figure 2. Mediation model for living arrangement, instrumental activities of daily l
index, education history, medical history (diabetes, stroke), providing emotional sup
confidence interval, OR = odds ratio.

5

function levels that were difficult to answer. The results should be
interpreted with caution because older people living alone who
were cognitively impaired may have avoided certain answers,
and, in the case of those living with others who had cognitive
decline, it is possible that the person living with them responded
instead. As a result, the risk of cognitive decline among older
people living alone cannot be denied. The results comparing the
participants in the final analysis with the excluded participants
are attached as Supplemental Digital Content (Appendix 1, http://
links.lww.com/MD/G433). The results show that most of the
excluded participants have significantly poorer health status,
which suggests that selection bias cannot be ruled out. However,
we did not find any association with household composition
among those who were excluded due to cognitive decline at
baseline (n=1943) (Supplemental Digital Content [Appendix 2,
http://links.lww.com/MD/G434]). Second, there are potential
factors that this study did not consider. For example, physical
activity, social activity, and marital status are factors that have
been reported to relate to cognitive function. Third, this study
was limited to a single region. The generalization of the results
requires a similar study in other regions and urban areas.
A 4-year longitudinal study revealed that older people living

alone had a significantly lower risk of cognitive decline than those
living with others. In addition, IADL ability significantly
mediated cognitive function among those living alone. Health-
care support focusing on IADL abilities among older people
living alone may contribute to the maintenance of good cognitive
function.
Cognitive decline
at follow-up

ability

ariable

Dependent variable
CI: 0.53-0.93] 

 P = .001

OR = 1.34 [95%CI: 1.09-1.66]
P = .005 

iving, and cognitive decline. The model was adjusted for age, sex, body mass
port, receiving emotional support, low physical strength, and depression. CI =
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